SYNTHESIS OF TETRACYCLJNES AND ANALOGUES THEREOF Related Applications 100011The
present application claims 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
incorporated herein by reference. Government Support [00021The work described herein was
supported, in part, by grants from the National Institutes of Health (RO1 A148825) and the National
Science Foundation (predoetoral fellowship R10964). The United States government may have certain
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anti-microbial ageilts that are widely used in human and veterinary medicine (Schappinger et al.,
"Tetracyclines: Antibiotic Action, Uptake, and Resistance Mechanisms" Arch. Microbiol. 165:359-69,
1996; Mitscher, Medicinal Research Seriesﬁglolfe%, Thelicc:&?mig,try of the Tetracycline Antibiotics,
Marcel Dekker Inc. New York, 1978). The to af‘prodé‘ 10RO Petracyclines by fermentation or
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&l. 51:177-1840/3982 Buggaiylay o 349éj mamhc PrapetiasiorcoffSuited, HorSnPaterie@2482,055, 1949;
incorporated herein by reference), Oxytetracycline (2) was isolated soon after from S. rimosus by
scieniists at Pfizer Laboratories (Finlay et al, Science 111:85, 1950). The structures of
chlorotetracycline and oxytetracyeline wereGalueiniaed ttuggiertists at Pfizer in collaboration with R, B.

1952 Hochatl Bl at 3. AmEAGHE Goeh D HRE 7S S Ll R R o 9700
74,4976-77, 1982nBtdphienscets Hedth (Kb ml48825)76185681V5|10bayi ey doyeliei(s) was later
of chorotetra ST A DS S T A S ) A . Soc.
75:4621, 1958igGionovis etvantidum. Chem. Soc. 75:4622-23, 1953). Tetracycline was later found to be
a natural product of S. auretfaciens, S. viridgfaciens, and 5'. rimosus.
Background of the Invention

[0001] The tetracyclines are broad spectrum anti-microbial agents that are

widely used in human and veterinary medicine (Schappinger ef al., “Tetracyclines:

Antibiotic Action, Uptake, and 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

et al. J. Am. Chem. Soc. 76:3568-75, 1954). Tetracycline (3) was later prepared by the
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Chlorotetracychne (3) OH OOH 0 etracycline (31 Oxytetracycl Be (2) CF13 :11:2 kILt2 10002]The
primary tetracyclines of clinical importance today include tetracycline (3) (Boothe et al. Am. Chem.
Soc. 75:4621, 1953), oxytetracycline (2, Terramycinnl) (Finlay et al. Science li 1:85, 1950), doxycycline
(Stephens etal. J. Ant. Chem. Soc. 85:2643, 1963), and minocycline (Martell et al. J Med. Chem,
10:44, 1967; Martell et at], Med. Chan. 10:359, 1967). The tetracyclines exert their anti-microbial
activity by inhibition of bacterial protein synthesis (Bentley and D'Hanlon, Eds., AntiWeetives: Recent
Advances in BlieogisintyaixhSthlototesAcyivityeRethtienships ThetRioyhE SodistcuitGh antistty:

Cambridge, U 997), Most tetracyclines are b:acterjostatie rat. . rgl agmussen et
al. Antimicro@%&lélé)ﬁ %gE%%’régfﬁgﬁ%%’%%grg?ﬁ?%é&é ?%?gg%%gf Banrl aw, é@g@rtr@ gécteriostatic
and Bacteriocigalhetiosaf. AGtiHEDLCES Bo Glaebanlof/ Expérintémts. fSeechéSTEREHTg Bt Microbiology
Society for General Microbiol ca ic Press Ltd. It ) that after
tetracycline p@l%%%‘?’ﬁl\ﬁr%eu‘év % agééjﬁélﬁgg%g mem rerngRreb o}?(g%%%tgj ﬁ E%n)fﬁgé%@?agé?ﬁl\}fg{ 2, %qthis
tetracycline-Mfd comiplesubinds the 308 subunit of the bacterial ribosome (Goldman et at Biochemistry
22:359-3611, 1983). Binding of m%com/p@xsto the ribosome inhibits the lpig(t;li\ng gtmpinoacyl-tRNAs,
resulting in inhibigon f prejgjn synt%gls (Wissmatm et at Forum Mig;06810t 29299, 1998; Epe at ai.

4y, Tetracylines havSH';\Iso been found T§:hiad te th@ 40S subynit of eakaryotic
ey e Aot ashiévesufficient con ' HiC celisto affect protein

2t ®
synthesis because thley @re |neBact hnsported in ¢ ( ES Lre\:l¥i
NHo 2
I
OH (6] OH O ] OH @) OH o o]
Chlorotetracycline (1) Oxytetracycline (2)

NH,
OH 0] OH 0] 0]
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 determined empirically
from 50 years of semi-synthetic modification of the parent structure (Sam ei at Cwt. Pharm. Design
4:119-32, 1998), Permutations with the upper left-hand portion of the natural product, also known as
the hydrophobic domain, have provided new therapeutically active agents, while modifications of the
polar hydrophobic domain result in a loss of activity. However, semi-synthesis by its very nature has
limited the number of tetracycline analogs that can he prepared and studied, H3C,”" 7CH3 , 1 OH | OH
OOH 00 Tetragyhtinedi3)iaDa0kbhe (aiidoyelineg. e composed2o} 8titfe ARY)fuBsesig-nfembered
rings with a high density of polay fimetionaljt d stereochemic l% 1 Aigy 40,4962 Woodward and
co-workers ré%%?PJBQi?g h%% &%P%?/‘ﬁ’t%glsﬁls% a}%%eggﬁ(l% & easr?ﬁrg? )%?%16- eoxfltretracyc ine (sancycline,
4), the simpldshibiniogictfiyoadtivertttesicySlia(Gonevel EatinARZy Chiem2E89849882B14211962).
The synthetic ro , r chievement foy the tim qqecded ny the stepwise
construction 84' IEAS%Z ?ﬁﬁgwgeé;igga%e?%ag g? gfeﬁgg g\i/seoregﬁ%?ef?cj} -g%OS%(}. The first
enantioselectivesyniiesisaoftl)defsasyclinadd)xfroniltie da-nioip phenersolfDghtcesmeinet(@4ssteps,
0.002% overall yi Ig?y asr rteglrb Tatsuda apd cozworkers i 0 QT&&%@ | AL.Ghiem- Lett.
646-47, 200051? %\%ﬁ é\\{f)cp? Z’%%%g 8‘%@%‘%?%% ﬁlegfstgﬁg%u;a%gyaz‘},t%’?gﬁgs, w%&%ﬁe also
proceeded byirthelsteptiisecHs$Eprdy f FieB ABQD2AAg43<ten 3eginning with D or CD precursors,

include the S kin synthesis of (*)-12a-deciy-5a.6-anhydrqtetragycline.. ' trahedron
Lett. 8:131, 1@gﬂﬂ;¥£corpor§tge ﬁléFé"lgrclzB'];}% eref%glr(%lesgngﬁﬁ trh%/‘?\ﬁ;(%%q%é 1@,%{{%’ @Be L

t synthesis of ()-5- oxytetracycline
(terramyein, 2Rtstepscd O6pirigmlg)f{dtixie vkt af. sbAms@hemc Sodiflotiesof llg7miorporated
herein by reference). Que to the Jen tl% nd peor efficiengy, of Vg i i[ggorr%%%ht%getracyclines,
which were n%t\%?%a%es%qﬁglae foarﬁséeﬁfﬁe i@avré"rie%fﬁ@?s%yﬁgé?é %gstgf'racy@?rs\e analogs s still limited. H*
.OH upper left-hand portion of the natural product, also known as the hydrophobic domain,

have provided new therapeutically active agents, while modifications of the polar

hydrophobic domain result in a loss of activity. However, semi-synthesis by its very

nature has limited the number of tetracycline analogs that can be prepared and studied.

H3C\N _CHg

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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ABCD ring system beginning with D or CD precursors, include the Shemyakin
synthesis of (£)-12a-deoxy-5a,6-anhydrotetracycline (Gurevich et al. Tetrahedron Lett.
8:131, 1967; incorporated herein by reference) and the Muxfeldt synthesis of (£)-5-
oxytetracycline (terramycin, 22 steps, 0.06% yield) (Muxfeldt e al. J. Am. Chem. Soc.
101:689, 1979; incorporated herein by reference). Due to the length and poor
efficiency of the few existing routes to tetracyclines, which were never designed for

synthetic variability, synthesis of tetracycline analogs is still limited.
H3C._ _CHs

H H

Nl z

OH @] OH @] 0
Sancycline (4)

[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

[0005a] In accordance with one aspect of the present application, there is provided a
method of preparing a compound of formula:



or a salt thereof,
wherein:

R1 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORa; -C(=0)Ra; -CO2RA; -CN; -SCN; -SRa; -SORA; -SO2RA;
-NOz2; -N(Ra)2; -NHC(O)RA4; or -C(Ra)3; wherein each occurrence of Ra is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

R> is hydrogen;

R3 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORc; -C(=0O)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORc; -SO2Rc;
-NO2; -N(Rc¢)2; -NHC(O)Rc; or -C(Rc)s; wherein each occurrence of Rc 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp;
-NO2; -N(Rp)2; -NHC(O)Rp; or -C(Rp)3; wherein each occurrence of Rp 1s 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORE; -CN; -SCN; -SRE; or -N(REg)2; wherein each occurrence
of Rg is independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl,
heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino,
heteroaryloxy, or heteroarylthio;

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted-aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=O0)Rg; -CO2Rg; -
CN; -SCN; -SRg; -SORgG; -SO2RG; -NO2; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein
each occurrence of Rg is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

each P’ is independently hydrogen or a protecting group;

P is hydrogen, lower (C1-Cs) alkyl, acyl, or a protecting group; and

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

by reacting an anion of a toluate, wherein the toluate has the formula:

R1
| X
(R7)n_| 9
= R
OoP 0]

wherein Ry is -OR}, -CN, -SCN, -SR|, or -N(R})2; and each R; is independently
hydrogen; a protecting group; a cyclic or acyclic, substituted or unsubstituted aliphatic; a
cyclic or acyclic, substituted or unsubstituted heteroaliphatic; a substituted or
unsubstituted aryl; or a substituted or unsubstituted heteroaryl;

and wherein the anion is formed by deprotonation of the toluate under basic
conditions;

with an enone of formula:
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wherein Re is hydrogen.

[000SDb] In accordance with another aspect, there is provided a method of preparing

a tetracycline of formula:

or a salt 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORa; -C(=0)Ra; -CO2RA; -CN; -SCN; -SRa; -SORA4; -SO2R4;
-NO2; -N(Ra)2; -NHC(O)R; or -C(Ra)3; wherein each occurrence of Ra is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

Rz is hydrogen;

R3 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORc; -C(=O)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORc; -SO2Rc;
-NOg2; -N(Rc)z; -NHC(O)Rc; or -C(Rc)3; wherein each occurrence of Rc 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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R4 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORp; -C(=0O)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp;
-NO2; -N(Rp)2; -NHC(O)Rp; or —C(RD);; 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;

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

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted-aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=O)Rg; -CO2Rg; -
CN; -SCN; -SRg; -SORG; -SO2RG; -NO2; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein
each occurrence of Rg is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio; and

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

by reacting an anion of a toluate, wherein the toluate has the formula:

Ry
| X
(R7)n_"r 9
= R
OP (0]

wherein:
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Ry is -OR}, -CN, -SCN, -SRj, or -N(R1)2; and each R; is independently hydrogen;

a protecting group; a cyclic or acyclic, substituted or unsubstituted aliphatic; a cyclic or

acyclic, substituted or unsubstituted heteroaliphatic; a substituted or unsubstituted aryl; or
a substituted or unsubstituted heteroaryl; and
P is hydrogen, lower (C1-Cg) alkyl, acyl, or a protecting group;
wherein the anion is formed by deprotonation of the toluate under basic conditions;

R4
R 3 4,

with an enone of formula:

wherein:
Rs is hydrogen and each P’ is independently hydrogen or a protecting group;

to form a compound of formula:

or salt thereof; and
deprotecting the compound to provide a tetracycline of formula:
R RERg// Rs

1
-
%

PE]
||

or salt thereof.
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[0005¢] In accordance with yet another aspect, there is provided a method of

preparing a compound of formula:

or a salt thereof;
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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORa; -C(=0)Ra; -CO2RA; -CN; -SCN; -SRA; -SORA; -SO2RA;
-NOz; -N(Ra)2; -NHC(O)R4; or -C(Ra)3; wherein each occurrence of Ra is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

R> is hydrogen,;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORc; -C(=O)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORc; -SO2Rc; -
NO2; -N(Rc)2; -NHC(O)Rc; or -C(Rc¢)3; wherein each occurrence of Rc 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; acyl; substituted or unsubstituted aryl; substituted or

unsubstituted-heteroaryl; -ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp;
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-NO2; -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;

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

R is selected from the group consisting of hydrogen, halogen, substituted or
unsubstituted aliphatic, substituted or unsubstituted heteroaliphatic, substituted or
unsubstituted alkoxy, -OH, -CN, -SCN, -SH, alkylthio, -NO>, amino, alkyl amino, dialkyl
amino, and —SAr, wherein Ar is substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl;

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=0O)Rg; -CO2Rg; -
CN; -SCN; -SRg; -SORg; -SO2RG; -NOz; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein
each occurrence of Rg is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

each P’ is independently hydrogen or a protecting group;

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

by reacting an enone of formula:
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or salt thereof;

with a benzocyclobutenol of formula:

= "\\R1
Roh—
X
OP'
OP'
[0005d] In accordance with yet another aspect, there is provided a method of

preparing a tetracycline of formula:

or a salt 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORa; -C(=0)Ra; -CO2RA; -CN; -SCN; -SRa; -SOR4; -SO2RA;
-NO2; -N(Ra)2; -NHC(O)Ra; or -C(Ra)3; wherein each occurrence of Ra is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

R> is hydrogen;

R3 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched

or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or

4H



unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; ~-ORc; -C(=0O)Rc; -COzRc; -CN; -SCN; -SRc; -SORc; -SO2Rc; -
NO3; -N(Rc)2; -NHC(O)Rc; or -C(Rc)s; wherein each occurrence of Rc 1s 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted-heteroaryl; -ORp; -C(=O)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp;
-NO2; -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;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted-heteroaryl; -OREg; -CN; -SCN; -SRE; or -N(Rg)2; wherein each occurrence
of Rk is independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl,
heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino,
heteroaryloxy, or heteroarylthio;

each occurrence of R7 is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=0O)Rg; -CO2Rg; -
CN; -SCN; -SRg; -SORg; -SO2Rg; -NO2; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein
each occurrence of Rg is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio; and

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

by reacting an enone of formula:
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or salt thereof,
with a benzocyclobutenol of formula:
\\R1

/

Ron—

OoP'

OoP'

wherein:
Re is hydrogen, and each P' is independently hydrogen or a protecting group;

to form a compound of formula:

or salt thereof, and
oxidizing and deprotecting the compound to provide a tetracycline of formula
Rs

pol
IE.U
N

A\
n|

or salt thereof.
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[0005e] In accordance with yet another aspect, there is provided a method of

preparing a compound of formula:

R, HRE,,_ R4 '?5

1 )

H

or a salt 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -OR4; -C(=0)Ra; -CO2RA; -CN; -SCN; -SRa; -SORA; -SO2RA;
-NO3; -N(Ra)2; -NHC(O)R4; or -C(Ra)3; wherein each occurrence of R is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

R» is hydrogen;

R3 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORc; -C(=O)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORc; -SO2Rc;
-NO3; -N(Rc¢)2; -NHC(O)Rc; or -C(Rc)3; wherein each occurrence of Rc 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORp; -C(=0O)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp;
-NOz2; -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,

4K



aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

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

R is selected from the group consisting of hydrogen, halogen, substituted or
unsubstituted aliphatic, substituted or unsubstituted heteroaliphatic, substituted or
unsubstituted alkoxy, -OH, -CN, -SCN, -SH, alkylthio, -NOa, amino, alkyl amino, dialkyl
amino, and —SAr, wherein Ar is substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl;

each P’ is independently hydrogen or a protecting group; and

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

R, Rs
RS Y, E

wnj L
i

Rg

or salt thereof, with a diene of formula:
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[0005f] In accordance with yet another aspect, there is provided a method of

preparing a compound of formula:

or a salt 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORa; -C(=0)Ra; -CO2RA; -CN; -SCN; -SRa; -SORA4; -SO2RA;
-NOz; -N(Ra)2; -NHC(O)Ra; or -C(Ra)3; wherein each occurrence of Ra is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

R> is hydrogen;

R3 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORc; -C(=0)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORc; -SO2Rc;
-NO3; -N(Rc)2; -NHC(O)Rc; or -C(Rc)3; wherein each occurrence of Rc 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted-heteroaryl; -ORp; -C(=0O)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp;
-NOg2; -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,
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aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -OREg; -CN; -SCN; -SREg; or -N(REg)2; wherein each occurrence
of Rk is independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl,
heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino,
heteroaryloxy, or heteroarylthio;

each occurrence of R7 is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=O)Rg; -CO2Rg; -
CN; -SCN; -SRg; -SORgG; -SO2Ra; -NO»; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein
each occurrence of Rg is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

P is hydrogen, lower (C1-Ce) alkyl, acyl, or a protecting group;

each P’ is independently hydrogen or a protecting group; and

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

by reacting under basic conditions an anion of a phthalide, wherein the phthalide has the

formula:
R;
~=
(R7)n_\\ | 0
or O

with an enone having the formula:
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or salt thereof; wherein Re 1s hydrogen.

[0005¢] In accordance with yet another aspect, there is provided a method of

preparing a tetracycline of formula:

or salt 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORa; -C(=0)Ra; -CO2RA; -CN; -SCN; -SRa; -SORA4; -SO2R4;
-NO2; -N(Ra)2; -NHC(O)RA; or -C(Ra)3; wherein each occurrence of R4 is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

R2 is hydrogen;

R3 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstitued aryl; substituted or
unsubstituted heteroaryl; -ORc; -C(=0)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORc; -SO2Rc;
-NO2; -N(Rc)2; -NHC(O)Rc; or -C(Rc)3; 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; acyl; substituted or unsubstitued aryl; substituted or
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unsubstituted heteroaryl; -ORp; -C(=O)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp;
-NOgy; -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;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstitued aryl; substituted or
unsubstituted heteroaryl; -OREg; -CN; -SCN; -SREg; or -N(REg)2; wherein each occurrence
of Rg is independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl,
heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino,
heteroaryloxy, or heteroarylthio;

each occurrence of R7 is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstitued aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=O)Rg; -CO2Rg; -
CN; -SCN; -SRg; -SORgG; -SO2RG; -NO2; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein
each occurrence of Rg is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio; and

n is 0 or an integer in the range of 1 to 3, inclusive;
the method comprising steps of:

reacting under basic conditions an anion of a phthalide, wherein the phthalide has

the formula;

Ry
=
(R7)n S 0
op ©

wherein P is hydrogen, lower (C-Cs) alkyl, acyl, or a protecting group,

with an enone having the formula:



or salt thereof, wherein Re is hydrogen, and each P’ is independently hydrogen or a
protecting group;

to form a compound having the formula:

R2 R3 R4
R1f.f,h

R | N
OP O OH O OF
or salt thereof;
and
deprotecting the compound to form a tetracycline of formula:
R
Ron—
NH,
OH O OH O 0]

or salt thereof.
[0005h]

In accordance with yet another aspect, there is provided a method of
preparing a compound of formula:

R2 Rg Rd

O OH O OP*
or salt thereof;

wherein:

R, is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
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or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORa; -C(=0)Ra; -CO2R4; -CN; -SCN; -SR4; -SORA4; -SO2R4;
-NO2; -N(Ra)2; -NHC(O)Ra; or -C(Ra)3; wherein each occurrence of R4 is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

R> is hydrogen;

R3 1s hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted-heteroaryl; -ORc; -C(=0)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORc; -SO2Rc;
-NO2; -N(Rc)2; -NHC(O)Rc; or -C(Rc)3; wherein each occurrence of Rc 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORp; -C(=O)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp;
-NO2; -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, arylthto, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

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

heteroaryloxy, or heteroarylthio;
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each occurrence of R7 is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=O)Rg; -CO2Rg; -
CN; -SCN; -SRg; -SORg; -SO2Rg; -NO2; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein
each occurrence of Rg is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

each P' is independently hydrogen or a protecting group; and

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

by reacting an anion of a toluate, wherein the toluate has the formula:

wherein Ro is substituted or unsubstituted aryl or substituted or unsubstituted
heteroaryl; and Y is a halogen or Sn(alkyls), and wherein the anion is produced by
metallation of the toluate;

with an enone of formula:

or salt thereof, wherein Rg is hydrogen.
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[0005i] In accordance with yet another aspect, there is provided a A method of

preparing a tetracycline of formula:

or salt 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORa; -C(=0)Ra; -CO2RA; -CN; -SCN; -SRa; -SORA4; -SO2R4;
-NO2; -N(Ra)2; -NHC(O)R4; or -C(Ra)3; wherein each occurrence of Ra is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

Rz is hydrogen;

R3 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORc; -C(=0)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORc; -SO2R¢;
-NO2; -N(Rc)2; -NHC(O)Rc; or -C(Rc)3; wherein each occurrence of Rc 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; acyl; substituted or unsubstituted aryl; substituted or

unsubstituted-heteroaryl; -ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp;
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-NO2; -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;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted-heteroaryl; -ORE; -CN; -SCN; -SRE; or -N(RE)2; 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;

each occurrence of R7 is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=O)Rg; -CO2Rg; -
CN; -SCN; -SRg; -SORg; -SO2RG; -NO2; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein
each occurrence of Rg is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;
and

n is 0 or an integer in the range of 1 to 3, inclusive;
the method comprising steps of:

reacting an anion of a toluate, wherein the toluate has the formula:

wherein Y is halogen or Sn(alkyl)s; and Ro is substituted or unsubstituted aryl or
substituted or unsubstituted heteroaryl, and wherein the anion is produced by metallation
of the toluate,

with an enone of the formula:
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or salt thereof;,
wherein Re is hydrogen and each P’ is independently hydrogen or a protecting group; and
to produce a compound of the formula:

R2 R3 R4 R5
R1 L =

or salt thereof; and

deprotecting the compound to provide a tetracycline having the formula:

or salt thereof.

[0005j] In accordance with yet another aspect, there is provided a method of

preparing compound of the formula:

or salt thereof;

wherein;
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Ry is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORa; -C(=0O)Ra; -CO2R4; -CN; -SCN; -SRa; -SORA; -SO2R4;
-NO2; -N(Ra)2; -NHC(O)R4; or -C(Ra)3; wherein each occurrence of Ra is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

R> is hydrogen;

R3 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORc; -C(=0)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORc; -SO2Rc;
-NO2; -N(Rc¢)2; -NHC(O)Rc; or -C(Rc)3; wherein each occurrence of Rc 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORp; -C(=O)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp;
-NO2; -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;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORE; -CN; -SCN; -SRE; or -N(REg)2; wherein each occurrence
of Rk is independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl,

heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino,
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heteroaryloxy, or heteroarylthio;

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=O)Rg; -CO2Rg; -
CN; -SCN; -SRg; -SORg; -SO2Rg; -NO2; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein
each occurrence of Rg is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

each occurrence of P’ is independently hydrogen or a protecting group;

*~---" represents a substituted or unsubstituted aryl; a substituted or
unsubstituted heteroaryl; a substituted or unsubstituted carbocyclic; or a substituted or
unsubstituted heterocyclic in which each occurrence of X is selected from the group
consisting of -O-, -S-, -NRg-, -C(Rs)2-;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORn; =0, -C(=0O)Rp; -CO2R4; -CN; -SCN; -SRy; -SORy; -
SO2RH; -NO2; -N(Ry)2; -NHC(O)RH; or -C(Rnu)3; wherein each occurrence of Ry is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl,
heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino,
heteroaryloxy, or heteroarylthio;

m is an integer in the range of 1 to 5, inclusive; and

the bonds between adjacent X moieties are either single or double bonds;

by reacting an anion of a toluate, wherein the toluate has the formula:

Fm
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wherein Ry is selected from the group consisting of substituted or unsubstituted
aryl, or substituted or unsubstituted heteroaryl; and Y is a halogen or Sn(alkyl)s, and
wherein the anion is formed by metalation of the toluate,
with an enone of formula:

Ry R

AN

=™

\
N
Rg
O O OP|
or salt thereof; wherein Re is hydrogen.
[0005K] In accordance with yet another aspect, there is provided a method of

preparing a pentacycline of formula:

or salt 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORa; -C(=0)Ra; -CO2R4; -CN; -SCN; -SRa; -SORA; -SO2RA;
-NO2; -N(Ra)2; -NHC(O)Ra4; or -C(Ra)3; wherein each occurrence of Ra is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

Rz is hydrogen;
Rz i1s hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched

or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or

4Y



unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORc; -C(=O)Rc; -CO2Rc; -CN; -SCN; -SR¢; -SORc; -SO2R¢;
-NOg2; -N(Rc)2; -NHC(O)Rc; or -C(Rc)3; 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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORp; -C(=0O)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp;
-NOz2; -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;

each occurrence of Rg is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

each occurrence of R7 is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=0)Rg; -CO2Rg; -
CN; -SCN; -SRg; -SORg; -SO2RG; -NO2; -N(RG)2; -NHC(O)Rg; or -C(Rg)3; wherein
each occurrence of Rg is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

each occurrence of P' is independently hydrogen or a protecting group;

(0,
*~---" represents a substituted or unsubstituted aryl; a substituted or
unsubstituted heteroaryl; a substituted or unsubstituted carbocyclic; or a substituted or

unsubstituted heterocyclic in which each occurrence of X is selected from the group

consisting of -O-, -S-, -NRs-, -C(Rs)2-;
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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; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORn; =0, -C(=0)Ry; -CO2R4; -CN; -SCN; -SRy; -SORH; -
SO2RH; -NOz; -N(Rn)2; -NHC(O)Ry; or -C(Rn)3; wherein each occurrence of Ry is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl,
heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino,
heteroaryloxy, or heteroarylthio;

m is an integer in the range of 1 to 5, inclusive; and

the bonds between adjacent X moieties are either single or double bonds;

by reacting an anion of a toluate, wherein the toluate has the formula:

R, O
wherein Ry is selected from the group consisting of substituted or unsubstituted
aryl, or substituted or unsubstituted heteroaryl; and Y is a halogen or Sn(alkyl)s, and
wherein the anion is formed by metalation of the toluate,

with an enone of formula:

OP!

O ®)

or salt thereof; wherein Re is hydrogen and wherein Rs is -N(RE)2,

to provide a compound of formula:

4AA



or salt thereof, wherein Rs is —-N(REg)2; and

deprotecting the compound to provide a pentacycline having the formula:

or salt thereof.

[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.
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and ate complexes. in certain embodiments, milder conditions for the cyclization reaction may be
preferred. 1-13a.".",CH3., CH;N r HH I:1 111 ?51H 1 OH OOH 0 -.-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,.""™CH3NH= .t .....-........ 1-.,-,..," Hall0\11//N .OR"1',....7,y INOB On [00081The second
approach involves reacting the enorie (5) in a Diels-Aiden

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

6



.OH -_NI'H2[ 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

7



In both these approaches, the chiral enone provides the hinctionalized A and B rings of the
tetracycline core, and the D-ring is derived from the toluate (6), benzylic halide, or henzocyclobutenol
(8), In bringing these two portions of the molecule together in a stereoselective manner the &ring is
formed. These approaches not only allow for the stereoselective and efficient synthesis of a wide
variety of tetracycline analogs never before prepared, hut 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 alleslifraqiepaitioneaf Ruianampphiaeytlineststihighes ayclings Eontzdriingparomatic and
non-aromatic carbqcycles and heterocycles. 009 Thr khth x;dat| LG8 9?8}( ytetracyclme
analogs, 6- W&%@Eﬁ%é ai)cgass‘a’?rﬁgé1 vﬁlénprepépev fz)as S o(\i/e;/}l ff the sc(%eme% ?S
6-deoxytetracyslipmisisransfoinvedtiotg the Bmmuethamhabyalmmedm\tg wmwhus\dsngkbb@
spontaneous uto idatian to SE)jorm the h perox de Hydroe i ftggc droperaxide.results in
the 6-oxytetr %%HFS %%"ﬁ*o%‘}% eor>(<)§ etrlgé?/grq anacci;éé ?O% be upsé!ad fo pre%gr%
tetracyclines lim ()Mli‘eﬁ bltheeh)tin ®|-$1r@1harmﬂam&wathetemcyutm%mmgb@rb@wmﬁhmﬁéﬂmmg system
as well as pent i % ther oI cllnes containin b%r}%ré pég: ﬁ@&pocycles and
heterocycles Sl%ﬁé ]q’ {}‘ ant i |n8/1en |oer§er(110 ri)S}ow es synt etic met s for preparing these
tetracycline anadﬁ@aéwﬁ‘ﬁdsmrmﬁbmmedwmmnmdwdmg thigad. eholies {8, qﬁmtegye@nwmes (7),
Denzylc i g A 1R SR Phesh IS5 DA ER6P RE A9 EL Rl oo acoessed
may be heterocyclic or carbocyclic, may be aromatic or non-aromatic, and may contain

any number of atoms ranging from three to ten atoms. In addition, higher cyclines such
as hexacyclines may be prepared. In certain classes, the C-ring may not be fully
formed, leading to dicyclines with the A-B fused ring system intact. The compounds of
the invention include isomers, stereoisomers, enantiomers, diastereomers, tautomers,

protected forms, pro-drugs, salts, and derivatives of any particular compound.




100111Some 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-hydroxyletracyclines with or without a CS-hydroxyl group. Many of the analogs available through
these new approaches have never been synthesized before given the limitations of semi-synthetic
approaches and earlier total syntheses. For example, certain substitutions about the D-ring become
accessible usingthe present Rw@gt'&ﬂs @vel methodologies. In certain classes of compounds of the
invention, the D:ring bf the t€ analog,gyvhich is usually a phenyl ring, is replaced with a
heterocyclic moiety i ricyclic. In other classes, the D-ring is replaced with a
non-aromatic ring 50 net,\(]Fited to six-membered rings, but instead it may
e hered, seven-membered., or larger. In the case of
M Mot he linear in arrangement. Each of the D- and E-rings may
be heterocyclic or cafboeycfic, mafBe arbmatic ®r non-aromatic, and may contain any number of
atoms ranging from three to ten atoms. In thdiqi%rRﬁi er &clines such as hexacyclines may be

prepared. In certain classes, the C-ring mayfgt b forened, I%ﬁging to dicychnes with the A-B
fused ring system intact. The compeuneés 0 i N Hde Isomers, storeoisomers,
enantiorners, diastereomers, tanternes, p 0 5 Jrugs, salts, and derivatives of any
particular compound. R5 10012]The-pre - » 5

synthesis of compounds of the present inventjon. Thesesigtg %

benzylic halides, and benzocyclobutenol. Thegntemigdiate®includes various substituted forms,

isomers, antpigg. stereoisomets. s, ARG ARMAIGRBteatPALSUBAAIDGiASRRKds e presernt

invention provides methods of treatment and pharmaceutical composition including the novel
compounds cffthenpreseds afveatiorseThioyitionaddeseanicomgsbaignins i chisal pranee a
pharmaceutigafly %%C.%Bt%bif’c%ﬁﬁ’ilsr‘&né{ ?&%% SRR PR G HIIGALRRMRARIINARY be used
to treat any intection inclu ing cholefa, influenza, bronchitis, acne, malaria, urinary tract infections,
sexually transwlittécidis6ases isuhaingpsyphilis, atﬂﬂegmﬁﬁ%éaﬁétﬁbﬁﬂﬁﬂé&"%%éﬁ%@,o_lfyme disease,
Rocky Mountg sfotted feyer, Ohfey e, tphie RUBANRIASMEp SRRGEAAIERES RIRSRIGRS.

an, |

Whooping co nd anthrax. In certain embodiments, the infections are caused by

tetracycline-resisEnromaanismiscdmpertaim instadisestiithacoshieortisoF HeNRvERRSh exhibit
ant-neopasi ot A0 RO SRNE SEINI NS SRS A0S ORISR el he
C

treatment of diSeases such as cancer, autoimmune diseases, inflammatory diseases, and diabetic
reLinopathy. Theeptathodsiprehtofisositbadsrhag Deusees s ¢rbapMRRHEENH MaMRhEssAdother
animals incluging demeplisaied Al aeR alAIRINEIRORIC ARG OraARg Ratenteral
administration of the pharmaceutical composition may be used. [0_01416|ven ast work in the
synthesis of ténfacg’mhmp(mélpﬁe&@mlmﬁﬁbdﬁ@ésgﬁm@g@%éfﬁ@é’éﬁﬁ%ﬁtﬁm;%gh, providing new
synthetic routgs tl%B%E@gé/ﬁ&ﬂ%&s@,nﬁfﬁ%'Effgéa@@,ai'&ﬁ%ymglﬁ%ﬁvsmea%@@@weey,afﬁ%@f
tetracycline anaﬁ)gs and the .

bubonic plague, gas gangrene, leptospirosis, whooping cough, and anthrax. In certain

embodiments, the infections are caused by tetracycline-resistant organisms. In certain
instances, the compounds of the invention exhibit anti-neoplastic or anti-proliferative
activity, in which case the compounds may be useful in the treatment of diseases such
as cancer, autoimmune diseases, inflammatory diseases, and diabetic retinopathy. The
methods and compositions may be used to treat disease in humans and other animals
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
9



use of some of these compounds in the treatment of diseases such as cancer and infectious diseases
marks an advance not only in synthetic organic chemistry but also in medicine. The tetracycline class
of antibiotics has played a major role in the treatment of infectious diseases in human and veterinary
medicine for the past 50 years; however, with the high use of these antibiotics over many years
resistance has become a major problem. The present invention fortunately allows for the development
of tetracycline analogs with activity against tetracycline-resistant organisms. Therefore, the
developmentssdes$stibed htraia witl@iowstiettettaeyclime classafeantibiotitsareeadin part of a
physician's alrrt)?&rtri](i)%it jge@sgsqr%i nritsigrflea(g\ilonc%i%e? SHRY Bes'gﬂ{gg&? ég%%xf?é'af‘eqjﬁi&?}mﬁlﬂfﬁﬁ?ﬁ%ﬁc
functional groups and chemical terms are descri ed ih mote detail below. For purposes of this
invention, therckérnicalTale reentgcine idestifitehibasoorUanpkyeilln thej Peiddelio theprsasmert Elements,
CAS version, Handbonk gf Chemistiand Ehvsies, IRAbEdlInsidereyet: spdapegiia bngtional
groups are generaeﬁy derined 88 described therein. dltlonaﬁy, general principles of organic
chemistry, asmitélttashsgieoifecoflihetio natipiatieti es andarsagtivity csistatdes beib BECHMOrGaHRT Chemistry”,
Thomas Sorrell,, University Science Books, Sausalito; ' '

incorporated %rg Pg?rrlnb?/fr%e%é)rrg%%né .1%%%1&%3@%%?:%%%%%%%§gﬁgg%%é%%%%?\%ﬁ{%ﬁu r%%;i?{gxist in
particular geamatgs witbtecavisoagenstformsydle-prestmtionganiionscortersioistdsall such compounds,
including cis- and ans-isomers, &3+nd. S AaNUOMErs. SlasteiROmRL, (RiisRmerss (Bdsgimers. the
racemic mixtJres thersor, and o Rer mixtures thereo , as falling within the scope of the invention.
Additional asymmétiploaibian’ atomsmeatabenprasent im@dubstisedesuch as an alkyl group. All such
isomers, as well as mixtures thereof, are intended to be included in this invention. [00171lsomeric
mixtures containing any of a variety of isomer ratios may be utilized in accordance with the present
invention. For example, where only two isomersRengtinmined, mixtures containing 50:50, 60:40,

70:30, 80:20,,90:10, 95:5, 96:4, 97:3, 94:2, 99:1; or 100:0 ' plated by the
present inve agr%% Those 0 8ﬁgllnlgpys' glfilﬁpiéCl 1c]fu%ctjrl%9ap§dl§|) M&t&%ﬂ&ﬁgﬁgptﬁm

n the art will readily appreciate that analogous ratios are
contemplatedifscribereicompiaicisdmaomiioresnoes 8f thifpinventineeths pariictheemiidmer of a

compound of the prasent Rvention s desiresl. b Dy R pERPBIH ARURMEs sugsis, or by
derivation Wltﬁ a cﬁlra auxiliary, where the resulting diastereomerie mixture is separated and the

auxiliary groudaidboeld a6 Gramite trap iy desisd Edaritioierevattarshirasificfharaara molecule
contains a basig Junelional JAM S 79 AR P1ARAFIIIG HRFHAIRLEHOHR pHHERLAS RO
y

i R TR Wil
diastereomerit salts are’formed with an appropriate optically - . i
organic chemistry, as well as specific functional moieties and reactivity, are described

in “Organic Chemistry”, Thomas Sorrell, University Science Books, Sausalito: 1999,

the entire contents of which are incorporated herein by reference.

[0016] Certain compounds of the present invention may exist in particular
geometric or stereoisomeric forms. The present invention contemplates all such
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 diastereomers thus formed by fractional crystallization
or chromatographic means well known in the art, and subsequent recovery of the pure cnantiomers.
[001910ne of ordinary skill in the art will appreciate that the synthetic methods, as described herein,
utilize a variety of protecting groups. By the term "protecting group”, as used herein, it is meant that a
particular functional moiety, e.g., 0, S, or N. is temporarily blocked so that a reaction can be carried out
selectively at another reactive site in a multifunctional compound. In preferred embodiments, a
protecting graxsroascts medd divatyin goodgieldnegivecrotected substrate that is stable to the
projected regctiops; the pr. ting group_should he selectively ' j y readily
available, prjﬁgr?agrfly non-tg(?g)rrélgsgt%eﬁes’ ﬁ}%%rgcc)u#gt%nte%a&gé t% %rtt?li{;&rg uncﬁggﬁcg)g é%ég{#e protecting
group forms arvesxilyisdpsirat)ét derjvatipespareddpraferabhyrivityothans gehedaivriedhaitstereogenie
centers): and the pratecting raup. higs aminmum. At asdiional funetiovalivieeaidlurther sites of
reaction. As détaifed fieréin, oxygen, su ?ur, nitrogen, and carbon protecting groups may be utilized.
Hydroxy! protetiligpooyws dretuetetonsthil atietpoxy aesitioyl] gpaidn eretidtiatiethy BgEgIthiomethyl,

(phenyidimetmélsiIgf’z%%hogmetgﬁ%ﬁ%\gg&%%r%?ggﬁg&%l U)o PsmsthexyReaiiqxymethyl

(PMBM), (4- methoxyphierioxy)ine ethyl (GUM), t-butoxymethyl, 4111
pentenylox?tgretipy k(BRI j;asHoxyinditsytr inetioxite troxpamiedhyi ivmnypropriate optically-
t”Ch'°“"ethO’%ert%ppb‘rsgz'%hl%ff)et'éa‘l’g)%% Mlof ST IRRINBAACHMAH BHIOR),
tetrahydropyranyle( 3 “BFomotetralr dropy Tanyl, tetrahydrothiopyranyl, I-metho;ycyclohexyl,
4-methoxytetfalotidnapyifatuli gk By, chronctiograpbiranyare thigdblmanyl in the art, an
4-methoxytetra€1§/drogrfpti?g%g\gg l%‘g{edi%)r(!adeeria%’c[%‘z'e hloro-4-metliyOphenyl1-4-rnetboxypiperidin-4-yl
(CTMP),tetraSHy i uranyl, te aﬂy rothiocurany ,nﬁ, ,3a,4,5,6,7,7a-0 " e
ahydro-7,S,8{irm&sthyl4, 7-Qetbaimidenzeflidiniptht, drtotidepethgiate-{Rathieyatheiy)ethyl,
1-methyl-Irnetheicyethyl, | -methyl- 1 -benz,ylox i P gﬁ@{l wdingypethyl , 2,2,2-
trichloroethyl,nﬁe?ti}f}r/(fse?t @%fﬂéﬁf?ﬁ%ﬁr—?ﬁﬁgr@%s%féﬁ%%?héf,@%‘%ﬁ?%ﬁ,pchlgrg(g;;‘henyl,
p-methoxypliépydieitingpheny’, dsersey hpeimethoxyiemnt yhag Mpatiaedioastazgl 03 ErobEnzyl,
prnitroberzy’ & Ralohena £ It RiRR0YY By ROBRERTM PR TEX AR b
3-methyl-2-picoly’l N-o’mdo, cﬁp eng;lmet y1' ,p-éinitro enzhydryl, 5-dibepr&gﬁs;juberyl, riphenylinethyl,
ctnaplithyrlip ootk ethytive-§iteih oxyphenyidiphd ropmeahipd. digopreiiesd/ DpRsyfnethyl,
tifp-metboxyphenyEIeli, A:(4 LromoRneRARIPURNERYAMPRARAEBRATY i is(cS-
dichlorophtliamﬁop%e%ﬁ%net yﬁ ffi -tr's](?le ulinoyloxynhenyQOrnethyl, 4,4',4"- tris(benzoyloN
yphen yl)in etktyh18 tdittie gevjeeted rydytidmgatha praipetitriozxojhegiddhstglectively removable

Lo DS e ST FRMRT R, AN b oRE PRI Ao P a R e

10-oxo)anthr3}E:gL enzo lazolyl S,S-dioxido, trinlethylsilyitriethylsilyi (TES),

tritsopropyisligth¢T RSt ol egtopiso phopylsityingRDNIST s thy ResbYcisy RNl e D ETY &y Ve

dimethyithexylsiyl, IouprIgim iRV AL BRMR B HIdRReRysit CERBR it iR ng
group has a minimum of additional functionality to avoid further sites of reaction. As
detailed herein, oxygen, sulfur, nitrogen, and carbon protecting groups may be utilized.
Hydroxyl protecting groups include methyl, methoxylmethyl (MOM),
methylthiomethyl (MTM), ¢-butylthiomethyl, (phenyldimethylsilyl)methoxymethyl
(SMOM), benzyloxymethyl (BOM), p-methoxybenzyloxymethyl (PMBM), (4-
methoxyphenoxy)methyl (p-AOM), guaiacolmethyl (GUM), -butoxymethyl, 4-
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, diphenylmethylsilyl (DPNIS), t-butylinethoxyphenyl shy' (TBMPS), thnnate,
benzoylformate, acetate, chloroacetate, itlichloroacetatc, trichloroacetate, tritltuoroacetate,
rnethoxyacetate, triphenylmethoxyacetate, plienoxyacetate, p-eblorophenoxyacetate,
3-plienylpropionate, 4-oxopentanoute (levulinate), 4,4-(ethylenedithio)pentanoate
(levulinoyldithioacetal), pivaloate, adamantoate, crotonate, 4-methoxycrotonate, benzoate,
p-phenylbenzoate, 2,4,6- trimethylhenzoate (mesiteate), alkyl Jr:ethyl carbonate, 9-finorenylmethyl

?arbonr?tle (IEeﬂgﬁkal-alksgtﬁymﬂ}ffasbpma%m&xxﬂ]@aﬁﬁﬁmmr(@emm):arhediatmmﬂ%), 2-
trimethylsilypethyl carbonate (TMSEC), 2-(phenyisulfonyi) ethy| carbonate C).. 2-
(tripIicnyIpho%ﬁgg{ﬂffB{Wyéa%%g%ﬂbé%%%%;%é%ﬁ’%’grb%'r?g?%,@@T%ﬁﬁ%ggggt&w&e alkyl ally!
carbonate, alkyl prétitrapbemdfaanmonditel -alkyk betizyl cazbdnaiestatayptmybthenytienyl carbonate,
alkyl 3,4-dirneﬂ1 xybenzYI carbonate, alkyl o- r?gr; benz b%cyrp nate alkyi_ 'Q(i)t{ggﬁ ? bonate,
alkyl S-benzﬁpﬂ%ﬁ@ﬁ%ﬁ al ﬁneé%ﬁ( '@h%é\%‘ﬁﬁﬁﬁ Maﬂé , anfﬁl)l/fgffﬁ%cgr]bonate,}qzz dg’z{)enzoate,
azidobutyrateyidhnitee#ynethyipetitanoatenh o-@ityheoiwehyl)benioabet @; fnhyibenzenesulfonatc,
2-(methylth|oirr: ,tho y)e}frr:yl, 4- megt?]?)t%i? ﬂeé{h Xé)rbu ratF Z-Qnﬁthmrﬁ m hex gp_yl)lsenzoate,
2,6-dieli|oro-4’h$?é9rﬁﬂ?’ nBSEE}Sé@t’QfB, %%-’rgi’ h‘%? 4R ’.Qﬁ?-?’e’upémglﬁy uf%g&?ﬁox yacetale,
24-bis( 1 4 - dimethyigtapyhhhenmoreetale-cinlcbeniyheniidcetary) iSdbdichlerehemnduecinoate,

(L)-2-methyl-2-butenuate, o-(nethpxycarhonyl)berizoate, ii-naplithoate, nitr. Ik
N,N,Af Nctetfd a’iﬁg 5 %ﬂgﬁﬁﬁlt%gﬁé?ﬁ\l -%Rgﬂ)lﬁ' l&ﬁaa?nhaﬁ?ét,f— cl)?g&t],e i-r%xeyéﬁ)ylphosphinothloyl ,
alkyl 2,4-dinitigpthenyssiionaie, -sulfaieh meihanessiiibateoinesylhte)izer hyistijdate, and tesylate
(Ts). For protecting 1,2- or 1,3-djols, the protecting groyps include hylene acetal, ethylidene acetal,
| -t-butylethyl R’&Hﬂ“i%h‘%ﬁb%ﬁfﬂ?mh%%&éﬁg&mﬁ%i@%g%% thylidene acetal, 2,2,2-
trichloroethyliggns restahyRpatenisesbyt angntybidereptetal) ayaloiesyHdene ketal, eyelittheptylidene
ketal, benzylidene acetal, p-inetpoxybenzylidenc aeetal, dimeth ben 2. ylidene ketal, 3,4-ditnetho
ybenzylidenelgeglﬁi’,?’fpﬁﬁ?' W@ﬁﬁﬁﬁ(ﬁ‘?ép CBY, ﬁ’??ﬂ%ﬁ\é@?ﬂ#et%’lse@(é%acetal, ethoxymethylene acetal,
climethoicymgibyiefpetthions ilacholethylidene githalasigiodypboxetkitidireOrihb ester, 1,2-
dimethoxyethylid if?orého e tagrt,mé-nrzmt oﬂ?zjen Iici/e e rth&,egle[i.I-gtﬁ,TxNclil@;[ﬁ,?)m-I 'lo)ethyli denc
derivative, ai-%/i\ﬁqge- ﬂ%?'l%%ﬁﬂ%’ﬁfﬂ%%%l?d W@%ngﬁ é{tj[R//é)b ’f-oXacicilénpen?yr\(aene rt %@;‘[er,
di-r-butylsilytene-grgup(@IRSphn31-1;1p3r3n yetteis ol Bpyitisiloxdpyiidend)k detteatiyd (PEPDS),
tetra—t-butoxyd'silogg e- F@?} (?1) qu; erivaCEl e iI'B[%S clic calr.bonlaﬁe@ gx%;géjooronates, ethyl
horonate, and’bﬁ‘@ﬁy&ﬂ %Héx.r Tr?o'-ﬁl’&% %Wé gPotips ineiGae mathyl cairsbamate,’ethyl catbamante,
9-f|Eorenylmzem%{ggagm?j(;e@?i,l%eétfgﬁéuglteﬂliﬁﬂ)eti‘lijgcqadpm&tb(’HRS)Yﬁdilbronio)fluoroen_ylmethyl
carharnate, 2,7-di-|-hyty149- - -10,1Q, -tetrat Ntk inate
(DBD-Tinoc), %f@ﬁ% X rfé]’LFmﬁ%é%ﬁ%ﬁﬁ%??@%%ﬁK%Ergﬁyﬁké%@?é%‘%ﬁ%Pz
trirnethylsilyletayyldnacaaniatg (TEHNS); phenyidibtydodsigh(@REP Y, tritbagdmightylyp1-metitylethyl
carbarnate (Acipoge), 1,1-dimethy1-2-haloethyl carbajn As411r/ethyl2.2-di hyl earbarnate
(OB.1-800). TN S E N e A A BB T ST ey ety
cabarnate (Bra®MP£3, Fetliriatay ydpheyifdnomatinethidetyiloarhantastedfeiBorremtyiR-(2'- and
4'pyridyl)ethyﬁ(c amate ?%Pyﬁ_glﬂ, 2- %NN-({Jic claqhex le r?o isnplido (rartlg Iocar%)c% te,1-bntyl carbamate
(HOC), I - addFENR R 8%& ﬁ%t)a: % ?cé’@é‘r‘ﬁ%%%ﬁ}l%a? maé (% oc % isopropylallyl
carbamate (Ipstas)ociudatany, aroglien(9a}cdinjtBopirnginyd warbéendtex@veciuafgincilyi
o B Pﬂ”i”‘%@fb s, aiiagldi;?é ISapanAEs eV PARATDALe
(Cbz),p-methcg W%ﬁcarﬁ' ¥eﬂ€7%%,039ﬁ% gnzy &bama e, p-brorn ’b%nry ’
carbaniate, p-chigtobenzy) catbamaie;Redhdichienohenrz peaachanaiphehyimthydstifitylidenzy 1
carbonate (lvisz), 9-anthrylinethyl carbarnate, diphenylingrhyl c inate,2-methylthi Icarbarnate,
A DA R IS B s ety e

2-meihylsulth ethyl carbonate,carbarnate
(Dmoc),4-inetliyithiop hrylctiaybaaate {Mfptly P22 dirnethidtoiaphierarboasbatiiate)(Binpc),

2-phosphenieethyl car te (Peoc), 2-tri iphosphpnioisopropy earhainate )
1,1-dimetl tyl-(ét-r b%‘gﬂ%'&m%ﬁ?&i?ﬁﬁgn i m@cg@%@%@%&&%&&%@@ %-%&fﬁ%geg%ﬂ’o?yi) benzyl
earbarnate, 5-{ogfizisgipizalyinieibyttathanate @ Rtdtitoathyletni)si chromoaty| mistbyticgrbainate
(Tette), m-nitrophen %c barnate, 3,5-d irnethoxybenzyl carbamate, o-nj ,
3,4-dimethoxyggtl?1?§% el lfﬂ %']i}/gg%rr% g?tp %ﬁnﬁ'li((é 'ﬁlltprro Ih%n tfl)cr%rg%nfﬂ%h? K rr?e%é%/w@gmﬁ@
phenothiazinykiidQ)searhihoy) slerivatuey ddaw;telkigntduliomttamihesayb omyloderiv ativg, NI -
plienylannnothiocarbenyi derivative, t-amyl carbarnate, S-benzyl thiocarbamate, peyanoberizyl
carbamate, cyclobutyl carbarnate, cyclohoxyl culminatg, cyclopentyl carbaniate, cyclopropylmethyl
carbamate, p-decyloxybenzyl carbamate, 2,2- dimethoxycarbonylvinyl earbarnate,
0-(Pst,N-dirce,thylcarboxamido)henzyl carbamate, | ,1-dimethyl-3-(XN-dimethylearboxamido)propyl
carbamate, 1,1-dimethylpropynyi carbarnate, 1(2-pyridythriethyl carbamate, 2-furanylmeihyl
carbamate, 2-iodoethyl carbornate, isoborynl earbarnate, isobutyl co:don-tate, isonicotinyl carbarciate,
p-(p - inethrixyphenylazo)benzyl carhamate, 1-methylcyclobutyl earbantate, 1- inethylcyclohexyl

crarbamate 1-mathvlole-evvalanronviinathyl carbam ate 1-mnthvlo1- (R B_AdirnattinvyvynhanvHathyvl



carbarnate, 1-methyl-1 -phenylethyl carbamate, | -methyl-1-(4-pyridypethyl carbamate, phenyl
carbarnate, p-(phenylazo)benzyl carbarnate, 2,4,6-tri-t-butylphenyl curb:mime,
4-(tri-methylammonium)benzyl carbantate, 2,4,6-trimetbylbenzyl carbarnate, formamide, aeotamide,
chioroacetamidc, triehloroacetamide, trilltioroacetarnicie, pheitylacetamidc, 3-plienylpropanamide,
picolinamide, 3-pyridylcarbox amide, Nberizoylphenylalanyl derivative,
benzamid.e,p-phenyibenzarnide, a- nitophenylacetamide, o.nitrophenoxyacetamide, acetoacetamide,
(Nrdithioberinylmberast cashanaiteojdicgtamitteb 8¢yl opchoxgtshelikyl) Sropemva thigearbonate, 4-
3-(onitrophenyl)propanimiide , 2-inethy1-2-(a-sidfrophenoxy)propanainigde. .ie 4-
2-inethyl-2-(o% ée)xr%ﬁl%aﬁtﬁ%l }18%/ %?%%éﬁé@n%?@-ch%oréﬁuténamide, 3-inae?hyl-s-nitrobutanamide,
onittoeinnarnidilohugoetyjldetitiodimectefivation genitroberomangd) ) h@EeatsyIdxymethyl)benzamide,
4,5-diplteny1:3-exazolin-2- -plithalipi V%t&]gﬁuﬁg{ Imige (o) 1Nid3diBRemimateimide,
N-2,5-dimethgﬁg)r}?'ro%fzﬁﬁ?%%n@m%ylfg%ilﬁ/ %@&%pentane ag%gct STA AISE), 5-substituted
1,3-ditnethy 12-{matbyithiamatycionstbpbana6-2abdishirsa-4-Betbybbsppr yacs 8 arh®acyclohex
an-2-one, 1-suhstituted, 3,5-dinjiro-4-pytj QQ%? mstoyladidls ng,Nqalylamine, N-[2-
(trimethylsiIy%‘?ﬁé&%]%n%?h@%gﬁmﬁ%tgaé@l{\g%N- -Iglcl:eto propyl’arh_iné%\l-(l .
-isopropyl4-niti<2Zhgko @ pPyrbotioxaghmirns] qodiphaayeestiito HiOPHIZEHS, NIHEAIAAIAME;
NKii(4-methoxyphenyimeshylarine. N-R-dihenzosuberyiacning:Ad-Hiphervmstivanting (Tn).

@){3’9 mﬁé%ﬁi@&?&%@% " ﬁﬁéﬂgﬂ&% N&g o~ HABREY \ ne

N-[(4-methoxypheny enylinetitylla -phenylfinorenylamine (Ph17),
N-2,7-dieillordL94iNiovenstrmatiiidpecpinesiiafoidetes alinthyemitrartrarale, RoLpidolylamino N'-oxide,
N-1 ,I-dimethylthi t1:...lenearnine, N- yii i -met Ci i ine,
N-diphenylin(}eﬂt afﬁ%ér%sl%,{ ﬁlﬁy%;"}ﬁ‘@?féei% niet )%gs#yagpﬂgi{r‘?éwx& B%MM%@Q@H&%
AL(N",N'-dimétiegidminoieetyideHeyatminad iyl o fFepyRde neatretith &2Npr Aitobelsz{iileneaminc,

N SatcyidenceminteiRinsaicvdencaioing, Nnclrnlydtomphemiipbemimatyapeamine

NcyclohesylicPer(r)1eam|ﬁ§,r she E)p—;gyc{({tg;(ienyﬂammg‘r\]/z&%rane
derivative"N-dipbenylttbsihiteacitubridatethay juthenyl jpdwisdanb ook} fum- or
tungsten)carhanylamineiM:sanperenelale it 2 islottntigaulnR My asaeRding, amine
N-oxide, clipbenylphos§h|nlan%% (%)pg) |mefhylgﬁhesghirﬁrrildé%pt), 2 ’
diphenylthiopbosphingrittakpty], distieyli pimesisl iatbex viserdid gogshdrdntidate, diphenyl
phosp horamiﬂ%%@%% %?HH&{@%QE ’894[}“{99%8%%&%9%%%@&4” Qﬁit%ﬂénzyhdene

dinitrobenzenesultenamide, pentachlombenzenesulfénamide, 2-nitro-4- methoxybenzenesulfenamide,

triphenylmethydstatemathidens:titopridistautibnametlapysicstebldenedinomairsisaqpeo
benzenesuIfo@s@@%iq@m%tl?io%'{gtjﬁ%i(i%leé%ﬂ?gﬁyqe%%&?éﬂ‘}yﬁ'a%igﬁhQM%)er, 1,2-

2,416-trimethoxybenzenesulfonam , 2,6° dimethyl4dnethoxybenzenesulnamide (Frrie),

2,3,5,6-tetranméthsthaxynttriossiserzbaesonarathiexfearylidaee il ersersiiYonarnide (Mbs),
24,6 mmethyignzenssHioaamas M 2i%dimenexfngivheserisauliramidatinds).
y

2,2,5,7,8-pentamet roman-6-sulfonamide (Pme), metha.nesulfonarnide ng),
P-trimethylsilysthaseseonzhdices SHe etearthrdutrssyirnssrmye, (DTBS), 1,3-(1,1,3,3-

e S PR e S SIARARIAE (MBS anaM S RBRmIdRorane 13-

trifluoromethy e, an enacylsulfonamide.. Exemplary protecting groups are detailed

herein, howevty)idenitl drinpipve (ERIISthay this preurtsaverrisibrpr R P B WS FrAfed to these

protecting grokps flbRIA A ehal adeilienel R alRI Y RlesHNG AtaURRLambe readiy identified

using the above criteria and utilized in the method of the present invention. Additionally, a variety of
protecting grovpsbaamenteiibedeiny Protbrtive @rotips Fmory dnid-syimBupenrire Byl Greene, T.W.

and WS, P Garbefitare 010 MK Bhio S IEH IRAKY S Baii Ente oIS Ol re hereby

incorporated by refer 92011t will be appreciatéd that the compounds, as described herein, may

he substitutediwith-afyl Alhbertef Suskivbéetsnshidersndl sdienets (RBPnERPnEterm "substituted”
whether precaggtl i I cortianalypRENRY andsyfsiibisaissaaisineadT fasguias of this
eplacement of hy

invention, refer to t pla nto rogen radicals a given structure with the radical of a specified

substituent. Wrisreindsdl viethybeerparsitier Teemy 2gifen vethotusarbagpisd kGhdifdrédamanivdre than
one substiicrt seiRciet JIokA:RRRETIRANOLR. theubsiisaRtcvay baiienthe samadkliferent at

every position. As used Herein, the term "substituted" is contemplated to include all permissible
substituents o} Srdniveiipbandamata GBat BOFact, Indimerhnsdidid-Sirdatosihel irbraeyclic and
cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and nonaromatic substituents
of organic compounds. For purposes of this invention! heteroatorns such as nitrogen may have
hydrogen substinients and/or any permissible substituents of organic compounds described herein
which satisfy the valencies of the hoteroatonis. Furthermore, this invention is not intended to be limited
in any manner by the permissible substituents of organic compounds, Combinations of substituents
and variables envisioned by this invention are pieferably those that result in the formation of stable

compounds useful in the treatment, for example, of infectious diseases or proliferative, disorders, The
tarm "ctahla" ac iriced harain nrafarablhvy refare to comnniinde which nnceccace ctahilitys erifficiant tA



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 more thnetional groups. As will be appreciated by one of ordinary skill in the
art, "aliphatic" is intended herein to include, but is not limited to, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, and c,ycloalkynyl moieties. 'Thus, as used herein, the term "alkyl" includes straight,
branched and cyclic alkyl groups. An analogous convention applies to other generic terms such as

"alkenyl", "alkyahend thetike.1Rurbiphnone] eehybsedtenein (Brotpring; aikiA-bidikehgity Dalkyny!”,

and the like encomp subst|t d and stituted rta as used
herein, "lowel” gi‘ﬁg%‘ %tt‘ré)‘if ama% H{BS%C I% %roué& (c%'rllcﬁgeﬂlg |cca§l?%§slrt%8t?e9§8 S?:]st%bstltuted
branched or wWar\em@de@wa@dxarﬁamemﬂtombam@@zmaﬁeméumtm@ﬁﬁe,nts the alkyl, alkenyl,
and aikynyl grou antrpg% ed alg%t E\riwe;)r)‘“ﬁ% Lj:?? %arllgtl Ilpn?, oRe Ql%lg qcertaln other

embodiment$! Invention ontal 1-10 aliphatic
carbon atom%dprypylamemﬂhhﬁdﬂﬂ(@pﬁsc)hemikyiywadehm&awﬁyhgmpsmboned in the

invention contain 1-S aljphati¢ carbon atoms. Ins rembod me Vi, I and allQinyl
groups emplc?%%”iﬂafﬁ | \71 %8}*188 S-SR Al apggr i atome p%r%’rég&?%(e% 5 E<l(ago%,lments the

alkyl, alkenylpafbdrﬂiakwbémupﬂ)emgﬂ@(/@blzm phﬁeﬁwybenngnaa]uarmaﬂec{adblh pioredetidtrative
aliphatic groups, thus incl tar |m|t dto f le, meth thy propyl,
cyclopropyl, %15&8%?06 % ?ﬁﬁg}?i rﬂ%uetyf se((:)rlgufy Zﬂ ?)ﬁyp eef?t% Eu(%/{ﬂ %%%dgii)
-CI-11-cycIomawamaﬁ@m%éthy}ﬁeﬁtwlbeﬂpﬁmﬂbamatpemm@dmeﬂmbt@mmntyI n-hexyl,
sec-hexyl, cy l,-C1 2 -cyclohexyl m hich a jone or more
substituents, %ﬁ%ﬁ%@% meb%tnéqéﬁt H}?édc o, ?orai\é(afmp %%%E?ﬁgenyl butenyl, |
-methyl-2- bu&efbdmatarmweoﬁkmdaﬂmayeathymaﬂjkmm qmopé mﬂumeflﬁm@helmrmmd to,
ethynyl, 2-pr (p ynyl, an tothioalkyl" as
used herein r@é’?g ér\g&f{@f‘%{’%ﬁ) Fs]p%{{/%n&s f@e? ed, @%‘3% grlle%ﬂ%o cuIe through an
oxygen atom((Brﬁpn)uglpla)spMmawml tabariaie e?nb@dmmxpﬂmﬁy&pladkphmﬂioemrm alkynyl groups
contain 1-20 al i ahtlc ms | rtain oth mb diments alkynyl
groups contaiff %a};ﬁl@% %ml ?i % e(r:aegn 0 n’nngngt%?t%!ey a %%ngy{lsqand alkyrtyl
groups emplmblamdtmepmtﬁmymm;cyhﬁmbm&yl|peh‘bammd§eheammsa:tnlstrheﬁ‘r}ércelrh%mdiménts the
alkyl, alkonyl, alkyn contai phatic ¢ on atoms. e ments, the
alkyl, alkeny| ﬂg" éﬁ%}’g{b ps rc%rﬁ?al}?IT ih é(ﬁ She ?én gaergoﬁrg E}(ﬁﬂnp g‘s%&?@%, include but
are not limited B}dmﬁhcxybathykyammmyomumbgmw qarbanmty Be%{dbmjhyxmébpém)énd
n-hexoxy. Examples ﬁ% ggll&/l in d%é)}éti ehnf)tl |ted to HM '1?1 equ%%mylthlo

&b fé%ln

isopropylthio, Nl 5?31/ e term 0" refers to a group having the
structure -MIKletiheatie) R'—p-mllphm‘mlﬁmydeﬂnmbhﬂxmml &mmtam, émbodiments, the aliphatic group

contains 1-20 hatic. carbon n.ce taln other embodiment H} q“pmtljg FEQLP ontains 1-10
aliphatic carbB%“g’g1 o?rréml%ﬂyl}é) ot %‘%YZ ‘f%“%arhvéh{sa‘we aa} Fﬁ?@g?o?i% e%wployed |?1 the w‘ﬁ%/entlon
contain 1-8 aliyhatibeoasbearhsnoms:, nysldbothlecaehahﬂdmwﬂsbmlaﬂthmtgr@MQlQWnEMhs 1-6

aliphatic carbon atoms. In et oth ents the 154 aliphatic carbon
f;jl Be{me% anbalSste a{jr (?é(%h@}yogg%%loc% Q& Zﬁ

atoms. Examplaes cr)?égﬁ(ﬁ oups methylamino, ethylamino, 11-
propyiam ino dsﬁqﬂnopyd:arbmlmbdemm;m(MMManmmﬂmm@yk@éb@ﬁ%}mrn|no
nperitylamino l?e(i( }%a{ﬂ % WH%X ﬁml] car oa)lcrallgnﬂio)propyl carbamate, 1,1-dimethylpropynyl
carbamate, di(2-pyridyl)methyl carbamate, 2-furanylmethyl carbamate, 2-iodoethyl
carbamate, isoborynl carbamate, isobutyl carbamate, isonicotinyl carbamate, p-(p -
methoxyphenylazo)benzyl carbamate, 1-methylcyclobutyl carbamate, 1-
methylcyclohexyl carbamate, 1-methyl-1-cyclopropylmethyl carbamate, 1-methyl-1-
(3,5-dimethoxyphenyl)ethyl carbamate, 1-methyl-1-(p-phenylazophenyl)ethyl
carbamate, 1-methyl-1-phenylethyl carbamate, 1-methyl-1-(4-pyridyl)ethyl carbamate,
phenyl carbamate, p-(phenylazo)benzyl carbamate, 2,4,6-tri-t-butylphenyl carbamate,

14



10251The term "dialkylamino” refers to a group having the structure -NRR’, wherein R and R are each
an aliphatic group, as defined herein. JR andmay be the same or different in an dialkyamino moiety. In
certain embodiments, the aliphatic groups contains 1-20 aliphatic carbon atoms. In certain other
embodiments, the aliphatic groups contains 1-10 aliphatic carbon atoms. In yet other embodiments,
the aliphatic groups employed in the invention contain 1-8 aliphatic carbon atoms. In still other
embodiments, the aliphatic groups contains 1-6 aliphatic carbon atoms. In yet other embodiments, the
aliphatic groupgroastajlsnimbriiphbtiogadobeatam., Esamplssydhaiapkyeivingigroups include, but arc
not limited to, dimethylarithjO, methyl ethylaming, diethylarni t ini i(n-propyl)amino,
di(isopropypg?ﬁ%%?ﬁi%c%? %%]%e%}irﬁlrr?g?%ﬁa(ﬁl-%%tﬁﬁgélrlglﬁ(gcé?ﬁrg@%ﬁiﬂ%@%ﬁﬁ%ﬁpentyl)amino,
di(n-pentypasstiaoy dighaxydkgdephen diayeioheidd) anvivlo)aamd chi pikad yhcedreairmifsbddiments, R and

R' are linked to for cyclic structure,. The resulting cycli e Ipay,be aromatic or non-aromatic,
Examples of I%Wﬁ?%gf‘ﬁyﬂgg Iil(g?gﬁ%té‘ﬁ?iﬁfﬁlaze%%@t%gryeg h%ﬁﬁ#\%%to, a’z?ridinyl, pyrrolidinyl, piperidinyi,
morpholinyl, pitoisyhyimidanciye, 2;8i4dpianoly)acditeta zoltheBa8dsdMe examples of substituents

f the above- ibed aliphati d oth ieti f ' o0 fglude, hut
ot Imitod to AR e SR R S S Bryiony

et I%léi% atic; ar eter rylalkyl; alkoxy; aryloxy;
heteroalkoxynheigheayyjpropaatiyithio? anglihib 2 Heteroalkydthioy neeproanyiteo matyB: (0-OH; -NO2;
-CN; -CF(3i -CH2CF3: -CHC12: -C1120H, -CH2CH201-1: -CH2N 13 GG HR G IR,
-002(Rx); C%ﬁfﬁ%%o%wbépr%%qg’%%@mé}%n]mﬁ%%g\ggo %I%;%I?{N.R.,(CO)I%,, Wherein each
occurrence ohiRbitaieperideNtycinglomiésobitederotaimieanvraipatddpeteroaliphatie, aryl,
heteroaryl, arylalkyl, or heteroaryialkyl.. wherein. any of the aliphatic, heteraaliphatic,anyialkyl, or
heteroarylalk 4 é't]i?ﬂ@rﬂg‘?%}é@%/% Zéi\éi é%ogégagﬁg éqéﬂi??ﬁ%gg}g s%j E?ftﬁ{ d or unsubstituicd, branched
or unbrancheditigysliconriadyel{®tandviifekimeanyrodltioaiyl Bi2ietbrogthilsybelitudntsldbscribed
above and herein m upstituted or unsubstityt ii SR qfgepgLaly.applicable
substituents é??era}mj%%ftae%ﬁ%f/% ﬁ'?ec}é%%%? icem %(? ﬁl@ﬁé&s’gh%%vg % the é)%%ﬁaplés that arl}(&e/l described
herein. 100271} 5¢geienal;dobderma-tary|3-anbstitetat daiylibezybé & Heldinaesedo e smBréRtono- OT
polycyclic, heteracycli lycyclie, and heter ' thlFi aietiasrhaving preferably 3-14
carbon atomsi'glgl?c: tlE) %v%?é% %ﬁ%ﬁ%?&%?@l{tﬁ’e %?é(gﬁ gﬁ%ﬁﬁ%&?}@tﬁtirﬁené include, but are not
limited to, any(tafthth pstlyibediyx yheetionadisaliS M Ais? aectonarsopstimérts YedittersRiiphatic
moieties, or for ather moietjes as disclosed herej ]li'mg '| rmation.pf & stabiacoppound. In
certain embo irrrlllérr?ts? ort g 8?’&38#, i% 22 fglr?,e"eér%ﬁfgr@%e S to%%%r{?o-ggor bicyclic garbocycllic ring
system hayingdicheiethtwyaramBtictintmhncudive]ibanrouleitaniacpNenighermg mpijlylamine
tetrahydronaphthyl indanyl, indenyl el ' pﬂq}[{n S, AE R emRIESaOLIAYENtion, the
term "heteroa y}3 é}tlsfl%én Lhé)r)gﬁ%g chsﬁ‘#c?glggﬁﬁ@%r%@dica ’havirsl% froyrﬁj%ve topggn ring atoms
of which one (PigFaton j3-dalelctedFrine s raet N neeroinend- Sruvenitg etonseie udmlofal

heteroatoms ipdepaofianily spleciad fom Sl ANy Apsh e kemaleinaian alage ai-carhon, the

radical being Jo'r%egl o the rest of the molecule via any of ring atoms, suchas, for example,

p?,.tridyl; pyrazingthpyyiveidiplitengembyle.pyrdizbishyimicthytsitathiagoNi (8xazolyl, isookazolyl,

thiadiazolyhOé%’f&%ﬁr'%'és%@?ﬁrb&ﬂ%elfllé[l%mllie,iﬁgfw i,W‘-iHMhe@ﬂ}qeml?nlyﬁ?ethylene)amine, N,N-
isopropylidenediamine, N-p-nitrobenzylideneamine, N-salicylideneamine, N-5-
chlorosalicylideneamine, N-(5-chloro-2-hydroxyphenyl)phenylmethyleneamine, N-
cyclohexylideneamine, N-(5,5-dimethyl-3-oxo-1-cyclohexenyl)amine, N-borane
derivative, N-diphenylborinic acid derivative, N-[phenyl(pentacarbonylchromium- or
tungsten)carbonyl]amine, N-copper chelate, N-zinc chelate, N-nitroamine, N-
nitrosoamine, amine N-oxide, diphenylphosphinamide (Dpp),
dimethylthiophosphinamide (Mpt), diphenylthiophosphinamide (Ppt), dialkyl
phosphoramidates, dibenzyl phosphoramidate, diphenyl phosphoramidate,

benzenesulfenamide, o-nitrobenzenesulfenamide (Nps), 2,4-
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190281it will be appreciated that aryl and beteroacyl 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; heteroarylalkyi; alkoxy, aryloxy; heteroalkoxy; heteroaryloxy;
alkyithio; arylthio; heteroalkylthio; heteroarylthio; -F; -Cl; -Br; -1; -ME -NO2, -CN; CF3; -CH2CF:3;
-0-1C12; -Cl-1201-1; -CH2C112014; -C1-12N1-12; -0-12802C1-13; -C(0)Rici - CO2(Rx); -O0N(Rx)2;
-00(0)RX, -0Q@ZRierX0RE2N N2, hereB@RnzINRIIGDIR]swRersin-ach occurrence of R,
independently includgs, but is ot lim to, ali hat roed | pgalkyl, or
beteroarylal %?/ E 4 hlye/sbl namhpehililgh%n eroaﬁyf%’]u f%naarrly gl%/ lt%%{ ter ég%?/lgﬁ%?lﬁéugstltuents
described ab@mﬁ@@mmmm&béﬂwbdmemslfoeamté@ Kindtiednifibranehed, cyclic or

flahaMaAMbpreg. may be

acyclic, and wher e|n a of th | or, het y) sybstitye
substituted o UnSUBSttHtEd Sﬂggong {)‘Hg ri!a%J gl?gen%rai %%%(IH(I:% e substitutents are illustrated
by the speuftﬂnlambyddmmtmshmmamﬂuh‘cﬁmmm«égrﬂwbﬁeSdi}Sttmmdlnérém 100291The term

"eycloalkyl"; sed herein, r s spe 0 groups havin e 10.S€ YRy rgfgr(ably three to ten
carbon atom§rl t’é?(ﬁfé'néy i}f gt quéft‘é%égng F’nnl%g gt%h cfgc oplroprI csi?clobutyl cyclopentyl,

eyclohexyl, cy@lnéthptbbmﬁéhﬁfmkmmduc{hdta}s eienczibexof dtinethaliptrtnchdiersaisisatic, or

hetercyclic tio bstitute su | ited to
aliphatic; heté)\}gélebl%ar’Ttiaélﬁrylphn??erSl%aﬁt@&arWa yﬁlshl %Eer}%rgry ‘#f}%,é{)ﬂ%ﬁé)})}/ﬂ{g%?gf(é& grl?(l;lt{i-:-érrealkoxy
heteroaryloxxmbgy[&munenwbmmmwmdhésm)wmtbrasqn@ulferamlde|41 (4N®2; -CN; -CF3;

-CH2CF3; -CHC12; -CH 011 42NH 1A);
-CON(Rx)Z Eﬁﬁ'ﬁ 6@%’%’&3’( %ggﬁ?ﬁ%ﬁgi} d% (@g R,, &gﬁae%}gg%icurrence of Rx
independentIyriﬂubide&:tbjdmﬂfnmmmmeahtbphhmwalmlfmwméhprﬁmma}w Inepéseiang ZERyRIKyI, or

fir:tertiary:alkyl her he aI| tlc teroal ubstituents
(s Hﬁa%l Lijlti] oPanu &ﬂ%ﬂmﬁ%ﬁ@g{ g?%%}%i%%ﬁid cyclic or

described above an Rerein rriay 5 su stitute
acyclic, and whiergiedaoyetithecaryb mdsemmwyhglgneumeméidewmaﬁ&@amﬁereln may be

substituted or unsubstitute Addltlonal ex o rally applicalle sybsitignts,are illustrated
by the speuﬁc‘%ﬂvﬁl?egl (re(htescslﬂ%\%r “E%:%r%% gqﬁglﬁaﬁréﬁ dﬁescébed herein, 100301The term

"lieterc:aliphatiglizas inséd hethind oéthmsahphammh@meﬁebimemibntaww@ of rigtecRggen, sulfur,
nitrogen, phosphonis, or. S|I|c%n£.ltr(l)h9 Ptecgv i_%placgﬁ)if crflg?t{gmgs’ye[tﬁﬁ%aﬁgh@qgegpletles may be

at
branched, un an]?:he(f cyc‘:zlr ic’or acyclic and inc ude satu d unsaturated heterocycles such as
morpholino, p@?rWl|dm1yW1m;(;Plﬁ}ceﬁrtﬂalnktnb%lnyaﬁ@%etéi@&lﬁdﬂcW%ﬁ%%@%ﬁ%ﬁ%‘&d by
independent reip % e or more o Ef iygggggn atoms thereon with one or more moieties
t m

t
including, butho toa crRetero atlc aryl; hotoroaryl; arylalkyl; heteroarylalkyl alkoxy

aryloxy; beter{ﬁﬂkﬁ}(y, heteﬂmasruld)q/amkwihtcd rylitiio chimrvadley thidsshekad avbe): -Br: -
-OH; -NO2; c 112CF3; -CH 9 PO o
ff%ﬂ&%?ﬂy %L&B%Qf:slbg t(])%%'ﬁ% ﬁgggﬁggb 1Rt Hg'i:%al'qw

-C(O)RX: - coSA‘ N(R32; -N(R.52: -S(0)2R.; - NR_(CO)R,"
wherein each‘tmbumetmié oftRthiediepestterily tinctades obtivimipt imikidaed aibtitienieteroaliphatic,

any, heteroary, vl r heleroaialiyl hsrelniany aline ARl deistmalianalizcanialiot or
a

r
heterearylalky(f su fituents describ ove and herein may e substituted or unsubsiituted,
branched or uangmmekteabtu;ﬁcNothrthcymﬁmahnﬂafehmé’m(hﬂabwWherﬁmm@%@Pﬂ Sbstittients

described aboye and .herein ma ? (ﬁ,’lpe gg,e&g %ﬁt'&rﬂﬁ%&%%mém&w generally
ate m

applicable substiutents aré ﬁlustr y thespeci |c embodiments shown in the Examples that are
described hereghected from a specified group, the substituent may be either the same or different at

every position. As used herein, the term “substituted” is contemplated to include all
permissible substituents of organic compounds. In a broad aspect, the permissible
substituents include acyclic and cyclic, branched and unbranched, carbocyclic and
heterocyclic, aromatic and nonaromatic substituents of organic compounds. For
purposes of this invention, heteroatoms such as nitrogen may have hydrogen

substituents and/or any permissible substituents of organic compounds described herein
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100311The terms "halo" and "halogen” as used herein refer to an atom selected from fluorine,
chlorine, bromine, and iodine, 100321 The term "haloalkyr denotes an alkyl group, as defined above,
having one, two, or three halogen atoms attached thereto and is exemplified by such gonps as
chloromethyl, bromoethyl, trifluoromethyl, and the like. 100331The lei "heterocycloalkyl" or
"heterocycle”, as used herein, refers to a non-aromatic 5-, 6-, or 7- membered ring or a polyeyclic
group, including, but not limited to a hi- or tri-cyclic group comprising fused six-membered rings having
between Onevﬂﬂ%thﬁﬁﬁfﬁﬁ{ewmm tdep asdenityseldoietidromraxyigenysotfon &uabhitrogen, wherein

(i) each 5- mem ring has 0.to 1 double bonds and each ered ring has 0 to 2 double
bonds, (ii) th&"Hi eégztr? L ?8%8%8%&%3%&’6“ onaeﬂyulge oXi (f g([ﬁ)a%ce nitrogen

heteroatom mamlammaltyohﬁ)qmmmmubme{m m@vmfrtm@mmhm@imww nvgstimay be fused
to a benzene rin sentatiye hete ncl not I|m|te rro |nyI pyrazolinyl,
pyrazolidinyl 2 ree%g/ ?&%ﬂ %gpcﬁﬁt‘/?% tfuzt)%a%o ShERYL iso NIy dlny morpholinyl,
thiazolidinyl, {sﬁﬂmmlldtrmtaﬁmbteifalln&dmﬁwy&hsmmmnprelmﬁmdmelmm@rsuﬁbumu
heterocycloalk r%{I or heter ﬁ%% %oupéj léilhze d as L used &in refeggstsos?ageritprocycloalkyI or
heterocycle griti CadBfiFfethBByR LEatY IR ar%yot epen ‘{hrgp 3cement of one, two or three
of Tlh(Tkh)l/dgogﬁiffwﬁimﬁdhﬂmmuﬂﬁfdmtﬁxarﬁld@tzlhmfhtﬁﬂmﬂheahphaim;egﬂtyrmﬁﬁmmnlk " pawyl] fateroaryl;
arylalkyl; heter rya xy; heter etero, a thi :
heteroalkylthﬁﬁl #8)&/ % qetff‘te %g‘f aé‘h f%g ﬁ@fgiﬁ%‘izom;

-CH2CH20Hb&}d&N1H8rt1€e|hg&Qﬁ@é§deﬁ(Eﬁ {@02(R,); - CON(R)2; OC(O)R" -00.32Ra; -000N(R")2;
N(R,)2; -S(0

to, al’iph’atic Ilé?g#dallphatlgR hﬁr\%vﬁ?‘%rs @g?cg}hf %C?E:g%ga%i%l% Ofnl?le‘%:%rl:%%?y iﬁml Z{r:gi:r? Zgnybg; tlf\en ghgrr?;tt?cd
heterQaliphattﬁqsafoaik&J ,sa’aigatemﬁfy(akyhﬁblmmm)1$>ﬂﬁshamexmbmyewhd heeitynayibe
Retoroary| suBLAULR O ASCENBOE abV A1 RO ) be e e L et'SteS%fJéflﬁ)ﬁg' i
examples of @@dﬁlﬁf@|}R§W]ldﬁhi@rﬁ‘dbﬁtﬁdlb}ﬂtmakﬁ'tbluﬁﬂ%a‘geskﬁ!/ﬂhﬁlspﬁci‘fﬂilpmodIments shown in
D e eI L0030 R ol A ROl o vod v,
(00351"Independientynsélaatedyclbhk yashmirideee ritlent ysetedthet tis, mhatbhel’tnﬂqd”lndlcate that the
R. groups can be ienticalordiferent 190361 apeledt As ysed et i RIMGIARERE =

to other generic terms such as “alkenyl”, “alkynyl”, and the like. Furthermore, as used

herein, the terms “alkyl”, “alkenyl”, “alkynyl”, and the like encompass both substituted

and unsubstituted groups. In certain embodiments, as used herein, “lower alkyl” is

used to indicate those alkyl groups (cyclic, acyclic, substituted, unsubstituted, branched

or unbranched) having 1-6 carbon atoms.

[0022] In certain embodiments, the alkyl, alkenyl, and alkynyl groups employed

in the invention contain 1-20 aliphatic carbon atoms. In certain other embodiments, the

alkyl, alkenyl, and alkynyl groups employed in the invention contain 1-10 aliphatic

carbon atoms. In yet other embodiments, the alkyl, alkenyl, and alkynyl groups

employed in the invention contain 1-8 aliphatic carbon atoms. In still other

embodiments, the alkyl, alkenyl, and alkynyl groups employed in the invention contain

1-6 aliphatic carbon atoms. In yet other embodiments, the alkyl, alkenyl, and alkynyl

groups employed in the invention contain 1-4 carbon atoms. Illustrative aliphatic

groups thus include, but are not limited to, for example, methyl, ethyl, n-propyl,

isopropyl, cyclopropyl, -CHa-cyclopropyl, vinyl, allyl, n-butyl, sec-butyl, isobutyl, tert-
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compound has at least one element, isotope, or chemical compound attached to enable the detection
of the compound. In general, labels typically fall into three classes: a) isotopic labels, which may be
radioactive or heavy isotopes, including, but not limited to, 2H, 3H, 32P, 33S, 670a, 66"lile (le-99m),
tin, 1231, 121i1,169Yb and 166Re; b) immune labels, which may he antibodies or antigens,which may
be bound to enzymes (such as horseradish peroxidase) that produce detectable agents; and c)
colored, luminescent, phosphorescent, or fluorescent dyes, It will be appreciated that the labels may
be incorporatedyinty the e pOHnd at ainyt ypiosipent thatedges tybtinorsierk Wittpeméybiological activity or
characteristic of the nd that is being detected, In certain.embodipents, iydiogen atoms in the
compound afg%lé)gﬁlggin%(%ﬁ i ; %%%lnesx %ﬁ)“fig s%w tég%degra é}tionzc?ﬁccompo%nd in vivo. Due to
isotope effectsoietizymaitih elBgeadaiionaghiheouteratew ttracylinessi menibe dlenebeineiby
increasing the half-lite of the compouynd ip viva. in,certal odiments,af the,inyantipn. photoaffinity
labeling is utﬁ?fr]elﬁ!?cr ﬁ?grgirrlé%?lgﬁtg%%ifﬂrg%r?ggr%él{eﬁtéﬁgmtgr%bns ing{}lologiqa systems. A
variety of kndwtephethpindrés tin. bRepraptotaicratisnd igingrsrinshilecoiasesion PRzt compounds,
azides, or diazirines to nitrenes or carbenes (See, Bay ﬂ.l-ﬁgotogenerated Reagents in
Biochemistryégll!lr?gi1 Xﬁo%%%ﬁ%f&‘%%’?"{ﬁ&f é’[&’%&?é\%&er am), the entire contents of which are
hereby incorj@basdd by refEherteen Ifeliertaih enfoditheitaohtbé ievntefsriie shalodffinity labels
employed are 0-, m- and p-azidabenzoyls, substituted wi QL YE h ip&@g@gg’ﬁt&@énjncluding,
but not limitef" 9(51 %—aaszp&gﬁ%?éf,%agﬁ%efﬁ)jgraoat?gﬁgsé?e% %%fﬁ%%gg%"Tautor%egrs": As Used herein, the term
“tautomers" anetiamugomedsiofamoonipeerdinemhintiradnys tbgetkahd loublendatkiavle changed
position with respect o the ofieratams of e moleculy £orARaPLIReMERQiRskhere must be
a mechanismPTor terconversion. xamp?es of tantomers include keto-enol forms, imine-enamine
forms, amidesiiningl zod ikt fosingcamidingaaminifinbplartivssanttrossooxsmE Renegh¢hio ketone-enethiol
forms, troso-hydroxyaz ns,.Nitroac/-nitro forms idjg d%qrwmmﬁ.&r%a.n
[0038]Definiti%}é]]qs)chﬁﬁlgﬁ%-sc'lf\ﬁecranallzzlfe?f}tealij‘r%esrl Iléga tﬁ}oﬁhg?!] tg ﬁ’éj S?E?én Ication inélude:l[0039]",61\nimal": The
term animal, as8usiptidizreimboeferste 'huntdhstber wahedmonihtirmatkahimiedaynendate sk example,
mammals, DS IR TR AiRRR, A0t lR ’célorﬁ@feﬂ’?gbf’o%%rr@ﬁ‘o'bw 2kt a mammal (e.g.,
a rodent, a mouUse. & tat, a rabbit-a mon ey, a dog, a cat, a primate, or a pig). A non--human animal
may be a trandkenit jd40fhssgoiatecwitaln Whehnhasientithan atemasdodarigsatllgheanother as
described herein, th re linked b ir ' lﬁ i Ish -]m;\lg_@lm' aghin.
Preferably, thgé?gég?:%{é ion Ps?ié%%ﬁttg D%%?}g%{g’d#or%c%%a 2Nt |ﬁt§(§:qﬁons include h)’/drqgen bonding,
van der Waaibtitweyactiarestowy rophobicximer detions] anafisceinldratidn dvé wemss it Bieractions,
etc. [0041]"Effective amount:. | n ’ Ve AmeYNtehaiAsivarosnt or the
microparticiegol’e?(laerﬁs1 c%ﬁ’gmgﬁ}r?tgétﬁ%gﬁq%qgﬁ%é%%iredug}tolplgi’cal response. As Will be
appreciated bip@@dbe of ordlinarngskillatkisane thefafertssaupbarinarthcsmpblind ¥ the invention

may vary depeqding o susiiagion Asdeaed bioloainal sisint e anasAsics of the

compound, the disease being tredted, the mo ministration, and the patient. For example, the
effective amoumiteina {e?@eliplintcaratog attibiotio iscttrrnetiouinbad vasois theskpfréie group

concentration gl [he.Ste @1 RISgR (0 ING VEroRGARI SRUsinabs ipfRRliop fageterioeidal
production of such microorganisms (bacteriostatic).
employed in the invention contain 1-8 aliphatic carbon atoms. In still other
embodiments, the aliphatic group contains 1-6 aliphatic carbon atoms. In yet other
embodiments, the aliphatic group contains 1-4 aliphatic carbon atoms. Examples of
alkylamino groups include, but are not limited to, methylamino, ethylamino, n-
propylamino, iso-propylamino, cyclopropylamino, n-butylamino, tert-butylamino,
neopentylamino, n-pentylamino, hexylamino, cyclohexylamino, and the like.
[0025] The term “dialkylamino” refers to a group having the structure -NRR/,

wherein R and R' are each an aliphatic group, as defined herein. R and R’ may be the

same or different in an dialkyamino moiety. In certain embodiments, the aliphatic
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In another example, the effective amount of tetracycline analog antibiotic is the amount sufficient to
reverse elinicals signs and symptoms of the infection, including fever, redness, warmth, pain, chills,
cultures, and pus production. Brief Description of the Drawing 100421Figure 1 shows the modular
synthesis of tetracycline and tetracycline analogs starting from benzoic acid. 100431Figure 2 depicts
the total synthesis of (+tetracycline starting from benzoic acid and involving an o-quinone dimethide
Diels-Alder reaction between the chiral enone 10 and the henzocyclobutenel 11. The overall yield for

the 17 step symtigisomesink, 190 EQQAA}E@amoa idhe. tdtat eyaithesier ahibyddmeptssdlige in 18 steps
(overall yield 8.2%). The s ntheS|s in rea tlon fthe hiral on 24 to
é%y 8 ?8? ?’é?ssé\Je a% afic ca nﬁo fﬂ g% &h%?%%o‘éﬂmeﬁﬂ? %‘E‘é

yield the tetr n'steps are i 2ht IrSt seven steps in the synthesis of
O-tetracyclinelspigain gaoﬁwmﬂpyew%mﬁwmaahmsamfkﬁ adimhsecond genemtoinsyithesis of

El%ﬁ?éogcsﬁo %F:g‘é ?\ theS]{ e?ﬁlg'%is traC C“nePaEnquj%ed |chée syn‘%ess oé}ﬂ I%elifrg?@clﬁ\elgg i?liwn

in Figure 2. mﬁér?éxﬁlgidﬁm&mw\samﬂmwmesm ebdieirslihdsalDicytotined pretem® the hydrophilic

region thouQIﬁlxtgm% €s 0 1a }tlll;%ltrklloe g?‘QH&'%&%e %th"'t Hgttf}%q‘ge\éqm%?methylamino,
methyl ethylamino, diethylamino, methylpropylamino, di(n-propyl)amino, di(iso-
propyl)amino, di(cyclopropyl)amino, di(n-butyl)amino, di(tert-butyl)amino,
di(neopentyl)amino, 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(R,)32; -S(O)2Ry; -NR(CO)R4 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, 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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100481Figure 7 depicts the synthesis of tricyclines via a Diels--Alder reaction with the chiral erione 10
and a diene (41). Tric.yclines preserve the hydrophobic region thought to be important for antimicrobial
activity. 100491Figure 8 shows the synthesis of pentaeyclines. 100501Figure 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. 100521Figure 11 is a
scheme showing the synthesis of a pyridonethydroxypyridine analog of sancycline. [00531Figure 12
shows the tofadsiysribesip i temexytettaeyatingtikam henzdibaalibintichistegscovetall 9ikid 8%). The

first ten steps are jdentical to the first 10 st ps in the Sis 9 (- - trac cllne hown in Figure 2.
10054]Figurd PR SHOWE tHS &Y A EGTSF t‘&&rl&ﬂ&%ﬁ‘?&é e Sompolind. " ol

0 sancyc ine,
certain embodiments of the present invention, “aryl” refers to a mono- or bicyclic

carbocyclic ring system having one or two aromatic rings including, but not limited to,
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. number of examples of heterocyclines, tetracycline analogs, pentacyclines, and
polycyclincs potentially accessible via the inventive method, 10056]Figure 15 shows the chemical
structures of various tetracycline antibiotics. (-)-Tetracycline (1) was first produced semi-synthetically,
by hydrogenolysis of the fermentation product aurcomycin (7-chlorotetracyclinc), but later was
discovered to be a natural product and is now produced by fermentation (M. Nelson, W. Hillen, R. A.

Greenwald, Eﬁlsludéetfaca{@hﬁtﬁsliimiﬁdd)Img;yoﬁipwp&ﬂtrmhﬂmﬂﬁdtgmbmaitkualmwaﬁhg Boston, 2001);
incorporated herein by re -)- 2)a in I| 3) are.clinicall |mportant
non-natural a%%?éﬁgg'g%% Fpgcge%%m% 1% ¥ure (dys)%)ulf) tg]eéjl %eﬁ?&éﬁ?ﬁ%% Bllrlm?aﬂéns of
fermentation pmdwﬁﬁda&mt&ynﬂms@t{bﬂammwmm&dbw;tﬂ séhsGremtsvaldypdidg, blietracyclines in
Biology, Chemistry.and M LCI Bir ser Ve Bost orae heregin by.
reference). ST %/%8 %’ qgs}ergg PALiVE oaere’tracyc n ’Iﬁl«-,y Oﬂ‘()?'eltui3 rl?o%qlg xéft’epared by
any known smﬁy}&mthahﬁoamﬂxwﬂwthwamm aab:yldmoaan;éﬁsﬂnlhdwrdaﬁcybhmrgent assembly
depicted in Figure 15 igure epicts a generalized h k equence that
ﬁéo%yg Ao gﬁeraT{Fl O NG, Michagl;Rigek r%f&lfbniﬁlfﬁ

forms the C-rin cycllrie the ‘coupling fstrdcturéﬂly vatiedca -ring precursors
with either of @&, @B,prdcuCSHISIT, pr(EH {0 TIFgHEEDB shals(the; transfRnatisPEfHBRzoic acid in 7

steps to the k cI| iate 14. Th uc sed.to pre aetheAB ecursor enone
B e SR R R e arerir hsehens

7 by the 4-step seﬁu’énc 2or t "B deoxy-b- hydroxytetracycline
derivatives; bmﬂ@pe&cktmp}&eqhﬂm,ebahmt ﬂ@ﬁ&ﬂ@%@tﬂl@hitﬂhh@termlﬂwthmsldﬁmhmlcalIy

important antlbl é) doxycycli e!é é the. converg of the ohiate anipn.derived from
18 and the AI% }S%rr?égglr)ée % ‘é Elguraen?[é? 5’v331 e sj/n eeré)% i] UC%LY i.'alﬁ(yy 1§erse 6-
deoxytetracydima@hylaﬂqpImgminmrmsﬂﬂﬁlﬂ;bdﬂ\/ﬂrsee[afﬂlhgrgmnmssbesabnllmﬁqumcursors’? or 8. The

number of steps n ove 1 Ejs from enzo |c acid,are sho n. in ntheses b gﬁ\ tructure
synthesized. kﬁ]gat\)/ahg/s({(%bg m da(r)élé 678 owh ?IWF%I%C V\il ﬁ@@gﬁ%ﬁ%ﬂs\{lﬁ?ﬁ%% h ?alnalog
against 5 Grahetp@attymmmﬁe@mnmgwdv@wemdrgmmﬂmwbptmmdg)wmtﬁehmécycl|ne

o of e aPReg Ao ol AR R AE S SIS Sv pillan it o afiet o he
product of a lithium anion an i6ho e igure 20 shows the synthesis of a pentacyelinc
via a Michaelembodiments shown in the Examples that are described herein.

[0030] The term “heteroaliphatic”, as used herein, refers to aliphatic moieties

that contain one or more oxygen, sulfur, nitrogen, phosphorus, or silicon atoms, e.g., in

place of carbon atoms. Heteroaliphatic moieties may be branched, unbranched, cyclic

or acyclic and include saturated and unsaturated heterocycles such as morpholino,

pyrrolidinyl, efc. In certain embodiments, heteroaliphatic moieties are substituted by

independent replacement of one or more of the hydrogen atoms thereon with one or

more moieties including, but not limited to aliphatic; heteroaliphatic; aryl; heteroaryl;

arylalkyl; heteroarylalkyl; alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; alkylthio;

arylthio; heteroalkylthio; heteroarylthio; -F; -Cl; -Br; -I; -OH; -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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Dicckinan reaction sequence. [0962]Figure 2] 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 (movie precursors from 1S,2R-cis-dihydroxybenzote acid.
10064]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 1006854 hexpiesentsiitventionprobidestedstraddgiofal themsyhhesgsofmdisacycline analogs via

a convergent synthesis usi s an intermediate, the highly fiincti ﬂli gsqg{,@rl engRe 9 as shown
below: :00P ?Q\éi\}vqr%?%ﬁrﬁﬁfgglé ?‘lri}(sjr%aé%%ﬁg%e%&%?cﬁ?g(glﬁg%ig@su@tituted or unsubstituted,
branched or Enbrapiehddchbhiphéticribgdliceorimcyclic, substituted or unsubstibtted, branched or

unbranched aliphatic; substituted or unsubstituted, br ar.nhranched acyl: substituted or
tinsubstitued?@%ﬁched or%’}ﬁ%ﬁgﬁ% e%gllﬁyfns{&%?tﬁ%% grs H%%ﬁﬂ%%tlutéed branched or unbranchod
heteroacyl; - -DueGeM)ReriCORReineCMd-8dNE.-SR/; -SORe; -S02Re; -NO2; -N(1102;

(Giden
-NHC(0)Rc; qf,-:G{RcC)3; wherein ea ceourrence D, is i e qg%fémmé%%eﬂ &.pgotecting
group, an ali3hf'}l%é:i:{moiety,hlgl ﬁé?%gﬁ%%g(# Em%%&ﬁggana%%ﬁn%@%; an 'aryl/l moiety; a ﬁete aryl
moiety; alk.oxyieatyioxy; ditog vty gy ttimsattinbsditkytatming] diakgrarified, heseebagiaory;aor
heteroarylthio moiety; R4 is hydrogen: halogen; li¢ or.acyclic, substituted or tinsubsittuted,
branched or l?ﬁ&)rra(\)r% tgél’a |rp a i%;xggicﬁl?{:‘)if) Elg(:lﬁglggrh%%%mlé)t% é:'or unsubstituted, branched or
urn:ranched @t8daliphatiTsutestitiitetcoraynbublsyitUte dhbtremehidd optntndherred aeidesdgbstituted or

D e
-NI-IC(0)RO; timiB{&R0)3 bivhereircgcoh gouprrempei oh R Didsdnde pemndumney anggdrdges, a protecting
group, an alinhaic moiety, A (AcierealpNRc. Mol A0, A/ MAlEly; A AR JBRiehlia heteroary
moiety; ailcoxy: arﬁoxy; é’ién “do* arﬁﬁ%lo; amino, afky%ar%]o %lagiylammogfér?eferoaryloxy; or
lieteroaryithionmitmigty; wherein (i) each S-membered ring has 0 to 1 double bonds and each 6-
membered ring has 0 to 2 double bonds, (ii) the nitrogen and sulfur heteroatoms may be
optionally be oxidized, (iii) the nitrogen heteroatom may optionally be quaternized, and
(iv) any of the above heterocyclic rings may be fused to a benzene ring. Representative
heterocycles include, but are not limited to, pyrrolidinyl, 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; halogen; 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 of RE is independently a hydrogen, a protecting group, an
aliphatic moiety, a heteroalipliatie moiety, an acyl moiety; an aryl moiety; a hetcroaryi moiety; alkoxy;
aryloxy; alkyithid@uathicingroiiae ativylanhittercdiatkydasninei)th étsodgdabgverandteeoanyitiip moiety;
Rc, is selected fram the group cansisting of hydrogen, halogen, substitut ubstitued aliphatic;
substituted o?’ﬁﬁ@fﬁégﬂfﬁge% ﬁ%?ﬁr)gaﬁ'b{ﬁ%t%%ﬁ i uef’é%mdor?%%n%q %I%ﬁﬁatié g fé?(%/{’rl]—g‘OH, -CN, -SUN, -SH,
alkylthio, aryltstitheis arainusaticyt aimihe spad fdiaikylcdiniaotgsbops, in the Brgrindepehdantly
selected from thgﬁgro p}f nsisting of hydrogen or a protecting group. The chiral enone 9 can be
reacted with AHGIES 8 %{ﬁH’éa, anions of toluates, benzocyclohntenole, or dieries to yield
tetracycline aéb%?ﬁs including, heteragyelip tefrac ﬁéh@%&@d@‘?'&@ﬁée&r H?éé%iﬁ]%éf&?%%‘r‘b’c"“esi
heterocyclic pentacyclines, pofycygﬁnes, and he erocyclic poiyeti/clines. These new compounds are
tested for antimicatbial aotivityragainsigicrdbes éachuding ofditionglly strdeyiitensensitive
organisms a ILas organisms known to he tetsacycline-resi Qunds.feund to pe
bacterioeidalsloe‘rY)%élﬁteriostz:tttllsl(r:ldaeflrzeerllj%(‘éng1 i’ 2??%%%&%%%%%@&??%%% gf)lc[g?l‘i,he tregtment of infections in
human and vetesindoyindeslicitieat TheR gmppucasaralaitic tbstatfforcanti-proliferative activity. Such
compounds ful in the treatment, of antiprol.iterati IS e iqglﬂg' SPRCEean that
anti-inflamm2¢®§%?seases,ﬁéﬁf§%gr:hu%l‘se‘aﬁgegggé?hggr%i\@r\%ne%%%ae?ms, an%}%iabetic ?%?ino?oaathy. The
inventive approagivtadesstitwsimofietantclinepnalodsalionsdompendfidiehed yatnedit of many
compounds never before ared or available usin ' b f%ﬁq Mi-sypfhetic. tachniques.
Compounds %%é%%é%%’pgo){ﬁ%ggoqlﬁ%rbﬁs% epﬁ\r/élr%ﬁe)oﬁe%%éié%% ?gtracyc ﬁ]e analogs, .he_ erocyclic
tetracycline arsalogs; dimis)indschnoyy inesdpentacyctinesy hswrpeylinpediasyuine, lbridgéd
pcntacycllnesfoh(;ﬁgﬁ g?it;ynkg,c pgly;eéc,gl|m%cb(ri%gﬁ%@oIyqxchmgs,zapds%e&ﬁqimglgbq%ﬁaﬁ%cularly

useful compoun he gresént invention In ‘thosé with biological activity. in certain

embodimentslatiws cotripb umstef ahidbioien tio ardigsilitvelritimioroliialbactdity, Fayeaiivd de
compound m . inhibiter trati ith r t IsUarhacteria, of less than
50 liglint", preﬁé}%%\éaf%srg%&gﬁ%%g %ﬁ%n?%r%ég g?&%?%@?ﬁ%‘fﬁ%? g)%%?lﬁ%g ziand mostllpl?Feferably less
than 1 KernL phospxaengtef,infdblionscanisértby Itheitbliowinecorjahidnisinagbpls treatbe with

antmicrobial GonnQunds At NEJ SO Gray ARSIy Rae alviorARaReHs Aays, Stieptococcus

Group A, Streptococcus viridans, ptococcus pneumoniae; Gram-ncgatives-Neisseria
meningaidis"Weibsgra gonaitthoecheradassticpHilbs iiffopmrabilEsthesivhidetoiteBalerBes fragilis,
other Bacterodas; ARQ (INers:, C&B@?Eﬁ%@'@%%@?%ﬁﬁrﬁ% PREMG BRI RICkSHSIa, and
Cidamydia. In other embodimen , the compounds of the invention exhibit antiproliferative activity.

[00671In certéle)eimb_bnh’rﬂmbgmé%}té@m@ﬁ/cﬁm@mwyi@f?th@%&@%@m&ff@ﬁﬁa?@_zﬂép@é%nted by
the formula: The Lhiiag e MY PEMPAR NS R Al ERa AQNRISHRAMS G ERIHRY the half-

life of the compound in vivo. In certain embodiments of the invention, photoaffinity
labeling is utilized for the direct elucidation of intermolecular interactions in biological
systems. A variety of known photophores can be employed, most relying on
photoconversion of diazo compounds, azides, or diazirines to nitrenes or carbenes (See,
Bayley, H., Photogenerated Reagents in Biochemistry and Molecular Biology (1983),
Elsevier, Amsterdam.), the entire contents of which are hereby incorporated by
reference. In certain embodiments of the invention, the photoaffinity labels employed
are 0-, m- and p-azidobenzoyls, substituted with one or more halogen moieties,
including, but not limited to 4-azido-2,3,5,6-tetrafluorobenzoic acid.

[0037] “Tautomers”: As used herein, the term “tautomers” are particular
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embodiments, the 0-ring is aromatic. In other embodiments, the 1)-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, R6, and Rg as defined below.

In 10, RI can be hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranehed aliphatic; cyclic or acyclic; substituted or uns-ubstituted, branched or unbrandied
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstituedisbrianshéd crmphradchedatyl subsgrtedbdundeabstitibede shanepédvitifibrane.hed
heteroaryl; -ORA; =0; -C(=0)RA.. -CO2RA.: ~CN: - - . AR ARAG 7 1-NIRA)2;

-N 11(9(0)RA\;ngﬁvaﬁgFgﬁ%egggh(%h&r:L?%)erﬁ%g%%&%(?s%mdeér?é%%%ﬁ%%%%%)ogen, a%lr%tgetgﬁég group, an
aliphatic moietystebbetershliphaticombietgoaneasyhmBietypias afyhwioiksys adatsrkelgcatdiety; alkoxy;
arvioxy, alkyiihies arylihio; amine-alivlarning. siallyiaming disjeraaninaaetseasRAtio moiety. la
certain embodimen S, Rils %yd}ogen,sl’n othe embodiments, 121’is lower alkyl, alkenyl, or alkynyl. In
yet other embiictisoemtsnR fpisnm ebiny kastimgrenepirspyhroys | dprE a0 drdopEEg | [oTmasiPgter
embodiments Ri is methyl. R2.m '- ; cyclic or acyclic, substituted or
tinsubstitutecﬁ%'%?lrgh%g}ésf aﬁ%Pgﬁcﬁgge%%%é%%%ﬁ%?g@%ic; substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsuhstituted, branched or unbrancired acyl,
substituted o bstitue anched or ; i | branched or
unbranched i@é? aryl; O(hé&)[{@%on&?%Slgrg%%@gg%&ﬁ%f\%ws%ﬁ - %QB{ﬂﬁ%%élgéBmHé%agR?a -NO2;
-N(R5)2; -NTIRA{@}R5; or-C(RB)3; wherein each occurrence of Re is independently a hydrogen, a
protecting rqyp, in alipha Moiety. ARGIeroAlNATE MAlRY. AMALRATIIRAD ar¥ldnaie: a
heteroaryl moiety; ‘alkoxy; aryloxy; alky ?no; arylthio;’ amino, aﬁ<ylam|no, dialkylarnino, heteroaryloxy; or
heteroaryititimoneletyanacértais) eribddimdotsxRislhydauealsrbiterenilssdimentsians, i Aydroxyl or

a protected hydroxyl group. in certain embaodi oR2. s alk In ¥eigthenembodiments, R2is a
lower alkyl, a?liglejh;/iﬁlr 89;65#&? y[}lar%%npﬂ N é‘é‘r’f‘a%ﬁ%gﬁﬁh@%@%ﬁé methyl, and R2 is hydroxyl, in other
embodimentsaBiiis amethitkyandies, is ¢ardaqmenatin centais)embadirientan RIEHY R 41 daken together
to form a carlﬁpac cliﬁiorahlet [ocyclic ring system spiro-linked to 10. R3 is hydrogen; halogen;
cyclic or acyclic, &ibstituted or unsubstituted, branched or unbranched aliphatic; gyclic or acyclic,
substituted o @M]bstitute fAlssanctetivoitiihbFdhehsdcetetisaliph aaesosited gy’ oneREaBtuted,
branched or ynbranchod acyl, syhsti iliegs ArABghes ALM ABShed ARy substituted
or unsubstitutaesdtz,{r S%llrggé]eh %&%r&ﬁ?ﬁﬁe%%ﬁeuaﬁl; -ORcl; =0; -C(-0)Rc; -CO,R.c; CN; -SCN; -SR;
-SORC; -3021ikierd0a. - RiEfey2h b HE(@Rei abios 0RO alghe rélpsizable onrronale e ifkactigns
independently a,0ydreaen, 8 RIGISH] liphatic ety Rpetriealiviatisomoiety, an acyl
moiety; an tuﬁc%ﬁ%?ﬁoﬁf{&goﬁﬁ %%%{&légl}ﬁ%é a}rtyl;%oxy; all%o;garylthio; amino, alkylamino,
dialkylamino, ineesaryioxgc e e rsbnAtiic misikagiianscéitain embodiments, R3 is hydrogen. In other
embodiments is a hydra rot Qydrexy grour, dayehather smkedienents, R3 is
alkoxy, In stiII[pu3 2?Il]gr embod?r%%%&géﬁ%{ogﬁwgf kyl, aikenyl,. or alkynyl, R1 is hydrogen;
halogen; cycliggentamyticsologtttiddsarfons trostimmeanb saficpieat e ghpitdhexlsal Qi/f?ﬂlé%lic or
acyclic, substituted or u titut ng&{}ﬁg!%@rgg{mggpg;twgﬁ@w@ or
unsubstituted,re%'Pzi)rr11§)é'eél g%ﬁgrgaﬁgﬁgg@ga;ggﬂ%%tuted or unsubstitued, branched or unbranched
aryl: substitutethountslastivutpolyistad che theniithr arshea héeesdipe coRphLactary H)RP; -002R0; -
CN; -SCN; -SRI -30RD: - S02R0:NOR MR NREOR Bt RN; Weersiagagipccurrence
of RO is indep%eﬁggﬁtﬁ}oﬁg\}(gar%%%%%%rg{% ting g%?l%,l—é an aliphaeticO m%ety, a hetlerQaIiphtatlc moiety,
an acyl moietyrearedriiamoidy o hadatarsamnti enobely fedkwenarfioxygx alRpIthiG-eSARETD C ARt
alkylamino, digliylamine, neteroaryioxy, grbeleraanithia maishiin serainembedsneniaféhis
hydrogen. In cﬁﬁ%&% gg}l}ﬁ%gé%ﬁ%%gb égtgl)?c?régxgl group Or a prg_tected hydroxyl group, ir? ;/et other
embod!mentsaﬁhdsimkﬂ)w.eImwiﬁwthéﬁlémoﬂimws%ﬁv/@g EIRyNTEREENRYiI, or alkynyl. In certain
embodiments bay 53,0 R4 ieRg e uaUier ephealmett. Bihand R atitakan jogether to

form a carbocyclic or heterocyclic ring system spirolinked to the B-ring of 10. = R5 may

hydrogen; halbyemtbycks anpleythie cSibtittutavrivrdaaiting, salnarradbietnbrdhe AR Wphatic;
cyclic o acy cigesURRINIER Ak LBRHRANILIEA. BaNGhesl ahu biRORed BriareRliRRgles substitited or
unsubstituted, branched or unbranched acyl; substituted or unsubstitued, branched or unbranehed
aryl; substituteedoesmaiasstitutetinbehth et B emBrshRRERr H&ele8ryl: -ORE; -CN; -SCN; -SRE; or -
N(R)2; wherein each occurrence of RE is independently a hydrogen, a protecting group, an aliphatic
moiety; a heteroaliphatie moiety, an aeyl moiety; an a¥l moiety; a heteroaryl moiety; aikoxy; aryloxy;
alkylthio; aryl:ft-lie; amino, alkylamino, dialkylarnino; heteroaryloxiy; or heteroarylthio moiety. In certain
embodiments, R5 is amino, alkylamino, or dialkylamino; preferably dimethyiamino, diethylamino,
methyl(ethyl)amino, dipropylarnino, methyl(propyBarnino, or ethyl(propypamine.in other embodiments,
R5 is hydroxyl, protected hydroxyl, or alkoxy, in yet other embodiments, R5 is suithydryi, protected

sulhydryl, or alkylthioxy. R7 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
bhranchad ar iinhranchad alinhatic: evieliec ar acvieliec cirihetitiited ar 1incirithetitiited branchead Ar



Rf, and kg are absent if the dashed line between the carbon atoms which R6 and Rs 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, R5 and RSC are absent. In other embodiments, R6 or Rg is absent.
[00681The variable n is an integer in the range of O to 8, inclusive, As will he appreciated by one of
skill in the art, when the D-ring is aromatic a is an integer between 0 and 4, preferably between 1 and
3, more preferable between | and 2. | r%etr?in em odirg@ﬂ%ﬁn\y 0 is 2, the substituents R7 are in

. . escription. .
the ortho conlipration. In other embodiments, when n is e substituents R7 are in the para

configuration[(®dd]in yet otFiguembsdimetis mwhehrsintetheodupsteyelns Rdbieirittiteta
configuration, 1[}{)&6%15@1 Iglasgx;grgli%%rig fgrmtga 10 may represent a bond or the absence of a bond.
[0070]As will B & precia?g by one ot ski fin this art, compounds of formula 10 include derivatives,
labeled formq08dRk, pro-driigsysdnhars siid tauioyshstirerbodrirpeatlias ststir frotected forms.

Salts include gy B aagr{oIitril%%'l'\\/if'j‘g%%%%:2{%&?4;8&9%&%#@%@&%1@8! rilRaleigeanhatty acid

(e,g., lactate, citrate, myristoleate, oléate, valerate) sa n certain embodiments, the inventive
compound exibtslrezovitté fianit tortreatmeatebbptdalith. tih RevissiH g iglgrmted Gstino croup and the
C-3 hydroxyl ggtﬂe.sd%rsoﬂ%ted as shown in formula :10a. Isomers include geometric isomers,
diastereomers;, and chantiorners. Tao oiners include both keto and enol forms of carbonyl moieties as
well as varioU$f@ddtomeric fognsedf isubstiotbsyatigdnstibstidated yrbaeroc)8lesprtrvexaple, the

form I certaih SR e e o S L S BhoR W e
appreciated BAdneiefdsHil tntth@yahmamdmilWdeﬁ'aﬁdsomméwlﬁs‘ﬁttdﬁnﬁmmme(ﬁtﬁém ring
s BTSRRI vy e e
of the formuld @@ Hihich inckigera 4 shows a first and second generation synthesis of isoxazole 4

used in the synthesis of (-)-tetracycline and (-)-doxycycline as shown in Figure 2.

[0046] Figure 5 shows the synthesis of benzocyclobutenol 11 used in the

synthesis of (-)-tetracycline as shown in Figure 2.

[0047] Figure 6 shows the 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 below. These subclasses include unsustituted,
monosubstiluted, disubstituted, and trisubstituted D-ring.  wherein the definitions of RIl, 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
unbranched heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstitued, branched or unbranebed aryl; substituted or unsubstituted, branched or unbranched
heteroaryl; -Q#G3}0; -C(=0)RGe VGRRGs tNotS EMhSRm-GORO: 1 SORRIInMN D2N-he(ROY2;
NHC(O)RG: or3GRe A3 Wherain <ach Qeeprianceof B0, ndrpendaniy:a Budingep Apiotecting
group, an ahSﬁa ic m0|e?' , a he er&éﬁp atic'moiety, an acyl'moiety; an arytl molety; a heteroaryl
moiety; alkoxiy:; tapgrthealkyltitio:teirpithodinarstinwnalkylggwne, dialkylamino, heteroaryloxy; or
heteroarylthi jety, in certain embodim R7. [ A I lower alkyl,
lower alkenyﬂq?gé)\‘/l r alkynaf,% %Lr”ﬁaﬁn%%e%f)rr%ot ees?' gdrr? %%%frﬁéh{zé%%%%gg I%g%i}ggéc%lfil%ﬁubstituted or
unsubstituteczer ddrclvedysrumistarechsigiakiphiltishoorsaeliky oihagiyaiic] Sulsstinsesg siingsubstituted,
branched or checi hgterealj iG. | . othe ' A ' mino, or
dialkylamino,lfﬁlk%t er embég : r%rgn{g'q%&;%ls} %ﬁlgéﬁ?ggd{ or ugggggﬁﬁgﬁgﬁggggﬁ%ﬁc aryl, or
hetercaryl. Inteeataiclismiodies mtR:Tinbsarchee pryshbeamotedialéy pjoovdls/andhe subclasses of

compounds o‘é?%@%g%@‘f‘? which include a hydroxyl group at CIO are shown: Wherein the
definitions of RI, R2, R}, R4, R, RE,, and R7 are as described above, In certain embodiments, the

compounds df9%6tleoxytetfagyatinéstasystbaehientivel structures of various tetracycline
antibiotics. (-)-Tetracycline (1) was first produced semi-synthetically, by
hydrogenolysis of the fermentation product aureomycin (7-chlorotetracycline), but later
was discovered to be a natural product and is now produced by fermentation (M.
Nelson, W. Hillen, R. A. Greenwald, Eds., Tetracyclines in Biology, Chemistry and
Medicine (Birkhauser Verlag, Boston, 2001); incorporated herein by reference). (-)-
Doxycycline (2) and minocycline (3) are clinically important non-natural antibiotics
and are both manufactured by multi-step chemical transformations of fermentation
products (semi-synthesis) (M. Nelson, W. Hillen, R. A. Greenwald, Eds., Tetracyclines
in Biology, Chemistry and Medicine (Birkhauser Verlag, Boston, 2001); incorporated
herein by reference). Structures 4-6 are representative of tetracycline-like molecules
that cannot be prepared by any known semi-synthetic pathway, but which are now
accessible by the convergent assembly depicted in Figure 15B. Figure 15B depicts a
generalized Michael-Dieckmann reaction sequence that forms the C-ring of
tetracyclines from the coupling of structurally varied carbanionic D-ring precursors
with either of the AB precursors 7 or 8.
[0057] Figure 16 shows the transformation of benzoic acid in 7 steps to the key
bicyclic intermediate 14. This product is then used to prepare the AB precursor enone
7 by the 4-step sequence shown, or to enone 8, AB precursor to 6-deoxy-5-
hydroxytetracycline derivatives, by the 8-step sequence shown.
[0058] Figure 17 shows the synthesis of the clinically important antibiotic (-)-
doxycycline (2) by the convergent coupling of the o-toluate anion derived from 18 and

the AB precursor enone 8.
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RIN(RE)2" OH ,m-i2 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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N(RE)2 ,NH2 0 OHOH 0 AIR3 A, ORE if 3 5H OOH 00 Ril RI: P_RE

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 -7:0OH "'NH9 'y OH | OH 00 wherein R2 is hydrogen, and the definitions of Ri, R3, R4, R5,
RE, and R7 are as described above. [00731In another aspect of the invention, the carbocyclic fl-ring
of tetracycline is replaced with a heterocyclic or earbocyclic moiety as shown in formula (11): OH
OyOH 00 The definitions of RI, R2, R3, 11,4, and R5 are as described above for formula 10. The Dslr.I
'ling represented by 1/4-- can be a substituted or unsubstitided aryl, heteroaryl, carbocyclie, or
heterocyclic moiety, in which each occurrence of X is selected from the group consisting of -0-, -S.-,

-NKr, -C(R7)2-; n ispaf intgendrihie selegedfrartotl inolysboasatidgiod bphdgdetn@en adjacent X.

moieties are Srigt‘ee&fﬁig %Ir%x%. d’?filg lcefntga néjnso’n%:ls;lcan be reacted with anions of phthalides, anions
of toluates, benzocyclobutenole, or dienes to yield tetracycline analogs including
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 embodiments, '-- is a polystiyelie ring system such as a bicyclic or (X), tricyclic moiety. In
other embodiments;is a monocyelic moiety, in yet other embodiments is a substituted or unsubstituted
heerocychc moiety. in certain  embodiments,is not a substituted or unsubstituted phenyl ring. in other
embodiments, '---- is a pyridinyl moiety 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
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(.:53"I In another embodiment,is selected from the group consisting of NN%

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,.,,,,--1." lllfl R)"- OH (Xtn in yet another embodiment, '--- 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 Various tetracyclines (heterocyclines) of the
invention are also shown in Figure 14. 1097410ther compounds of the invention include pentacyclines
of the formula: if1 OH OOH 0 er(.)n wherein Rh R2, Rz" R4, Rs, and "-- are as defined above. In
certain embodiments, the rings of the compound are linear. In other embodiments, the ring system is

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 RoRs R

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

33



(1<i" linear. Each occurrence of the rimgin certain embodiments' is monocyelic " ring system. Each
occurrence of '- is heterocylic or carbocyclic.-is throe- membered, four-mernhered,; fiverinetnbered,
six-membered, or seven-membered; preferably, live-membered or six-membered, Other classes of
pentacyclines include compounds of the formulae (12), (13), and (14): p1 R,R3 R, R5 wherein Rh
172, R3, RI, R5, and R7 are as defined above, In formulae 12, 13, and 14, (X)" represents a.
substituted or unsubstituted aryl, heteroaryl, earbocyclic, or heterocyclic moiety, in which each
occurrence offosaglentaddiarns the graupotansisdngral, 1 12 ciNRBay-&(RE the kit dntimteger in
the range of | to 5, inclusive; and th bon%s between adliagtagtgé(mﬂieties are either single or double

bonds, in cerAFFEAbEITRSIRSE 4 FHIVE ﬁI:OWnlé‘ il guch 4 a bicyclic or tricyclic moiety.
R

1
=

(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), In other embodiments, '- ' is a monocyclic moiety. In other embodiments, " is a substituted or
unsubstituted, aromatic or nonaromatie carbocyclic moiety, for tkL1 example a phenyl ring. In yet other
embodiments,is a substituted or ey- - unsubstituted heterocyclic moiety. In certain embodiments,
"---not a substituted (ipol or unsubstituted phenyl ring; In other embodiments,is a pyridiny,| moiety as
shown:
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CVO, In another embodiment.' s selected from the group consisting of

: : 100751Various subclasses of
the formulainclude: 100761Various subclasses of the formula () include:

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 Refs Ry, N(Re)2
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NN <1.1i 100771Various subclasses of the formula (14) include: R.f1R3,::, Rif i R7.5 R_OH " | gillf
(Y)fioOOHc., R7 R1 Iv,: Ell RA R5 Hrz0O 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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OHO0 R7R1Fl..Rak _N(RE)2 R?0H "™NH2\6H [0078]In certain embodiments, the tetracycline
analogs of the present invention are represented by the formula:

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 X is S or 0, R1 is absent. [0079]Other classes of compounds 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. R9 is hydrogen; cyclic or acyclic, substituted or unsubstitnted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroalipiratio, substituted or unsubstituted, branched or unix-and-led acyl; substituted or
unsubstituedjdaras)ched orunbranehegands substiteiadmtinsuhstiyutedDbnageHddieeydianched
heteroaryl, -OR1; -CN; -SCN; -SRI; or -.N%ROZ; Wherlein eacth ocg&g@rrl]cl:g@%alig éi'u pendently a
hydrogen, a HB?BWS LR DT R R B RS S S RSB h At Oty an acyl toiety: an aryl
moiety; a heteroaryl moiety; alkoxy; arfexy.akyliRjo; &sylthio; amino, alkylamino, dialkylamino,
heteroaryloxy; or heteroarylthio moiety, it tanf emb ydimengsy R9 is hydrogen or lower (C1-C(,)
aikyl, alkenyl, or alkyrtyl. In other, embpd i i

Yyl group in yet other embodiments, R9 is a
substituted or =substituted aryl g¥aup. ents.gﬁg is a substituted or unsubstituted
heterocyclic group. Rio is cyclic ora _ Y J I_Bstituted, branched or tinbranched
aliphatic; cyclic or acyclic, substituted or pranchied or unbranehed heteroaliphatie;
substituted or unsubstitued, branched or @nbrasitied &tyl; or QubstituttH-or unsubstituted, branched or
unbranched heterparyi moietys, In.certain,e J 10,18, 83SHRR stitpitgd_phenyl
ring. In certaﬁl%eerf%%g/}hrﬁ)élﬁt%, 5#1(1)? f_é %%ér%g%ﬁﬁt%ghgrg %ﬁ&gsﬁﬁed hetgéggygﬁéuﬁg@m certain
embodiments, Rio is a substituted orjunsubstinsted aryl ring. In other embodiments, Rio is a lower
(Co-Co) alkenyl, or alkynyl w-oﬁ?@n, Methods qt. Synthesis [00801The present invention also includes all
steps and metEdeIBieehBY in prépaihbethEWaSHBEYRILBIRE iMlehtioly SS'H8ATES intermediates
along the Syn&Qﬁ;&lyemeo;f haRRsent Nvaalion RIMdesiosibaeduiansyibisisdfitairasyclines
and its various analogs by joinig&‘: highly funetionalized chiral enone, which é/yfilflﬁbef:(t:ég?e the A- and
tetra

Brings of the gEeratgensisiunref with ® modtule WRide Wil HELBHEE S B! cycline core.
The joining Ofiﬁgﬁé‘?vﬁﬁvgnmﬁ%%@tﬁétﬁ%ﬂ'%ljQc@}ﬁ formadion afdbanGrring| prafacalbly boads.
enantioselective manner. This methodology also allows for the synthesis of pentaeyclines,
hexacyclines, or higher ring systems(;é%?}; well as the incorporation of heterocycles into the ring system.
In particular, the joinjng o tf&éese two¥ffagments includes various nuclegphilic g ion.reactions and
cycloaddition ‘%ﬁmaﬂ’i‘seWIfﬂ R§RE(9) as déss%ﬁéb'(f %@scvrelr.l%%'éﬁ?ﬁ Is”lueas?frﬁtﬁgsgl %fe%g;}fﬁs with ihe
preparation of the enone (9) starting from benzoic agid.’As shown in Figure 2, the first step of the
synthesis involves the microbial dihydroxylation of ﬁ%nzq\ic acid using zlicaligenes emirc,:phus. The
diol (1 in Figutﬁc&);lwmitdheis.piefelﬂmﬂymmidﬁaﬂmre‘,‘theni%h@@?g@é@ﬁ‘}/m%@/}id%dﬁéd’%ﬁbxidaﬂon to
yield the allylic epoxide (2 in,FHgyre 2). Protection and rearrangement of ailylic epoxide 2 yielded the
isomeric allylic epoxide (3 igFigyre 2). The metalated isoxazole (4 in Figure 2) was added to the
isomeric allylig,apoxideiR yield 5’ (Figure kel wastsubaeauensyspatalaisdiio closertiie
six-membered ring by nucleophilie attack of the epoxide. The intermediate 6 (Figure 2) was then
rearranged, deprotected, ar(‘g(ﬂ) oxi‘Ijized to yield the chiral enone 9 (Figure 2), As will be appreciated by
one of W

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

&0
embodiments, ‘~---" is a pyridinyl moiety as shown:

N
(Ro)—i h (Ryn—r h (R h (R?)HC o
7/n kN/ YHIH / n | / /

o
In another embodiment, ‘---- is selected from the group consisting of
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skill in this art, tbnctionalization and rearrangement of intermediates 6, 7, 8, and 9 in Figure 2 will allow
for the preparation of different class of compounds of the invention. [0082]in one embodiment, erione
(9) is reacted with an anion resulting from the deprotonation of toluale (6). The toluate of formula: Tl
(R7) OP 0  wherein R1 is hydrogen; halogen; cyclic or acyclic, substituted or unsubsututed,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
ittibranched heteroaliphatic; substituted or unsubstituted, blanched or unbranehed acyl; substituted or
unsubstitued, branched or unbranelied aryl; substituted or unsfibstituted, bragched or unbranched
heteroasyl; -ORA; =0; -0(---0)R ORA <SO2RA; N(ﬁf -NERA)2; -NITIC(0)RA; or
-C(RA)3; wherein each o¢R i pendiegtly& dBalaprotecfing group, an aliphatic
moiety, a heteroaliphatic moief}¥ ietys S

hydrogen; halogen; cyclic or acycli€ substituted at+unsubsiitutéd, branched @ unbranched aliphatic;
cyclic or acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatic; substituted or
unsubstituted, branched or unbranched acyl; substituted or unsubstitued, branched or unbranthed aryl:
substituted or unsubstituted, br
-SCN; -SRG; -SORG; -S@2R0;“NO2; I}KBH I‘ -

Rrj is independently a hydrogerﬁ'ﬁ) protecting igrou

each occurrence of
aliphatic moiety, an

a hydrogen, a protecting group; a cyclic or acyclic,substitutgd orgnsubstituted aliphatic moiety; a
cyclic or acyclic, substituted or unsubstiftted atiphatid et liphatic, moiety; a substituted or
unsubstituted aryl moiety; or a substituted or ) tintted h aryl moiety; and

OH OH .

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

the group consisting of:
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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P is selected from the group consisting of hydrogren, lower (CC5) alkyl group, an acyl group, and a
protecting group; is deprotonated under basic conditions112S), and the resulting anion is reacted with
an enema of formula: R5 QP 00 wherein R3 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-2; -0; C(-0)Re;RQO2:1R; - BN; -iSiCN; -Mc; -SORc; -S02Rc; -NO2; -N(R02;
-NEIC(0)Rc; or -C(Rch; wherein each occurre ceofKr.ds ihdepepgently a hydrogen, a protecting
group, an aliphatic moiety, a heteroaliphaty S yiety; an aryl moiety; a heteroaryl

moiety; alkoxy; arytoxy; aIkyIthio;%M{‘t%io; g ialkyla'(mno, heteroarylosy; or
heteroarylthio moiety; R.4 is hydrogen; halogew; eyelis.or acychc, sibstituted or =substituted,

branched or unbranched aliphatic; cyclic or ag ubstituted or ‘ nsubstituted, branched or
unbranched heteroaliphatic; substituted or unSubstit@éd, bfainche® or unbranched acyl; substituted or
unsubstitued, branched or unbranched ary};"Sulystituted or unsubstitulcd, branched or unbranched
heteroaryl, -ORD; =0; -(-0)RD; -CO3RO0; -@N; -5CN; -SRD; -SORD; -SO2RD; -NO2, -N(R6)2;
-NIFIC(0)RD vdres€(RD) R WRerRin Rgcindccurrere of Rinsdradopendentitanstbogencatprotecting
group, an aliphatic moi a beteroaliphatie moijety,,an acyl moiety. iety; - teroaryl
moiety; alko[;%({)}/? g&ﬁ%)?ﬁ%?k‘iﬁttﬁ%?. n%%ﬁ%ﬂ%%ralﬁ/é}rﬁrneo{ng %[ﬁ(y %ng%r?ge%{e}{[%%% oi%}l?(gtr heteroarylthio
moiety; R5 is hydrogen; halogen; cyclic or.dcydjic, substituted or unsubstituteri, branched or
nnbranched aliphatic; cyclic or acyclic, substittited jr unsubstitutcd, branched or unbranched
heteroaliphatiiieibStichew ariamsadthasagorancheth SETHBramEREaEE 15 A BRI
unsubstitued, branched or unbranched aryl; substituted or unsubstittited, branched-er unbranched
heteroaryl; -ORE; -CN; -SCN; -SRE:, or- ;WQg; W]werein each occurrence of REis iidependently a
hydrogen, a pigesfinehreph ddcaliRREGMoiety, asheteroalinhaticamoigiylian acyl mpietyean aryl
moiety; a heteroaryl moiety; alkoxy; ar2iloxy; alkylthig; arylthio; amino, alkylamine, dialkyiamino,
heteroaryloxy6PRETE o TG ARSI, [IVemeRReE BCIBERsAT hgrgg%éﬁ'gb%"s%ﬁ of hydrogen,
halogen, subgfitfed sy, Grsuastibedabipbiatineathstilter el unsuhstifyiaddegttnaaliplhiiy substituted

or unsubstltutceoc%rl z%)l(l;lcl)l)%s, 6?5'1%: 'f%%q'\qlﬁfase(ﬂ\'z)"’,"kflrlg?gi da(Y‘I‘Shlo -NO2, amino, alkyl

R, O OH O o) (12)

2 (13)




amino, and dialkyl amino groups; and P is independently selected from the group consisting of
hydrogen or a protecting group; to ibrm the product: wherein RI, R3, RI, R5, 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 unbranehed
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstituc:d, branched or unbranched aryl; substituted or unsubstituted, branched or unbranched
heteroaryl; -ORBei0 RCRO)REROHB2REI BharsGNefisirt 3beasoRB fosnpRe 1N E3:aN(R)2;
-NHC(0)R5; or,~-ORE)3; wherein each occurrence of R33 is independently a hydrogen, a protecting
group; an aliphatic| moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryi
moiety; alkoxys-arylggy:daaithiensyyithiat aninasataming, sialkylaymioabibeietagotexy; or
heieroarylthio moiety. As will he appreciated by one of skill in this art, the toluate may be further

substituted inEETRENEMBOHTReMSY R FaMREHERFR A TG Uptie SRR HEG e substituted for an
aromatic heteieyglice 19 GUCR ASNAR PYNTIRS NG idsSiavai inFigdFastloandd 8, atheswxamples of

carboeyclic and heterocyclic analogs of teltiate (6) include: 13.1.R ,
and the bonds between adjacent X moiefies are either single or double bonds. In certain

.-

0
embodiments, ‘----" is a polycyclic ring system such as a bicyclic 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

A S NT X I/N\
(Reh—hk (Reli—pr (Re)—r (Re)—
8/n KN/ 8/n [Li > n | / | /

0,
In another embodiment, ‘----" is selected from the group consisting of

shown:
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(R7)n R9t.".  Other toluates are shown in Figure 21. In certain embodiments, polyeyclic tobtates are
used in the Michael-Dieekmann reaction sequence to form pentacyclines, hexacycl MCS, or higher

cyclines. Toluates useful in preparing pentacyclines are exemplified by the 53 formula:

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 O
N
X A
(Re)—T <Re)n—'1(
N A P
OH .

OH

v
’

0,

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
RgN. 4 4 4
NN AR R RS
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 RI is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, 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; -002RA; - CN; -SCI"; -SRA; -SORA; -S02.RAi -NO2; -N(RA)2; -,N1-1C(0)RA; or
-C(RA)3; wtherein each occurrence of RA IS mdependently a hydrogen, a protecting group, an
aliphatic moiety, a he f ie acyl moiety; an aryl moiety; a heteroaryi moiety; alkoxy;
aryloxy; alkylthio; ar o, di lamino, heteroaryloxy; or hetcroarylthio moiety;
each R7 is |ndepe ogenjcyclic or acyclic, substituted or unsu.bstituted, branched
or unbrarlchébc(j “all ¢, subgtituteq pr unsubstituted, branched or unbranched
H sefied or unbranched acyl; substituted or
unsubstitued, branchd oru brane ecDar ; subdtituted or unsubstituted, branched or imbrainched
lieteroaryl; -ORG; -0; A(-0)RG; -COYRG; QCN: -8CN; -SRG: -SORG; -S02R0; .-NO2; -N(R0)2;
-NHC(0)R.G; or-C(Roii; Wlﬁer @Fcﬁﬁrence of RO is independently a hydrogen, a protecting
group, an allphatlc mlety, aZheterod |phat moigtyy; an acyl moiety; an aryl moiety; a beteroaryl
moiety; alkoxy, ar 6 ¥ ino, alkylamino, diallrylarnino, heieroaryloxy; or
8 3 SUbStﬁH ted or unsubstituted aryl, heterearyl,
frence of Xis selected from the group

" DI'a

branched or unbranched Iiv‘;iqerez%E ésubﬁbwted or tlnstlbstlluted branched or unbranched acyl
' ' uAbran g d aryl; substituted or unsubstituted, branched or
D 213; - CN; -SCN;-SORYri; -SO2R11; -NO2;
-N(R11)-2; 1(‘?SDaL 1 each occurrence of RH is independently a hydrogen, a
protecting group; 4 atic paokel ' moiety, an acyl moiety; an aryl moiety; a
heteroaryl moiety; allrxy, aryfloxy; fhia; arylth|o; amino, alicylamino, dialkylamino, heteroaryloxy;
or heterciarylthio moidty; U i®an integer inQhe ramie of | to 5, inclusive; and  the bonds between
adjacent X moieties afg, eltger %ngle el dowlgie jponds; and R9 is selected from the group consisting of
substituted or unsubstjtut ‘ oaeryl groups 100831In another embodiment, enone (9) is
reacted with an anj '
&,

~ee

o and

OH O OH 0 O

[0076] Various subclasses of the formula (13) include:
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generated through metallation (e.g., metal-halogen exchange, metal-metalloid exchange,
lithium-halogen exchange, lithium-tin exchange, eic, by reacting the toluate with the appropriate metal
reagent) of a toluate of the the following fonoula: (ROn-1- wherein RI is hydrogen; halogen.; cyclic or
acycl c, substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroallphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or imbranched aryl; substituted or
unsubstiluted, branched cﬁh/u iRy Aacisgd hgﬁeroaryl; -ORA; -0; -Ce-0)RA; -CO2RA; - CN; -SCN; SRA;

-SORA; -SO2RA; -NQ2; -NIRAS2> D)RA; a+C(RA)3; wherein each occurrence of RA is
independently a hydroge L 0 j; an aliphatic moiety, a heteroaliphatic moiety, an aciyl
moiety; an aryl mg Ikoxy;,\ﬂj‘gloxy; all ylthio; arylthio; amino, alkylamino,
dialkylamine, e ; Steroa R7 is hydrogen; halogen; cyclic or acyclic,

substituted or unsubsti eddr ed aliphatic; cyclic or acyclic, substituted or
unsubstituted, branck¥d or hbran€bed heteroafiphatie; substituted or unsubstittited, branched or
unbranched agyli.subsgtuted 8 u b&itued, branched or tmbranehed aryl; substituted or
unsubstinited, branchedef tiabra earyl; -ORO0; -0; -C4=0)Ro; -002R0; - CN; -SCN; -SRG;
R 0 |' ; or-C(RG)3; wherein each occurrence of RG is
fup, an aliphatic moiety, a heteraiphatie moiety, an acyl
fy>alkaxy,; aryloxy; alkylthio; aryithio; amino, alkylamino,

independently &
moiety; an aryl

Rry is selected frofitthe droup cBhsistify of sdbstituted or unsubstituted aryl or hcterearyl groups; and
Y is a halogen or@§n(ay)3R\fvha i RAs alkyReThe anion generated is reacted with an erione of
formula: 10 wherein R34y e, h%tlogerﬁ)ﬁyclic or acyclic, substituted or unsubstituted,
branched or unbigg€éhed i aegyclic, substituted or unsubstituted, branched or

Substit

uted, branched or unbranched acyl: substituted or
unsubstitued, bre Néd or LITISLIbSiitlited, branched or unbranched
heteroaryi; - \ R&y . -§ON; -SRe; -SORG; -S021RG; -NO2; -N(Rc)2;
-NFIC(0)RG; or -C(R®3; wherein eagh octurrence of Re is independently a hydrogen, a protecting
group, an aliphatic_rpoiety[%zilj bﬁtggealmatmﬁegiety, an acyl moiety; an aryl moiety; a hcteroaryl

i

moiety; alkoxy; a@}'oicy; al ;émmo,g}l{kylamino, dialkylamino, heterearyloxy; or

R 0] OH o O and
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R4 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or unbranehed
aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatie;
substituted or tinsubstituted, branched or unbranched acyl; substituted or unsubstitued, branched or
=branched aryl; substituted or unsubstituted, branched or unbranched heteroaryl; -ORD; =0; -C(=0)R0;
-002R0; - CN; -SCN; -SRD; -SORE); -S02R0; -NO2; -N(R0)2; -NtiC(0)RO0; or -C(R0)3; wherein each
occurrence of RD is independently a hlydrogen, a protecting group, an aliphatic moiety, a
heteroaliphatitdidiety, an ¥eyionforabplanseagf %F%l}ﬁ“&ah dviSioiety: alkoxy: aryloxy: alkylthio:
arylthio; amino; alkylamin|Q1 d'\@llﬁy%arﬁiﬂo,ﬂgeteroaryloxy; or heteroarylthio moiety;  R5 is hydrogen;
halogen; cyclic or acyclic, sypstitutgl Or unsubstjtuted, branched or umbranched aliphatic; cyclic or
acyclic, substifute subStifuted, hga ed-or Unbranclied heteroaliphatic; substituted or
unsubstituted; bra ubstituted or unsubstitued, branched or unbranched
aryl; substituted ,orR4QSUD eth AL inhranthed heteroaryl; -ORE; -CN; -SCN; -SRE; or-
N(RE)Z2; Wherei&)g:-ac, occufrence pf I, i i endently a hydrogen, a protecting group, an aliphatic
moiety, a heteroatiphatic ma@iety, apcyl moiety;@n aryl moiety; a heteroaryl moiety; alkexy; aryioxy;
alkyithio; arylthie; @rpina, al%lgmilgp, diglkylarnino, heteroaryloxy; or heteroarylthio moiety; Rc, is
selected from the group 13 St 6_1‘ hgdrogen, halogen, substituted or unsubstitued aliphatic,
substituted or upsabstitLted.x ie, sthktituted or unsubstituted alkoxy, -OH, -CN, -SCN, -SR,
alkyltbio, arylthip % @, and dialkyl amino groups; and P is independently
selected from t ; i )
formula: wheyein

: E&{_‘ P, and fare as defined above; and  R7 is hydrogen; halogen;
ﬁtBst' gyanched or =branched aliphatic; cyclic or acyclic;
hed.or :p(ﬁl%,hed heteroaliphatic; substituted or =substituted,
itpitéd aF unsubstitued, branched or =branched aryl; substituted or
hetergaryPHORB; =0; -C1=0)RB; -002R3; - CN; -SCN: -SRB;
(O)RY; i- -C(Ra)il wherein each occurrence of R5 is

substituted or :substﬁyted bran
branched or =branchgd acyl; g

reaction to generate the metal ani0| re ggpt)toe reacted with the erotic. In certain embodiments,
I shel i¢@hart. In other embodiments, the metal is a Group |I
QdimeDits, the metal is a transition metal. Exemplary metals
useful in the metalfa ' f m, lithium, calcium, aluminium, cadmium, copper;
: itaniuggyzinc, manganese, iron, cobalt, nickel, zinc,

W , é . Inggrtain preferred embodiments, the metal is chosen
from lithium, magesium, titahium; zin@'and er. In yet other embodiments, the metal is
magtesium, lithium; sodiu,%erylliﬁm, zinc?, mercry, arsenic, antimony, or tin. In certain particular
ey ué!éd. The lithium-halogen exchange may be performed
p<_halggen exchange may be preformed using any
eagents, n-butyllithium, sbutyllithium, phenyl
imentq\dl%ther organometallics reagents are
generated and reacted wit Examples’inciyge Grignard reagents, zero-valent metal

. n e@iodiments, the metal reagent is a magnesium reagent
A0, magr%sium Fttal, %agnegium anthggcene, activated magnesium turnings,
etc. In certain embodiments, the reagent is zincF-{based. The reagent may be generated in situ in the
presence of the enone, or the Pe;a 3yihe generated separately and later contacted with the
enone. In certain erpbodiments, pilder ¢4 o'jli for thieicyclication are used (e.g., a zinc reagent).

Various pentacyclines of the invention are also shown in Figure 14.
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further substituted in certain embodiments, In addition, the phenyl ring of the toluate may be
substituted for an aromatic heterocyclic ring or ring system such as a pyridine ring. Examples of
carhocyclie and heterocyclic analogs of toluate include: In certain embodiments, the halogen Y is
bromine. In other embodiments, Y is iodine. In yet other embodiments, -Y is chloride. In certain
embodiments, Y is a metalloid (e.g., tin, selenium, tellurium, etc.). In certain embodiments, Y is
--SnR3, wherein each occurrence of R is independently alkyl (e.g., ---Sn(04.3)3). After the metallation
reaction, Y is a metal such as lithium, mapcsium, zinc, copper, antimony, sodium, etc. in certain
embodiments fygys hydroggn Qrlawariliod (b GR disetainnadicplas rriadimanisicRlisnhydrogen.
Other toluates are shown in Figure 21, 100861in other embodiments, polycyclic toluates may be used
to prepare pertaepetisatediexss/&imedaor high eyelines. Toluates useful in the preparation of such
eyclines are of the fotimila: wherein R1 is hyqlipgep;g halog&a; cyclic or acyclic, substituted or
unsubstibited, branched or unbranched alipRatit; Cydig dt acyclic, %;Pstituted or unsubstituted,
j i b3tituted, branched or unbranehed acyl,

futed or unsubstituted, branched or
( s -SRANH2SOR.A; -SO2RA; -NO2;
-N(RA)2; -NfiC(0)RA; or -O(RA):3; wherein eac 3l independently a hydrogen, a
protecting group, an aliphatic moiety, a heierd tphaticomoletyy an atyl moiety; an aryl moiety; a
beteroaryl moiety; alkexy; antoxy: alyithies aryibiosaminora/Rising, Halylaming ahderoaryloxy; or
heteroarylthio m0|ert1y,

defined as above with the caveat that when X is S or O, R; is absent.

[0079] Other classes of compounds of the invention include dicyclines of the

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; 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 un.brariched acyl; substituted or
unsubstitued, branched or unbranched aryl; substituted or unsubstituted, branched or unbranched
heteroaryl; -ORc,; =0; -C(=C)RG: -002R0; -CN, -SCN; -Silk; -SORG; -SO2R.0,-N(R0)2, -NIiC(0)RO; or
wherein each occurrence of RO is independently a hydrogen, a protecting group, an aliphatic moiety, a
heteroaliphatic moidty, iarsig eneiesishiasedistitvioibey va brvaiad PronehpdakerRb Ay ; alkylthio;

arylthio; aming, aliadarying. sfialdamng ARG IR ARAGICR AR MRIBRfChed - represents

a substituted or tin:substituted aryl, heteroaryl, carbocyclic; or Fleterocyclic moiety, in which each

occurrem.,c bexrizakiptasiedthotiiure gromsubstisistnbratched - uokprached ardj2r subsg@ighydrogen:
halogen; cyclie ﬁ{sﬁﬁg@{{ﬁe&UR%M@M%BM@H%%Q@%@W yRiganghed wlinhaties cyclic or

acyclic, substituted or unsubstituted, branched or unbranched heteroalinhatic; substituted or
unsubstituted oiaAchbatitutadioramshbelissol shersding on cardpbsmBed A cRediR unbranched

any; substiuiefehisvpsiiiedtranshiet olARchedhata oAbl B, R GE0RY COZRIL -
CN; -SCN; -SRH; -SOR}; -802RElI; -NO2; -N{RH)2; -NI-IC(0)Rp; or -C(R11)3; wherein each

occurrence ofuRsiiistisoapeabsikitahyaioben, B otbes cmRPGIBGRIsaR alipRaae fdlenf o
heteroaliphat,m(r}’;lom)é@p @xné(i‘légl{}i?@fbﬁﬂ aryl moiety; a heteroaryl moiety; alkoxy; aryioxy; alkylthio;
arylthio; amino, afkylamino, dialkylamino, heteroaryloxy; or heteroarylthio moiety; n is an integer in the
range of | to 5, inclusive; and the bonds between adjacent X moieties are either single or double
bonds; RYismelected figm;the group consisting of substituted or unsubstituted and or heteroaryl
groups; and Y is a halogen or Sn(R3)3, wherein Ryis alkyl, In certain embodiments, the halogen Y

is bromine, il 4&84in embodimensssnitiaveatiyenl s isBrdesiall stenstaed Braboaringtsvyed Bdine. In
yet other embodimefind iSERIRMAS I REIRKLAMNANBR NS iRa RELallald (RegyiRcgelenium.

tellurium., etc.). In certain embodiments, Y is -SnR3, wherein each occurrence of R is independently
alkyl (e.g., - SoUGH3YBY. xersntriavensiananer deadeomevnedy msntbass abthtmarslinssgReim, zinc,

copper, sodium; eI RMTAmAEIH DTS Hait emhadiments. Bbishyiiencniobkovat atky! (CI-C).

In certain particular embodiments, Rl is hydrogen. in certain embodiments, R9 is phenyl qr substituted

phenyl. In cerdaimérBogaanehthe detrsriing %ﬂk@xyiﬁuw&é@ﬁv&%&ww{%%%%ﬁ% R7 is
hydrogen. Exgrplary:Raf¥inelictoluptegdnshidsr iteemy nes pkthadoraiula below fyriRkffoRS HfrH

of the C-ring, preferably in an enantioselective manner. This methodology also allows
for the synthesis of pentacyclines, hexacyclines, or higher ring systems as well as the
incorporation of heterocycles into the ring system. In particular, the joining of these
two fragments includes various nucleophilic addition reactions and cycloaddition
reactions with enone (9) as described above.

[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 OHII 0OOH 00 may he prepared by Michael-Dieckmann elosore of a 1)-ring precursor derived
from the corresponding anilide, phenol, or thiopheriol. A representative example using anthranilic acid
(i.e., anilide as the nueleophile in the Michael addition reaction) is shown below: [00881In another
embodiment, the enone (9) is reacted with a henzocyciohutenol in an o-quirtone dimethide Diels-Alder
reaction, The enone of formula: wherein R3 Is hydrogen; halogen; cyclic or acyclic, substituted or
=substituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,

branched or SiFkinchétiare Strsainpativetioupadnamogemepititdmsdinchdd briuabfahihed acyl;

substituted of y@%ﬁ%%h}f%%%%m@mh&m@% SuRstipteshpruaUlstititadeiaached or
unbranched heteroaryl; -ORe;-C(-0)Rc; -CO,R.c; -

[0082] In one embodiment, enone (9) is reacted with an anion resulting from

the deprotonation of toluate (6). The toluate of formula:

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; -SO2Rc; -NO2; -N(R2)2; -NTIO(0)Bc; or -O(Rc)3; 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 heterciaryl moiety; alkox.y; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, hetcroaryloxy; or licteroarylthio moiety; Ri is hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or =branched heteroaliphatic; substituted or unsubstituted, branched or
tinbrariched asldpeudssityrbydraassupsuaiedting aransd ey isrananedi arypbstiByatLfed or
unsubstituted, branehied qrisbranched heferoary b QAR GO Q0RAmQAMN RO -SR;
-SORN; -802RD; -I-N(Ro0),; -NI-R;(0)Ro; or -0(R0)3; wherein each occurrence of RD is independently a
hydrogen, a peétesingajiou; et Aiprhaticuabmins heiBrsd RO WYty 2 SHEEW HRSty; an aryl
moiety; a he%wﬁ&g@ﬁg&&qyy&m@ghglkyithio; aryithio; amino, alkylamino, dialkylamino,

hetecoaryloxy; or hoteroarylthio moiety; RS is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, bran8risdebpaterhitnme tetisnphagasie hyelRmensimEstitedor arstsEaHRed,
branched or EPE%QFQ% eleioal o jtuted or unsubstituted, branched or unbranched acyl;

substituted or unsubstituéd, branched of tinbranched aryl; substituted or unsubstitutcd, branched or
unbranched FedepselignetREdeCNsiSONIitDRE C - NJREIMPRSrand SucrrBttngentd éf It:, is
independently.a.hydiegen, & BRRtEEHNSAIQuUP, an aliphatic moiety, a heteroaliphatic moiety, an aeyi
moiety; an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or betercarylthio ﬁpiﬁ; -’ Rs is selected from the group consisting of
hydrogen, halogen, substituted or unsubstitued dlipAatic
substituted or unsubstituted alkoxy, -OH, -CN Mo, arxylthio, -NO2, amino, alkyl amino, and
dialkyl amino groups; P is independently & he group consisting of hydrogen or a
protecting group; is reacted under suitabieContlfiors (gg., heat) with a henzocyclobutenol of formula:
(R7) Itkk-v," OP OP

o) 0 oP
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¢; =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; halogen; cyclic or acyclic, substituted or unsubstituted, 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 imbranched
heteroaityl; -ORA; =0; C(-0)RA, -002RA; - CN; -SCN; -SRA; -SORA; -SO2RA,; -NO2; -N(RA)Z2;
-NHC(0)RA,; or -QM.); wherein each occurrence of RA is independently a hydrogen, a protecting
group, an alipkane:apikwy e Hetshin prile nigistg, dkdaminte a4 BHP nisEtg s Ke&tsroary
moiety; alkoyyhaoryielkyiibieiyarylthio; amino; alkylamino, dialkylamino, heteroaryloxy; or
heteroaryithio moiety; R7 is hydrogen; halogen; cyclic or acyclic, substjtuted or unsubstituted,

branched or tinbran®histharprass Nelesieno FEe\ERE AsYHasiRBEHGH ek st HeRREY Shnched or
unbranched BeferpaliphaticrsidhstitiipH M UBruRsHiue i branshadied srbramehrgdiacyl; substituted or

unsubstitued, branched or unbranched aryl; substituted or unsubstituted, branched or unbranched
heteroaryl; -ORNchedosuphrachesterpaliphptios eustisiad orgombstiteeh REFNWRSS.ON(RG)2:

-NFIC(0)RG; aib:4:{EAQU3 Y hRIRIRiRACH Qosiiisans e, Bansmindspandenthea sydrogamitaaiotecting
group, an aliphatic moiety, a heteroalipbatic moie;%,aean acyl moiety; an aglg

_ moiety; a licieroaryl moiety;
alkoxy, aryloRyvananstiiyieh/msrshsthriominanchathietaianylarfRe, HeerarloxyerHeteroarylthio

moietY;  R@resarhssigeied M%%H%Bﬁkéimm%rw&m@q&tﬁi%mpé pysieeagp or a protecting

group; and Li is an integer in the range of 0 to 3, inclusive; to form the product of formula: wherein R;,
R3, R4, R5, REUR7ALMEPhatfcwRifled haigpalahaifgmoiety, an acyl mewetys 3y dBAla4Idgen: cyclic

or acyclic, subsifyied: ordiesuhankied - ARICHRY RLENRRARGDeshalRhatis syeis, or acyclic, substituted

or unsubstituted, branched or unbranched heteroallig)hatic; substituted or unsubstituted, branched or
unbranehed S8}k ¥aminu ksieer R rys ffUsicIARER R Ebranched aryl; substituted or

linsubstituted, brancfed 9&19&@8‘9{?8}}?@1@%?8 s i ORBo Py dfe b RBIcAAZRBsAltedSEN; -SR;
-SORB; -SO2RB; -NO2; -N(R5)2; -NITC(0)RE; or -C(R5)3; wherein each occurrence of R8 is
independently i HRpiEEe AL BhSHSE Y Y FetipT ﬁ?ﬁ‘é‘lﬁﬂﬁéﬁérﬂ?}%ﬁiﬁl‘é’%{&é‘gﬁﬁﬁmﬁg ioiety, an acyl

moiety; an ary},5gigkyi& hatsrganmoiety;-skaxys arydaiiatdiieiiaryitug; aming adtylamino,
dialkylamino, heteroar IQX){; or heteroarylthio moiety, As will be appreciate by one of skill in this art,
the reactantsaﬁ‘?&}i’b@'é/dﬁ% fvk A OPLRETRA P8I fall within the claimed invention. For example, the

phenyl ring of the bgnzogyelabiatens) sinscrpayrbe Matesyheiitede of hydrogen or a
protecting group;

to form the product:

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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100891In another embodiment, the enonc is reacted with a diene in a Diels- Alder reaction to yield a
tricycline. The crione of formula: R3 R45 N oPOP 0 0 wherein R3 is hydrogen; halogen; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or
tinsubstituted, branched or unbranched hetemaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted or
=substituted, branched or unbranched heteroaryl; -ORn;-C(=0)Rc; -CO2Re,; - UN; -SCN; -SR; -SORCc;
-SO2Rc; -NO®iskRAterpdichigiReoptyCEROSY WIHE TR WIGBQWE&EGWWEXLWSWéndentIy a
hydrogen, a prigiecting groLpnaialiPRANe.MOsl. & brigraatishatismaiaivo SRcasyhmRiRYy; an ary!

moiety; a heteroaryl moiefy; alkoxy; ary OX}/; alkylthio; arylthio; amino, a-Nylon:in, dialkylamino,

heterearylexys bethtesoamiehncisbiets will lRARSRGHE bﬁ;%l@&é’ﬁilc"}?c’l sgrhdheiel@Bstituted or
unsubstituted, rapeipderunbiancher.aliRhalicsbeualie.as agy sliaiisHbsEgird rnsubsiuted,

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

substituted ofofiviaBetiniecs uUbsiiioliedifor wmpramatiedepypcyabsiinest g AaUPSHEiRsd M &iched or
unbranched beieroantisHRDY~fha IO iRiorUbosiellc BRRuRRRR: mHAZED: -NO2:
-N(RD)2; -NHC(0)RO; or -C(RD)3; wherein each occurrence of RD is independently a hydrogen, a
protecting gréfiplagialipHattifsoiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a
he,teroaryi moiety; alkoxy; arfpxy; alkyithio; arylttfg; amino, aikylamin®; dialkylamino, hetergaryloxy;

ued,

heteroaliphat'kq:g#n
E;

or uhsubstit
branched or =bran :

protecting group, au aliphatic gnoiety, a hetcroaliph@tic moiety, an acyl moiety; an aryl moiety a

heteroaryl moiety; alkoxy; aryloxy; alkyithio; arylthio; amino, alkylaunino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety;
substituted or unsubsti
=substituted alkoxy

amino groupsRraye-¢

(R
N
R1 R“] R7 R1 R1
N O
(R7)n \N (R7)n G ( ,/
Y —_ e
<N | Ro QO I (R7)n | l RéRﬂn | I Rg
Ry
O 0 O (@] O @]

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 from the group consisting of hydrogen or a protecting group; is reacted
under suitable conditions (e.g., heat) with a diene of formula: op wherein R1 is hydrogen; halogen;
cyclic or acyclic, substituted or =substituted, branched or =branched aliphatic; cyclic or acyclic,
substituted or =substituted, branched or =branched heteroaliphatie; substituted or =substituted,
branched or unbranched acyl; substituted or unsubstitued, branched or =branched aryl; substituted or
tinsubstituted, branched or =branched heteroaryl; -ORA; =0; -C(=0)RA; --CO2RA; - CN; -SCN; -SRA,;
-SORA; SOQR‘RULNOZ -N(RA)2; -NHC(0)RA; or -C(RA)3; wherein each occurrence of RA is
independently a hydrogen, a protecting group, aRaliph&ic moiety; a heteroaliphatie moiety, an acyl
moiety; an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or beteroaryithio g w-and P are each selected independently from the
group consisting of hydrogen and protecting ¢ to yield a protected trieycline of formula:
wherein R2 is hydrogen; halogen; cyclic or-a bstittited or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or ungubsti uted, branched or unbranched
heteroaliphatie; substituted or unsubstituted, braRghed 6r unbranehed acyl; substituted or

unsubstitued, ranc branehed ar stltuted run r unbranched
heteroaryl; - B?@@geadﬁo%?ﬁt Lﬁ §ﬁ’l§ ' @3&?&&%@%&@@%‘&%@%&&@3)2
-NHC(0)RS5:; G)raﬁ‘c(ﬁ&)ﬁ? uuhfaumhedaﬁiplmtm;mydoeanfalaﬁlw,lnd@ﬂén@érmylasnbﬁiﬂbgéﬁ a protecting
O, e S el L Rhal mele o aex] mlety; an A0 Molelye feteroan

moiety; alko 0, arylt |no a amlno dla amino, heteroaryloxy; or
heteroarylthlmtmbmetheé\aoyltl mgmmmbtatentsbbsnnmd;ﬂs‘aﬂbhtdms mbmlmdmw asibeitiécthay be
further substituted stlll(f mpasse d within th resenHRvenpon - jln %@{lother
embodiment, th&" é léu % Wlt ' an <'5{ra|r|1<_s)%11 of a p?ﬁ[?f %e@ﬁ%yg)m pllt?ﬁall de. The éhone of
formula. R3 CBE -SCN; -SR 4; -SOR4; -SO2R 4; -NOy; -N(Ra)2; -NHC(O)R 4; or -C(Ra)3; wherein

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

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

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;

I Y

&,
*~..-* 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; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranehed aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranelied
licteroaliphatic; substituted or unstobstituted, branched or unbrariched aCyl; substituted or
unsubstitued, branched or tinbranclied aryl; substituted or unsubstituted, branched or unbranehed
heteroaryl; -Ortc; -0; -C(-0)Rc; -CO2Rc; CN; -SCN; -Sac; -SORc; -SO2Rc; -NO2; -N(R(2)2;
-NHC(.0)Rc, or -C(Ic)3; wherein 68 each occurrence of Rc is independently a hydrogen, a protecting
group, an aliprRAGESH SR AEted RIS IS Er %Y%l&?l%‘bﬁ@fk}fe&r?émsﬁ%fg heteroaryl

moiety; alkoxpaRENkenys @ikyiineandibioalainine; alkylamiao:diafaamine, heiechadydoxy; or
heteroarylthio moiety; R4 is hydrogen; halogen; cyclic or acyclic, substit teq‘or nsubstjtuted,
branched or WHHARSERE dAipFRTEKS Iﬂﬁpmlw?gum%ﬁﬁhgﬂﬁgﬁftﬁé&’ﬁ SEHEE%r

unbranehed petereslinhadie; srHRSttHGdabHASHES ikt Rranchgd-ap,uag-ameigd @oyR substituted or
unsubstitued, branched or unbranched ar;h/l; subst_ituted or unsubsiituted, briﬂcgﬁd@g unbranched

heteroaryl; -OR: - Neo)Re: e 18 Qe -k, 5@ m)2: SIRE Q8np RY: RBY>;
-NHC(0)RD; @icHdREDBnW 6 i) 8 asHeperdehaNGERiRRels ngrpentpnihvaphydmiggnia protecting
group, an aliphatic moiety; a hetcroaliphatic moiety, an acyl mojety; an .a%l moiety: a h.ette(oaryl
moiety; alkoyXS Ok CSHORBRIAGMRIRSY afRi AT QIR A ERYIE R A ﬁ’i%‘?earg ARy or
heteroarylthigIRietiiylox R 2SNy 0SS Mh R QGIeRs, Gt 91 R G )Rk Huhstty tedeo arRubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstimted, branched or
unbranehed AERSTERRSHERS: BoHiuted or unsubstituted, branched or unbranched acyl; substituted or

unsubstinied, branched-@riHpRERRE Medranye spbststattRikiRsHRAGtItUted, branched or unbranched
heteroaryl; -ORE; -CN; -SCN; -SRE; or - N(RE)2; wherein each occurrence %RE is independently a
hydrogen, a protectih§ BRBEH DS & AARE TR O HEXarE SHORR R HoRS ) O W & Wﬂ‘?o?é}@; an aryl

moiety; a heteroarylrpiebleaPrsnaioxsup kykbigiar Wikics stnitiea calkysatynmtbeterdaryloxy; or
heteroaryithro moiety; R6 is selected from the group consisting of hydrogen, halogen, substituted
or tinsubstituB8RBRAR  ¥BBstituted or unsubstituted heteroaliphatic, substituted or unsubstituted
alkoxy, -OH, -CN, -SCN, -SH, alkyltino, arylthio, -NO2, amino, alkyl amino, and dialkyl amino groups;

and P is independently selected from the group consisting of hydrogen or a protecting group; is
reacted undem§é)ic conditiBri&PEg" ERIBIHE CELIGT HE "SATH oF eaBﬁfﬂgﬂdg?b‘FEolrsmula:

generated through metallation (e.g., metal-halogen exchange, metal-metalloid
exchange, lithium-halogen exchange, lithium-tin exchange, etc. by reacting the toluate

with the appropriate metal reagent) of a toluate of the the following formula:
R1

S Y

(R =™ 2 o
Ro

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; -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 RI is hydrogen; halogen; cyclic or acyclic, substituted or =substituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
=branched heteroaliphaile; 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; -CO2RA; - CN; -SCN; -SRA; -SORA; -SO2RA; -NO2; -N(RA)2;
-MIC(0)RA,; or -C(RA)3; wherein each occurrence of RA is independentl am/dro en, a protecting
group, an alipkatie: rioiery s keltroaRsHARC rAGIER, %lh%gﬁ%ﬁéf\}‘fgﬁfﬁ[m 8%8?8?%’ &teroary!
moiety; Armys: aloxyialkiithisieayyithio; amino, alkylamino, dialkyl amino, heteroaryloxy; or
heteroarylthio moiety; | R7 is hydrogen; halogen; cyclic o acyclic, substituted or =substituted,
branched or =brandhied BHEIREFE; g?lﬂﬁ%?r R QieT %%ét?nﬁ%%ﬁ%?%%ﬁ%ﬂﬂi df‘[)‘f%?r‘iched or

unbranched Bgtenealiphatic: siehstinigH0t ~substtvieg chransiedtokabranthbsiangi substituted or
unsubstittied, branched or =branched aryl; substituted or =substituted, brzan hed or =branched

heteroaryl; _Oreshey: Qt?nmﬁli‘@@@ﬁ%p@ﬁ?%wt@ﬁ Or SpsRpsiteS ?r-lﬁhﬁ%;o-rN(RO)Z;
-NI-IC(0)RO; sHmehBRdZchensin gach ResiseNEeal Ranshiadieperisiantled hydragesnitatpdotecting
group, an aliphatic moiety, a heteroaliphatic mqiety, an acyLm(ﬁiﬁty;_aﬁ% a@/I:@ jety; ﬁtergaryl
moiety; alkoX3f; HISHBSS Loy S C s ittiBr AR TR, Gy Tair B foaRIGR o
heteroaryithigaistsl; -SRB; asoRAcSEIREleN geReRgENIVITO0JRe;group(Rapsistiog:nf hydrogen,
lower alkyl group, acv luroup, or a protecting group; and it is an integer in the ran %f to 3, inclusive;
to yield a protRe WrsFAGRCT Ra IWI‘?QFQW%?%'Wﬁéﬁ?fﬁaﬁfﬁﬁ‘f,lw&é‘?’&&%ﬁ& &bstituted or
unsubstitutedy SANChEEL QLMK hRdihAdis) GreligRracislien sidbgtidtiedronyhaudistituted,
branched or unbranched hgteroaliphatic sub_stitu_ted unsuybstitut d,lbrancl'a%cior unbranched acyl;
substituted oPHASUAEHSRY: BHaALHeRoY i ARuAR A et g oY Branched or
uribranched RetereanysiiPRBoredy; C(0)Rs; -CO2RB; CN; -SCN; -SRB; -SORB; -S021{B; -NO2;
-N(R8)2; -NHC(0)RB;, or -C(R)3; wherein each occurrence of RB is independently a hydrogen; a
protecting group, arl'aRBRARECEBBEN S REE i fhat SIS, an acyl moiety: an aryl moiety: a
heteroaryl moiety; atkpxyseismex orkiHihivoasWoniasaigiodsekitatedioondsatistiantidaryleteroaryloxy;
or he.teroarylthio moiety. 100911 The products of the above reactions arc then further functionalized,
reduced, oxidISEECYBAFE RS2 Motected, and deprofected to yield the final desired product. Various
exemplary reactionsyugegdnm saenfinas siroihs seseadithr canapoundhetiiengesatonl asecsiotan in Figure
2, 3,11, 12. and .13. As will be appreciated by one of skill in the art, various isolation and purification
techniques inBRRIHYERRSR Chidi38graphy, crystallization, distillation, HPLC, thin layer
chromatography; extraction, filtration, etc. mayrRhe Rgedin the course of synthesizing compounds of
the invention. These techniques may he used irFyfietbreparation or purification of intermediates,

~ E?qal Compositions

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
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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[00921This 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
organisms, oxyteAtacycline-resistant organisms, demeclocycline-resistant organisms,
tioxycyclinc-resistant organisms, minocycline-resisiant organisms, or any organisms resistant to
antibiotics oftHEFtEPABERIE M used in human or veterinary medicine, In other embodiments, the
compounds show exiastafierOF ey iiREemcivily againstifeopkistiecelsisudit@stedncer cells. In yet
other embodiments, the compounds inhibit the growth of or k\ilﬁléir,ﬂa idly dividing cells such as stimulated
inflammator?@@%%@?ﬂ?%@ﬂ?&@@%?l%\%?ﬁ‘?é’b?&‘é]m’iﬁ i%ﬁ%)?&\ﬂﬂ%&g% K%ompounds

having antimigrabirliand shipcaleratve acthvity; snskiiuedhe invebiveed mpowidd are useful for the
treatment of a variety of medical conditions includin I diseases, cancer, autoimmune

( infectiou n
diseases, infEINHARF) H¥b Y88 MR QRBRIHDSEHT B{ﬁ%@f&i‘?{rlﬂm’éﬂ}‘,"ﬁh@gﬁ& 1P REPEEE D the
present inveRtioRshaitniagestiashe® BINaHHIRE QI adisedtad. Wihgred; HEEOIRPIPASHKIRBS comprise

any one of the compounds as described herein, and optionall ise a rinaceuticall
ac?:/eptable e e anBm SRR HES ¢ éim%g%é% %@P ;c‘g?rheﬁ?lléleyone or
more additiogadiihriapeuic RS i@@paleisr ANdroaiohigragerihgzangthar alithptioliferative
agent. In other embodiments, these compositions further comprise an an '-inflamrrlator. tagent such as
aspirin, ibuprOfSAtYaddtElrirOBRaNRC BRI Haf ATEVBPISY 2BV FelC (o4t A RIs 885 Wppreciated
that certain ofihe gampendsial thie; prssens; axensionicamexist dinfkgtafoiin, foettieatylery; or where
appropriate, as_a pharmaceutically acceptable derivative thereof, According to the present invention, a
pharmaceutiCAMFSEREIBR R P4tive includes, but is not limited to, pharmaceutically acceptable
salts, esters, salts oR suchyassess; aRE¥ RN adsuCh ol ¢|etvativecd bichnspiasiadedinistration to a
atient in need is capable of prqviding, directly or indirectly, a compound as otherwjse described
Frierein, ora i%ﬂ%ﬁgé’%‘r‘%p %?g?%l?ﬁn% §3/’,°§%?68?&'@%&0%%%’1&%6%?éd“ﬁsélliésl%t,utﬁ‘aiterm
"pharmaceutisalisiaccepiablefald lefers dnphase satsiwtichanaswittitnttde seapkedfsound medical
judgement, suitable for use in contact with the tissues of humans and low; imals, wijt
toxi 4 RS R et

ran ut undue
toxicity, irritattSRT AR @8k SHRELUSE haTRubs MRS ’i%n\(/:vl?ﬁ?g%ass%%sa]b zeéenefit/risk
ratio. Pharmageauticalitacee piablie aalis arermel ddpswrdariie-am £ eC e xadipie -SR MorBerge, et al.
describe pharmaceuti ally_acceﬁtable salts irg etail in J. E%awac&u jcal Sciencm?sctelir?: 1-19, 1977,
incorporated NETEiR BYFEFRSAER OPRETSHRE RbR®S BIPS YU HEHRE 80fation and
purification okiae;empepndE of dheyinyastioss]hacpanately, by teatiingdiye dneeyaseiftncionality with
a suitable or%lanic or inorganic acid. I_Exar]nple_s f harmacrg&t%l%é[%. acceptable, nontoxic acid addition
salts are saltd BPERAMIMY Gro B PSS With ?E%Hﬁc Y e ﬁy(%c?gﬁ%ric acid, hydrobromic
acid, phosphdiigiagichisilfuticaaidiang; petehtedsrgicidomvithyorganic acids such as acetic acid, oxalic
acid, maleic acid, tartaric acid, citric acid, suecinic acid, or tnalponic acid.or by using, other methods
used in the art such %élfo??%ﬁfﬁga&rrﬁ%@.%‘Et%?%%?ﬁ?é%gﬁi%éﬁy 58%8%@36‘835%5%1% ulgg(g%rlpate,
alginate, aseafatetinsapatgibathe Rubsaawboatashienzoaie hbistlfibish dvioratdsbitijedier camphorate,
camphorsulfonate, citrate, cyclopentan pignate,.diglucqnate, dqdecylsultate, ethariesulfonate,
formate, fume%ﬁlg,’ Sé’lﬂ%%%fgﬁﬁgfeg, iSly o'p#?ggpﬁ% ,aéﬁy(l%ﬁ%t%fﬁl%rlﬁiéu |fé?lllglél|5)t’aano}§e,
hexanoate, hygieiedifle dZalxydmxineianpsulfahate, lactobionate, lactate, law-ate, lauryl sulfate,
malateffinaleate, mgg)rtate, met arléa,su forﬁeﬁ 2-n%phthalenes-i.llicit:atclghngzotinatel, glitrate, oleate,
oxalate, pahnitate, pamidAt&P rSCISEIRIFREB, 13° SHUR HORSHBRGR. IOSERARS, Dierate, pivalate,
propionate, stgatatangyesinate, sitade; thetpadaduthioffanaits: p-toluenesuifonate, undecanoate,
valerate salts, and the like. Representative alk%lli]‘oralkaline eagth metal salts include sodium, lithium,
potassium, calcium, magnesium, and the like. Fly %ac:_eutically acceptable salts include, when
appropriate, nontoxic ammonium, quaterpary atilit Miand-amine gations formed using counterions
such as halide, hydroxide, carbo>§§I te,/Sulfaté Iowe\rﬁlkyl suifonate, and aryl
sullbnate, 10096]Additionally, as f icallyy acceptable

folli

OP
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ester" meters to esters which hydrolyze in viva 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 phaimaceutically acceptable aliphatic carboxylic acids, particularly alka.noic, aikertoic,
cyeloalkanoic and alkariediote acids, in which each alkyl or alkenyl moiety advantageously has not
more than 6 carbon atoms. Examples of particular esters include formates, acetates, propionates,
butyrates, acrylates and ethylsuccinates. In certain embodiments, the esters are cleaved by enzymes

such as esterases. 0SS FtRerRorssthe BrAdghaihis dsticdiRPALEHble prodrugs” as used

herein refers to thogg pragiHgsefthip camprinds et jbrcpresstituisdasitionubinettate, within the scope
of sound medical 'gudynent, suitable for use in contact. wijth the tissues of humans and lower animals

with undue tSKaE)esHAttIaRgRaY AlRRaHSH S G A ike SEBIRE ?ﬁgf@\r’/nsﬁﬂtgt? asonable
benefit/risk ratig-apd &flamivadardneisisuaprat ussasiwealbasthobavitiedidimidrdsrwhere possible,
of the compounds of the inv_ention. The term "prodrug” refe séo cor%pound%tgﬂti ar% rapidgfr o
transformed WRAVeChs S Ry iebsHPdSE 5 Sl ReIR Y %ﬂf(g\? PEHRAFANEBF R 2T By Biolysis in
oo A hta G U R Gt T a0 CRglach oGO A0 Delery

stems, Vol. 14 of the AC. S. Sympasium Series, and in Edwar oc ., Bipreversible
Cérriers in DFAY D%%%h‘,slgﬁiéﬁ&ﬁﬁ&%ﬁﬁééﬁf?@éfﬁ%@éiéﬁ%@dﬁ)&@éﬁgﬁ%f'e %‘?@5337, both of
which are incupasatag eIt RY refeieparich0IBAsIeaCH pestaayey thg phasideeidtical

compositions of the present jnvention additionally comprise a p armaceu&}]caélg/ acTe table carrier,
which, as us8PH¥emh FHERAIEL A HBHG XIS ATERRO GG AT & BBy iR (i TRIIEE O HiSpersion or

suspension aifigxSuHAEEXICHUE RER thy ISR NIM REGS BIBy Itickethalloyl emulsityingagglotsy ;
preservatives, solid binders, lubricants and the like, as suited to the particular dosage form desired,
Remington's PRSHRAEAMSIRYces, Fifteenth Edition, E. W. Martin (Mack Publishing Co.; Easton,

Pa., 1975) dignigags variousneatiessiiseddndedminé ng:phanvaeeidticnl wogepasitiahs arthknown
techniques for the preparation thereof. Except insofar as any conventjonal cay, ier mtepium is
@ % ngnésr metal 1S a

incompatible ifth &R RS FRSHB S HUL S FIRBS VR FTTAS oddcing any‘undesirable
biological effesbap QtElemdSEoNtREAINGID ehellelsiiais srabwEmaiil, ahy atharicarGpomeil(s) of the
pharmaceutical composition, its use.is contemplate%éa be Withi?n the scope, of th{'s invention. Some

examples of RS RARFPFEAAIS SRS a AR SIBROGERAD S 08 SRl R AR A I8 %but are not

limited to, sugaseH asclartosenginanserndisuchasecstartiesdsucidiamctithistaychlanchpotato
starch, cellulose and its derivatives such as s?,dium earboxymethyl cellulose eth%l %etlgll{lose and

cellulose acetHtB BB EASPHE R REM A i, AU SP-S3EHS EReipients Such as
cocoa butter aid SHRRQSIEALY ivaxesbailsnstied), asnpeplatihoih, gelladserchaikcaafflenkr oil; sesame oil;
olive oil; corn oil and soybean ail; glycols; such @ propylene glycal; esters such. as.ethyl oleate and
ethyl Iaurate;@&%ﬁ?lﬂﬁﬁeﬁhbeﬁﬁ‘@rﬁ?g‘ﬁ&?ﬁ§ Wé’&%lnﬁﬁ))ﬁ% ibseggﬂaeglﬁ%rf’nldﬁlﬁ%roxide; alginic
acid; pyrogenfigemwaies; inetomnis, salinenRingpes selyiooieityhatainahantehesghate buffer
solutions, as well as_other non-toxi%con%ati le lubricants such as sadiumt.lathr}/l s(yrlg%tle rpd
magnesium ST UEYS WSS &B1dvHg N Sis G AYen S EB SRy Hyents. seetening,
flavoring and erfuming: agents rresesvalivasianch anlioxtdanicheagedisasbé preséithimihe composition,
according to the judgment of the formulator. Uses of Compounds and Pharmacel,ili]ceahﬁ%&)rprpositions

[0099]The inVENORTT £ HIER BT SRATCRS X THOIS 8F (oAt TRECHRINS ST B g timbr growth. The
method involvesohe adehitist ationbefpdieraabutiaglhneffective ameuntaitdegpfopexmdpde,a

pharmaceutically acceptable derivagve reof to a sﬁ}ﬁ‘?t B(léﬁ}lcjdnl%ltgy& nrllort]rl Iérsrlqt ? ,&% 1<'1;1rrt|uman or
animal) in nedtCEF IR 1R 1S B 42 REPHAIHS AYEOMPELIORE df the present
and methyllithium. In certain embodiments, other organometallics reagents are
generated and reacted with the enone. Examples include Grignard reagents, zero-valent
metal complexes, ate complexes, etc. In certain embodiments, the metal reagent is a
magnesium reagent including, but not limited to, magnesium metal, magnesium
anthracene, activated magnesium turnings, efc. In certain embodiments, the reagent is

zinc-based. The reagent may be generated in situ in the presence of the enone, or the
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invention may be used in heating or preventing any disease or conditions including infections (e.qg.;

skin infections, Gl infection, urinary tract infections, genito-urinary infections, systemic infections),

proliferative diseases (e.g., cancer), and autoimmune diseases (e.g., rheumatoid 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 pharmgagg{c}e tit%‘:l com (;ﬁitions.to the animal. In
[

certain embdﬂ%@?%@&ﬁ%@@ﬂ&%ﬁ%ﬁé&ﬁ%ﬁ@&ﬁtﬁ SOP5 FS&%Pally. In other

embodimentg,theiGREAROURter RhAMaceUtica compasdiondusdniingstared parapiajally. [001011In
yet another asaect, according to the methods of treatm ﬁr@it trlfggrese t inyention cteria are killed,
i it )

or their growth4&3hhibited By ¥BhBSARR SHA BLRELPRCN i OSSR Sy cSmposition, as

described heggined fibstivtstillapeiarr aspeetviiile invadiiosh, ah@pteadl fion ghef treatsheint of infection
is provided comprising administering a therapeutically effective amount of an.inventive compound, or
a pharmacedﬂﬁ)ép&ﬁ‘f%faé’ﬁ%f%mbﬂ %ﬁﬁ%ﬁ\? Ccﬁﬂﬁ)%ru'?@gt%ygt%?}bsj%%}f Y Al thtteof, in such

amounts andfigy SEEhtINS 88 derbespsranidaashieydithendesited fdsult iincheitain embodiments of
the present invention a "thergpeutically effective aﬁﬁount" of the inventiye compound oi pharmaceutical
i

composition is that amount efféctive for killing or inhibiting the growth f bacteria. The compéunds and
compositions, accordjng to t ethod of inventiopyma gminister [ y
amount and any ro(te of dministy tion éffectivie for killing oflinhibiting the k0 H\of bacleria. The
exact amounﬁé)qm_d willlvary f Subject tolsubje 9ngépqséindin |$§Je7 i rgral
condition of the subjet¥the erﬁy of the iMfectioy, the particutar compound, its mode of
administration; its mode of activity, and the like, The compounds of theiinvention are prefer
formulated in dosage unit form for ease of adminisiration and uniformity of dosage. It will be
understood, however, that the,total daily usage of me compounds andrgompositions of the present
invention will be decided by the attending physiciaf within the scope offsound medical judgment. The
specific therapeutica ectt se ley, a {icular t anism wi ona
variety of fact&{s induding|the disQ;g,%r_Qeing treated %ﬁ%}, | everi
specific compoUfid &mployed; thegpecific co sitigikgmpleyed; ageRbody eraRg

or coincidental with the specific compound employed; and like factors well known in the medical arts.
1001021Furthermore, after quzrpulation with an apgropriate pharmaceutically acceptable carrer in a
desired dosage, the pharmaceéutical compositions ¢f this invention can pe administered to hymans and
other animals orally, Il irenterally AMtaci inatly~ingraperit preally (as
by powders, gintmethts, or drops), by a.uj&/;ls am maj o pray| or the i nding on the

gﬂ{‘é g j (fr;n the P ﬂhtﬁ)'ﬁepe i d iop-fay be
administered orally or parentgfally at dosag® levels[sufficient to eIiveﬁEgm about 0.0D1 mgfkg to
about 100 ma/kg, from about 101 mg/kg to about 80 mg/kg, preierablygfrom about 0.4 mg/kgto about
40 mg/kg, preferably from about 0.5 mg/kg to about 30 ing/kg, from about 0.01 ingikg to about 10
naglkg, from about 0.1 mg/lﬁﬁ to about 10 mg/k&, and more preferably from about | mgikg t®, about 25
mg/kg, of subject body weight per day, one or more times a day, to o tain the desired ther peutic

effect, The deﬂ'rsed desag berdelivered t times a ery
other day, evérf/ third daly, ever Week>éver two week , eV ks. In
certain embodiments, th deSiﬁQQ doszgge be E\fge usin [ fn S (e.rg two,
three, four, five, six, geven, ght, nine, ten, eléven, twelve, thifteen, {nistrations).

j001031Liquid dosage7 formg for oral and parenteral administration in¢lude, but are imi :
pharmaceutically acceptablg emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In
addition to the active compounds, the liquid dosage forms may contain inert diluents commonly used

in the art suchmesteinesmhasienensicheholnepsyivehremisrbii Aty neehedHRenEmYISi8ASuch as
ethyl alcohol, jsopropylalanalifihyl carhonata ety aselatenhingm &leokols henaylbanzoate,

propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in particular, cottonseed, groundnut,
corn, germ, okee; dasterl s dsH BBy Coly de ST taitr aRPArBIn ARy alsontlRpol REFRE TR By cols
and fatty acid esigrs of.sarRiannagstakiuiesheresl Besides ingrtaituems dbrierabsompositions can
also include adjuvants such as wetting agents, emu siging and suspending agents, sweetening,
flavoring, and perfuming agents. In certain embodimetits for pasenteral administration, the compounds
of the invention are mixed with solubilizing agents such an Cremophor, alcohols, oils, modified oils,
glycols, polysorbaies, cyclodextrins, polymers, and combinations thereof



[001041Injectable 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 parcnterally acceptable diluent or solvent, for example, as a
solution in 1,3-butanediol, Among the acceptable vehicles and solvents that may he employed are
water, Ringer's solution, U.S.P. and isotonic sodium chloride solution. In addition, sterile, fixed oils are

conventionali§a&HtoY 8 2 & daveh b H Cide AR FHEG HHCFEPRIS PUPBBER ¥R B %ixed oil can

be employed inglHaing:syptelia)®as RydigiaeidescinrgiirCiatinacidsispattiasiateic acid are
used in the preparation of injectables. 1001051T€1e injecta%le form latiorr? can be sterilized, for
example, by fift D EYH S dE8r - RIREhIRG T A8/ 9/"\'868%’&%&? 4 sterilizing agents in the

form of sterilgygaghfl compositighs: whisdigambe sisgolved ohdispetiseddnsidritepneiaror other sterile
injectable medium prior to use. [00106]in order to prolong the effect of a %%Jr% it IS cigen esirable to

slow the absBFBHRSY CiETe REXRS ¥FOREELY SIS Bintrd ﬂgﬁﬂfﬁﬁhfé’c THALHR De

accomplisheghl thelisse ataficisdosuspgnsion of crystalline or amorphous material with poor water
solubility. The rate of absorption of the drug theanepenquc, upon ns rate of dissolution which, in turn,
may depend upon crystal size and crystalline form. Altefnatively, delayed absorption of a parenterally

administered drug form is accomplished by dissetdng efssuspending the drug in an oil vehicle.

Injectable depot forms are made by formj ) apsulg matrices of the drug in biodegradable
polymers such as polylactide-polyglyeolide; | dikg upqm\zhe ratio of drug to polymer and the
nature of the particular polymer employed, the rat€ of digig relgase can be controlled. Examples of
other biodegradable polymers include poly(orthogsters) and poly:(anhydrides). Depot injectable
formulations are also prepared by entrapping the (:Trug in liposornes or microemulsions which are
compatible withdeidyRtissiysrdged,0vCeenpogificrs foyclictabsiiatidarammhiiriedn are preferably
suppositories, whigh,¢an {6 PreRared Y mixing e compRunds.of iy ianigRa sutable
non-irritating excipients or carriers such as totoa butte , polyethylene glycol Or a suppository wax
which are solieatbedbientbemperdhretoatifibaid;subsidy tehop evslretiaradHersidiredraelt in the rectum
or vaginal cayiy and release Ine sRmacHni (AAARIPAId dnsage (apms Recis pdmaiation include

capsules, tablll(ralts, Bﬁ s, powders, and granules. In such solid dosage forms, the active compound is
mixed with atdeastunstined:, phavhedceutidalipcheddptamerzkcipRnt P cdrfieP ¥lish-882Bdium citrate

or dicaleium dpﬂ?_s_%t&tje, _@E/p_rse? illers Qrextapeers, ﬁlﬁ as\pla  |agtaser sHClRsSeglucose,
mannitol, and silieic acid, b) bin éir s§§12 as, ?c{)?r éi(amp?,zbarbox%?gﬁiylcelll%gé’, alginates, gelatin,
polyvinylpyrralidhionejrsticrosé Rarid imdapfadently a hydrogen, a protecting group, an aliphatic

moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;

Q
\Uj

alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety;

each Ry 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; -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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humectants such as glycerol, d) disintegating agents such as agar-agar, calcium carbonate, potato or
tapioca starch, alginic acid, certain silicates, and sodium carbonate, e) solution retarding agents such
as paraffin, f) absorption accelerators such as quaternary armnonium compounds, g) wetting agents
such as, for example, cetyl alcohol and glycerol monostearatc, h) absorbents such as kaolin and
bentonite clay, and i) lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene
glycols, sodium latiryl sulfate, and mixtures thereof In the case of capsules, tablets and pills, the
dosage form may also comprise buffering agents. 1001091Solid compositions of a similar type may
also be employed a(é%illen{?in soft and hard-filled gelatin capsules using such excipients as lactose or

milk sugar as well as high reapleculsrasehghtpol etmpaistiies &rahdeieomd, THEWIdito¥age forms

of tablets, drfgeRs. CARSHITS: PP A URRUESFRARR PreRALENITRAAURSE BUR shells such as

enteric coatings and other coafings veii known in the pharmaceutical formulating art. They may

optionally contaifispagiffing-agentsN&ad cafRalso be of a composition that they release the active

ingredient(s) only, %ﬁﬁﬁ’c%%ﬂ%”}’hé‘?o@eﬁ?&@ﬂcﬂﬂ@@cﬁ@ nisstinabtrchapldanaty, in a delayed
embeddi

mariner. Examples o ng compositions which can be used include pol,tirieric substances and

waxes. Solidteensheditonebatrckahpbphabe; mysfialenasaclin sl mrasrPsiftisd hard-filled
gelatin capsyles, uSIng, SUGH EXSIRIEALARIAMIASE AiuRif R AR WeHiae higkmalerutar weight

polethylene glycols and the hke. [0011(9The active compounds can also he in micro-encapsulated

form with oneidrrarshs@relbichbstisiad eapdvsitre Fenahsdiga et mpletebeityeds,
capsules, pills, and.ranules,caRiG RISRYEH NI Kaalings arskshells, sughaRgnierts, Rpatings,

release controﬁllng coatings and other coatings well known’'in the pharmaceutical formulating art. In

such solid do€ale¥6is TRe:aSRRcoRPaRHid Ny D RahiIH AP BeletsCERedmaYh8ifiBnt such as
sucrose, 'act%a&%%{ﬁ{‘énces R, 905306, (INa a0 SATPHRR cafis HolpakPrRisEcadditional

substances other than inert diluents, e.g., tableting, lubricants and other tableting aids such a
magnesium Swseaesdriamidiobajisaine sallufssempiehs easevbmalpyRbctame RIS, the
dosage forms, g% AlR0IGEMRIISHNTRINEAGaIS o ey MAwApHemAlaaaiR RAcYiRg: agents and
can also be of a cgmp sition that they rélease the active ingredient(s) only, or preferentially, in a
certain part opthetiermssiithiaraeictptionally, in a delayed manner. Examples of embedding
compositions which can e ysed inGiHde polysRers subsiagces alad waxes, 100111]Dosage forms for

topical or transdermal administration of a compound of this invention include gintments, pastes,

creams, lotions, eelshpbaiits besprati Rk NaySNRAAARES BIAEINEY THeCHRIRBWFponent is
admixed under sterilg Gongiting wilh aRNAEMACSHIGHY Scsaniblecar i and amanesdad
preservatives or buffers as may be required. Ophthalmic formulation, ear drops, and eye drops are
also contempletetbasybeiaapRithiA the scope of this invention. Additionally, the present invention
contemplates the usg ¢f irg H%@'S?ﬁ‘f@@@?%@i‘@fh have theyaddede.aduastagaiphpiayidiag controlled

delivery of a compound to the body. Such dosage forms can be made by dissolvin or{ﬁispensing the

compound in taogespéishediving. ABSSHsFERRAIBERS cHYF ANB58 YEPIBTHRFedBPRE flux of the
compound acyss e, skin The:sale oo b cantilRg R citherpie ilbigaa rateceatrolling membrane

or by dispersing the compound in a polymer matrix or gel. [00112]It will also be appreciated that the

compounds ag@ psrtimsatieitat sarabeificns JitheelsrauBh tVEREBtah BB EHiBByed in
combination thgrgpies. fhatys;ths, gompauads aed phaimace witel comaesiionsycarybecdministered

concurrently vyith, prior to, or subsequent to, one or more other desired therapeutics or medical

procedures. THe(pHrIRul Eeiisimagioasomeregsien. (hisrapetiabeush srddbiiFe 4876 By in a
combination regimen will take IO AGLALARMRAIDILY ohthgdrsliaddhiiepeunics Angdfargrocedures

and the desired therapeutic effect to be achieved. 1t will also be appreciated that the therapies

employed maytdetievelkydésirés e factaspihpasisnia g rspPae rar e by Eresi e tisE @Mpound
may be adminig{gred.copcurreRtbhWith anaiberarticangsi ageakhoh Beydacashisvedsiterent effects

(e.g., control of any adverse effects). ' _ .
alkoxy such as methoxy. In other embodiments, Ry is hydrogen. Exemplary polycyclic

toluates include:
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[00113]In still another aspect, the present invention also provides a pharrnaecutieal 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 the form prescribed by a governmental agency regulating the manufacture, use or sale
of pharmaceutical products, which notice reflects approval by the agency of manufacture, use or sale

were performed in e-drigd rotmd bot®gned or ¥
rubber septa under a positivg sure of argon, unless o S
liquids and solutions were trahsferred via syringe or stain ?SS steel eannula. Where necessary (so
noted), solutions were deoxydenatet by alternative freez&1liquignitrogen)/evacuatiofi/ thaw tycles

(T.f. three iterations),

vacuum). Flash cold@mn ¢ marography w i ica g&l (0 ANStand? s¥
described by@l?ﬂ q{i% (S .; Kapn, I‘%é’r\/li @ A, b g Chemf&?&@, 2dp3-292 O
incorporated herein by referg A naI?tRxﬁl thin-layer c omat raphfavas plrformgd using glas3e

plates pre-coated with 0,25 fam 238-400 mesh silica gel igipreggated with a fluorescgnt indigator (254
rim), Thin layer chromatography plates were visualized by exposure to ultraviolet light and/or exposure

-
S

to eerie ammonium molybddfe or afi acidic solution ofp-afisaidefyde followed by heating o} a hot
plate. [001161Materiajg. Copimercial reagents andgolvents were used as received w

exceptions. Chlorofffmethyisilaig. tricthylamine, @fisopya ine, 2Y2 g,?-ame ridineY NJ
AP,An-tetraMgﬂ)fyIﬁthyle di@n ne, DMPUBF]'M R4, and drisertrjoﬁa Bttiylami |2 g distiII@erom
oF ne, dichlorg etﬁa?be, ethyf etherf methginol, Ro

calcium hydride underdinitrogen ospifre. Ben3

cetonitrile, N,PI-ditne 7ylfon mide, and tg ere
R+ Rq Rz R4
(R ) (R8)n 4 Y
Y 8/n \<\/ Y \<\
0 o) O
SRy N SRy O Rg
R, O R, O
[0087] Compounds of the formula below with a heterocyclic C-ring:
Rs

R R% RB
~ S OH

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 method of Pangbom etal. (Pangbam, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R.
K.; Timmers, F. J. Organometallics 1996, 15, 1518-1520; incorporated herein by reference). The
molarity of n-butyllithium, s-butyllithium, and t-butyllithium were determined by titration with a
tetrahydrofuran solution of 2-butanol using triphenylmethane as an indicator (Duharnel, L.; Palquevent,
J.-C. J. Org. Chem 1979, 44, 3404-3405; incorporated herein by reference). 1001171Instrumentation,
Proton nuclear magnetic resonance (1H NMR) spectra and carbon nuclear magnetic resonance (‘'3C
NMR) were recorded with Variaft$nity/in6Va 600 (600 MHz), Varian Unityllnov %‘SQ,QSBUCMHZHZS
MHz.), or Varian Mercury 400 (40Q;MHz/100 is'Hz) NMR spectrometefs, Ghemigal §:hifts for protons

are reported in_parts permilliop~scale£3 scalg) dowmndield fro gthyBilane anetare refdtenced to
residual protj@ e NMR CI3:'§ 7.260C805 CDHCI2:
65.32, (CD2 dC 50: 62.49 iftg/for carbon a in | ol 20 (6 seade)

downfield from¥etrametbyfsilangaad are refefenced to the carbon rest -
8 77.0, C6D6: 81128.0, D;COD:i8498. I[CD202;853.8, (CD3)28:|_§ 395). Dat & A
follows: chemicgﬂpshift, multiplicﬂy (a :Osinglet, d = doublet, t - triplet, g = quartet, m niultiplet, hr =
broad), integration, coupling constant in Hz, and assignment, Infrared (1R) spectra were obtained
using a Perkin-Elmer 1600 FT-1R spectrophotometer referenced to a polystyrene standard. Data are
represented ows: fre f tj I L rption (s - strong, sh =
strong broad@%iedium, le(/% ;ﬁ?@gﬁé?%ﬁiﬁ%@%ﬁ)ﬁ’ ;%Qdéggi%gﬁéﬁgjg%&%ﬁ?pgropriate). Optical rotations
were determiradaydabased i w370 gl porshisrlie ot fpetaniRh JAWGRPISAD source using a
200-nL or 2-%%‘%[ution cell. High resolution mass spectra were obtained at the Harvard University
Mass Spectrometry Facilities. Microbial Dihydroxylation Product RSI: EltnE6;e Ci0 Preparation of
Glycerol Stock Solutions 1001181A Icaligeneﬁg ¢ h@éPB)Q cells (lyophilized powder, 20 mg,
generously supplied by Prof George D. liegemaf(Irdigha Uniyersity); Reiner, A. M.; Regeman, 0, D,

Biochemistry 1971, 10, 2530.) were suspendg fitrient roth\ 5 mk, prepared by dissolving 8 g of
Difce Rai:IQ@ Nutrient Broth in | L of nanop er folloyved pY sterilization in an autoclave at 125
oP

O() in a 20-mL sterile culture tube. Aqueg}
O ©)]
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; -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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sodium succinate solution (16.7 pl. of a 2.5 M aqueous solution, 5 mM final concentration) was added,
and the culture tube was shaken at 250 rpna at 30 'C. until cell growth became apparent (3 d). An
aliquot (250 pL) of the cellular suspension was then transferred to 5 nal_ of ilatner's mineral base
medium (HMB, see paragraph below) containing sodium succinate (16.7 pL of a 2.5 M aqueous
solution, 5 mM final concentration) in a 20-mk sterile culture tube, The culture tube was shaken at 250
rpm for 2 d at 30C, whereupon an aliquot (25004) of the fermentation solution was subcultured in a
sterile Erlenmeyey flabktconiamisiy SOiviy.offliMBl am dejrsousisogion: SUttmasysonisi (167 jiL of a
2.5 NI solutior, 5 triNI final c ati Th k aken: qg,ﬁdqmr 'V, The
resulting sol&@g%x&igél}{lég)& éqlggg%%foar %e%r’e%g?g’lgn faglyclée’rgi%tock slgﬁtfgéfé%ﬂﬁﬁgportion of
the subculturadchetitatayduispensitn (5 ink) was diluted with an equal volume of sterile glycerol, and the
resulting solution wgs di 1? u g ' =M. il fiubesLihg aglividual stock
solutions were thenﬁsstc{)%rg{l %tg%%g Yo%ﬁh%%rj;g?ﬁﬂ%g? I ggs%}%l\%ggﬂ% [00115)}2%#&'5 mineral base
medium (1iNbBnalzs! prepaned dsdollipheti S olig poeassivthich yabeiidedsuomsgh siBddissolved in 500

i of NanopyE MAISGIN A h FIEAMEES sk Nidleiaeeti add A0l madnesium sulfate (253

rag), calciumc ydrate monium molybdate (0.2 mg), iron (Il) sulfate (2.0 mg),
Hutner's Metaibcwsidition ( swhktiseed parammeptitbeiowarahed onivnbrsaratd pryd gybpbtaissium
dihydrogen pho (2.7, I i phegphataheptahydipte £p.36 g) were
added seque%g%q%%éﬁgﬁu%ﬁ%igﬂﬁgr I%gﬁ f@%a é\})%%@r%fehgfﬁ%i_ag?ﬁgthe plﬁ(%vv%Es ggjusted to 6.8
with concentta(Bd)hydhectiloriecheickurrasnediRmisvadependirsly Byrsifiragieon aPs ¢e&Eng in an
autoclave. 100120 nar's. 4 ' I I ulfuric acid
(100 1) was a g e B e ok, i 0 TA (050 ),
zinc sulfate hegtabyrtarei@y201pxivoarylayysuiaréitie prariyeieitentiom plkslspdnel) sulfate (0.39 g),
cobalt (11) nity: r ' e decahydrate (36 mg) were then added
in sequence,ggfgﬁéé?éy &rgr?ﬁ(a% lr%%)b%{]ﬁg%avg%?téﬁglﬁﬁrégfhydrox lation of Sodium Benzoate
1001211A sterile piffetie tijeniad Svnakedawmsonpisting fideydragtib letogRiesEiséiédMlution to
produce sma rﬁ%@(@%ﬁa@%@ B IRELO- MRS NG RERID Ase iRl MECErlenmeyer fask
NI S ha) an

containing 1- agueous sodium succinate solution 0 40 pi of a 1.5 M solution, 5 [P.M
final concentrationytTred Bhsk waSBh4lIn-8C260 T pmatky thimpdine, & Qename iy nth) of the
White,_ heterolgl%@l?é) %g(aé% Wag,ir sgfed u_sing a ster_ile pipette to a mammalian _ceII gr_owth _jar
containing H ’L) and adqueous sodium succinate solution (20 InL of a 1.5 M solution, 5 inNlI final
concentration). The fasvizdepcadaredysislackst fikreths aroienial tengrirhidre &MU &/; cotton-filtered
air was spar . I, t ' r olution was treated with
agueous sogﬁ%t%g%ﬁg)%ggl %Eﬁ%ér?%ldé%&%é%ﬂ{%eE&%ﬁ?&%@gﬁaﬁﬁgﬁ fodium succinate
solution (10 nvgrapayt|sbviemilitdfMrindecing dihydroxylation. The resulting mixture was aerated
vigorously for 6 hours at an internal temperature of 30 'C. Afterjnduction, sufficient aqueous sodium
benzoate solution (24 to 480f a 1.0 M solution, degéntiing-oft the rate of consumption) was added
hourly to maintain a concentration of 10-20Fha)hl-4—(deter} ingd by UV absorbance at 225 nm). Aqueous
sodium suecinate solution (10 na, of a 1.5 NI solut as ed every fourth hour. These additions
proceeded over 18 hours, then the solution was aerated overritjht at an internal temperature of 30C,
to ensure complete conversion. The fermentation broth was centrifuged, in portions, at 6000 rpm
(Serval! GS-3 rotor, podel Sk ASMAR REEMAYRLEUNAE majeyialc Ths sunaimataniwasiaepeentrated

to a volume of 400 mL using a rotary evaporator (bath temperature <45 'Q. The concentrate was

cooled to 0 'Chasiethisdwnenirashedplizhatissivig o Ae epvatec abRiEBId RY4RSERIESEid. The acidified

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)Ra; -CO2R4; -
CN; -SCN; -SRy4; -SOR4; -SOsR4; -NOs; -N(R)z; -NHC(O)R4; or -C(R4)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;
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aqueous solution was extracted repeatedly with ethyl acetate (S x 500 inL, 4 x 800 aiL, 8 x I L). The
ethyl acetate extracts were dried over sodium sulfiite before concentration, using a rotary evaporator
(bath temperature <45 DC), providing a pale yellow solid residue. Trituration of the residue with
dichloromethane (2 x 200 mL) followed by drying in vaeno afforded pure

(18,2R)-1,2-dihydroxycyclohexa-3,5-dionel-earboxylic acid (DRS1) as a white powder inp 95-96 "C2,
dee (38 g, 74%, [a] D -114.8 (c 0,5 in EtOI-1), lit., [alp -106 (c 0.5 in EtOH) Jenkins, (3. N.; Ribbons, D.
W.; Widdowsathux, dyl Slgyviticyihid, dyliitljamsd alkylanOive miaBatarmiaskihehenssy l0x995; 2647.).
Epoxide DR%rzﬁeteréé%/\fﬁéd rIEnrdlCe)té}\,(;a'. OC);:friHo LA.1
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(=O)Rg; -CO;Rg; -
CN; -SCN; -SRg; -SORg; -SOsRg; -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 or a
protecting group; and
n is an integer in the range of 0 to 3, inclusive;,

to form the product of formula:

R1/’ R?‘iR%‘ 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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DIES10On CO3K 53% NO DRS1 1001221tn-Chloroperoxybenzoie acid (inCPBA was purified as
follows: 50 g of 77% mCPBA (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 Nal804 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 mirt to a suspension of the microbial dihydroxylation
product DRS1 (8.10 g, 51.9 mincil, 1,0 equiv) in ethyl acetate (400 nit) at 23 'C. The heterogeneous
solution was stireettdanylibidimihiery was dilliteclapitteGeteAsnen@ofishill)iade sared¢orstianke
supernatant was decanied,and the.salid (ede A VAR W BEREENS R SdRpinTne

resulting pas?}% Id was dried In vaeuo to provide the epoxide DRS2 as an amorphous white powder
(7.36 g, 83%phtod 18] whis7beaz0sMMRY£00! Mk MEDBe Bilessabstiated11,9.6, 3.9
[0089] In another embodiment, the enone is reacted with a diene in a Diels-
Alder reaction to yield a tricycline. The enone of formula:
R% Ry,

]

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, -CIIC(OCH)), 5,92 (dd, 11-1, J= 9.6, 1.9 Hz, -CHC(CO2H)), 4.40 (d, 1I-1, J=1,3 Hz, C11011), 3.58
((id, 114,1= 4.4, 1.3 Hz, CHCHOH), 3,49 (ot, IH, =CCHO); 13C NMR (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 (m), 1255 (m),
1230 (m), 1084 (m, (7-0); HRMS (Cl)calcd for (C71-1805-(1:41-141+ 190.0715, found 190.0707. 85
lfaip2c14L112413,1: 1 .N'tS1.1111N2 1:11301-111>enzme. 2. T131.1011r, E11:11,1 0f.11\3, -60
23'e ALP TES02C:113 TBSO 04331

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 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:

/

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 solution of trimethylsilyldiazomethime in hexanes (2,0 M, 25,5 ML, 51.0 minol, 1.2
equiv) was added to a solution of the epoxide DRS2 (7,36 g, 42.8 mnio), 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 azeotropie distillation from benzene (2 x 25 mE), and the dried solid was suspended in
dichloromethane (200 mL). Triethylamine (20.8 ml, 149 31111101, 3.5 equiv) and | eributyldinethylsilyi
trifluoromethprigesuifgnatan(9.4 ml, 128 mmol, 3.0 equiv) were then added in sequence, providing a
homogeneous solution, The reacli | irred at 23for 30 min. An aqueous porn urn
phosphate buffer sé?u%lilgyplglro?.?fk%a? i(/!l?%%%\?éﬁﬁo%&édded followed by diclaloromethane (100 m1).
The organic phase was separated and Briegf ﬂﬁer 330 y&ﬁous sodium sulfate. The dried solution was
filtered and the filtrate was concentrated, ffo diglg &brawn oiIOThe product was purified by flash
column chromatography (5:95 ethyl aeg Nexiines), affoyding\the epoxide DJ131 as a light yellow oil
(12.4 g, 70% over 2 steps). R.T0,50 (1}¢ ehex cs)/'/ H NN4R (400 MHz, CDC13) 6 5.95
(dd, 3.4 Hz, =CHCOTBS), 5.89 (ddd, N 9G2S HZ, CHCHOCCO2), 4.63 (d, 1H, /=, 3,9
Hz, 02CCCHOTBS), 4.42 (m, 1H, -CCHOJB8), 8.7®5/|3H, OCk}3), 3.31 (d, I H, j 2.0 Hz,
CHOCCO2), 0.90 (s, 9H, C(CH3)3), 0.89 &, 9H,CX"CI¥31.3), 0.09 (s, 3H, SiClI3), 0.08 (a, 611,
SiCH3), 0.07 (a, 3Hwhiteld B); it 3GINE ( hOIB M z,yCROK3)F dik) 21bE88RIEd 12 216516881884, 59.7,
52.5,52.0, 25,9, 25.7, 18.3, 18.2, -4.18, -4.27, -4.45, -5.21" FTIR.(neat), ctrill3 1759 (in, C=0), 1736 (s,
C=0), 1473 (ﬁﬁ“ﬁ%‘%"(’b&)‘,‘%@%&%&j‘, ‘?H%ﬁtt& PP iiiiyf%rh‘f’ &3%‘&‘8%@ 2{% oo ,g‘ét}fgeém); HRMS (ES)
nilz Gated fob{£RhEIRGONDIRY AL RREBafipiad 4 di2RBtelboxanohbMOZE thethod #):

1001251 Triethylamipe (37.5 rp,I" 0.269 mol, 1,15 equliy), 4-.(dimethylamino)pyridin g, 2.34
mmol, 0.01 e‘éfﬁi n (ﬁi ﬁ?é’i%&%%séﬁ%e rc?\?SH%Sea E‘i%é%prrﬁﬂflé?éé@ ‘#nof,aﬂ?%ae%/rg;j\i?)s%bés%g%g%ed in
sequence to arsekitiantofdheedachal MGaLL(priephhettioatwiy <dBas HOMCorMTICIalN.Reitable methyl

3-hydroxy5-isqxa arpoxyl S previous par y: Rei , Seh .. Laschat, S.; Jager,
V. Eur.1 Org .@15@5?99%?%7%@? )%@8 g%@zﬁﬁ&%ﬂ%%@ﬁ%%?d%h%@gg}étr@é‘% 50 MO at 0
'C, The reactiorlmixturenesigas iatiptadartB: a2 hydhegewaspoorectng gtedp adfordiiplatin orange oil,
Chilled din-telly:amine (condensed using a cold finger. with dry ieelaceton . 480 mol, 2.0
equiy) was ab‘EyPéSWOa:h&ﬁS{ﬁﬁ?épgf‘ i cer%orlallgt é rtl)l"fcﬁ'rlpep<'(;)1lre\e{:¥8f’aalglovr ?amn%lf%ﬁ\ﬁiﬁﬁ%ﬁ%%tﬁfﬁde (150 triL)
at 0 'C, providikg»y hayloggnakgl SobytoyltHibeesaluticikyhsstior elladit 020G rfor iz riremlovas allowed to
warm to 23 C; stirring was continued at thaf temperature.for 24 h. The solution wag partitioned
between satu?ﬁ[’é:’geﬁ%ﬁ%%?ﬁ}g %%FEX’\ |(S:§¥qéngta§ rcﬁﬁlﬁoer(?-g ine fié)fls 0 I’Ekltl(% an’? etr%ﬂ
acetate-bexames dikxle 5§ hdlfjirfhlee itganicedhadestithbeseparaiedsad dvithishibd witkebtine (2 x 200and
dried over an%dr(%us sodium sulfate The dried solution was filtered and the filtrate was concentrated,
furnishing a Brown Y&&idue. The product was purified by flash column chromatography (1:4 to 1:1 ethyl
acetate-hexaft)$)] affordiniy e isoxeacie MGG RS thdighingeltowacitd4ith gnzaden of a

phthalide or cyano-phthalide. The enone of formula:

R% RE

OoP

O O

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)R¢; -CO2Rc; -

CN; -SCN; -SR¢; -SOR¢; -SO,R¢; -NOy; -N(R¢)2; -NHC(O)Rg; or -C(Rc)3; wherein
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RI1 0.34 (1:1 ethyl acetate-hexanes);NMR (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 NMR (125 MHz,
CDC13)6171.9,171,2,136.1, 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 (m); HRNA4S (ES) ftilz ealcd for (C(3H16N202)4.232.1212, found
232.1220. Isoxazole MGC4: (CHthNft NNW --* :Ci"C 79,6 100126]Chilled dhnethylamine (condensed
into a reaction vessel submerged in a 0"C bath using a cold finger with dry ice/acetone, 106 mL, 1.94
mod, 2.2 equisdasatded df vvisedipendemiye toydreghntjerpofttietigaarpleniB iR isrepared in two
stops from glyoxylic acid as reported by; Pevarello, P.; Varasi h \ 22,1939.)
(174 g, 0,88 s 856?&;’?&’%{&% o‘ﬁ'xf??(e*’(‘éWL{*}S’*¢&WH§*R§§‘8§§%?§§§ g ggigrre at 0C for 2 h,
then the coolitigpkathrylas yestiotedo gl tieiac tiorinmixtidamasoatialiedaninarhs i 28y®xstirring was

continued at that temperature for 8 it The mixture was partitioned between brine-saturated aqueous
Reteromyt .
T NC Fro I %160

sodium bicarBonate sotu nr(f:lf:%.S L) and ethyl acetate (1.5 L), The organic phase was separated
and the aqueous pHass Wadrdgethérabogeactad ity ethyyliacsthstt(@ed 400nsbstitigbrganic phases
were combined and dried over anhydrous sodium sulfate.. T ' S0 gqlqlg quggred and the
filtrate was cgﬁ%necri\lﬁa ed'to %’i“\lfi)ﬁﬁ‘}n}‘/}g‘ 8??%%0 %ﬁl ?é)glfl(f%cgl?hgtﬁlgﬂ?rir{natéon ofua white precipitate. The
concentrate \wems fitier ed artdaheh édt taternd pbetcenisticd cprovidmng stivlisder20#GC4 as an orange

oil (143 g, 79%). An.analytical sample was prepared by flash o r g ; 2:8 ethyl
acetate-hexa‘rl]%%)srfngﬁgra%% nﬁﬁtﬁ%%lss{g%ego (relfﬁ%?gsji tau§ %i Iaem ygﬁo(%/g %}%%%C%% O?Sé?(l)%?ﬁﬁgﬁyl
eicetate-hexaneskubiitiiRr{3a24H nbRELE) BBc26a(s); HARNYY; 3E3BR2HEMRN(EH3)2),

i1 3137 () 200t B2 O 2 08 (. 1060 T L it IR (i T (0B (o). 20
(m): HRMS (EShraézuwcadacefof RG6HDBeNa0ld1)y 2040988 foundte¢ingPpoup, 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; -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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ISO'S awls MGC2 (Method 13): bengl a Icahol Nicti3)2 it MGC2 Ns, 120"C: MCC4 63%

Rq
S
(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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1001281Sodium metal (32.63 g, 1,42 mol, 2.03 equiv) was added portionwise over 8 h to benzyl
alcohol (1 L) at 23 'C. The resulting mixture was stirred vigorously for 24 h, then was transferred via
large here cannula to the neat isoxazole MGC4 (143 g, 0.700 mol, 1.0 equiv) at 23 'C. The resulting
light brown mixture was placed in an oil bath preheated to 120 "C and was stin:ed for 20 h at that
temperature. Ethyl acetate (2 L) was added to the cooled reaction mixture and stirring was continued
for 15 min. Aqueous hydrochloric acid (1.0 M, 2 L) was added _and the aqueous phase was separated.
The organic phase was further extracted with B/yo 800 Rgor&éns of 1,0 M aqueous hydrochloric acid.
The aqueous phases were combined and.the pHadj X

fusted To 3Dy sloy addition of aqueous sodium

hydroxide (6.0 M, approx. 350 m14, Th€'res i@ acted with d ichloromethane (3 x
dried over an sodium sulfate. The dried

afedNyeldingthe isoxazole MGC2 as a yellow oil (I

500 inL), The organic extracts wEtercombinel

solution was filtered and the filtrate was % :

02 g, 63%). An analytical sample was prej ly flash cdliiih chromagtography (3:7 ethyl

acetate-hexanes, then 5:95 methanol in ethyl ac@tate),gﬁordiﬁg the isoxazole MGC2 as a light yellow

oil (spectroscopic datheneas RientigatogehzhDdbgameydore mateyidioprapstite dsyoneBds RPtECS:

;\FAI?_SEI; STEEn(r)flal\r{I(%g c->rrBu§1 faA0 eg%%pL%%%;%%%ﬁ‘cso%l%g}qaief &M@d{gﬁ'&r r&ﬂ%@ﬁﬂﬂ&i (2.47 M, 16.0
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)Rp; -CO2Rp; -
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 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 IL
whereupon a solution of the methyl ester WM (9.82 g, 233 1111110], 0.6 cquiv) in tetrahydrofurart (6
triL) was added dropwise via cal-1mila. The transfer was quantitated with twoportions 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 mid) was added. The biphasic mixture was allowed to
warm to 23 Qrthenmasexraetedinithdiehigrormtisare demedooyidiay-TFHE By aFFe BI extracts were
combined angl, p@%ﬁl\{&%’i‘éﬂw 8@%%&%@&8%&%@&8&1 SRMUHRMWAS filtetrdandibe filrate was
oVl ellow oif. The produ

concentrated, p ingay ct'was purified by flash column chromatography (1:9 to
1:3 ethyl acetatésthaianesibiatiosdifih tHetkestonia MBGESaeda 1§ HMASIIWY S6TH OB 1c7394).

PIMRJ-0.59 (1: . : 447 . 5H, Avril), 5,90
(ada, 111, 3 S R A e, e o oh

OCH2Ar), 4.58(plaifliceels 2udk ay@CE HENS) [ 2y qthersimboimentBth aoomppurds 18his Hz,

CHH'N), 3.77 = 45 6.H7 CHHN): 4 y 2425 (s, 6H,
N(CH3)2), og{ggé,dg'lﬂh, %‘%gélsf)a}%& 3({(}?,1 ‘gl Cé%?:sklée%%aﬁ% é’&%@%ﬁ?@%ﬁéﬁ%ﬁs, 311, SICH3),

0.04 (s, 3H, $0891B), -0.07AGIBLUSSICHBYEL 8© NFHRA{IRFEMIIR, ICDEESy 9yl 8ompedses 9, 136.5,

1355, 1260,1207, 120,098 3, 7300090 07 L 14,0 TR Su 002 2ol 183, 3.1
13.8,-3.8, -5.1° MK (neat), cm-1 2952 (3, CH), 1682 (s, C20), 1594 (s), 1502 (s), 1456 (m), 1097 (s,

C-0), 774 (s)AKRIvIS (PARY triztearidfor (@B2HS19dicrbeSiditieaydne3Hng oy eféiaNg 637.3097,
Ketones MGG and MG(C2, 200610013 dRelddtidmrflugiometnanesdiargts; /6.0 mg, 0,490

malol, 0.05 equiv) was added to a solution of the ketone MGCS (6:02’9,.9.80 mmol, 1.0 equiv) in
toluene (500 inti)egtatiey CATRsdiaslititg anethes geprss 08 hgHrgess inaRtive WRATBRESEHIRA an oil bath

preheated 10 65650033 HUGHA WALIETASIBWIE fOK R o sAClan wiyras corded o 23

"C. and was filte e solids were washed with toluene (50 mL) and the filtrate was concentrated,
providing a yehowaindsiie diswiied beavisd anidrpismalty ermtriifes-fithsrorsatic abigeeeriables mL)

and the resulig, mixie e SINGR A3 R0/l o Adumous Rdbiseraraiassalin (800 riL)

was added and extensive gas evolution was observed upon addition. The biphasie mixture was
extracted withneisthgd dipies! (horapoOtinEReRE the cHoRiiRs ertrapieraiipbagent or another anti-

proliferative agent. In other embodiments, these compositions further comprise an anti-
inflammatory agent such as aspirin, ibuprofen, acetaminophen, etc., pain reliever, or
anti-pyretic.

[0094] It will also be appreciated that certain of the compounds of the present
invention can exist in free form for treatment, or where appropriate, as a
pharmaceutically acceptable derivative thereof. According to the present invention, a
pharmaceutically acceptable derivative includes, but is not limited to, pharmaceutically
acceptable salts, esters, salts of such esters, or any other adduct or derivative which
upon administration to a patient in need is capable of providing, directly or indirectly, a
compound as otherwise described herein, or a metabolite or residue thereof, e.g., a
prodrug.

[0095] As used herein, the term “pharmaceutically acceptable salt” refers to
those salts which are, within the scope of sound medical judgement, suitable for use in
contact with the tissues of humans and lower animals without undue toxicity, irritation,
allergic response and the like, and are commensurate with a reasonable benefit/risk

ratio. Pharmaceutically acceptable salts are well known in the art. For example, S. M.
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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 (1:9 to
1:5 ethyl acetate-hexanes), affording the ketone MGC6 as a white foam (3.20 g, 62%) and the ketone
MCC' as a viscous yellow oil (1.68 g, 28%). Ketone MGC6: 1001321R10.52 (1:3 ethyl
acetate-hexanes);?0OAR (500 MHz, CDC13) 87.45 (m, 211, ArH), 7.36-730 (ia, 314, Aar), 5.96 (bs,
111, -CH), 5.45 (bs, 11-1, -CH), 5.32 (in, 2H, OCHWAr), 5.3% (bs, 1H, CHOSI), 4.15 (d, 111, J- 8,8 Hz,
CHOSI), 3.5®B(dge t1 abrdRsgribe, iorrTcesiRplly, 3acepiebl isatisendstalan [nShapnaselyiensg (s, 614,

NICLI912), 0,90 5, 9K GIGH103), (1653t 1BHH3) Rl I SIOHAC NUREAOD MHz
C6D6) 8 189.2, 178,3, 168.6, 1353 128.5, 128.4, 128.3, 125.4, 106,4, 79.8, 72.3, 72,2,67.1, 63.6,

42,9, 26,1, 188, durpg the fingl Rqlasar smpasicriiss, oty eamsoplsolihobystion9s 1698 (s,

C=0), 1617 ( a}égﬁr réaQ:ﬁ%é?hgﬁ% 528 faliRMR,(GR) E[‘s'{l?ttaglw%ggﬁ?ﬁc or inorganic
(C261-136N206S1+1071)+ 501.2421, found 501.2422. Ketone MGC7: 100133]RI' 0.64 (1:5 ethyl

acetale-hexatigd), FaiplR Sutmmecehet sreconsd e entoyic acid pddipp patissprersabspf

3H"AtsH), 5.94 (Al 5ol 5 87 & 7 ROHGH AR Soh 578 oMbk &8 HEGGHERE), 537 (d,
111"1 :cc 12.2 Hz, OCHILFP11), 5.32 (d, 1H, 1 =12.2 Hz, OCHWI3h), 4,09 (d, 1H, 1= 2,9 Hz,

HOCCHOSOraiKoBhEsPhrrioagid 338U, 2014, 30¢ Preshiorssiyl & 70T ERNIF A818SISYChERI3)2NCH),

2.46 (s, 6H, N(GI11302),, Q19 +3d Ia1GCHR) ) Qe ald Hibr fo el 03 A OR(S, HnSiakd3), 0.05 (a,
311, SiCH3), 0,04 (s, 3H, SiCH3), 0.03 (a, 3H, SiCH3); '3C NMR (125 MHz, CDC13) 8 194.9,
173_9,170_5,33'151_3; hgzl_sg'r,lggg;gr, m@ngsgq in the art such as ion exchange. Other

pharmaceutically acceptable salts include adipate, alginate, ascorbate, aspartate,
benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate,
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, C-0),
774 (s); HRMS (ES) naz ealcd for (C32H50N200Si2+1-1) 615.3285, found 615.3282. Alkene DRS3:
l. 'Ph3, DEAD 2. N13SH 7 4% MGC6PRS3 1001.341Dieth.ylazodicarboxylate (472 L. 3,00 mewl, 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 minol; 3.0 equiv) in toluene (6.0 mL) at 0 C. The mjxture was stirred
at OC for 90 mipishasuboiateslatiotrts 2aebdpsieas h FERPHT ARMe (BB HdPS.00 mmol, 3,0

equiv) in tetr%ﬁ¥9ﬁ’3¥%@@a(%?g§) dedifropdsgaia cannula. The resulting mixture was stirred at
0 'C for 10 mm, then was allowed to warm to 23 '0; stirring was continued at that temperature for 23 h.

An aqueous pHtdEsium phBspih@t@@f@_ﬁﬁl@é@mﬁWh@ﬂ@@‘}@?ﬁ%@?%ﬁ@f\%@&tﬁﬁe&%‘ﬁﬁhe resulting
hipbasic mixjyie.yesr (B Ao HIE bR iARGd I ifelhe RiGARIG NI EN/Cre combined

and dried over anhydrous sodiurh sulfate. The dried solution was filtered and the filtrate was
concentratedy hovithingcaneetibw iddgedivhe sieaeet watebarfaeassy TSPt e OsRRES graphy
(95:5 to 1:9 effy| AGRAIG BIARSIInAHO IR R AEERA P RRAAT 2NBISSRUHIHRE O 1A %).

like, commensurate with a reasonable benefit/risk ratio, and effective for their intended
use, as well as the zwitterionic forms, where possible, of the compounds of the
invention. The term “prodrug” refers 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); H NMI( (500 MHz, 01)03) 7.46 (d, 2H, J- 6.8 Hz, ALE),
7,39-7.34 (in, 3H, Alf), 5.81 Om 111, =CHCH?2), 5.55 (dd, J- 10.3, 2.0 Hz, -CHOOSi), 5.39 (d, 1H,1=
12.2 Hz, 001-11-1 'Ph), 5.35 (d, LH,1 = 12.2 Hz, OCHIIPh), 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, 311; SiC113), -0.13 (s, 3H, SICH3);NMR (125 MHz, CDC13)
6 191,5, 183.3, 167.9, 135.3, 128.8, 128,7, 128.5, 127.4, 106.8, 78,3, 72.6, 72.0, 67.9, 60.7, 43.0,
42.1, 26.0, 26:8iR&6 AR1Ras4G0EH0HETARI (gmt)sitony W3528 (is O, BB TH), 1702 (s, C=0),

1600 (m), 1507 (s), 1092 (s, £O), 1061 (s, 0-0); HRMS ( in/z. q- 5Si+K
485.2472, 1‘010j(r)1t(§g ﬁ%ﬁ%ﬁé??%%?pﬁé’ﬁ:’ ﬁ%ﬁﬁ%ﬁ%c@ﬂ‘&gggd%gg éﬁ%ﬁ%@} én%r%n%ll,’ %%Q Le%%iv) and a
solution of tetrahutylamyhorigipdiliortesnuctrahsdisdfolate @ ahyl bansik; asay PHRGINE 0 equiv)
were added in sequence to a solution of,the olefin DR 23 mmal .. V) in
tetrabydrofur%e‘%%éur%fsa%g&?%%qﬁggmﬁhge I?él t%l%i% éﬁ]ut'ongv)\(/gisZ ’é’[;iirgrqeatlij‘a g%%a %?g%ﬂmin, then
was allowed feeevantertd@8oficstiting Ragaonsiviutdratthgt abwipdrand liopBaie Piéfeeaction mixture

was concentrated, providing a brown oil. The prod Jrifl I omalearaphy
(L:4to 1:1 etﬁ‘;’/sl“gé’gtsat% ik kA ding T g°&f’3%%@@i‘§§%@v%§ﬁvﬁﬁgogg}m% mg, 76%).
[001371Rf 0,38 (hdgethiyiacatatge) exarts)sNMR (GO MEz  CRENSRECTIS ICOAYE GRETHTL, AH).

7.42-7.36 (m, 3H, MU), 5,84 (in, 111, -CHCH?), 5 - = 5 ), 4.15
(d.8.1 Hz, Cﬁ?’)ﬁf}tf’%‘.‘é% %&Vf%fgﬁ%%ﬁgf%ﬁﬂﬁég&%ﬁ eﬁ%%}ﬁ%%@%%ﬁ&%’%céﬁ %%HOA 243
(dd, MT= 7.7pfefetin HECddipdsiliod, 38denjibkl fo CCHHYNEMRS the&ymsn#t@492 (w, OH), 3272 (s,
OH), 1703 (s, 0-0),1606 (m), 1509 (s), 1008 (s, CO), 732 (s); FIRMS (ES) nilz ealcd for
(C2011221\1205-(111+ 371.1607, found 371.1601. Cyclohexenone DRS5:

Uses of Compounds and Pharmaceutical Compositions

[0099] The invention further provides a method of treating infections and
inhibiting tumor growth. The method involves the administration of a therapeutically
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 0 H001Th ENSO g 4%. DRS4DR55 [001381Solid o-iodoxybenzoie acid (558
mg, 1.99 mmol, 3,0 equiv) was added to a solution of the diol ORM (246 nig, 0.665 ETEMO01, 1.0
equiv) in ditnethylsulfoxicie (5,0 rriL) 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 361,
Water (10 mL) was added resulting in the precipitation of excess oiodoxybenzoie acid, The mixture
was filtered and the filtrate was partitioned between saturated aqueous sodium bicarbonate
solution-briney 2:plRorAtUEIGE émypgs;igm‘t@og@rising an inventive compound to a subject 1n

need thereof, in such amounts and for 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 organic phase was separated and the aqueous phase was further
extracted with a 45-mt, portion of ethyl acetate-hcxanes (2:1). The organic extracts were combined
and washed with aqueous sodium sulfite solution (2.0 M, 50 ml.;), brine (50 mL), and dried over
anhydrous sodium sulfate. The dried solution was filtered and the filtrate was concentrated, providing
the cyclohexenone DRS5 as a light brown foam (206 mg, 84%). 1001391R10.15 (1:3 ethyl
aeetate-hexaries); 1H NWER (500 MHz, CDC13) 6 7.48 (d, 2H,1= 7.3 Hz, An!), 7.40-7.34 (m,
3H"kr1-1), 6,089 (mg/kg 10 BbOHOHY/ e 12oddouH).§ Emg/ke pogbew Hymekaclom sbesYin, 2H,

OCH2A, 4%?1(@/1%30 Ok RSl Lo GtV EHZIRN P2 B1uboiCES -CCH2), 2.48

(s, 6H, N(0113)2);93€ NIVIR (125 H%’, CDC13) 188.2, 182.8, 167.6, 149.7, 135.0, 128,9,
128.8, 128.6,M283 of 67bdecrdyre SgiBmer; d/50u208 B AtimEsR fayaly, Qi Ba4rsiedoH), 1707

(5 C0) 107%nfelc LAR0(TIRA 12l AR (3 DifY olif0:fod (BN E BhEGZ eplashes (C-20H20
20,3+H)." 369.1450, found 369,1454. [0014012,6-Lutidine (75.0 pl, 0,640 mmol, 5.0 equiv) and Serf-

butyldimethyldyylomifufemetririesumoatec g s 0hirddaBoeNRION 510 BN WRNEHE SYSHY sequence
to a solution gf the,cyelohexeaANE RRIAKE 1) B3l dni ER-mRAls iRk @aubiiasichioramsthane (3

rriL) at 23 'C. The mixture was stirred at 23 C. for 3 h, then an aqueous potassium phosphate buffer
solution (pH AdherdusTE multinlsdadestTienpisrasi mithine W5 SXGatitedWRP Gighloromethane

(2 x 20 trili) apd,the. organic extracts were.copings, aRshariesiAuarsaaRYspuS Sodium sulfate. The

dried solution was filtered and the filtrate was concentrated, affordiré%yghe silylcyclohexenone DRS6 as

a white crystdi®03blid (56ldauidglosags Yomos forjng 28d pesenierghadnirsnatippinglugsy but

acetate-texafshHNME (GORMECERAHRAEF Bkt om0 RAE, Stlufe). 694 (m

suspensions, syrups and elixirs. In addition to the active compounds, the liquid dosage
forms may contain inert diluents commonly used in the art such as, for example, water
or other solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl
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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=CHCI-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, =CCH?2), 2.78 en, 11-1, Q.CH), 2.46 (s, 6H, N(CH2)2), 0.84 (8,
9H, C(CH3)3), 0.27 (s, 3H, SICH3), 0,06 (s, 3H, SiC1113); 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), cm71 2942 (s), 1719 (s, C-0), 1678 (s" C-0), 1602(m). 1510 (s),
1053 (s, CO), 733 (s); HRMS (ES) tth Quiet! for (C2,61134N2CisSi+11Y 483.2315, found 483.2321.
Ketone MGC8anda4sil ces bleition o datinyhidiagriosibiciip ropmierecindétheerslas W addisian, $6.7

e o ke gaded i SR ALG BERUIEMESPaYanasized In 2 Sops o

commercially availa enzyFox enzyl alcohol as reported by: Hollinshed, S. P.; Nichols, J. B.;
Wilson, J. WI0@#5) ChemTheddjesab B7os) rt@ne caats siardizad ofetema)nAl e RAHY RSN (90 mL)
at-5'C. (Na t lighy; W9 WasHFed AL Giier AR inenoMasopartitioned
between satﬂggga%géggg%r%%b%? lﬁ?blﬁijd%e[}spluﬁgn (405%& 11%%1 e-_thyimacetate 400 mL). The
organic phassaniéssebdaarapsfiondridd deamndrindidrolis s oaliAR LSR8, STHBMRESHIROFH was filtered

and the filtratﬁe\{x{gesi %@ér&t&qugggyii&qu glight yellow oil (10.1 g, 95% crude). The product was
used without further purification. 1001431Sodium bromide (846 mg, 8.22 mmol, 0.25 equiv) and

2,2,6,6- tetratiBlogk-piperldinydexit Belongtieted piasinmot siie) drieblidediprstifuence to a

solution of they || I 'Iﬂ[@%g infaBniah L HLauly) Thistalystrofirran (30
rni.,) at 0 'C. ,%b %rgéjéﬁ@lpﬁgg%red solu?%ﬁ%%%%gﬁcﬁ%onatekzgggﬂmg, 8.22 minoll?O,ZS equiv) in

commercial Glyoribiszahb@tensewas baviéduepens wnef wast PIFBRPBOriSRAS AL mixture
prepared ab%ﬁf#&d@v&&%&ﬁ?&lﬁm. Biightueliow ixtiue astitedhvioaepusiy abohGdor 1.5 h

whereupon so sulfiteg) was added. The resulting mixture was stirred for 15 min at 23 C, then was

partitioned betiteeidivsebit{@o® hieh, anthathylaacsntad 200 SDyStFhEzs ath e Yk LB a8 e parated

and dried ovet uiiydians o AR, b (st seluipacian Hiesedanciing flrate was

concentrated, providing a ligh “brown oll. The product. was crystallized from ethanol, furnishing the
ketone MGC9eomnlisiteddutidigsobgng Sovsrsuding degsyeiognail rehiglgopisstaisfepot

acetate-beximesyy %l%e(ﬂg}owﬂﬁg%&J@ch@tﬁ@haﬁices of the drug in biodegradable
polymers such as polylactide-polyglycolide. Depending upon the ratio of drug to
polymer and the nature of the particular polymer employed, the rate of drug release can
be controlled. Examples of other biodegradable polymers include poly(orthoesters) and
poly(anhydrides). Depot injectable formulations are also 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 NI:MR (100
KHz, CDC13) 6 202.4, 155.5, 144.4, 136(3, 28,9, 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); HRMS (ES) in/z eaied for (C15H1202fir+I)+ 304.0099, found 304.0105. Epoxide MCCIO:
LA efir SO, 2310 . 94% MG CO9MCCIO [001451Dimethylsalfoxide (90 mi.) was added dropwise via
syringe to a mixture of solid trimethylsulfoxonium iodide (694 mg, 3.15 mmol, 1.3 equiv) and solid
sodium hydrige (8% anteiydResalyc8:dls hAisnteBasiagi oSS WitheraaRHCPBitions of

n-hexane) at 23 CG. Vigorou oluti ved-upesadeitionmdiiarasWing chesdy gray
mixture was g%tll%r%n E’ft’ %%?é%c?rr%%ﬁrﬁ%ét ygpﬁg\{s@&%&dﬁgggketone MGC9 (8.(1)8 g, 26.5 mmol, 1.0
equiv) in dimeitbylstitfoxide {3 irgonisasearptrGim e RIRERTHFSE ITIRECEIGR: Aivas quantitated
with a 2-inh, porti ' ' easul] ge iR MNassiedayR3 'V for 35 h,
then was par%ﬁ%ﬁ%%%e%v%%ﬁ }gﬁﬁggéﬁ%@é?d gesteplﬁe%{éggég h%g). The organic Egﬁg}se ,Wa95 separated and

the aqueous Phelsd eraselyrtrol exmastedaiith ot Gbenkasushrikre Bt PPHEBIGSHY Hdses were
combined and dged veraantigL s sediimshiaiedim died selion was fiadaadine filrate was

concentrated, providing a yellow oil. The product was purified by flash column chromatography (5:95

ethyl acetateBbxitrespdatforainythe oM e thereoélchribi (7592 5Capavlss: 180 E1R10,90
(3:7 ethyl ac%ﬁ%?'ﬁ%@@?%@f&%@ g%g%msg?%f%%% i -52 (m, 61-1, ArH), 7.10 (dd, 1H,7.5,
rn , O. S,

1.2 Hz, o-.Arfl), 6.88 11, = 8.1; 1.2 Hz, 0-ArH), H, OCH2Ph), 3.03 (d,11-1, - 4,8 Hz,
CHEEOCC118)19%7 (d, 180lid-corsnasitionsetoariby, tyemay 3ho bowplayed sENR .00 MHz,

CDC13) 6 153;R:and hard-filled gelatin capsules using such excipients as lactose or milk sugar as
well as high molecular weight polyethylene glycols and the like. The solid dosage
forms of tablets, dragees, capsules, pills, and granules can be prepared with coatings
and shells such as enteric coatings and other coatings well known in the pharmaceutical
formulating art. They may optionally contain opacifying agents and can also be of a
composition that they release the active ingredient(s) only, or preferentially, in a certain
part of the intestinal tract, optionally, in a delayed manner. Examples of embedding
compositions which can be used include polymeric substances and waxes. Solid
compositions of a similar type may also be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugar as well as 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): HRMS (ES)Gated for (C;5114;502Bri-11)+ 318.0255, found 318,0254, Benzocyclobutenol MGC11:
1), 3 N1gE3r-s ->23 "C .57% (704c:300ftin reicaoMCC1 1001471A solution of MbULtyllitili UM in
hexanes (1.60 M, 8.25 mE, 13.6 mmol, 1.4 equiv) was added dropv,dse via syringe down the side of a
reaction vessel containing a solution of the epoxide MCCIO (3.11 g, 9.74 minol, 1.0 cquiv) in
tetrahydrefuran@erri(s) ahly,CprEfrergsliing yaltowisolutioh thamtwiiad secreotioral 20Mir,
whereupon a suspension of nesium bromide. (3. 1. : V)l nydrofaran
(25 nil.) was %\8%?@%/63 rglr?\?vrllgé' via cr:naﬁﬁsu ébe?ﬁégﬁgg%s%?%voa%é ﬁlﬂgrﬁ%&gﬁlg %ﬁ)hgg'\%\d)zl%%ﬁérﬁortions of
tetrahydrofurpelytiee cestifimyeicudywmictire was stirred at -78 C. for 60 min, then the cooling bath

was remove gid fe reagion miluc was oI 10, I A% TR IR brgamicloar upon

warming and was e reaction mixture was poured into aqueous Roehelie's salt
solution (10% fatiwinienyiandntiedesintingntaiyesteswersaexirdetion wittl e Pyivaeesrel ¢ona00 nth), The

organic phasgs Mere, MBS and driss over aniteys sodm aulajeud e aliog was

filtered and thB ftrate was contentrate , providi -white solid. The product was purified by flash
column chrométiograpiny {Le@ticall Dastivpt zid eterwribiexethersy, neffdedints thie akaesE P28 ES 8 BB Utenoi

MGCLL a5 a e Sal (1,573 726 AATHARIELL B0 Foh £ BFEIRIEIRANES): LH NVIR (500

MHz, CITK.13) 87,
contemplated as being within the scope of this invention. Additionally, the present

invention contemplates the use of transdermal patches, which have the added advantage
of providing controlled 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,
0-ArH), 0.75 (d, 11-1, - 7.5 Hz, 0-Art1), 5.35 (d, 111, I- 12.0 Hz, OCHHT11), 5.25 (d, 111, 1= 12.0 Hz,
OCHIIT10,),4.71 0rd, 1H, 1 - 5,5 Hz, CHOH), 3.31 On q, 111, - 7.0 Hz, CHCHA 2.21 (hrd, 1H, I= 7.0
Hz, OH), 1.38 (d, 3H, J- 7.0 Hz, CHCH:0; 13C NMR (100 MHz, CDC13) 6 154.0, 148.9, 137.4, 131.5,
128.5, 128.4, 127.8, 127.3, 115,2, 114.6, 77.6, 71.2, 50.6, 16.5; FT1R (neat), cm32A9 (m, OH), 2958
(w), 1602 (in), 1580 (s), 1453 (s), 1261 (s), 1039 (s); HRMS (ES) nilz calcd for (CH,H1602411)t
240.1150, fotineifen0 aresaiiBdiroegelstneest MBI reg ot ra dTFreanyfasine F386pi2le.41 mmol,
1.4 equiv) angtyi i ifi h g | iv) were added in
sequence to g@%ﬁio t%%%%@%%}ﬁﬁ%ﬁ]%%@%%ﬁ n%?%r%%ﬁ%ﬁ?g equiv) in
dichloromethaneyfestuie) wrexg @letheigheyafiountdiation was stirred at 23 “12, for 15 min, then was
partitioned between water (30 nth) and dichloromethane (30 snL). 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 henzocyclobutenol MGC12 (609 mg, 99%) as a clear oil.
[001501R10.6¥ 14 ethyl é@&%ﬁéﬂ@&aﬁé@mﬂrtmﬂmmssmmE}V@ﬁ@wﬁa‘ PR (m 511, ArH),
7.24 (m, 2H, %%B}egaqu( I Shstdgr s B b dwhds Ex ol wnhkiSidtefded kb 1- 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 (dg, 1H,7.2, 1.6
Hz, CHCH3),llustrate certain particular embodiments of the invention but are not intended to limit

its scope, as defined by the claims.

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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H42 (d, 314, = 7.2 Hz, CHCHZ3), 0.98 (t, 9H,1 7.6 Hz, TES), 0.56 (q, 614, - 7.6 Hz, TES); I3C NMit
(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) m1/25 calcd for (C22113002Si+H) 354.2015, found
354.2006. Vinyl Sulfide MGC13: [00151]Solid matidinium hydrobromide perbromide (293 rug, 0.917
mmol, 2. equiv) was added to a solution of the eyclohexenone DRS5 (135 mg, 0.367 ramol, 1.0 equiv)

in dichloromégtrahadw fey.dieane arpentslon Ndiutisrhddosmeeddagutd (lRINCEE Y57 for 17 h
:whereupon sodigm sYlfite (epomgs RhSuBimek 3. 2P8gHbmhwessddeddding rasultingrmbdure was

partitioned between an aqueous potassium phosphate buffer solution S‘pH 7.0, 0,2 M, 30 mid) and

dichloromethBnE ¢3RrssithRTKe SigunsespRasetiersasitiet 298 died thist 2thydrous sodium
sulfate. The %@ﬁﬁ&ﬂé@ﬂé{x@ﬁ fiftesed ad) theriliain g ERNR e proxigingiadighiksown foamy
uct w

solid. The prod as used immediately without further purification. r045 (2:3 ethyl acetate-hexar,es);

NMR (500 Mtbuighitieys wes datermined vyoiatisoaridh, artessalydrpfurag selubiomeby-Bewmed, 111,1 =

7,0 Hz, pﬂ“ibei@g‘%&éd%lﬂ«léth&é 8sOBiRii2abb @ G E D) Petguilietid, . X2.5 k%o CildAil-)3, 5.03
(d, 1H, .1 12.5 HZ, CHH'Ph),), 4.00 (br s, 111, 011), 3.25 (d, 1H, J = 11,0 Hz, CHN(CH3)2), 2.28-2,22

(m, 2H, CH2aRY9cf28494- 3405 (irrornarated dacw OHEIESOH), 1.83 (s, 611, Nc113)2); FUR (neat),

err( 3397 (nyg3t78063 (TsGARAMAIEL P41 (RTANABIWSNeASTAGRIATHENIITL (m), 1022
(in); FIRMS (ES) nil z caled for (C201710058rN2)+ 447.0p55, found 447.0545. 100152]Benzenethiol

(39,0 }IL, 0.378cAtimandicob e i epidne Brietiiratasrgs 6. 4 Oz sasesis b0 378 mol, 1.03
equiv) were @ﬁ%ﬂﬁ%@@%@@%@dqﬁﬁ%wmgftmﬁﬂrmsms@mﬂms (64N Vadfer mmol, 1.0
IC

NU ) inlsiaN-ditnethyllomnamide ) at 0 'C. The resulting dark brown mixture was stirred

vigorously at Blercrsy 280:6A00MER (ALY pAHINMER wesEarm ety dcataticabsBifs S PIoasePmL) and an
aqueous potassinm,pRASPHALR UG BRIHUCR RE'sELe)high¥in A M Ehe AL/NIGIRRASEWaS

separated and the aqueous phase was further extracted with two 15-mL portions of ethyl
acetate-hexanes ¢feton cEddorgadie pasesie tkedS MBinety el (FRdlover doh(dksls Sodivm sulfate.

The dried SORSIGRWAS 5 3 31 CDHCIy: 6 5.32, (CD,H)CD;SO: 5 2.49). Chemical shifts for carbon
are reported in parts per million (8 scale) downfield from tetramethylsilane and are
referenced to the carbon resonances of the solvent (CDCls: 8 77.0, CsDs: 6 128.0,
D;COD: § 44.9, CD,Cl,: 8 53.8, (CD;),S0: & 39.5). Data are represented as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, br = broad), integration, coupling constant in Hz, and assignment. Infrared
(IR) spectra were obtained using a Perkin-Elmer 1600 FT-IR spectrophotometer
referenced to a polystyrene standard. Data are represented as follows: frequency of the
absorption (cm™'), intensity of 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 @CO-;H
COzH - 0 .

H
74% HO
benzoicacid DRS1
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filtered and the filtrate was concentrated, providing a brown oil. The product was purified by flash
column chromatography (15:85 to 1:4 ethyl acetate-hexanes), furnishing the vinyl sulfide MGC13 as a
white foam (116 mg, 66% over two steps). i00153]Ri-0.47 (2:3 ethyl acetate-hexanes); 1H NMR (500
MHz, CA) 7.34 (dd, 2H, .1 7.0, 1.0 :Hz, o-ArH), 7.23 (d, 211, 1= 6.5 Hz, 0-ArH), 6.85-7.04 (in, 6H,
ArH), 6.27 (ddd, 111.1=6,0, 3.0, 1,0 Hz, CH-CSPh), 5,11 (d, 1H, J=12.0 Hz, OCHHTh), 5.02 (d,
114,12.0 Hz, O(.',HHTh), 4.62 (hr s, 1H, OH), 3.42 (d, 1H"I = 10,5 Hz, CHN(CH3)2), 2.44 (ddd, 114, =
20.0, 5,5, 3.0PHaCHRC B Gh27:2. S0 (haSQMII@II2CH, CH.2CH), 1.87 (a, 611,1\1(C113)2); 3C NivIR

(100 MHz, CREHNI0 188 9037411 92.50 10 BRI AoldF G A2 BrldRuy128.6,

128.4,128.3128.0, 127.8, 108.1, 80.3, 72.5, 59.8, 45.7,41.4, 25.9; PTIR (neat), crn.-4 3445 (w, 01-),
3056 (w), 294@ghpdisotrelyCeqee B, [depymesdingigna §00\eryt s GrRy: fu(silagrsnagm), 1333
(m), 1020 (inb.fﬂf'MBéﬁeﬁ)iﬁ@@ﬁ{ foy, 65362-12A0aNS3 LA Adiidddstofaysdiisd prftRdDiel-Alder

Addition Product'MCiC_:14 an La_ctorie MGC15: 1_001 41A. reaction vessel containing a mixture of the
vinyisulfide M@dis{IBE g o6 RifscaRaeh @ . Deeight) Brathtite lbeaz depesrateasT NrBered (P50 mg,

211 mmol, 77, equy A Alacestin 20,9boath prehssted (05, Gythe gt yellgusplution was

stirred at 85 &e or4 en was allowed to cool to 23 'C. The cooled mixture was purified by flash
column chrorsatognaphyifatd 8d0tiod Eiby ptethel fedbnps) erfldingntfendiéfenalder addition product

et e oy bl ST SRS 8 S0 e BESIB ORI R 58 e 390 o, o
MCC14: [001&R1gapvilY Bet 79 ¢ Gpiriet. B 5lf 2 Arethiyjuac €2aterigxeibs LeHuliviRI{pOG MHT AL 605)
67.27 (d, 2H’tﬁ§n7fr%1r§%ér?éaofrol_9 ’nZLO(gsf_ Zh%t%ems’ r%ll_lﬁl’e'rbz\ﬁtgés% ?nze_ 1ugrg ((Eﬁ’/IB, see paragraph
below) containing sodium succinate (16.7 pL of a 2.5 M aqueous solution, 5 mM final
concentration) in a 20-mL sterile culture tube. The culture tube was shaken at 250 rpm
for 2 d at 30 °C, whereupon an aliquot (250 pL) 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.
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100 31-1"AMH), 6,85 (6, 1H, J- 7.2 Hz, Ark!), 6.70-6.75 (m, 3H, Arii), 6.55 (d, 11-1"/' 8,4 Hz, 0-ArH),
5.75 (s, 1H, CHOTES), 5.29 (br 8, 1H, OH), 5.16 (ri, 1H,1z, 12.0 Hz, OCHHTh), 5.10 (6, 11-1, 1=12,0
Hz, OCHH'Ph), 4.66 (6, 1H, 3 = 10.8 Hz, OCHH*Ph'), 4.63 (6, 11i,10.8 Hz, OCHH'Phr), 4,36 (6, 1H, J
6.6 Hz, CHN(CH3)2), 3,02 (dg, 1H, J= 7.8, 6.0 Hz, CHSCH), 2.77 (666, 1H, 1 6.6, 6.0, 4.2 liz,
CHCHN(CH3)2), 2.41-2,52 (m, 2H, CIICHH"CH, CH3CHCHCH2), 2.08 (s, 6H, N(CH3)3), 1.83 (dild"
11-1"/-13.2, 4,2, 4.2 Hz, CHCHITCH), 1.34 (d, 3H, J 7.8 Hz, CH3C1-1), 0.70 (1, 9H, J7.8 Hz,
Si(CH2C113)8912048 (6, cHutrpgsietalsifd ISPEtiarsys)s RIFRaRII RS (PHOWIHS BESEHAFS 106,3, 186.1,

181.4, 168.33hpGid acid (100 pL) was added to nanopure water (50 mL) in a 250-mL Erlenmeyer
flask. Solid EDTA (0.50 g), zinc sulfate heptahydrate (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=0), 1602 (in), 1589
(m), 1513 (s), 1457 (s), 1366 (in), 1260 (s), 1065 (s), 1012 (s); HRMS (PAM) m/::: Gated for
(C48H5407N2SSi+Naf 853.3318, found 853.3314. Lactone IV1GC15: 1:001561R' 0.5S (3:7 ethyl
acetate-hexams); H NMR (600 MHz, 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, 0-ArH), 5,73 (s, 11-1, CHUMS), 5.49 (6, 114,J-
6.6 Hz, (C=0)0CHC=0), 5.20 (s, 214, OCH2Ph), 4.60 (6, 1H, J= 11.4 Hz, OCHEEPti), 4.57 (6, 114"/ =

11.4 Hz, OCHHTIO, 3.49,(6, 111, J-11,4 Hz, CHN(C113)2), 3.23 (dg, 111, 1" 9.0, 7.2 Hz, CH3CH),
2.49 (in, 1H, C%BCFI‘C'FI‘CHTE) 2.30-2,40 (m, CHCHN(CH3)2, CH3CITCHC112), 2.16 (dd. 1H, dr-

12.0, 0.6 Hz, 0-13CHCHCHH'), ¥9§ (s, 6H, ME“gﬁ%iz) 1.33 (d, ,\@] 7,2 Hz, CH3CH), 0.73 (1, 9H, |
= 7,8 Hz, Si(CH2CH3)3), 0.46- d WOBLL, SHEHGHS): OrHSC NMR (100 MHz, CDC13) 8 196.4,

176.0, 170.0, 157.9, DCM, 60 —23°C
DRS2 . DJBI

[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, 135.6, 129.8, 129.7, 129.4, 1218,9, 128.6, 128.4, 128.3, 128.2, 128.1,

OH 1. MsCl, E5N, DMAP, N(CHs)2

0 DCM, 0 =23 (C 0,

[ B | N

2. (CH9,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:
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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, C-0), 1599 (m), 1590 (m),
1514 (s), 1453 (s), 1365 (m), 1259 (s), 1120 (s), 1059 (s), 1010 (s); FIRMS (ES) trilz ealoct for
(C43I1-13407N2SSiCr)' 8 1.3499, found 831.3509. Alcohol MGC16:

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, 120°C 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]Triethylamine trihydrofluoride (200 4,, 1.23 mmol, 8.5 equiv) was added to a
solution of the Diels-Alder addition product MGC14 (120 mg, 0.144 mmol, ,0 equiv) in tetrahydrofuran
(6at 23 C. The mixture was stirred vigorously at 23 T. for 12 h, then was partitioned between an
aqueous potassium phosphate buffer solution (pH 7.0, 0.2 M, 30 mL) and ethyl acetate (30The 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
chromatographsr QLvted tnettiyll edethe-hexatiess, afordisylthe seons MG ClBedsVReHBRkSs oil (78.3
mg, 76%). [0Q1583R40.29 (2 -hexaneskJHNYRLE02 Mbz,GERALET G31dd, 2H, 1=
7.2,0.6 Hz, ﬁﬂ?ﬁ?ﬁ?ﬁ%@hﬁ%@ﬁtﬁgﬁ) 6.995_?71.()6 (m, 1211, Atril), %.7€6jéd, I H,,@1:7.8 Hz"ArH),
6.47 (d, 1H, &4 MznolAYIf) eauiv) @28, °(H, T ousyltBra §ight hiqwp-mizter ¢y AR MEFPAR . 16 (d,12.0
Hz, OCHHPU) A3/ a8 P42 QEIT ARG AR AR GHE AR, 2d6 (.
1=6.6, 5.4 Hz, CH3CH). .98 (d, TH,J- 3.0 Hz, CHN(CH3)1), 2.90 (in, 111, CHCHN(CH3)2), 2.76 (hr s,
1H, OH), 2.32(In, 144, BHICHD ISR tegetitin Mizthre MEGHUTRECTAYoRtinyed for! Npdhis)2.), 1.07
(n); 111, CH - 1= é;"ﬁ'@&h%{g@lm%&g Mz, £DCI3) 8 202.5,
185.6, 1792%%?§§$£}8%%%%§§é110—%6’;7221%%65 135.3, 130.5, 129.6? 128.8, 128.7, 128.6,
128.5, 128.4 s4128:8;h J7hg orgéd; nizserwag fugthen oxtrae6. @0 29GnHomreens 4.2 ¥b 3 43,0,
30.1,37.8, 3 hS TR e D DN Ot TR0 (400 29PHONIZTR QU PETL (W)
1738 (s, C-O)?fq%eeégs?é?'%?% h@glﬁ&(?n?) 1555“(%), 513 (s), 1471 (s), 1453 S)’V%%g %%), 1263 (m),
1035 (in), 102byinlowakMB RS ENE Sdistnfbyqoxde (007NN S A mbE3dhfound 717.2631.

resulting mixture was extracted with dichloromethane (3 x 500 mL). The organic
extracts were combined and dried over anhydrous sodium sulfate. The dried solution
was filtered and the filtrate was concentrated, yielding the isoxazole MGC2 as a yellow
oil (102 g, 63%). An analytical sample was prepared by flash column chromatography
(3:7 ethyl acetate-hexanes, then 5:95 methanol in ethyl acetate), affording the isoxazole
MGC?2 as a light yellow oil (spectroscopic data was identical to that obtained for
material prepared by Method A).

Ketone MGCS:
N(CHa)z N(CHa)z
O 1. n-BuLi, THF, =78 °C . O\
L) 2 [ Jeoli N
@@ 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,,02i 11.-:1- Mx,..7.,,.." ...t.. DNISO,...1 79%EI:11:uBn h MOO? [001591Solid
o-iodoxybenzoie acid (459 mg, 1,64 mmol, 15.0 cquiv) was added in one portion to a solution of ihe
alcohol MGC16 (78,3 mg, 0.109 mmol, 1.0 equiv) in dimethylsulfoxide (3.0 mi.) at 23 'C. The resulting
heterogeneous mixture was stirred for 5 nun 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 35C for 18 h, then was partitioned between saturated aqueous sodium
bicarbonate sdiatitrvsrincomhieed 2:1d Hi#sdtalipmanh pdhgl aewtiave-sehiate 1 TheadrigthyolvHetorganic

Boetate ety L e o e e fate. The
dried solutiopwidisdihegrBashrd!thenfifrate e qincentradd? saviantipte yirencsll. aFREBreduct was
R Vellow o (0L b a5 DLt B 8 (S E L T ramea: i NMIR. (600 M. CBD6) &
7,57 [00130] R;0.59 (1:3 ethyl acetate-hexanes); "H NMR (500 MHz, CDCls) & 7.44-

7.35 (m, 5H, ArH), 5.90 (ddd, 1H, J=9.8, 5.9, 2.0 Hz, =CHCHOSi), 5.82 (dd, 1H, J =

9.8, 3.4 Hz, =CHCHOCC), 5.31 (m, 2H, OCH,Ar), 4.58 (d, 1H, J= 4.2 Hz,

(O)CCCHOSI), 4.27 (m, 1H, =CHCHOS}), 3.94 (d, 1H, J = 15.6 Hz, CHH'N), 3.77 (d,

1H, J=15.6 Hz, CHH'N), 3.17 (dd, 1H, J = 3.4, 1.5 Hz, HCOCC(0O)), 2.35 (s, 6H,

N(CHs),), 0.89 (s, 9H, C(CH3)3), 0.83 (s, 9H, C(CH3)3), 0.06 (s, 3H, SiCH3), 0.05 (s,

3H, SiCHj3), 0.04 (s, 3H, SiCHj3), —0.07 (s, 3H, SiCH3), 3C NMR (125 MHz, CDCls) &

191.8, 176.3, 168.9, 136.5, 135.5, 128.8, 128.7, 125.0, 106.9, 72.4, 69.6, 67.8, 67.4,

55.3, 52.6,45.9, 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-O), 774 (s); HRMS

(FAB) m/z caled for (C32HsoN,OgSir+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 = 7.2 Hz, 0-ArH), 7.40 (d, 211, J:= 7.2 Hz, ArH), 7.18-7.23 (in, 3H, ArH), 6,94-7.06 (m,
6H"ArH), 6.76-6.84 (m, 3M, Aril), 6.59 (d, 1H, J= 7,8 Hz, ArH), 6.53 (d, 1H, .1= 8.4 Hz, o-Arki), 5,09 (d,
1H, f= 12.6 14z, OCHII'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, OCHIITIO, 4.48 (hr s, 1H, OH), 4.06 (dq,- 7.2, 3.0 Hz, CH3CH), 3.15 (d, 114, 12,0
Hz, CHN(CE3)2), 2.20 (Eidd, 111"7- 12.6, 5.4, 3,0 Hz, (31-313CHCHC112), 2.13 (ddd, !H,,,i= 12.0,
3.0, 0,6 Hz, CHCHN(C113)2), 1.81-1.88 (m, 7H, N(CH3)2, CM3CHCHCHM"), 1.78 (ddd, 111,1= 13,8,
5,4, 0.6 Hz, Chi3@d@ ERG it byat {dh RHods=so itz sGHBCHh ¢ 3G N MR {ooNIHE ITBIGIR) 6 200.3,

1875, 183.1,1648, 1606, 140,438 2, A% 132 SraShondPRd AR 13255

column chromatography (1:9 to 1:5 ethyl acetate-hexanes), affording the ketone 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.

Alkene DRS3:

91



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

< H (@]
\q 1.PPhy, DEAD ~
WS 2. NBSH p
HOY ™ ( )
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), cm-1 3457 (w, OH), 3063 (w), 2939 (w), 2878 (w), 2795 (w), 1727
(s, C-0), 1704 (s, C=0), 1667 (in, 0-0), 1593 (s), 1513 (s), 1471 (s), 1453 (s), 1371 (in), 1276 (an),
1044 (m); HRMS (ES) liez ealcd for (042H3R07N284-W 715.2478, found 715,2483. Peroxide MGC18:
[001611A solution of trifluoroactetie acid in diehloromethane (1 M, 0.189 InE, 0,189 mmol, 2.5 equiv)
and a solution of tn-ehloroperoxybenzoic acid in dichloromethane (0.5 M, 0,228 nth, 0.114 minol, 1.5
gquiv) were added in sequence to a solution of the sulfide MGC17 (54.2 mg, 0.0758 mmol, 1.0 equity)

In H N(CHa) N(CHa)2
T A_0 A0
l \N TBAF, HOAc l ‘N
e~ THF 2 ‘{O
78S H Bn HG b
76%
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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dichloromethane (4.0 mi.) at -78 "C, The resulting cloudy mixture was stirred at -78 ec for 10 min, then
the -78 C bath was teplaced with a 0 'C bath. The mixture became homogeneous upon warming. The
solution was stifled at 0 "C for 30 min, then was partitioned between an aqueous potassium phosphate
buffer solution (pH 7.0, 0.2 M, 10 mid) and dichioromethane (10 nth). 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 EnL) and dried by
azeotropie distitatianat 405 Glyndek bighniaghase. Wheepsulitdgyd lonegilevas igsovet in chloroform

(2 nth) and the reaction vesse] was exposed to atmgspheric oxygen, The mixture allowed to stand
until oxidatio?;"'\‘/'\t}é%r Séﬁﬁgfgﬁe"%ﬁl&ﬁ%ﬂ%@moﬁﬁp @Qascﬁgactzﬁ%‘s%%e)/% Eﬁ]@ﬁlﬁtﬁ?ﬁ%@? filtered and
the filtrate wasgansentatechpredidingvheh piroxice; MGE E8dsm diidinmsolbtitineg pfoNlt0vas reduced
immediately to tetracycline. 1001621 The peroxide MGC18.can bepre lQwing the
procedure re%)(et[énﬁé @&Qﬁqgﬁ%fl ??19%653% y%r&‘:l.s 18 lémlégf %53?&3@%&%(@gg§$§il¥solution of
trittuoroaeetidiheicdinrdi chidiittraethane ¢h @it 2d, briikidlOg i 0246 hexeobrz. DBSTiey amiglt solution of
ni-chloreper nyben oic acjd in di%m, omethane (0,5 M, 29.4 L, 0.0147 mmol, 1.5 equiv) were added in
sequence toQ% Bt o?ft 2"Sif de9 GC17 (7,00 mg, 0.00979 mmol, 1.0 equiv) in dichloromethane
(0.5 rriL) at -018139] The rasuitiriy(cloutyyixiune - WasstisyetHaN M8 (1@ foiHl) GICIHSTHE -78 ile;
bath was replaced with a 0 OC bath. The mixture bec h enegQus armi e solution
was stirred at® EHoF SbW: ﬁn@#ﬂa@oﬁéﬁft%ﬂe@ﬁ)mz;rg ?rg gﬂui U§§§ggé\§ﬂr¢1ﬁ p%%is(.igirl‘late buffer
solution (pH 719, 921812 B ripk) @nd, dichirramgthang (8 2ith) OTHE, aryan i ghaseiyadBepaated and
dried over anhydrous sodium sulfate, The_(hi olugjon filt n filirgt ncentrated,
providing a bk Meﬂlﬁ&%iﬁ%@ﬂﬂﬁ%‘ék&%ﬁ%ﬁﬂnﬁlgm‘g}véf{fﬁ?g‘;wéjég% g@eﬁ%‘?@dﬁﬁ% distillation
at 40 cf, unde?highvacusmnfiineaesulling yellnwssiwvesdssetved imochlosstorma@ant2s .8,
nieso-tetraphenlgllé;orfhineﬁS‘O.6 m)g?, 0.979 0.10 eg‘ui\%was added in one portion, Oxy en)gas was
bubbled through-thd 48sulihh midure e &P ot rradiatlor Y206 R R For %)4&19?'%1‘%‘ mixture
was concentrpigd o 501 andl (was-dijitesbwith ynethang), (Ireswtiagadn, precijiadrnvs (ES)

meso-tetraphenylpoﬁrjihine. The resulting, mixture was filtered and the filtrate was concentrated,
providing theBEreLiprSeod Qi 5id* 80 feBRIR0E: 15 12:3 ethyl acetate-hexanes),11-1
NMR (500 MHz, C6D5, keto tautomer reported) 8 8.95 (br s, 11-1, 0011), 7.48 (d, 2H, J = 7.0 Hz,

n--Ant), 7.28 gd 211,7.0 Hz, ArH), 6.96-7.16 (m, 811, ArH), 6,53 (d, 1H,1 = 8.0 Hz, Arli), 5.14 (d,
ilyl-Cyclohexenone DRS6:

y NCH):z 1y N(CHa)
e 0 -lutidine e 0
) N TBSOT;,& lutid N
0 Bn Bn
" % oTes
DRS5 DRS6
[00140] 2,6-Lutidine (75.0 uL, 0.640 mmol, 5.0 equiv) and fert-

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, OCHHPh), 5.03 (d,J 12.0 Hz, CHU 'Ph), 4.83 (d, IH,I -- 12.5 Hz, OCHHePIit), 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, CHO; 3C NtvIR (100 MHz, C6D6,
enol and kern tautomers reported) 8 194.4, 188.6, 187.8, 187.2, 1823, 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,

=CHCH,), 6.10 (ddd, 1H, J=10.3, 1.5, 1.5 Hz, =CHC(O)), 5.36 (m, 2H, OCH,AIr),

3.79 (d, 1H, J=10.7 Hz, CHN(CH3),), 2.83 (m, 2H, =CCH,), 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), em1 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 (MGC29): I131aoFO2 L.. (44% from
tilt kHonc MCC/7) MODS(+tetracycline 1001651Pd black (14,1 mg, 0,133 mind., 1.75 equiv) was
added in one portion to a solution of the peroxide 114GC18 (48,2 mg, 0.0758 mmol, 1.0 equiv) in
dioxane (3 ntL) at 23 C. An atmosphere of hydrogen was introduced by briefly evacuating the flask,
then flushing(with Tre RydsdgenAHam}STbe tPatatalyst Was Amkial: presehias Hidfe Hispersion, but

aggregated intg. cl /ithin 5 min., T, I rog s EJixtyr tifrep.ag 23 'C for 2 h,
then was filte;gr E#rrgg[;r?va %1%9?1 %)’f%ééffgﬁ.’ ﬁg mf?ﬁgﬁaﬁ)ﬁ%’eﬁ%@,%%\f%?gl’r?g}%{/tﬁf)%vgsolid. The
product was Hrrifiedby Rirgfatataty! il UC 68.a PhedCHERREN Potyhhébx HVE cbitmp (170 irM, 250 x 10

min, flow rate.g @ pthimin  Solvent A Methanelifqes, N 2HE (#A-SPleRt om), 138 (4,
3H, J= 7.0 Hz, CHCH3); '*C NMR (100 MHz, CDCl;) 8 154.0, 148.9, 137.4, 131.5,
128.5, 128.4, 127.8, 127.3, 115.2, 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:

\\CH3 ,\CHS
i TESOTT, E4N '
@j\% DCM, 23 °C ©:]\DTES
OBn 100% 0Bn
MGC11 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 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 trig, 44% from triketone MGC17), 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(C113)2), 2,96-3.04 (m,
711,110C(C113)CH, N(CH3)2), 2.91 (br cid, 111, J- 12.6, 2.4 Hz, (C113)2NCIIClI), 2.18 (ddd, 1H, J=
12.6, 6.0, 2. T % 90 (ddd, 111"I= 12.6, 12.6, 12.0 Hz, CHOIWC14), 1.60 (s, 3H,
C1113); EBCM%%—)‘E%%D) 5195.4,174.5, 163.8, 148.3, 137.8, 118.7, 116.4, 116.0,
107.5, 96.5, 74.7, 71.2, 70.1, 43,330, 35.9, 27:8,,22:9; 1.1V max;(é‘.i”gr HO), mit 217, 269. 3%; [a]p
-251 (c - 0.12 in al M HO); i ' e iR of r)‘N'caIs Drugs, and
Biologicals, 12th ed. Budava ShrO1 2 = Kinneary, J. 17,, Eds.;
Merck &'Whitehouse Station, ° ¥,219987% entry 9§37 2 UV max (0.1 NHI€1), am 220, 2689 355; Lamp =
-257.9'0,5in 0.1 M HO); HRMS (ESh&ated for (022H2408N2+1 It 445641, found 445.1608.

Example 2-Syjihesis of (-sRiaxysviinRAWisSiomide Mitokfide (MG fMBABmmol, 2.5
equiv) was added to a solution of the cyclohexenone DRSS (135 mg, 0.367 mmol, 1.0

equiv) in dichloromethane (4 mL) at 23 °C. The brown solution was stirred vigorously
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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[001671Triphenylphosphine (297 mg, 1.13 ramol, 3.5 equiy) and carbon tetrabromide (376 mg, 1.13
mmol, 3.5 equiy) were added in sequence to a solution of the allylic alcohol MGC6 (162 mg, 0.324
inmol, 1.0 equiv) in acetonitrile (2.5 mi.) at 0 'C. The resulting brown suspension was stirred at OC for
10 min, then the cooling bath was removed. the mixture was allowed to warm to 23 'V and stirring was
continued at that temperature for 10 mm. The mixture was partitioned between ethyl acetate (50 ueil..)
and saturated aqueous sodium bicarbonate solution (40 nth), The organic phase was separated and
the aqueous fihasé sdslfafiterte xractentwitrnizd, adeftidng Horavn soridhoPEdRitatatate. The organic

phases were, combinceand diied o YsEARRUEaUS Sedim sulipten e dilehsoliion was fitered and

the filtrate w&s éoncextrated, providing a Ily solid, The product was purified by flash column
chromatografihyihiog¢h2:giethyh Kk ME K3 ares i dosgnttld Gragi BroRte VEEPS) (164 mg,
90%) as a whj id, 10 fQ. 30 (3: 2 shexages): ByINWMB. 346D6) 37.30
(d, 2H, | = 7.@@%\@, 7,0 f%?& %{%le@?&?g%ﬁ%%ﬁ%ﬂl;{{?m (E,ﬂli H. J= E%Q%MD, 5,75 (dr:,
1H, 1= 10.5, @& BH, S=CHAL0BEY, 6-AtHN 7iR3CH-LBHCHBr, 871 7-@rH1 0,851A.% 49,907 (d, 1H,1 -

357 (0. 10, ORI Ty 6 . Dt S S e NS .92 <. o1t
N(CH3)2), 0.9TEHIM) SSO@QH13)8)/ 6.22.01310CHIB #3), 068A1s s3HLSMIN):ARWR1H 28 MHZ,
724,608, 500 45 CHRCHY, T34 % AR o A OGN S S . sese
(), 2799 (WRH, TOHASHOD), ARSI (8Y, (850H, (B CH1){5)C TSBR (6)0Q 28BAsTAABAI SR ROE3 (s);
HRWS (E9) i S0 (6525 LA TIN0RLF % 197, 1941 PARSL RER Al Suitce

128.0, 127.8, 108.1, 80.3, 72.5, 59.8, 45.7, 41.4, 25.9; FTIR (neat), cm™' 3445 (w, OH),

3056 (w), 2943 (m), 2800 (w), 1711 (s, C=0), 1682 (s), 1600 (m), 1507 (s), 1471 (s),

1451 (m), 1333 (m), 1020 (m); HRMS (ES) m/z caled for (C26H240sNoS+H)" 477.1484,

found 447.1465.

Diel-Alder Addition Product MGC14 and Lactone MGC15:

| N(CHa2

-
=
7
o |
e
=
+
3 e
m
!

Bn OBn
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,
100



MCC/ 9NICC24 1001691 Triethylamine (0.229 inL, 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 aliyhe bromide MCC19 (712 mg,
1.26 mmol, 1.0 equiy) in acetonitrile (17 m11) at 0 CC, The mixture was stirred at Ofor 20 min, then the
cooling bath was removed. The reaction mixture was allowed to warm to 23 'V and stirring was
continued at that temperature for 10 min. The reaction mixture was partitioned between ethyl acetate
(100 nil.) and an aqueous potassium phosphate buffer solution (pH 7.0, 0.2 M, 100 mL). The organic
phase was sepauatty), angbtte dHugeus pHasA s GUitheT &xmadiddAwkh, £n5additidhal SBML portion of

ethyl acetateHTh(()a_ Xr@ggﬁﬁs?ﬁmﬁgﬁ%q@@g@% ﬁrd d{iﬁ?gﬁ{sﬁwm’r%ﬁ §gdi§m.l§£lfate, The

dried solution Was fift ndthefi concentrate ing a clear oil. The product was
purified by flad@@sitrhy sH®daidfyraph2(0.102; DEYHORN3476triethyanfind ethVl zcetate-hex:tries),

affording the ' Ifide 20 as.a white fo lih ¢ 0); 10 R10.65 (3:7 ethyl
acetate-hexaggg&%ﬂﬁ'%f(ﬁ’ z‘{ f:@@%%{ %m%quﬁgggﬁ@({Aga{@w (an, 211, o-Atrti),
6,95 (M, 31-1CHNGCAKNL), B&9(dam, IH Jorfi-Ard)) 618300d; Q)12 7 7(Addz | LAl 6853 Qirtt- i1,
ClI-CHCHSP H |Gk = TATh);4.73 (di, 1H,
10,0, 20 Hr, LR BT g ot A TG A S o5 . 1
2.0 Hz, CHCHK{8K)3)2),88. {&d(s] 81/, D3 (CHI) 23,21 Ha G OHBSBIE H3YBId.0386 {57 318 11C113), 0.31
(s, 311, SIC113); ( At D6! 77, 9, 136:% #35.2, 131.3, 130.3,
129.2, 128,5,@@%%%1%@/' I%#%n%@%%%ﬁjég%@%a%g fé'.%,ﬁgm, 39.0, 26.6, 19.1,
2--)2.513662,?;)FS‘)I@HQBH@)?@&%D)M@MHD MH@HD)(ZB,ZB 5196,3283'84-(@821926@@, 1883,4820), 1621
S), S), ) . C (0}
(Ca21140N5 OB PSS S5 Rt ad sepa, 1200, 108 S T2 HRAFR N7,

125.4, 121.1, 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; FTIR (neat), cm™' 3490 (w, OH), 3063 (w), 3023 (w), 2951 (m),

2871 (m), 1715 (s, C=0), 1602 (m), 1589 (m), 1513 (s), 1457 (s), 1366 (m), 1260 (s),

1065 (s), 1012 (s); HRMS (FAB) m/z caled for (C4sHs4O7N,SSi+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 SUIthXide MGC21: CiN(CH:)2 H F. - 0o ormrav. Fh'T. BS6 MGC2i:Mi;C:. (.kweei P.; dihst)
1001711(-)-[(8,8)-(Dichlorocamplaoryesunfonyliexazinidine (118 mg, 0.395 rnmol, 1,5 equiv) was
added to a solution of the allylic sulfide MGC20 (156 mg, 0.263 nunol, 1.0 equiv) in diehloromothane
(2 mi.,) 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
triethylarnine-ethyl acetate-hexanes), affording the lower Rf allylie sulfoxde MGC21 as a white solid
(165 mg, 99%){DRAT2 SR +18) (337 8¢ doetat8He3@Mes); IH NMR (400 MHz, C6D6) 6 7,43 2H"."
= 8,0, 1.5 Hz, 0-ArH), 7.16 (rn, 211, o-Art!), 6,92 (in. 611,p,rn-Artl), 5.43 (m, 1H, CH=CHCHS(0)Ph),
5.33 (d, lll, - 5.0 Hz, CHOTBS), 5.09 (d, 114, .1 = 11.5 Hz, OCHH Pli), 5.02 (rn, 2H,
CH=CHCHS @)t o0 HitH)3:3.73 (in, 1H, CH-CHCHS(0)PIli), 3.41 (m, H, CHCHN(CH3)2), 2.85 (d,
111, j- 2.5 Hz, CIICHE\1(013)a)¢1.7O s,,,(@g; N(CI13)2), 1.12 (Sdgelj SlQ(@HB)S) 0.39 (s, 3H,

S1CH3), 0.36 (s, 311, SICH3); A(1256 MHZ,C6P6) 8 189 8,145.5, 135.2, 130.2,
129.9, 129.0, 128.5, 128,4 N TR

76%

MGC14 Al

[00157] Triethylamine trihydrofluoride (200 pL, 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); FIRMS (ES) ink called for
(C321140N208SSi+1-0- 609-2455, found 609.2452, Rearae.d AllylicAlcohoi MG 12:
[00173]Tritnethylphosphite (0,620 int:, 5.26 mmol, 20.0 enuiv) was added to a solution of the lower Rr
allylic sulfoxide MGC21 (160 mg, 0.263 mmol, 1.0 equiv) in methanol (5 at 23 'C. The solution was
placed in an oil bath preheated to 65 C and was stirred at that temperature for 36 h. The solution was
concentrated, providing light yellow oil. The product was purified by flash column chromatography

(0.001:1:9 to (RUQ12:8 triedhyARifecathyhaldaid-texaho s 0afdrdingd 8%y R HdaneP KRS C22 as a
white solid ( %) (3: 7.ethyl -hex i 7.(§(%36337.30 (d,
2H,1= 7.0 Hﬁg@?ﬁ#&%( 21’0124 4&7%@0@@%%?@)@%?%?1%?5@5% 6%11), 5.85 (m,
111, -CHCHGELL), 3, 1 2ihr1@7 6 KimL= A5k HIOUE FOTBS)cactd (e (Gl »ANsHE) OGH13131-),
5.06 (d, 111, . QCIIH:RhY, gh44 (M, 11-1, =CHCHOH), 4.31 (hr s, 114, OH), 4.07 (Ix s, 1H,
-CHCHOTBsz}%s??gﬁhfog’qiwl%%%,33 (d, 1H,1- 11,5 Hz, CHCHN(CH3)2), 2.75 (hr d, 1H,1= 11.5
Hz, CHCHN(CH3)2), 2,03 (s, 6H, N(CH3)2), 0.89 (s, 9H, SiC(C113)3), -0.11 (s, 3H, SiCH3), -0,13 (a,
3H, SiCH3); Hz, CoD6) 8 189.7, 182.2, 167.7, 135.2, 129.2, 128.8, 128.3, 128.2,
106.6, 78.6, %?&&5%#59.6, 48.8,41.2,25.5,17.8,-5.2, - FT1R (neat), cm -1 3515 (m, 01-1),
2917 (m), 2852(m), 1708"&, m-og,%f[%gi (s), 1514eD, 1471 (m), 136@.%1@%‘ ), 1100 (m), 1022

(m); HEMS (ES) iri/z g @@@n N206SHI)1° 5012421, '@@Q.@ B

)

gnzyl Carbonate.

MGC23: = 2.0, PhH =
B0 0 )OHO Bn B0 O 0RO Bn
B MGC17 MGCI18
[00161] A solution of trifluoroacetic acid in dichloromethane (1.0 M, 0.189 mL,

0.189 mmol, 2.5 equiv) and a solution of m-chloroperoxybenzoic acid in
dichloromethane (0.5 M, 0.228 mL, 0.114 mmol, 1.5 equiv) were added in sequence to
a solution of the sulfide MGC17 (54.2 mg, 0.0758 mmol, 1.0 equiv) in
dichloromethane (4.0 mL) at —78 °C. The resulting cloudy mixture was stirred at —78
°C for 10 min, then the —78 °C bath was replaced with a 0 °C bath. The mixture
became homogeneous upon warming. The solution was stirred at 0 °C for 30 min, then
was partitioned between an aqueous potassium phosphate buffer solution (pH 7.0, 0.2
M, 10 mL) and dichloromethane (10 mL). The organic phase was separated and dried
over anhydrous sodium sulfate. The dried solution was filtered and the filtrate was
concentrated, providing a bright yellow oil. The oil was taken up in toluene (1 mL) and
dried by azeotropic distillation at 40 °C under high vacuum. The resulting yellow oil
was dissolved in chloroform (2 mL) and the reaction vessel was exposed to
atmospheric oxygen. The mixture was allowed to stand until oxidation was complete
as evidenced by '"H NMR spectroscopy. The mixture was filtered and the filtrate was
concentrated, providing the peroxide MGC18 as a brown oil. The product was reduced

immediately to tetracycline.

[00162] The peroxide MGC18 can also be prepared by following the procedure
reported by Wasserman (J. Am. Chem. Soc. 1986, 108, 4237-4238.).

[00163] A solution of trifluoroacetic acid in dichloromethane (1.0 M, 24.5 pL,
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100174]Benzyi chloroformate (1200.841 mmol, 2.95 equiy) and 4- (dimethylamino)pyridine (104 mg,
0.852 nuriol, 3.0 equiv) were added in sequence io a solution of the allylic alcohol N1GC22 (142 mg,
0.284 mmoi, 1.0 equiv) in diehloromethanc (3 ml..) at 23 'C. The reaction mixture was stirred at 23
01:11 for 211, then was partitioned between ethyl acetate (50 tnl,) and saturated aqueous sodium
bicarbonate solution (50 inE), The organic phase was separated and the aqueous phase was further
extracted with an additional 30-mi, portion of ethyl acetate. The organic phases were combined and
dried over arh§24Susrsobith spifetend hedritidnsolumichlorapdinsybananis #édilrate was concentrated,

providing a cleay ol (189 o, 99%): e rogyaLwas Hsed inthe pest stemithoufuber purification.
An analytical sample was prépared %y purification of the crude reaction mixture by flash column
chromatograplsyl(0i000{2i8 twifidoMSIT tidth)min -89y apiarltd-Re@ids)! af ording the benzyl

carbonate Mg o5 e S0 1PLASSIL0 0 G M S ARTIRAGAE S LY (500 Wiz

C6E.1f,) 6 7. z, 0-A41), 7.02°(m, 8H, Ad).5.75 (br dd. 11-1,1= 10.5, 3.0 Hz,
=OHCHOCOZBfiy; 5070ifhtivu, 16:572 FHhatk@pceibrasyig 32 (i, hath--GRorede213n), 5.10 (d,

LEL 125 e, OSHHRICR IR IR0 e ORI A8 C I 1 BuREHI P

4.88 (d, 114, , 4,41 (En; 111, -CHCH.OTBS), 3.38 (d, 114,1 = 7.5 Hz,
CHCHN(C1-18)2pasitidried, HetwerGR MN(GHS) PptassiRrspisrsphaie brffepsoiton spBH. G &L 113)3),

0.02 (5. 31, 41315002 5, SR ICHEC DR ORME, CADA B AR 24168.3, 1552

135.6, 135.4, ,128.4,128.3,121.7, 124.9,107.0, 77.3, 72.2, 71.6, 69.6, 66.6, 60.3,
44.4, 42.2, 29081 dud@; saddym Filiveatficcinied S8aRowy GHeed sththoBimienya1 738 (s, C=0),

1708 (5, (O 008 R 155 S ATV I2R (3 AGH (1 WS, (EShnGpled for

(C13411442 -1-1 ound 635.2786. Diol N1GC24: BnO2CO0 ﬁCHO ,
dried by azeotropic distillation at 40 °C under high vacuum. The resulting yellow oil

was dissolved in chloroform (2 mL) and meso-tetraphenylporphine (0.6 mg, 0.979
umol, 0.10 equiv) was added in one portion. Oxygen gas was bubbled through the
resulting 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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0 A.11:24 n 1 TES8ban MCC23 'MAR HOAc wfps) BnO2CO0 H u(chh.)2 IliL. N Hol/4k,ri MGC24

(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 tetrabutylammonium fluoride in
tetrahydrofuran (1.0 NI, 0.709 miL, 0.709 tninol, 2.5 equiv) were added in sequence to a solution of the
benzyl carbonate MGC23 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 potassium phosphate buffer solution (pH 7,0, 0,2 M. 50 mL). The organic phase was
separated and the agqueous phase was further extracted with two 20- mL portions of ethyl acetate. The
organic phasBsugerendobibinsdadnd 2tied BudreathyitirédidNsalin)suifaitl, TheldvrkessntBn was
filtered and the filtrate wa ntr idi il Thenro . i flash
column chro n}%%gr%%aﬁy’ 2%0 ?(l)%qsi g{ﬁgﬂ(;%ggfém%%% ggfaélrﬁhgﬁ{hg%wl\a§ CQZ?’} 22 g’yvhite solid
(135 mg, 92%mavED. 2 Ntéjid), [00 220]RE8, B5 (3@ lethyi2adetate-Hékane8)] MIENNIRIBYMHZ, C6D6) 8
7.24 (d, 2E1,1=.7.0 Hz, O- ”7_—? 7. Zé}}‘g + gg lfr‘adﬁj = 10,5, 2.5 Hz, =CHCHOCO2Bn),
5.63 (br dd, ff?z 21?&%‘?‘3‘% 2B ﬁ')bsﬁ 3??1?? ou %hlggbgzsn). 5.09 (d, 114, / = 12.0 Hz,
OCHHTI), 5.05 (d, 11-1,1=12.0 Hz, OCIIIITI), 4,89 (d, IH, 1= 12.0 Hz, OCHH'Ph"), 4.86 (d, 111,1 -
12.0 Hz, OCHFEI'Ph'), 4.16 (t }1% - '%llcC)lci. 3.24 (d, 114,1 6.5 Hz, CHCHN(CH3)2), 2.94 (m,
114, CBCH ~5-25s, 114 , =GM, N(CH3)2); 13C NMR (100 MHz, CDCI3) 8 168.1,
154.8, 135.1 AlBAi8 Bi3ide M8:0,1928.9, 128,8, 128.7, 128.6, 126.4, 106,7, 76.6, 72,9, 71.3, 70.3,
64.9, 603, 44.4, 43.3; FTIR (neat), ergfi.3468 (m, OH), 3034 (w), 294Qd#y), 2798 (m), 1738 (s, C-0),
1705 (s, C=0), 1606 (s), 1513 (s) 1425 (m), 13796Nk.k261 (s), 19022 80)p]lIRMS (ES) rrizZ Gated for
(C281128N2081-1111- 521.19\2

UECHEE)2BnO200NE(CfrialE2, EBX]

MGC6 MGC19

[00167] Triphenylphosphine (297 mg, 1.13 mmol, 3.5 equiv) and carbon
tetrabromide (376 mg, 1.13 mmol, 3.5 equiv) were added in sequence to a solution of
the allylic alcohol MGC6 (162 mg, 0.324 mmol, 1.0 equiv) in acetonitrile (2.5 mL) at 0
°C. The resulting brown suspension was stirred at 0 °C for 10 min, then the cooling
bath was removed. The mixture was allowed to warm to 23 °C and stirring was
continued at that temperature for 10 min. The mixture was partitioned between ethyl
acetate (50 mL) and saturated aqueous sodium bicarbonate solution (40 mL). The
organic phase was separated and the aqueous phase was further extracted with an
additional 50 mL-portion of ethyl acetate. The organic phases were combined and
dried over anhydrous sodium sulfate. The dried solution was filtered and the filtrate
was concentrated, providing a brown oily solid. The product was purified by flash
column chromatography (1:9 to 2:8 ethyl acetate-hexanes), yielding the allylic bromide
MGC19 (164 mg, 90%) as a white solid.

[00168] R;0.30 (3:7 ethyl acetate-hexanes);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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Ocni NIGC24TEEICEC25 [001781Solid o-iodoxyhenzoic acid (79.0 mg, 0.281 mrtiol, 6.5 equiv) was
added in one portion to a solution of the did | MGC24 (22.5 mg, 0.0433 minol, 1.0 equiv) in
dimethylsulfoxide (0.7 nit) 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 'V for 12 h. The resulting orange reaction 11 '2 mixture was partitioned between ether
(20 ml,) and water (20 it)1), The organic phase was separated and the aqueous phase was further
extracted with2Ww6, 1078, Borfions iz, e ohganitophabe’ Reks tdhbindd-ahd; WasRked with

saturated aqueous SOdJLI rb C S | Ifite) and brine
(10 mL). The Wagjnealsol%on Wa§ ezdé g(\l)/l(lgt Ogé?%ag%ng 222? fi&%l%r?d f terlie%bgl' e filtrate was
concentrated] yidl@hd #7é Cy)cloitexenolrts M@)CEBléésa Wﬂe(@)l)lﬁﬂi’tﬁ(@si mig c999651700179]Rt 0,33
(2:3 ethyl ac 1 M d 7,22. (d, 2H,1= 6.8 Hz, o0-Arfl), 6.99 (m, 8H,
Arm, 6.12 (d %itﬁ\?i%ﬁi ﬁbggﬁ? %i @?@%@ézsn), 5.74 (dd,10.4, 1.2 Hz,

C.H= CHCHOCOZBrl) 5.41 (dkid, 1H, - 4.0, 1.2, 1.2 Hz, CH=CHCHO000213n), 5.18 (hr s, 1H, 011),
5.08 (d, 12. O,jz! Ogl!g] g,%g ({d 1H,1=12.0 Hz, OCHHTP1), 4,89 (d, 1H, 1 - 12.4 Hz, OCIIHTW),

4.83 (d, 1H,1 28 (d, 1H, I- 8.4 Hz, CHCHN(013)2), 2.85 tddd, 111,1= 8.4, 4,0,
1.2 Hz, CHCHN(CH3)2), 1.92 (s, N(gﬁ‘@?(}? 13C NMR (100 MHz, 08 85‘% 192,3,
PhSH, Et3 \
i LN
B YR { CHyCN PhS™" 5 {
TBSO RO OBn 97% 8S6 H "
MGC19 MGC20
[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,
C-0), 1711 (s, C-0), 1608 (s), 1510 (s), 1448 (in), 1376 (m), 1258 (s), 1056 (m); HRMS (ES)ealcd for
(C28H26N2054H)/ 519.1767, found 519.1773. [001801Triethylamine (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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butyldinnethylsilyi trifluoromethanesulfonate (243 if1" 1.06 inflict, 3.0 e) were added in sequence to a
solution of the cyclohexenotie IV1GC25 (183 mg, 0.353 rinnol, 1.0 equiv) in tetrahydrofuran (8 rriL) at
0 'C. The reaction mixture was stirred at 0 I' for 40 min, then was partitioned between ethyl acetate (50
m14 and an aqueous potassium phosphate buffer solution (pH 7.0, 0.2 M, 50 m14. The organic phase
was 113 separated and the aqueous phase was further extracted with a 25-m1., portion of ethyl
acetate. The organic phases were combined and dried over anhydrous sodium sante The dried
solution was filtered and the flltratm\ﬁﬁﬁ%oncentrated providing a%lto% oﬂil solid, The product was
purified by flash column chr%m @ y(l 9 to 2:8ethyl aceiate-  naffording the
sityl-eyelohexenone MCC26 a8 x 4. g (207 mg9@3Y%}. 001811R1E: 3.7 ethyl acetate-hex.anes);
11 NMR (400C6D6) 8 7.21 (d#SSH; e 7°8) 1,0 Hzpoe,4311), 7.15%8, FQ 1,1= 8.0 Hz ri-Arti), 7,05 (1,
2H, 1= 8.0 Hz, in-Arli), 6.98 (WG@H:mp¥ARLL), 6.30 (ddd, 111, 1- 10.5, 58°%% H

CH=CHCHOQG2L3R), 5.68(eidcdiditys é_:l’rgté (3 DbRICHSHEHPCOBRA o @Ea&laudeaaolal 5.0 Hz,
CH=CHCHO OZBn) 5.10 (d, 1H, 5 Hz, OCHH'Ph), 5.01 (d, 1H, = 12.5 Hz, OCI-11FPh), 4,95
(d; 111,1= 158 HOCHNPYE, Bmamﬂdc 11ﬂ1fqm@hé¢§2b@ﬁﬂlml$)0:¥§3lr(ﬂnqlbﬂ Bipayvdipz,
CHCHN(CHIIRIu 2 B8 i WbA=a L P12, GHEHNKHUPN B (PHOH NICIABIg A8 (5. oF
SiC(C113)3), 0.59 (s, SICI13), 0.29 (s, 3H, SiCH3); 13C NMR (100 MHz, C6D6) 8 193,3, 186.7,
180,3, 167.8,2184v8$ 3d0ed, at $as terammiud @, 3ok, eThezwhltms £oBeANYDED PIOVIENE0S 6, 82.4,
724, 69.6. SIS0 31t #3080 A HIR (880 SRR 205 (), 1745 (5
C=0), 1722 (s, C,gO) 1691 (m), 1613 (m), 151 147?,3 , 1455 (m), 1378 (m), 1264 (s), 1231 (s),
1046 (m); HPRAH(ES) mozo@étaeﬁfme@wamm 41%1%)t 0539, flidiBg Ry lifichael

-Dieelanann AQditianieect N GSifd solid (100 mg, 76%).
R/ 0.40 (3:7 ethyl acetate-hexanes); 'H NMR (500 MHz, C¢Dg) 6 7.30 (d, 2H, J=7.0
Hz, o-ArH), 7.06 (dd, 2H, J = 7.5, 7.0 Hz, m-ArH), 7.00 (d, 1H, J= 7.5 Hz, p-ArH),
5.85 (m, 1H, =CHCHOH), 5.42 (br d, 1H, J=10.5 Hz, =CHCHOTBS), 5.16 (d, 1H, J
=12.5 Hz, OCHH'Ph), 5.06 (d, 1H, J=12.5 Hz, OCHH 'Ph), 4.44 (m, 1H,
=CHCHOH), 4.31 (br s, 1H, OH), 4.07 (br s, 1H, =CHCHOTBS), 3.34 (br s, 1H, OH),
3.33 (d, 1H, J= 11.5 Hz, CHCHN(CH3),), 2.75 (br d, 1H, J=11.5 Hz,
CHCHN(CHa)y), 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
(Ca6H3sN20Si+H)" 501.2421, found 501.2424.

Benzyl Carbonate MGC23:

HO |, N(CHa), BAOLCQ |, N(CH);
‘: | C}N BnochchM DMAP Ej?l{l
856 9 Bn 86 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
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80% I001821A solution of n-butyllithitim in heximes (1.55 M, 155 uL, 0.241 mmol, 5,1 equiv) was
added to a solution of AT,N11/l,Ari-tetramethylethylenediamine (390 0.261 MIT101, 5,5 di:11v) and
dlisopiopyl amine (34.0 p.1_, 0.249 rnmol, 5,25 equiv) in tetra.hydrofuran (1 1TIL) at -78 CC. The
resulting mixture was stirred vigorously at -78 C for 30 min whereupon a solution of the ester
COL-1-280 (73.0 mg, 0.213 mmol, 4.5 equiv) in tetrahydrofuran (1 mL) was added dropwise via
cannula. The resulting deep red mixture was stirred vigorously at -78 ")C2, for 75 min, then a solution
of the silyieydiohlexenotald GG2b)(B300 My, Tho47a-iumolj i0eyapstiredwhhydrofaran¥l nal) was
added &unwise via ea“ﬁH{&JJ‘&E%%‘éH'Q&%&%‘&E%% ﬁ?%%[ﬁoxs\lgﬁs@m%&‘ QAT SiQWly to 0 C over 2

h, then was paef{llt‘l)ghsepcfl etween an aqueous potassium p ate buffer solution (pH 7.0, 0.2 M, 10

inL) and dichtocamethzsel(1Dm(5)) The. cFhaniephiashwasvse perateiddoad the agrovsPptEse was
further extracted with two 10 @é“onstft{%iS MEDaRG, e ARG RNagES ¥esgicombined and

I
. f 3 q%ﬁ?— : .
dried over an‘ﬁ%drouseéoeélﬁ% sul\g e rleda solution‘was filtered and the filtrate was concentrated,

providing a yphaswsoilerEhepiodettwbdrivdrifien inhplepar aediyr Rl Bton Bhe diikersolitiphere ODS
column (10 n,M, 250 x.10 w rate 3.5 muUtnj A Methanal SRIMERt Boatgi)dising an
injection volu"r’vnaes ﬁﬁ 2188 B. &Fr%glt%?ﬁ%}yzgnc %%%g%hgﬁ(%%%éﬁélt%nm(ﬁ 10% é for 7_£ min. The peak doting
at 36-42 mm weducoliestestdindtbomeshstapedithéigrfirtychpuniihtienDitelandbticabishtitiiproduct

MGC21 (33.0 00,500 35 AL YGIOM SRS [ORIEIEAOR. L el heranes): 1 N

(500 MHz, céB s, ill; enal), Hz, o-Arltd), 7.14 (d, 211,1- 7.5 Hz, Arid),
6.85- 7.05 (nghBdrbaEmpB 6@ T4 @0 DOAG] 6;8thytrminticthd ecetaterhexanay).siferdingl, | H, J =

e
CHCHN(CH3)E)IB5 (dd, B0 12 Bh41Cbtza CHOGHEH ) ONERA 500V HE. 5B EHHEN (C143)2),
T e RO N
MHz, CDCI3)-6 BRHT) 8653 1R0(B(it TR.AL FL6T-9] 54275 152 ACHEUE) 1B8)95 8361, 185.5, 133.9,
128,7,128.6, 238 Snbtlosif 38013211 172 B 398 20t40P v85 8. 0838 11, v = 12,5 1z,

OCHH'Ph), 491 (d, 1H, J= 12.0 Hz, OCHH'Ph"), 4.88 (d, 1H, J = 12.0 Hz,

OCHH'Ph’), 4.41 (m, 1H, =CHCHOTBS), 3.38 (d, 1H, J = 7.5 Hz, CHCHN(CH),),

3.11 (m, 15, CHCHN(CH)y), 1.92 (s, 6H, N(CHs)y), 0.92 (s, 9H, SiC(CHs)s), 0.02 (s,

3H, SiCHs), —0.02 (s, 3H, SiCHs); *C NMR (100 MHz, C¢Dg) 5 188.9, 179.9, 168.3,

1552, 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, 6.6, 60.3, 4.4, 42.2, 25.9, 18.2, —4.8, —4.8; FTIR (neat), em ' 3532 (w,

OH), 2048 (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 caled for (CaqHaNoOgSi+H)" 635.2789,

found 635.2786.

Diol MGC24.
Bn0,CQ |, MCHs) BrO,CQ |, M(CHaz
TBSé 8 Bn 92% (2 sleps) H(% 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, -1.8, -2.7; FTIR (neat film), C311-1 2974
(W), 2933 (W), 2851 (w), 1760 (s, C-0), 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
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115 C=0), 1606 (n-i), 1513 (m), 1471 (m), 1370 (m), 1260 (s), 1232 (s), 1148(s); FIRMS (ES) nilz
calcd for (C451i36012N2801 881.3681, found 881,3684. Initial Dcp:rotcction of Michael-DieCkniann
Addition Prod t GC28: 1001841Hydrolluolie acid 0 .2 nth, 48% aqueous) was added to a
polypropylene reaction vessel containing a solution of the Michael-Dieckmarin addition product
MGC27 (33.0 mg, 0.0375 mmol, 1.0 equiv) in acetonitrile (7.0 mi.) at 23 "C. The resulting mixture was
stirred vigorously at 23 rtC, for 60 11, then was poured into water g50 triL) containing ICHPO4 (7.0 g),
The resultingminiktuyevarsasiicrsd tanitbeateijicn ard-§3nd2aist 29 ReldrgBif O piaie BRAsse

combined anddcgpYel anmyALas sy et The ddedseluim WaSiiasatanidne firate

was concentrated, turnishing t ntacyclie phenol MGC28 as a yellow oil (25.0 mg, 99%). The

product was tibed it themgeriospbpseithets sordhereduriicaasicd o0 tBstRaAg B BRI UM

acetate-NexagieR o WL BRMMIZ (GRRR; G AT B JABRRI BistaRll BRI iy, phendl),
7.23 (d, 2H,1 7.8 Hz, o-Ark!), 7,14 (d, 2H, I= 7.2 Hz, 0-ATH), 6.94-7.02 (m, 6f1, ArH?l, 6.86 (t, 1H,1=

8.4 Hz, Arm BIR6veistd sokion Was Aritl 6ves qehyHEms:sorrm suKpte asida el 1 1h9 dlEeies o Hz,

13n0CO3CH), 3. 14,(dn il 4, iﬁﬁi&%@&ﬁ%&e@él@iﬂé@ﬁ 12 Dz QYR 24.9248, 2H,
OCH2Ph), 3.41 (d, 111,1= 9.6 Hz, CHCIEN(CH3)2), 2,82 (dd. 1H, I- 9.6, 3.0 Hz, CRC/I-TH(043)2),

2.65 (dd,11-199%61.3.2, 3.6 Hz, CH3CHCH), 2.78

[00179] R,0.33 (2:3 ethyl acetate-hexanes), 'H NMR (400 MHz, C¢D¢) & 7.22
(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(CH3),); >C NMR (100 MHz, C¢Ds) & 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 NN
==t N
A LN THF, 0°C @:r;[{
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 NMR (100
MHz, C6D6, crude) 8 193.4, 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), cm71 3424 On, OH), 3059, 330, 2925, 2857, 1744 (s, C-0), 1713 (s, C=0), 1614
(s), 1582 (s), 1455 (s), 1252 (s); FIRMS (ES) mlz ealcd for (C37H34010N24-11f 667,2292, found
667.2300. (-)-Doxycyc e (MGC30): 1001861Pd black (7,00 mg, 0,0657 rrunol, 1.75 equiv) was
added in onespmatioaitend goiutioncos e gentadycltephdrotdd 8CIP8 1250 pritiowsieiina 1.0 cquiv)
in letrahyarofyanmeihenol il o LAl A Bt A ABRBRGE: alhidtpgenaga intiqduced by
briefly evacua‘ﬁng fhe aé)k, en flushing with pure hydrogen (I aim). The Pd catalyst was initially
present as a Tihe dlisgedismbweaifreghted thtofditatepsavichireSritedT Rroyislig heBpdyeneous

mixture was stirred, a C for 2 1t,.then was filter : ilsrat S
concentrated?lg%g?gl‘%is?gl ?/gﬁ%ﬁ%ﬁl‘}@ %/rcﬁij%éx% )%%&Egggﬁ%%ﬂ%ﬁ%g@%gs%g gﬁe%}?é)ﬁduct was
purified by preparatdex s )CativaiRp EnosighexcRblyraror DM E Cafurrma(¢oai 24 (260 %20 mm, flow
rate 4.0 mlimj 0F olvent A: methanol-0,005 N ag. HCI (1:4), Solvent a acetonitrile) using an injection
volume of solvent A (400 pl,) containing oxalic acid (10 mg) and an isochratic elution of 5% B for 2
min, then a gail8t elutioRpd 5¢5(2F Biligh 2B mtnhataedalioNMRy(40Q MEZ fisDwed Téllected and

concentrated ing ()-d clin d loride- as_aygliow pqwder{14G. %) ~which was
identical With(ﬂai’rgrsgi??):-a&yf()i%%’eoﬁ‘ga%cﬁéﬁ e %ﬁal regi{)segé’. fo%i%ﬁ;lﬁgﬁ m%g" 600@l\9Hz,
CD3C)D, hydrachaticid), 8. 231t 4, p-3, Az A0HY 46,931 (d -1 H).5, 8.4,A4) BrH), 6.83 (d, 111,1- 8.4

e R RS s I A M R 3 -

12.6, 6.6 Hz, BH3C1)) H58HeCHIHDE OZ8m) 8541 Blgd,GHIOHAR)S He56H31 A1) 56)6 (dz,

CHICHCH): G AINAR, GO0 M P30 a3 B3 1 8R40 B8 Sk PRI, Z.82 4, 11, v =
12.5 Hz, OCHH Ph"), 3.11 (d, 1H, J = 11.0 Hz, CHCHN(CH3;),), 2.94 (br d, 1H, J =
11.0 Hz, CHCHN(CHa),), 1.96 (s, 6H, N(CH3),), 1.08 (s, 9H, SiC(CHj)3), 0.59 (s, 3H,
SiCH3), 0.29 (s, 3H, SiCH3); *C NMR (100 MHz, C¢Dg) & 193.3, 186.7, 180.3, 167.8,
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
(C34HqoN,O5+H)" 633.2632, found 633.2620.

Michael-Dieckmann Addition Product MGC27:

(0]
Bn

HaC , O |, MCHy)
Et , . e B>
1.LDA, TMEDA, THF, 78 °C P .
—_ 2,78 50 C N
2 BnO,CQ CH
BocO n0LQ |, NCHa) BocO O HO i 0 n
CDL-1-280 i 3 ARs
) L MGC27
z Bn
OTBS
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; UV
max (0.01 N methanolic HO), rim 218, 267, 350; [a] = -109' (0 0.16 in 0,01 M methanolic NC); lit. (The
Merck Index: An Encyclopedia of Chemicals, Drugs, and Riologicas,12th ed. Budavari, S.; O'Neal; NI,
J.; Smith, A.; Heekelman, P. P.; Kianeary, j. F., Eds.; Merck 8r. Co.: Whitehouse Station, NJ, 1996;
entry 3496.) UV max (0.01 N methanolicHCB, nin 267, 351; [a]p=-110' (c | in 0.01 M methanolic HCO:
HRMS (ES) m caled for (C221-12402N2+14)+ 445.1611, found 445.1603. Example 3-Synthesis of
6-Deoxytetra@élinerksiter, CQLit) 280 dilbirBpydati@®R0-1 b, EA4978mel+5 3 i@ iEnisic acid
1001881A sqlution of sec-butydithium.j cloli { ) inl: iv) was
added to & SULLRO R RINY el e o o e S AR
tetrahydrofuré@ {@53Mmiati8eMohhesdstiftingf et osies sHitlor] A8 ([d3dlenaad)-db3armperfial

termperture) . Guid OB AN A AUV, 9169066 (HAD Gedr e, 10 )

in tetrahydroﬁ%lhv as added dropwise via eannula over a period of 30 min to the yellow
solution. Theredsultihgovasgtised pegmiorniyas-sthrsd for Bneiddthenalsstrtng at lwosiylthen was

allowed o wauy (/86 OXFEES E1Eh WIRIYBRRIRHREINARG i) Ml e Hybb e Gl yvas added.

The mixture was allowed to warm er 15 min, then was partitioned between water (50 inl,)
and ether (50malk)ldEhdmguesusitayemuias Sbpassubiinanigltinsbthisith ayaeslis Wy B ISR acid (1.0

M. 100 rni). The resulting-mixt e [ t ic layers
were c:ombin(§:-1 ve&{ﬁ'dtl%f%d?i%% g@gﬁ%&%gg} lt]lzgst}(;gé%%dr?]& E%’ll/%%[}g %ﬁrﬁg(fgﬁg%?%u%%ﬁhg}i%%{?ed and the
filtrate was conéEntyaligthponidifgB2ovdvA oillasdadichletonmirisdboNM2; bearprakalysis of the
crude product.shaow n 8.2 rai I] I -4- 3)-and unreacted
anisic acid (6p§,a(§% ‘@gﬁg%ﬁfﬁ)&fq gﬁ%ﬁ%%ﬁ%gog ﬁ%gi?%rﬁﬁﬁg?sﬁiﬁ%éaﬁghh%gi(r?\)é%ylformarnide
(100 pt) werepaditet irf Seduencectbeasollition gftivephasiuechs anioreetAahied 2 #iL) at 23 'C.

Vigorous gas eyolhlign Wa,aPSRYRD YRED.AUFIRR6h Aek Trdiree thdfarenaipide e reaction

concentrated, providing a yellow oil. The product was purified by preparatory HPLC
on a Coulter Ultrasphere ODS column (10 uM, 250 x 10 mm, flow rate 3.5 mL/min,
Solvent A: methanol, Solvent B: water) using an injection volume of 400 pL
(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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mixture was stirred for 2 la at 23 DC, whereupon phenol (1.4 g, 15 mmol, 1.1 equiv), pyridine (2.4 mi"
30 mmol, 2,3 equiv), and 4-(dimethylaraino)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 la at 23 CC, Agueous
hydrochloric acid (1 N4, 50 rial) was added and the resulting mixture was extracted with ethyl acetate
(2 x 50The organic layers were combined, then washed with an aqueous sodium hydroxide solution
(0.1 M, 50followed by brine (50and were then dried over anhydrous sodium sulfate, The dried solution
was filtered abreihd 6ilt6ate Wkl ac(m)eﬂlﬁhle(dl)piévmm@al2&(5‘&)“1 %@rdd&@t(Wag%Mﬁled by flash
column chrore%;;&/a )r/%g% r?()fg@( n%sgl aiig rding thg @ster CDL-1-280 as a colorless oil
(1.7 g, 50%) é? ace ater exames); /H NNIR (500 MHz, CDC13) 3 7.56 (t, 2H,
el- 7.8 Hz, ArH), 737(t 1H, I—78Hz MU), 7.31-7.26 (m, 3H, ArH), 6,93 (d, 114,1= 7.8 Hz, Aril), 6.85
(d 1H, =83 | D208 2 Mo B T NRGHA, 1.33 (L M, 7.8 Hz
CH2CH3) '3 : : .9,129.5,125.9, 122.5,
121.6, 120.9, 108.5, 55.9, 26. 6 156 ,FT1R (neat film) tancl 2970 (m) Ag (s, C=0), 1583 (s), 1488
(s), 1471 (s), 1438 (m), 129&(@\/)_, 7@(:(5))3 1236 (s), 1186(s), 1158@(@)9 ;L,Omwm) 1046 (s) 1001 (w);
HRMS (ES) tri/2- calcd fopfGA6E-603-i | i

solution of boron tribromide s A
solution of the ester CDlgdec 62:mg, 2%8 minol .0 equiv):it dishio fite (10 ml..) at 0 'C.
The resulting yellow solution was stﬁ?@?ﬂ for 70 rain at 0 "C, whereupon satyrated aqueous sodium
bicarbonate solution (50 nal) was add&d The resulting biphasie mixture was stirred for 20 min at 0 *C,

dichlommeth#H8 830 iriL) vﬂé@&@ﬂwq@lr&ﬂﬂe?sm\ler@g/epﬁ\d&té@) 338 ecddadRA pHaRYISRas farther
exiracted W hdlsiRIEanG (AR hGIPRNMRYEEA MR AAMPIRRARAG Hefutred over

anhydrous so |um sul utlon was filtered and the filtrate was concentrated, providing

the phenol CNIGL29&33s0am|0{83$ OMHQBDE! fhea97yen asorsriRf blrnks Y5 aiyl Fstate- -hexanes);

%I—éé\l EVIR (Soqmgclggit]u% wsgqili‘%dl%%or%?y 443 6c3lledn %&Wa@‘ﬂ@ux@d‘ﬁlf&%a&g Hz, Aril),

(50 mL) containing K;HPO4 (7.0 g). The resulting mixture was extracted with ethyl
acetate (3 x 20 mL). The organic phases were combined and dried over anhydrous
sodium sulfate. The dried solution was filtered and the filtrate was concentrated,
furnishing the pentacyclic phenol MGC28 as a yellow oil (25.0 mg, 99%). The
product was used in the next step without further purification.

[00185] R/ 0.05 (1:4 ethyl acetate-hexanes); 'H NMR (600 MHz, C¢Ds, crude) &
14.86 (br's, 1H, enol), 11.95 (s, 1H, phenol), 7.23 (d, 2H, J = 7.8 Hz, 0-ArH), 7.14 (d,
2H, J= 7.2 Hz, 0-ArH), 6.94-7.02 (m, 6H, ArH), 6.86 (t, 1H, /= 8.4 Hz, ArH), 6.76
(d, 1H, J = 8.4 Hz, ArH), 6.28 (d, 1H, J= 7.8 Hz, ArH), 5.46 (dd, 1H, J= 3.6, 3.0 Hz,
BnOCO,CH), 5.12 (d, 1H, J= 12.0 Hz, OCHH 'Ph), 5.04 (d, 1H, J = 12.0 Hz,

OCHH 'Ph), 4.92 (s, 2H, OCH,Ph), 3.41 (d, 1H, J= 9.6 Hz, CHCHN(CH3),), 2.82 (dd,
1H, J= 9.6, 3.0 Hz, CHCHN(CHs),), 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; FT1R
(neat film), CITH 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 (C1J-1140344-)f 243.1021, found
243.1014. Ester CDL-I-299. CO2Ph Boo [001921Al"Ni-diisopropylethylamine (520 4, 2.99 mmol, 1.2
equiv), di-t-butyl dicarbonate (645 mg; 2,96 inmel, 1.2 equiv), and 4-(dimethylamino)pyridine (31 rag,
0.25 mmol, ;E%_%ﬂ;u)gv%%%%%eémsequence to a solution of the phenol CHL-1-298 (605 mg, 2.50
minol, 0,1 equi ' 0 nth) at 23 C. The reaction mixture \vas stirred for 1 h at 23
0C, whereupon saturated aqueoys gmmonium chloride solution (50 mL) was added. Dichloromethane
(50 ril) was added, the Iayem&vmegeﬁsgwafated, and the aqueous ﬁh%se‘-’ii\fa%“é%’gacted with
dichloromethane (50 m ? nigtayers werg wombined @ fieg over sodium sulfate. The
dried solution was filtered.2 hefiltrat¢ was concentrated, proyidipng a Brewn ol The product was
purified by flash columnghrog atoar phyH1:9 etherzhexanes), &ffording the eSter Cffir 1-299 as a
colorless oil, which crystallized upon standing overnight at-14 (.3 ({333ag,1i86%), trip 58 'C. [001931Rf
0.23 (1:9 ether-hexa s);NMR ﬁoo MHz, CDCI3) 8 7.46-7.42 (rn, 311,7.31-7.26 (m, 311, Aril); 7.22 (cl,
111,1= 7.3 HRUAAH] 7.15 (B Plagk (7708 mg, ARRY Lremqh, 121, §aiv W45 a84$9¢n Of5)PATURTs, oH,
Hoe), 1.31 (o3l<titod 3 (CHAGHADY RENME CANMItar EDORIL 68,1 054, 180.6. 148.7
144.5,131.3, 129.4, 126.8, 126.1, 125.4, 121,7, 120.5, 83.8, 27.5, 26.8, 15.6; FT1R (neat film), cm71

2964 (w), 175Eyemfaseanend§1: tnd, 0rmé? a3 145 2RI AR O 1 DYEP&F 1YY (s), 1190(s),
1145 (s), 105 BHade iR SER) Bilzcsali 0k a0 Intr 20BHNE W36 d Bldolaund 368)1808,

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 oil
(>95% doxycycline based on 'H NMR analysis). The product was purified by
preparatory HPLC on a Phenomenex Polymerx DVB column (10 pM, 250 x 10 mm,
flow rate 4.0 mL/min, Solvent A: methanol-0.005 N aq. HCI (1:4), Solvent B:
acetonitrile) using an injection volume of solvent A (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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Michael-Dieekrriann Addition Product C11L4-287: 83% [001941A solution of n-butyllithium in
hexanes (1.45 M, 47 p1. 0.068 mmol, 6.8 equiv) was added to a solution of diisopropylamine (10 p1,
0.071 mmol, 7.1 equiv) and IV,N,NcAP-tetrainethylethylenediamine (10 pL, 0.066 mine', 6.6 equiv) in
tetrahydrofuran (300 4.) at -78 'C. The resulting solution was stirred at --78 'C for 30 mm whereupon a
solution of the ester CDL-I-299 (17 mg, 0.050 mine!, 5.0 equiv) in tetrahydrofuran (200 'AO was
added, forming a deep red solution. The solution was stirred at -78 "V for 75 min, then a solution of the
enone Dstw@mm@gmm 12D g BivilamaetiBh gitdsakad (LoS i, ad tesdieman. 78 'C. The
color of the r n. mixt in d.f i ed to
warm to Oove?i;’i %B‘mm pori %@dh%gg( %Ezea?n ﬂ]ﬁ&%?&%ﬂ%ﬁ?ﬁ Sh@%ﬁ%ﬁﬁmn (pH 7.0,
0.2 Ni, 15 minjaw#&s GdtiadethhasolésHl€ihg tymllmv rﬁﬁdtuie]was—ékﬁ‘h&edlwmﬁ)@lbmbmﬁmm (3x15

in12). The or e ? e i€ m sulfate. The
dried solutio s#ﬁ%@d@g&'ﬂ@ﬁ? B §7cozﬁcé o d%r%\(nglﬁghéﬁ %ﬁ%?/svsgﬁa he product was
purified by preparatory HPLC on a Coulter Ultrasphere ODS column (5 }nu, 250 x 10 Mtn, flow rate 3.5
rriLimin, Solv. nt A; ; detection at 350 nm) using an injection volume of
500 pi methafOL M an IS Oehrate efation of 89-5%-BT he peak eluting at 31-40 min was collected
and concentrBtea Emjndlnzsme MichaelDieekmann product CDL4'287 as a light yellow solid (6.1 mg,

83%), mp 114 'C. 100951RT’LO§7 Blt mdrofuran hexanes) (gMYIFb,(,ﬁ_OQA\{I)-IZ CDC13) (s, IH,

16.24, enol-OH).7.55-7.50 (Fﬂ_,”_-3 sV, 7.40-7.35(m,&4H, Aril), cm;@j 1H, .1 = BAril),
5.39-5.34 (m, CH2Ph), 3.92 (d.11-1, 1, 10.7 Hz, CHN [, CH3CH,
CH3CHCH), 2. A, 407 H7Hs €H ), 2,489 AR C113)2F 224 (eh 1H, J =

14.7 Hz, CHHCRGEIN(CH3)2), 131 (ddd, 1H, J= 1 9.3, 5,7, CHHTHCHN(CH312)Mb.56 (s, 31-1,

CH3), 1.55 (sar¥tt: 4d@e), 0.84 (s, 911, TM), 0.27 (5,313, I BS) sbb1 Bck.3ic BES): ) 1280

[00188] A solution of sec-butyllithium in cyclohexane (1.40 M, 24.0 mL, 33.6
mmol, 2.6 equiv) was added to a solution of N,N,N',N'-tetramethylethylenediamine (4.9
mL, 33 mmol, 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 NIVIR (125 MHz, 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, C=0), 1718
(s, 0-0), 1605 (s), 1508 (s), 1467 (m), 1456 (m), 1369 (m), 1277 (s), 1262 (m), 1231 (s), 1144 (s), 1005
(w); HRMS (ES) rii/z called for (C40f1501'4209Si1-1-1)+ 731.3364, found 731.3370.
6-Deoxvtetramieline CBE-If-322

mixture was stirred for 2 h at 23 °C, whereupon phenol (1.4 g, 15 mmol, 1.1 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, CH30ON 2( 12, Pd black THF-C1-130H 8194 H3CN(C11,112 ,NH2 1 HO C 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 polypropylene reaction vessel
containing a solution of the Miehael-Dieckmann addition product CD1,- 1-287 (15 mg, 0.021
111T1101, 1.0 equiv) in acetonitrile (3.5 rriL) at 23 CC, The reaction mixture was stin-ed at 23 C. for
55 1i, then was poured into water (20 inL) containing K.2HPO4 (4,0 g), The resulting mixture was
extracted with ethyl acetate (4 x 20 ME). The organic phases were combined and then dried over
anhydrous sodium sulfate. The dried solution was filtered and the filtrate was concentrated, providing a
light yellow g&d)blagks€76.mg, 0.071 :limo!, 3.4 equiv) was added in one portion to a solution of the

residue in methanaol-tetralrydrofuran (1:1, 2 mi.). A S f hydr introduced by
briefly evacuatity e fIask},QJfIQe%W3 i Fﬁlﬁem%%?élh@%nﬁb/@ﬂ%&%wzrﬁg mﬁﬁféwvggé'%%rred at 23°IC
;_cl)r 2 fcli- \éVithil(‘rrx?, mlq)r,}uotm%ptzgn Chgrehgﬂquljmmﬂmgﬂqm um%k Y??éfm”iad% ([:}I%z(tﬂl‘-t%; vaa;]s

iltered through a 1)lug_of cotton. The filtrate was concentrated, a ng.a yellow 0 mq@). The
product was %Lﬁ’lﬁéd%fép%’é%%f&%#é (S EISI AN H ﬁ’fé i’ O—.% , 250 A
10 mm, flow 1afe SHYHAR, 'SONRMR AL 79eiianatB@2) N HE!1(114). Salvest Biaicetaniile3 UV, detection

at 365 nin) using an injection volume of 400 uL methanol containirig oxalic acid monohydrate (10 mg)

and an isochrade’el o d22dud Bibr 1 rhin 2therPa finear gfadieht GIHbIRSP3-6594 B 15 min.
The peak elutingyaiph 7 1722¢5 Mitoyas goliegiadancvoreentiaietsty givy, b3degwyetagyghne
hydrochloride &91.44-322 HC1) as a yellow powder (8.1 mg, 81%). 10019&% ..MRB\SSOQ MHz,
CE1301), hydrbrhierdd9a ¢adld5(oh 1057 &)z HRMS S16%) oz pated fordgapinRatiNideba (d, 1H, 1=
7.8 Hz, ArH), %09481 buhdGBN§04.3)21, 3.03 (br s, 3H, N(CI113)), 2.97 (hr s, 3H, N((-13)), 2.90 (hr
d, 1H"I = 12.7 Hz, CLICHN(C1H3)2), 2.67 (ddd, IB. J= 122, 127, 5.2 Hz, CH3CHCH), 2.61-2.56 (in,
1H, CH3CH), 2.30 (ddd, 1 = 13.7, 5.2, 2.9 Hz, CHHICIICHN(C1-13)2), 1.54 (ddd, J = 13.7, 12.7, 12.7
Hz, CHHICHGQIiNK Qe B bickn 38n(A.daktioh 18 Rtk (33 EbR7 HRMS (ES) nilz calcd for
(C221124N207+11)t 429.1662, found 429.1660. Example 4-Synthesis of a Pyridone Sancycline
Analog Phenyl Ester CD1,11-464: 100)1L9193‘}2,T4/,|EmmhIoroberizoVP%h@rid@(_5%44?22.28 mmol, 1,1
equiv) was added to a-Solution of the calibxyil® deid CDL41 432 Afeperted by A9 Osman, M.M
Ismail, M.A. Barakai, Rewlie Roumaine de Chime 1986, 31, 6 312408 mmol. 1.0 equiv)
and triethylamine (320 I, 2,891 311012, TegdivY in tetrahy ) at@3'C. A white
precipitate was formed 9peh addition. The wedttidHemixturdaPss stiftedr:3@ min at 23 'C. A solution
of phenol (489 mg, 5$§ %I, 2.5 equiV) g S’imethylainino)pyridigs ¢ 7tne, 5,20 trimol, 2.5
equiv) in tetralaydrofu hnE' mL) wasladded vj nula to the reactién mixture prepared above at 0
'C. The resulting mixture was allowed toljvar
temperature. An aqueous potassium phésg Pn solution (pH 7.0, 0.2 N4, 30 mi.) was then
added and the resulting mixture was extracted wi aelchloromethane (3 x $0 nth). The organic extracts
were combined and then dried over anhydf8i¥s sodium sulfate. The dried solution was filtered and the
fitrate conceryigiag providing:fealpuess-aly g aadyctuas praad by fash oo,
chromatography (6:94 ethyl acetate-hexanes), atfording the phenyl ester COL-11-464 as a white solid
(590 mg, 8596) 8requbd \as added to a solution of diisopropylamine (10 pL, 0.071 mmol, 7.1 equiv)

C over 10 min, and was stirred for 90 rain at that

and NV,N,N'.N'-tetramethylethylenediamine (10 pL, 0.066 mmol, 6.6 equiv) in
tetrahydrofuran (300 pL) at —78 °C. The resulting solution was stirred at —78 °C for 30
min whereupon a solution of the ester CDL-1-299 (17 mg, 0.050 mmol, 5.0 equiv) in
tetrahydrofuran (200 puL) was added, forming a deep red solution. The solution was
stirred at —78 °C for 75 min, then a solution of the enone DRS6 (5.0 mg, 0.010 mmo],
1.0 equiv) in tetrahydrofuran (100 pnL) was added at —78 °C. The color of the reaction
mixture remained deep red following the addition. The mixture was allowed to warm
to 0 °C over 150 min. Upon reaching 0 °C, an aqueous potassium phosphate buffer
solution (pH 7.0, 0.2 M, 15 mL) was added. The resulting yellow mixture was

extracted with dichloromethane (3 x 15 mL). The organic layers were combined and
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[001991Rf 0.3% (1:9 ethyl acetate-hexanes); 1H NMR. (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 film), cra- 1738 (s, C-0), 1600 (s), 1569 (s), 1492 (m), 1441 On), 1400 (m), 1333 (s), 1272 (s),
1185 (s), 1159 (m), 1097 (in), 1051 (s); HRMS (ES) pniz calcd for (C2!HiI9NO3+1-1) 334.1443, found
334.1442. Nfled Qzedovepatydionidioditte ol @ BNH1B L luidd66s 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, 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, CH3CHCH), 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, CDCl3) 5 187.4, 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 OLICfl OTBS ERN 67% [002001A solution of n-butyllithium in hexanes (1.67 M, 80 }AL, 0.13
minol, equiv) was added to a solution of diisopropylamine (20 rd., 0.14 mmol, 4.5 equiv) in
tetrahydrothran (2.5 m1) at ---78 'C. The resulting solution was allowed to warm to 0 'C over 15 min.
Al,Is,"-dimethylprop2,,lencurea (17 rit" 0.14 mmol, 4.5 ecgAiv) was added to the mixture prepared
above at 0 C, whereupon the mixture was cooled to -78 'C. A solution of the ester CD1,41-464 (31 mg,
0.093 mmol, 3.0 equiv) in tetrahydrofuran (250 jtL) was then added at -78 0(2. The resulting yellow
solution was KHHedfeu 5 g)inierefBlEhg themaswhtionratthevetioed DRS6E 6@ 0003 mmol, 1.0

equiv) in teirahydroluran (250 p.14 was added af 578 'C. The resulting dee [ allowed to
warm to 0C ovet H$TACE %Sg%mefﬁﬁ %ﬁ%/néasg gg(éé}ée%tg&)e%%vgreaergl?'é%or%ﬁftglﬂgl%%%rﬁg%%ved by an
aqueous potaiskitiRdPeaphaidi heraraadl tiofil okt .85 GoAdvhtdediprovingsuighyyedliow mixture was
extracted with.diehjoromethane ( rith), The organic extracts.were ined ried over
anhydrous sé’d?u?ﬁdgdﬁgllfe. %@%ﬁ’ey%}fo%‘ﬁéh £§se % (‘e/yew gﬁgatﬁelﬂl?r%?eg gv@?%@n%%%ﬁr’g@g?%roviding a
yellow oil. Thihpredoet was @hiifidc diyapydpeiatoryl HPLGibh AGetltespiitraspbedec@®aslumn (5
urn, 250 x 10 mm, flow rate, 3.5 mit:intim Solvent A: watey, Salvent B: methanel, UV ction at 350
nm) using an‘}’ﬁfe{&{{)‘ﬁlk}% ‘{]Jerlﬁ)égorf%%'oet‘fﬁ gﬁdﬂ gsgﬁfgé?gnﬁ%%lt?gnwé lfieo%}{}é% gﬁ%\%ﬁ 30 min. The
peak eluting atr2)l-2Deninxnas caladieciand o0 dentateiVichgive reid Be Djlbt bhebgad &dight yellow
solid (15.0 mg, 67%), 100201]RI 0,55 (3;7 ethyl.acetate-thexangs):N..lviR (600 V4 ) 16,05
(s,end-OH), ﬁ%%-?‘%‘(ﬁr%?%%&,y 16, (Sf’%ﬂ‘, PN SYE? @%ﬁ%%ﬂ'@ﬁzpw&?—f%gﬁh%%&% (d,
1- 12.7 Hz, 1THe Dcitdl Va3, coi32Hr2R (na2f @GN P I} 1819 9ild 1 2kh g).- TheHrduGHNPLAZIR),
3.04-3.00 (m, 1H, CHCH2 N(C 2), 2.84 lidd, iH.16,1, 4.9 Hz, CHITCH HN(CH3)2),
2,74 (o), MDA PR EE ] COBMCN B IS S5 (1] BT g FAin

CHCHN(CH3)R)w 2a8 521431010, $0HeiN (Q1rddhandi-GrI3N GBI QHG HN(CH3R2 p2t07i(dlel [AV.1= 14.2
Hz, CHH'CHCHN%CH3)%%§).82 (s, 9H, 'MS), 022 (s, 3H, TBA@), 0,10 (59, 3@, TBS): 13C NIVIR (100
MHz, CD2C195teplionoat 1 smpaing padrieqiipn yohume oty y L metanof contaling pxpliog 1 24 6,

23.0,19.3,  acid monohydrate (10 mg) and an isochratic elution of 18% B for 15 min, then a linear
gradient elution of 18-60% B in 15 min. The peak eluting at 17.5-22.5 min was
collected and concentrated to give 6-deoxytetracycline hydrochloride (CDL-I1-322-HCI)
as a yellow powder (8.1 mg, 81%).
[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(CHz3),), 3.03 (br s, 3H, N(CH3)), 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, CH;CH), 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(CH3;)), 1.38 (d, 3H, J = 6.8 Hz, CH;CH). 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 Analoacnt-11-460: 1. H2,
Pd(OH)2/C diexane, CH30OH 2, E4 HO, MeOH 74% [00202IPalladium hydroxide on carbon (20 wt. A
Pd, wet, water max. 50%, 10 mg, 0.0094 mmol, 0.7 equiv) was added to a solution of the
Michael-Dieckinarin addition product CDL-11-466 (10 mg, 0.014 mmol, 1.0 equiv) in dioxane-methanol
(2:1, 10 m1.) at 23 *C. An atmosphere of hydrogef? ga$was introduced by briefly evacuating the flask,
then flushing with pure hydrogen (1 atm). The reséitingsuixture was stirred at 23 "V for 2 It The color
turned green after 5 min and then gradually to yello in the reaction time. The mixture was filtered
through a plug of cotton and then concentrated tcea yelfow ail, @@éeous hyg;spschloric acid (37%, 100
61,..) was added to a soliq $Hzidue in metbaiK10 mi.) at 3 '§. The reaction Via3 monitored
by analytical HPLC on a Couljer Ultrasphere-©BS—cotumn+(54.1ETH, 48 |pm; flow rate 1 mihnin,
Solvent A: 0.1% TEA in water, $olvét®a: 0.1% TPA in acetonitrile; U%égetecﬁon at 395 nm) with a
eradient elution of 10-100% B dv@é? 15 The BBQE'QW min indicated the desired product. After
stirring for 3 h at 23 C. the depmieeitm was compbstd and the mixtuc®wag®bncentrated to a yellow

oil. The crude mixtyre was purifi m reparatory HPLC gn a menex.Polymerx DVB column (10
p.m, 250 x 13"@%%0\/\/ ratzgzglér'nf ﬂg?i%ﬁ%,%){ﬁ‘%ﬂ% i@%&g%&?&%%h‘l&r%&ﬂ W Sdivent B:
acetonitrile, R¥deetectiorhaiodGst dacusiogydio HejdcdDLVINTE (efbdRdibyrethaDeineanditing oxalic
acid monohydrat ('&%‘{1 and a Jijnear gradient o (2%%&0%1@ e éll% [ éI)h ak eluting at 20-29
min was coll %agla ; %rékﬁta Y5 GRIEWERGBroChtse g %cljfjré @1'32 b@gzg%lgv@gpowder (4.8
rug, 74%). 10020B]HINMRV(20Q MiszyGRINDIIAIochIo8daM36. 31 (uld),ineitih4dbf(sad 11,
CHN(CH3)2),.3.05-2.95 §m 8H, N(C113)2, CHCHN(CH3)2, . ) ,

(25 mL) at 23 °C.” A white précipifate was formed upon addition. The reaction mixture

was stirred for 30 min at 23 °C. A solution of phenol (489 mg, 5.20 mmol, 2.5 equiv)

and 4-(dimethylamino)pyridine (583 mg, 5.20 mmol, 2.5 equiv) in tetrahydrofuran (10

mL) was added via cannula to the reaction mixture prepared above at 0 °C. The

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 ((Id,16.1,
16.1 Hz, CHHCHCH2CFICHN(CH3)2)), 2.40 (s, 31l, 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, CHITCHCHN(CH3)2); 3C NMR (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 calcd kir (C2iH23N307-rf-)Il 430.1614, found
430.1607. 5-liyallansis of Ppirlitnt Sitanycline Analog0-DeavisMicYc 1. aim NaOH, ethanol, reflex 2.
CC:C.)0)2, DiEh£s MG &K= 01A BNIAR, RiyddineCIR2IETIS@%HIDB1-67-SM 100204]A solution of
2-methyl-nicotinic acid ethyl ester JDB1 -67-SM. 0.5 3.56 mmol 1.0 equiv), aq 2sodium hydroxide
(2.0 M, 3.9 mE, 39 mol, 1.1 quiv), ancatitanml(5 nal,) was heated at reffdixfor 18 h. The reaction
mixture was allowed tojcoofto 23 T, andWasEoitcentrated, affordy f | atgysalt (710 mg) as
a white solid. Oxaly1 i éﬁsh?h -4.09 mind, T.I5 equiv “a prixtdfe of the
e,arboxylate salt in dichl ré)me ne (201H,j%r28°€. Vigorous g flon Was olgggrved upon
addition. The reaction mixtUre Was stirred ﬂt_@@ldlﬁzfor 30 min,q /AT-digngthylformarnide (20 IrL)
was added. After stirrigghfQy.agsadditionak 30~ma@t 23 'C., phenol (83¢wngi-8680 mmol, 2,5 equiv),
pyridine (864 ut., 10.7 mmol, 3.0 equi @@ ethylaminopyridine (3 rag) were added in sequence.
‘The resulting solution was stirred for 90yhin gt 23ee, whereupon an aqueous potassium phosphate
buffer solution (pH 7.05, 0.2 M, 5.0 mi..)mais(adde@.EThe resulting mixture was partitioned between
water (30 inL) and ethyl acetate (50 rfiL). TREBURBBEE phase was extracted with an additional 50-EnT.
portion of ethyl acetate. The otganic layers V& combined and washed with an agueous sodium
rydroxide Solqiafd0 nth, A Wy BERS A% T kAN RAIRAQYSTAN LS R d et liaje. The
dried solution was decante ana concentrated., arfording a colorless oil (900 mg), The product was
purified by flasjuicdwasradted madagiapby ¢28ik6mtipl acdtatehexafes) mnovidhigaine ster JIMI47 as

a coloress 0f (500 g, 669} 104205151 005,37 ety acefesesnARUNYE (RN COC13) S

°C over 15 min. N,N'-dimethylpropyleneurea (17 puL, 0.14 mmol, 4.5 equiv) was added
to the mixture prepared above at 0 °C, whereupon the mixture was cooled to -78 °C. A
solution of the ester CDL-II-464 (31 mg, 0.093 mmol, 3.0 equiv) in tetrahydrofuran
(250 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 =
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(dd,"I= 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 NMR (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 film), em'l 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); FIRMS
(ES) in/1z Gated for (CIA INO2.+B)' 214.0868, found 214.0866.

12.7 Hz, OCHH'Ph), 5.43 (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(CH,),), 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(CH,),), 2.51-2.43 (m, 10H, N(CHs),, Ar-CH3, CHH'CHCHN(CH,)»),

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 -
IJ Z : Ly 2. ag. HC!, MeOH
BhO O OH: 0 OBn 74%
OTBS
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-butyllithium in hexanes (1.47 NI, 136111,, 0.200 mfnol, 8.03 equiv) was added
to a solution of diisopropylamine (26.5 i.L, 0,202 mmoi, 8.05 equiv) in tetrahydrofuran (0.750 inL) 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 ft,L, 0.399 inmol, 16,0 equiv) was added M the
mixture prepared above at -78 'C. The resulting mixture was stirred for 5 minutes whereupon a
colorless solution was formed. The resulting solution was added dropwise via eannula to a solution of
the ester JDih-6THBPakmg7 O 169 indhaBdSededirsdanmddhe eAde SHRES ' 2,2 ahg3 0249 mrnol,
1,00 equiy) in tetrahydrofuran (1 mL) at --95 OC dropwise via earmula. [ .mixture was
allowed to wg}}FnHﬁ? r—éﬁq o 13)\"/Vearg 56" |1r‘13%§r%l gW%g 1(’9‘#{)%%&?0%@?&%%&? 21 a%%{;g(gﬁ[; ;%J{%lssium
phosphate bufferesnlution (eisl phflfiePblylpfepatritoy p i bithdore Risthemen@sitisToealy Bhase was

separated and the agueous ggas as further extracted.with dichloro Iﬁn ‘gx15 triL). The
organic phas& ’\Wg}rﬂb irf 5ﬁ§v Hﬁgt;ﬁé)\‘/”éfaé%hﬁaﬁrwg’s%o i\lljerrﬁtcsAUITq;tGef. ﬁg fied solution was

decanted an@giroceniiatedd afiordingm yaltowitsiddid Vhiztertiductt WaS mudifieth pgrpngipatiatory HPLC on

a Coulter Ultraspherc ODS column (10 pm, 250 x 10 mm, 3.5 in%?ig, S gent X atgqi Solvent B:
methanol, UVUBIBE06n %t BEGREITP) GRS iR bIBRS DI E Aot ahG%4 linear

n O?

gradient elutign Qt85:t 006 B ¥eESHMith. Thieeprak atdag2f Toinvascateciditard aahcentrated to
give enol JDBI-87 as a white solid (11.0 mg, 72%). 1092071R10.07 (3:7 ethyl ac gla%e-hexanes); H
NM&. (500 MERRessied i gvo theshyidigshionds o8 6P all-4P8 452 ¥ ‘i‘f)?%}f/t’g%(i 1t 587 5 Hz,
pyr-14), 7.54-7443)(m, 5H, ArH), 7,34 (d,J= 4.5, 7.5 Hz, pyr-111), 5.36 (d, 111, Jt- 12,0Hz, OCHHTI),
5,33 (d, IH,J 12.0 Hz, OGHHTIO, 4.03 (d, 11-1,,I= 10.7 Hz CE_N(CHB()%ZI), 3.36-3.31 (in, 111,
CHCH2CHCHNZ8/3)2), 3128200 ¥Hze GO by dpsrieadrr o1 ie iThdiEh s 998 (dd, 1H,

L-=16.3, 16.3i FRIBEHS H2GEHGNCER) 2) (@3, (ddddi @i, 10-7 Hz, CHCHN(C1-13)2),
CHCH,CHCHN(CHs),), 2.79 (dd, 1H, J = 16.1, 3.9 Hz, CHH'CHCH,CHCHN(CHs),),
2.55 (dd, 1H, J = 16.1, 16.1 Hz, CHH'CHCH,CHCHN(CHs),)), 2.40 (s, 3H, Ar-CH3),
2.18 (br. d, 1H, J = 12.7 Hz, CHH'CHCHN(CHs),), 1.59 (ddd, 1H, J = 12.7, 12,7, 12.7
Hz, CHH'CHCHN(CH,),); *C NMR (100 MHz, (CD5),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; HRMS (ES) m/z caled for (CyyHa3N3O7+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,
CHWCHCIIN(C113)2), 0.87 (s, 911, TBS), 0.26 (s, 311, TBS), 0,13 (s, 311, TES); I3C 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;
FIRMS (ES) 'nig calcd for (C331139N306SHEI 602.2686, found 602.2686. 1. H2, Pd black clioxana--
C1-12,0H 2. llf(ag), CH3CN, 35t 86% 1002081Pd black (3.0 mg, 0.028 mmol, 2,6 equiv) was added
in one portionderansalotioq qfﬁh&)E(ﬁzWJJBg,&i%?rr(ﬁlﬁ g, &0i), pyriding @@hulv) iA. aimcab-methanol

(7:2, 9.0 nil.) a£ 23 'C, An re of hydro introduce flask, then
flushing with Q@W&r&ﬁfﬁn flmflﬂ eéexr%nqg vt Wé%%s n-ec éelﬁ é)%%ﬁ}%grx ean en f%t ed through a
plug of cottorolUnerdilrasetimas fmrwemmtﬂdﬁpmmmpupercanbmmnudeqissawludwsmhéveo mg).
Aqueous hy acid s added to ro I sel containing a
solution of th t% &fgj ‘é'ﬁ?laé)rﬁgfagto@% ‘Vev%/% at:? e %ga‘?ér;%%?n%%(%%e%s heated to 35 'V
and was stirrpattati shad lmwmnawai&:mﬁ @nhj. aﬁbeethytas&hydﬁ@fimbﬂc Hotdausy ouphasitedanith
methoxytrimet 'S'ngvé Fna d%?on”f 5045 Ther{ea‘:“foé} ”‘f@é*e&%twa?h Ritatadyafierding a yellow
uritie

solid, The prc?é &f y prépara or fineon & enomenex merx DVB column (10 iln,
250 x 104 |nldmmb;:ﬁdlue@%sﬁb&%ﬁhfmmcsabmmMm‘wdﬁGMQHDB(@B%Irlﬂ@bﬂvanetlc acid in

methariol-aceég)nlt%’ é’é‘) )@%\ér‘i'%lecv‘é?% :‘agg)unmo)dusm tlenjeﬂmgnrl %@5’1‘&1%39%'["‘ methanol and

a linear gradi over mln he pea rnin was co Iected and concentrated to
give a yellowdzitailied mildasdissaleddfolding meﬂt»a]rwt dre@eeimgih ddwaqunthatbw #sydrochloric acid

(20and then concenfrated to gie the,hvdrachionide 95 IRRIIPR. a5 HEIQLHOWEETHRy e, 86%).
ester JDB1-67 as a colorless oil (500 mg, 66%).
[00205] R/0.15 (3:7 ethyl acetate-hexanes), 'H NMR (300 MHz, CDCl5) & 8.70
(dd, 1H, J= 1.7, 4.95 Hz, pyr-H), 8.44 (dd, 1H, J = 1.7, 7.8 Hz, pyr-H), 7.48-7.43 (m,
2H, ArH), 7.33-7.20 (m, 4H, ArH, pyr-H), 2.93 (s, 1H, CH;); *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 : 05 0( oy 50 © i
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- 1) 7.91 (dd. 1/4"1 = 6.8, 6.8
Hz, pyr-H), 4.12 (s, 1H, CHN(C1-1:3)2,), 3.41-3.22 (nn, 2H, CHIPCTICH2CHCHN(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, CHEI)CHCHN(013)2), 1.77 (ddd, 1H,J- 12.9, 12.9, 12.9
Hz, CHWCHCHN(CH3)2); HRMS (ES) mil: cater! for (C201-121N3064-1-0" 400.1508, found 130
400.1504, Example 6-Synthesis of1.0-Deoxysaneyeline 1. (COCI)2, DMF, 0-12:21, 2, phenol, DMA?,
pyridine Gomw@mﬂaammmwnﬁmmmmwdm@we@u&ﬁmmm waswadeddded was added to

2 soluton of 16, cagsslic 01, PEAAT OO0 R STk 1O 698 A sxalyL chioride

(367 )11, 4. equiv)’in aromeihane (%) TIE ﬂt 23C. %(;lgorous gas evolution was
observed, Akguistiring thor 8OmiP RSB 12, Jonenol0BBBmmp!0 1180 equiv) in tetrahydrofuran (1

mL) at —95 °C dropwise via cannula. The light red mixture was allowed to warm to —50
°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(CHy),), 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.
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raniol, 2.5 equiv), pyridine (890 4, 11.0 mmul, 3.0 equiv), and dimethylaminopyridine (3 mg) were
added in sequence. The resulting solution was stirred for 90 min at 23 "C, whereupon an aqueous
potassium phosphate buffer solution (p1-1 7.05, 0.2 NI, 5.0 ml.,) was added, The resulting mixture 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 layers were combined and washed with an
aqueous sodium hydroxide solution (50 na" 1M), brine (50 mL), and then dried over anhydrous sodium
sulfate, The dried solytion Mvé;&@'ésdanted andisonpandkated, affording a colqglessjo[)' 2mg). The
product was putified-by flash-eolumn chromatograpl®yi{28:75 ethyl )\pr'?ﬁiding the
ester 3DB1-113 as a jglorlbss il (A4 mg,@maw,%“(as:} ethyl.acel ate

'FINN/LR (300"MHz{CDEE) 878.18 (d, 1H, .1= 8.19361 , Ara), 7,49-7; (m: 8H:,TArI:
ArCH3); '3C NMR (0OHMHz CCDCEY1165.8, 150,9, f‘am, 132.7, 132.0, 2312 1295, £28.5, 125.9,
125,8, 121.8, 220; FTIR (ne&BSIm), cm- 3046 (w), 2923 (w), 1739 (s), 1594 (m), 4487 (n), 1287 (m),
1241 (s), 1189(s),JDEBBIM), 1041 (s), 733 (s); FIRMS (ES) tn,/z caled for (€2934192202+M14)1-
230.1181, found 230.1187. [002121A solution of ri-butyllithium in hexanes (1.47 NI, 38.0 pL, 0,0565
mind, 8,26 equiv) was added to a solution of diisopropyiamine (7.4 02, 0.057 mmol, equiv) in
tetrahydrofuran (0.50 mi.) at -78 'C. The reaction mixture was briefly (10 nun) transferred to an ice

bath, with stit###f)&hen waRddolerkd 3-mzg0) 2faxgabtRyisaBEp b A ded 08HROTIN IR mmol, 16.5
equiv) was agdeg e debFoisensy ¢el ahave 81 178k 116 desHlinadidninamabired for 5
as fo

minutes whereupon a colorless solution w. rmed. The resulting solution was added dropwise via

earantla to a@&uldndi e Bsier Anamesderod hgresoa Meninsideces BebislEnd the enone
DRS® (3.3 10,4068 03130, .09 Sit) IESRRVEIEA (9 5000 e DG decgusse v

carmula. The light red mixture was allowe 0 ver 30 min and was then partitioned

between an atitedder gorastidiihpmbisiast el apluged ¢pitrn.oTbeXilirats 3VafL) and
dich'Orometh@d}ﬁé&QaEQ&,)pwdm%@%%m@ﬁaﬁ«eé SEPEAIGH @i'i“qztber@u%ﬁ&mse- was further

extracted with an additional 20-mL portion of dichloromethane. The organic phases were combined

and dried ovaydinilyrouacidiéhe.suffand.) Trs afder delapolywas esartatiand Shkentrated,
affording a yellgw;splid, IhGRIRAENaRRYUHEEY REERARIEY 45 3hE) o 28CoulteidJltrasphere ODS

column (10 pm, 250 z 10 mm, 3.5 ml/min, Solvent A: water, Solvent B. methanal, UV detection at 350

run) using arfeAféEIoR GNIMEETSEEDIo Mefcanes 298 Hiffrdat drabienperativn Bf 83-4009643 over 30

min, The pegk at 2%y F0MiRWas FVRIGE-RAIGORREALALRT I aiue ANEn3Q3 L7, as a white solid
(3.5 mg, 85%). 1002¥L31R10.46 (3:7 ethyl acetate-hexanei)q(;ﬁrH NMR (500 MHz, CD2C12) 6 15.53 (s,

IH, enol), 7.90@1).1 Thy reaption Iiue B4 coREepataf aligrding flly Ve serd dAERISICOCH2Ph),

4.05 (6, 113. 35 grYﬁ'é&?fZ%'}!é%%g%ﬁL@&H‘a phbrohBhl HoRRHAHINIEB AR B9y (#d, | 1-1," -
15,5, 5,6 Hz, CHI-PCTICHZ0-ICHN(CH02), 2.88 (did, 1H, .1- 15.5, 15,5 Hz,

CHWCHCH2EPIciiwon 3 pil/may $adventiAr 05 % rilvorpaceliserf (e rielsy, SuYen Ba m, 7H,

N(Cifl?,)2, CHWH HGHNGGERI) 21 18 dibtdahbl - doe dhifize 1GH | BOHCENEA 11 338)nB)8B sg OH, TBS),
0.25 (s, 314, TBS), 0.12 (s, 311, TBS); E3C NMR (100 MHz, CDb2C12) 8 187.8, 183.0, 182.8, 182.4,

167.7, 1413, a3Biction volung of 100 ol maehaneband ajbecar apdignyfd=20led3venddmin.1 728

61.5, 58.5, 4G:f, AL, 3838:422Pindwad BB ebtePahd -dofceriatéd ES)ellba ealed i oil was
(C341440N2,06Si4-iji 601.2734, Riund 601.2731). 1002141Hydrofluoric acid (1.1 ret, 48% aqueous)
was added tcdb?%ﬁﬁr%%@ﬂemethano}, treated with concentrated hydrochloric acid (20 u’L), and

then concentrated to give the hydrochloride of JDB1-109 as a yellow powder (3.7 mg,
86%).

[00209] 'H NMR (500 MHz, CD30D, 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(CH3),), 3.41-3.22 (m, 2H,
CHH’CHCH,CHCHN(CH3),, CHCH,CHCHN(CH3),), 3.11-3.00 (m, 8H,
CHH’CHCH,CHCHN(CH3),, CHCHN(CH3),, N(CH3),), 2.34 (ddd, 1H, J = 12.9, 4.4,
2.4 Hz, CHH’CHCHN(CH,),), 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
130

extiggs);
OAfl), 2.69 (s, 3H,



reaction vessel containing a solution of the enel JDB1-114 (15.1 mg, 0,0251 rinnoi, 1.0 equiv) in
acietonitrile (10 mL) at 23 'C. The resulting mixture was stirred vigorously at 23 C. for 12 hr, then was
poured into water (50 inL) containing K.21-1PO4( 3 g). The resulting mixture was extracted with ethyl
acetate (3 x 25 rt(L). The organic phases were combined and dried over anhydrous sodium sulfate.
The dried solution was filtered and the filtrate was concentrated, furnishing the intermediate alcohol as
a yellow solid (12.2 ma, 99%). Pd black was added in one portion to a solution of the residue in
methanol-diay@Enes(i4:1, 3.0An atmosphere of hydrogen was introduced by briefly evacuating the flask,
then flushing with pure hydrogen (1 atm). The mixture was stirred at 23 'C for 20 min. Within 5 min, the
color changed from light yellow to green. The reaction mixture was filtered through a plug of cotton.
The filtrate WBgsapRANSSIRHdd0yaloDesaldaiid éligy The product was purified by preparatory HPLC
on a Phenomenex Polymerx DV13 colurp &%]%5&%&0 mm, flow rate 5 mLimin, Solvent A: 0.01
N HO, Solvent B: acetonitrifef!CV detectgj%hglt1 & p)}gﬁm an injectio of 450 tiL methanol
containing oxalic aci mo ohydrate (10-mg)in-twoinjectionsand a line r gradient elution of 5-50% B
in 30 min. 'The peak e\lutﬁgcélzltﬁ-zz min was coljggted and concentrated 1o gi#10: deoxysancycline
hydrochloride (JDB1jbg@41§-dmas a white powder (9.1 mg, 91%). (002 1.5812HN.MR (500 MHz,

O L P B A A
OO O T P CHOHN(CH3)2). 2.21
(ddd, = 12.8,@??, Js“éé‘ﬁpﬁi;éﬁ% Itﬁ?#%ﬁ?ﬁ%’é“ﬁ&%%ﬂﬁ@f@ i%,gg.sg,‘%%?%“ﬁ(%f‘s 2.2

CHIPCHCHNy{G Hi1is) vixayale.ahvgliftktivittaagl éatRe nliatc. ittt jphStolM Bfivyenge BiBeoxvietraeveline

Antibiotics 1002161Among.tetracycli semi-syritheti roaches have led to the discovery of the
6-deosytetra87%%ﬂ1é§ cﬁ%’(&l/ é?'?'ﬁbdy](’ﬁe&géﬁ)g@e \l@Q AR ’nzi%% yeli 3?§?ﬁnﬁ§lgr%%glﬂﬁyaééﬁ%lly the
most importafit mggnisrénathie Claseqbehde; nThéatradyialedueixhibibeonsietefabfpimpreveéd Ehemical
stability as compared to their 6-hydroxy counterparts and.sho ual a tencies jn
anibacterial TLCH PR AP HEHECR: SOS AN R S0 B S 1 ORy U Nt i, R. A
Greenwald, Bds: addettaGlddinasslimnBinldgyr<Ghanpistii ard MedicineviBirKBause) MetledyBoston,
2001); each of which.is incorporated herein by reference). It is evident that atpresent nei
semi-synthes?g\e%%F ﬁ??dﬁi d g%%?ﬁﬂ?@é‘ﬁs‘?%a%% SIeexct) ag? rgvsltsﬁlnatj1 tzhﬁe}i blroe%a?r%gjrgrlt)? o %g?v%ﬁ
structures thatlaythernist rilghbtwgistidbagxploreréncpmitsinidodal leashstivotbrenlikgutswasydiivm,; structures

such as the D-ring heterqcyclic analogs.4.and. 5 in fFigure 15A, or new,rng s the
pentacycline[%y I%(Llj(l’?g i@&%oal}éggxrg%piaﬁrl\}’. Se tgal%/ll:“gtb?g @BS?angﬂ_ Osyr{tﬁléﬁcg%%t u\?v%;ay},t ese
structures ansutfieee@ionsraficaipiex ehedicaltspacd theyaspeseatindsihe eddddsinoihe search for

new antibioti er report a short an%ef'ci t route for the synthesis.of epanti ricatly pure
members of tcf?é @53%6%)\&&/?& rgyé’l?rtléysa?rglrlﬁl lg(gl%i?:{]aéscﬁl&o nénrg}ﬁ %rééé}e@ e%%ﬁbggﬁo@w&s or the
synthesis of Gataxtetracyl|ipesidioththetister WRBd4t Ehalsydroboyl gpoeip @7 €18 BPAmotabty
late-stage coupling reaction, of t B precursors 7 or 8 (Kig ) Wi ri iffergnt D-ring
precursors, aﬁ@%ﬁg provid%ﬂéborﬁggu%%ggﬁ% agsh %%(ryl/écsy)/tlﬁf]:g in lélggrlgﬁi/%ﬁ\ , tfﬁ%ﬂggtfg'rg{]yclic
analogs 4 andds (Higure3 154, thed)eniByclines, FHgundTl SAYHs el @sdihédredeoxyietracycline
analogs,  \MR (100 MHz, CDCly) § 165.8, 150.9, 141.3, 132.7, 132.0, 131.2, 129.5, 128.5,

125.9, 125.8, 121.8, 22.0; FTIR (neat film), cm™ 3046 (w), 2923 (w), 1739 (s), 1594

(m), 1487 (m), 1287 (m), 1241 (s), 1189 (s), 1159 (m), 1041 (s), 733 (s); HRMS (ES)

m/z calcd for (C;4H|202+NH4)+ 230.1181, found 230.1187.
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[002171The strategic advantage of a synthetic approach involving, a late-stage C- ring construction
(AB + 0 ---> ABCD, Figure 15B) is that much of the polar ninctionality known to play a role in the
binding of tetracyclines to the bacterial ribosome lies within the AB fragment D. E. Brodersen ciat., Cell
103, 1143 (2000); M. Pioletti etal., EMBO1. 20, 1829 (2001);each of which is incorporated herein by
reference), while enormous structural variation on or near the D-ring is not only permissible, but has
been cited as a means to overcome bacterial resistance. The advanced clinical candidate tig,ecycline
(P.-E. Sum, P. Petersen; Bioorg. MegtiGpen Lett. 9, 1459 (1999); incorporatedmergjrf;‘ff'})"r@ierence), a

minocycline stwnh a 0-ring-subsiituent, is exemplary, and is r g-be-pne-pfthe most
er evaluation by the F

promising ney antibiotics tin . Bush, M. Macielag, ) er-\Wells, Curr.
(1pin. Microbial~7,4686/2004);inc oraied herei_n)p;cTtgﬂj,mce). Classically} approaches tgthe
synthesis of the tetracycline antbiotcs h&e proceeded by stepwise assembR/ cﬁ‘?n'&%@CD rng
system and begin with 0 or CD pr%E%?sors, as exemplified by the Woodward synthesis of
(+)-6-deoxy-8REMB hyltetracycIPRSEsancycline, 25 steps, .-4).002% vield) CPE K4rst et al."1. Am.
Chem. Soc. 90, 439 (1968); incorporated herein by reference), the Shernyakin synthesis of
()-12a-deoxypfga 2 pnhydratetiagyalire: (Butli EHrevich nieimberroniiess 8,130 (186 inringorporated
herein by reference), and the Muxfeldt synthesis of ()-5-oxytetrac (ging &eééaanré/cirg é%steps, 0.06%
yield) (H. Muffctaatv) was addrehic saelvlion Bgbiserroy Iesriti herain By ferérdnce). Only one
published Syeaﬁ?ﬂ%ﬁfe(ﬂhé%f@ﬁy&l inesisalf as appearede this fiamkgincesabning (an0A-ring
precursor, 34 steps, 0.002% yield) (K. Tatsuta et al, Chem. Leit. 6%8150%))5 incorporated herein by
reference), Wil e piese& B At BBt BT 8 et AB AN HhY syStetr thus far is undoubtedly

the synthesis;of,Q14gy ifracyslingsby theStosklaharatory dgbsteps alidedabityield) (G. Stork
c/J. Am, Chem. Soc. 113, 5304 (1996); incorporated herein b referenc&%ﬁfe latter research served

to identify Cl PEBRGGERRAIEA 0P aps tife él'r]é%lfégfl&‘ﬁﬁll@ﬁé/grﬁ'n“f@frg Ty HHESTS (it could not

he achieved with. % deVIRVAGYIHNS anshsiiate ik cenalusionisupparactiyethe results of prior
synthetic efforts (J. J. Kurst al.,” Am. Chem. Soc. 90, 439 A, 1._Gurey eg%lgedron Lett.

1968 i t at
8, 131 (1967 PR WikexrtadeBnd t9 aasplvEpAf taoEsty D(gégl %Péﬁ%ooﬁ{kﬁigméinc‘orporated

herein by refeiepeRanthe PERBIRND RSHYNIfiGARL 0f00E¥H2Aa%Y Jenatiqui Appaatsly dtdathnenhance
antimicrobial activity (W. Rogalski, in Handbook fE%< e{lig#int%égiharmacolo .J.J. Hlavka, J. H.
|78,

Boothe, Eds. (Gifderatedags NEw WisFk/ 14 saBY FEMRpOAE WTRES By reference). A
key fgature ﬁt&?ﬁ/z@ygtgeépa?pﬂli%% Kﬁa@}ﬂ@@éﬁ@ﬁﬁ@fﬁﬁ&ﬁ&@ébﬂhweghaum%ﬁgmmgeﬂ is that it
introduces the Cl2a hydroxyl group in the first step of the sequence (Figur esthe
stereogenie daHEthaEREEY KRR Fo%lgrﬁ%té'éﬁr&hg?ge fH“gl} rgpﬁg%%%@u%ﬁifgfotect the
vinylogons cashamiic agiskfwastiopapiitaedding Ayeeuaegliihe Srhefmfioxyisoxazdlwigionp developed by
Stork and Haggedorn for that purpose (G. Stork, A. A. Hagedorn, 111"/, Am Chem.b%)e 1r9d9 3609
(1978): incorpditantler i by rarereALAIChATRTRGNENEN tHS r0SPRATR I S ABTIRE S MK present
work, while thedimgihylamise e eueiehtbe AwinThvasicanoiaiecwibout edadification, 10021810ur
synthesis of 6-deoxytetracyclines was |n|t|ate?é y V\‘lhole- ell mlcrob% %lligldro%rat{grn q% zoic acid
with a mutantSSRsH Bt AfeANGEHEE BYFUPHISIA. MIREN 1elavas PR e PSR fy 10, 2530
(1951);_ A. c; . ggygl%sola:t_talt,@%)@mie @9@5%@99114)7( gﬂojiﬁhlpiﬂ%mcmli)mﬁer?guﬂmli:r’_ne&elimfgyAeference),
producing the dio igure with >95% ee in 79% yie -g batch, - it, Figure 16).
HydroxyI-dire&é@reéSWG%EighrBP@P?é‘ﬂlﬁéWeﬁiﬁﬁﬁﬂ% Pciﬁlsé?%&sﬁ%ﬁ%ﬂﬁ?bo&cygpf{rl&?d%ds e
a-oriented eppxigde-AtAGigmEaLMda §a%ivielduastesfieatian &f Bis produnttrifhethyikilat 25-
yldiazomethrine) followed by his-silylation and concomitant (gg@ﬁesl'iomeriﬁ%tion i E}espresence of
tert-hutyldimef\1BIR 1V isaklepsed Gair SORHAIGRIEHIR EB6 Y 19FREEEEY I8 70% Vigld (A. G.
Myers et at, Qygpdhett 3, 2923 (2001); incorporated herein by reference). Separately, 3-
benzyloxy-5-dimethylaminomethylisoxazole, prepared on the -SC simple -step
sequence froffP8xloylie acky {513 Vﬁéy‘ﬁ@ﬁfaﬁﬁwv}: SW@@%%@E%EW (1984);
P. Pevarello, Ik Yarasi 15ynt), Gommun 22, -1930H2 982 each of valsicimjSHcarpiorated herein by
reference), was deprotonated at C4

OCH,ArH), 5.37-5.34 (m, 2H, OCH,Ph), 4.05 (d, 1H, J = 10.7 Hz, CHN(CH,)y), 3.24-
3.18 (m, 1H, CHCH,CHCHN(CHjs),), 2.99 (dd, 1H, J=15.5, 5.6 Hz,
CHH’CHCH,CHCHN(CHj3),), 2.88 (dd, 1H, J=15.5, 15.5 Hz,
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with n-butyllithium, and the resulting organolithiam reagent (12 in Figure 16) was then added to the
epoxy ester 11 (Figure 16), forming the ketone 13 (73%) (Figure 16), In a noteworthy transformation;
and a key step of the synthesis, exposure of the ketone 13 (Figure 16) to lithium triflate (5 mot %) al
60C followed by selective rerranal of the allylic silyi ether of the rearranged product (TEA), afforded the
tricyclic AS 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 SA-prime opening of the aMic
epoxide by tglNcATCinehgINIOH 9 pablddvadiby yiaé, fuhm it CEKEHN ] Hidhaushic
rearrangement, a pr iS remini f t-Haugser,rearrgngement (S. H. Pine,
Organic Regjcﬂ'lt%é?@ %&E}%&géﬁ”o ; |nc§r%%{r}}[aﬁ: é%?r? @fr@feﬁg}lfe).léﬁgn%gund 14 gFigure 16)
possesses HHEHHADISTRIbIE S ieya0tter st OFHSS, AR FusiGta BN d 26s.cHibrBRId C
NR-dimethylamino ituent (canfjl Y % allographic~analysi Hvative), and
serves as a gﬂnﬂn%%%&%e@&@%% gynﬁ[%%@s%fééthg%@i[%?gfqu}rzésri g%gh(i%% a steps, 49%
yield, Figure I36) @ri@ 3t 1B Hrac8r8pt 28. 5-42yHrbXy-5- b Ky 1dbdt¥21 inds, Brtdnd 888.steps, 56%
yield, Figure 16), C? iled in.s b . [PQ219]T ' cursor cnone 7
(Figure 15), ehaTats 1 20s S PIesad o e TS ek . . Them:
Tetrahedron ((agH 3 K888 I6):. Micdrforate dHet@dd by reference) in the presence of
triphenylphosphine, diethyl azodicarboxylate, and o-nitrobenzenesulfonyl hydrazidc (added last, a
procedural variant), affording the transposed eyeloalkene 15 in 74% yield. Hydrolysis of the sityl ether
group within 15 (MCI, niYHekidation ofireqesuliing amdic alcohol (1BX, DvEGHNR Frigerio, M.
= ir rence);andPprotection of
! Lett 23, 3455
(1981); incorp . by reférence) then provided the enonc 7 (Figure 15) in §6% | ieldb(3 steps)
after flash column cbror@togtaphy©By a somewhat longer but slightly mote éfficier? sedquence the
intermediate 14 (Figure 15Pd8§ld also be transformed into the enone 8 (Figure 19}',' the AS precursor
to 5-a-hydroxy-6-déasiytédracyclines. This sequence involved the transformihB014 (Figure 15) into
the phenylthio ether 16 (with net retention), diastereoseleetive sulfoxidation using a chiral oxidant (E.

A.. Davis et 021.4?9- U%@ﬂ?&ﬂi éa%’ﬁf)n? iﬂﬁ?ﬂ%%aalﬁﬁje&‘ﬁ)e{’&‘aQﬁdﬁ@rﬁggﬁdﬁﬁffmgr)&ed

and fvlislow-Evans rearrangement (E. N. Prilezhaeva, Russ. Chem. Rev. 70, ( 001);
herein by refesesits), vesseluzintyitkio gl pidusico bt arob DB Lcld4 415t pag Nighodigsntkdselectivity in
the S“'thXidaEi%Qit?}?R g}éﬁ@g@fﬁ‘é‘m ’gfr‘ﬂ) Qphsore digsteeametHingralgs samanspdenine gonditions

specified) underwent rearrangement. After protection of the allylie alcohol 17 (Figure
15) using ber2yt@Hisrtidmtiten wasppisadénte snadctieanteoniaining kndBQuépd 8 thehsynthesis of
7 (Figure 15) r - ' e e the.snong&{Figure 15) in
85% yield (Sé\é\/%%;?tlg%@%{ L&i?é%%%%%né{%ﬁ?gi{gggl%pl%ggggtegatﬁrg?:ﬂg?nes Werga assembled with alll
requisite funoﬂ@mﬂﬁmhﬁ@%mdmémﬁr?nﬁ}@@%F@@B@kéﬂgﬁt%¥ﬁ%d§lf6‘éé§1§1ﬂ%%@5precursors 7 or
8 (Figure 15)ate, Goupled Wi Lapgecghafiated qamgm%gi&@fﬁi@m&%wm Qs a

MichaelDieckmann reaction sequence (T.-L, Ho, Tandem Organic Reactions (Wiley, New York, 1992):

incorporated yatew syifefErenes) P3oToMdPark carbarded Bempantioaia veleisRg bithe
6-deoxytetragyglinesGigHias LaBxide A4 380 nlhf RACESD SRS AR usisated in detail by the

3-step synthesis of (---)doxycycline from the AB precursor 8 (Figure 17). Deprotonation of the D-ring

precursor 18(@Eodueed, bbAiciviERMatng thy dak, syenfbabag Wit b og i Mo anisic

acid, followedrQy AGAIHON,ALING RGNS B RAY.ix Swithi) & iV QHIdesl dherairRaveligcoupling
product 19 (Figure 17) in diastereomerically pure folio in 79% yield after purification by rp-HPLC.

Removal of thglpruedlenvéoggmeps Thenspetionmaiyiare)wasdibermtaisnghs eivg oEyeitsradde
(-)-doxycycling hypraehloride (h8:sleRs, fagwislitoabenzeit aidhAvamgitialiedpature of the
convergent coupling reaction that produces the tetracyclic product 19 (Figure 17) is its
stercoseleetivitypaitrondhPihGreonPlomodiasesrBolvadedrodBi el wan d fermdd) 1ArteRBne was
produced, cogespanding I Ganfiguralien (81 GRkte gt el e Riniagicalbagtiterion ot
6-deoxytetracyclines. A rumor diastereorneric impurity, believed to be 6-epi-19 (Figure 17), was also
isolated in sepafatenjpitiR @ fractidns (elfvbeyidld) ONMicmaethBiekbkonsmniey ohigditarviequences (T.-L.
Ho, Tandem Organic Reactions (Wiley, New York, 1992): incorporate rei d
condensationrsm())q?%12?'(()ilrlf§?ef }anfg angf)}'/grhrgﬁ%lro 331 %%eggeearf r%%gﬁkn%ug%\]%%g%gﬁ?ﬁﬁ g}é?rllam., 406
(1978); F. M. tHausEheRefk &indag dt Grg2Chierw 43011z ed 2ad8pnkenirBioddo Sivell Weinreb,
tetrahedron Lett 20, 3593 (1979); each of which is incb¥porated herein by reference) are extensively
preeedented in synthesis, but we are unaware of any example exhibiting the high degree of
diastereoseieetivity of the present ease. Phenyl ester activation in toluate condensations is also
precedented, though in a system that forms a fully aromatized cyclization product (White et Org.
Chem, 51, 1150 (1986); incorporated herein by refemee). We observed that the presence of the

phenyl ester group of the D-ring precursor 18 (Figure 17) was essential for successful cyclization to
ncetirs aninne Aarivied from cimnle allev actare and nlithalide_-darivied aninone iindenaant Michaal



[002211As 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-toltiate anion generation and trapping.
POT entries 3-5 (Figure 18) anion generation was best conducted in situ, in the presence of the enone

7, either by selegiive clemieionatiumieite B)B1 sitHiomialegete xehind® (engi@d%4)and 5). A
number of potentially competing non-produyctive reaction sequen lization, of, 7)-might have
occurred durm&zi]nséitu anion gﬁﬂ%r%@w& g&b&@eﬁ"éﬁf& ggogllé%%g}e f;]%éfghi%r‘r]nagégn%%’re surprising
in light of thisftisRds0 a@tewortayr thar misiusaRinT gorddatieh permits tieHrse oiy-ohlatés lacking
an o-alkoxy substituent (entries 3 and 4), su 0 oblematic from prior studies (F. M..
Hauser et cduZ{n{h—egié (ﬁ%&ﬁ&%&&%&%vﬁéﬁaégg@ indlly, o-toluate anion formation
by in situ or stgpuHsehaaYETINBlat BXHRIQE (RNNIEIH] A d.BY igldnpre dedéhtéd}. 3002221 The
efficiencies of the, ti aye al foy the pr jon of sufficient quantities of each
tetracycline %ﬁﬁﬁgﬁﬁi@@%&&%@%Sﬂggéixggéﬁa?ﬂdér—dqzsé%?;%gﬁ%%n techniques (5-20 mg
amounts). MDIMHAOHUHRTHY BOHCEMFAtiond (MIES) ane e fobie Sz &dRIAGHN (bl cell
antimicrobial a using five Gram-positive and fi 3 tive organisms (Figure 18). Thus far,
the pentacyciirgg Z‘ﬁﬂz;ﬁve} 6 (ﬁ%g%r@l%)féags% o%ﬁ@n@ﬁ@%‘@hg antibacterial properties, with
activity equal to or greater than tetracycline in each of the Gram-positive strains examined, including
strains with resistance to tetracycline, methicillin, and vancomycin. Experimentals 1002231Gem:11;M
Procedures, All reactions were performed in flame-dried round bottomed or modified Sehlenk (Kieldahl
shape) flaskgffitigshith subbar sapiat UNdendopodsitive Preshute Gfangan, Simledsotherwise noted. Air-
and moisturesesitive iquids a ere transferred via syringe or stainless steel eanitula.

Organic solulfSHEE e SoRXLHRACKEN ARUDIAULS oration at -25 Torr (house vacuum). Flash column
chromatograpdozugs perfonnedpresiicalgels(6eri- stathdsrdhgpaceshas llesciéded thy Still et at. (Still,

W. C.; Kahn, M.; Mitt-a, A. |. Org. Chem. 1978, 43, 2923-2925: incorporated herei reference).
Analytical thil‘m; %Fré'h? gt%é{g%ﬁpf%i%g %?ler}?grrﬁiéﬁcﬁgfhngf algls%%lt%s{géfgggt@é}' vgil)lé%c%%% ram
230-400 mes{3 siliegegrl impjegiaited wite anfistarasosatingdimaton 254las). Fhin-layer chromatography
plates were visualized by exposure to ultraviolet light and/or exposure to.eeri ism inolybdate
or an acidic s‘ésﬁﬂ’.‘a%egf‘ﬁ\é%?ﬁﬁg‘?&%;ﬁ;‘?ﬁec?o b\(l%/%%tlﬁla %gg%i\ﬁegg Sﬁea choaLtf Eﬁ%&?@:‘l ! tfo%zg%{eﬂ%g&als.
Commercial thagents diot sobientspatesanbsatbascpetiveg withr thedotiosvingskusptiorsissays
Triethylamine, dfisopropylamine, N,AL1,AIRA, "t ifi t crdiamin PLI, 1-IMPA, and
hi,N-ditsopro §/?8%é|%asrf£%a2\/vjer2emdi§2'lfé’a r%%scsa c%%zhggﬁd%i%grs%l}in&fﬁg@p érlaé' of dinitrogen.
Dichlorometh@nesnwelihabdd,, tEtrahydiefer dan BadeigniCiierand tohdeWediere (Binkleahbyr the method of

Pangborn et @ér(ﬁg,r@gsq{)%’, Q‘O(ﬁj;%:jl%f)do l\(?vh%lh fé h%%‘#&?r%te%‘h'é’féﬁ Syerne’feRrerﬁ'é). It is evident

that at present neither semi-synthesis nor modified biosynthesis is capable of

addressing the great majority of novel structures that a chemist might wish to explore in
pursuit of a lead structure like tetracycline; structures such as the D-ring heterocyclic
analogs 4 and 5 in Figure 15A, or new ring systems such as the pentacycline 6 (Figure
15A) are exemplary. Absent a viable laboratory synthetic pathway, these structures and
the regions of complex chemical space they represent must be ceded in the search for
new antibiotics. Here, we report a short and efficient route for the synthesis of
enantiomerically pure members of the 6-deoxytetracyclines from benzoic acid. The
route we describe allows for the synthesis of 6-deoxytetracyclines (both with or without
an hydroxyl group at C5) by a notably late-stage coupling reaction of the AB precursors
7 or 8 (Figure 15B) with a variety of different D-ring precursors, and has provided
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Timmers, F. J. Organometailics 1996, 15, 1518-1520; incorporated herein by reference).
1002251Instrnmentation. Proton nuclear magnetic resonance al spectra and carbon nuclear magnetic
resonance (C NMR) spectra were recorded with Varian Unitylinoya 600 (600 MHz), Varian Hnity/Inova
500 (500 MHz/125 MHz), or Varian Mercury 400 (400 MHzli 00 MHz) NMR spectrometers, Chemical
shifts for protons are reported in parts per million (8 scale) and are referenced to residual protium in
the NMR solvents (CHC13: 87.26, C6D5H: 8 7.15, D2HCOD: 8331, CDHCIZ2: 6 5.32, (CD2H)CD380: 6
2.49). ChemigahshifidSendaabdnare cipe@ihifigarts pa) mikibet¢syelic)antdgrd rsfefenced to the

carbon resonances of the solvent (CDC13: 8 77,0 D6: 5 QuGP3ON: 844,29, GI2C12: 5 53.8,
ther 6>

(CD3)2S0: 33@%‘? d{“”}l’éﬁg I?glf)tr"aec é’ﬁee a(fli%lffgv&gzgghgsrn‘?/ga S E|;ft, mulgpliél y (sa:ysinglet, d=

doublet, 1- trplgbeq. quariel, m maltiplet, br broad.), integration, coupling constant in Hz, and

assignment. red OR sorbance spectra were obtained usi in- I-1R
spelcq[rophotdwéﬁeﬁrefergr?é%ds {ra?e 36 Yantta gvo a(S:Iyn t@fe %ta %{%%c% %Q[&%Eg]%é&%%_

0a ol§/s yrere standar re represented as follows: frequency
of the absorptigncEMé)cirienaii-ohthe AR TIgu(s 1 SBpisghin muvddidthewelawveak, br -broad), and

metiad R e T T LS e

Harvard Univgisipnestiometnht adifiagm SyribeBiBebdpBaxycytlide/tVakdrida Se@eAk., "Et

to; Ofitc.0 I\;II'.’ l\)/}/cfl‘étgl\gtEa :AE}"I'/[I‘-B[% j7§0,c'i 829 (2001);each of which is incorporated herein by
reference), while enormous structural variation on or near the D-ring is not only
permissible, but has been cited as a means to overcome bacterial resistance. The
advanced clinical candidate tigecycline (P.-E. Sum, P. Petersen, Bioorg. Med. Chem.
Lett. 9, 1459 (1999); incorporated herein by reference), a minocycline derivative with a
D-ring substituent, is exemplary, and is reported to be one of the most promising new
antibiotics under evaluation by the FDA (K. Bush, M. Macielag, M. Weidner-Wells,
Curr. Opin. Microbiol. 7, 466 (2004); incorporated herein by reference). Classically,
approaches to the synthesis of the tetracycline antibiotics have proceeded by stepwise
assembly of the ABCD ring system and begin with D or CD precursors, as exemplified
by the Woodward synthesis of (+)-6-deoxy-6-demethyltetracycline (sancycline, 25
steps, ~0.002% yield) (J. J. Korst et al., J. Am. Chem. Soc. 90, 439 (1968); incorporated
herein by reference), the Shemyakin synthesis of (+)-12a-deoxy-5a,6-
anhydrotetracycline (A. 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., E1In02GO0r.I(C1-13)2 orst: 6 ma a 79% 1002261A solution of n-butyllithium in
heximes (1.55 M, 155 pl." 0.240 mmol, 5.1 equiv) was added to a solution of
,N,NINcti-tetramethylethylenediamine (39 pi-, 0.26 mmol, 5.5 equiv) and diisopropylamine (34 111.5
0,25 mmol, 5.1 equiv) in tetrahydrofuran (1 mi.,) at -78 'C, The resulting mixture was stirred vigorously
at -78 'V for 30 min whereupon a solution of 2-(phenoxycarbony0-3-ethylphenyl t-butyl carbonate (73,0
mg, 0.213 iurnol, 4,5 equiv) in tetrahydrofuran (1 tri) was added dropwise via cannula. The resulting
deep-red mixma@mmtfﬁ@%m@mﬁytﬁtey& ébﬁcruzﬁnﬁnppbanchbsnﬂmimxdtsemers (30.0 mg.

0,0474 mmol, 1 eqtaiv rofuran (1. m s added dro c t esulting
light-red mlxﬁ?(rtgf %%ﬁJ%Wegﬁﬁg e%l%(l\il& {é_'% ver‘goﬁ %eg |¥c\:5e *CO b% Ué?usrglbl}%}gjwas then
partitioned bezwe"emmuaﬁusqmmssamm%@smhatmbfeﬁhrewmnbmmkﬂie@z GaM,01068%) and

dichlorometh anlc hase was se arat d and t further
extracted WI'[ OJG’VI}T %fr%?% ﬁ#vel? Ighré he ()rreélgI% hﬁ%a éé&wﬁlrggc% \If;’r?g and dried
over anhydr(fds (smhwnmifamnﬂppm %@batlgwrexvhaﬁddtm&dmmbthbaﬁttmm (\Mésl?mgad}éqitrated
providing a yell ' 'The oduct Wa rified by. preparajor HP r151M sphere ODS
column [10 flll?rﬁN Q @Wﬁ'gl‘éc?% r@f’ﬁ%%#mﬁ%?ﬁﬁf giﬁ volﬁ (methanol)

isoehraric eIl@ﬂpﬁnigﬁhmtd@m)éwm(ggssﬂwlram cB@rﬁbnmmﬂénat&cbh@emhmgdc@e%Z min were
pure form (330 GCA68E L TSRS SOTRD: o0 AP AR A Bang ot e e (500
MHz, C6D5) 518abi {htrsducksliinot) ] Za26ydeb:3M grbﬁpﬁlh‘lﬁl,ediﬁﬂd%ﬂofﬁ(@aemma(&gi,zeAnI) 6.85-

16) and uses the stereogenic center produced in that step to elaborate all others in the

target molecule. To protect the vinylogous carbamic acid function of the A-ring we

used the 5-benzyloxyisoxazole group developed by Stork and Haggedorn for that

purpose (G. Stork, A. A. Hagedorn, 111, 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, 001141Tb), 5.03 (d, 1H, =12.5 flz, 00111ITl), 4.99(d, 114,1=
12.5 Hz, 00/111"Phr), 4.93 (d, 114, - 12.5 Hz, 00IlIIIPh"), 3.58 (d, 111,1= 11.5 Hz, CHCHN(CH3)2),
3.35 (rid, 111, J- 12,5, 4.0 Hz, CH3C1/01-1), 2.99 (d, 1.H, J = 11.5 Hz, CHCHN(C413)2), 2.56 (dq,
11-1"I = 12.5, 7.0 Hz, CH3C111), 118 (s, 6H, N(CI13)2), 1.33 (s, 914, 0(CI103), 1.16 (d, 3H, = 7.0 Hz,
013014), 1.11 (s, 911, C(ClI3)3), 0.61 (s, 3H, CHO, 0.36 (s, 3H, ells); I3C NMR (100 MHz, CDC13) 5
189.7, 186.3witR0: Hul I8 Aiuk6,720q 15kl 62glorg 508463 ¢dB3611(1235 Bigysl |$) 1o thapg 6, 128,5,

R R
noteworthy transformation, and a key step of the synthesis, exposure of the ketone 13
(Figure 16) to lithium triflate (5 mol %) at 60 °C, followed by selective removal of the
allylic silyl ether of the rearranged product (TFA), afforded the tricyclic AB precursor
14 (Figure 16) in 62% yield after purification by flash column chromatography. The
transformation of 13 to 14 (Figure 16) is believed to involve initial Sy-prime opening of
the allylic 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); HRMS (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]Concentrated aqueous hydrofluoric acid (48 wt %, 1.2 mi..) 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 aeetonittile (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 dipotassiuni
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 th]&)ﬁﬂ:y,atefwa}oaansemrwn@ﬁpmmmq@m@lmczmaﬁ@ﬁeﬁ 2893, yetlowloilhi@b, ¢ me,

100%). This product was used in the next ste thout urther urfl atlon 0229 2{1:4 ethyl
acetate-hexaR&¥P it rf@bbyl\ﬁ?f RN c%8e3 g° Wg%c % %1% é@ He( phenol),

7.23 (6, 211, Irak@d 1 m&hﬂpmeédebzﬁhglﬂﬁ Ri i epret by, ﬁa@ﬂerzmmm\@tm oﬂﬂw) 6.86 (t, 1H, J=
84HZAr|I)67 d, iH, z, ArH dllJ? HZAH 46 .6, 3.0 Hz,
13n0CO2CHIT BT (&, eyl A A é’&? &9“%[ ot ’6?145 O eSeedtvls 14,92 (s, 2H,
OCH2Ph), 3 éhbugh it dysteub thia, iGHGHI‘ﬂJ{II)Hz&)QI),aﬁz&ﬂ (:gldl,lﬂalﬂ),lglﬁpawtkﬂmd@l-ﬂﬂ(@HS)Z) 2.65
o B e RS A LR R NS
167.9, 1633, presence of the phenyl ester group of the D-ring precursor 18 (Figure 17) was essential

for successful cyclization to occur; anions derived from simple alkyl esters and

phthalide-derived anions underwent Michael addition, but the resulting adducts did not

cyclize. Perhaps even more remarkable than the condensation that produces 19 (Figure

17) is the parallel transformation of 18 with the enone 7 (Figure 18, entry 1), which

forms (—)-6-deoxytetracycline in protected form with >20:1 diastereoselectivity, in 81%

yield after purification by rp-HPLC (diastereomerically pure; a minor diastereomer,

epimeric at C6, was also isolated separately). It appears that additions to 7 and 8

proceed almost exclusively by addition to the “top” face of each enone (as drawn),

producing C5a-sterochemistry corresponding to natural tetracyclines, though why this

should be the case is not obvious.

[00221] As the examples of entries 2-5 (Figure 18) show, efficient and

stereoselective condensations are not restricted to the o-toluate anion derived from the

D-ring substrate 18 (Figure 17); the novel D-ring heterocyclic analogs 4 and 5§ (Figure

18) were synthesized by a related sequence from o-toluate anions of very different

structures, as was the pentacyline derivative 6 (Figure 18). In each case it was

necessary to optimize the specific conditions for o-toluate anion generation and

trapping. For entries 3-5 (Figure 18) anion generation was best conducted in situ, in the

presence of the enone 7, either by selective deprotonation (entry 3) or by lithium-

halogen exchange (entries 4 and 5). A number of potentially competing non-productive

reaction sequences (e.g., enolization of 7) might have occurred during in sifu anion

generation; the observed efficiencies of the transformations are surprising in light of

this. It is also noteworthy that in 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 ealed for
(C371-134N2010+1-11- 667.2292, found 667,2300. Deprotection Step 2: 1002301Palladium black
(LOU ing, 0.0657 mmol, 1.75 equiv) was added in one portion to a solution of the product from the
procedure above (25.0 mg, 0.0375 mmol, 1 equiv) in tetrahydroffirammethanol (1:1, 2.0 rilL) at 23 'C.
An atmOSDhQ’éﬂ’e@éMrqgﬁﬁlwa&iﬂlﬁﬁewﬁdnwmafbnmmmﬂngﬁtepfvaskhﬁlegeﬂtmhtnb with pure
hydrogen (1 at The alladium st was initially observed to be a fine dispersion, hut aggregated
into clumps v@ff tﬁ*ﬁ%‘t@ﬁ‘g %ﬁ%?fpegus mixture was stirred at 23 "C for 2 h, then was
filtered throuq;ol)az:zlpg of cqﬂﬁereffrdsienfctlitéatﬁ“ Wasmheemum%mﬁha&mglh)yeﬂdw@ic The product was

purified by preparator on a Phenomen ymerx VB co 10} m, UV
detection at ?Pg?ﬁhébﬁ%ﬁ?%l?ﬂéﬂyﬁﬂg (5)(% NG R4S a&ﬁ\?@&u i%ancgé%%?rgtﬁléqll jection
volume: 400 psing {sokvadtstriddiniog ttEhriguexdiicaaid) amouhta)tud\éiatmmnwtﬂnﬁ»%oa/for 2 min, then

gradient elution with 5-*509% r 20 rtiM, fI t 40 I/ Fracti I t
collected and eBHELIRPSRSS Y\ﬁégrsdﬂ%rr@oﬁ ;/%'Tg éﬁlaoorg(]:ﬁllgh rgcaggsye uo%%@wtlgesr |2nr:/1v;re

90%), which WMtGﬁm@bmmﬂc{ ﬁwb@ymyehe@hyd wehioside (FeyarsééphddeHRl, Ghe
(co-injection), 1H %‘ﬁé surem gn ad ixture of s nth tlc | doxycycline),
'3CNMR, UV)P3t8 @f‘#&‘ %%"rn% et hy W e mosCpoyl fg Sy

properties, with activity equal to or greater than tetracycline in each of the Gram-

positive strains examined, including strains with resistance to tetracycline, methicillin,

and vancomycin.

Experimentals

[00223] General Procedures. All reactions were performed in flame-dried
round bottomed or modified Schlenk (Kjeldahl shape) flasks fitted with rubber septa
under a positive pressure of argon, unless otherwise noted. Air- and moisture-sensitive
liquids and solutions were transferred via syringe or stainless steel cannula. Organic
solutions were concentrated by rotary evaporation at ~25 Torr (house vacuum). Flash
column chromatography was performed on silica gel (60 A, standard grade) as
described by Still 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, | H,1 - 8.4 Hz, Atril), 4.40 (s, 1H, (C1-13)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(C113)C113), 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,
CH3C1HCH), 1.55 (d, 3I-1"/ 6.6 Hz, CIELCHCI-H; 13C NMR (100 MHz, CD30D) 8 195.3, 188.2,
173.8,172,1, 163.2, 149,0, 137.7,117.1: 116.9, 116.6, 108,4, 96.0, 74,5, 69,8; 66.9, 47.5, 43.4, 43.0,
41.9, 40.0, 16.3; 1JV max (0.01 M rnethanolic HO), tun 218, 267, 350; [a]p = -109' (c = 0.16 in 0.01 M
methanolic HOxhaRNFSI(EBydnl maletifor 882151 P22 6Hin cotdbrdied hefoimiay445.1603.
1002321Litera¥4re va)lues (The Merck Index: An Encyclopedia of Chemicals, Drugs, and Biologicals,
12th ed. Bud&VaIT"€"" O'Neal, N4..1.; Smith, A.: Heekelman, E.; Kinneary, J. F., Eds.; Merck Cc: Co.:
Whitehouse §1azizsi, NJ, 1996 rantey 496): Morax(olédr Mapettiarastodd@)(ihNAER) 351 ; [orb =
-1100-1in O'OltM m%tha%olle HCI:(? 1002?{3 A solution Qfd‘f\FW Iithiugp in hrex%ggr%ig&.@ﬁﬂll\/l, 75 iL,
0.12 mmol, 3?5685&‘\18 Was 20ded 6 2 Stitio r8§(5}?sn§5r§)pylamm ?Iiefp%,“@.ffmmo , 3.9 equiv) and

r4", N".-tetrarviethyléfhitphediaGioe (09 XMH £), Aariambin#yl leouiy0o (EAaridzofdfavizingr7) at -78 'C.

The resulting,solutiqn was stj -78.C reupon a solutjgn of. .
2-(phenoxyce}?%%?1r§/ %98943;’9%%% IY—%uzté}fﬁc{)ar off ME?@%@?“&?&S@ erhn%Tlg%sga%?v ’in

tetrahydrofurgro(@napyep@scddd ed it ppiistl A @ystals. ahb erestfitegedéep et mikpuoeiwvas stirred
at -78 ci-; for 90 min, then a solution of e|1011C 7 (15.0 m&p0.0Sl inmoj, 1 equi\ﬁ} in te}rahydrofuran

(250 4.) was 5’0‘6‘8&‘@}4&%&’8‘\}?&(%%5:5 TR (edditihg deep e Tidttareinds & £ warm slowly

to 0 C over 3gnThersgisols,predsiusgludasyas thems Rarilignst-heryrpragusaus Retassium
phosphate buffer Eollt?tziorfle}tng 7.0, O??/I, 15 ME.) and dichlorome?hane (15 mL)ETheIRcfi;ganic phase

was separatetilinh (ifesereletnisash seferanssduaites eattrarnsdonircen o 1Bermpl yoridAR ©k: o
dichlorometh . 0 iC\P ver [ . [ n rQus i sulfate. The
dried solution%\?\igéﬁﬂhﬁeér'e%%%g) th@liratégﬁgg:@riﬂcggﬁé?égfypr?oevl%\?l%% 5?1%\%! oﬁ?%%g%roduct was
purified by pregpacatotydlad RLGvon chGoidseshifty asphphei@liScohgim, b=wudqudsd,x £0riplat, UV
detection at 350 am, injection volume: 500 pl., (methanol), isochratic elution with methanol-water
(89:11)9 flowqratg}lgﬁgqmrﬁimfﬁ]‘.%ge::ttig{ﬂsqé%ﬁdglantE%%?g hrh?r? ¥ (Iialrn colled rrgdl and ’c%&r?centrated,

affording the peigacyeclic bdditiah(fRodustitiepictepkitraiasteiobtamedoatiygu RefiombE(D8:6 1000 81%, a

b1 26,24, mitORy oo ey T RV Rl D PR R O

5.39-5.34 (m fAHyOOHaRELFy 30D E¢dbibtptionlOi BzirGHNICAAB2)p 8%i0IAE thefkg,GHSCH,

CH3CHCH), rzng(%l(%q ’\)v]'E ’vC']e;dk:l;%r7 ’—'éfgalc_il)z, 'and assignment (where appropriate). Optical rotations
were determined using a JASCO DIP-370 digital polarimeter equipped with a sodium
lamp source. High-resolution mass spectra were obtained at the Harvard University

Mass Spectrometry Facilities.
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CHCHN(CH3)2), 2.48 (s, 61-1, N(C1113)2), 2,40 (d, 111,J- 14.7 Hz, CHITCHCHN(CIH3)2), 2.31 (ddd,
1H, | - 14.7, 9.3, 5.7, CHWCHCHN(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 MHz, 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, -2.6, -3.7; FTIR (neat film), crril
2923 (rn), 2841 (rn), 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), I00R{wiy ;oI (A Do &yokime . caled for (G4ttH50N209Si+1-0+
731.3364, fo 91:%3’& 33%()3. Deprotection: [00235]Concentrated aqueous hydrofluoric acid solution (48
wt %, 0.6 InL Was a%e % a polypropylene reaction vessel containing a solution of the purified
pentacyclic addition product from the experitne,it above (15.0 mg%{lgg‘OS mmol, 1 equiv) in aectonitrile
(3.5 rnt,) at 23 'C. The reaction mixture was s}\timg | at 23C fmgﬁ5§r§1htlg(em)was poured into water (20
mL) containing dipotassium h Enphos'pl%fat@ 4.0 2). 'ﬁ“ O~pritture was extracted with ethyl
acetate (4 X20 nil,). The orga@?@gggs werecombined and-dried-oyer-@nhydrous sodium sulfate. The

dried solution was filtered and tﬁ@cﬁ'fl’&ﬁ@W@% congentratec aft -

'r%gga ligkit-yellow oil. The residue
was dissolved in methanol-tetrahydrofuraf' GtiL) and to the resu?ting 147 solution was added
palladium black (7.6 mg, 0.071 inmol, 3.5%eguiy) tH one portion. An atmosphere of hydrogen gas was
introduced by briefly evacuating the flask, t%r%f?!us‘ﬁ’mg with pure hydrogen (I atni). The yellow mixture
was stirred at 23 C for 2 then was filtered throjigh a plug of cotton, The filtrate was concentrated,
affording a yellow oil (10 mg). The product was purified by preparatory HPLC on a Phenomenex
Polymer?: DVB column [10 )fin, 250 x 10 mm. UV detection at 365 ran, Solvent A: methanol-0,02 N
HC.1 (1;4), $a0eant D: acelmiilniteyrinjfotianybthive: i40@xdn¢m@thandl ¢ohtalniAg4@myadxalic acid),

isochratie elution with 18% H for 15 mm, then ient elution wit -=>60Q% B over.15 min, flow rate:
5t It P AL BN DA TR R L e A e By e ot
6-dcoxytetragysdinenturdsosblprideaas aijselievy yemter (Bt hiyg. BoAhal 0D23Ghht INMI?, (500 MHz,
CH30D, hydrochloride). 817.49 (§,,11-1"1= 7,8 Hz, Aril), 6.95.(d, 114, J = 7.8 Hz, Art!), 6.84 (d, 1H,
1=7.8 Hz, Anfﬁt,rik.@éjrt’ , E‘L"i‘ﬁd’?—m&é&é, BaIEsHIng D %&fﬁ%ﬁ? CATA s ‘?’é’i‘il,yrx?{éﬁgj)), 2.90 (hr
d, 11-1, J 12 1Har SHGiHNER3pon 2. eluiisido 12 {Fhdidb Xy da2bonyl P Hath@hB&iAIEHity2.61-2.56 (m,
1H, elf-13C14), 2,30 (ddd, If!, 1=13.7, 5,2,.2.9 Hz, ClIl-FFCHCH 1-13)2),.1.54 (ddd, 11-1, J-13.7,
12.7,12,7 Hzgaéﬁﬂ?élgfﬁélﬂﬁdﬁ ?}{“ﬂ‘sé?d?@%"lgi Eﬁ??é’%‘%\?“rﬁ%ﬁa%f%ﬁé anolic HO),
ran 269, 353 dipwist420cardud@. M ReG2shiitimethapalid hetiturtRMS stizt)in/igaaledyfat —78 °C

(C2ZH2AN O 42D, R O h 2 SES% 8 (30.0 mg, 0.0474 mmol, 1 equiv) in

tetrahydrofuran (1 mL) was added dropwise via cannula. The resulting light-red
mixture was allowed to warm slowly to 0 °C over 2 h. The ice-cold product solution
was then partitioned between aqueous potassium phosphate buffer solution (pH 7.0, 0.2
M, 10 mL) and dichloromethane (10 mL). The organic phase was separated and the
aqueous phase was further extracted with two 10-mL portions of dichloromethane. The
organic phases were combined and dried over anhydrous sodium sulfate. The dried
solution was filtered and the filtrate was concentrated, providing a yellow oil. The
product was purified by preparatory HPLC on a Coulter Ultrasphere ODS column [10
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-
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Synthesis of a (-+D-ring Pyridone Analog of Tetracycline Cydizadon Step: 102371A solution of
n-butyllithium in hexanes (1.67 M, 60 jil", 0.13 mrnol, 4,3 equiv) was added to a solution of
diisopropylamine (20 iti" 0.14 innaol, 4.6 equiv) in tetrahydrofuran (2.5 mL) at -78 'C. The resulting
solution was allowed to warm to O C over 15 min. NX-dimethylpropyleneurea (17 jiL, 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 me, 0.0930 rinnol, 2.99 equiv) in tetrahydrofuran (250 htl,")
was then addetbvia syHngeH), thecc60ke (eaktidnHylGtidn(dihéHedmtihg, yellble, sbtthloh. Was stirred for

5minat-78'C,t a solution of eri . 0.Q311r L+l eguiva.i r laran (250 kiL)
was added vi fs&?%éfﬂ?é%ﬁ%ﬂhﬁ%@é%ﬂi? mix g’rcﬁ?\?a}é j o'vgvg ’tgb %ﬁﬁ%ﬁ};&bﬁf\gg& 1. Acetic
acid (40 itt,) wasladddd, t0 tiEtieap-4e2P i xitie/at 02G. HhedCEBORh prddit(olitieirnidsthen
partitioned betw OIS, Si hqsphate ony( 0.2,NkK_1 L) and
Cichioromellant LG by THe SrgLi THhse WAL 2o e e i s hice s Rimer
extracted withl ppGCHEHCIp ARy &f dichlerdine HiareHTRENG i, Exbtatig, Weke/comiéddand then
dried over anhyd di ulf [ lutiop,wasfier filtr, oncentrated,
providing & y o U THE ek A e g Sropar-to e FPL o lber ML cre ODS
column [5 pn; HB0H) 1 Dirins, LYK, €etEHon 6B8%Q ith, SbiyehbA(watbrC Bolvert BMReth@fol, injection

foting at 21 S TGRS Colinee Shie NG A AR AN B LR Aot product

depicted in diexieroragdcally pute §amA3.5,0 13, 60%08 alkgh; welkosy 5atid).1AD628BIRRD.S5 (3:7 ethyl

(1, pyr ] 70 oD P 412 GEHIPR BAS QI 137 it Lo OLinIng s 25 (. 241

OCII2Ph), 3,98r(), cai, 79724v6) HR3GHIN(RAB) 2)y 13 DB (SPIED), IH4EHOHADHIRN(SH.02), 2,84

YA, éﬁiiﬁﬁé@g@fﬂiwﬂ(ﬁ%@ii%&?ﬂéﬁkééﬁ%g’ gsé’ltg%s(m 10H,

N(CI113)2, A(BSHa/CHldaabiGENIGHS) ), iR, 38 Jfouhd. 881 B6BHHVHCHN(C1-13)2), 0.82 (s,
914, TBS), 0.22 (s, 3H, TBS), 0.10 (s, 3H, TBS); 13C NMR (100 MHz, C132C12) 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.MS (ES) nilz
ealcd for (C4d147N307SHI-)1 722,3262, found 722.3261. Deprotection: 1.11CH31 1 H2.
Pd(OH)2ICH,.. - doxiane. OH30H 2. He.!, MeOI-1 NH,;! , I:il 74%0 0 H

Deprotection Step 1:

(0]
OBn
CHy H O  N(CHy)
3". |E| : I;i 3/2

HF, CHyCN - ;
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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1002391Pearlman's catalyst (10 mg, 0,0094 mmol, 0.68 equiv) was added to a solution of the purified
pentacyclic addition product from the experiment above (10 mg, 0.014 mmol, 1 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 reaction mixture was observed to
form a green color within 10 min, After stirring at 23 C for 2 h, the reaction mixture was filtered through
a plug of cotton and the filtrate was concentrated. The oily yellow residue was dissolved in methanol
(10 mL) and to the resulting solution,was added concentrated aqueous hydrochloric acid solution (37

wi %, 100 111,) at 23 C. The gﬁaagti _ ?ﬁ" fyre was stirred at Zﬁiohfg{H@(h'Mhen was concentrated. The
product was purified by prepa ' : A -
1l

PLCoon a RhengmenexPolymerx-P¥B column j10 nm, 250 x 10
min, UV detection at 365 nna,.S Al0H1 Nrageieeus rochigric aci

injection volume: 500 ut (methaolgdntaining 30 mgwoxalic acid), lindhs gradient with 0->20% B over
40 min; flow rate: 4 iniOnint Fractions eluting at 20-29 min werg_cellegird and concentrated, affording
the D-ring pyddone hydrochloride as a yellow powder (4.8 mg, 74%). [00240]H 1\1M.P. (500 MHz,
CD301), hydl88RtMde) 8 &alastium placlk7Q0 g, SARNCTIb)! 3RV ENAT 28959 874 3)2,
CHCHN(C113)2i GHEHRRREHNGERD R T {0the o b dfid aBo9e-{Z5 Okt WICHBGHGHIN(CHS)2),
2.55 (ild, 11-LI- 16.1, 16,1 Hz, CHITCH.CH2CIICHN CHsgz.%%AOAs, 3H, Ar-CH3), 2.18 (hr. D,J' 12,7
Hz, ClIFFCHEMIXCM S3hydsofugpnymethangb(y: 11 3.9 mb) 2443, ElAEABIIRIBZE S YEEERIMR (100
MHz, (CDO23M)s8 k@ echi8R Bribfif: 8vaclidn gl 6. 6adid WBn FRdEnd 1B plod 1R, 85.6, 74.2,
68.4, 41.5, 35.7, 34.5, 33.9, 31.0, 19.2; UV max (0.01 M methanolic HC1), nm 267, 370; [1..x]p = -146
(c = 0.43 in 03V Hhe g MRS (EIEFI 2 RIRE AP @A TRESPSETI430. 1614, found

430.1607. Sypihesisafliad-cloigtasuainedyslizatiopeéePheterogeneous mixture was stirred at
23 °C for 2 h, then was filtered through a plug of cotton. The filtrate was concentrated,

affording a yellow oil. 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: 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, 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,
(CH3),NCH), 3.53 (dd, 1H, J=12.0, 8.4 Hz, CHOH), 2.95 (s, 3H, N(CH;3)CH3"), 2.88
(s, 3H, N(CH3)CHj3"), 2.80 (d, 1H, J= 12.0 Hz, CHCHN(CH3),), 2.74 (dq, 1H, J =
12.6, 6.6 Hz, CH3CH), 2.58 (dd, 1H, J= 12.6, 8.4 Hz, CH;CHCH), 1.55 (d, 3H,J=6.6
Hz, CH;CHCH); ?C NMR (100 MHz, CD;0D) & 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° (c =
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]ithium in hexanes (2,65 M. 107 ill, 0.284 mmol, 4.03 equiv) was added to
a solution of phenyl 3-(hromomethyl)-1-methorynaphthldene2-carboxylate (105 ins, 0,283 rinnol, 4.02
equiv) and enone 7 (34.0 mg, 0.0705 mmol, equiv) in tetrahydrofuran (2.80 mL) at -100 C. The
resulting light-red reaction mixture was allowed to warm to OC over 70 min. The ice-cold product
solution was then partitioned between aqueous potassium phosphate buffer solution (pH 7.0, 0.2 NI,
15 mL) and dichloromethane (15 triL), The organic phase was separated and the aqueous phase was
further extrad@9dth two 15terstportions ¢f dickietcdniethand: Fneyolgaridipliddesnivere combined and
dried over anhydrous ium sulfate,The dried salutio s filtered,.and the Fi

concentrated,B Z. Sra‘?ﬁgog’l?t@%%éo%. T 'egpur%a L?&’L\J/évas% [ﬁ&%ﬂléd 'g'brs"e%‘?)lgrléfg’ngéggggﬁ’ 611) Coulter
Ultrasphere @D K eolesmy) 1L 10, iBds. 2500ck Grom; WHichitmcteoStat 350N L Bolermy Ad9¢ater, Solvent

13: methanol, two separate jnjections.(750,jil , ~acetonitrile), ispoehratic eluti ith 94% B for 20
min followed H%ﬁﬁ%‘e r@riéﬂéﬁ[ﬁ@ﬂﬁjb%@&m 521-%?03%?8 L%\)Br_zﬁ)rrlnaln??ﬁvé }gté%g mil:king Fractions
eluting at 24-g@tmifolveteaipllected and concentrated, affording the hexacyclic addition product in
diastereomerically pure form (36,1 mg, 75%, a white [00242]Rf 0.37 (3:7 ethyl acetate-hexanes); 1H
NMR. (500 MHz, CDC13) 6 16.25 (s,1 H, enolOH), 8.30 (d, 1H, j - 8.3 Hz, Aril), 7,75 (d, 1H,7.8 Hz,
ArH), 7.59- 7.34 (it, 7H, ArH), 7.26 (Syddhefig-bf 6-38-[3eclitét@ti2ihg, 4,02 (s, 3H, OCH3), 3.99 (d,
111,J=10.7 Hz ,CHN(C§J—|3).2), 3.08-3.05 (m, 211, CHCH2CHCHN(C113)2,

CHITCHCH2 'Y—fé?—”rﬁ'lfé fé’ﬁ), 2,95-2.90 (m, 111, CHH'CIICII2CHCHN(CH3)2), 2,58 (dd. 111, 1=10.7,
5.9 Hz, CHCHN(CH3)2), 2.51 (s, 614, N(C113)Q)e.50-2.48imi{ 1H, SHHCIICHN(CH3)2), 2.20-2.14
(M, 1H, CHH'CHCHN(C113)2)®; 2 (s, 9H,TFBSY'D,29 (s;%p(s, 3H, TBS); I3C NMR (125
MHz, CDC13) 6 187.9, 1841; LL&E& F82.C 767.8,0159.2, 1375 N~ {

9}

OBoc i N(CHy), BocO © HO : OBn
: o OTBS
LN
0 § O OBn

OTBS

7

81%

[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, C-0), 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); fiRMS (ES) rth ealcd for (C391-144N207Sit-H1 681,2996, found 681.2985. Deprotection:
[002431Concentrated aqueous hydrofluotie acid solution (48 wt1.0 raL) was added to a polypropylene
reaction vessel containing a solution of the purified hexacyclic addition product horn the experiment
above (24.0 ing, 0,035, 1 equiv) in acetonitrile (9.0 inL) at 23 C. The reaction mixture was stirred at 23
'C. for 22 h, thentersvpoudaediptolsdates (N0) Conadniy dipotasdsiwauhydrogenpidisphate (12,0 g).

The resulting mixture was extracted with ethyl acetate (3 x 50 31114. T rgan were
combined anﬁrh?ﬁ%o %&ﬁr%lﬂ ﬁ& eg(%ﬁu\rvn%smfé (eﬁl %820 r|end)’?fsll%Iﬁ\{l%crlll %\%g ﬁft%eqrjlégqgﬁg the filtrate was
concentratedfl affondingtiayatowdi gdnél residud reagHissohiethin waststamed-aligRaite fir: 2,16 mL) and to
the resulting solution was ed palladium plack (1 0.0940 mato’ IV):in. Qne portion.
An atm osphetT’g %Wﬁf/éﬁgagaﬂdt 5%“\%%% %%858%%?6&8@“&&8&?&05? %}ggt%;%%(%tﬁ%ga%ﬁ%mg with pure
hydrogen (1 giiywTdie(yehay) mMikitipeodas stiseurifi @BBGrépaztor yHERWasnfit@hstahrenggh a plug of
cotton. The filfrate wa centrated,.affording a.yellow 0 e resid dissal n
dicfflorometha%?é”t‘f.r%?%gga%o hith Qé%nﬁlt?r%g §ol)étf8f1nw@1qs] g *} glgoél salg uétllg(?r%ndfiggygéﬁ{:ébromide (1.0M
in dichlorometfesimo0-G 02N HE Uiy), ol vidit G. Thechdmitecthjenikturechas stid€dibt -78 8C for 15 min,

then at 23 "C for 3.5 If Methanol (20 inL s added and the resultin [ ti s stirred at 23
ort o Traeine e A L MR B R DS e S At
preparatory kR Igtadiora fhenomenes-Bolyya sy B eolunilof riwt, S1m0.An2d] 2 Fnantjddy detection at

igomrim, S?_Iv g{,A: 0.0l_l\l_ HCI, Solve_nt B:_iacet gié(qle, injec;ion \,/ogﬁrp;: 52{3_)E%I(5x$rl‘n§¥ggnccﬁr?§ntaini_rlg
g oxalic ABIHE §ddier efmoR WAt S3a80ARISORCRYTRIR RO FARS. BEFIRYSHLRIGHA at 30-35
minwere collggi®danstcencenikated, aftataing. tha gastsycline hydrochloride as a yellow powder
(131 g, 74244 H N0 i, S0 AR ehIonds) PRy 2 7.4, L1

ArH), 6.95 (d, 1H, J= 7.8 Hz, ArH), 6.84 (d, 1H, J= 7.8 Hz, ArH), 4.09 (s, 1H,

CHN(CHs),), 3.03 (br s, 3H, N(CH3)), 2.97 (br s, 3H, N(CH3)), 2.90 (br d, 1H, J = 12.7

Hz, CHCHN(CHa),), 2.67 (ddd, 1H, J=12.7,12.7, 5.2 Hz, CH;CHCH), 2.61-2.56 (m,

1H, CH;CH), 2.30 (ddd, 1H, J=13.7, 5.2, 2.9 Hz, CHH'CHCHN(CH3),), 1.54 (ddd,

1H,J=13.7, 12.7, 12.7 Hz, CHH'CHCHN(CH3),), 1.38 (d, 3H, J = 6.8 Hz, CH3CH),

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 (Ca2HasN,O7+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, IFI. ArH), 4.10 (s, 1H, C1H3)2), 3.13-2.97 (m, 9H, N(CH3)2, CHCHN(013)2,
C11CH2C1-ICHN(CH3)2, CHITCHCH2CHCHN(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, CHITCHCHN(CH3)2), 1,64 (ddd,
111, Jr- 13.6, 13.6, 13.6 CHH CIICHN(C1/342); 1,JV max (0.01 N4 methanolic HQ), IIEif 268, 345,
402; MD -- 1130 (c = OAS in 0.01 M methanohe HC1); FIRMS (ES) tn/z calcd for (C25H24N207+H)*
465,1662, found 465. 165§y§u@§m§ﬁ@X@Yﬂg@&ﬂ&@@&ﬁﬂﬂgyﬁliﬂ&ﬁygﬁmﬁon Step: (002451A
solution of n-but II|th|um in hexanes (2.65 M, 33.0 ILL, 0,0945 mmol, 5.00 equiv) was added to a
solution of difSBPFEiAEMIAR (13.2 i) 0.0945 nunol, 5.00 equiv) in tetrahydrofuran (0.750 ral..) at -78
"C, The resulting solution was briefly warmed in an ice bath (10 mm) 4h¥§r’1*e*?mas cooled to -78 'C.
Hexamethylphosphoramide{8 °ity.189 KRtDE-40.0 &b Producing a colorless
solution, and this solution was tgnsferregdcald) ilropwise via eat afto a solution containing
phenyl 2-methylpyridine-3-earboxryiate (16.0 |n,.gc+Q),ZO755 menoi, 4.00 g@élv) &hd enema 7 (9.1 mg,
0,019 mmol, | equiv) in tetrahydrofuran (O. )Jat -95 '(1, forming a light-red mixture. The reaction
solution was allowed to warm to - 50 'C over 3 " The product solution was then partitioned
between aqueous 6i0 OBn

67%

[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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potassium phosphate buffer solution (pli 7,0, 0.2 M, 10 rriL) and dichloromethane (25  The organic
phase was separated and the agqueous phase was thither extracted with three 15-mL portions of
dichloromedilme, 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 p.m, 250 8 10 mm; IN
detection at 350 rim, Solvent A: water, Solvent B: methanol, injection volume: 500 L (methanol),

gradient elutigryf¢}5-100,£18,95€5:3Qminaflaud-atadd)MiMINIE (a0t visle) @Dg-ad 21-27 min were

collected and concentrated, affording the pentacyclic addition product in djaster erically pure form
(8.6 inz, 7694 Fitd Hofich {OBBAB ERT C2b Y5 P Bhry bt (ol B RNNWA (500 Mz

CEEL e S S 207
m, 514, Aril), 7. , =45, 7.5 Hz; p|.T- . yAH, 1=12.
12.0 Hz, OCKAPBIhk H8%dd 13 a4 155 b, éﬂﬂt{éﬁf@a)zﬁ -%é’-é@%trﬁ?%-l,
CTICH2CIICKN(@L ARG @Sils, A4 (- 16,31 5.6H74 Ot CHIGHATHGEN(THIZN 9 (dd, IN.
1= 16.3, 16.3 Hz, CHIPCHCH2GIICHN CH:%

2.505.48 (mH oy CAMCMEHR LTS e Lo 3k 54 pE 7= 105192

CHIPCHCHN(G H:3)2H Q13N (CHE, 2B B)2.9326n(Si 3 N(BHI),)Q. AS-(HIICHTESCHBEOWAR) (100 MHz,
CD2C12) 187.7, 183.5, 182.6, 182.2, 167.9, 161.2, 153,4, 137.6, 134.1, 1 93@@: 1, 126.8,

123.0, 108.7 2196(4; 83,7 7392 6lizeCUHHE ASEMER: 3h 085G, 98,11 B30 4 BHRMS
(ES)calcd ford @57 5AINGER SRR 4982086, onncIBNe 26861 DRBroectiomOE48)? 1| N 099

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|H47N3,O7Si+H)+ 722.3262, found 722.3261.
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-I.H, Pd black dioxan9-CH:101-1 2. HF, CFI30N, 35t 79% 6Tas [902471Palladium black (3,0 mg,
0,028 mmol, 2.6 equiv) was added in one portion to a solution of the purified pentacyclic addition
product from the experiment above (6.5 mg, 0.011 mmol, 1 equiv) in dioxane-methanol (7:2, 9.0 niL) at
23 0C. An atmosphere of hydrogen was introduced by briefly evacuating the flask, then flushing with
pure hydrogen (1 atm). The resulting green mixture was stirred at 23 C for 7 hr, then was filtered
through a plug of cotton. The filtrate was concentrated, affording a yellow oil (7,0 mg). The residue was
dissolved in aegindsiod4.5 inh), transfmed to a polypropylene reaction vessel, and concentrated
aqueous hydrofluoric acid solution (48 wt )%, 0:5 mE) was added to the resylting solution at 23 "C. The
5t ’%oré\é? hr s ,gég%ydmlu id Yas quenched by the

@@ asygpncentrated,

G060 & Phenomenex Polymerx

water, Solverts0i5% laifarnageds Ackldn Tesfianaiaeeinntile, 6k Liinjeesiomueliwe: 50 ph

(methanol), gradient elution with 0-420% B 40 min, flow rate: 4 Tritiminl. Fractions eluting at
35-45 min wérdutisieefdeeand foh oentrarsticadslifton peibiwt SIPnTHe S IFAERISENEE (hdmethanolic
He1 Q.0 - O apdoncaaiealiniding faaee A demrsaorplios yrlesbigride.as 2 yelow
powder (3.7 mg, 79%). '14.1,4MR (500 MHz, CD30D, hydrochloride) 8 8.79-8.77 (m, 211, pyr-H) 7.91
(dd, 1H, = 6.8fBX8imRenEAF s mipasceibrhrieforssyeyatng Ue Stk gy flushing with pure
Ll GNP S EHACH CHNBARIZL A Qi S EHUHEGHEHN(C3)2
CTICHN(C1-13)2, N(CH3)2), 2,34 (thid, H, J= 12.9, 4.4, 2.4 Hz, CRITCHCHN(C113)2), 1.77 (ddd,
111"1 = 112 91in2 Aftepstnipg @HP EHOHNChepriNnixsg e s NEREEB 4R 964£1345; HD =

1540 (e = 015 0,01 b methanolic Lk FIRMST{E SH GRIGHHRIAG 2041 A1043AR AL 1 400,1508,
found 400,1504. Synthesis of (-)-10-Deoxysaneyeline Cyclization Step: 7

methanol (10 mL) and to the resulting solution was added concentrated aqueous

hydrochloric acid solution (37 wt %, 100 uL) at 23 °C. The reaction mixture was
stirred at 23 °C for 3 h, then was concentrated. The product was purified by
preparatory HPLC on a Phenomenex Polymerx DVB column [10 um, 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(CHs),), 3.05-2.95 (m, 8H, N(CH3),, CHCHN(CHj3),,
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(CH3),), 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 (C21H23N3O7+H)+ 430.1614, found
430.1607.
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[002481A solution of it-butyllithium in hexanes (2,65 1\4, 59 itb" 0A6 mmol, 4.0 equiv) was added to a
solution of phenyl 2-(bromomethyl)henzeate (45.6 mg, 0.157 mmol, 3.97 equiv) and enonc 7 (19.0 mg,
0.0394 mmol, equiY in tetrahydrofuran (1.57 mi.) at -100 'C. The resulting light-red solution was
allowed to warm to O 'C over 30 min, The ice-cold product solution was then partitioned between
aqueous potassium phosphate buffer solution (pH 7.0, 02 M, 5 iriL) and dichloromethane (25 mL). The
organic phase was separated and the agueous phase was further extracted with an additional 15-mL
portion of dichloromethane. The orgarigh@sissoive(e)cPenbinecliaed dried over anhydrous sodium
sulfate. The dried solution was filtered and the filtrate was concentrated, affording a yellow solid. The
product was ﬁzt’jf '6(}%]%aratory BRIX on a Coulter Ultrasphere ODS column [10 nn, 250 x 10 mm,
Solvent A: water, Solvent 13: methanq,Nfjeetion volume: 1.0 friL (methanal), gfé&dient elution with
85-100% B over 3 IMdtectioniat3 m i

were collected and ated, affprding the pentawycho additier prodyctin giastereotnerically pure
form (19.2 mg, 81%, a white solid). 2052491RF 0.46 (3:#ethyl acet@ite-héxafest /Il NMR. (500 MHz,
CD2C12) 6 1.5.53 (s, 1H, enol), 7.94 (ckLn 7.9 Hz, Aril), 7.54 -7.28 (m, 8H"Arii, 00-12Arll), 5.37-5.34

(m, H. 00112Ph), 4.05 (d, 1 II, 1=.10.7. Hz, CHN(CH3)2), 3.243, Cll HCHN(CH.3)2),
2.99 (dd, 1131,0?153&15.5, 5.6 o e RE e @‘i'i’@‘ eﬂéié%;ﬁ%:(]&%]{& 3.815':%%?&?5'%.5 Hz,
CN:|(_|CIF1)1CS|_)| 2CH243®3CHd. ﬁ{@bd(@é %)id%)xﬁ)ﬂo (ﬁ@oli?gibn‘-oéf Phdir3 der(ﬁt&GidﬂH@ﬂ‘)’rﬁ)i&hozﬁ%pﬁIMl 6"“:-)7 H, (

, CHTFCHCHN(C113)2), 2.14 (d,14.3 Hz, CHIPCHCHN . 0.86,(s, 9H. TBS), 0,25 (s,
313, TBS), 043 ,Oéihﬁter@g?;%%ﬁéméﬁﬁéeﬁt‘ﬂ eé“i%%%lséciiérﬁg?ég ?fgﬁf‘fﬁ;ia?.?,
141.7, 135.4,11G%#) ib30:9h3aR QurdR 828 (128 Pafl 2800 °L2 Trhe HeGinkQRsH- A6 &dil, 72.8, 61.5,
58.5,46.9, 419, 38.6, 200, 25.9 23.1, 19.1.:3.7; HRMS (ES) -viz calc for (C341,14881306Si-41)"

601.2734 foﬁmt@ﬁ% W@ﬂrﬁmto 0°Cover’/ he 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, 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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[002501Concentrated aqueous hydrofluoric acid solution (48 wt VG, 1.1 mL) was added to a
polypropylene reaction vessel containing a solution of the pentacyclie addition product from the
experiment above (15.1 mg, 0.0251 mmol, 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 mL) containing
dipotassiurn hydrogenpliosphate (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 the3fillras2 Wwassom)aantratesl;. affiyding asye| o Solid § B2 2 8ig, 1999%).1ZRS residue was

dissolved in methanol-dioxime (1:1, 3.0 ladi . 0. 101 -2 4 equiv) was
added to the reSlti 4'§ol iloﬁ’i(ﬁl(%r?e b@%ﬁ&?%@&%@o@@%mﬁ%@m ééféu%ge%c)l’by briefly
evacuating the fask, thenushing withTiRrebydfidgeretl ansd4 Ting, RSN, ligHyellew®ixture was

stirred at 23 the s filtere rou lu on. iltra 0 trated,
affording a ylﬁffé/églwﬁé)&%éﬂ}fals‘%ézﬂgdqgﬁag p?@ ag?ogyﬁﬂl_gggo{umé’é%engnﬁér?gg olymerx
DYE cqlglmn () miso a&iag), Xdﬂz I, Lﬂ)sldj@v@,cti(lo)m qwmwg(m)mrmmg N I—(|jCI S()IIvgnt 13:h
acetonitrile, in on.v - 1, ethan taining mg oxalic acid), gradient elution wit
5--*50% B o@%&ﬁ%&%@t&@%ﬁfr@gﬁgﬁ%luting at 16-22 min were collected and
concentrated, affording 10-deoxysancycline hydrochloride as a white powder (9.1 mg, 83%).

g ysancy y p ( g )
[00251]114 hlﬁgéssoo,MHz, CDIOD, hydrochloride) 5 7.96 (d, 111,1 - 7.3 Hz, ArH) 7.51 (dd. 1H"T 7.3,

7.3 Hz, Aril), {6779"1=73, 7.3 Hz, ArH), 7.30 (d, 1H, J7.3 Hz, Aril), 4.04 (s, 1H, CHN(CH3)2),
3.31-2.99 (m, 811, CHCH2CFICHN

)2, CHEHN(@1+3)2, N(CH)2), 2.87 (gd, 1H, 1= 15.4, 4.3 Hz,
CIIH'CIICH2CHCHN(CHA?), 2.61 @ 1-16sHN(CH3)2), 2,21
(d.di.1,1=12.8,5.0, 45 Hiz, __ 56 12)8, 12,8 Hz,
CHIPCHCIHN(CH3)2) UYimak (0.01(M. spethanalichiCl), am 264, 48(1}/[ po- k14175 = 0.15 in 0.01 M
methanolie FWD; HRNIS‘“?ES ?viotaleci for (02.1%;/0122N206+1-0+ 399.15156, found 399.1554.
Biological testing. 1002521Whole-cell antibacterial activity was determined according to methods

recommendef348ie NCCC8n(eatiiated|«GoenmsitigdridhuCtiniecid mbaiatotyiStafaardsmEooramethods

for dilution antimicrobial susceptibility tests _for bacteri isally; agpgoved standard:1:1M
edition. NCCﬁ@eocP:%a %mi&l?ﬁe Sgﬁgﬁlgls 2%%%@@0%&@9&%%%w Standards. Wayne,
PAd; iﬁcorporlheaddyel@iaddyti@imlgyrw).ﬁmsﬁhomw@dmmd@sb%@?,ig@ﬁﬁe}zmﬂ}?ﬂ}f?ide (DMSO0)
and the resulting sojutio e nwater (1:10) t gtigng with 2 finat
concentrationa%‘%ggléqget@?@%@i%&éﬁ?@%&r {?\ i %ﬁ}g%gfvr%el %%elscﬁrﬁgt%teéplate, 50- tL aliquots of stock
solutions were ailptec:dernially atto (Gatioh)agjustedh MdipiésssiintohydrogsarhBedtbhIDidkinson,
Cockeysville,.ND). Test organisms (50 u.].,.ali S ' ) P ChL el d i) were then
added to the %ngﬁ??gf‘egv‘ﬁéﬁéué %‘r’éa,s r%)?lgrraocttl?g&&atg%%o%%%%gszla?gs%wgre inc_l%%teld aerobically at
35 C for 18-hdseT hekbwhs tdefolvesidconuematonesedmpoutdtdetBhmiied tolivibit visible

gowth. Five Grams=pasitive and. fi rain-n i tex i ami iR, ninimum
hibitory o (L T IocSahE Sifeus ATCC
29213, Staphdiscdredisnephibanitid@it-00165 Sthphgibsotsushdenscighitisn AGH2d0IB,

e s

Staphylococc carrying the teti sistance gene). The Gram-negative

strains were Bydutgzmgnay aciugitosadFOO SRes3 cKisinsi dhie farky thon s NTE w883, E. coh
ATCC 25922, 0l GH:009% (i ARG 1SSIAR) SR E 150} TS 308fcaRRo22
sid encoding tefr

(containing a p)(a cycline-resistance). These strains are listed again below, along
with certain othengbtaifgu eficirttrigihafidtiatowasresistatiaseth affeitsiotics. yellow oil. The

residue was dissolved in dichloromethane (4.5 mL) and to the resulting solution was

added a solution of boron tribromide (1.0 M in dichloromethane, 0.5 mL, 14 equiv) at —
78 °C. The dark-red mixture was stirred at =78 °C for 15 min, then at 23 °C for 3.5 h.
Methanol (20 mL) was added and the resulting yellow solution was stirred at 23 °C for
1 h. The solution was concentrated, affording a yellow oil. The product was purified

by preparatory HPLC on a Phenomenex Polymerx DVB column [7 um, 150 x 21.2
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Bacterial strains Gram-Positive Organisms: Staphylococcus aureus ATCC 29213 Staphylococcus
mucus ATCC 700699 Staphylococcus epidertnidis ACI-1-0018 Staphylococcus haetnolyticus
ACH-0013 Enterococcus faecalis ATCC 700802 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)
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) & 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, /= 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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Vancomycin-resistant clinical isolate Gram-Negative Organisms E, ccli ATCC 25922 coli ATCC
53868::pBR322 QC strain for MIC testing Laboratory strain carrying a plasmid with a
tetracycline-resistance marker E. coli ACI -0095Multiply-resistant clinical isolate (Achillion strain
collection) Kkhsieila pnewnoniac ATCC 13883QC strain for MTG. 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'seudornooas aerugmosa ATCC 27853QC strain for M1C testing ATCC - American Type Culture
Collection, Manassas, VA Example 8-Alternative Rotates 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 hgjg' kigmHE-halogen exchange of benzylic bromides conducted in situ in the presence of
die AB clecrropﬁf)e has been found to provide coupling products where bmlzic metaiation fails (see
Example 7). These henzylie bgongc%%*ié’an be1%§§%with surprising efficiepgies (ticar quantitative
yields) and are surprisi glﬁ'p/develépmemwmav lead @g reaction that could be
concluctable on a multi-kito 3¢ale-Many. different phenyl ester sub ot$ (ske below) may be used to

ué¢
optimize a coupling reaction® Tﬁebfggtia'i g, oup for benzylie metaﬁat;gn'j ﬁoever, may not be the

same as the optimal group for lithium-halogen exc e. in addition, for the lithiym-halogen exchange
process, bes[g%%“giter motiffEigR, ?ﬁgt(%w%fﬁgré]agg}égmg?’ éeeﬂglé/g W]%ﬁ&éé%i, AUt hot limited to,

other alkyllithigpideagertsgea opiRYikithidpentacyclic@diginiardpredgertiofetbs, éspgpnopyimagesium
chloride) and zinc-based systems, Barhier-type. couplings wil| be explored usin afiety, of
zero-valent ndBeE @r Beptig! ™ ahel ABY Aé}“p%%& 6?§th3?02@@0§%%p21%e%%y§1téﬂaﬁve
routes. The sigpospHaclfor HyasyeihesisiafsaostSidemiyistiaayeliiegphalfigsis!ich flloshipgnzoic acid.

Eleven of these 14 steps are dedicated to the synthesis of the AB-ring precursor. improvements in
the length or%ﬁk@ﬁﬁ?%@%i’oﬂt@@thﬁé@rﬂ%‘ﬁlﬁé %&R&‘&%Wﬁ%& s%%ﬁ%ﬁ%%&ct on the

synthesis overafl.vitefinafetmsntieagmel dieBninthprictieorn areshontraind-igtvetigPaand 23.
pallachum e S BHGLOSBED. A T B L GoACRLE U CNE G (S may-
also be used jasfpas Py ceabiRtikysiioxtatoncimthesyifinesis ofdhdl Adiciag pretutisorés shown
in Figure 23. Other Emb dimen&%goz 41Th f_ore%iirt\% has#ege(? arggsrggirﬁgignnn?fx(fgréai%non-limiting
preferred emBodimEnt@6? Hasi iShPPAEEE BIETINAN) &kiiPin the artwill Appreciate that various
changes andipaeifigations tithis idesexipiomydayberinadai with euideipal tygifeomditiespirit or scope
of the presen;tnlgt %?(gltor?rhgt%y %Hg]r?éj (Ig‘. § f}gﬂ"o y %&%ﬁ!a’mg}eacﬁon mixture 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: 0.5% trifluoroacetic acid in water, Solvent B: 0.5% trifluoroacetic acid in
methanol-acetonitrile (1:1), injection volume: 500 pL (methanol), gradient elution with
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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Claims or a salt thereof, wherein: R1 is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORA; -C(=0)RA; -CO2RA; -CN; -SCN; -SRA; -SORA; -SO2RA; -NO2;
-N(RA)2; - NHC(0)RA,; or -C(RA)3; wherein each occurrence of RA is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio,
amino, alkylamino, dialkylamino, heg(?mﬂm@&‘(og i’@_tgggg@glgh@clﬂgés hydrogen; R3 is hydrogen;
halogen; cyclic or acyclic, substituted or unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substinglégiérrudsistituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted aryl; substituted or unsufstiftited heteroaryl; -ORc; C( O)BC,H@@@RC -CN; SCN -SRc;
-SORC; -SO2Rc; -NO2; - Nk )2 N O)Rc; or -B(Rey8; wherei ' .
independently hydroden acprote [ OUp, allphmm) -heteroaliphatic;-acyl apyt,ieteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, atkylamine, dialkytemino, heteroarylcﬁ»(ywogT S(;:-te%‘arylthlo 124 is
hydrogen; halogen; cyclic or acyclic, ogﬁf)stltuted or unsubstituted, branched or unbranched allphatlc
cyclic or acyclic, substituted or unsubstituted, branched or unbranched heteroali hatlc ac

substituted o[(l!)ﬂdﬂbstltuted aowtmwmstyunhmgm bstinmehS oMy 2oRD: L& 0.co2RD:
-CN; -SCN; SRD SOR (%n NO% ﬂé{%p Z(br&%g{g)(@gba{z&{ggﬁé W@G(j&l@'ﬁach

occurrence O?CE\}B/ i N epen roge rotecting group, aliphatic, heteroailphatlc acyl, aryl,
heteroaryl, atoxyl, arQR)«qrula[l(a}mm:inom)ﬂtfﬂ% Cemrin©, OéMI@mﬁiolmylamﬁ%ammoxy, or

heteroarylthl?1.57 mL) at =100 °C. The resulting light-red solution was allowed to warm to 0 °C

over 30 min. The ice-cold product solution was then partitioned between aqueous
potassium phosphate buffer solution (pH 7.0, 0.2 M, 5 mL) and dichloromethane (25
mL). The organic phase was separated and the aqueous phase was further extracted
with an additional 15-mL portion of dichloromethane. The organic phases were
combined and dried over anhydrous sodium sulfate. The dried solution was filtered and
the filtrate was concentrated, affording a yellow solid. The product was purified by
preparatory HPLC on a Coulter Ultrasphere ODS column [10 pm, 250 x 10 mm,
Solvent A: water, Solvent B: methanol, injection volume: 1.0 mL (methanol), gradient
elution with 85—100% B over 30 min, UV detection at 350 nm, flow rate: 3.5
mL/min]. Fractions eluting at 25-30 min were collected and concentrated, affording the
pentacyclic addition product in diastereomerically pure form (19.2 mg, 81%, a white
solid).

[00249] R;0.46 (3:7 ethyl acetate-hexanes); "H NMR (500 MHz, CD,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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R5 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl;
substituted or unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORE; -CN; -SCN; -SRE; or
-N(RE)2; 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; each occurrence of R7 is independently hydrogen;
halogen; cychis @ agyslic, sylastisier prainsubsytyieds bapshedes wibransised mbiphatc; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatic; l; substituted or
unsubstituted @14 36024 8 2h8ubitwted hetdroatyls FERES: etk ?{@,fc-£%/§RG; -CN; -SCN;

-SRG; - SO%ﬁﬁ&ﬁ@ﬁﬁs’iWéoN@@,Zfod}lU%@)ﬁ@O.or -C(RG)3; wherein each occurrence of RG is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio; each P' is
independentl»g}};ggga%hpr a protecting group; P is hydrogen, lower (C1-C6) alkyl, acyl, or a protecting
group; and n is‘an integer in the range of 0 to 3, inclusive; by reacting an qmgr}]? of a toluate, wherein
the toluate has the formula: Rt (R7)TGP WieFgIfiR9 is -ORT, -CN. {SCNqi+SRI, or -N(1202; and
each RI is independentl )gen; ajpretecting ot cycli @@ ' bstifyited or unsubstituted
aliphatic; a cyclic or acyclic, Jubstititedgr unsubstitkted heteroalipfati @ subistituted or unsubstituted
aryl; or a substituted or unsubstitused heteroaryl; and wherein the anion is formed by deprotonation of

()
the toluate uriggésta]SIC Coa((j)lrtllge?l%r;ated 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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with an enone of formula: 0 0OOP' wherein R6 is hydrogen. 2. The method of claim 1, wherein R1 is
methyl. 3. The method of claim 1, wherein R9 is -0124; and RI is a substituted or unsubstituted aryl; or
a substituted or unsubstituted heteroaryl. 4. The method of claim 3, wherein Rl is substituted or
unsubstituted phenyl. 5. The method of claim 1, wherein P is a BOC protecting group. 6. 7. 8. OH

CHH’CHCH,CHCHN(CHs),), 2.61 (dd, 1H,J=15.4,15.4 Hz,
CHH’CHCH,CHCHN(CH;),), 2.21 (ddd, J = 12.8, 5.0, 2.5 Hz, CHH’CHCHN(CH3)y),
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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aOHOHO OH or a salt thereof, wherein: R1 is hydrogen; halogen; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted heteroaryl; -ORA; -C(=0)RA; -CO2RA; -CN; -SCN; -SRA; -SORA; -SO2RA; -NO2;
-N(RA)2; - NHC(0)RA,; or -C(RA)3; wherein each occurrence of RA is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio,
amino, alkylagming. digikylamino, heteroaryloxy, or heteroarylthio;

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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R2 is hydrogen,; R3 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORc;
-C(=0)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORCc; -SO2Rc; -NO2; -N(Rc)2; - NHC(0)Rc; or -C(Rc)3;
wherein each occurrence of Rc is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino,
dialkylamino, heteroaryloxy, or heteroarylthio; 124 is hydrogen; halogen; cyclic or acyclic,
substituted S%?stituted, bran hﬁ {{lﬁ]ﬁranched aliphaiis: eyelG ARy Glic spbstituted or
unsubstitut%{égl}é cheEF6ian arear%: g fr%e eroaliphatic; acy?;isusbstituted or unsubgtituted aryl;
substituted or unsubstituted heteroaryl; -ORD; -C(=O)RD; -CO2RD; -CN; -SCN; -SRD; -SORD;
-SO2RD; -NQ2: - %RD 2; - NHC(O Q= )3; whereiwg{} ocsurieneaQtiRP is independently
hydrogen, a pgr%fé% ﬁé’%r%ﬂ%j%’féaﬁ%%%%tﬁr%%ﬁphatic, acyl, aryl,aheteroaryl, alkgg, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio; R5 is hydrogen;
halogen; cyclic or acyclic, substituted or unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted a6 subsidtited DypenSubstitel detergsianas@RE/ACN; -SCN; -SRE; or -N(RE)2;
wherein each occurrence of RE is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino,
dialkylaminoEReigpdas/akyr o thetdRoatyitihicT eaalyetineremgegsf R7 is independently hydrogen;
halogen; cy(i' cyclic, spbstituted or unsupstituted, br ngg \g ar u&tﬂ@g&&ggﬁmhatic; cyclic or
acyclic, sub @ﬁé or unsmﬁ)t[)]%rf?ﬁ?t%ttg’,egrtgﬁlcﬁe or %’ﬁ r%)r(l)cgﬁe (Eetereo Iphatic; acyl; substituted or
unsubstitutedzabghisubsiituteg mreansubbiituted] retero afph«DR @stet(eDIRAVABOLRGIMEN; -SCN;
-SRo; - SORG; -SO2RG; -NO2:.-N(R0)2; -N ‘%RG' of - 2 oW rsin_sach;osruencs of RGis
independentl flﬁ?gzb%%qnél\e:)%%té% |%8aétr%88%,§ aﬁp 2:astlrg,q g?egic(gﬁp%gtigﬁacyl, ar)g/ll,lheteroaryl, alkoxy,
aryloxy, alkyktien ayithiopemirsor.alRytamise aialkytarticio hetdhoaaylng sdrshgterban/itie- and n is
an integer in the range a(0 10,3, IS RHESAT RO A ANARLLA N whsrBi e toluate has
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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wherein: R9 is -ORE -CN, -SCN, -SRI, or -N(1202; and each Rl is independently hydrogen; a
protecting group; a cyclic or acyclic, substituted or unsubstituted aliphatic; a cyclic or acyclic,
substituted or unsubstituted heteroaliphatic; a substituted or unsubstituted aryl; or a substituted or
unsubstituted heteroaryl; and P is hydrogen, lower (C1-C6) alkyl, acyl, or a protecting group; wherein
the anion is formed by deprotonation of the toluate under basic conditions; with an enone of formula:
wherein: R6 is hydrogen and each P' is independently hydrogen or a protecting group; to form a

compound of formula: or salt thereof and deprotecting the compound &@rowde a tetra@?f%hﬂ,@/o
formula: R1 R R3 R4. R5 g

\“/ Y rY
o \O\ O
OCHg3 H3CO OCHj;

CH;

Cl

Ar\rOCH 2CF3 Ar\((() Ar\[(o Ar\n/o

0 0 \O\ 0O O

NO, HsC CHj Cl Cl
H,C CHj
= ’ CHy
Ar N \) Ar S Ar (0] Ar 0] CHgq
Y Y \H/ Y CH3
O 0 0] 0 o} 0]

CHs,

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.

162



OH (R7)n- NH2 OH OH OOH 0 or salt thereof. 9. The method of claim 8, wherein R1 is methyl. 10.
The method of claim 8, wherein R9 is -0124; and RI is a substituted or unsubstituted aryl; or a
substituted or unsubstituted heteroaryl. 11. The method of claim 10, wherein Rl is substituted or
unsubstituted phenyl. 12. The method of claim 8, wherein P is a BOC protecting group. 13. The
method of claim 8, wherein P is benzyl. 14. The method of claim 8, wherein P is C16 alkyl. 15. A

method of preparing a compound of formula:
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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or a salt thereof; wherein: R1 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORA;
-C(=0)RA; -CO2RA,; -CN; -SCN; -SRA; -SORA; -SO2RA; -NO2; -N(RA)2; - NHC(0)RA,; or -C(RA)3;
wherein each occurrence of RA is independently hydrogen, a protecting group, aliphatic, heteroaliphatic,
acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylidjairagnino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio; R2 is hydrogen; R3 is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or ?g!branched aliphati 15% clic, substituted or unsubstituted, branched
or unbranch d heté(%‘fitgﬂgt %9?@1%&85@8 f%%’t@t/ed aryl; substituted or unsubstituted
heteroaryl; -ORc; -C(=0)Rc; -CO2Rc; -CN; -SCN; -gR®R SQRpQ -SO2Rc; -NO2; -N(Rc)2; - NHC(0)Rc; or
-C(Rc)3 whereln each occurrence of Rc is indeiper) thFy Mdmgen a protectlng group, allphatlc

or unbranched heteroaliphatic; acyl, substltut@bor ansubsti ut arylGftibstituted or unsubstituted
heteroaryl, ORD %( =0O)RD; -CO2RD; -CN; -SCN; -SRD; -SORD; -SO2RD; -NO2; -N(RD)2; -
NHC(O)RD, % erein each occurrence of RD is independently hydrogen, a protecting group,
aliphatic, he\tmaainphatlc acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio amino, alkylamino,

dialkylamino, heter lox orh teroarylthio;.R5 is h n;.h en; c or acyclic, stituted or
st bsttutet, brareh B R ARG R S o SRy AT AR, branched
or unbranchebletehechifiphaiic; a:;adtlsnbanmlad aubstigibs dutesuasyitusedyditnectd oo osbizsithded
heteroaryl, E; -CN; -SCN; -S

2: Wherei ch ce of independently
hydrogen, arBF Eg%lt'l%atd?oﬁwlaﬁ%%[ thqeé SHBE%%GCQ%Q? a?r"&sﬁ%'t{sw rrwsgfé&@?eaaryloxy, alkylthio,
arylthio, amimaraalmlamd DRy, d+€|(q®mmeCDgate¢(pa(ero>®CN %Woﬁ@l?mpsogﬂi&iﬁeglef(myfpmbthe .
group consi rog ogen, substituted or unsupstituted ali tituted_or unsubstitute
heteroallphﬁggs@%u%d 5%5\%@ Ilteupe%‘?l xy, £ i%ﬁ (5 RRD@ amino, alkyl
amino, dialkytatectimy mnipSa@thhaharbaheﬁqaismﬂbsnm;ddaoyluhﬂlabmryltetﬂ(am wm)t;smmemm

unsubstltuted l]ﬁ;[er ch OCSH” nee of R |nd endentH c\ﬁ halogen cyclic or acyclic,
ic ora

substituted 8 unsu’bsq]¥nf)éceil I rgrmc' Pa'rqghe% 4 ?:(ybyc clic,’substituted or

unsubstituted, brarﬁhsmpdmgbmanched heteroallphatlc acyl substltuted or unsubstltuted aryI substituted

or unsubstituted h erg%r)yéf Gﬁalﬁ‘é O)R %Pachc i S0 ﬁj TR gsubstS enpﬁ? Ry (EIC Bi&y NO2;

-N(R0)2; -NHC(0) rein occ rrehceo IsIn epen rogen a
protecting gtmlbmrmhmdaimhaetema:limmmnwhyl,mt;dtltumdrmanyhmmmgeca@ﬂmqhaaﬂonltlmbraaoyiehlo amino,

g:‘gf‘g{:gg’g ﬁg%‘é'%éﬁ%”ﬁc QAR P b S IRRRIP SRR BstltutRd SRR ftygrogen or a
heteroaryl -ORc; -C(=0)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORc; -SO2R¢; -NO2; -N(R¢)2; -
NHC(O)Rc; or -C(Rc)s; wherein each occurrence of R¢ is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R4 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO,Rp; -NO2; -N(Rp)32; -
NHC(O)Rp; or -C(Rp)s; wherein each occurrence of Rp is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
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n is an integer in the range of 0 to 3, inclusive; by reacting an enone of formula: or salt thereof; with a
benzocyclobutenol of formula: OP' 16. The method of claim 15, wherein the enone is of the formula:
N(CH3)2 H 0 OH 0 00BN

arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

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

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted
aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=0O)Rg; -CO2Rg; -CN; -SCN; -SRg; -
SORg; -SO2RG; -NO3; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein each occurrence of Rg is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl,
alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

each P’ is independently hydrogen or a protecting group;

P is hydrogen, lower (C1-Cg) alkyl, acyl, or a protecting group; and

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

by reacting an anion of a toluate, wherein the toluate has the formula:

Ry
I X
(R7)n_| 9
P R
OoP (0]

wherein Rg is -OR), -CN, -SCN, -SR,, or -N(R)2; and each R, is independently
hydrogen; a protecting group; a cyclic or acyclic, substituted or unsubstituted aliphatic; a
cyclic or acyclic, substituted or unsubstituted heteroaliphatic; a substituted or unsubstituted
aryl; or a substituted or unsubstituted heteroaryl,

and wherein the anion is formed by deprotonation of the toluate under basic
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or a salt thereof. OBn 17. A method of preparing a tetracycline of formula: R RR5 or a salt thereof;
wherein: R1 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORA;
-C(=0)RA; -CO2RA,; -CN; -SCN; -SRA; -SORA; -SO2RA; -NO2; -N(RA)2; - NHC(0)RA,; or -C(RA)3;
wherein eadkpagitlomience of RA is independently hydrogen, a protecting group, aliphatic, heteroaliphatic,
acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylth\%l,tk@igq%/rﬁr %@{ﬁu?a: R3 is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; &
or unbranched heteroaliphatic; acyl, substituteB,
heteroaryl; -ORc; -C(=0)Rc; -CO2Rc; -CN; -SC
-C(Rc)3; wherein each occurrence of Rc is independé ydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, aIkox;B@‘aron y Giylthioarylthio, amino, alkylamino, dialkylamino,
heteroaryloxy, or heteroarylthio; 124 is hydrogén; héPogen;ocﬁ/clic or acyclic, substituted or
unsubstituteg,F@REIEH RydtpgEanched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched
or unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORD; -C(=O)RD; -CO2RD; -CN; -SCN; -SRD; -SORD; -SO2RD; -NO2; -N(RD)2; -
NHC(0)RD; pr -C(RIR3n¥hsieir @aeh LGTHEFEMCOR, Gt ﬁ@tﬁ?independently hydrogen, a protecting group,
aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino,
dialkylamino, heteroaryloxy, or heteroarylthio; R5 is hydrogen; halogen; cyclic or acyclic, substituted

or unsubstitgted, brapchehed BNEARFNERRIBNAECICISHS; AhARYGEG SHREIIEEINBY eI Edted,

branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or
unsubstituted efE R avhpILBIREOL BRFUDSHNEAIRIErQR YN (RE)2; wherein each occurrence of RE is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arﬁlthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio; each

occurrence 8f R7 i BRI oYybAT A RS SUBHHIES cyasis ituted phenyl.

clicRy acyclic, substituted or unsubstituted, branched
ridubstituted aryl; substituted or unsubstituted
y PRCY-SO2Rc; -NO2; -N(Rc)2; - NHC(0)Rc; or

5. The method of claim 1, wherein P is a BOC protecting group.

6. The method of claim 1, wherein P is benzyl.

7. The method of claim 1, wherein P is Cy¢ alkyl.

8. A method of preparing a tetracycline of formula:
Ry RﬁRa/ R, Rs

| ™
|

or a salt 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
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substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted
or unsubstituted heteroaryl; -ORG; -C(=0)RG; -CO2RG; -CN; -SCN; -SRG; - SORG; -SO2RG; -NO2;
-N(RG)2; -NHC(0)RG; or -C(RG)3; wherein each occurrence of RG is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, éakvdtiptiatc gt sandenie @bhenerpsnylie® apntsubstiandoegersubtiieutsage of 0 to 3, -
fomindi bR S SR O e R R SRt R R

NHC(O)RAa; or -C(Ra)3; wherein each occurrence of Ra is independently hydrogen, a

protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,

arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -OR¢; -C(=0O)Rc; -COzRc; -CN; -SCN; -SR¢; -SORc; -SO2R¢; -NO2; -N(R¢)2; -
NHC(O)Rc; or -C(Rc)s; wherein each occurrence of R¢ is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO,Rp; -NO2; -N(Rp)2; -
NHC(O)Rp; or -C(Rp)s; 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;

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

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted

or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted
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R6 is hydrogen, and each P' is independently hydrogen or a protecting group; to form a compound of
formula: or salt thereof; and oxidizing and deprotecting the compound to provide a tetracycline of
formula: or salt thereof. 19.The method of claim 20, wherein the enone is of the formula: N(CH3)2 H

aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=0O)Rg; -CO2Rg; -CN; -SCN; -SRg; -
SORg; -SO2RG; -NO3; -N(Rg)2; -NHC(O)Rg; or -C(Rg)s; wherein each occurrence of Rg is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl,
alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio; and

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

by reacting an anion of a toluate, wherein the toluate has the formula:

wherein:

Rg is -OR), -CN, -SCN, -SR, or -N(R)2; and each R, is independently hydrogen; a
protecting group; a cyclic or acyclic, substituted or unsubstituted aliphatic; a cyclic or
acyclic, substituted or unsubstituted heteroaliphatic; a substituted or unsubstituted aryl; or a
substituted or unsubstituted heteroaryl; and

P is hydrogen, lower (C1-Cg) alkyl, acyl, or a protecting group;
wherein the anion is formed by deprotonation of the toluate under basic conditions;

with an enone of formula:

R, Rs
R3 //,,' 5

wherein:
Re is hydrogen and each P’ is independently hydrogen or a protecting group;

to form a compound of formula:
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or a salt thereof. 20. The method of claim 20, wherein the benzocyclobutenol is of the formula: OBn 21. A
method of preparing a compound of formula: or a salt thereof; wherein: R1 is hydrogen; halogen;
cyclic or acyclic, substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted
aryl; substituted or unsubstituted heteroaryl; -ORA,; -C(=0)RA; -CO2RA; -CN; -SCN; -SRA,; -SORA;
-SO2RA; -NO2; -N(RA)2; - NHC(0)RA; or -C(RA)3; whggehggeagh Qecurrence of RA is independently
hydrogen, a protecting group, aliphatic, heteroaliph@tig; Anyl, heteroaryl, alkoxy, aryloxy, alkylthio,
Ve rarythie; R2 is hydrogen;  R3is

cyclic or acyclic, substituted or unsubstituted, bra
unsubstituted aryl; substituted or unsubstituted heferoasyl; - (=0)RE; -CO2Rc; -CN; -SCN; -SRc;
-SORc; -SO2Rc; -NO2; Iéh 02; - NHC(0)Rc; or -C(Rc)3; wherein each occurrence of Rc is independently
hydrogen, aoﬁl%’l]é(t:tﬁ?{ﬁoér % aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkyéprotactitethky @mipourtete mranitiexy taraogttireseytioiula:

R Rs

1 3
-, -,
~ ~

)
Ul =g
I

or salt thereof.

9. The method of claim 8, wherein Ry is methyl.

10. The method of claim 8, wherein Rq is -OR,; and R, is a substituted or unsubstituted

aryl; or a substituted or unsubstituted heteroaryl.

11.  The method of claim 10, wherein R, is substituted or unsubstituted phenyl.

12.  The method of claim 8, wherein P is a BOC protecting group.

13.  The method of claim 8, wherein P is benzyl.

14. The method of claim 8, wherein P is Cy¢ alkyl.

15. A method of preparing a compound of formula:
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124 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl;
substituted or unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORD; -C(=O)RD; -CO2RD; -CN;
-SCN; -SRD; -SORD; -SO2RD; -NO2; -N(RD)2; - NHC(0)RD; or -C(RD)3; wherein each occurrence of RD
is independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, di@lky@rﬁgno,;{hetarsoaryloxy, or heteroarylthio; R5is
hydrogen; halogen; cyclic or acyclic, substituted opufsupptitlited, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstify : 3 fane
unsubstituted aryl; substituted or yrg CN; -3CN; -SRE; or -N(RE)2; wherein
each occurrence of RE is independentlyNsy P g
heteroaryl, alkoxy, aryloxy, alkylthio, arylthip ido, glkylangpq| dialkylgmino, heteroaryloxy, or
heteroarylthio; R6 is selected from the group ﬁwnsfstmg of hydrogen®Ralogen, substituted or
unsubstituted ali @Hcr Slf_bstituted or unsubstituted heteroaliphatic, substituted or unsubstituted alkoxy,
-OH, -CN, §b"i\|4% ©

ael?<ylthio, -NO2, amino, alkyl amino amino, and -SAr, wherein Ar is substituted or
unsubstitutedterginor substituted or unsubstituted heteroaryl; each P' is independently hydrogen or a

protecting group: ad 1 5 An ol qeT i AR08 L9 Re3s BElHEiuT dR R GARG Bk b0 or sat
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORa; -C(=0)Ra; -CO2Ra; -CN; -SCN; -SRa; -SOR4; -SO2RA; -NO2; -N(Ra)2; -
NHC(O)Ra; or -C(Ra)s; wherein each occurrence of Ra is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen;

R; is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -OR¢; -C(=0)Rc¢; -CO2R¢; -CN; -SCN; -SRc¢; -SOR¢; -SO2R¢; -NO3; -N(R¢)2; -
NHC(O)Rc; or -C(Rc)s; wherein each occurrence of R¢ is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO,Rp; -NO3; -N(Rp)2; -
NHC(O)Rp; or -C(Rp)s; 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;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
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22.The method of claim 21, wherein the enone is of the formula: or salt thereof. 23. The method of claim
21, wherein R1 is C i-Co alkyl. 24. A method of preparing a compound of formula: R2 R3 R4 R5
R111,,I-lcH wherein: R1 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORA;

-C(=0)RA; @r%?ﬁéhe@&hpiﬁ%i cyeRAOr 26yRf; sbsad e b@ﬂsubt(ﬂﬂ&t)a%ﬁ dehKﬁé@)&Axr@fm%A)&
wherein ea h occ e of in ndent dro rotectln roup, ali ic, heteroaliphatic,
acyl, aryl, h ?6%?‘ P %ﬁ@ﬁ}'t% RHW%{H%E an% g Qﬁ , heteroaryloxy, or
heteroarylthieidr@aiylhyoRgeTN; SB&I;SSWQrog&m@R@&@gﬁmmmm@ba@wbm@ubmtwed or

bstituted, branche branched aliphati ic, sybstituted tituted, branched
or unbranchSHSVETIE A Ty SR RTRAL DR Sl Bl B9 b G0

heteroaryl; -4Pxy; @(ﬂ@ﬁpaH@@ﬁertho%ﬁmo%Rglaﬁs\maociwﬂi@%lﬁnnd\lhb&rda(ﬁo)@r oNHC(0)Rc; or
-C(Rc)3; wherein eafh occurrence of Rc is independently hydrogen, a protecting group, aliphatic,
heteroallphan?é EQEW @F?r heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino,
heteroaryloxy, or hRteiroseigtiteio from the group consisting of hydrogen, halogen, substituted or

unsubstituted aliphatic, substituted or unsubstituted heteroaliphatic, substituted or
unsubstituted alkoxy, -OH, -CN, -SCN, -SH, alkylthio, -NO,, amino, alkyl amino, dialkyl
amino, and —SAr, wherein Ar is substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl,

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted
aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=0O)Rg; -CO2Rg; -CN; -SCN; -SRg; -
SORg; -SO2RG; -NO3; -N(Rg)2; -NHC(O)Rg; or -C(Rg)s; wherein each occurrence of Rg is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl,
alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

each P’ is independently hydrogen or a protecting group;

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

by reacting an enone of formula:

R; R

f

or salt thereof;

with a benzocyclobutenol of formula:
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124 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl;
substituted or unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORD; -C(=O)RD; -CO2RD; -CN;
-SCN; -SRD; -SORD; -SO2RD; -NO2; -N(RD)2; - NHC(0)RD; or -C(RD)3; wherein each occurrence of RD
is independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, hgmroaryloxy, or heteroarylthio; R5is
hydrogen; halogen; cyclic or acyclic, substituted n #lited, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstitute(&hq%g%or ulnbranched heteroaliphatic; acyl; substituted or
y

unsubstituted aryl; substituted or unsubstituted he ; -ONRE; -CN; -SCN; -SRE; or -N(RE)2; wherein
each occurrence of RE is independently hydrogen, protectinapgjroup, aliphatic, heteroaliphatic, acyl, aryl,
heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, aminoQ&lkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio; each occurrence of R7 is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubstituteth. branidhesoheth ooh bf artanine i etbecahphatopaeys, afitthstfrtedlar unsubstituted aryl; substituted
or unsubstituted heteroaryl; -ORG; -C(=0)RG; -COZRG;N@N;)-SCN; -SRo0; - SORG; -SO2Ro0; -NO2;
-N(R0)2; -NHC(0)RG,; or -C(R0)3; wherein each occurrence 3fRG is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, & stereary|, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or hete i drogen, lower (C1-C6) alkyl, acyl, or a
protecting group; each P' is independently Piys ararprotécting group; and n is an integer in the
range of O to 3, inclusive; by reacting under basic ¢p ndi ln ns arP8nion of a phthalide, wherein the

phthalide has the formula; with an enone having the formula:
or a salt thereof.

17.  The method of claim 15, wherein the benzocyclobutenol is of the formula:

CH3
NN
OTES
OBn

18. A method of preparing a tetracycline of formula:

R1// RERB// RE

or a salt 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; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORa; -C(=0)Ra; -CO2RA; -CN; -SCN; -SRa; -SORA; -SO2RA; -NO32; -N(Ra)2; -
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or salt thereof; wherein R6 is hydrogen. 25.A method of preparing a tetracycline of formula: R2,R3 R4.
R577 OH OH OHOH 0 or salt thereof; wherein: R1 is hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted
or unsubstituted heteroaryl; -ORA; -C(=0)RA; -CO2RA,; -CN; -SCN; -SRA; -SORA,; -SO2RA; -NO2;
-N(RA)Z; - Wm @ -C(RA)3 vwhmrmi@atam@nmt@rm@gfi%dédadm@lm@rwweydmgen a

protecting group, aliphatic, heteroalip atlc aryl heteroaryl, alko loxy, alkylthig, arylthio, amino,
P vt BB TR AR o ARG G o neteroaryt akoy Sistosty, afky o

arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen;

Rj is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORc; -C(=0)Rc; -CO2Rc; -CN; -SCN; -SRc¢; -SORc; -SO2R¢; -NO3; -N(Rc)2; -
NHC(O)Rc; or -C(Rc)s; wherein each occurrence of R¢ is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO,Rp; -NO3; -N(Rp)2; -
NHC(O)Rp; or -C(Rp)s; 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;

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

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted
aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=0O)Rg; -CO2Rg; -CN; -SCN; -SRg; -
SORg; -SO2RG; -NO3; -N(Rg)2; -NHC(O)Rg; or -C(Rg)s; wherein each occurrence of Rg is
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R2 is hydrogen; R3 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstitued aryl; substituted or unsubstituted heteroaryl; -ORc;
-C(=0)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORCc; -SO2Rc; -NO2; -N(Rc)2; -NHC(0)Rc; or -C(Rc)3; wherein
each occurrence of Rc is independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl,

Eeteroary:,hamyénaémwyri;yarbgﬁh,i@ r;?flstﬁbu'mgagrﬁup, ailpyiamj jm@teiiﬁikwlﬁatm@necmbgw&rwﬁmgrw hed
eteroarylthio; 124 is hydrogen; halogen; cyclic cyclic, substituted or unsubstjtuted, branched or
AR W 7 - 7 N R a1 e el
heteroaliphatite@aylsidsiidted or unsubstitued aryl; substituted or unsubstituted heteroaryl; -ORD;
-C(=O)RD; -CO2RD; -CN; -SCN; -?HRD; -SO(E(E; -}%OZIIQD; -NO2; -N(RD)2; -NHC(0)RD; or -C(RD)3;
wherein each occulrSRtLBEREH 1A § %Iéaﬁ‘é’ﬁc? |§9 ’H?Bé’éw,ea protecting group, aliphatic, heteroaliphatic,
acyl, aryl, hetereatihgpdikaenoreryfobdymallsylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio; R5 is hydrogen; halogen; cyclic or ac%clic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substitufesd grunstbstituted, branched or unbranched

-

heteroaliphatic; acyl; substituted or unsubstitued &tylEs i titutegl or unsubstituted heteroaryl; -ORE; -CN;

-SCN; -SRE; or -N(RE)2; wherein each occurr§nce of ndependently hydrogen, a protecting group,
aliphatic, heteroaliphatic, acyl, aryl, heteroaryllalkox

, 9Kylthio, arylthio, amino, alkylamino,
dialkylamino, heteroaryloxy, or heteroaryl#yo; éhgccurrence of R7 is independently hydrogen;
halogen; cyclic or acyclic, substituted or unsubstitite@Pbranchegygr unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched orUnbrarithed heteroaliphatic; acyl; substituted or
unsubstituedragylt, thehstituted or unsubstituted heteroaryl; -ORG; -C(=0)RG; -CO2RG; -CN; -SCN; -SRG;
- SORG; -SOZtﬁG' -NO2; -,\IE?RG%Z' - Cr&(t)ﬂR_G; or -C(RG)3; wherein each occurrence of RG is
independenw 3?(}?8%%}/8% 8[8 %%?‘5)6 ,aaliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, hgtelroaryloxy, or heteroarylthio; and nis O or
an integer in the range of 1 to 3, inclusive; the mqﬂ%d\i

alid

rising steps of: reacting under basic
conditions an anion of a phthalide, wherein(ﬂﬁéwph‘fi'( ha% the formula: OP
OP'

OP'
wherein:
Re is hydrogen, and each P’ is independently hydrogen or a protecting group;

to form a compound of formula:

or salt thereof; and

oxidizing and deprotecting the compound to provide a tetracycline of formula:
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or salt thereof.

19. The method of claim 18, wherein the enone is of the formula:

PhS

or a salt thereof.

20. The method of claim 18, wherein the benzocyclobutenol is of the formula *
= «CHa
OTES
OBn 4
21. A method of preparing a compound of formula:

or a salt 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; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
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or salt thereof; and deprotecting the compound to form a tetracycline of formula: or salt thereof. 26.A
method of preparing a compound of formula: R2 R3 R4 R5 R1"4. HH = 8P' OH 0 or salt thereof;
wherein: R1 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORA;

-C(=0)RA; -G8 By ECOR:SCO(=CR%; -BORY; -BRZRENNOR - NBRZ-SOIRE (RS, N(FGIRA)3;
e e 0L R HRen el YSLR0S0: R PIOISGAmsh L PGl eteroalihatc
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen;

Rj is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -OR¢; -C(=0)Rc; -COzRc; -CN; -SCN; -SR¢; -SORc; -SO2R¢; -NO2; -N(R¢)2; -
NHC(O)Rc; or -C(Rc)s; wherein each occurrence of R¢ is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO,Rp; -NO3; -N(Rp)2; -
NHC(O)Rp; or -C(Rp)s; 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;

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

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

amino, and —SAr, wherein Ar is substituted or unsubstituted aryl, or substituted or

176



arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio; R2 is hydrogen; R3is
hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORc; -C(=0)Rc; -CO2Rc; -CN; -SCN; -SRc;
-SORCc; -SO2Rc; -NO2; -N(Rc)2; - NHC(0)Rc; or -C(Rc)3; wherein each occurrence of Rc is
independentlyshyetiagen hatpredaating group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkylthio, arylthig, ami oé?&ylamino, dialkylamino, heteroaryloxy, or heteroarylthio; 124 is
hydrogen; halogenS4§thicd? <oty drdieses rﬁﬁfﬁ&%‘?@(ﬁ@@néﬁ/@d or unbranched aliphatic;
cyclic or acyclic, subptiptegegetinghbstitigiedt Orars; et Biverbranched heteroaliphatic; acyl; substituted or
unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORD; -C(=0O)RD; -CO2RD; -CN; -SCN; -SRD;
-SORD; -SO2RD; -NO2; -N(RD)2; - NHC(0)RR,0r -‘C;(R: 3; wherein each occurrence of RD is
independently hydrogen, a protecting group, aliphats ero@liphatic, acyl, aryl, heteroaryl, alkoxy,

: |he); oaryloxy, or heteroarylthio; R5is
itted, branched or unbranched aliphatic;

unsubstituted aryl; substituted or unsubstituted heroarl; -ORE; -CN; -SCN; -SRE; or -N(RE)2; wherein
each occurr8htdlidheteofs Wi setiaenay ioyaidaen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl,
heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, agkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio; each occurrence of R7 is independéntly hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranch liphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroaliphgtic; acyl; substituted or unsubstituted aryl; substituted
or unsubstituted heteroaryl; -ORG; -C(=0)RG; -COXRG; -CN; -SCN; -SRG; - SORG; -SO2RG; -NO2;
-N(RG)2; -NHC(0)RG; or -C(RG)3; wherein each occufrence of RG is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, hgieroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio; each P' is independently hydrogen or a
protecting group; and n is an integer in the range of 0 to 3, inclusive; by reacting an anion of a toluate,

wherein the toluate has the formula; ] )
22. The method of claim 21, wherein the enone is of the formula:

';J(CH:s)z

H

PhS

or salt thereof.

23. The method of claim 21, wherein Ry is C1-Cg alkyl.

24. A method of preparing a compound of formula:

or a salt thereof;
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0 wherein R9 is substituted or unsubstituted aryl or substituted or unsubstituted heteroaryl; and Y is a
halogen or Sn(alky13), and wherein the anion is produced by metallation of the toluate; with an enone of
formula: or salt thereof; wherein R6 is hydrogen. 27. The method of claim 26, wherein R1 is hydrogen. 28.
The method of claim 26, wherein Y is Br. 29. The method of claim 26, wherein Y is I.. 30. The method of
claim 26, wherein Y is -Sn(Me)3. 31. The method of claim 26, wherein R9 is methyl. 32. The method of
claim 26, whetieigiiR9 is substituted or unsubstituted phenyl. 184 33. The method of claim 26, wherein

the metal tis alithi t. 34. The method. of claim 33, wherein the lithi ti
solectod from 1o g1t VAP B L AR Er RS G G N,

mesityl lithiumbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORa; -C(=0)Ra; -CO2Ra; -CN; -SCN; -SRa; -SOR4; -SO2RA; -NO2; -N(Ra)2; -
NHC(O)Ra; or -C(Ra)s; wherein each occurrence of Ra is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -OR¢; -C(=0O)Rc; -COzRc; -CN; -SCN; -SRc¢; -SOR¢; -SO2Rc; -NO2; -N(R¢)2; -
NHC(O)Rc; or -C(Rc)s; wherein each occurrence of R¢ is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO,Rp; -NO2; -N(Rp)32; -
NHC(O)Rp; or -C(Rp)s; 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;

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

heteroarylthio;
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35. The method of claim 26, wherein the metal reagent is a zinc reagent. 36. The method of claim 26,
wherein the metal reagent is a magnesium reagent. 37. The method of claim 26, wherein the metallated
toluate is a Grignard reagent. 38. The method of claim 26, wherein the metal reagent is a zero valent
metal or an ate complex. 39. A method of preparing a tetracycline of formula: R RR5 or salt thereof;
wherein: R1 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or

unbranched aliphatigittyeboresnaeydir, wb@réw@dbﬁwhﬁuhﬁj&utadtdgéan@bemcarrtaabcﬁeched

bt e A R S e
wherein eacy onsulnsameopfb%dﬁemdepﬂb}dauﬁedmaﬂémmhatwqeﬂtirsltgmuuedaimhﬁtmsﬂmtedoallphatic

eteroamy i o B ASg o s RREn: iogn OTe oL oy e Cmttlea e

unsubstitutesipb@ansieR or- wt[b);atm(lﬁ@gzalmhm(@)wglmec@y)%llwm:bsﬂaatﬁpbocmr@wasiﬁm@% branched

or unbranched heteroaliphatic; acyl; substituted or unsubstituted aryl:. substitute nsubstituted
netoroaryl, BREE Ry DR G U AP Qo UL & e B LRI (0)c; o
-C(Rc)3; what@myeagh03@4;latwltmooia@tthsotrummndlkmbnhydrd@hylarpn%ehmgogrgamyabphatuc
heteroaliph G %éll heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino,
heteroarylojl? %rlpﬁé/tlé 5 rylthio; R4 is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, brarreiseydragebrinebe(Calf)alicyicycht or agyotastsghgptiiped or unsubstituted, branched
or unbranched heterog hatlcd acyl, su é tuted or unsubstituted a I sub tituted or unsubstituted
heteroaryl; -ORD; “C{2 (?)#fljn Wrgﬁrﬁ (ﬁ D; -NOZ2; -N(RD)2; -
NHC(0)RD; or C(mDsan\mtegemreﬁrel*rmgmomuea)iﬁllsa/mdependently hydrogen, a protecting group,

aliphatic, hetero<';1I(:§)haat$}]<l:ri g%/réa ary t[cre(gﬁﬁar anllé(r)]x(% a p% allwll;[g\rlgh:% ta%awém%,s%@/lamino,

dialkylamino MASETE

ero
formula:
R1
2
(R7)n—\ | O
op O

with an enone having the formula:

or salt thereof; wherein Rg is hydrogen.
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R5 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORE; -CN; -SCN; -SRE; or -N(RE)2; 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
heteroarylthps, panbthesusferepadinR 2 istiaclapierdsgfdyniyidrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched allphatlc cyclic or acyclic, substituted or
unsubstltuted branched or unbranched heter&m g bstltuted or unsubstituted aryl; substituted

~ LGN CN RG; - SORG; -SO2RG; -NO2;
-N(RG)2; -NHC(0)RG; or C(RG whrein g X 0 is independently hydrogen, a
protecting group, aliphatic, hete ?tp [ Ikoxy,@%loxy, alkylthio, arylthio, amino,

i ; (T iSO Io an’integer in the range of 1 to 3,

inclusive; the method comprlsmg steps of reacti g an dnideio i a toluite, wherein the toluate has the
formula: 0 wherein Y is halogen or Sn(acﬂ<"ﬂ/1)3 and R@"fs suBstituted or unsubstituted aryl or substituted
or unsubstltH}Eggmﬁ{gr&ﬁryl and wherein the anion is produced by metallation of the toluate, with an

enone of the formula: or salt 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; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORa; -C(=0)Ra; -CO2Ra; -CN; -SCN; -SRa; -SOR4; -SO2RA; -NO2; -N(Ra)2; -
NHC(O)RAa; or -C(Ra)3; wherein each occurrence of Ra is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen;

R; is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstitued aryl; substituted or unsubstituted heteroaryl;
-OR¢; -C(=0)Rc; -COzRc; -CN; -SCN; -SRc; -SORc; -SO;Rc; -NO2; -N(Rc)2; -NHC(O)Rc;
or -C(Rc)s; wherein each occurrence of R¢ is independently hydrogen, a protecting group,
aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R4 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstitued aryl; substituted or unsubstituted heteroaryl;
-ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp; -NO3; -N(Rp)2; -NHC(O)Rp;
or -C(Rp)s; 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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wherein R6 is hydrogen and each P' is independently hydrogen or a protecting group; and to produce a
compound of the formula: or salt thereof; and deprotecting the compound to provide a tetracycline
having the formula: or salt thereof. 40. The method of claim 39, wherein R1 is hydrogen. 41. The
method of claim 39, wherein Y is Br. 42. The method of claim 39, wherein Y is |. 43. The method of claim
39, wherein Y is -Sn(Me)3.

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or

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

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or unsubstitued
aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=0O)Rg; -CO2Rg; -CN; -SCN; -SRg; -
SORg; -SO2RG; -NO3; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein each occurrence of Rg is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl,
alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio; and

n is 0 or an integer in the range of 1 to 3, inclusive;
the method comprising steps of:

reacting under basic conditions an anion of a phthalide, wherein the phthalide has the

formula:
Ry
=
R P
op O

wherein P is hydrogen, lower (C;-Cs) alkyl, acyl, or a protecting group,
with an enone having the formula:

R, Rs
R3 1, H

o °F8 OP'

or salt thereof, wherein Rg is hydrogen, and each P’ is independently hydrogen or a protecting
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44. The method of claim 39, wherein R9 is phenyl. 45. The method of claim 39, wherein R9 is substituted
phenyl. 46. The method of claim 39, wherein the metallation of the toluate is performed with a lithium
reagent. 47. The method of claim 46, wherein the lithium reagent is selected from the group consisting of
n-butyl lithium, phenyllithium, t-butyl lithium, methyl lithium, and mesityl lithium. 48. The method of claim
39, wherein the metal reagent is a zinc reagent. 49. The method of claim 39, wherein the metal reagent is
a magnesiugrggggent. 188 50. The method of claim 39, wherein the metallated toluate is a Grignard
reagent. 51. The method of claim 39, Wr;ﬁ)rein the metal reagent is a zero valent metal or ate complex.

52. A method qrﬂ?épgﬂri%oﬂa dﬂ%{tBF é%‘llﬁiula: or salt thereof; wherein:

R, Rs R4 R

or salt thereof;

and
deprotecting the compound to form a tetracycline of formula:
R
R7)n——
NH,
OH O OH O o}
or salt thereof.

26. A method of preparing a compound of formula:

or salt 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; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORa; -C(=0)Ra; -CO2Ra; -CN; -SCN; -SRa; -SOR4; -SO2RA; -NO2; -N(Ra)2; -
NHC(O)RAa; or -C(Ra)3; wherein each occurrence of Ra is independently hydrogen, a

protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
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R1 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or
unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORA; -C(=0)RA; -CO2RA; -CN; -SCN; -SRA;
-SORA; -SO2RA; -NO2; -N(RA)2; - NHC(0)RA; or -C(RA)3; wherein each occurrence of RA is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy,
aryloxy, alkythiehiarghitiin, amriemalky ldiaingadialk e mioenietgroandexyagitheieroarylthio; R2 is

hydrogen; R3i h}/ rogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphaf'l%; g é’&ocgeacyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acy; ssihstitoied; dralogeubsiitlicdranchobsibsiirdearammsbsitinied hetercaybr-ORc;
-C(=0)Rc; -CO2Rc; -CN: -SCN; -SRc; -SORc: -SO2Rc; -NO2; -N(Rg)2; - NHC c; or -C(Rc)3; wherein
each occurrdNEH Y %'Eﬁaage%@ﬁt ﬁ%%@é#,batw&@&ﬁHgﬁﬁeﬁsﬁvfﬁﬁ%@fa@?ﬁ%@raahémﬁe? acyl, aryl,
heteroaryl, dlkexyaléphinicy agifyHimetiangdie uasolsoitaty Eprobstirlkyteoningsubstienaaryloxy, or
heteroarylthjo; 124 is hydrqgen. halogen; cyclic or acyclic._substituted nsupstitu ranched or
unbranchedhgﬁ%’ﬁgﬁg: 055%1% OFQ‘%:@I% §§§§ﬁﬁ’té§ ’r’&@ﬁb’s&ﬁ&é& anc bru %%a’rﬁﬂ%%z’ i
heteroaliphaXiElGIQ)RsHDSIDIRY o whsrib sattiiedcaryénseb$tRutizd refepasddrstitigtt dwteraaryl; -ORD;
-C(=O)RD; -CO2RD: -CN: -SCN: -SRD; -SQRPD: -SO2RD:; - : -N(RD)2; - NHC(0)RD; or -C(RD)3;
whorein cadi AECUTLHEN Brad BN oy BB o IR i 000 HiSHe NG oatiphetic,
acyl, aryl, hetgttroylraikoxylikaignky, allkykiiemany)thiteraaninoxyalky lestaroar giglioylamino, heteroaryloxy, or
heteroarylthio; 5.i5 hydrogen; halogen: cyclic or acycli bstituted or upsubstijtuted, branched or
nbranched aiiphatts SR O B YR VR LS LR B reH B AR e
heteroaliphatityracstedubipiatiegeglinsubsyitlite dubsyit g e stituiewbeti tutesl) hstitoted betetoanghe®RE; -CN;
-SCN; -SRE; or -N(RE)2;. wherein e occurrence of RE is ind ently hydro protecting group,
aliphatic, hg’?g(lf:%r éﬁaﬁﬁca%wgwfsﬁ@? O%rrwsgl %ﬁu,tearf}r&ys,uzﬁ@m?g,oar ‘{WES%EHI}%&O alkylamino,
dialkylamindetertenydry@Ry, oClheByRmnloiRp; -Céicl ORcuiRpcS ORR 7-R0pdepaidentl(Rydrogen;

halogen; cycli clic, < tituted or.unsubpstituted, branched or unbranched aliphatic; cyclic or
cyeer sob LB L R e el B R B BB v o
unsubstituteaategiti sy lgstitpi edi gratics betstitat guh &tet caogndr D REr o@{H AR G; y CORRS, alBMIRBCN; -SRG;
- SORG: -SOERG.-NOR: MR NHGOIRG 8 sSRGIA whereln gach arrrence of RG is
independenﬂ)y y(Progen, a prg ecting group, éﬂﬁha IC, he e¥o§1¥phatic, acyryaryP,'heteroaryl, alkoxy,
aryloxy, alkylthio, aRylthioydragen, Fellogamitye]idiatadgohin suhstituteargloxysubs tikte dy drghbiedesich
occurrence of P' is inde ntly hydrogen qr a protecti roup; (' %--- represen tituted or
unsu bstitute%lqg)p’il/ﬁcft{l?e ?uﬁ@%%ﬁgd éé@%g,gﬁ%g}ffﬁ%%é%é@%%?g a@ié@gé%ﬂ%%% %rraﬂ (r:?s%fgyuﬁ%%@%hr aocyclic; or
a substitute ietenoal phatiitc st hewbstitytelicomundhibstidatet arytsvbsicef Xrisiswibstiidtom the group
consisting of -0-, -S-i -NER8-, (QIR)25;. R8s ' : ' cyclic,.substituted or
unsubstitute{]jep rr%?%he%’un rar%c?:ﬁgd aﬁ%%gtrisc; C%ﬁg%@“ﬁ%%@@ﬂﬁ%&%ﬁ lIJ stituted, branched
or unbranchindédpeteterdliphutiggeoyh priiscitng: drovuradiphetiic teetexoalti shasitjtatgll @yl mstdrsttyted

heteroaryl; -QRB: =0viG Wkoithic SRAMAS Tarild; arGRmins QiaR AR Rino> ReB SNG4, or

heteroarylthio;

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted
aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=0O)Rg; -CO2Rg; -CN; -SCN; -SRg; -
SORg; -SO2RG; -NO3; -N(Rg)2; -NHC(O)Rg; or -C(Rg)s; wherein each occurrence of Rg is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl,

alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
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N(1241)2; -NHC(0)1241; or -C(Rx)3; wherein each occurrence of RH is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino,
alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio; m is an integer in the range of 1 to 5, inclusive;
and the bonds between adjacent X moieties are either single or double bonds; by reacting an anion of a
toluate, wherein the toluate has the formula: R7R1 wherein R9 is selected from the group consisting
of substituteskeioHrglibriituted aryl, or substituted or unsubstituted heteroaryl; and Y is a halogen or
Sn(alky1)3, and wherein the anion is formed by metalation of the toluate, with an enone of formula: or
salt thereof; whereff! is‘WﬁI}@@Bﬁe Y Frliozenid Of UEGHI8 TR AN R1 is hydrogen. 54. The
method of claim 5Z; wheriirrgéisrBhedandhef et B drei@aien 52, wherein Y is I. 56.The method of claim

52, wherein Y is -Sn(Me)3. . .
by reactln(g ar? anion of a toluate, wherein the toluate has the formula:

R4

TN Y
Ron—0
o
= “Ry
O

wherein Ryg is substituted or unsubstituted aryl or substituted or unsubstituted
heteroaryl; and Y is a halogen or Sn(alkyls3), and wherein the anion is produced by
metallation of the toluate;

with an enone of formula:

or salt thereof; wherein Rg is hydrogen.

27.  The method of claim 26, wherein R; is hydrogen.

28. The method of claim 26, wherein Y is Br.

29. The method of claim 26, wherein Y is I..

30.  The method of claim 26, wherein Y is —Sn(Me)s.

31.  The method of claim 26, wherein Rg is methyl.

32.  The method of claim 26, wherein Ry is substituted or unsubstituted phenyl.
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57. The method of claim 52, wherein R9 is phenyl. 58. The method of claim 52, wherein R9 is substituted
phenyl. 59. The method of claim 52, wherein the metallation of the toluate is performed with a lithium
reagent. 60. The method of claim 59, wherein the lithium reagent is selected from the group consisting of
n-butyl lithium, phenyllithium, t-butyl lithium, methyl lithium, and mesityl lithium. 61. The method of claim
52, wherein the metal reagent is a zinc reagent. 62. The method of claim 52, wherein the metal reagent

is @ magnesiam reagentethdd bhelaathedafeetaintne Znaviiataige thesmdtaiiaiecbbokiate is a Grignard
reagent. 64. The method of claim 52, wherein the metal reagent is a zero valent metal or an ate complex.

or salt thereof; wherein: R1 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched oraanbramtledegiighaticlatychs, avaeyitithslibstiniedgentinsehslitdtednpranghagh or unbranched

consisting of n-butyl lithium, phenyllithium, t-butyl lithium, methyl lithium, and mesityl

lithium.

35.  The method of claim 26, wherein the metal reagent is a zinc reagent.

36.  The method of claim 26, wherein the metal reagent is a magnesium reagent.
37.  The method of claim 26, wherein the metallated toluate is a Grignard reagent.

38.  The method of claim 26, wherein the metal reagent is a zero valent metal or an ate

complex.

39. A method of preparing a tetracycline of formula:

R, RﬁR9 R 55

Ul =g

or salt 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; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORa; -C(=0)Ra; -CO2Ra; -CN; -SCN; -SRa; -SOR4; -SO2RA; -NO2; -N(Ra)2; -
NHC(O)RAa; or -C(Ra)3; wherein each occurrence of Ra 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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heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted heteroaryl; -ORA;
-C(=0)RA; -CO2RA; -CN; -SCN; -SRA,; -SORA; -SO2RA; -NO2; -N(RA)2; - NHC(0)RA; or -C(RA)3;
wherein each occurrence of RA is independently hydrogen, a protecting group, aliphatic, heteroaliphatic,
acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio; R2 is hydrogen; R3 is hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, bran@igdqydmgaﬁanched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched

or unbranched het roaliphatic; acyl; substituted or unsubstituted aryl; substituted qr unsupstituted
heteroaryl; -ORc; - %é%ao%@)ié@g@ww Ergr %ﬂ%ucé EE“@%%@S%LI qa(ﬁ'@)%ﬁefilpr(O)Rc; or
-C(Rc)3; Wh@me'rareaeb\ alishatiencgchit Bedsyiclite pepstrotiy hy@mgbmtatpdotﬂaﬁdﬁkcr@umtﬁhnm,
heteroaliphat c ac |, heteroaryl, alkoxy, arylox ylth lthio, amino, alkylamino, dialkylamino,
neteroarylolf PG Stote SCCSURSS P e B gl Apen e encu SR e or
unsubstitutamtarmyhed)agun@(anx)R@d aPRycoy i BON acRrdic, KRsit8 @aRer w@gbﬂm&@g,-braﬂched
or unbranchg cyl; substituted or unsubs t d ar su stl uted runsubstituted
netoroaryl D OB R S SHBP R eI TERRD Ho RO SEPRE L QE0 )2,
NIHC;(O)R? Mtwﬂﬁﬁowm%mhaﬁchm"ﬁmﬁmmaiwindeteemlk 9ht&ymx9ragﬁ0x9, armltmlﬁmg group,
aliphatic, heterpaliphatic, ac rparyl, al o a 0 i0, amino, alkylamino,
dlalkylamlndle %ﬁtfogw%g(f@%@[@%%% %@(ﬁ/)@ﬁ eY h?{ﬁr ‘ 8pendently hydrogen, a
protecting group aﬂphtahydlh@m‘r‘da?dlpbammmw oaladyhmemmututdk@xwmcﬂdsmamikytﬁnoheifxdlthlo amino,
alkylamino, d| m eroar or heteroarylthjo; nce of 7 |s ently
yarogen: HABLRH By PP e ey e L B e G i
cyclic or acmtercmllmmmneabgr aubstﬁatﬁdtawﬂmmmmﬂcbaryhmmuhﬁddmtamabmm acyl substltuted or

SR, -SRI (T TG Res Bt AP Gack St s DV

|ndependenttu-l@(d])}gﬁmra(p(rlabe)gtwgegwueawltpﬂmmriuetefmilphadeper@dnﬁwhydmgeoaayl alkoxy,

aryloxy, alkylthio, arylthio, a m|n Ikyla |no t roaryloxy, or het roaryIP each
occurrence Bf e%rlﬁogéourr)faael Iy y roge;reor‘;Jl aprb gm%eché(P a?fko hvedet }3/ ahs'%bstltuted

or unsubstltatytlrmybralsumikwmmm laimdkblstntumedheﬁmmzymk)a subﬂnmmyl'dmmnsubstltuted carbocyclic;

or a substituted or ?\f&éltuted he‘;rocycllc in WhICh ach %ctu e%nce of X '?tu?e cE)ed frorgg the group

consisting of -0-, - - - ORI © ogehSLh alogen; %ry%rlllscu8§ acyclic, ‘SUBStted or

unsubstitutedh maanberédl phetitsreydieor ahphmlcslmumnteﬁ acyotichithtstituvezh chadhaulpdiianetkdoranched

netoroary. |BIB-TH) At ybare g ta it R L At RS2 "N 1202
-NHC(0)12B)etera@(R;1)GRyh€IBin-868h EﬁﬁgrmﬁbkéRn‘)RM/handeqaeh@emlydwdmfgégJa protecting group,

aphatic, heigiolAly Ao ISAAN BN AIRAVING. a5 Rallgmino

dialkylamino eroaryt e er | S|ve ahd
alkoxy, aryloxy, aIkyIthlo arylthlo, amlno, alkylammo dlalkylamlno, heteroaryloxy, or

heteroarylthio;

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted
aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=0O)Rg; -CO2Rg; -CN; -SCN; -SRg; -
SORg; -SO2RG; -NO3; -N(Rg)2; -NHC(O)Rg; or -C(Rg)s; wherein each occurrence of Rg is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl,
alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or

heteroarylthio;
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the bonds between adjacent X moieties are either single or double bonds; by reacting an anion of a
toluate, wherein the toluate has the formula: R7 R7 wherein R9 is selected from the group consisting
of substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl; and Y is a halogen or
Sn(alky1)3, and wherein the anion is formed by metalation of the toluate, with an enone of formula: or
salt thereof; wherein R6 is hydrogen and wherein R5 is -N(RE)2, to provide a compound of formula: R7

or salt theregigwherein R5 is -N(RE)2; and deprotecting the compound to provide a pentacycline having
the formula: or salt thereof. . . . .
n1s 0 or an integer in the range of 1 to 3, inclusive;

the method comprising steps of:

reacting an anion of a toluate, wherein the toluate has the formula:

wherein Y is halogen or Sn(alkyl)s; and Rg is substituted or unsubstituted aryl or substituted

or unsubstituted heteroaryl, and wherein the anion is produced by metallation of the toluate,
with an enone of the formula:

R, Rs
R3 /I/,, H

or salt thereof;

wherein Rg is hydrogen and each P’ is independently hydrogen or a protecting group; and
to produce a compound of the formula:

R2 R3

~,
Rin) H?

R4 Rs

or salt thereof; and

deprotecting the compound to provide a tetracycline having the formula:
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66. The method of claim 65, wherein R1 is hydrogen. 67. The method of claim 65, wherein Y is Br. 68.
The method of claim 65, wherein Y is I. 69.The method of claim 65, wherein Y is -Sn(Me)3. 70. The
method of claim 65, wherein R9 is phenyl. 71. The method of claim 65, wherein R9 is substituted phenyl.
72. The method of claim 65, wherein the metallation of the toluate is performed with a lithium reagent. 73.
The method of claim 72, wherein the lithium reagent is selected from the group consisting of n-butyl
lithium, phenyllithium, t-butyl lithium, methyl litgiung, q@d mesitgl lithium. 74. The method of claim 65,
wherein the metal reagent is azinc reagent 7 hfé gthod of claim 65, wherein the metal reagent is a

' BT Meta |t'ed toluate is a Grignard reagent.

NH,

or salt thereof.

40. The method of claim 39, wherein Ry is hydrogen.

41. The method of claim 39, wherein Y is Br.

42. The method of claim 39, wherein Y is I.

43. The method of claim 39, wherein Y is —Sn(Me)s.

44, The method of claim 39, wherein Rg is phenyl.

45, The method of claim 39, wherein Rg is substituted phenyl.

46. The method of claim 39, wherein the metallation of the toluate is performed with a

lithium reagent.

47. The method of claim 46, wherein the lithium reagent is selected from the group
consisting of n-butyl lithium, phenyllithium, t-butyl lithium, methyl lithium, and mesityl

lithium.
48. The method of claim 39, wherein the metal reagent is a zinc reagent.
49. The method of claim 39, wherein the metal reagent is a magnesium reagent.
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77. The method of claim 65, wherein the metal reagent is a zero valent metal or an ate complex.

50. The method of claim 39, wherein the metallated toluate is a Grignard reagent.
51. The method of claim 39, wherein the metal reagent is a zero valent metal or ate
complex.

52. A method of preparing compound of the formula:

or salt 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; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORa; -C(=0)Ra; -CO2Ra; -CN; -SCN; -SRa; -SOR4; -SO2RA; -NO2; -N(Ra)2; -
NHC(O)RAa; or -C(Ra)3; wherein each occurrence of Ra is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen;

R; is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -OR¢; -C(=0O)Rc¢; -CO2Rc; -CN; -SCN; -SR¢; -SORc; -SO2Rc; -NO3; -N(R¢)2; -
NHC(O)Rc; or -C(Rc)s; wherein each occurrence of Rc is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or

unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
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heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO,Rp; -NO3; -N(Rp)2; -
NHC(O)Rp; or -C(Rp)s; 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;

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

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted
aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=0)Rg; -CO2Rg; -CN; -SCN; -SRg; -
SORg; -SO2RG; -NO3; -N(Rg)2; -NHC(O)Rg; or -C(Rg)s; wherein each occurrence of Rg is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl,
alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
heteroarylthio;

each occurrence of P’ is independently hydrogen or a protecting group;
(300
*~---" represents a substituted or unsubstituted aryl; a substituted or unsubstituted

~

heteroaryl; a substituted or unsubstituted carbocyclic; or a substituted or unsubstituted
heterocyclic in which each occurrence of X is selected from the group consisting of -O-, -S-,
-NRg-, -C(Rs)2-;

Rg is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORy; =0, -C(=0)Ry; -CO2Ry; -CN; -SCN; -SRy; -SORy; -SO2Ry; -NOy; -
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N(Rpu)2; -NHC(O)Ry; or -C(Rwu)s; wherein each occurrence of Ry is independently hydrogen,
a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy,
alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

m is an integer in the range of 1 to 5, inclusive; and

the bonds between adjacent X moieties are either single or double bonds;

by reacting an anion of a toluate, wherein the toluate has the formula:

R; o)
wherein Rg is selected from the group consisting of substituted or unsubstituted aryl,
or substituted or unsubstituted heteroaryl; and Y is a halogen or Sn(alkyl)s, and wherein the
anion is formed by metalation of the toluate,
with an enone of formula:

R; R

N

-:lllI“

Re

or salt thereof; wherein Rg is hydrogen.

53. The method of claim 52, wherein R; is hydrogen.

54. The method of claim 52, wherein Y is Br.

55. The method of claim 52, wherein Y is I.

56. The method of claim 52, wherein Y is —Sn(Me)s.
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57. The method of claim 52, wherein Rg is phenyl.

58. The method of claim 52, wherein Rg is substituted phenyl.

59. The method of claim 52, wherein the metallation of the toluate is performed with a

lithium reagent.

60. The method of claim 59, wherein the lithium reagent is selected from the group

consisting of n-butyl lithium, phenyllithium, t-butyl lithium, methyl lithium, and mesityl

lithium.
61. The method of claim 52, wherein the metal reagent is a zinc reagent.
62. The method of claim 52, wherein the metal reagent is a magnesium reagent.
63. The method of claim 52, wherein the metallated toluate is a Grignard reagent.
64. The method of claim 52, wherein the metal reagent is a zero valent metal or an ate
complex.
65. A method of preparing a pentacycline of formula:

R N(Rg)

7 R]‘,’ RHR% Rf—! ? E/2
(%),
Tl NH2

R, O OH O o]
or salt 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
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heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORa; -C(=0)Ra; -CO2R4; -CN; -SCN; -SRa; -SORA; -SO2RA; -NO3; -N(Ra)2; -
NHC(O)Ra; or -C(Ra)s; wherein each occurrence of Ra is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen;

Rj is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -OR¢; -C(=0)Rc; -COzRc; -CN; -SCN; -SR¢; -SORc; -SO2R¢; -NO2; -N(R¢)2; -
NHC(O)Rc; or -C(Rc)s; wherein each occurrence of Rc is independently hydrogen, a
protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

R, is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO,Rp; -NO3; -N(Rp)2; -
NHC(O)Rp; or -C(Rp)s; 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;

each occurrence of Rg is independently hydrogen, a protecting group, aliphatic,
heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino,
dialkylamino, heteroaryloxy, or heteroarylthio;

each occurrence of Ry is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched heteroaliphatic; acyl; substituted or unsubstituted
aryl; substituted or unsubstituted heteroaryl; -ORg; -C(=0O)Rg; -CO2Rg; -CN; -SCN; -SRg; -
SORg; -SO2RG; -NO3; -N(Rg)2; -NHC(O)Rg; or -C(Rg)s; wherein each occurrence of Rg is
independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl,

alkoxy, aryloxy, alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or
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heteroarylthio;

each occurrence of P’ is independently hydrogen or a protecting group;

*~---" represents a substituted or unsubstituted aryl; a substituted or unsubstituted
heteroaryl; a substituted or unsubstituted carbocyclic; or a substituted or unsubstituted
heterocyclic in which each occurrence of X is selected from the group consisting of -O-, -S-,
-NRg-, -C(Rg)2-;

Rg is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; acyl; substituted or unsubstituted aryl; substituted or unsubstituted
heteroaryl; -ORy; =0, -C(=0)Ry; -CO2Ry; -CN; -SCN; -SRy; -SORy; -SO2Ry; -NOy; -
N(Rpu)2; -NHC(O)Ry; or -C(Ru)s; wherein each occurrence of Ry is independently hydrogen,
a protecting group, aliphatic, heteroaliphatic, acyl, aryl, heteroaryl, alkoxy, aryloxy,
alkylthio, arylthio, amino, alkylamino, dialkylamino, heteroaryloxy, or heteroarylthio;

m is an integer in the range of 1 to 5, inclusive; and

the bonds between adjacent X moieties are either single or double bonds;

by reacting an anion of a toluate, wherein the toluate has the formula:

R; R,
o\Rg
R; o)

wherein Ry is selected from the group consisting of substituted or unsubstituted aryl,
or substituted or unsubstituted heteroaryl; and Y is a halogen or Sn(alkyl)s, and wherein the
anion is formed by metalation of the toluate,

with an enone of formula:
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O O OP'
or salt thereof; wherein Rg is hydrogen and wherein Rs is —N(Rg),
to provide a compound of formula:

R, o} OH O OP'

or salt thereof, wherein Rs is -N(Rg),; and

deprotecting the compound to provide a pentacycline having the formula:

or salt thereof.

66. The method of claim 65, wherein R; is hydrogen.

67. The method of claim 65, wherein Y is Br.

68. The method of claim 65, wherein Y is I.

69. The method of claim 65, wherein Y is —Sn(Me)s.
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70. The method of claim 65, wherein Rg is phenyl.

71. The method of claim 65, wherein Rg is substituted phenyl.

72. The method of claim 65, wherein the metallation of the toluate is performed with a

lithium reagent.

73. The method of claim 72, wherein the lithium reagent is selected from the group

consisting of n-butyl lithium, phenyllithium, t-butyl lithium, methyl lithium, and mesityl

lithium.

74. The method of claim 65, wherein the metal reagent is a zinc reagent.

75. The method of claim 65, wherein the metal reagent is a magnesium reagent.

76. The method of claim 65, wherein the metallated toluate is a Grignard reagent.

77. The method of claim 65, wherein the metal reagent is a zero valent metal or an ate
complex.
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