SYNTHESI S OF TETRACYCLI NES AND ANALOGUES THEREOF
Rel ated Applications [0001] The present application
claims priority under 35 U S.C. 119(e) to U S
provi sional patent applications, USSN 60/ 660, 947,
filed March 11, 2005, and USSN 60/573,623, filed My
21 2004, each of which is i ncor por at ed herein by
er ence. Efnrrent ort 8[0002] The wo
XNTJHESI&QF AIbQQMEStEHEREOF
fromthe National Institut es of Health (ROL A148825)
and the National Science Foundation (predoctoral
fell owshi p R10964). Th ' gover nrent may
have certain rights |nReHEéngﬁe FO@’E Backgr ound of
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Resi st ance Mechani sms” Arch. Mcrobiol. 165:3

1996; M tscher, Medicinal Research Series, Vol. 9, The
Chenmi stry of the Tetrag,,écl [ ne gntl biotics, Marcel
Dekker Inc. New York SR QUPBPLY o oduct i on of

fosozpcycl i Tes wavk d@cHBesd I&Hre:ﬁ WS lsusfifedSiiale by grants from the
measured in the thousands of netric tons per year.
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ﬁMﬁetmﬂaAym@tlmResearch) in the 1945 (Duggar, Ann N. Y.

Acad. Sci. 51:177-181, 1948; Duggar, Aureonycin and
Preparati on of Sone, U S. Patent 2,482,055, 1949;

i ncor por at ed herei nPg én%fuﬁﬁ (') Inv%%letracycl ine (2)

was i sol ated soon a rom I NOSUs by scientists
00K i zer Thomtmtwlinesare FBmddaspeﬁtum bonti-Bucwhind agébls B5t are

19 ) tr res of l or racyclin
B b 5o 0 bk S0 PSS mPdieTts Sgh et Pogls Agtracyclines:
RhiiBigtic A%u@ﬁ'UﬁlQPe’ ahd REslwaﬁ& WectBniNeodas dr2hshiol ; 165:359-69,

co-workers at Harvard University (Hochstein et al .
Kf6; Shitehersbiedicing Begmr 3i789jes 19612 9, FarGhemisiry of thel Tetticycline

" S 5:5455- 7 : h
ATviglET Macg] ekt 5 eNew Yorg i3ty HEPA ool oy
fracyeliass bﬁ&?meﬂt@héﬁ&%eﬁﬁwsyﬂtﬂéﬁé is ﬂ@sﬁ@ﬁ)ﬁ@ khertﬁoﬁsahdsl\ﬁﬁnemc
| ater prepared by the 1 dr ogenol ysi s of
tons Beroxeat. r Bles/Grst %é'awnm%ﬂqr@macx ing £b){Anreogaycin™), was

A0l OB 4 S o R AP B i
@Wyetl-AyefsnR cSkuech) ibtie 1945:(BDagdar, 2003V YCMHZWS&: e1:127-181, 1948;

6 Am Chem Soc. 75:4622-23, 1953
uggar, Aureomycin and Preparation of Some, U.S. Patent 2,482,055, 1949,

incorporated herein by reference). Oxytetracycline (2) was isolated soon after from S,
rimosus by scientists at Pfizer Laboratories (Finlay et al. Science 111:85, 1950). The
structures of chlorotetracycline and oxytetracycline were elucidated by scientists at
Pfizer in collaboration with R. B. Woodward and co-workers at Harvard University
(Hochstein et al. J. Am. Chem. Soc. 74:3708-3709, 1952; Hochstein et al. J. Am. Chem.
Soc. 75:5455-75, 1953; Stephens et al. J. Am. Chem. Soc. 74:4976-77, 1952; Stephens
etal. J. Am. Chem. Soc. 76:3568-75, 1954). Tetracycline (3) was later prepared by the
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Tetracycline was | ater found to be a natural product

of S. aureofaciens, S. viridofaciens, and S. rinosus.
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s

OH O OH 0 o}
Tetracycline (3)

[0002] The primary tetracyclines of clinical importance today include
tetracycline (3) (Boothe et al. J. Am. Chem. Soc. 75:4621, 1953), oxytetracycline (2,
Terramycin™) (Finlay et al. Science 111:85, 1950), doxycycline (Stephens et al. J. Am.
Chem. Soc. 85:2643, 1963), and minocycline (Martell ef 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 ez al. Antimicrob. Agents Chemother.
35:2306-11, 1991; Primrose and Wardlaw, Ed. “The Bacteriostatic and Bacteriocidal
Action of Antibiotics” Sourcebook of Experiments for the Teaching of Microbiology
Society for General Microbiology, Academic Press Ltd., London, 1982). It has been
proposed that after tetracycline passes through the cytoplasmic membrane of a

bacterium it chelates Mg ™, and this tetracycline-Mg*? complex binds the 30S subunit
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Soci ety for General M crobiology, Academ c Press Ltd.,
London, 1982). It has been proposed that after
tetracycline passes through the cytoplasm c nenbrane
of a bacteriumit chelates My+2, and this
tetracycline-My +2 conpl ex binds the 30S subunit 2 of
the bacterial ribosone (Col drmn et at Bi ochem stry
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h?dfrot d‘ﬁuﬁ &&nhﬁ&eﬁwﬂh%ﬂo@foﬂaeﬁﬁqi? Vb ereer Zﬁﬁh-@gﬁthbdwby its very
can ar ed and studied. H3C-N-ICH3 HO C-3

H
natme\hqsl d thepureperofesiraoyeinranalogy dhat pan pesprepargd apd studied.
The tetracyclines are corrposeeh of f _OOR; linearly fused
si x-menbered rings wgh @i g EN}Sl ty of polar
functionality and ster & m qonpl exjty. In 1962,
Wodward and co- t total
synthesis of rac eoxytetracycline
(sancycline, 4), cal LmHacti ve
= Ch Soc.

84:3222- 24, 1962) The i@Hdout e Il was a
r emar kabl e achi eveﬁ'é'nt tife an® proceeded by
the stepw se construct i gntracycline(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 et 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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of the rings in a |linear sequence of 22 steps (overal
yield -0.003% . The first enantioselective synthesis
of (-)-tetracycline (3) fromthe A-ring precursor D
gl ucosam ne (34 steps, 0.002% overall yield) was
reported by Tatsuda and co-workers in 2000 (Tatsuta
et al. Chem Lett. 646-47, 2000). O her approaches to
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bef ore. Sunma of  the Inyention, [0006].. The
{0098ht | on dBACEPDaiss ae ?wa:iracgwwﬁf@cwp@a@sﬁ@goute to
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owlsT Iy (e Pheraiion it Seae e Rilogs BV E PP g prpared
prtant tetracyclines, as well as tigecycline, an

advanced clinical candldate, are nenbers of the
6- deoxyt etracycline cl ass.

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

6-deoxytetracycline class.



4 H3C-N "CH3 H3C-N."CH3 HHOH O~ 1 | t-BuHN NH2
HOHOOHOOTigecycline OH3C-N,CH3 H3C HH = H OH
NH2 OHOH OOH OO (S)-doxycycline H3C~- N ,CH3 CH3
H3C*~ N/CHB HHOHN2 OHOHOOHOO
(S)-m nocycline The approaches are al so useful in
preparing 6-hydroxytetracyclines, pentacyclines,
hexacycl i nes, C5-subsi it utegytetracygld nes,cy
C5- unsubst i t ut ed tetr§CM(neé, tetragcyhl,n'/nes3 with
heterocyclic D-rings, and other I;Ietract;l/c‘fi ne Slr_llal 0gs.
c
e

100071 These novel synt het.Cc_aprizoathg s
tetracycline anal §gs i d synt hesi s
of the tegpaqyclife rimg sy ) galy _NH,
functionalize ir end s S

i nternedi ate. The fiffst aproa h i nvolQrek t hellreaction
of the enone with an ani®h fdPmed 8y the O
deprotonation of a toluate (6f&5¥i"fretal | ati on of a
benzylic halide as shown belky@. The€Hiepr ot onati on of
a toluate is particuig |y us@flul Nn preparing

6- deoxyt etracycl i nes we Hor 2 witt hput aOQS-subst i tuent.
The netal |l ati on 4€ % z 5

(S)-minocycline

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

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

reagents may include lithium reagents, Grignard reagents, zero-valent metal reagents,
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met al - hal ogen exchange (e.g., |ithium hal ogen
exchange), netal-netalloid exchange (e.g.,
lithiummetal |l oid exchange)) is particularly useful in
preparing 6- deoxytetracyclines with or without a
C5-substituent as well as pentacyclines. Any
organonetal lic reagent may be used in the cycl i zation

Partlcul r.I ful ent s,..mA ludg. ..
PR BompeRle i Sertbip Egibotimonts, UL Contigdhs s Vb e¥clizption
fe&ﬂﬁﬁﬂh@ybépﬁﬁdreﬂt e conpl exes. In certain enbodi ments,

m | der conditj the cyclization reaction nmay
preferred, CHY I'@}B XHBC-NI -1 CH3  H H _ = H OH OO~
V= =SI"HNHR By R + 1 | /N YOHOP 00400'3')?55
(B = 6~dE tr@dycline 6 5 BC'*~ N~CH3 A
H OH Ha R  OH.OP N
te e [0Q@8] Th
reactlng e (5)yTn 3

t Whell r eaclli on vvlthadlene7) or a OBn

beﬂE‘ocy@| obu@\éno|0(8) OH3C H3C~I N ORCHPR X H3C1-1 N ©

| ~CH3  [tdfekytetrapel@®H + N NH2 \ Y ¢ 5

HsC._ _CHs
Hal
+
OR'
OH o OH C 0 OR 0
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).
H3C CH HaC CH
H3C 3 \H/ 3 R 5 3 \E/ 3
TH HE THS
: s e z
+
~
OH 0 OH o] 0 OP
7 5
H;C CH
5 3 \N/ 3

OH ) OH C 0 OR

6-deoxytetracycline

In both these approaches, the chiral enone provides the functionalized A and B rings of
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XSHOP OHO0O OHO0 OP OO0 OBn 6-deoxytetracycline 7
5 CH3 H3C-N-~CH3 XH3C~l NN\CHB HH=CH3 H OH/ | |

NH~I \ +1 I /IN2Y=C0HOPOPOBn HOOHOOORODO
6- deoxyl etracycline 8 5 In both these approaches, the
chiral enone provides the functionalized A and B rings
of 6 the tetracycline core, and the D-ring is derived

he. t ol 6 b | i l i : :
ey it i - i fegt g MusoBlis (9 pspppis hetide,or
@énzb&yszlmk&@u@. 1PBELHAE tHebe fvo pérEibROSRhE Blolstald@pEREr in a
the CGring is forned. These azgproaches not only allow

ftefieogalretive mapaerdhe Ecting/is faeedefFhese apnroapfis prigindy gfovy for the

. . . | :
S IB5 el Sl SHENBL 15, PR8N 08, B by 2 ogs nover
beforegayeared) uathal alys allow\fbs griepirbiion &F teirixyclise sreaddgade svhich the

th a heterocycle, 5-nmenbered ring, or other rin
Cinesiir MEY Wik 3 BEtIOCYAS t hBERbEISA NS Ar JRCRANG %@E@- They
Ry Bl Grin B s R e A T L lin B LR
arhmatighnd hen-erontiticicarboaycl GGandfheGroamiest et r acycl i ne

gs, 6z, 0xytetracycline_analogs nmay be.prepared_as
BRER"T T ¢ Hroudh lrokidalionat (B 056 i Rires¥slibs aeloss, 6
F3ketrdetBlideiald3 Sy I dhsNhbwhr it sehbrhe belbw=N | /
\I~ag?alcNFi1§%O-|ﬁ®$ O—IOO}jOOCHODO-IOﬂO0303
O 9,3()5’ T Tevacycl i ne (@) 6-Geaxy el racycl i ne ghhe
it et geychine is transforned Ento an aronati ¢ &
= UL =
/N

Hs

[9]

~._. ~CHa

OH O ©OH G O OP OH OH O OF OF O OH O
(-)-Tetracycline (3) §-deoxytetracycline
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, S-membered ring, or other ring system as well as pentacyclines and other
polycyclines containing aromatic and non-aromatic carbocycles and heterocycles.
[0010] The present invention not only provides synthetic methods for preparing
these tetracycline analogs but also the intermediates, including chiral enones (5),
toluates (6), dienes (7), benzylic halides, and benzocyclobutenol (8), used in these
syntheses, and novel derivatives accessed by them.
[0011] Some of the broad classes of compounds available through these new
approaches and considered to be a part of the present invention include tetracyclines
and various analogs. Important subclasses of tetracyclines include 6-deoxytetracyclines
with or without a C5-hydroxyl group, and 6-hydroxytetracyclines with or without a C5-
hydroxyl group. Many of the analogs available through these new approaches have

never been synthesized before given the limitations of semi-synthetic approaches and
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under goes spont aneous autoxidation to formthe

hydr oper oxi de. Hydr ogenol ysis of the hydroperoxide
results in the 6-oxytetracycline. This oxidation of
6- deoxytetracycline anal ogs can be used to prepare
tetracyclines in which the Dring is replaced with a
het erocycl e, 5-nenbered ring, or other ring system as

SR R BB, e bR b ing pgoome
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t hrough t hese neM/approaches have never been
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i nvention's novel nethodologies. In certain classes_of
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tetracycli esRaEalﬂgIe mhich is usually a phenyl ring,
i's replacE terocyclic noiety, which may be
bi cycli rOLis @ther classes, the D-ring
%f r&pl ackg omatic ring. The size of the

7%inq g ) ed tng'X menbered rings, but
i nstead- T WEY DR >e? MehRer e four- menbered,
five-nmenbBgdd, seveeHmnbergd, or larger. In the case
of pentacycl Qne ,Ochq?EgveOrlngs may or may not be
[inear in pht = Edch of the D- and E-rings nmay
be heteroc Aic ok T QocyadH c, nmay be aromatic or
non- apona 7 i ain any nunber of atons
rangi®y f atogﬁ. In addition, higher
cycli nes” 2 RE peS' fay be prepared. In
certain cla-ses, re) [ may not be fully formed,
| eading to di CyC|dH’leSONi thdhe A-B fused ring system
|ntactR7T¢ﬁﬁngpoqu Rg t he invention include

o1 rg enantioners, diastereomners,

. fQr p©H pr o- drugs salts, and




N2 OOH OOR 1 RIR3 RNR5)2 OH NH2 OH OOHOO
RT RLLRRRREOHN2 OHRT OOHOO8KR ' ", R R
RBRf, R OHNH2 R7T OH RT OOHOORL RR3 R~ R5 OH
NH2 OH O OH O O [0012] The present invention also

i ncludes internedi ates useful in the synthesis of

conpounds of the present invention, These

i nt ermedi gt e nclyuderchi ral enones, tol uates,

befPy M c ﬁé ﬁ_h Rgndﬁienzocyclobutenol. The

i ntergadi atbs 3 nel arPbus substituted forns,

I SO dgner s, eoi soners, salts, and

deri ereo 44% anot her aspect, the

RY ) e t\s- ods of treatnment and
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conpoutds o theObres@nt Onvention. The

phar maceuti cal conposi i ons may al i nclude a

phar maceutical | y accebﬁ.:&g ¥q'Gipsgnt The net hods
L. co XS 51 ofig I~ be QBed to treat

any infection |QFI uenza,
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‘--

o) OH O o]
[0012] The present invention also includes intermediates useful in the synthesis

of compounds of the present invention. These intermediates include chiral enones,
toluates, benzylic halides, and benzocyclobutenol. The intermediates includes various
substituted forms, isomers, tautomers, stereoisomers, salts, and derivatives thereof.
[0013] In another aspect, the present invention provides methods of treatment
and pharmaceutical composition including the novel compounds of the present
invention. The pharmaceutical compositions may also include a pharmaceutically
acceptable excipient. The methods and pharmaceutical compositions may be used to
treat any infection including cholera, influenza, bronchitis, acne, malana, urinary tract
infections, sexually transmitted diseases including syphilis and gonorrhea,
Legionnaires’ disease, Lyme disease, Rocky Mountain spotted fever, Q fever, typhus,
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
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i nfections, sexually transmtted di seases i ncl uding
syphilis and gonorrhea, Legionnaires' disease, Lyne
di sease, Rocky Mountain spotted fever, Q fever,
typhus, buboni c pl ague, gas gangrene, | eptospirosis,
whoopi ng cough, and anthrax. In certain enbodinents,
the infections are caused by tetracycline-resistant
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iafdctioy dikdak&y mhrky @n ad¥dnc¥ hbtonly th htiekic 0aguaid demistry but also in
conpounds may be useful in the treatnment of diseases

wedipine g The ttaeyclingflass pheniivieiios das played amaigrialedr {he treatment

SRR A A Sud LRI SRS B o,
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node of adm nistration_including oral arent .

%rehliem stheareesAt Bivention igRuRsBlY 8UPIVE 49T the Hﬁ‘ﬁ% e Oﬁwacycllne
}1 40044 ]a% Sho A ﬁine%ﬁlgtahfbrgaﬁsrﬁy Mrh&store, the

tet acycli nes; res inventi strategi es

deplopeents chsctnbedl&tfmmwgh allgw th tefiraaychineclessriflastibiotics to remain

rout s to, tetracyclines and, var ous(ﬁnalogs The

RAST PH A RS & eqtapfuLagAst IHSFUon dIEiSScy el i ne

anal ogs and the use of sone of these conpounds in

the treatment of d| seases such as cancer and

i nfecti ous di seases mar ks Refimtgznce not only in

BEPEcy ol 1 REARPaS SOPORbincfbharilhe i A Gl REns 2

déab8oddintidte UeRatRRM. F&fpurpdsesHf itSndérsieashs chemizul@ements
and veterinary nedicine for the past_ 50

wevdspiified invpachrdapee with pha Beiodic Toha el BAEIGRETH CAByEFion
b3 Ep b ARG 3SR B ap SRR untra

grousd apEendraldy défiedas )ﬂeédnlbed t]ﬁmih ogdditionhily geheral principles of
agal nst tetracycllne r]%SStant ozﬁanlsns Ther ef or € escribed
?rﬁémc ghereistpnasvell sesperifis dingtional tROMRHPY and|reasfviteare describe

QME 'dh@ﬁus%#gsfh&ﬁasasvﬂrfelﬂ' OhiveRsity BB BBok P Bakisafito: 81999,
C|an S hentari um agai nst i nfection di'seases.

[Befennretaoormts Jfodii s aeefcomparated hewlin Bpsaferenes. f unct i onal

groups and chemcal terns are described in nore

petaj | bel gettaifbmpuiRdlsEsheofresdnt vienti@ninayp Bxist ingparticular

chem cal elenents are identified in accordangﬁ wi. .t h
Be9ENqHRE POHPISOTFAFEC HFMSh d REPEIIERIEVeNtiag corfemplytes all such

g%@gc?fﬁg éiucﬁl SEu'ic?/ trﬁﬂ.sdlsg%ﬁ' %S and’ $-eRarfidmerd, 'ﬂ?dsfé?eomers,

spe unctional ® groups are generally
(haflscbmefs,e(ﬁ) ds:emrs edatdeic eninturésdtiereot) and bther gléxterealthereof as

f h I
b BT tnont pEGE o A0 Hopa agymp R Bt o may be

%&ﬁm £ sfthB At futh as ahel 'l@ﬁ%rgﬁf) r &1l suchi¥oMREsS bé Well as mixtures
ci ence Books, Sausalito: the entire contents

theroafiiachiniended trloe mohidedin ﬁ@rlethm ref erence.

[0017] I[someric 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
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[0016] Certain conmpounds of the present invention nmay
exist in particular geonetric or stereoisoneric
forms. The present invention contenplates all such
conmpounds, including cis- and trans-isonmers, R and
S-enantioners, diastereoners, (D)-isoners,
(L)-isoners, the racem c m xtures thereof, and ot her

mxt res as falling within the scoeofthe
kS Bt el o o, ol Yoy M, ot ooe gy b
mcs;]e nt i nifafod iaednict, Wepditi Sl enasti Rerdf b YompoftdPof ik lpresent

such i somers as well ‘as m xtures t hereof, are
inHersinadel desireBeit may bedeepared Ryhasyminmesrin syTehesis; oohyflerivation with

Xt ur 0 Ni nd f
| BN RSO RHR P Pnle BlAS il e
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Sl 208 00 HREHAACRIBGR (e 0T S gy
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re, conte Latedfo e cQ IeX|so rom xt

T? woipap! qryst léfi‘thnrpgtcg%'éa“’%a Par Meant ¥ell Kpawe i ra“of‘nda

HHtCYe&;ve thftIBE SR Unanfidi¥&et i on is desired, it may

be pr epar ed trlc synthesi s, or by derivation
Wll?l] ac hOnabf endmalry sledl} in tivewiewil happrazsat thanthe synthetic

mer.i t and th il ]
FRBRHS o Afvahed Rersins biide s TERRL S Histi trofnn 207 bis Pl
/f‘islrét%&ﬂigt gr»sﬁlb’y as WaRtRreih EisTR¢BE tHaka 9%%@1@@@@% nfoiety, e.g.,
unctional group, such as amino, or an acidi

O hcarNristemporastlp bloskedsathatardsesan candqeao@rreqdefm*réelr:@wely at
50 o BUTRA M A RRRBEL AL AL b

ﬂb&%ﬁﬁ}% réactsuetectioelpitlghd yikldae igivenaprotected substrate that is
crystal l'ization or chromatographic neans, wel | known i

S(tﬁge t the proigcted rrastinnsethe Prefedingrgrow shopld b sedectively rerlnovable
Bk g%ngﬁg reatfif B4i1 B0 p Sy%ﬁg{csg I3 fdgors Pt 86 1B Attack the

(ﬁth&‘dhhd‘:té:dlahgbapn theu;bn'otecﬂ&g grougrfomwaméasﬂay sﬁpambnemy:nvatwe
as us

(l%r&?'g 5?&8@1 Yi \@ﬁ}p@g r 8élne gé\ gr}la eitersh gpd the protecting
%I:Eg][? h¥s a Biflmum 8% adaltld?lﬁl Mncﬁ&‘nah?‘ﬂté%@fd furthb Sk 8firedion. As

a reaction can be carried selectively at
detwtedereraisandygers ssifure nitrogen, rantl icarfbon prétestag grounsovandbe utilized.

d enb t t
Bk rtectng SRR gR ey DhehS S sRRu R DDA, o2
ShsihisirRtHyh VTV, t-Sﬁ@rﬁhi%n{eihyll Wgha{ﬂulﬁﬁttgﬂislrygﬂfem&pﬁwthyl
t he gﬁotectlng group s sel ectively renovab

(SHig dbwﬁllowmythwb&ﬁw ;ammoamb@zywmmcww), @
R A SRR -1, BB RSEAD R R
m&nbfy)xmﬂfyam@w ediliox &nkbth®l, 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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(more preferably w thout the generation of new
stereogenic centers); and the protecting group has a
m ni nrum of additional functionality to avoid further
sites of reaction. As detailed herein, oxygen,

sul fur, nitrogen, and carbon protecting groups may be
utilized. Hydroxyl protecting groups i nclude nethyl,

Hordeg RO R enerpirt e kT Y et Hisegely
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eyanbbenyile prphlyylbeatdyl, @pgicalyl M;picolyl, 3-methyl-2 -picolyl N-oxido,
4- et tet drot h LS, S d.

SR e IR PSR beR PR A Rdbsrrpribert et iy &
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t?"!?ﬂéﬂ]%lﬁﬁ *Fglﬂh,y SHY }%‘o"ﬁ‘éﬁ%ﬁ’ﬁpyﬁﬁygﬁﬁy *benzyl ,

(ﬁfr%ﬂé@ils?(ﬂm?)ﬁ ﬁﬂ’}d?@ﬂﬂﬂg ﬁql?@@&%ﬁ}oﬁ% g?@f(@]ﬁyﬂ’Si\l'cﬁ)%ktﬂ%thexylsﬂyl t-

lﬁJtyﬂdb‘eethyisnhjde{ﬂ"BDMS) |t-fhhsnh§4p1mtylsyllyl ('EBDPS) tnbenzylsﬂyl tri-p-
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(e dincrot GRS, Hiph By e 7o), >
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carbonate alkyl allyl carbonate, alkyl p-nitrophenyl carbonate, alkyl benzyl carbonate,
alkyl p-methoxybenzyl carbonate, alkyl 3,4-dimethoxybenzyl carbonate, alkyl o-
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xylylsilyl, triphenylsilyl, diphenylnethylsilyl
(DPMS), t-butyl net hoxyphenylsilyl (TBMPS), formate,
benzoyl formate, acetate, chl oroacetate,

di chl oroacetate, trichloroacetate, trifluoroacetate,
nmet hoxyacetate, triphenyl net hoxyacet at e,
phenoxyacet ate, p- chlorophenoxyacetate
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dibkoA 9118t 110y1 tetetralacied thiox anthyl irhethylmatbayl aten@ BIDt Frooc), 4-
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di met hyl am no) et hyl i dene derivati ve,

a- (NN - di net hyl am no) benzyl i dene derivati ve,

2-oxacycl opentylidene ortho ester, di-t-butylsilylene
group (DTBS), 1,3-(1,1,3, 3-

tetrai sopropyl di sil oxanyl i dene) derivative (TIPDS),
tetra-t-butoxydisiloxane-1,3- diylidene derivative
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methy Y Ry arhamate, dBethyir 1 cgtgp]ggp@lp@thyl carbamate, 1-methyl-1-
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phenyl am not hi ocar bonyl derivative, t-anyl carbamate,
S-benzyl thiocarbamate, p- cyanobenzyl carbanmate,
cycl obutyl carbanmate, cycl ohexyl carbanate,

cycl opentyl carbanmate, cycl opropyl nethyl carbamate,
p- decyl oxybenzyl carbamate, 2, 2-
dinethoxycarbonyIV|nyI car banat e,

- LN L et h rbo I
SRR AR R e R R Gy bamate
fomuh RaRy, Ecetalmﬂie ddﬂmbﬁk}ét@ﬂlﬁemﬁyhlor(ﬁaétbﬁm &1ﬂuoroacetam1de
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E{glgnn%tpe Hﬁ%gvﬁg%thaz Or?eé% tlhsﬁ{,: g-rn? & enzeimlde o-
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diesnriginide Mts), d\&aét@nh@eflmalﬁmﬁ@,riﬁ-&éedmﬂ@épmole N-1,1,4,4-

%{rh%: ﬁx& d?f ag%%‘ij%pgntaﬁ ?%%’qcﬁﬁ&ﬁf@%ﬁg%), 5-substituted 1,3-dimethyl-

B,S,Gymlaﬂadyﬁlﬁh&mﬁaﬁbd@ 5- sNbsﬂiItﬁMQ){j pibefzial, ﬁﬂ-yxhazacyclohexan-Z—one,
derivative, henzam de pheny| benzam de

S’t“bﬁb‘ﬁéﬁﬂ/?éd@@&ﬁf%ﬁ}’“@ﬁ: Nr%??hﬂﬁ@%}ﬁaéfeﬁlhﬁﬁfﬂ@e N-[2-

@ﬁﬁ%ﬁ%ﬁsﬁk@%g@car ganlg ne SE ajg-e t-%{:rer:{:oggpropylamme N-(1-isopropyl-
@-p(tm—h—y)dbdwae]m/-B)y;b)_anpmj qnatdmarﬁar(mxomum salts, N-benzylamine, N-

é}kiﬁ{g{’eﬂ%e %1'1%15 )%{)qﬂ{ly%nﬂggwﬁﬁpﬁﬁéﬁ%ﬂw% Neriphenyhmetgylamine
gf?ﬁ WL@A‘H&H@%¥%}H cﬁﬂ%?lﬂlé%ﬁyl ainp kl@l‘i\@mtﬁ@?ﬂeﬁ?}ﬂuor&nﬂamme

yl-3-nitro anam de, ©- nitrocinna
Wmd‘t’-ﬁll7n©t:hlmm9{fhlocmylmahylee¢anunwN—tfermnmdmedwlarmno (Fem), N-

PR s AT et iomgtiymeaming, Adbengylidencamine, A-

ﬁJn{dm@wa@ynﬂmeaﬁllﬂ@hsaﬂl&y%nahgileﬁmgn;aJ [@.ni de,
N2 5 di met hyl p?/rrol e

widyhmssiiylinrsylepraminey MY Adimethdaminametstamismine, NN -

? ofRd b Byt R Tidensamin, g ligenesmine, -5

dhl&-oﬁhlib@ﬁdeﬂeaﬂm?e, N—(tilﬁdmﬂra%lﬁj/d?hﬁyp&%ﬁ)lﬂﬁﬁylmethyleneamme N-
1 ubstituted 3, done, N-nethyl am ne,

cigheyyl Wﬁ@mnmfrfﬁ S(C{IWM ﬁsﬂ"@rll 93'91@%%9]%%}\’ hpicAe
ée?ﬁ%we N &1821 SiE QﬁBX ld@lglfanfve N‘ éﬂeﬂyﬁggétg%g?n lchromiuvm- or

nitrag-2 pyr oo
mngnen)um‘bmamlamme;l-ﬁbewk a]mlate Ngine chelate N-nitroamine, N-

hox . .
’Rl-r éﬁtﬁﬁgﬂﬁﬁ%&%‘i %ﬁ:rﬁl?gl 9SPBW%@HP}I anine (Tr),
R S OB ) s

mozplmr@mhtqs; djbma‘yl nhnsehquarmddwldaﬂ@alvﬁ plosphoramidate,
benzgnesgl(f’ aXngE: t h&ﬂ g@nzen nr?ahude (Nps), 2,4-

15




-pi col yl am no N -oxi de,

1, 1-di net hyl t hi onet hyl eneam ne, N-benzyl i deneam ne,
p- met hoxybenzyl i deneami ne,

di phenyl et hyl eneam ne, N-[(2-

pyridyl)mesityl]methyl eneani ne,

N(N,N - d| nmet hyl am nonet hyl ene) am ne,

bR nPRE e erpecBlor 't%%%g@?%d‘?% S
%ﬁ%xﬂiﬂn@é&s@féﬂ%ﬂﬁ@h@ﬂﬁﬁﬂ&ﬁa@ﬁﬂﬁﬂfcﬂ%ﬂé %ﬁiﬁﬁyﬁﬁme%lfenamlde

cycl ohexyl i deneam ne

Nnys) 5 t@ uenesyifongnigedT), benrengsulfonamifled, hé, tripeshylae
%E?a ?’%ﬂe&ﬂ{ﬂg@ﬁp@ OWP&%’ E‘Enr%S&SX%%Bké/n%Eﬁi\‘&Tmlde (Mtb), 2,6-

omum or

amrw@umhetabbwlz&rﬁmlﬁmnﬁa@mm 81368~ aatrameﬁdyk Hnc
chel ate, N-nitroam ne, ni t r osoani ne, S [ ge,
wethe éyﬁgngmblﬁqq@g}w%@dte%pethoxybenzenesulfonam1 e (Mbg(), +4,0-

B Th A SR TOR R E2 b by horg-gypetpyibensenesulforamide

{hiis)) ¢, 5 Migckaehesnet byl Beromph-Gpdudfop hridertP de), enethaned fiyramide

@H%sghor }%ﬂsﬂt@@@hma@ eg@ﬁ%,ﬁ%gg?rgzanjrhrilgcnesulfonamlde 4-(4’,8’-

1fonamide (DNMBS), benzylsulfonamid
pent aé‘%ﬁ?ﬂlg)gnzentegﬁﬁaéﬁsgmogaém E(nl )4 enzyisutionamice,
Wétubmmﬁhyiztdfmmmldc’e ﬂa@pu@ac?lﬁ‘ﬂlmnyﬂmﬁhgammy piotasting groups

di | f
ge{agﬁag}gﬁ ﬁérlﬁ}n:; ﬁ%ﬁe&é?%ﬁge aw%ﬁ%ﬁﬁé ;ltﬂt flberpggﬁeggmventmn is not
%te%d@d td Bd HRitey o heseRbROMDSOEH) e.r&uérf ) ;}&ﬁ@tgﬂ of hddifidnal

-tri met hoxybenzenesul f onam de
@nwlw profeqtingtassysenn ba seadhly idratifig uelpaél)e above criteria and

Gt AT B BB o

grfc)hﬁséil’éyibﬁt@ibé@ﬁleﬁkﬁté@ﬂfamréﬁps(zwt&kamc Synthesis, Third Ed. Greene,
6- di met hoxy- 4- net hyl benzenesul f onam de béi Nﬂg .

55, asldmtSprq el ipha Ny deveds Sons Y eve Yamk- g LOYOpHe entire contents

@-t ri neg‘f%ﬁtrsﬁl %%?ﬂanesmﬁrfegeﬁ%nﬁede ( SES) ,

B)O&ﬂl hr acefte;&tllb‘eapﬁmcdtead that(the c@hpounds, as described herein, may be
rreth ht t hyl) benzenesul fon m de.. I\/B
BT BN ATBOT of FYS B Moistirs L0 eitpl, the term

%ﬁ&ﬁ begﬁ WhE QAR E&ted ﬁé@nﬂ“%}:@&%@e bt A&, gﬁ@mﬂuaﬁ@

det al | herei n, howev It w be”appreci at ed t hat
tdmaipedegdotmilay eﬁﬁumnvmlonoteferlt@ therrdpldcement of hydrogergradicals in

L R S e Ul moone

p&REHd M an¢@enfstr@etubsmBg bé BigbsaRAMEWRE mic?é than dAE substituent
utilized in the nethod of the present invention.

selierited Hormial specified araupt the snbssitusnbmay g citherdhpsamg er different at

SeSERLAsh. | 85 RLAURELD Y BLAURGH4 AP I8 i RN iFetude al

Mirhressitle SunstuchiBwi ¥egaaic dagdundd elnertirbadcaspoct] thetpermisdible
whi ¢ch are hereby incorporated by refere%‘é1 10020] It
al

Fbstitugats inphwdecacyeligandaclie.heanchke ardrbranghedicaggocyeli and
R&ELBERelicBndific and nonaromatic substituents of organic compounds. For

2

N-
N-
N-

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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substituted with any nunber of substituents or

functional noieties. In general, the term

"substituted" whether preceded by the term

"optionally" or not, and substituents contained in

formulas of this invention, refer to the repl acenent

of hydrogen radicals |n a given structure with the

I f, a c:|f| |tuet. \When re than one

BRChERIS i e TesRR b b Ragnisaots, g5 flsbh &1t

itéridedes Be lil@ad angysHBSer by @it permes®ild Qbsfitueiifs af organic

speci fied group, the substituent nmay be either the

W@ﬁs dpﬂﬂ@if‘@ﬁ?m&@f supgtitpentpersd qut@ﬁles Agvigivaed B has fvention
réf@xt pes%htt ﬂé%l.ﬁfjm the? '3{1815'81' &Edﬁg 06188615 s Lﬁ?@fuﬂn the
mss stituents nic

bemﬁﬂnaﬁn&&hmptd; of mﬂdﬁbﬁsdxbéaees @tpashfetaﬂﬁzatdi:sordm UTllee term
cyclic, ed and unbran

c a
%’{;9%]»15?63 herean, m‘gﬁegqb VE 415 £0 COMPAHALS W ggdaossess stability
ﬁffﬁ@kﬁmta’llgw%ﬁmé&ﬁ%%a “%cl‘ﬁthgﬁ%ﬁ tlﬁ:qm&%Qﬁﬁ‘ aﬂéé: &mpound for a

pur poses o i's Invention t er oat ons
mfﬁcmg@enmd;pf tizeetofog dietegted and pheferablyeint & swffidieot paivg of time to

e substituents of organic conmpounds
8% ielfﬁﬁaj%thﬁéw@?oﬁesl L jﬁreé‘étlsfy the val encies of the

[ el oat oNFhe RiMni-AR IEHHCG astdaééhérel\ﬁemchﬂﬁs b&h%@tturated and
|ntended to be Iim in any nanner th

by
peaatirated.istreighi plwin (:@Mrmhw)m@edmpl@u welic, or polycyclic

PR PR R0 Rs, AR ast B RG aPREE B onE Bf e P onat
Efo@pd, oA Rl B@aﬂfreéiﬁt@@ b§ 066 BPeditbsy bR find thel aift, t‘ilﬁ)hatlc” is
treatnent, for exanple, of infectious disease

pesded Bergin tpdnelpde ?oatelrs 0t lipited &, gkl allsyb alkyagl axvé@lalkyl

SRy o S DK o TE R AR MR el e R

nnludbastralglhebnammgranﬁ yyﬂfc atlhysl goumso lAm‘hnﬁlmrgoas convention applies
sufficient erlod of t , e detected
L%rrg&amc gps au%w P .@ﬁf i 1 the A Buﬂlafe'more as used

Hé‘@lfnu hefti&h‘h ytalﬁ(eﬂ)u kDRefvi” d%L@hgﬁ’daﬁfﬁl@ ille eﬁ&)gg[}ahs B8 substituted

term "al sed | nc udes b
arat unsabs!dutad\ groups.s kt cartairecnbatimanty)vs usbdiherein; lewer alkyl” is

SRR L ARG 5l eyl SRLEAG rancrs

&umiraﬁcﬁte@%awghl -§R&bBh afse functional groups. As
wi || be appreciated by one of ordinary skill in the

H022] " al i phegdrigin ¢rabo mﬁ@tﬁdh@ alkeflr @lkenylo andhalkpmpd gréups employed

t K
o By Elihfaq by S oot Yyt oter wpbeiments, the
dIkyis alkasylUaRbalkbaiye igfouph BRipldedin tlekidention B@ﬂtbh‘ﬁelsl() aliphatic
strai ght, branched and cyclic alkyl ﬂgr ups.

SR OS: é‘bWé’&hqt @mbaémqné% theyabk ¢nyé,eq@éraﬂ1@nﬁfbanﬁ>§ps
%ﬁ?l%ﬁ@dsm 1k k& ion codﬁ"i ﬁX YAl tha Egaria&? atohfse: Ir& ﬁll,l other

ernore, as use
¢rabddimyghts, the alkivy mjtehyl, anldialﬂ(hﬁyll grdnqase:nqﬂmaﬁss tl’imhhentlon contain

EihRbah st oebor EomE ol 0 PRI emopanisa e iloTs dkenst, and alkyny!

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

groups thus include, but are not limited to, for example, methyl, ethyl, n-propyl,
isopropyl, cyclopropyl, -CH;-cyclopropyl, vinyl, allyl, n-butyl, sec-butyl, isobutyl, tert-
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used to indicate those al kyl groups (cyclic, acyclic,
substituted, unsubstituted, branched or unbranched)
having 1-6 carbon atonms. [0022] In certain

enbodi nents, the al kyl, al kenyl, and al kynyl groups
enployed in the invention contain 1-20 aliphatic
carbon atons. In certain other enbodinents, the

I I
Bl bGP o 0 n 0] QUOBRUPLANER, o B,
cH AR A Bryd, B
r S | -
%Pf)%rﬁ)wfthe A&s hlﬁQ 8B&N. My bear ppe g mere susﬁ%mtﬁeﬁilgenyl groups
BR8]t bre 1t KRG to %f’e@nﬁm@theﬂgpk&g% gi?iaﬁ’t)é&ﬂ Indthg-2-

Il nvention contain 1-6 a atic n yet
lotered - }émmddhcrhm sReprbsentaltiky Ialkyayllgugrps inelnde, duk gneynot limited to,

@lntelnvent ontain 1-4 carbon

SR PRy ey Grarpeil 1 sy 3¢ S s i ude.

WGMPV e noThé te%t‘ﬁﬂ(ok? ieﬁlfﬂWb@use%&&'ﬂ ref&s 'EB’lm alkyl
- propyl I sopropyl, cl opropyl, -CH2-cycl opropyl

mongl as pagvigysly daefbwdyattac @ttolshe parent moloeuly throvglr an dxygen atom

cy.c but yl nt,yl
iy sl B i g S BoRBeds T b sy
ngtrBs ﬁyﬁdlﬂﬂemalipahﬂik: Biawotl atodRC inessidin oth¥EérAbRNiMEnts, the alkyl,
- CH2- cycl ohexyl noieties and the |ike, which again,

%@W ey arornmfr eordaindt i G aliphetic ca«bwbaﬁymSgﬂ@ bigfther

%r{r}%%dg%%ﬁ’s,btgu gl i1 n&%lyfﬁeaﬁél?wl ép%re @f&i iff th Cfﬁ%ﬁ&ﬂ%h contain
1-|8leh|ph£tanragﬁﬁmtahb Vi ailkothet engbodirpents,nbé alidgl, alvehylagml alkynyt
not limte

FORPOIRAAN | éa%ltph@%cs{r%fiﬂfﬂ%@@%@%%"éﬂﬁ@ﬁ%ﬁ%%%@ ralkyy
alkéﬁa@aén'ﬂﬁll Syn@fs%féfaﬁ dgﬁé:iﬁ iy 51ﬁ§h§f1§ cﬁrﬁﬂﬁgtoﬂlskﬁxaﬁfég%?alkoxy,

revi ou attached to the parent ecule
inblude ht an nobdylgetcd i, orethooy, dthexquiptopexs wdoﬁ)mpoay,anbutbmy, tert-

di he_al k ke | k
oD ooy A T By ERpribles o STt dnedide, Rotte g imited
ol H@myﬁm@oéﬂhsvm’bs robmhlal fsdropy1edids Mkt ltlﬁBdarﬁi| thy NIKE,

%ooups contain 1- Oalp atic carbon atons. In yet
Ber  enbbhe teemt slkytandnell teférs ted gronphaviag dhtasttwwe -NHR/,

' nventlon con
SPAgRoR FTRUATE, pe QB hORL RS FeBoBimsBis fhs pighatic sroup
édihﬁnﬂd kb ,ahplhd{ﬁfbﬂbonaiﬂﬁn@ Ia\Rithin IkéeBfbodiénad, fhelalfphatic group
al i phatl c carbon atons. In yet other enbodi nents, the

qankans 1-18 plipkagic cathen aloms, Nl yey pibapembesimgnts, the aliphatic group
SIS ANBAT AT RSB g
crﬁhmhmpmx,ythe akiphatioxgyoupt ntaindolib akyhaticeariontatotys. mngt other
| es of thioalk i.ncl ude, but are_not
cﬁxgants,t ¢ aff{ﬁ}aﬂﬂgﬂﬂp(pon@gw{ﬁﬁpghatﬁ ptamr@s,. Examples of
AIRARCOR %r&{iﬁsqncmabtbﬁj}/hfe%?imﬁ%é td I?l’?etwlgﬁmo[ Qtﬁéfakif[&%-

am no ers to a gréup havin
mpxlamwoelsomylammo cyclopropylamino, n—butylammo 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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wherein R is aliphatic, as defined herein. In certain

enbodi nents, the aliphatic group contains 1-20

al i phatic carbon atons. In certain other enbodi nents,

the aliphatic group contains 1-10 aliphatic carbon

atonms. In yet other enbodinents, the aliphatic group

enpl oyed in the |nvent|on contain 1-8 allphatic car bon

d| e hat |

sﬁﬂa%coaamﬁ 120 tiBhal R el el G SrtRlafors, the
SlifRtic gRINPS dbrirRint - l(Iah@thhd &lbdr &oﬁl@oﬂpﬁﬁ@iﬁe&ileﬂﬁ)odnﬁents the

al'i phatic carbon atons. Exanples of yl am no groups

plinhiatie groups emplayed in thejipyantign p@,ntalﬁelt-& 9llg§mt1ﬁ garbonatoms. In still

r
S8 e, RS AR R B LBAR PP XA Sarbon atoms. In ye
Gﬂh@pﬁﬁbodlmﬁht@pthe alipleatic\graups I’@Ontahﬁ)d)hl alipladc carbon atoms.

| oh i po,. and th i ke, 0025 The, t
Edarapley b e af GRupE el BRI AGH R EHB. metvipizo.
BRI, i HARRE e R AR Ry R Rl Bd i

or different
propshardinal #ijeydaopoopyd)aetiyo, difn-meylhaninocdittedibutyllamine.he

B AR GRS RS G 3R o

Qké’ URSecRAf éhhibdlimerkd) FRhAPRahreGinkad RPfrdlatRlic btPucYnﬁ% The
ot her enbodi nents, the aliphatic groups énpl oyed in

tdsaltmgwdm Brucunray e Br@natld QHaniagornatidh dix ampessof ayalic

g ERrS ROt P BB B s e i RSy pipericiny,

SIBSHOLIREN) b§rrolyl 8madazRA 1 L4G s, seahitdyll- 4
al i phatic carbon atons, Exanples of dial k I am

{026bs i ncPowe expmples pEsubstituentgiof gy abgve- dﬁ%bﬁ@xﬁlwhaﬁe (and
%ﬁ g%té)%?’c%%ﬁ&m% ?‘tﬁ]é/ n@gﬁt[b?l 1,1?%936&1951%%& AiR8 to aliphatic;

Hetémyﬁplmwpwl Jheterowyl, drydajkjduhgtbrbamlalbyl alkoxy; aryloxy;

E?tel%)g %ﬁ?&}e}%@?x?@ggdalkﬁlgywe %)rgﬁm%{leteroal[llylthm heteroarylthio; F; Cl,

B-(1C VG110 heesy |- gﬂm L@P,. .RYCEDEC ecH keCH%@HF-?fIIIz@ OH; -CH,NH,; -

enbodi nént s’ and & —are Ti orma cyclic

€H:80t0He. -Cmﬂ)R,(, F@OHRL); FOODYR;c OSH OMRY; DEQrRy; -DEON(R,):; -

stk "SRR tiein laceigios Ruifdsoandsply includes,
B4 ik hgﬂ l'iﬁrilted oy ﬁﬁﬁﬂahg' Hb‘l’éroalﬁihﬁﬁé 'a‘iljflnbléteroal‘wra?ﬂﬁhdyﬂ)blr

Erroy i m dazol yl trianol nd tetrazol yl .
gewenyl disyle whrreiminssotdhe slum@tlp,thmofshphﬁtw,mlalkyl or

AT I YR A A

LihgEbbi@ttedObraht R ufibranERidSERMACIOP Bdlig; arﬂf\ylherem any of the aryl or
heteroaryl aryl al kyl ; heteroaryl al kyl; al kox

hetgToaxy} subshisucatsslgswreheg:abpee anddsrein ayay: b eaﬁukwtpéﬂ ®r unsubstituted.

ﬁd}i{h{aﬂl?loqxﬁ%%?e%f %%EM%{L@P%&E@EE@% \(/: V%@ 111_u8"_&tg1_|?3y tR specific

efabBdihiOts; sheﬁihl%ﬁ\lﬁié Exanfﬁ&%&ﬁﬂ@h‘@descﬁb@) IReein- CO2( RX) ;
[0%9“]( Rx) 2i In gener l the terms “aryl and “Bet oargfl 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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N(Rx) 2; -S(O) 2Rx; -NRx(CO) Rx wherein each occurrence
of R independently includes, but is not limted to,
al i phatic, heteroaliphatic, aryl, heteroaryl,

arylal kyl, or heteroarylal kyl, wherein any of the

al i phatic, heteroaliphatic, arylalkyl, or

het eroaryl al kyl substituents described above and

e substi unsu ed, br he
@F“h%}?figa‘gﬁ%\g‘&eméycﬁ ey 3@&78'13 f%"“cg %’b?té‘? ROl ¥ for other
bftias ¥d dis¢losddeiebinatsitivginshé FoHpiation LS ﬂhbl@%@n@b@mﬁ In
and herein may be substituted or unsubstituted.

gotin erabediments pb thesprefentiawentian, aryP pefeestyl amono- or bicyclic

§agg§cé)cﬁygpé §%§érg h'a!lng'lg %hé gxIEfzxdo B’?Smtaﬂ? Hglgse gn'rcfetfdgxéé but rbot dlmlted to,

bi&mgl maplﬂtHﬂZﬂ:hahydrgﬁam}ﬂﬂ mﬂahf;ll tinde1®1, aad yie' llladndn certam
as used herein, refer to stable

g(ffgﬁ];gt;éfﬂ? PIRRSOEIYERRAT, the ten yhejeropryl”, ghused herem ‘refers to a

B aRAEHRSEA RN AOHD $18 % (SOl difie PEURA one ping atom s
saldetad frorm &g Qorand hhzenbsbmet, ot tmb riftg btotristapeadditionat hetdmatoms

t are ot l i I a revi ou
sl ettt 0 om0 a5 X B i GoBhiBie HRAIpES ave carbon, the
faffchf Bdngd Rinddl to Fﬂl‘i@k‘s@oﬂfﬁé ﬁlb!e%ﬁhc 4 aﬁy%f thE HEF atoi®y, Sdhes, for
as di sclosed herein, resulting in thHe formation of a

etazile pyodplo pmzmbfh pytmidiaylnpemelstipyesaelyl,omidazelyl, thiazolyl,
GESET oY, B onaio G il i quinelipot

BoQUTBG1iG/],rand ke lik | udi ng, but not limt ed to, phenyl,
naghthyl t etrahydronapht hyl, indanyl, indenyl, and
81 ke. IthVIBé’PtaaPWC*ﬂEQﬁ‘ﬁbﬁliwﬂrmﬂ heterqany wﬁsﬁérraﬂ be

Ak A8 or WRURRETWHERELARMk on AR SSIRERR ot ong, tvo,

ar OITH
theeel enmoregf thé bycﬁrogén avbing theose ind¢r@nadériy wish a:s)ednmodredore of

élregmq%mgm?%geéﬁm@ﬁ@ bul(t) gg‘éﬂ%ﬁ%@ﬁ%ﬁn @EQ%}C:@;@@@ Plaﬂﬂcsaryl
Qeat%«iag&gf,'\!gyﬁfggl R rd PRIk Afkd! n&yg?&t ctEORIERY: ARfrodRxy;

olned’to"the r ecule VI a
alkyithod; arilchio ]mgeraalkm’shloshmbroalsllthfooﬁ -€i<;aBpJ-é -QHr-IN3pt ;CN; -

P aEHE L Bl Gt -Bhcad: MR 0. -CORy -
com? a@QiN(RkEX@U@éR%‘ ybccbzhxp-mj@cﬂmtax){( UN@@%JOZS(O) R,; -

I nol i nyl I soqui nolinyl, and the
LICHR« lmre@ea@ ecqumancefiRx lad@ené@@yoa@lydessgbwupsot limited

R RO S BB SR, oL BER R, pgn e
@ﬁthé@]ﬁ;ﬂlaﬁf: Hdbgoaliphang emylalkolor hbieroagyalkyldepeandens yscribed

with any one or_nore of the follow ng noieties
ahove apd }\;@'emkm@y hosubstitaiedeer ungubstifytesh Sranghed or unbranched, cyclic

5 PR o i a3ED SR MR o shovc
lrezéie moeyrhyd smhytituteélok uhsdbswmtealr W dditi@ial b;eatnqﬂesed)ﬂgehéﬂallp

aﬁa% iGable aialstltutents are 1llustra’£ed by the s;lemﬁcoe_lmbod’l\'lrolcz:nts sl%ﬂvn 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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CF3; -CH2CF3i -CHCl12; -CH20H, - CH2CH2OH;, - CH2NHZ2;
-CH2S2CH3; -C(O Rx; - CR2(R ;); -CON(Rx)2; -0OC(O Rx;
-OCO2RX; -OCON(Rx)2; -N(Rx)2; -S(O 2RX; - NRx(CO R,
wherei n each occurrence of Rx independently includes,
but is not limted to, aliphatic, heteroaliphatic,
aryI heteroaryl, arylal kyl, or heteroaryl al kyl,

TR 8y 85 ShBATRY o BC B AB gy
aj@Mﬁepthn@ﬂ’feﬂiH& whichpss iauhsédse uf@@hemhphaﬁubﬁter@aliphdmc or
ﬁﬂanched or unbranched, cyclic or acyclic,

Bic¥rlic mAtisy, mayorsiepallbe sbsiituted with gqh)é@ftup@taémﬂlgdmg, but not
't@ﬁﬂ)lﬁge'%iﬁgﬁltphgﬁé Gl; Haé(ro l,ia??lgfééﬁié lrﬁtgre??/aﬁ’{'lalkyl, alkoxy;

unsu%stltute ondl ekanp
atmﬂmychd:lbx@aﬁmhmhdterbmto&yaalkylntﬂlbmlﬂab;elmbtd'malkhbhlo

e ”ﬂ?aéoéﬂﬂi%”féﬂm@?fﬁﬁy%&?&g?&zm

@%QHQ@HGL@HZNHi et: fﬁ@?@ﬂﬂ _eabhIry: IGOZ?RQUR?ONF@% UQC(O)RX, -

three to seven, er abl r'ee to ten carbon

SGiQ:Rkd @Q@Nﬂb«éﬂ kN(Is;)z, ZSJ(O)rft,J, tMB;(OQ)Rx,anErmtea(th anctnerdnce of Ry

e, ek BB PR M L5900, BHEBEH, oy,
axtyhdiey] adﬂmtabargxalmtvﬂﬁ@ahlaapar tHe ali ?haudﬂﬁé@fdaugﬂ:atﬁ arylalkyl, or
noi eti es otlonalg be substituted

b%@ﬁwﬂ@%ﬂtsggstmrwd%gn ¢st abore and hmmm@w boosubstifpkeskarc
E\%ﬁlﬁgtﬁmeh Fﬁ}?ﬂkéq%d of Flﬁl!)t'an&%a FlE: ¥)l' acﬁ[l %e’rem any of the aryl or

teroaryla OXY;
hatrennd Blydsﬁmms&iekqﬁﬁeh Iabovcﬁ:mdl H:ehﬂ@ mdjﬂie&ﬁbﬁitktﬁﬂ bh ufsubstituted.

Riiional ahprniss of eekerally inplioglle substhepiae TusopRily: the specific

) OC( O) Rx;
o‘oﬁgEzcg,H,%%%ﬁi@gngﬁxa’-%%im- %@q&'ﬁm( CO) Rx.
[0880ki n eathe remuthetleruadipbdticR, as usadi hptem;l esfeds o ahrpﬂaud amieties
QJ?I i%.notlimtedto, al' hati c, roallg tic,
b‘fon HEOBY BLINPTC OXYEFTSY "JR‘ElmtTQﬁFn éP § [O5 Fikigpn atoms, e.g., in
MRS 8f ArYatéths t H@te%a‘hﬁﬂéﬁd rﬁmeﬂ@st ﬁ'é? Bt bRekddC unbranched, cyclic
arylal kyl, or heteroaryl al substituents descri bed

airsyelicand include Blatma;edtaadmwunatadtmwrwyclaa issctbas monphelino,

RIS, . e G et for ) B i i B e P bR by
gp'dﬂdérﬂdeﬂﬂ@ée%dht BRYnd& rﬁbﬂé&iﬂtﬁdﬂ}%@o%% bt hetdoh Wittene or

I onal , exanpl es of generally applicable
@a&mpwuﬁw@dmebm no §imited dej alighatipchetgsedighatic; aryl; heteroaryl;

BB 300 o ORI Rl: SSRGS

hglthzuonhetemﬁMyEtmbphabnoahamid; -PoiCet JBes-I 101 I\mﬂt@N N-Cme-
nitro

Sl nc B eCHOH; R CE HoNFE o Cat B CORs -
RN T %&e?d‘?ﬁa ORI EN i SOeC-
NRS(QQ)R&I \ehbrhmteaclnogcmheﬁcesmfdh iadependpttiylinclodes, 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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pyrrolidinyl, etc. In certain enbodinents,
heteroal i phatic noieties are substituted by

i ndependent repl acenment of one or nore of the hydrogen
atons thereon with one or nore noieties including,

but not limted to aliphatic; heteroaliphatic; aryl;
heteroaryl aryIaIkyI het eroaryl al kyl ; al koxy;

gérréi orﬁyy be %u eétll.lg 51 ct%)w(.%phbs? {'u‘f [ aé%ﬁl? %(qu :Lnléﬁ(lleé Ef é)éna'a]ly
applicable subsBklitent NGR: 111u§ﬁ'\dted'lQFt:Ble spec@i’&@ﬁﬁodlmal‘l@bﬂd)wn in the
G2CH -GN, -CH2SQRCHS; - QO Rx; -

- CH2OH, - CH2
E:@{*P&;that@@d@mwd 0% O) Rx; - OOCRRX: - OCON( Rx) 2

- 1N ,5 I
E)dy%u rence 08 § ep%@% i %\4; h@r ﬁ'l?eritg gt sclected

fromi flvedline} ehlorédd, bhmtme anda@ddin@al | phatl c aryl ,

[ STERATR TN L AR T
Dx?é L8, aHerln%}: mﬂlo%é'gﬁﬁﬁl'staﬁﬁﬁfea thiES6 ahd ?sdexeﬁgﬂ\ﬁ% Eglﬁcehdgroups as

herei n tituted or unsubstitut
chlo![mtﬂtlarhdhemoetbyhltmﬂuoromewy(ahdd:heldm:l wher ei n any of

| h t ) t d bed abov.
k98051 her S core, PpletasyblepRy Lt S BN b Feul R, refers oo
Asttlhfohiafials- Q?ia(_’)'ﬂﬁ fcrMber&EARE Q}EMOI{WUM hcluding, but not

substitutents are illustrated b%/"]é he speci
bmied fmehi o1 hrevelic groetheompricirg fused mhanenab@ecb@gg&hamg

R Bl on s MR P in P Reny® sl By, U8t e
fiflogen, Wﬂleréiﬁ OiYesksh, S ﬂﬁd‘lbcﬁtﬁﬂ rﬂfg hds @434 1dolibR: Boatlsnind each 6-
"hal oal kyl " denotes an _al kyl group, as defined above,

mETPAEFd r%ehas \ip 2 domblerhoads, id) fbs QHTQSFB ard sulfusdtsgoatorns may be
A0 o8 gk ioate B B BRoBRy e atemive.

(iv kaeny c{f@ﬁ)é%ﬂ)bvﬂnetehmynhé hﬂegsanaga be fusadl tkoyd Bemzene ring. Representative

h%?efog{f@ﬁ%wled% but er%sn%g Phetre o TPk %@Tﬂ%?ll%vl pyrazolidinyl,
RObYLNRY, ?mﬁfa%liﬂmﬂrlnﬁg&‘i’dlﬁﬁl pipdfaz oands@ﬂ 1‘56’,\{a%oll?dmyl

or tri-cyclic group comprising fused six-nmerb
mpngmhhﬂlvthngzollﬂawmmmmwmw anldrtaea}tydtoe’mo'htln nsrtam

d . | f fu
SRR G bRl mplence IOk i ter v R isguiged and as
@l@a llh'ef%nb Q8fdEs tBRheRREEy chiral KB BPREED Y418 grda@Sasfhéﬁﬁae@ above,

doubl e bonds, (ii) the nitrogen and sul fur het er oat ons

fRytityeed litthhP sigpengdentreplacemeni@f ope,itwp or Hwenpf the hudrogen atoms
q

ST AP PR s R BN, sl o
Mﬁbmlkylngkoﬂe RFESEN ﬂﬁt&é&ko@?h&é@@%ﬂé% alkiyithiogl €rylthio;
&l;t are ot limted to rrolldlq% c$)yrazollnyl

Fraglkylt ineroawm%z& Br; 1L NG: CH;CF3; -

[ . n

ngzézgﬁw%{ny@mnzo@q h'qHZN?TZ’ t h| aZ g‘IA 3U|C O)R"’ “CO:R); -
COOYR)az-QG(DMRy I-OCERR, IﬂG@NWDmNCB&Dz, -$(l®)ﬁ€xr tHRACO)R,,
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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enbodi nents, a "substituted heterocycl oal kyl or
heterocycl e"” group is utilized and as used herein,
refers to a heterocycl oal kyl or heterocycle group, as
defi ned above, substituted by the independent

repl acenent of one, two or three of the hydrogen atons
thereon with but are not limted to aliphatic;

ﬁ'g% \%ﬁ&@fﬂi S%Lf'tl?e hetel}gérsf ﬁl%'éﬂ'ljuelﬁg tdégc?i'b% Lﬁovc and herein may

eroary éroa
bﬂl&)@ﬁﬁﬁf},ﬂl OZt)ujlsulﬁhlwd:d Mdd;tlcahyéiahtplwes oﬂgeﬁﬂabjahmidahlleo

het er oar yI th ;
@strateéﬂme sneefwmlbod@mwaw méh@ﬁmnples which

_ ORx; -C02(RX); - CON(RX)?2 0 Rx;
‘i‘%%% (R2<)2 -N(RS()Z) -3(0)2(R><)-||\|R><?E(O))Rx,

OB not TS e T o afim Rart A SRR 2 B erfchepgF o an
aoitlatic bEHE- Qﬁmydtlc rivg)th &}Hmﬂ cach atonebLthe ainglish kyrbon atom,
wherein any of the aliphatic heteroalrphatrc

KO03Sh Kky! | Ieriemfiertb/aﬁe;ﬁ%ﬁdkyrﬁé ‘lindrpgndendy selertsdyis used
E&Q&Yrq?l ?lgﬂlcat@ﬁfa {He 39?0&?1 BLAth P cﬁrfelléﬁtc’UbSt i tuted,

ranc or un ran IC or acyc and
j09d6ki n anylLafeladie Aarugéd h)ereimethertem’r yllabesledJSrB iritereded S0 mean that a

descri hed ove an rein my e stituted or
S Fes g A glﬂﬂ&ﬂfarsosspsr@ﬂ enie gemBey ajtached to enable
fRRkiceAM 6f the %&%bbﬁd& QHtgéné'ﬁle ldbleisqggf:ﬁhﬁfgll l3?13{tottﬁ'1‘i3:e c]aﬁses a)

specific enbodi nents shown in anpl es whi ch
tﬂe@prq 1nlxds, tydrieh may bo oazidq:acu@apbhwyghwtope?hecluémg; but not limited

%’r %’?%Fyﬁon‘é 7gjsrr 3 i('Eeé\ﬁT‘g,m ef]—gf Z%S 101116 ?Iﬁt@ﬁ%bf jramune

Rbelarbkich aia9Me antiBB& or dnﬁ@&%&ﬂﬂ@lmﬂa‘y be@boffd fRenzyhes (such as

term" i ndependent|ly sel ected" is used herein to
horssradislepernuidase) éhartepgme@detéqpblb agends reng eheolored, luminescent,

i | e t
S0, PRk i AP Ll b FipBe
inea@brarmiemﬁzl tﬁ%ﬁﬂnpom&bdt(hﬁ? positiot Rt ealnot @t dith the

d to enaple the detection of the conpound. In

e rcafactrvatbrérr §harpeteristiq of the;pompaying ﬂaaﬁr@@le& deteted. Iy certain
iRk fits) m+%8ia¥]%h§ H@&&ﬁﬁ@ﬁg gei;idtc‘é& @aﬁ &g%\%gbamms

| sot opes, I'nc ut not
GH%to ﬂa@ahe@eg‘mdamm 09 gafl‘)lpol.ihﬁ]lh rw;volm to 15&50116 effebQydnzymatic
[ be .anti bodi e

86R
G 1Py Eﬁ@eﬁﬁr@rﬁtwﬁvﬂ% BBt b Qﬁwy rqtJByogng the half-
IRroF %@éﬁinﬁ:fbuﬂ& 'Er??ﬁ‘vg afPlerfalA¢mBPS RRAEES of BieGRTARLE, photoaffinity

gents col ored, lum nescent, phosphorescent
lebelingis nels Dl' thealirect elucifdtionsd intppmalctudargtetdrtions indiological

ncor orated into the.conpound a
BT S HERY o LRSS Fhiseredh Be RIS e b e
siotdcohletsion of dREeebRpbeidsCades! hedi SARRGUD Ritkdhdé of Sarbenes (See,
bei ng detected. In certain nbodrnents hydr o

Basde H-nPhotegcograins Rergants in Bpﬂca@@trtrwanﬁ Midgeudari gf@miogy (1983),
E’i%%, 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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(2H) to slow the degradation of conmpound in vivo. Due
to isotope effects, enzymatic degradation of the
deuterated tetracyclines may be sl owed thereby
increasing the half- [ife of the conpound in vivo. In
certain enbodi nents of the invention, photoaffinity

| abeling is utilized for the direct elucidation of

| ecul ar_inter.actions in bj S
Db ED = SRl PP kSR et bR Kot shiEpa posivon
With yesp@:t@mthephlﬁﬁr(a&ﬁﬂs/@ﬂtﬁb fidleiuled iFbZ @ palr o Gainélers to exist there
azi des, or diazirines to nitrenes or carbenes (See

1RHSH|bgR. meghanismciop HUFTEPBHEEIOTRERAIR gs ¢ ﬁalﬁpﬁ’@fﬁéﬁ?@@? keto-enol
i%ﬁrg I\{Hlln?ecéﬂaﬂ{m@b 1(1%?1%?&?10 alco% am{QifL ﬁﬁﬁ?ﬂgﬁé forms,
the’entire contents are y I 'ncor porate
tigtosa-etiatecfonns, thio keﬁlhﬁ-&néth&ﬂ‘ﬁmmgnlﬁmm'osm;‘-h)tdngxyazo forms, nitro-
|nvent on, oto finit abel s enpl oyed are o-,
a1l # fzqﬂgd’(gg‘iq ¥‘P‘%"f‘€| PWSwith one or nore

hal ogen noieties, i ncI udi ng, but not limted to

4-azi do- 2, 3, 5, 6-tetraf| uor obenzoi ¢ acid. [0037]

[0938It orer sDefimitionsefthonetheimical tamas weedthtaughoatithe specification
ﬁ rticular 23 isoners of a compound in which a

f/] gen and doubl e bond have changed position wth

[pesgect t o<Adimabt NBe t8#n? BBinti, afs'ﬂl@ed"@ér@ﬁuﬁe?ers Fcplﬁurﬁar@% fwell as
of tautoners to exi st there be a nechani sm for

M@mmglsmclummﬁ}r@samplet mamvés blrdmemdes, amphibians, and

n -i m no
"éﬁ SRR I LSRR A P e X et S et o
fbbilB, mbikey, X@bQRat AGrimae, or AP, A nqn-hpman animal may be a
N- ni troso- hi/\droxyazo forms, nitro- aci-nitro forns,

téﬁ\’agw?ﬁla e- hydr oxypyri dine forns. [0038]

4ni tions ' . g ! 4
Bk 1 on SBT3
asrdesmib,ed Asreirs elkeyhare Hinked e direct oo irliveetn valental donavalent

18%?%:21%{{& gbq?’ rlagigil ﬁ’ﬁﬁﬁ%%iﬁ%glﬂ ng éogﬁﬁ:nt fe ﬁ%mha@péggﬂe?t interactions
ihPiedO RN g'é%brﬂmﬁ%% & Wa&l? actf(ﬁtsghoydrébﬁomtqﬁ%erac@lons

nouse,” a rat nkey, 0g, a cat
pagnetic eqtenactnmlspelggtrosmmontetwnms esi mal may be a

ORFT oo oEaReclRe b O B A G st prioydh Of ah BStive

RaCHT thethiiepftifles tTQY t@hfahbititQdfRYerd t6lElic@Che @ésired biological
indirect coval ent or non-coval ent interaction.

eFRonge. abs Will beaprreciated by ithnse of orlinagy ekill in s artatbt effective

| ud
ST b b e A SRS R
dﬁ@étbblbmgldal exdpolritohe phﬁhﬁﬁbhﬁétio%tdf ¢hd dbinffoudd) tﬁél gisease being

etc. 041 '"Ef fecti ve anpunt" %ener al, the
treatade eAhedrinistggtion, ang-the \pgtlcnt or example, the effective amount

ofa tetracyclme analog antibiotic is the amount that results in a sufficient concentration

at the site of the infection to kill the microorganism causing the infection
(bacteriocidal) or to inhibit the reproduction of such microorganisms (bacteriostatic).
In another example, the effective amount of tetracycline analog antibiotic is the amount
sufficient to reverse clinicals signs and symptoms of the infection, including fever,

redness, warmth, pain, chills, cultures, and pus production.
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agent or the mcroparticles refers to an anmount
sufficient to elicit the desired biological response.
As will be appreciated by those of ordinary skill in
this art, the effective anount of a conpound of the

i nvention may vary dependi ng on such factors as the
desired bi ol ogi cal endpoint, the pharnacokinetics of

t he conpound, the disease being treated, the node of
adm ni stration, and the patient. For exanple, the

ef fective anount Bﬁeam@i—rp@ﬁnqiﬂm@mmh@ antibiotic
is the anmbunt that results in a sufficient

A2kt r at Figyre Ashewsthemodudar symthesivelistragyslipgand fefracycline
%‘gag" %%@ﬂ&%&@g&dng the infection

or to 1nhibit the reproduction of such
[ﬁOGBp or g anFsgmse (ldapics rth@mta‘itsymhesm of (@Qretraeycliax atapting from

the effective anpunt of tetr n ant.i bjotic
benzpicacihmtinvol e g pinoRe sl F@@@%@ ey %H’%a agtiqn fetween the
3{1 1 SN [ BhdQ eBQﬁole@cﬁftt{:@’ll' ThE Hokrag yfe?d’ fofr the 17 step

ness, warnth, pain, tures, "and pus
ﬂmﬂthlEWBS)hlo/Q4 Brl ef Description of the Draw ng [0042]

j 1 t t '
AT . 7 g = Rap A SRR e O e vt
[eBbodi gHE %hé@%h@lhaestthﬁ réa@ﬁ@d oﬁtﬁ@bﬂi@ﬁ'eﬁoﬁé 23 with the anion
(-)-tetracycline starting from benzoic acid and

241 tchlvlldrtge mttagycdpm woree Therfirstiseren gtins ase ilentieal ﬁfeﬁv@tﬂr@tnseven
enon 19 and the nzocycl obut eno
§80<"53Re hests Ory DeeBRSEind oV L0882, D het o vae
[luollsf/o [ O0#fdurElt Ghisves Bfirst ahdSechAd genedatitinhyaihesi®bf isoxazole 4
-)-doxycycline in 18 steps (overall yield 8.2%. The

§§ﬁﬁtlﬁé‘§ﬁ synthgsis of 63-tetrasyelagand én- @ﬁy@m«ne s mwrewdﬂswza?
]{HI 48] the am e 5 SholOthd 3gﬁtﬁe§.§‘§fl§e§&§ﬁ§%§htéﬁsl PPL&A i B

seven eps are’| rst seven
s;hﬂmlsidf(t)hetr@qynhﬁmm showh 1ﬁf)gare12r acycl i ne shown in

0045 ure 4 first econd
5&32 ati on %é@‘g s e sy szsa%%f Jevelings o "~‘|YF1 figgi@reserve the
ROLY: S
RRopEAL r@?%u‘?’gﬁ%?t% bE TR BE K The prm RN dEvIR
Ejmcwdmes of benzocycl obutenol 11 used in the

UBBFY° o s T B i e i i reaction

Witk ¥6d LIRS IRV ahd aldighe @Y PidYclihés pré@r@ntht RQEBBhoBie region
be important for the antimicrobial activity of

t}@tlghjdybﬁ impertart 6gyslin¢rgbiabactivifiipi ct s the synthesis
R R AL L
[(msohydr opFhire 95BGW Othe 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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t hought to be inportant for antimcrobial 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. [00511 Figure 10 shows five conpounds that may
be used as analog platforns for the synthesis of

cycli an S.. 10052] Fiqure. 1l is schene :
53T ne neifh S8 B0 b bR REp e U BB TP ram bensoic
acialio 94 eeps@venatllyiéld 8995 The Ghstlterttepy fe IntibAUS tHeMRrst 10 steps
total synthesis of 6-deoxytetracycline from benzoic

Hhe synthasis afi(epietraexeting phown W F4g@%2. The first ten
DOSP o1 LRAPE Y52 e b Syithd ofd bt iPanaldh & Wineycline, 7
pA0 Bl ledxiygancgclinizA Bheres 3Bhvaowy tidwathesiobf #04dyoxydamsycline.
AP e BRehiv i afhoits doobens SapslsatBreraciines
HARNinE LMD s, DéfaSRHn 9%%@‘5%%1‘ H?P&Entfyllly:}ga/{:ﬁﬁbfesvigfthe

f
het erocycl ines, tetrac nal ogs, pen nes,
mventpe method.i nes potentially accessible via the

' tive t ho 005 igure 15 sho t.he chem cal

SEE: Ly oo FRer 27 e P chartlvhmentelalvptifs BEaD-fRe
dtibicheds! @qypé&da?clﬁé)umas fitst prodBEQYERRLynthetically, by

sem -synthetically, b hydr ogenol ysi s of the

hydragenobysiscrf the feomentation prodyetiabreomycin (7-chlorotetracycline), but later

-¢hl orotet racycl i but | ater s di.scaovered. to

A8 GO ot g, By e ARG G,
Nelsomr'WaHiltun, RMA. GNensand, Edé., Hizzlr&éﬁaaz,mé&m Biol6 e @herddsdry and
Eds., Tetracyclines in BIO|%% ,., Chem stry and
Medicéne Birkbaysen ¥ gdes. Bostona0 é@@%ﬁ?ram@n by reference). (-)-

PRSRSRAELA BBl 4 B/ Ay sl PN i
aphare dotrmbmdadtided by inndti-seepcchamécab otisfommatibas bifeprdlettytion
e A T N FCE L e
| : N . " N
AP o on LR Rcl QO iy ! kb
herciorhyoeteraue). Hisnumturehy-6razé mpeesentptiveSoiitaraaychse-IkSmateeules
BRSO iaPhy b KB e RbSURR b now
PRESYEY by Mco%iﬁ%@nt%%ﬁ&%"dgﬁéﬁ@%i?@uﬁe DBt PRure 15B depicts a
convergent assenbly depicted in Figure 15B. Figure 15B

grasTadized MichpehBieskmasa rq&actiwasaqum;@dhmfmns téala&-ﬁoafof
cori _ _ \
REBRIRE &8 nd KlFink BF sftchiylhy Hiriodd GHEBTONC B refffbors

pitkeith@@fshe 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.

[06058] 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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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 internediate 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

HRoRo; < BirRa® R wh R Rt R RS T ) -
devsyyeattakidief By c@wplinge)f@mwg diveeRUPringPreédurdoheand AB

o-toluate ani on derived from 18 and the AB precursor

pisswso. 7 ar. [ Bgomber gi ptepsiandstvsrad] Yields St brogpis agid are shown

{ I i ver - de tetr [N l.jn
B SAEH R b PAEH BB EPRRAA 0T WP A elsBhown
RireeidlSo¢lbantitatteBal (#SgUEREH ardloSiARBt 8 THar\RERIVE and 5-Gram-
yi el ds from benzoic acid are shown in parentheses

pegaive edemrorzapisasu Corsypanding MEes foxtatragyglingd1), g/teating control,
own for whole-cell antibacterial testing

gép%gg%tﬁo%gﬁﬁ'og against 5 G ampositive and 5-G am

[00ge] i ve nFefeel gaidved® crysiallineNiehakl addudt s thegiroduct of a lithium

tetracycljne (1), a testing control, appear at

PYPR 814 @ ¢PO®-gure 19 shows a crystalline M chael

ypt as Mﬁ% b9 hédid 2y Ol ARE a i had 2
e Foob i Rraahahs Bt shuhts bR O anE
Pasvkaay ctdctien séqueaceM chael - Di eckman reaction

DIRAE L notiriot ¢t A e AEnthess Qiamans hoxa afacyclme analogs and

BRI PRSI DrinkPedikRF UTEEE-comipBafdsCepRH Sinificant gaps in
represent significant gaps in the tetracycline _
thedetaaeyclina@elgs, hikskyi migsing duont the litératurefon taskiofa viiabdksymthesis.

L abl 1t hesi s, 63]. Fi 2
OBaF a1 2l g2 Shcwe AP vE s do S e gpespsors from
1$2RRchimydioRybémsichenzoi ¢ aci d. [0064] Figure 23

shows novel routes to AB i)recursors. These routes do
HW64] i nvol Figwné3 shavomivel raptesie Adkpresersers. dhessaryiss do not

A ERRoO G RGP DL Ao Pent BBl e "pr cocnt

i nvention provides a strategy for the synthesis of
tetracycline apal ogs via a _convergent synthesis using

as detailedPeaaintion ofiGertain freferred Embodiments gf thefnvgntion
fUMesF O asTROBIReRSh Mo provides a strategy for the synthesis of

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

functionalized chiral enone 9 as shown below:

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
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R3465 RS N Rg P P OOOP (9) wherein R3is

hydr ogen; hal ogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched ali phati c;
cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or
unsubstituted, branched or 27 unbranched acyl;

SRR AR et ASSS o ABGRAS sttt

bhixisabahed iehedhed by linbrafdRed hefero Na&g( TRRE0;-CCRR; *COLRc; -
- SCN;_ - SRc; - SORc; - SO2
CN{%@R&R@rSO@c,R@thcwmzerM(RcéacNH&&ém,mc@(m,p@erem

G SRAGPSRISEILY, ABHSUERRTs LR SSRODY O v

nm]ey,}a, hm?f)ilt;ilgliagﬁmoeéty, alné‘aﬁblbmefeqa rayllarﬁmil((ﬁéty, a hetleioetgy moiety;
oXy,;. a thio ry t hi o; m. no
gl%at%ﬂrﬂﬁi‘h k}ﬂ@t%@@ﬁ Hye; guyino, alfeylaraingy @gﬁvfapﬁp@ heteroaryloxy;

thggg ,ﬁ Rudrogen; hal ogen; cyclic or acyclic,
substrl tat e 0 ﬁsubst i tuted, branched or unbranched

aI | phBt4 u&:hyduygeh; balogenacyaliciar acmlhssdbtstﬂtumdl arunsubstituted,
t|tu branched qr unbranched .
b EBER Cuflin iy e susHpts gpnsubstinued,
Bfaﬁﬂféﬂ&ﬁ uﬂbranmr%!?ﬁﬂ)haﬁd’ | subﬁfﬂ@t%& bf‘ Hﬁs@tﬁst?cﬁted branched or
unsubstitued, branched or unbranched aryl:; substituted

wrbramehep seylt sibatitutdskcrehautitied brbnehed le tnbrendhedaryl) substituted

Gyt gy BIOragted B Oty s G R 0:Roi -

€2 RSONEL8R £ BSOR Bf -SRIRLS-N O e RIS NNHC(@)RY d6100€Rp ); Bwherein
protecting group,. an aliphatic noiety, a

P@b@ﬁ@@rmﬁaf Ro lmdérﬁnde@tlw abydroge, @ﬂayete%tmgae“gvp, an aliphatic
IR BB p TN mo iy A Ml Y rrpan moict

hllkt)ley maylyk}qmﬂ(kylthm“ ahydthéo, aatiyo, tatitydarmimo ediglk yEEmihes, heteroaryloxy;
E%Q%ogen' hal o en cyclic or acyclic, substituted or
BEFMIOIHOYr anched or unbranched al i phati c;

cycli eg{h@@?&ﬁé hi Balo é diicWr a8y @i %%ﬁd’c{g%%mm ed,

br anc nbr anc eteroaliphatic stituted or
hnasdtﬂdtqrnmbmdphddr@iphhtad cpelic armoyaive dutitutgd or unsubstituted,
ranched or, unbr

BeAghedttBbropthed et e e S PR ERoT BRURE R ofranched or
Mﬁﬂ?ﬁ@h@@ aey1 heibsfiRBdYdr uns¥Gived ,qmanchgﬁ:%‘r unbrifehed faryl; substituted

or unsubstituted, branched or unbranched heteroaryl; -ORg; -CN; -SCN; -SRg; or -

N(RE).; 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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N(RE) 2; wherein each occurrence of RE is independently
a hydrogen, a protecting group, an aliphatic noiety,
a heteroaliphatic noiety, an acyl noiety; an aryl

noi ety; a heteroaryl noiety; al koxy; aryloxy;

al kylthio; arylthio; am no, alkylam no, dialkylam no,
het eroaryl oxy; or heteroarylthio nniety R6 is

sel ected. f,rom,t o onisti e

ool oS inibaibaly SRR SRS EPRY sty AFfogen ora
pobgting gRg. dhewhfrhimbhé Qbﬁlﬁjb@ﬁia@treﬂwltm%ﬂs% hthahdes anions
substituted or unsubstituted al koxy, -OH,

ofgpluatgsiBangpeyslobatepoten podienegdp w@drtqﬁt@cyc&mwnaloaﬁﬁnﬁbldmg
ﬁ‘& og*«ﬁf&ktyrac IE% i g&igl%% Otﬁgj(c ltne é)eﬂ‘gggﬁc%ggse We e¥oclyc11c

e’ grou régen
permao@ehmeagpcgmmneswﬁd hétetoelclRnsulycyRlisan 'Ithesdmxab@dpounds are
ani ons  of phthalides, anions  of toluate

i?é‘ﬁé é@f@ﬁlc}ﬁlﬂ%@ﬂ agtIvigy OB egcrpbewelﬂlémeétaﬂamlly tearacycline-
%BQIIUQP %}'}éaﬂf‘sﬂd‘:{s Rek] aﬁeotrge[n?&ﬂscltﬂo% t]%tbrquﬂ‘& El“?esresmt t.
1 C tri cyc I ne pentacycl 1 nes eterocyclic

f:'iempam;dslfbmm'ht,o hedlayeriotidales baetedodiaticeare ayal indormulating
tested for

ol ycycl.ine These new ounds, are
BRUEEPLheAreRiToenE of HieAEY mjumanand Verseingn gdicine. The
Edrﬁ;]%!ﬁlﬂé) el 36 babd ﬁﬁ%!llﬁ&lfeﬁﬁgé h&ti\“ﬁ/ %ﬁ@bﬁﬂ%@ﬁ are useful in
as organi sns known'to be tetracycline-resistant.

@m@mm& of antipdoliferabive Dizcases irsbidieg cancerhati-inflapwnatoiyadiseases,

used .n forpul.atin har uti cal,
PGS difke B Patid bt tashrb R S ol e inventive
iRabachne the yathesio P uachcliak analbsLal iRt BfltHe@fficient synthesis of
anti-proliferative activity. Such conpounds are useful

WAy eqrBpeunda neves before arepatsd oF RYailable ustnggiagisa sees and semi-
%ﬁﬁ?ﬂeﬂg Q8 Qger anti-inflammatory diseases,

0|nnune I'seases, beni gn neoplasns, and di abetic
retlnopathy The |nventive approach to the synthesis
é tetracycline analogs allows for the efficient
s of many conpounds never before prepared or

I bl i
aﬁn?quis%ﬁeﬁﬁ%@%ﬁé U bk i ofiin Bfke UPICHE ffalogs,
heterecydlionetiavytlireartabrigs atiyydlines taryalioess penthaicEnes; hetbro«':yhc
%ﬁ‘é'ﬁf{%%c" gégg o Safely}q%%%ggf%wLMcl}?ﬁwg%qgaaea'ycyclmes

HRAVBE Uc'j‘z@ﬁnesh?ﬁﬁfcﬁ&‘fl?ldsefup%rﬁ 4k BEe pti’és'eﬁiﬁﬁgentron include
5olyc cllnes and ot hef polycyclines. Particularly

gesf with bm&weﬁi astiafy. tlh@emlesmbpdnmwmqtthmmmhdmf the invention
acti vi t

Rl nEN B e ol b O Ru BB v et inhibitory

c&iﬁbtﬂftaﬁbﬁbw% rédpdt Vo b YarticQlar BT, Of lebHhak SUR@UAD, preferably
a_nmean inhibitory concentration, wth respect to

153%?1% 22 ug/amL.paere arefsiabbrlessdban § pgfnboang/mest preferably less than 1
}Pé/ﬁlf].? rI%kPleXample, 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 preumoniae;
Gram-negatives—Neisseria meningitidis, Neisseria gonorrhoeae, Haemophilus

influenzae, Escherichia coli, Bacteroides fragilis, other Bacteroides; and Others—
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| ess than 25 pg/nL, nore preferably less than 5 g/ ni,

and nost preferably less than 1 g/nlL. For exanpl e,

i nfection caused by the follow ng organi sms nay be
treated with antimcrobial conmpounds of the

i nvention: G ampositivives-Staphyl ocococcus aureus,
Streptococcus G oup A, Strept ococcus vi ri dans,

%ﬁ?ﬁ% C?élgel?!d%‘t neu e%lo%eem%‘ﬁé?h (tztlﬁ\;es N? asn?ralza In other
embodirrRnBEthe Esmbemdslvfahecmkzentloﬁaﬁhﬁﬁtcundgﬁ)lﬂ‘féragvé acivity.

ot her Bacteroides; and Others 29 Mycopl asm
BWéu]m)nl aeln qqr@ﬁbﬁ@h%fhwam the Fﬁtram@u@tap@,lpas ofihg present invention

a.€Mbodi ment's, the conpounds of the
[ nvgﬁml on efthglt ant| prol i feratlve activity. [0067]

In certai n enbodi nent X lhﬁRg eR I i ne anal ogs of
the present | nventl on L se:nt ed the formul a:

R, RfiR3 Rfi - R6 OH O OH O
O (10). Thegry; e one, two, or

t hree doubl e bons . : o repislz t he
D-ring is aronatic. f 5, the D-ring

i ncl udes only et o
enbodi nents, the D-ri ngolencl udes tvvo doubl e &hﬁ'ds

Whe Dirimgpgf i mapinchae ohe, two, cothretgiublerbondfi elnReftaing may
be, sybstit d with vari ous roups R7, R6, and R8 as
dapediganisedio i ring isHEOmAlic, Ryt eﬂ%ﬂﬁg@ﬁs thePugngrincludes only
SHCAdubleHBonAC 1h leéri‘lﬁdql]ﬁlgntg lthe Wﬁﬂgﬁwd@é 89? double bonds
ched al1p

branched or unbr atic; cyc
whishmiayaredayomot beris odrgugatione The Hi]r-ang ey bcersuhstbutadl &shthdvanous

het ph t,ut ed bsti t ut ed,
BPUR R A R Rt drORBA BN Ut tured or
unsubgt ¢, R§dan BE BREDEEh; Bhlogad ogalw&dac@&]yd substituted or

substituted or unsubstltuted ranched or unbranched

wistbytigaled, branchedor vayranched @jl]ph&tlc cyctie Raacyctisg subsignted or

U%F%&S t%c}lgﬁﬁ@abgﬁr%% lljlgtrexcoR@élg%*c w}}!cf @éﬁo‘ or unsubstltuted

brﬁﬁlﬂﬁé@d&ﬂlbﬂaﬁdﬁzdfmﬁm ogRtituté G eisaisstinig, Brafthed oﬁ“ilnbranched aryl;
al i phat.i c noi et aheteroallghatlc nolety an

$Hsdptpd of ynsybstitutad, brapched arainbrapehsd heterparalyORal ﬁéx;ﬂ( =O)Ra;
RIORRACNASON IR, -SRI, LSO o, FALNRSY ISR o -C(R )
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
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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het er oaryl oxy; or heteroarylthio noiety. In certain
enbodi nents, R is hydrogen, In othe enbodi nents, R

is lower alkyl, alkenyl, or alkynyl. In yet other
enbodi nents, R is nethyl, ethyl, n-propyl,
cyclopropyl, or isopropyl. In still other enbodi nents

is nmethyl. R2 may be hydrogen; hal ogen; cyclic or

y i an
SEH5U EraB S BE RSy BB s SERETRRRL 0w -
ON; .BCNPSR, LBCB?R!B, -SO&R&IGB@ N(RAMHFNHCOIR g; or -C(Rg)s; wherein
het er oal i phatl C; Substituted or unsubstituted,

#7ch Qe HEEENSE of B by indensadentlya hydseass: p prateginggroup, an aliphatic
t
ﬁ’tﬂrce%&b% Hetéﬂ%ﬂ{plll%‘?@g!}?% aﬁracﬁl']ﬁ&%{y gr anc ﬁetésyﬂééﬂogﬂﬁ ﬁ‘ﬁi)lety,

30 or unsu ranche
dkoxer; asylyty; allk®RBio; a@lthicCam)RBlk vidaaARRialkylahiine, B&roaryloxy;

oy HroFe i bl b A 9L o

EMIBRIRABAIS R % h3dFok I SALHrotcR iR RURKY! BDup! ﬁ%brta?t{‘em‘?/odlments

allphatlc rmlet a heteroaliphatrc noiety, an

RDIS@iISOXYarIm wtydthwmdm;hm@th &zes akorwdr atioyl.elkenyl, ar Rikyyyl group.

remiaiteintis Bl RodF bt JH ot Pbodiments, Ry is

ﬁ@llh?I ma R@ iSefdr&gen. QH’@&@HlH@ﬁbﬁmnﬁ%tsl R aﬁdiks)wtakénrtogether to
ot her enbodi ments, R2 is hydroxyl or ae{!orot ect ed

foymacsaThocyelines hetaroeyshie sing sm@pmm tordd.i s al koxy.
|
ol kanisy B3 BFogBRRRAE bR B po 8, i Blucl ok Mpsubspiptedy,

branciet loy unbrancheBR2liphatity d}"cﬁrbé)dr acj'dlhco§d’n>§ﬁtutﬁﬁltlﬁdllrll§iﬂfshﬁhted
i.s . methy nd R is en. In certain

AAUSH S RRRFANGed DD BHS, SHRBRIEbYHREbS Rged. bsanshed or
l?rﬁ‘i‘ﬁﬁﬁ&%éﬁ Ss%h gﬁfeﬁ lo? ﬁ}fﬁlb ﬁmEﬂ,@aﬁ%F& Spﬁrﬁﬂﬁl{cﬂg{i hlg}fes‘abstltuted

o 10. R37i rogen; ogen; cyclic or acy
guinsthstitited) bmcherkommbramhexﬂhetexbawlnc-m o0; lOET@RehelD:R; -

@ﬁs% g&g%% g{?ﬁéyd | C[N@F?téﬂéé S)q{coor -C(Rc)3; wherein

daeh BEQRMchBOSE RE is 1ﬁ§%%hﬂéﬂﬂtyea%y%‘o Fﬁ){té&lﬁg &fbup, an aliphatic

branched or unbranched acCyl;” su
meishih ¢ thetecaadiphagicamoietyd an acxlnmlauycaneak'yhnyoiqty,sajtmmamd mwiety;

un%r_lﬂz tlt&fa&@g’ﬁcbrﬁgﬁg%glm%t %&Pra nch gkgeterogﬁglaryloxy,

ore‘h@aeﬁsaryum%oletw B¢ tettain DGO IIBsis, Rg is l@ﬁi%@eﬁl IVB@EE N
each_occurrence of Rc is i ndepende hydr ogen, a
tadiBenthR e 8 dydrozil goPpRBE Protectes] *migfoxsé group. In yet other

Jﬂl%o%l rﬁ@ﬁté Hﬂf’i% bifko yﬁ]t Still @F{h&cé{%trciﬁgxgﬁtg aiﬁllls J&wéﬁ‘l alkyl, alkenyl, or

er oa ;
ﬂlk)lmrllthlo arylthlo am no, al kyl am no, dlalkylamno

het eroar% or hetergarylthjo noiety. In certain
enbodF4re By rogﬁa haloggy:rysenr aq}’ﬁh6tSHE$t1m‘éﬂﬁbHﬂ%Pﬂt§tedR3

H;é%c‘?ig?ﬁg{rl@ﬁ(ﬁ g?}g@lawc @Sfl:cgfz 3t gg Eg Ay tﬁ?égltolr lg]ﬁ&#)gtltu dd
beartshad mewmtyandked hstei'aahphatﬂ:l; kl;hlstltuaddmnmbubsututed branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORp; =O; -C(=0)Rp; -CO:Rp; -
CN; -SCN; -SRp; -SORp; -SO2Rp; -NO»; -N(Rp)z; -NHC(O)Rp; or -C(Rp)3; wherein

each occurrence of Rp is independently a hydrogen, a protecting group, an aliphatic
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al kynyl . R4 is hydrogen; hal ogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched
al i phatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched

het eroal i phatic; substituted or unsubstituted,
branched or unbranched acyl; substituted or

ubst br.anched hed it
PR AP Rl PP R gV RO G AR AR S1p 1t L Ry Fibiety
alm aﬁwkﬁ%\lﬁgﬁm%% mgiamlﬁg_\ﬂlaﬁc Bgungm %agyloxy,

@rahqﬁer@@ra’l}hwén@@tyofln REFt4i8 embeéwweﬁmwhwrwr dpether g
ﬁ{lﬁ(écﬁglgb g’ﬁg s%%%@@tl giougq)?ta @yﬁ)t%étem#&gxg rﬁoup | In yet other

embeadiyienid, Reisallaayy [In 5ol Argher embkdimntsaRyisq&WEr alkyl, alkenyl, or

ﬁ%%'ﬂéir’p %r@i‘élgﬁaﬁwlm@msgimwm&am ekggen in BT sgodiments,

t
REBRPRER hon et or Y OAOE Db Yol B B BOOLHCTRIE steff spiro-
yektedao e B-rimgiaddiOnent s, R4 is al koxy. In still further
enmbodj, nent IS r al kyl, al kenyl, or . al kynyl .
T o oRy et B b deer Lo tep ot ier Snrusus Bhed oF Shulstituted,
bran&Held &% uﬁ%ﬁ&leﬂ%ﬁbﬁaﬁc 1R aBclR! Sutsaledl drapSitigtutt®

forma carbocyclic or heterocyclic ring system spiro-
brianghed Olr@nbmcllezd hetangalrphatm summta@ obmlshbﬁmﬁgé,rhranched or

HReRER oSSt fog RN Bt eoRit A G ufirapahen aryhs substituted
SyRsbstidfted by ilched oStibtinched ReteMar OIS LENYISIN; -SRE; or -

branched or unbranched heteroallphatlc substituted or
MR srherein sach escurvenmsd! &e is indspendentdyia hmjﬁlogen a protecting

O, et oY Y Fbler g BR800 B B B8 moiery: o
ey hmbéjrn,gﬂ n eag%ﬂ%xg:’: ﬁﬁﬂ é}rlllggﬁg%th RE ;rr(ﬁﬁg glagllgeent I

i u is i
‘Sgﬁy%ﬂaaéﬂwteaowl&e&wn h?@ewfgwksms meigtyq IR pertain @nheqh@rteyts{/ Rs is
et ﬁ[{ﬂ%‘nﬁg at l:lf?:ll pr@ﬂ:rﬁ:ﬁ?‘ Elrﬁ@hﬁﬁﬁ’u Hle_ﬂ{)ﬂmmo,

moi et teroa nnlety OXY;
Jalethyl(ethybamamyﬂmmp;dalmnom;ztha](pmbymmmp, ordethjrl@;rbplyt)amdno. In

%ﬁ.ger i?{)g%[(lar F%Ql% g;} terﬁgl[ eqt %}ryﬁwi,tc}{'&}koxy rrltygtI or%her

Sheddimkas] mfhs sﬁﬁﬁ}d%ylap%de&édﬁiﬂsmkﬁ"kaylﬁh@MyI ami no,
nmet hyl (et hy Y am o, di propyl am'n

met hyR{ istogsogratiabegenpeyclicioy BQ)Mlg,pﬂpb;tamed@r unsubstitubed;
A TP g B BB BB P s

trandhed be dnisdhdhed titeroatiphaid yhBshitRdd or WRSubstititdlRashed or

hal oge Q)%/Cl ic or acyclic, substituted or
A1oBed A cubstithied oe MombstuahBranchr ar wttirpiehied eryl; substituted

&Xfﬁlsﬁlystlg.{tecf("o}‘ﬁchgd oSutReidchid ﬁé‘lex%'ér)}lj,nws,t—bt, %F—%)Rc, -COzRg; -
CN; -8CN; -SRg; -SORg; -SO,Rg; -NOz; -N(Rg)z; -NHC(O)Rg; or -C(Rg)3; wherein

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

moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety. In certain embodiments, R; is hydroxyl, protected hydroxyl,
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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(=ORG -CXR2RG -
CN;, -SCN, -SRG -SORG -SO2RG -NX2; -NRQG 2i

a‘”’%%pe W pyeE kG G A o oup, “an

al i phRE hed RyRieabyent afthewhe@lm@bétween fHRi cafton a@(ﬁm@ﬁdﬂich Re and
noi ety; an aryl noiety; a heteroar noi ety;

Bu: we@ktﬁcheénkmr@ﬁeats adtopils o ase caghi s cteduwiﬁmam%y from the group
eb§.& gﬁﬂgg gt%}la?lglr %L%Jé%l[ut?d ?{ lﬁ[}ﬁg)sgft‘g@ir d&rﬂgggtil@ substituted or

I men
msmbaanm hlatysctraxhphétxc aﬂnsatdmb«)r urlsobweituted Alkbxy, - omemN _SCN, -

k | k ha R6 d R8 .
gid @%t‘m N aﬁg}%g vl ﬂg{nse@%@ﬁﬁvh@megnr%wsa B fgtain
Wbl AR Pand R, A6 Gbthl ARG HOBRAERS T Sor R 0 MentO"

are each sel ected i ndependent y rom-t group
K968] st i ngThé vh}edblwlgsmnlhmgcxganhe snpsof @m&dnduswe As will be

bsti d tit d bstit
HERerakd bRt StoRL e e Be ik iAo B arelRRER S e
béehleerr §bhd 4 ﬁlggkerablysbbtwéélkl"ah@?: Omore]}%fera%m B@wedl Kyhd 2 In

anlno and am no TOUpS In certain
%ﬂmﬁuw’mdl@emﬁzﬁw Re, skecsubbiiteents Ry aredn kg ortho configuration. In

0 Th
FRBEE R R ot 5% b 08RG 7B Hh At S Atidh. Ana
ind yet other erabfdigeh®] wHerby i) gheddubstitubts RY atdia the ergnhen
the Dring is aromatic n is an integer between 0 and

QP“%P@“@Pany between 1 and 3, nore preferable between

0080, . 534 e OB s cOER Do o Bence o

drlder enbodl nments, when nis 2, the substituents R7

re jn the par conf| ur N et ot her
@H@%. ment ég wﬁ s aﬂpﬁe%a@ﬂ%wwwﬁ@gv i Me@ qempgpads of formula
i(f‘?ncﬁﬁ% %en%iﬂfek 98Add s EQ@@%} S@@r‘fl S 4 th\'g?mers thereof.

fornmula 10 nay Trepresent a or the absence
Bmmtlvpﬂmtmdemmwdl fdrmsaSphteinchile dnpphamacafticsky héceprable

f hormia 10 includ . :
sl eyt SR TTRHE T Segp:frant s 610 [ iGigscismisorapigtolente,
Sleste aldraePEadtst e EQRin em%dlm\éﬁtsl mesnveﬂﬁwe&nwﬁfdee&tsmn

forms. Salts include ;B% har maceut i cal | y accept abl e
Wtﬁgomlﬁ éoniatrgutagpH #+R; belvgrpretonatediamiot grow angl the C-3

birdo il blofidd Bfoulit BRI < °ihe hventi v

conpound exists in zytt rR3och Nel(Rg)gt neutral pH
with the R5 being a fijsat eff Tamizno group and the C 3

hydr oxyl group d formul a 10a.

NH,

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

forms of substituted and unsubstituted heterocycles. For example, the B-ring as shown
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RLRRg RNH(RE)2+ Re : ~i 14 O (R7)n- i N2 Re O
OH OH O O (10a) |soners include geonetric isoners,

di astereoners, and enantiomers. Tautomers include
both keto and enol fornms of carbonyl nvieties as well
as various tautoneric fornms of substituted and
unsubstituted heterocycles. For exanpl e the B-ring as

lefgmulgagtm?ngesgﬂ(ﬁno%{egi%sg ra\gg%lﬁgh go 's?'f?shthe keto form
ﬁﬁfeh@in%oﬁﬁﬁﬂﬁ&ﬁ%%h@ﬁm%ﬁi%mb@hﬁﬁh'Iﬂbfaﬁﬂ mgt:a 10b and

10c: RR1 RFiRB RHR5 OH (R7)nl§ Rg OHOO0O0O

(10b) R RR3 RH R5 o': BN NHZ R5 OHO OH O

0 (10c) O her taut i |5]_ be qappreci ated by

one of skill in ‘ d on the
substltutlomRﬁaftern.o structure. The
fornul ae drawn ake \ : NHand do not
in any way represent ¢ 2ang aut oners t hat
may exist for a partic . [PO711(1dpyi ous
subcl asses of conpounds of the fo Ia 10 mhlch

i ncl ude a substitut ng?m Rglﬁns Pt iiut ed aromatic
D-ring are shown bgl oW > hesel subd assgsqy 1 nclude

@“ﬁm ituted, and
#

OH O o) 0 (10¢)

NH,

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.

[06071] 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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OHOH O OHOORT OOHOO RF R RRBRR5 RT R RR3
RRERT/ =- OH=O4 RF\' \ NHZ R\ I\ _ | NHZ 7
OHOH O OHOORT O OHOO RT R RR3 Rfi RS RR3
:13rE1995~iNH2 H 7 0 OH0O O 7 0 OH O O 35 wherein
the definitions of Rl, R2, R3, R4, and R5 are as
descri bed above, and R7 is hal ogen; cyclic or

ubst t
%ﬁ%r%lélntglﬁ dgﬁll? ’?f)ﬁg tﬁf‘ I?ll R_z, c?(i,klai %’1%(# a%% ?les?}[l@ EE) QC an R is

Ralogsns Uj&ﬂicldrlabﬁﬂl.c ﬂfn@ﬁmt&lcbr%smhﬁﬂm; bﬁﬁhched or unbranched
Qet eroal i hatl C;.substjtuted or unsubstitut
rr&ﬁtﬂﬁédc ¢ on ARyl SHRW e pF uwb%ttw&eﬁ,t!tramch@ﬂ or unbranched

HASAREIHA Eleeﬁbsﬂg%ﬁ%@%ﬂs Hl%r B%Eﬁé?i duhbr 51%3155 ftﬁs‘iiltuted

or unsu stitut br anc ranche etero
e1ORGEbstifyed; Bancthddar unﬁfbﬁElﬁ:d &rﬁtxlsubsﬁﬁm‘;d erSE?@,]bs:t]ﬁﬁBI;‘gbranched or

e RrtER: GrReaOieC IR EADabeI- e ol gt SR

HODE L CNO)I-NIRQYP -Nﬁ@(@ RP t&?td?ﬁ(cij}) hHeYoin €ach occurrclance of Rg is

het eroal i phatic noiety, an ac noi ety; an ary

M;emn;ienta/ hhydrp gqr ylprqtmtmgygroup, Ian)ayphmcyn@mg/, a heteroahphat:c
|t hi ; .
Raiebr aR S gnsret i ot etisivyt b Fistss ko i Bioh Aoyt

ﬁ?‘bﬂl@* Amito$ alkRandiso, Wﬂkﬁéfx‘ﬁno Bét@fo@%ﬂ@i& lay Heteretylthio mmety In

kox | ower aIkyI, | ower al kenyl, I"ower al kynyl ,
maa“g@ﬂbomme@tph%r isdiydesavt peateeted tw,drmsylcs,llsq)xsc Igyver alkyl, Jower

% 1, 18 er ﬁHPﬁ)}l r%a?odgegr Iy &%FP@]&B&&’I arggntf aQ%P&% ot acyclic,

anc hat1c;®or ¢

SlbbﬁﬁltddLHrQﬂsuH stitiigl) bfinched (ﬁdmbkﬂ’nal‘ﬂ@:haﬁﬁnhﬁﬁc o hyﬁi’&di%ychc
%ﬁ’pero liphatic. In yet other_ enpodi nents,

tigtedgrippruhstifted, branghed qrynkranshed hqﬁergglﬁg}atw In yet other
%W C. tﬁ'} 18 %lh all?s*l‘ﬁﬁﬁf),t (Hgﬂalﬁg lattiirnd! bﬁtd ltl#teﬁ‘ﬁ)odlments R;1s

eter ocyc i'c ter oaryl n cert
ﬂmbmuedmntns,ubﬂiluﬁed cjmlm;l hbted)cpn:llu,l iyl ,aor letetbangly |In cfifdin 2]

Vari gus s sse f the formula 10
%%%ﬁm&%ﬁg ﬁ?ﬁg ro‘%&ﬂ‘gt?ﬁﬁ‘gﬁcyi C10 are shown: R1
ﬁbVﬂs N( RB/grious subclasses of compounds of the formula 10 which include a
hydroxyl group at C10 are shown:



P
wl
x
Z .
T
1D Qll{e
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R1 2 OH (R7)n NH2 OH OH O CH
RE)2 Fi OH (R7)n ~I N2 OH OH OH O
E n/ I I NH OHOHO OHO0O
R HO OH0 CHO O wherein
, R3, R4, R5, RE, and R7 are

OH O OH O O
wherein the definitions of R, Ry, Rz, R4, Rs, Rg, and R; are as described above. In

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

R1 R3 E(RE)Z
R 4D

-
-

I

)
al)| ™
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certain enbodi nents, the conpounds are

6- deoxytetracyclines as shown in the R HR3 R~ N(RE) 2
H (R7)n ~ NH2 OH formulae below OHO OHO 0 R7 Ri
R3RFjf NNREP2 OH~1 | N2 OH OHO OHO0 0 Rl HRH R~
NNRE)2 _OH R=N2 7O0H OHOOHOO RL H3R
N(RE)2 R7 = OH NH2 CJ—IC]—|OC]—|0038R1HR3RN(RE)2
OHNH2 OHR7 OOHOO H3 FMN%%E)ZW (R7)n- |

H H

OH Q OH o} 0]
wherein R is hydrogen, and the definitions of R;, R3, R4, Rs, Rg, and Ry are as

described above.
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N2 OHOHOH OO RNRE)2 ~HH=OH (R)n/ | | ~
NH2 OH OHO OHOOHIC HNRE)2 OH (R7)n NH2 OH OH
OOHOO RL HRH R ORE (R7)n N2 OH OH O CH O

RlL HR3 FI SRE OH (R7)n
I's hydrogen, and the definitions of R, R3,
RE, and R7 are as descri bed above. 39

[0073] In another aspect of the invention, the carbocyclic D-ring of tetracycline

is replaced with a heterocyclic or carbocyclic moiety as shown in formula (11):
Rs

Ry RaRs Ry

o} OH O 0 (11).
The definitions of Ry, Ry, R3, Ry, and R; are as described above for formula 10. The D-

-
e ~

ring represented by *~--<" can be a substituted or unsubstituted aryl, heteroaryl,
carbocyclic, or heterocyclic moiety, in which each occurrence of X is selected from the
group consisting of -O-, -8-, -NR-, -C(R7)»-; n is an integer in the range of 1 to 5,

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

P
’,

4

{(X)a
In certain embodiments, ‘----" is a polycyclic ring system such as a bicyclic or

P
¢

00
tricyclic moiety. In other embodiments, *+---" is a monocyclic moiety. In yet other

-
-
I ~

(3:(),,
embodiments, “---<’ is a substituted or unsubstituted heterocyclic moiety. In certain

(s()n
embodiments, ‘~---° is not a substituted or unsubstituted phenyl ring. In other

P

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

S S NS (N\
(RT)n_| (R (Ron—r (R
KN/ N F# P P

(5(),,
In another embodiment, *---- is selected from the group consisting of

~
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[0073] In another aspect of the invention, the

carbocyclic D-ring of tetracycline 1is replaced wwth a
het erocyclic or carbocyclic noiety as shown in formula
(11): R, RRBR-RE OH ~)Nn NHp OHO OH O O (11). The
definitions of Rl, R2, R3, R4, and R5 are as descri bed
above for fornmula 10. The D (@ ring represented by '
---~ can be a substituted or unsubstijuted aryl,

het er oaryl , cyclicll<l het er o ic noie Q in
whi ch eac rrefce offi X i l e om tfin roup
consi sti n@eng , -(é)'n__ (55@( 7) 2-|f (Rghi

integer in the ge of i nc fve; an

bonds between adjlacent X ngieties arg| either sifpgle or

doubl e bonds. 1@ certain @rodinment® --- is &
pol ycyclic ring systemsuch as a bicyclic or (X ~
tricyclic nmoiety. In other errbodlrrents - is a
nmonocyclic noi \ In ye e N enbodlzpﬂﬁ
--- s a hsti t ut nsu d oflycl i
noi ety. I éJj’(‘:eaf)t ain errb (ke)r's Inot

substituted or substltu phenyl er
enbodi nent s, is a pyridinyl nolety as sho : NN
(R7)n (R7)n N/QR?)n~~/ (R7)n N (k)~ , In abther
enbodi nent, ' ---~1is seI ed fromNye group

consi sting of 40 I—lR( Fg RB)n j | (R8)n
(0OCHOO / I

OH OH .
30,
In yet another embodiment, *~---" is a five-membered heterocyclic ring selected from

the group consisting of:
Ry

(R'r')n\'N (R7)nx\ (RT)n\/ (RT)n\/ (RT)n\/
A RITRIT

N o] S

R7

R

(R7)n'\\ (RT)n’\\ (RT)nxo (R7)n\/\s (R7)n\N7
R RN R

R

(RT)nVNj (RT)n\:l (R T)n\ j (R T)n\ j (R7) ﬂ\ j
/4 /4
&3 Y G

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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NN ~~~~0(R3)n !l (Ra)n NRB)n j~ ) (RBBn 1 N 00O
I V1IN (R7)n (R7)n OHOH. M In yet another
enbodi ment, ' --- is a five-nmenbered heterocyclic ring
sel ected from the group consisting of. R7 (R7)n \ |
(R?7)n~~ (R7)nn,/ (R7)n/ | (R7)nR7I/> (/\ NO S R7 RY
(R7)nO~ (R7)n~. (R7)nO (R7)ns (R7)AN R7 (R7)n N
(R7)n,, 1R7)n O (R7)n (R7 N S~ O N~ N~ N~
Various tetracyclines %l)

invention are al so showd B _FAQ8re~l4. Ofi0074] O her

------

conpounds of thg ifive

the formul a: 41‘5‘)'Rd\%3 B c)n
wherein Rl, R2, R3 "RINEE e as defi ned
above. |In certain enbodi js of the

conpound are |inear. |nQtherOenbddi nends, the ring
systemis not |inear.,-Bach occurrence of the ring
'----',in certain enb(églin';nts, is a nonocyclic (k)n I

Wier&n ﬂl, R;, R3, 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

-
F

4
(X)n
linear. Each occurrence of the ring *----', in certain embodiments, is a monocyclic

- PR

(30, ¢,
ring system. Each occurrence of *---- is heterocylic or carbocyclic.  *~---" is three-

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

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

R, O ©OH O O (12)

Ry 0 OH o) 0 (13




ring system Each occurrence of --- is heterocylic or
carbocyclic. - is three- nenbered, four-nenbered,
five-nmenbered, six-nenbered, or seven-nenbered,
preferably, five-nmenbered or six-nenbered. O her

cl asses of pentacyclines include conpounds of the
formulae (12), (13), and (14): R7T RRR3I RR5 CH V,

N B T Reih el (il rtdyapt 19,

FHOOHOO(14) 42 wherein Rl, R2, R3, R4, R5, and
dRZ aie as defined above. In forrrul ae 12, 13, and 14,

'BpI-C spiésent asubsitifod be Unsbstitaed as}l] hdtéBsryRIottbocyclic, or
heteroaryl, carbocyclic, or heterocyclic noiety, in

b\ﬁﬁf@ﬁ}"@é}dﬁO@Wemeﬁb €agf oogurrenasef ot isesgleeted rﬁcmhéweg@lup

Ehﬁé b S- %Rﬁé%oq{s}i ,%%s gn 1n%r%§? }r?fh’e rghée ofﬂr}{) 5, inclusive;

ege In the’ran usrve

imihtﬂe bbﬁds\llﬁ:@xﬂe@%dﬁ’@éﬂttX&di‘e‘tiatar@atm elng]etdielbublb rbgh& dh certain
doubl e bonds" I'n certain enbodinents, ' ---~1is a
pol ycycl i c l; system such as a bi cycl ic or tricyclic
m)f)%f%/ﬁsé (ﬁ 1 In other enbodinents,

R cycrl cisgralysyclie fing gystem swehorsi akigydic or tigycljc moiety.
substituted or unsubstltuted aromati c or nonaromatic ,-=--
car bocycl | c noi ek y, ffor exanple a phenyl ring. In yet (501,

A AREr 5 b egﬁ -" i a nhohoR éfék]‘ﬁ&e{)}‘tlﬁ%t cmbodimcnts,

unsubs eterocycllc |ety n
Brazotstitetet ©r uhsubstituteidsaroniatia osn(mmtmmaticeﬂarbocyclic moiety, for

(X

example a phenyl ring. In yet other embodiments, “..-" is a substituted or

(?’f)n
unsubstituted heterocyclic moiety. In certain embodiments, ‘~--" is not a substituted

0,
or unsubstituted phenyl ring. In other embodiments, ‘---- is a pyridinyl moiety as

SLESIESI= S
(Re)n—r (Re)n—r (Re)n—iF (Reh——
N N s o LA A~

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

shown:

43



or unsubstituted phenyl ring. In other enbodinents, -

- is a pyridinyl noiety as shown: N No 1R8)n (R8)n N
/ (RB)n (RB)n - j J N ( )n In another enbodi nent, --~
is selected fromthe group consisting of 43 H (R8)n
HNI1 (R8)n N/ (RB)nj I (RB)n1 OOHO0O 0 Ol N\ 011
j1 01 (R8)n (RB)N ~RB)nlz ) (RB)n N OO0 (M (R8)n
(RB)n OH OH . ~xn In yet another e npodi ment, ---~1is
afive-manbered terocycl' rlng tedfro t he

group con stl | R8 N(RS )n I
(R8)n/ | S)n R~ R O RS)NSIRS nn ( 8) ns
(R8) N \ (Ra) R8) n \"\¢Z

0 OH 0]

Re— |( ( JRan, i j(Ra)n \nj
0]
NS
Rt |Rel—-
N A /
CH OH .

(S()u
In yet another embodiment, ‘~--- is a five-membered heterocyclic ring selected from

the group consisting of:
Rsg

(Reh N~ (Rek (Rekn (Re)n~g™~ (Rehn

Rilcehnelnghea
o] S

(Rs>n\<j (Ra)n\Q (Ra)nU (Reh~ & \j (Rs’n\

(Rg)n N j (Rg)n Nz j (Radn N (Ra)n \ (Redn ~e
SRy j | j
I IR R R

[0075] Various subclasses of the formula (12) include:
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N RB N(R8)n.N (R8)n ~N (R8)n ~ (R8)n C (R8)C ~S~
O~ XNO ~ NN [0075] Various subclasses of the fornula
(12) include: 44 RT R: RRIREB RS OHNH2 OHOH OOH O
O RIRIRBRREROH \'\ =NH2 OHOHOOHOO RT R R
IR N(RE)2 OH\ \ = N2 OH RT OOHOO R7 R K
N(RE)2 OH \ \ N2 OHOHOOH OO RFTRILRR3IRRS

OH o) CH O o

[0076] Various subclasses of the formula (13) include:
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and R7T R RRE Rr RS OH (RS n\ NH2 OH OH
[ 00761 Various subcl asses of the formula (13)
e 45 R6 RRRRENHR7T 2 OHO OHO 0 Fx)". RR
RRORS 1 Fi 3OHNR OHOHOOHOOkKk RR5 RR3
RN(RE)2 NH2 R7 R7 OOH 0 0 kx);, , RL RR3 % NRE)2
H ~l RNH2 7O0H OHOOHOO 1\ R RR3 %R5

29
00
‘00
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OH RTOOHOOand RLR.RRRRE CHNH2 R7 CH OHO
OH O O 46 [0077] Various subclasses of the fornul a

(14) include: RILRRIRRSERTOH VI \'I N2 OHO
HOO RFTRR RRRRROH V1 \' N2 OOHOHOORY
RORIR3Ti NNRE)2 RT OHNH2 OHOOH OO RL RR3 Rfi
NNRE)2 R OH V' I \ , | N2 OOHOOR/ R RR3 R5 RY

o7\ — Phous BB E the formula (14) include:

Various pentacyclines of the invention are also shown in Figure /4.
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HOand R~RRERRER-==0CH \ | \HNH2 (R8)n
OH OO OO Vvarious pentacyclines of the invention are
al so shown in Figure 14. 47 10078] In certain
enbodi nents, the tetracycline anal ogs of the present
invention are represented by the formula: R8 RlL HRH
R~ R X==04 (R7)naD NH2 R6 OHOCH O 0 wherein
X is nitrogen, sul fur, and oxygen, and R, R3, R4, R5,
R6, R7, R8, and n are defined as above with the
[oor1at t hah cBRSA efabiolingerdd, thh teFacycin@ BSAods oflt&rrddent invention
O her classes of conpounds of thé invention include
o8¢ eapegsenfed by the feemukbr nul a (15). HR. H R5 RO OH Rip
NH2 OP OOP OO0 (15) wh eiﬁR%Rés and R5 are as
defined above. P is hyegogem or pebdt ecting group. R9
is hydrogen; cyclig~Qr & jA psti LOHed or
unsubsti t ut ed s) el or (nbra al i phati c;
cyclic or acy(ﬁT'"C,\ b4 bsti tyt ed,
branched or unbranChed | e - s1b&t i t ut ed
or unsubstituted, brangj chedjlacyl ;
substituted or unsubstit@ed, ®Hanc@ed o® unbranched
it b bt r [ I afC 0
O e e R R e P R RERER ARy, and e
definel ysabowh avithithe eacht thetcwheneX ¢eS of O, R, is absent.

[0079] Other classes of compounds of the invention include dicyclines of the
formula (15).
R
Rg’ R1‘| ?5

HI| T

anf]

0 OF O 0 (15)
wherein R;, R4, and Rs are as defined above. P is hydrogen or a protecting group. Ry is
hydrogen; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted
or unsubstitued, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORy; -CN; -SCN; -SR;; or -N(Ry),; wherein each occurrence of
R is independently a hydrogen, a protecting group, an aliphatic moiety, a
heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety; alkoxy;
aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy; or
heteroarylthio moiety. In certain embodiments, Ry is hydrogen or lower (C,-Cs) alkyl,
alkenyl, or alkynyl. In other embodiments, Rs 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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R, is independently a hydrogen, a protecting group, an
aliphatic noiety, a heteroaliphatic noiety, an acyl
noi ety; an aryl noiety; a heteroaryl noiety; alkoxy;
aryl oxy; alkylthio; arylthio; am no, alkylam no,

di al kyl am no, heteroaryl oxy; or heteroarylthio

noi ety. In certain enbodi nents, RO is hydrogen or

e R foent afhdilic syPHHRIEY ngsfubs{ﬁég;gyéwgp% \Shranched
AFHALY; 6Pdicsor abPelics substiisd drivikaiktiAlted) BENRREd bikidParRh¥d

group. In stil ot her enbodi nent s, ROis a

P@tﬁé@ﬁliphatﬂ%dubﬁtmuﬁ@ abensubsiiteet], heanehestsroinbranghesliaryl; 48 substituted
FRBalBER blanBhe SR Reb b Bk, Ingespinembodiments

R:,ycd d substitusedyts luinsubst thbsd pﬁwyﬁ%%)rlnhl&ﬁﬂhfdﬂtioghﬁ&ts R% isa
Ip atic Su stltute

anched or unbranched hetero
SB{‘ m#g@ BEW%“E@&UWB hgieErryalioFingn b eer@etmbadyments,R o is a
t
SELEL ) bl S BBOSGH O RRIRETEC )

aflohslkenyt, @d abrynyingrotygst i t ut ed phenyl ring. In certain

enbodi nents, Rio is a substituted or unsubstituted
heterocyclic ring. In certain enbodinents, Rois a
MLRSAS drshRMeQt unsubstituted aryl ring. In other

enbodi rents, Rois alower (C-C6) alkyl, alkenyl,
[WSQiI Ky nyIThgrmcqsnt IHECIHMSal&mflnﬂydd:d‘Eélsstqas[aﬁﬂthﬁmdaogles used in

ti d
HREREE e R Eof e s Rom e el b interiRTiafh Glong the pymthetic
rbwt¥ € Thé Bft g sét iNRintioA Provide8 ToEEE ﬂ{oﬁﬁlﬁlsﬁﬁﬁes‘ishﬁ téﬁ‘ ﬁﬁés(hnd its
rout e. resent I nventi on pr ovi des” f or ul ar

vg»slmlml%s bvJwémgaﬂdyghlwrfélsct@nelhzeds:hlrelaﬁmomswlanlawd@ bcq@;ne the
A s o SRR LB IR0 e D

of diegtetradyctinacdrel Theljoinivg o€ theyd two MEeMRBiatel @editts inGe foimation
&H} tetracycline core. The joining of these two
cdrWibgi pretszablninan @amﬁoqe&f@tw@ m@awro thweﬂiﬁéolegy plgg allows

o tﬁﬁ Q%ﬂf?és?/s 4 eﬂ&cgﬁﬁ{ég 'Iﬁ§$&a@ﬁ{@hsv8r ?hs as well as the

ogy eS|
1enp ety (Dﬁ'l'm&:m(f}eimmytolthe’lﬁﬁg syteni gﬂmi'tlcfulm'gt}&y]ﬁlhﬁfgﬁofabese

wel.l as the ncor r at terocycles into the .
WP figempats dag! “Ar“ﬁ Vaa fzﬂf#egp hi ‘FH‘ES HigR AFdsHORY andiygioad addifign
rédcAONPRILR ehdie! (9P RSd4BRBRAUDoPLC! eoph' lic addition

reacti ons and cycl oaddition reactions wth enone (9)

[8081fes cr i B syifbosis béghawith ﬂiteq:rspwlattwmfsh@eg:m@)mtarhng from
arat on of .t he 9 rting f.rom
opi IR AR s Mty 2R st itk SF Belsiesi BVelven ths
niib@bRy ﬂﬂl@&ﬁix?la'tlﬁﬂ of v&@fzoldRid Mifg ARLBLerdk leﬁi&ﬁ?&x | %b ﬁﬂ)l (1in
of benzoic acid using Alcaligenes euirophus.

Figure g), viiguisereferablyentisaily puecthen abdqrg@qsthydm:qyydpcmgi
ef)&&ﬁ'atfb[ﬁqg Bwﬂe?(? ﬁle@)’lg'flg éﬁ(clxuﬁjé ( %tﬁefgure 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 5 (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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epoxidation to yield the allylic epoxide (2 in Figure
2). Protection and rearrangenent of allylic epoxide 2
yi el ded the isoneric allylic epoxide (3 in Figure 2).
The netal ated isoxazole (4 in Figure 2) was added to
the isoneric allylic epoxide to yield 5 (Figure 2),
whi ch was subsequently netalated to close the

|
sggf;l)r(nl Tﬁ.ﬁgcﬁ&?ﬂlz%’o éf}?i r@%?{]%efn%xrlteoaft %1 %tﬁs Ee., 8,and 9 in
Rxgzaer.?awgleedloudﬁm ltlui[&epz&duon (ﬂhﬂff&knmlmd)fb&n)bbﬁi& of e invention.

ﬁ@&r ne 9 ure 2). As wll be aﬁprem ated by
BN 20 Tekne ebadinens ea%e % mf@wt%mt ZBENSN TeFHting from

(BRI ABIRTRNE 1hupde 6P TRAb AR (Fomfyla S and 9 11
Figure 2 wl om;for the preparatlon of different
cl ass of conpounds of the inventi®dn. 100821 In one
enbodi ment, enone (9) is reacted with an anion
resulting from the deprot of toluate (6). The
toluate of fornula: RRy), / Rs OP 0 wherein R
i s hydrogen; hal ogen; cycl4 gi ¢, substituted
or unsubstituted, branched unpr anched al i phati c;
cyclic or acyclic, substitut unsubsti t ut ed,
branched or unbranched het eroal i phatic; substituted or
uns uBdErein Reds hysregranhalogen; cyelisraumerdis, subptituted or unsubstituted,
J e nbr an
RO Gl phethed BAMARL, MU0 O BRESS st RRGRIP RS
brambhetharhedranehed belemhhphaﬁﬁﬁmbﬁ@uted@(' af B tutddOBRAChed or

. - SCN. - SRA:_ - SORA, - SOPRA; - NQ2; - N(RA) 2;
“%@E%ﬁgﬁy" Sbstipyleghgrainsylpstifugdy brapehed %@éb’ia)flé‘#@é“’blﬁ sybatituted
t
ogF?EEQ??%HQﬁgﬁgfgﬁrhm%r eroaeﬁ:r Q§RIHQ?yQRUBM{ /FORA; -

Ctsi-e€; SsRu aBOR A Ry MoneN(aR,o)a,r WH@@)Rhyor @Rk)axyvherem

am no, kyl am no,

t.h
B R oS it riiendipnioty Riodeen sinspissing Sipi, an aliphasi
niot el dhetéRbalighalll HARAE S in d%?ielglg%'ﬂ%r g‘)ﬁf*}"ﬁ‘”e‘?’ §ﬁ¥t%}daﬁﬂ mpiety;

substituted or unsubStit unbr a
alkoxyraaylpey; atkadihies anylthie:amine, alkylarinot diebicylagmino, heteroaryloxy,

branched or unbranched
Oﬁﬂéer%é? %Hﬁﬁmgf substituted or unsubstituted,
br an®h éthydifogennhdlageah eﬁclﬁcdt|acyc§i¢bﬁﬁsintﬂ&dor%subsututed
unsubsti tued, branched unbr anched aryl ; substi t ut' ed

b@flcllﬁﬁ‘ﬂwbrapab@oﬁ ipbatisi shelis rachielis; sehstibteden lmsulaatwt;d
A Rt e e byl s R, RO o
uﬁa‘aﬂnhed acylr absttuadd dRWDFLﬂJstlﬁxéd,dﬁBﬁkﬂﬁﬂ loy usibrap¢hed aey); substituted
6n%{1§§1tutgg bgl" lI!l d o? anaxl'arllc eg Leteroaryl -ORg; =0; -C(=0)Rg; -CO:Rg; -
CN; -8CN; -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; and

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

Ry is —ORy; -CN; -SCN; -SRy; or -N(Ry),; wherein each occurrence of R, is
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noi ety, a heteroaliphatic noiety, an acyl noiety; an

aryl noiety; a heteroaryl noiety; al koxy; aryl oxy;

al kylthio; arylthio; am no, alkylam no, dialkylam no,
het eroaryl oxy; or heteroarylthio noiety; and n is an
integer in the range of 0 to 3, inclusive; RO is -OR
-CN, -SCN, -SR,; or -N(RlI')2; wherein each occurrence

AL I R R S I
ub§ibeistddtalipRatiAhbRAA ki cgclidbedcycli) sebsgihited O urGstitited aliphatic
substituted or unsubstituted aliphatic

hptercaliphgticgneieiye 2 gebstityted er unsbbtitetad eyl soigisumsubstifiied or

t tuted or unsubstituted
ﬁg%étrltgl;ép%eyeroa(}gﬁO%gpgh is selected fromthe group
c ons st kelected fromane growp cohsiwiig dfGytirogben, vkt |(CouCualkyl group,

@acyl group, and a protecting group; is deprotonated
ET0s pRd & BrAFAING80YPe. 9., LDA, HVDS), and the

id R@eﬁé&té@dﬂ% @Heﬁlﬂa écgﬂd@ﬁﬁ%@! %!‘%?km%&ﬂ,n@gqlﬁg fQL b Anion is
rdagetd ogidngn drmhe g€ furmeyec| i C or acyclic, substituted or

unsubstituted, branche r, ungranched aliphati c;
cyclic or acyclic, subst ,t f.ed—f.) unsubsti t ut ed,

branched or unbranched heterdak hatd (o substltut ed or
unsubstituted, branched Yinbr apiched acyl ;
substituted or unsubsti _branheNor unbranched

aryl; substituted % branched or
unbranched het er oaryI’; ol - O Rc; -CQ2Rc; -
CN, -SCN, -SRc; -SORc; -SO2Rc; O- NOZ; N(Rc)2
r
SR ) e RIS, MG BB R Sl
bainclmdﬂain uhbramohel ahphandn elyelioad acpbﬂaxt, isebstioited yr, ursobsiityted,

bR @r%ﬁqq#@érgémaﬁﬁr SbstsiieH o uBTEs e brenched or
ufthahéneli 3l nQubsEﬁfé&f Sankh Yued eranafeh%& ‘ﬁﬁﬁr)éhéﬂydoaﬂl substituted

noi ety; rogen; a ogén; cyclic or acyc
osuﬂmbistttuteépbranchad v bstrabelted dheterdaryln eDR et =0; (D(Fb@)RU; h@@zRC,

Cﬂqégﬂ :: ,e%&{c, -S Rg;c}f\lc(l)i;gN(ﬁc 2,S&HCL&) o r - -C(Rc)s; wherein

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

moiety, & 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; =0; -C(=0)Rp; -CO:Rp; -
CN; -SCN; -SRp; -SORp; -SO2Rp; -NO»; -N(Rp)z; -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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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; -ORD, =0 C( =0 RD, -CO2RD; -
CN; -SCN;, -SRD; -SORD; -SO2RD; -NX2; -N(RD) 2;

Y wh h RD
PRGNSR Al VDo SRS, AP, B PR Sy oy
oahetphyafylthlo ﬂ?aiﬁy,y, a het eroal I phatic noiety, an acyl

noi et EY aryl noiety; a heteroaryl noiety; 51
al koR} is hydrpgsny halgeen; chelicer agyglia, Bukstituied erginsubstituted,

bR RED n@h@d 51}ﬂh§m: Q:%gh@glt %gﬁ%%h@gf te 81[ unsubstltutied

het er oary t 0 noiety
btﬁnch@tm urﬂ:ramhéﬂshettrohmwb substithset iok uhﬁfﬂ)stltutﬂ’dabfahdféd(ﬂr
acyclic, substit

WpRL AR ARSI € et ol acyel e, St LUe e
ohﬁﬁ@baﬁhteah%h&ed%waﬁﬁ gﬁéﬂeﬁ%&?o SU@R% meﬁm -SRg: or -

branched or unbranched acyl; substitut’
NﬁRs)zbwhmmaaph beamehexiofRe mnndezpnmtwdy arhydrogenrsprotectingl
ranche het er oar

Rt Al By, S HThaR it e mO I LB A hotety; 2
hetefidfyl @ﬁtﬁ@tyoﬁlk&@ iaBylbiyd %ﬂ@ﬁl\ﬂﬁﬁhhﬂthi’o Mﬁd’ Qﬁ{jﬁlarﬁ‘mo

prot ecting group an ‘al i phat i c "noi et
disllevbapiap; hserorwlaws et heterapryltbip meistyet y, an aryl

ol ko R e RGP KBising of Bidhme . KafRit srstepigd o
uheibstitoed ylighayic, sbsthefed od &ﬁ%b&tﬁﬁuﬁbdméte%%phﬁi@c is@bstituted or

se ecte fromthe oup consi sting of dr ogen
o DSt 10l 08Kk B o i eamino, aky
gull&gll L ted heteroaliphatic,
subst it uttag(gl %lﬂéﬁgﬁ&?‘?t{lut ed al koxy, -OH -CN, -SCN,
- SH, Pa$ lndepdnidentlyase}dctdal fom tM Broupcbmimistinglof Yildrogen 6i0a
and .di al kyl am no groups; and P is independently
POLSCHOR 8FPYPr om t he group consi sting of hydrogen or a

tm%qgé%,@gu&roup to formthe product: R R R R3
n- NOP OP OH O wherein RI R3, R4, R5, RV,

P, and n are as def i ned l%ub Rs3 F&hl 5hydrogen
ut4.:tu:ted or

unsubstltuted brc < : 3 Pphati c;

OO O OH O oP
wherein Ry, R3, Ry, Rs, R7, P, and n are as defined above;

R; is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORg; =0; -C(=0)Rp; -CO,Rg; -
CN; -8CN; -SRg; -SORg; -SO2Rp; -NO;; -N(Rg)2; -NHC(O)Rg; or -C(Rg)s; wherein

each occurrence of Rp is independently a hydrogen, a protecting group, an aliphatic
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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; -ORB;, =0 -C(=0O) RB; -CX®2RB; -
CN; -SCN;, -SRB; -SORB; -SO2RB; -NX®2; -N(RB)2;

- N RB; or. -.C(RB)3i wherein, each ,occurrence of RB.
Tt R eI Ty U Mol A BTG F BEroas oiery
aldokpaloky Sk i & Laryltldo vehinb Oaky1RAaid, QialBifhio, Blerd&loxy;

noi ety, an aryl noiety; a heteroaryl noiety; alkoxy;
op h¢tpwRiyithin wplathi Hs waﬁ P¢ eppreciatedbsione af wkill amthipart, the toluate

[ i - - XMoo Qr, h rvlthio .
nit e SRR SO0 B B St i B B0 Ryt i g the
taltate nmidythetstbsthhited forayn demhtid hdi@ocrdeSirngt sutleds Adpyridine ring as
certain enbodi nents. In addition, the Fhen | ring of
shoyen 1ny fgurasd [ Ay [Be dhmrexpmples of eaboays ialawxh@tp@cychc analogs
2l hciling such as as pyridine ring as shown
orﬁhﬁtg@g}é&?ﬁéand 13. Ot her exanples of carbocyclic

and heterocyulic anal ogs R1 R4

1 N (R7)g”" X
O|OP O GR)P—LRL.
g R Reg
o
1 1 1 1
SN NS N N
(R7)n [ (R7)n I F((RT)DT (R7)n_|
L 9 P 9 9 P Rg
0 OP O oP O oOP O
Ry R1
r’N\\ r’N\\ Z“
R+ (R R |
N~ Ry '\N/ Rg Ry
o o) 0
R4 R4 ] Ry Ry
7
Ry N (Rr)n N o
(o | ] i 7
¢ ¢ Rr—F | Ro—- |
E RQ e} R9 RQ RQ
,
o) o) 0 s) o} 0

Other toluates are shown in Figure 2/. 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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\NRO I RARR7)n I RRR7)n RO R7T OO OO OO her

toluates are shown in Figure 21. In certain

enbodi ments, polycyclic toluates are used in the

M chael - Di eckmann reacti on sequence to form

pent acycl i nes, hexacyclines, or higher cyclines.

Tol uates useful in preparing pentacyclines are

& G%P|Ifled by the 53 formula: R7T RLON, R9 R7 O

erein RL is hydrogen; hal ogen; cyclic or acyclic,

substituted or unsubstitut®d, 8ranched or unbranched
aliphatic; cyclic or acyclic, sfyibstituted or
unsubstituted, branched-Srxyar anched

het eroal i phatic; subggit or unsubstituted,
branched or unbrancled subtuted or
unsubstitued, branched or wnbralchedRaryI substi tuted
or unsubstltuted branchedRor upbr anched heteroaryl
-ORA; =0 -C(:O)RA' CO2RA;7 i - SCN, - SRA; -S(RA

whSRiRR; 1sH‘§@ogenl\K1£?¢9@éﬁ cydNaGr @ yhic, ﬁfbsﬂtﬁ(dﬁ@rhsﬁlﬁan&etm

each occurrence_ of RA is jndependent]y a hy

bfﬂng &9 LH)&I‘HQ}CB%&II%U%MY%@I] q,cycl#b |sgl?s§1tut gd Or unsugstltuted
b%%ﬁéao(ﬁj drﬂﬁﬁtché:d ﬁ@él%&l?&haﬁe S%Sytlitf.lgg oﬂﬁisu @Ttu?e{dybranched or

teroar
uabﬂayd:}tekilanyl alnl;stmhed)or muinmmemlL kgahelmdrm: unUraablhqu gyl mahstituted

oF e, benetyd s om0 2000 o Bork.: -
CRUhSEN: Wred “SOR IOHRSE Lﬂqgg el RP%&‘T\QIT@ W m(ﬁnﬁh%mm

al’i phati c; cyC|c or acyclic, stituted or
eaehsedoatrenagtodd A ib irateperaténdy a hydrogen eufoteeting grabp pinaalipbatic

tituted. titut b d d..
o, ¢ ReIBER RO AT Roiapba Y e Rl BRLeRAR Shoiety,
2d1§ Ilyl4thigg, h loxy;
SRR, Akylsic; S| LIRS, eyl
or pererylthiNoiet 5CN, - SRe; - SORG - SO2Ro; - NOQ-
- N(R) 2; .
oc ((: ur %‘é‘n c@gﬁ%@mﬂ? arg%gjg)eh% CE y'm&{‘f% ?ggﬁmc substituted or

upsublsBitddn Bragtiosdor Lﬁibranalhédﬁﬂ@hht@c RBEIRS of, ac9011c subst1tuted or
heteroallghatlc noi ety,. an acyl_ noiety;

btifutedy wgpléqddgwpranﬁlmdehe)tﬁrogml@;@ suhﬁther unsubstltutcd
ﬁzinwédt S fhbratchtd Qzlﬁ estugérﬂggtr%?/ lo?klﬁ%:’b?tml&? braHlcfbd ¥ FHbriithed aryl;

et eroary OXY; nol et
substituted or unsubstituted, branched or unbranched heteroaryl -ORg; =0; -C(=0)Rg;
-CO2Rg; -CN; -SCN; -8Rg; -SORg; -8O2Rg; -NOy; -N(Rg)z; -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;
o,
*---<" represents a substituted or unsubstituted aryl, heteroaryl, carbocyclic, or
heterocyclic moiety, in which each occurrence of X is selected from the group
consisting of -O-, -S-, -NRg-, -C(Rs).-;

Rg is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
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(X)~ represents a substituted or unsubstituted aryl,
heteroaryl, carbocyclic, or heterocyclic noiety, in
whi ch each occurrence of X is selected fromthe group
consisting of -0-, -S, -NR8-, -C(R8)2-; R38 is

hydr ogen; hal ogen; cyclic or acyclic, substituted or
unsubstituted, 54 branched or unbranched aliphatic;

g ur.e .
fEhddor b tfiod SrpnBe Sl alyls, SONIRRL BiRhainged,
btanehdnlsdrlmbt@dhedltm‘rﬁhﬁﬂlaﬁc substhuted oheskubstytuted, branched or

substltutedlﬁﬁpunsubstltued branched or_  unhranc

ungrgpched ggud; substivged erungwkstigied; pranehed %Pﬁ‘?i@ﬁ%h?d@ryl Substituted

oymhﬁaﬁ&eé ﬁ}%ﬁﬁ@g %@rm@g FFPOWO}@%RE?-‘) g?%ﬁﬂ;, -CORy; -

CNNI-ECN)) F#R1; 08 ORGY Nﬂ)zku, W@, eN(Rp)eaNHCE) Ry @n€ER gf; Whrein

cdgh SREFATES O Jraenisny b by ipBer paiT NSO, anayphatic
f taYheté}BalﬂﬂM{lc H‘R)‘l&&,\’an a%ghﬁbﬁ‘eiyo ahYkyl 'ﬁ%l&?}’a het@tdaB Ynoiety;

| thio; am no, am no,
alétpwalﬁﬂ’lem,radkylﬂm @ndtimy,lamayo allt»rlalh@pedl@stiﬂrmn@,dleteroarytoxy,
O{ﬁétgroéry 10 ‘381 PX;’I nteger in the range of 1to 5,

he bonds between adjacent X noieties

are ﬁll§£tﬁfnté‘geﬁﬁl|tﬁe@e[ngé@lﬂﬂ)|t@5b1ﬁ6ﬁ§1ve@d3ﬂ RO is selected
fromthe group consi sting of substituted or

unsuBwtbhongds befwger adjaent Pienelre@eﬁ are ether spngle anglygble hosds; and

anot Qe |

ani oir? Va(:elfggoeq fp&Hiih né'&g]?&g‘sﬁ%mg%f %&%ﬁﬁﬁ"% %idtl}nglrl] tuted aryl or
hetetfoatyd lgedupgen exchange nmetal -netal |l oi d exchange

l'i thi um hal ogen exchange, lithiumtin exchange, etc.

by reacting the toluate w th the appropriate netal

ent) t | i Rl

RSP b Bty gt iriins g (55 BbBENAR AR, Fnickls
gcr;ecdtcd:t}mmumab]lanons(e kgstmdtalt}mﬂoyn eun]mes,tmttat—mdtallmd

Xh30Fe fisa- ok sanerepBum-if Pachbies 6 Py ABEaRe flsdoluate
Wil e AHrbiAd ineial BdaBSAt) bEY ﬁﬂiua@é ofHR8 wksollbwirtformula:

br anched or
R4

7N
(R o
Rg
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 s, =0; -C(=0)Ra; -CO,R4; -
CN; -SCN; -8Ra; -SOR4; -SOzR4; -NO3; -N(R4)2; -NHC(O)R 4; or -C(R4)3; wherein
cach occurrence of Ry is independently a hydrogen, a protecting group, an aliphatic

moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
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unbranched acyl; substituted or unsubstitued, branched
or unbranched aryl; substituted or unsubstituted,
branched or unbranched heteroaryl; -ORA;, =0 -C(=0 RA;
-CO2RA; - CN; -SCN; -SRA; -SORA; -SO2RA;, - NOZ;
-N(RA)2; -NHC(O RA; or -C(RA)3i wherein each
occurrence of RA is independently a hydrogen, a

T O R L ———

ont@byrylthiohadienoar yl noi ety, 55 al koxy; aryl oxy;
al kyl t hi_o; arylthl o; am_no, al kyl am no, dial kyl am no,

het eRoirilenern; halpeameexslicar prydiicosubstitated or mns@stltuted
|
SAUSEASE S ARSI RIE LS SRR AR i,
brydiddor anbaayieddi letersaliphtiid; lst]hmimated unmdabitittmeﬂ fstanched or

il STRES Fet sl R A e et ue g e eau%@gb e oty SubStituted
oﬁﬂﬁﬁﬁdﬁ‘t&%@ Chr&Hched §Hﬁ’rﬁ§rbﬂc‘ﬁ@% hetRfARTESk O1=C! g_&t@me dCO.Rg; -

substituted unsubsti t ut'ed, branche

CNR%?@HCM HeDRe:080sR 5 -NORGNERQ):; - EHEC@DBR or QOPRREJ;; wherein
. _SCN._ - ..-ORG-OQ -NO2; - N(RO) 2i o

ceSRiaef e 0RO I PRRBEBHeiich By o2t Ry R i, 3B plipkatc

mbfety, AdRRLcHHPRALiY m@:e‘ﬂy %Qﬁﬁﬂno@typ hehRS Eﬂdi'élefﬂd' Réroasd mmety,

aliphatic noiety, het er oal i phatl ¢ noi e an acyl
alke s agrlod aﬁﬁyyhlqmtyétbw, agnine atkybanind, th@lkeltammo dkteooayyloxy;
Ig{e)!% g&&?{rlth]%ln@ﬁkww aryl thio; amno, alkylam no,

I a dtero

yFam no aryl oxy; or heteroarylthio
NDi elﬁ)/s,annniegelalﬂ the'faage ol 0 ® 3,heclugoge of 0 to 3,
i ncl usj ve; is selected from t he group consisting of
su bsﬁ? F@F’@&tee frogh dgeEeyn ¢rnsiting of swbﬁtltut?éwé pasHbstituted aryl or
gis a halogen or Sn(Ry)3, wherein Ry is
h&f@wgﬁoﬂggam on generated is reacted wth an enone
of f‘dnsml thg&BmFSrﬂ%Ry)S whReredibR P ialioy 10 THR antvey geinbrakd ik seacted
{Mdro qfi} al olg cyclic or acyclic, substituted or
w qct gEndlay anched or unbranched al | phati c;
cyclic or acycl ic, subsgit ﬁ%_lochaor unsubsti t ut ed,
branched or unbranched he atiphatic; substituted or

bed acyl ;
or unbranched

substituted or unsubsti
aryl; substituted

0 O OoP
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¢; =0; -C(=0)Rc; -CO:R¢; -
CN; -SCN; -SRc; -SORc; -SO3R; -NO2; -N(Rc)z; -NHC(O)R; or -C(Re)3; 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;

56



or unsubstituted, branched or unbranched heteroaryl;
-ORc; =0 -C(=ORc; -CR2Rc; - CN;, -SCN;, -SRc; -SORc;
-S2Rc; -NA2; -N(Rc)2i -NHC(O Rc; or -C(Rc)3; wherein
each occurrence of Rc is independently a hydrogen, a
protecting group, an aliphatic noiety, a
heteroal i phatic noiety, an acyl noiety; an aryl
' 1 aryl noiety; alkoxy; aryl oxy;

°£1?‘%§§’P¥‘Pﬁk§‘;°n§§§h§hi o; amino, alkylanino, dialkylanino,
het eRo & yldexgen; bflogen; badlRra@acydlichsubstimte of unkbstifuted,
hydr ogen; . hal ogen; cyclic or acyclic, substituted or

bshehingariunpragghed alihates: eyclisonaselicn swRsttuied girimsplstituted,

L
uphrandhed iat vt substitutaiorhadubstitued iraached @d ualrghched aryl; substituted

oFRRbi i it o BRI bEPTTRI Olbp T ITE GID: -CORo:-

b c -h 0 s A= DAMER S (£ s o -
CH SRR, USSR DN SR O i
cachiacc@rdroe ob Rp-iOnEp@rdenitiea bydrogen elpracding groum avfalipimtic

i s .independent].y a.hydrogen, a, protecting gr an__ ...
R ROL IR LY Foite ey DaP R AR 45T ey yh PelRroa moiety;
alkBk BlayyloRy) aftNthidTREANTG; atifeaBfyahinb, MBlk§lamino,dek@atyloxy;

aryl oxy; alkylthio; arylthio; am no, alkylam no,
Oﬂlﬂmﬂéw%iorm?le%t eroaryl oxy; or heteroarylthio

CubeRy i b g MACARC Py RGO, Sl SalihSe o
bahchpdalrivabraayitdd dliphiti@ @yelld o acgelles bulistitudell @funsubstituted,
unsubstituted, . branched or unbranched

brachsdesunprached hetgrpalinhatie; subsiitutad ey wasubstifuied, branched or

r ; h Wl | . :
R e oy AR RGN, Bl o b apyl e
oounsubginted, brarichdd obusbraiubed hetermabyl ar@ie dCNe t SENaISRE; or -
-ORE; -CN -SCN, - SRE; - .N(RE)2; wherein each .
N@eﬁﬁi"éﬁ’i@& cafh ‘P@urrgn?er&fﬁ%evﬁ &%P?%ﬁzeaﬂmgw Bff> gprotecting
g]%ﬁ?,t A4 pRGtic SoRiPa lﬁ’ibré‘iligggﬁé hioidtP afilabyl Boiety; an aryl moiety; a

eteroali phatic moiety, acyl noiety; an ary
heterioaty) mogety radkexyo aryox yreiketthio; atyktbioy aménoy Rlkylamino,
alkyl t.hiq; arylihio; .amno | kyl.am no, dial kyl am no,
SR s oa ot AR BRRORE: ory: Re'l s
sel er} ebefldcR ftdie tHE e EcHIRtiAE bNBydbgdhy HAIBEET) substituted or
hal ogen, substituted or unsubstitued aliphatic,

ursybsiitned alixhatie, subsiiiwed pr unseltstituted heteraabphatice substituted or

s OB G S an i, N o
araind, shidadikikly] afinogreueyast and P is independently

sel ect ed fro?theeigroup consi sting of hydrogen or a
pr ot B&Y indepegdently: selestegdimm thessrowr Consisting of Bydrpsemen 4

protecting group; to generate the product of formula:
R

1
z,

S

: llI:L*?
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R RRB¥W R5 00 (R7)n- 1 1 / N OPHOOP OOJ57
wherein Rl, R3, R4, R5, R7, P, and n are as defined
above; and R2 is hydrogen; hal ogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched
aliphatic; cyclic or acyclic, substituted or
unsubstituted branched or unbranched

het e [ d or t ut ed

or ancPP B RS 1 By 28 R Ab B P BT oy

uns uBs tid h)tdﬁdgenbhﬂﬂgéif; (dyafc atmbyam; betdtianed or (hdtitsstinited, ed
unsubstituted, branched or unbranched heteroaryl;

braqﬁgd arnbranched) hiphat gryels or acyslic, s@@ﬂtutecgpggmsumed,
b{aagﬁéa&rcuul r%% ﬁ%%d‘(éf?&gélpha%epen Bﬁ%%ﬂbg@ﬁ&f‘e‘d%

upbraheetiiang; gubstintedasr Lﬂisulfmatddpbraﬁﬂtedtoy nnbranched aryl; substituted

hetsé;[)oal Qﬂg?%%gm et%&l’@{‘?%%%éaq moi )%%é‘;r—%;o%lb)fla;-cozlis;-
A, kstﬁhtm asuhgms@z gmmz, t | aNHqO)RL; aérkwgl%wgwrem

het er oaryl oxy; eroarylthi'c noiety. [00841
eppht aeicunrencelod Rgde dldlepertdhetlyrehadhbgen arprotectotg goup,@n aliphatic

e OB S SRES r  REE h s
aﬂ%ﬁy’ﬂu‘ﬁoﬁ& enenthid rbrjilﬂﬁo RenihO eyl &R0t dialky1hiA8  heteroaryloxy;

nbodi nents, the netal is a Group Il elenent on the
obmtﬁr@atyéthmmetym ot her embodi nment s, the metal is a

e S R e

amibhitiredgem todﬁd’ﬁtdﬂéﬂ with fiednond eIryéelrﬂalm&mbU(ﬁlﬁBmtg,, the metal is a
ant i nmony In, magnesi um titani um Zi nc, manga

Gl eI the PERRSHE AT In G CTAPRRITSSAS, Ihecmi 1 a Group I

|
%gg?%ﬁWO&Etgﬁﬁgt g'{%tpéllbétﬁrgi; gﬁé ? giétn@fn%{a?]?sda fransition metal.
Eregplasy metalstusefub inuthe maétaitatioamebctiop predudel sodipet, lithibmy calcium,

nbodl e t he net.al nesium lithium sodium
SPI“M ﬁﬁ‘iml}‘?Th&OPRFérlt“uW “%P@gWFscan“WnB‘h)}m%‘FS‘t‘P’nmam“m

ztne maﬁgatlegenueﬁréob&whﬁéke?%&dbﬁﬁ ﬁn% pdlalivhRier-R3! sgen

exchange 1§ used thi um hal ogen exchange may be
righerfion il cérteis pterﬁerreul drmtwdpneﬁe,nhemtal {shehoserofiem lithigm,

[ithi hal h b f d j
Gt R R T T
28R SlithRimD Wbdiul, b@r‘yllmm tzi ) ek duiry, Nirséiic, RAAYhY, or tin. In

I|th|um rre3|tyl I'ithium
certain particular embodiments, a lithium-halogen exchange is used. The lithium-

halogen exchange may be performed in situ in the presence of the enone. The lithium-
halogen exchange may be preformed using any lithium reagent including, for example,
alkyllithium reagents, n-butyllithium, z-butyllithium, phenyl lithium, mesityl lithium,
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, efc. In certain embodiments, the metal reagent is a
magnesium reagent including, but not limited to, magnesium metal, magnesium
anthracene, activated magnesium turnings, etc. 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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and nethyllithium In certain enbodi nents, other
organonetal | ics reagents are generated and reacted
with the enone. Exanples include Gignard reagents,
zero-valent netal conpl exes, ate conplexes, etc. In
certain enbodi ments, the netal reagent is a rmagnesium
reagent i ncl udi ng, but not I imted to, magnesi um

neS| ant ace act.i va nes .
b oy PR R s Rt Bt BL SRR R cqrin
eﬁbﬂ@mﬁﬁﬁs@ﬂuld@h@)nﬂﬁﬁﬁ@ fér tH@MydPiQaﬂ&ﬁﬂﬁE: %Eéﬂj(el g, Siihé'reaBent).
t he presence of the enone, or the 58 reagent may

be
[RS8 at ed Aseplbsiappieciaird Bysenerof skitk indhis artwihe rﬁoluafe may be
ftﬁ'ﬁfép %bg}lﬁ%%f@gc%hglpeeﬁ%ggh{mw B admtj gle{heﬁ)?lglgh tr{r%%sf tlfle oluate

n{a@ B8 Shbshisuted Fdr ahezr@nﬂicehntabeﬂ:hbymgrw ik s$stemlsutinag Hpgridine
art,_ the toluate ther substituted in

ring; EXamPiesBHeAT nﬁc a’i“hheéEFGFqu’&r?na]PB%%W@}?% includgs of

the toluater,my be substitmted for an ardgmatic
heterocyclidq ring or ring systemsuch as a pyridine
R1 R1 R1 R1
N N
( = Y N AN Y I A Y I( A
Ron—r | (RT)n ] Reh— (RT)n'—r
P = 9 N / Rg /
o OoP o OP O OP O

_\

(RT)n '!

R4 R1 R1
N N
R Y ( R Y 7 | Y
(R ) (R7)y—— (Rolh—
/ TR KN/ Rg-“h?N Rg i O
0] 0] O 9]
Ry R1 R4
R7
R N (RT) N O
(Rrh s P Yo I Ve
< C | ‘e | Ro—F |
N Rg o Re Rg
Ry
(0] 9] 0 0 O

o

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(CHs)3). After the metallation
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RLRLRLRL R7 (RI)Nn NY (R7)n Y1l Y/OY \F9 ROR7)n
| RRR7) | RO R7 OO OOOO In certain enbodi nents,
the halogen Y is bromine. In other enbodinents, Y is
iodine. In yet other enbodinents, Y is chloride. In
certain enbodiments, Yis a netalloid (e.g., tin,
selenium tellurium etc.). In certain enbodi nents, Y

i S,:=S ., wWherein each occurrence.of Ris . .
“oRHRD S IA P! SRS v LRSS, chRet ey, sodium, e
Inedradin echbedimets| RARtHydbge of Fovder AR&R[CSOQN IR Serkdih Phrtidhlar

magnesi t,lsgkb_ZI nc, copper, anti nony, sodi um etc. n

cpbpdigien schyeergen, Qtherjtaluptps pisgaawain Figuee 24) Ky |

C6) . i 0 [ . ' .
40881 ogen. TEpRet Stbflifehs! Sifiie RTBAN BRTbE pso phepare
p%r&ﬁ)@@lligd:m heotdngtlirfbﬁ;hﬁdﬁgi&ﬁyﬁlirllepo I’Iy)maﬁési L@eﬁm%me PfepaBiyion of

used to pare _pentacyclines, hexacyclines, or
mﬁﬁdﬁ@ﬁ@?é??gégF%mﬁpﬂﬁtes useful in the preparation of
such cyclines are of the fRymulgy R7 RLY OR9 R7 O
wherein R, is hydrogen; halogen} cyclic or acyclic,
substituted or unsubstit brgnched or unbranched
aliphatic; cyclic orgac substituted or
unsubstituted, branchec br apghed
het eroal i phatic; substitul¥ nsURgt i t ut ed,

branched or unbranched acyl ; s'bstituted or
unsubsti tued, branched or br afched aryl; substituted

PRI NIEL] e AR o
bragd@Ar unhi@RchedN(iRAM G, cydlHCr@cRA| ¢, substi @t eI ynsubstinged
b%?lS heéigcﬁ'ﬁﬁ {e?%%&%gggﬁﬁhgghggggﬁgﬁg EtE{.l u%gm{tdeao ?lgéhea or
uhsthdhead lab Ah albshituidd GlunsutRinRaYbran@ica oY unb¥anéiedlaryl; substituted
noi ety; a heteroaryl noiety; al koxy; aryl oxy;

ompneybitivied, tapydhed opunbyanched hatekoard mQRs; <u¥alks0 HBw; REGO:R4; -
t arad oxysp OF t enqary. [No! j . eac 7. 1S .
& aﬁ‘E@n'ﬁeﬁrﬁ’ rSORy s SERR: N aﬁ@ﬂfh’e%‘?@%w %{e@éﬁ)@, Wherein

eshletintéricedf &Y, 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; =0; -C(=0)Rg;
-CO2Rg; -CN; -SCN; -SRg; -SORg; -SO2Rg; -NO3; -N(Rg)z; -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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unsubstituted, branched or unbranched aliphati c;

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

unbrapehed heteroaryl; -OR0; =0 -C(=O R0; -CO02RG

- HC?%S . -SR, -SORG -S2RG -N®2; -N(Re)?2; f

- NHC(* ; - ; rein ea occurrence of, Ro ..

o 1 ndspensitrieny i aR uR R TR P AEGRAGT, BipgSetic, or

hetkiophelid raoikty, @i which caet edcaehd & & JFRicRl Yiond theag¥hp
nojety; .an aryl_noiety; a heteroaryl noiety; alkoxy;

copsiatigR of -Gt kY tNRer "%\eﬁyht;hi o; amno, alkyl ani no,

di al L Al ) : | 11045

91 B G, DY
branshedsiriunbitaacheai aliphativg tcgelaorydeyclivg s tyuted o, unsubstituted,
R B Eh S e
unt¥R®hed a@}l@b@ﬁﬁutéﬁ%r'u%sﬁﬁégﬁﬁgfﬁhnMH gg &b raﬁd’H%E 'éﬂ%’lg%ubstituted

acyclic, 'substituted or unsubstitute ranc
onprisebsitited, tahnghkdof ynbranabled beteroagdy PR, =G ub§tOIR; edO:Ry; -

R AP Bt O R SOBEE! Titve o O orib D i raCCRud: wherein

edthR6leshce bf RYIPINA entBey h%drﬁg@h? bipkétb&fhgQroup, an aliphatic

unsubstitued, branched or unbranched aryl; Ssubstituted
mgiety, pdistrealinbpdeimointyriorell opietion and medethica betorpemyl moiety;

ok Oy T R 58 3 i Db gy

oeletdrongithiormeies; of RH is independently a hydrogen, a

protecting group, an ali ghat ic noiety, a

het ef &a 1BHEET & therases of o adprlupeand; an aryl

noi ef\; " XV - ; :
al kg iR B0 P Rhdfetoahl Ofer sl & e bonds:

het eRo@rsgleoted; fronp thetgrowy caristihp bbsubstimted; orrunswbsttuted aryl or
hi ntg]g,ffr int hﬁ range of 1 to 5, inclusive; and the
HHQHS BEMREATadj acent X noieties are either single or

doubkgs BaRSen BOSAR Y FE vafel&H RUiQQikg//P elggzéﬁﬁﬁ ehftoRInSdritd %he

of substituCed or unsubstituted ar eteroary
haeganp¥ is krothine. i Is cartiialeothedimentSifalyal genih éstepmiRy [n other

al kyl . I n.certain.enbodj nents,..th al ogen Y .is .
oBhefimsals Y i€ i 1R SR pibeh mianeits, o ResPgts. {0 pertain
erlb&UFinfts, Vs @Mloi@w&imabﬁm\ﬁd]%hﬁﬁ ER9: Ih Bervh

ot her enbodi nents, i's chloride. In certain
erabRIEIERENY 45 —SnRas wherein edch orenrrancy of Ris independenthuatky! (e.g.. -
Sﬁ(@ﬁ;%.' ARy ﬁlte(fngtalldtiran (fgz{c{igﬁ,'\( is a metal such as lithium, magnesium,
zing, copper, sodium, mercury, antimony, efc. In certain embodiments, R; is hydrogen
or lower alkyl (C-Cq). In certain particular embodiments, R, is hydrogen. In certain
embodiments, Ro is phenyl or substituted phenyl. In certain embodiments, ortho-R7 is
alkoxy such as methoxy. In other embodiments, R is hydrogen. Exemplary polycyclic

toluates include;
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enbodi nents, Y is -SnR3, wherein each occurrence of R

i s independently alkyl (e.g., - Sn(CH3)3). After the
netallation reaction, Y is a nmetal such as lithium

magnesi um  zi nc, copper, sodium nercury, antinony,

etc. In certain enbodinents, R is hydrogen or |ower

al kyl (C -C6). In certain particular enbodi nents, R,

i s hydrogem, Inrgertain enbodingnts, R{R9 i's phenyl O, R

substltute phedyl. In certain e od| ents, ortho- R?
i's S met hoxy/N sqbodi menys
(Fiin enpl ar gk | t ol ué’t@@ I Y
6 2l RER PN Y No\' ¥"( o
(R8)n #Rs ORd Fi g oR7 Ry
R7 Rl R7 Y YIN-Y (Ra)n i | (R8)n N O Rg
~N O Rs N Rg RTOR OR 0R® RPR7T RLRT RL I
NYI" NYRy (RB)nl I (RB)n-" R4 (FB)r 1-1 ON, Fi
\'N QA 3 R7 R _R7
(R8 ROYN O~ Y
(RRh n’pourﬂits)n-c;Ekl
for : RQRl ﬁ “Re
R, O
R; R4
Y Z Y
(Relh——
\Rg \Rg
7 o] Ry o)
RT R1 R7 R1
(Re)
Y Bn?/ Y
o< ) ~
Rg Ro
R, O R, O
[0087] Compounds of the formula below with a heterocyclic C-ring:

0 OH O 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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XOH (R7)n- qD1 NH2 OH 0 OH O O may be prepared by

M chael - Di eckmann closure of a D-ring precursor

derived fromthe corresponding anilide, phenol, or

t hi ophenol . A representative exanple using

anthranilic acid (i.e., anilide as the nucleophile in

the M chael addition reaction) is shown below 62

H3C~ N CI—BH&Q&N HHHHNH2 WB O1. B CH3

OH 2. Deprotectidn”N-~ \ C02Ph N2 OH OP O O

O oH 00O [0088L_IE anot her enbodi nent, the ehonek(9¥
2 d

branched or unbranched het er oal i phati c; substltuted or
unsubstituted, branched or unbranched acyl;
substituted or unsubstitued, branched or unbranched
10988 - subbtanothes @mbgdlrrmm&.ub@scnomt(%)ds réactedohigita or

b%@éﬁ%‘?&o@% a%rc? %8% d1 ge B’lq{ﬁjg(id'er I{ffﬁ&lj)% C%e Shone of

formvidal O) Rc; or -C(Rc)3; wherein each occurrence of Rc
i's independently a hydrogen, otecting group, an
aliphatic noiety, a heﬁgr a%@%2|c noi ety, an acyl
noi ety; an aryl noiety; ;

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

branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -OR¢; =0; -C(=0)R¢; -COzRc; -
CN; -SCN; -8R¢; -SORc; -8O;Rc; -NO;3; -N(Rc):; -NHC(O)Rc; or -C(Rc)s; wherein
each occurrence of Re is independently a hydrogen, a protecting group, an aliphatic
moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety;

R4 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORp; =O; -C(=0)Rp; -CO:Rp; -
CN; -SCN; -SRp; -SORp; -SO:Rp; -NO»; -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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al koxy; aryloxy; alkylthio; arylthio; am no,

al kyl am no, di al kyl am no, heteroaryl oxy; or

heteroarylthio noiety; R4 is hydrogen; hal ogen; cyclic

or acyclic, substituted or unsubstituted, branched or

unbranched al i phatic; cyclic or acyclic, substituted
unsubstituted, branched or unbranched

n{;b%tgbﬁﬁ%&%gﬁ'ﬁ%aﬁg rnz(ﬁc t%ff é&érfﬁm?&ﬁ%ﬁts&@%fl& EH} g%eteroaryl moiety;
allmvbe&yiobcyeakylma,rmmedooammammylain&d) dfajitylarsinbshidtérotgtbxy;

o unsubstltuted branched or unbranched heteroaryl;
9‘03965 1fﬁ@RD -CO2RD; - CN; -SCN; -SRD; - SORD;

cach Bee bR FEsers MRy MBI, sl T tfred

bpmohe}tdm m@ragrcherbah;ﬂlatla;l dyphiaor any6]3c isobeityted ar unsubstituted,

LR B el 0, A g s o

uﬁbx‘ﬁ%ﬁe’ﬂ' a@?rl §ﬁ%|tlhﬁéd3®r %%tueﬂl Bﬁéh@lf@dr&’ungfaﬁbﬂféﬁl ﬁ‘ﬁ' Rbstituted

het er oar or heteroarylfhio noiety;
Ohynﬁilbgtetntedhbﬂanqm or apbianchedrhetergaryl eQRs,u@{ i- SGNeeSlbﬁ or -

N RhEH G ppairRBELEER TS RIGHE GuBit R rotecting
gﬂfu%nﬁlh glpHatic wthéa e haerohisiatio ahdiath add ol fmmy idnlbi-@AdnGikty; a
cyl

unsubstituted, branched or unbranched
heigrarylimeist; slkoxyisuyery:talledthias B HS @ no, A amiERe d

) branched or

d?arl ran%5 @léthl[ #{ﬁ&gfy hé{&%ﬁtﬂ dﬁ&% -SRE; or -
N( E{E}R% is Memaj ﬂomalsdnglmp Gotisistig dfhyﬂilslgem ﬁah@eﬂ,@nﬁﬁhﬁﬂeﬁ or
a tectin rouy al i phatic poj et
uasq%tl@ﬁg allpfpﬂﬁlats S%t@tff’v ungnbsa&wd%ﬁﬁrealgpha% sabiﬂtuteg or

aron, gpiet 0;
gﬂbﬁﬁﬁﬁdgalk 3’/I t Oﬂ]am na, 3 @k#ﬂgﬁn& nzg?l"t]% fimmo a]ky]
ahéthcerandid;alllqolymimgrbepseroaryl t hio nmoiety; R6 is

sel ected fromthe qro con sting of hydr n,
ool oS indepBlently s SO IR Bl LaBtsta o iddftigen o a
pPtB&not HEEH iOfcabttd Haéérlsamb@éicaﬁsﬁd,ﬁ .igh h@ét) ﬁmh a

substituted or unsubstituted al koxy, ~- - SCN,
begideyebbutbrdliod foraujd:t hi o, - NO2, ani no, aI kyI am no,
and di al kyl am no groups; P is i ndeﬁendent ly selected

fromthe group consisting dro@en or a protecting
group; is reacted undgr stitabffe conditions (e.g.,
heat) with a benzocycl ob en formula: (R7)n OP
oP \OP

OoP

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 4; =0; -C(=0)R 5; -CO3R4; -
CN; -SCN; -SR4; -SOR4; -SOzR4; -NO;y; -N(R4)z; -NHC(O)R 4; 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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wherein R is hydrogen; hal ogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched
al i phatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched

het eroal i phatic; substituted or unsubstituted,
branched or unbranched acyl; substituted or

A B B GA Aei g
or m&ﬂaﬁﬁhloﬁbw@ RA -CO2RA; - CN; -SCN;, -SRA; - SORA

- SO2RA;. - N(RA) 2; -NHC(O RA; or -C(RA)3; wherein
each %&W@g@eh@pgmw@lq adepicd ahstitpted orymsuhstimtedy
ﬁﬁ)?lté}ﬁg(g: dl?lg a%:ﬂé’&oal Qtl@lcsrgl?ca& a%P/clep! l?és}l[lﬂltgd or unsr.lbstltuted

brmt:]&tder mbfmt:berd)lﬁtgtballphaﬁt ys,ubﬁftuaﬂ lo® wsubauit)ateﬁxvr,anched or
am no, al kyl am_no, dial kyl ani

| th
uﬂa@ﬁ% graﬁﬂo?eib%tl%édo%tnévl&&mﬁt Prepchegios pybrapchedaryl; substituted
o M DR hed Vrafi or Eiirah heheRfvkiy, FOR SRS IO 0COaRG:

C@\yeSCN eﬁR@ch@Rbp—SCbRbstN(ﬂﬂbﬁdl@ﬁ, WRGI ort-€4R 5)3; wherein
anched or .unhr anc T{E‘Sh teE1 hat| C; Substitut efl 1?
?Fﬁ?s‘ifﬁ%‘i‘?‘lcﬁtoé G IBFQS’ﬁE YHe @rPé%‘e%I&ﬂ group, an aliphatic

?td Kdﬂér@glﬁ?fatlé' Hﬁ]h@l?tdnté@pmomya%ﬁ hed n%let’ﬂlnﬁ) h&erABA moiety;

substituted or unsObstituted,” branched or

ahkﬁby,amlnm aﬂﬂeﬂtéam;arxlthlo _a0R®, atigylami@b-dipkRylamigadRGroaryloxy;

-S02RG - NO2; - N(RG 2;
%&%&%10 %?R%yq RG) 3; wherein each occurrence of Rc
IS i Raepet eBlebttd indipetidRaay froth e RFRMdoRSisENSMhydadken or a

al i phatic noi ety, a heteroaliphatic noiety, an acy
PY%‘?C@PQB“BW ad/| noiety; a heteroaryl miety; al koxy,
aryl al kyl am no,

di al am n%gl’ ﬁn}jer o%é%:fbt&139 méms’]qw}e’t eroarylthio
tmhattlyeplﬁdaafte)fe?@m’fulael ect ed i ndependently fromthe
group consi sting of hydrogen or otecting group;
and n is an integer i R ™ to 3, inclusive;
to formthe product R(5€5~-

(R7)n- N Rg OP OP RT, \R3, R4, R5,

R6, R7, and P(Bregefi 2N s
hydrogen, hal ogen; . HEB s-..t|tuted or
unsubsti t ut ed, = Rg

OP OP O O OP

wherein Ry, R3, Ry, Rs, R, R, and P are defined as above; and

R, is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORg; =0; -C(=0)Rg; -CO2Rg; -
CN; -SCN; -8Rg; -SORg; -SO2R5; -NO»; -N(Rg),; -NHC(O)R5; or -C(Rg)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;
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branched or unbranched aliphatic; cyclic or acyclic,

substituted or unsubstituted, branched or unbranched

het er oal i phati c; substituted or unsubstituted,

branched or unbranched acyl; substituted or

unsubsti tued, branched or unbranched aryl; substituted
r unsubstituted, branched or unbranched heteroaryl;

0
-ORB: =0, .-C(zO RB; - RB; -. CN, -SCN, . -SRB:. -SORB,

or BRI by X RpRspeipesy G o e dhis e sretants
n@aMe BAIHIfed Faehd and&ill fall WHSRSRGARh iBvaN RO P8 ex Rnple, the
Erotectm roup, an aliphatic noiety, a

P

end risglof Predhangogyslobuienobmngmpy badithensubstitutgdy |

iogly;, a miety: | koxy: . ar Vvl oXy; . .
(PS5 Vi SR DGhERSodTRb R Yo p Bl S ¥ ol K s i aBicts-
Alédracamion toxield Hhricytlilet Fiietmont bhfodmiRi ety. As will be
appreci ate by one of skill in %his art, the reactants
may be substituted furtty Bpmdz8till fall within the
clai med invention. For exgipftei the . phenyl ring of
t he benzocycl obut enol rj '
[0089] In another enbod engfe i s reacted
with a diene in a Di f2 : on to yield a
tricycline. The enoné of florgpilla: R3\R~ R5 O N R6 =OP
P OO OP wherein R3 is hygrogeq hal 8Fen; cyclic or

cvel L,c, ;substituted or ynsubstituted, ranched .or
WIS RS sy g Bt Gyalie ot agyehicespstituted i pBenstiftes
beinchébetgibtdridh@Haliphati @S bBReloCdcyh®) sahEAREd or unsubstituted,

het er oal irghatl C; substituted or unsubstituted,
beanghederdinbrancherbheterenlirhatie)dubstituted tor unsubatitwted, branched or

[ e [.unhranched arvl; substitute
oL YT PunsBh AL ey BB R bt PIRruced
or (Rubstitiled; bsaméHeBor unbiaRiRed hetekddryl; IORE; =GRC(=OFRCCO,R; -

-SO%RC' - NO2; -N(Rcazz; -NHC(O Rc; or -C(Rc) 3; erein
L cBCNG: SFes aBOBcorS RRci NOx il Fane e NIG(OaR pyI -G faes: vgherein
« | . .
UL 91081 R Db on 5 i, n o
moiétet a/heterohléphmtio arojéty na @&yl moiety; latoayyl msiglyoa Zieteroaryl moiety;

| Kyl thi o; |.t hio; .am na, alkylam ng, dialkylanno,

ﬂﬁ@fﬁér%gﬁ%hﬁ@ithl‘brarﬂ&%r%apgn alklmifis diolkylempind sheleroarylory;

oPN&ERERMhidAbRYEN: cyclic or acyclic, substituted or
unsubst’i tuted, - branched or unbranched aliphatic;

cycl Re ivhydsegent halpgenoytlictartaggicloy substitibesk ortunselktituted,

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

branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORp; =0; -C(=0)Rp; -CO;Rp; -
CN; -8CN; -8Rp; -SORp; -SO;Rp; -NO3; -N(Rp)s; -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;

R;s is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
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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; -ORD;, =0 -C(=O RD; -CO2RD, -
-SCN; -SRD; -SORD; -SQ2RD; -NO2; -N(RD)Z2i

bréﬂ%‘?@? s SHES! SpfCPmRi b oo ted

b&innlmﬁtn uhbrmh@i Neterdalijffafit:ORbbHtiRH iof ufiRibSiiNted2BrafG¥ed or
an aryl noiety; a heteroaryl noiety; al koxy;

UB]PWP@}F’Q acylk R‘}hsflﬂlt%ﬁ Of&}flﬂlb%lwd branehed Oalunbﬂaaquca,ryl substituted

OBt By R, o

Ni&b)slwheremcbadi octusriehsd oft Ry ﬁﬁindepﬁtﬁdelﬂfl?ﬁ(}ﬂﬂﬂ)g@ﬁ a protecting
al i phatic; cyclic or acyc substitut ed

unbr an d
Ppuﬂkfﬁﬂ’g@ ¢ proedys @ ltﬁt%%lﬁ@ah%moembraara@wie@otety, an aryl moiety; a

héeioardal u t
br an?ﬁeddlf)t?aélk&ﬁ gﬁ@ﬁ%tﬁg@ﬂﬂ Erd}k@fb ?ﬁj{l i lékazgammo
d@H@dﬁ@@npxhﬁé@palw}mcmdwt@oa@hbmanmb@d aryl ; substituted
o SRR OSSP L S
umbﬂitﬁ@ﬂﬁah@flc @Ebétﬁuﬂeﬂ‘ 6?91%9&%&)1 h@te:t‘]é’aﬁll'i)f'mcfet:'1 subidtituted or
rotectlnaw group, an aliphatic noiety,
AYi €

upsbgityig ja Cé{,ySCHn Séﬁ)ﬂllkmuelawlthmyaifw@z, amino, alkyl

mi_et Xy; _gryl oxy;
aIHF‘Iky{"y dlglkyg%%t"t%?%‘ypsa?ﬁeﬁ% dg@ﬁ“%ﬂ Rutied i al kyl ani no,
het eP ésinybmenidentr seleRtedr fec e ftbep ettty oRfydrSgen or a
sel ected fromthe group consisting of hydrogen,
PIRLACHR® BrouB iS4 'Fﬁcifiﬁitlélﬂlebwltabl(#w!iélﬁlpn%@cg 2hdaprwith & diene of
formp/t i tuted or unsubstituted heteroaliphatic,
substituted or unsubstituted al koxy, -OH, -CN, -SCN
-SH, al kylthio, arylthioxy, M2, amino, alkyl amno,
and di al kyl am no groups; arg as defined above; and P
i s independently sel ected m t he group consi sting of
hydrogen or a protecting group; is reacted under
suitable conditions (e.g., keat) with a diene of
formula: RL OP wherein R 1Js hydrogen; hal ogen;
cyclic or acyclic, substitut or unsubstituted,

branched or unbranched aliphatic; cyclic or acycllc
WhareiaR 1tig hidrogen; halogenstayelic enheycliv, anlnsimaded)or wmsbbstitotbed

b | ted or bst ut ed,
R BRIl IR b 57 nelEcReR bty Sp substnes
branthedet inbrarsthed hateaatiphatic; skt e idindinstitursd Bedrchet &0
itute ranched or unbranched het éroaryl

% un I d, b hed b hed h l;
unbpgngk ectjf@y sgj?st@t gdor ugsppstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -OR4; =0; -C(=0)R4; -CO;R4; -
CN; -8CN; -SRa; -SOR4; -SO3R4; -NO;; -N(Ra)2; -NHC(O)R 4; 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;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;,
or heteroarylthio moiety; and

P are each selected independently from the group consisting of hydrogen and
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CN; -SCN, -SRA; -SORA; -SO2RA; -NO2; -N(RA) 2;
-NHC(O RA; or -C(RA)3; wherein each occurrence of RA
i s independently a hydrogen, a protecting group, an
aliphatic noiety, a heteroaliphatic noiety, an acyl
noi ety; an aryl noiety; a heteroaryl noiety; alkoxy;
aryl oxy; al kylthio; arylthio; am no, alkylam no,

' | am no, heteroaryl oxy; or heteroarylthio
pﬁ‘%@tl@&@gr%ﬁf P are each sel ected independently fromthe
gr oupo efelda pidtettedaticholicegenmang 67 protecting
groups; to yield a protected trhcycllne of formula:

R RRIRR5 ON P 108 Jhergin R2 is hydrogen;

hal ogen; cyclic or acycly ¢ substituted or
unsubstituted, brag ’ hefieq al i phati c;
cyclic or acyclic, uns Hstltuted
branched or unbranched

substi t ut ed or unsub |tﬁ . anched©8r unbr anched

by YRR R s hﬂggﬁuﬁg%él{s”&%%yd%; AR RS fetsmsubstituted,
bdichedS$MNinbrazidBed al cy@ﬁ@&%eyclﬁ%ubsh‘ﬂ(t?@b?unsubstltuted

ORB; or - B) 3; wherein  each occurrence of

br@gl?(%@pmbmhecyhammm}@gémubautptedm ensubgtitgtash, pranalwd or

uﬂivn‘aﬂ%ﬂtd'a%xl g&éﬁ? %}L&/ﬁ%ﬁggtﬁgé(dég%n ﬁei% °n6‘"§’{3¥7‘9he g/bstltuted

oauymxtymteal &w}eﬂww uBbihéHeddiet 19-ORL k=§(ba-m(ﬁ0)RB -CO;Rg; -
di al kyl am no, heteroaryl oxy; _ or et eroarylthio

GR5i-8EY; -SieiviP PRebS QB NOa R py; Nﬁ@(&)qu@ﬂ C(Rﬂs,tmhe;eln
Tl %, R, TN 0RO s
rr_m«xgm hejemamﬁlﬂﬁe}nd:etyym acghoiolety; aardnyidnmem a htfesaeylaneiety;

ol sk it Felicsrd ifraneg L Hitica HoflsTimigo shagropegtony
orheteroarylthio moiety. As will be appreciated by one of skill in this art, the enone
and diene may be further substituted and still be encompassed within the present
invention.

[0090] In yet another embodiment, the enone is reacted with an anion of a

phthalide or cyano-phthalide. The enone of formula:

R; RH

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; -ORc; =0; -C(=0)R¢; -CO:Rc; -
CN; -8CN; -SRc; -SORc; -SO;Rc; -NOz; -N(Rc)z; -NHC(O)Rc; or -C(Rc)s; wherein
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O OP O OP wherein R3 is hydrogen; hal ogen; cyclic or
acyclic, substituted or unsubstituted, branched or
unbranched al i phatic; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched

het eroal i phatic; substituted or unsubstituted,
branched or unbranched acyl; substituted or

' b hed b hed bst t d,
s e T
mdiitg; a H&roaﬁiﬁh&@): Ei@ow 1 nrol han a?@\‘nomt%Rﬁ ‘hefem’mmety,

- SCPR : or’ - g‘ 3; wherein
aB@Xéaﬁ{ﬁloasmlkyl@%@rﬂfhlwnmgo; ailgaépmmed lgylaming dheteyearyloxy;
<IN 5§%$ up, - an aliphatic noiety, a

Ohe@é@b |Iiiﬁhl ‘moi ety, an acyl noiety; an aryl

moi eRy;is hiydneg@ﬂ; baloyén; RPEIRT of; acrﬂi&%hhﬁécﬂé%ﬁbsnmted
alk | thio am no, [ am no, dial kyl am no,

%%‘&PP%%GJ IS 9 achilis, fehsbied @prssbstinuted,
bfh&ﬁglﬂéagcﬁﬂbnb%l:ﬁ’&ﬁ{bterﬁé(lﬁiﬂgﬁc Yubst t%h 0 lll&ﬁ.lﬂ?é&l UGt or

unsubsti t ut ed br anc or un Fanc at i C,
ugbranghed @pylasj.gbctltlxbcd (Huhlsﬂbstltuedﬁbranchedw hﬁbnahthlieddu'yl substituted

o B et B R ied MR o140 - (~OR s “COWRos; -
CﬁubS(CNtLHR%ﬁ S)@RHWS@RBII %stﬁﬁ?em@g ’hede'gﬁgh’dWh'E"relrl

aryl ; substituted Or unsu

e%h&cama ohBpat indepdndentRDhydragen, epratypiting grﬁiﬂ Bbaliphatic
o e At g an R iy A e BT Sheronm! rsiety:

alksx)'s nedpen dikyithio; aryMhely; Q8Rb, aflcy P8 CAibMg] agHid! .
hat noiety, a heteroalal ml c r:m gty,l anete‘?{/’b[ryloxy,

okt ?Vyiﬂéll‘?n&?‘ﬂ}’:rrol ety; a heteroaryl miety; al koxy;

aryl nO,.
5 ) B B Gep A Bl A BB
bran¢het pr uﬁlﬁandleklyldipbzgﬁtl cydiial digeycllcQMIblshﬁtdarorQﬁyﬂHshﬁbted
tuted, branched or unbr anched

brs Qﬁhltutﬁd Léesub
PSSR AT PR fae%fi %qa sbstigiersen yngulstiteed, branched or
urlbiEiéRSd hdyil stivufRl 3P GRS Mact WUARRE Bunbranched aryl; substituted

het er oal i'phati c; I tuted’or unsu
orpngehshiaideds branghést mu‘lb@ch@hetemuﬂykt OR# @CNOISCN; -SRE; or -

NN BPGEESe e ABT Shbbatea
grotpgan atiph¥itic-rnéid g a heroaft hat1c|\t|f1§@y2an ﬁ%&ﬁdi&xeﬁ{:ﬁﬂ moiety; a

occurrence of REis |nde‘;()endent roge

hefgregrybmpisty; alijosbiparykawy adlk po; m'ylﬂuoaeanymo,aalkylammo

|
dlﬁlﬁf'lgﬁl?rﬂj h&'%ﬂo‘a% g;ﬂ ?ﬁgfr%qaglglcgmo%gl et yar 3?03;/?/
al k)l{ﬁtlh selected fbin'the grofl ddasistalgoft lﬁﬂ}dg@n hagd()g%h Kt euRa o

@ eroa }/I oxy; or heteroarylthio noiety
ungihstipyed 3 IP]FEBWP suhstitpesh gy l@é‘ﬂ@ilg—tt@dﬂ@et@ﬁamhg,@ahmtuted or

unbeHsAAREH AR5 LhHULEN, RCN, -SH, alkylthio, arylthio, -NO,, amino, alkyl

amino, and dialky] 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, Ph;CLi) with the anion of the phthalide of

formula;
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unsubstitued aliphatic, substituted or unsubstituted
heteroal i phatic, substituted or wunsubstituted al koxy,
-OH, -CN, -SCN, -SH, alkylthio, arylthio, -NO2, am no,
al kyl am no, and dial kyl am no groups; and P is

i ndependently selected fromthe group consisting of
hydrogen or a protecting group; is reacted under
basic conditions (e.g., LDA, Ph3CLig with the anion of
the phthalide of forrmula: 69 Rl ﬂ?)n O OP O wherein
R, is hydrogen; hal ogen; acyclic,
substituted or unsubqug ed or unbranched
al i phatic; cyclic or acycl
unsubstituted, branched or br anyhed

heteroaliphatic substltuteddg' ungubsti t ut ed,

branched or unbranched acyl ;" substituted or

uns uvdterain Bd js kyrdargengbialogen njacrln:rur eyl ;tlbstlmmdsdri mmnbsdtuted,

o b dadhe iR EaD B O ah il SRRl el SR ea,
brandRéd sr unbdhiched\idtékbliptabiEiGubithiied @F ungb%%d B\ﬁﬁ&?ddrbr

each occurrence of RAis |ndependently a hydrogen, a

vpbrgnchediany; swhstipitedior wnshipstituedc braneliedtoy unbranched aryl; substituted
opﬁﬁs%ﬁg’cﬁ{lfeﬁﬂﬂ%ﬁcﬁleg%/ ﬁ}xyfamg{ég%%}ég%{nglk e(BIXé,r 3(?,03{; b)RA, -CO;R,; -

CN; kFCNDESR 4; 38R NiSD,RAMNO,; -N(EK Y, aJNH(C(O)R',\aJJlk-Yj(RmJPQherem
h teroaryl oxy; . or heteroar¥lth|o noi ety; R7
gasnceRs M&w CEWGMB’ 6 yéregen iacrotseiing grpum @ abiphatic

cyc Pazﬁéct)érrmz‘alggr wH{o?& ’bstl g%% %?Pgu &Hy ? ‘Iét]ar,%aryl moiety;

alknancﬂnjddxy;ralkmthuamcﬁ&nb hﬁtlﬂds Gk ylahaio] dlall@lhﬁhb,thﬂeedarg’roxy;
ﬂ%ubsty%uted branched or unbranched acyl;
o5 OdM8iensubst i t ued, branched or unbranched

aryl R, sBafdden! ﬁﬂogé?l': c&’ﬁl&%’%‘:&éﬁét S%?tlfg;ég%nﬁ%l%&éted

unbr anched heteroar
bwhedgmunbragp@ed ahsm cy@ﬁz@ca;cyelNmubstm(tﬁi)ramsubsntuted
ch oc urre of Rc

b b IR B o P bRy B hened o

uﬁﬂrhﬁh@ﬂ abyl; smssﬁ:med ot uRSIIRRH] BBRdHed of BAthNched rarﬁcwbsututed
an aryl noiety; a heteroaryl noi ety;

Ofawpbswute% hx%qhnd er uld:fymﬂlnd beternarylo;ORd; mﬂ,aﬁﬁ@)RG, -%/OzRG,

] 803088 SRV RO B BARN g wheri

eagh @apureanios bR mgmdépdihyiéritl}gzﬂ‘ﬂydrb € b 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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al kyl 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: 70 RL RR3 RR5 (R7)n \ |

I /N OP OP OOH OOP wherein R2 is hydrogen;

hal ogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic;
cyclic or acycllc substhtuheg uq@ybstltuted
branched or unbranched heL: 2! Bi ahattc substituted or

unsubstituted, brancgsd gnbian
substituted or,_uns Stl ‘ uRbr anched

aryl; substit el ¢
unbranched het er oar y¥&:
CN, -SCN;, -SRB; -SCRB; ; )
-NHC(O) RB; or - C( RB) 3P whét e n OktactD occurPence of RB

IS i RARRSH Rgmﬁ;zar@gehmﬂ@@&ln )(@hcmr%ﬁqfc' ﬁﬂasﬂh%arbr lﬁgl]lbstltuted,

all&atlc noi ety, heteroaliphatic nbiety,
dyor ynhranched fﬂmhetlg/,,cyahctm mydar whbstibited gt unsabstmmyd

SR B s L oL AR Bt o

unipiagdhed ab @) Ststifiia] G Eiieskisucaf brtah@healmnﬁbfaﬁafew 2N siisBtuted
then further functionalized, reduced, oxidi zed,

oF wagubgiyted, brﬂ?@leé@f sabranghed dneterﬁtrJeICt@Els,ﬁD,yCé#@)Rm eCO;Rg; -
t
PN only SRy AL LSRN OB S i

eachwentirarce aalf Bpihindepdnderil Pu hedrdger3 a pidtecting, granys! ah 3liphgic
Wl | he % ci,ated by one, of skill in the art

“\?éfifif&“@?f% IRRtS Moty Wﬂm@&fman afséémmﬁquebeteroaryl moiety;

alkB&y; :ﬁ@*lﬁﬁy fa'llaﬁﬂﬂlol_%ﬂ[l ﬁ@%‘ﬂ%’yl rﬁ%%ng{hgg | ‘];16 Hteroaryloxy;

di st ation,” HP Yer ap
OE]XQt¢Ta@lt)’itbmmblet)£ratl on, etc may be used in the cour se

nt he ZI n nds of the ent.i These
(014 quedhFRPIBES ok the RS Wécma&?f\éﬁpéﬁ%w functionalized,
reduédd] beidided r‘re@ﬁrangeﬂtﬁ'bf@féﬂa&ﬂsd fcﬁﬁtg &t ielR MO Hesired

startlng materials, or solvents. eutica
ProgHgso Marions qumw]re&qﬁwss seden thieofinak B}mh@emvf the sompounds of

e Y STy N MG M TR Y

npoun S

omat nﬁhe ait] wlouy isobation Fah@?hﬁﬁ&ﬁoh\t@dhhkfhei heraaig nadai ch
conmpounds inhibit the growth of
chrprpiographi: GHgalligatipn, dﬁtlﬂetrqnaH«RL&;ﬂumlmmlgommoemm

edtACEHE HtrRidh, LRNNRY be LA i R dhrse 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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of or kill tetracycline-resistant organisns including
chlortetracycline-resistant 71 organi sns,
oxytetracycline-resi stant organi sns,

denecl ocycl i ne-resi stant organi sms,
doxycycl i ne-resi stant organi snms, m nocycline-resistant
organi sns, or any organisns resistant to antibiotics

of the tetr cl.ine c s_used or veterina
cPopisln R PRNE oo leBE el Rt il 8h Gftisms.
dexyO&tind-resistint 6¥datlses] Mirdeléltictiési@al Btghnisms R laap biganisms
cell's such as cancer cells. In yet other enbodi nents,

reshuant dorpeiltieticsiof thastetracycline glasnttsrd it hwpancpn Yetgragramgdicine.
In‘[ii Bg'fgg ?ﬂgs(ﬁgleé%u%g g‘c; mgguﬁ‘c{s sﬂ?ﬁrac%%a'n % Qo ﬁ({ Q’ct&fﬁ&/ Iaﬁamst

npopjasmtesllsfn suohl as cangee welthks In lyawthq ?mﬁddWEmtahhabomMnds inhibit
antipr r_ti\( CtIVIty an t Us e inpventive
@t éoﬁaﬁléam %u iding celly,pich as sim eddpﬁanv@mrépsﬂs
[6593‘FEd' CalASCcﬁ%%§éd%§§vé i M‘éééﬂg riv@flt‘?&'f BBVRI ss Howe @&ﬁﬁounds

cancer, autoi mmune di seases, ammat ory di Sease
hawdg éhtibarhial aaldtannpwdmfér;mveﬂamwm amg thys the 1mfnnmﬁe¢ompounds

t
RRERN 5 b FaieRE S8 vty O RO RE o it infestius
deenses,| GfcaatitSin@e dl&h%sescﬁﬂlﬁﬁm&yﬂﬁseg%‘écﬁddhﬁﬁbetw
her ei n, and optionally conprise phar maceut i cal |

refopphyb Pecordmaly, ém andthercspech pﬁtmrm@dntrmmrmont phagmaceutical

PRI FOPoSRE 0 D SGTRLL3p on TPE

camnpouritds @5 dedotibedB@bin, @iid &ftnalY céfiblise Ppldirmbeduditalieacceptable
agent. In other enbodlnents t hese conpositions

cme{ hIé’rceétélrﬁﬁm‘%CéhFa?Pt&r’fh?Sﬁ cPRPPSi Fifi entipnalle Artheyeqmprise one or
ol ? bddiflond MJ&BE %?%%?ﬁ?@gg%]tl ﬁ&oblﬁfﬁd F‘lt or aglother anti-

rever,
peq:)ﬁeranvelawh t madtherentt@dimedts, tiwse compoditicts fafthérremprise an anti-
esent inve on can exist_in free formfor
Hent agept SLwl:\ &5 asparn, i l&rpt};peacegggrngop en etc., pain reliever, or
geutically acceptable derivative thereof.
According to the present invention, a
(#0194} nraceutt widl dlso mmmcaajbcbtmetcmuat ofitbe coropomtels of thetpresent

R TR P
pHafdacaiticyRy %’Ueﬁf&bletﬂéﬁﬂaﬁ@'ﬂleﬂeéf rﬂ&do?diné ® thePpdseRihvédlion, a

need i s capable o oviding, directly or indirectly,
pharmageriisally a%@p@bke%mvg@vmgl@ﬂm but inaptlimitedto, aharmaceutlcally

d
oTSHRBR e ot BRGS0 s i RuoBl e v
upmcejphialstratisaio 4 patiehtinsebd is dapaisie of providing)ididectdy 6r indirectly, a
within the scope of _sound nedi cal _judgenent, suitable

cgrgpougasiofhery s dsearibal hreim er # melabekiter residusibersafi c.2., 2
phdd ani mal s wi thout undue toxicity, irritation,
aIIerglc response and the |like, and are conmensurate
[0096h a r edsomabhaeinetheftertr Yphakmaceutically 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,
atlergic 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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rati o. Pharmaceutically acceptable salts are well
known in the art. For exanple, S. M 72 Berge, et al.
descri be pharmaceutically acceptable salts in detail
in J. Pharmaceutical Sciences, 66: 1-19, 1977;

i ncorporated herein by reference. The salts can be
prepared in situ during the final isolation and

f t n
UL GRS SATRAY ISa byt 0 YR bl prffraceca
Smdnhesa 66Ul -1 801977 pingetpotat@) hdréia byasfetenca CTlt. saE%édﬁlieqirepared in
phar ggceutl cally acceptabl e, nontoxic acid addition

Séfmdtl's'm& tingl {slagion agg, pur{isatiog od thy Gommesads@ithe invention, or
SPRARAN Al D5 NSNS0 DU At
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ci.tri [
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agetifl avad, @Xala@@fud,bmtlelc aasbemaat: @s:ld @mmtésud:d‘imnamd or malonic

LIS Binertsilradthés BPA FLBe e it 10 sERPBRF olts
phbGhace i@l acekPedie/ satts il adgfe ARSHHIE, QBcrBate f Rp AT

fumar at e, gl ucoheptonate, gl ycerophosphat e, gluconate,
baransehlfonels, benapeiarvsltate, bhsia hubrate, q@;rumgrawca@phorsulfonate

Folt s Ok AR O EASULORR, Sl g, o

foratifate) ghicbheptaitats, gmmhbdpahenglaudﬁm &ibﬂusulfﬁte?ﬁéptﬁlﬂia&

nitrate | eat alate at e,
hﬁé@ﬁwabﬁﬂowgr@u? @@xwhq&ﬁ %&ﬁeobptehwpete lartatep srase, lauryl
sﬁff&tE Ah8latePindRhat %al&%%oh%ﬁ@h%ulﬁhﬁér?fa%hﬂw&{%? nt%.te

fate, tartrate [ ocyanate, p-toluenesultfona
mamrmaa'e oleale,ea:aiaee,qmlmnsate grathotateg pédtikeate, persulfate, 3-

resentative li or alkaline earth netal salts
ﬁtg)[l}aragloggtgr p}?ﬂsgilq ?,mlg}'Me B‘b’;’ﬁ?sp{?ﬁfona@apte?rﬂfﬁ succmate sulfate,
téfﬁ'ﬁt@eﬁlhdg)?%ema'%é‘(ﬂ) &hﬁnésdfﬁnatﬁ%ﬂdéeénoeﬁam&%%ltg Bl ¥he like.

accept a salts include, ~when appfopriate, nontoxic
Renresentatine alkalt @raﬂaﬁllpeam nietaksalteridelade slivmy lithivgn, potassium,

h hal i
A UC R Ay oA e
wheh ﬁappt@bﬁate ARht@MiY mtoni@RauaterdPP nonildh [dndBdlihy catRfs

used herein, the term phar maceutlcal |y acceptabl e
forged usingoppptgripns %@h &# Balides bydrayide.slaghoxylate, sulae.ahgsphate,

ng{h@é r%ﬁkgﬁgﬂfoﬂe e eﬁ?‘ M.y €adily in the human

conmpound or a salt thereof.

[@%] abI e Apiditionally,cissed arbingithe térar “;&m&ﬁﬁe&hedﬂ?@'i&‘eptable
| cally acceptable aliphatic

ger; ' %é% ﬁgr&%ﬁ%o‘ﬂ@r ﬂﬁﬁ&fp XeiF g ang wﬁ&sﬁeéhosanlkaé RéFak down

ré?a}lﬂﬂr ﬂ?ih'é@iﬂﬁiaﬁ b%lf’l§j to Rh¥AME hf%h?c o'r siff 'tl‘ﬁ:?eo‘?agthtable
or al kenyl” noiety advanta ous as not
estmoaﬂsoacibdm fart exmpl&taosp Idesveﬁ frquamanndcautumﬁyaweptable

aflrghc k}lcJ %Igrbog)rll%ae{c?(?s par%(celtﬂ%rly 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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73 propionates, butyrates, acrylates and

et hyl succinates. In certain enbodinents, the esters
are cl eaved by enzynmes such as esterases. [0097]
Furthernore, the term "pharmaceutically acceptable
prodrugs” as used herein refers to those prodrugs of
t he conpounds of the present i nvention which are,
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dstenedre @fvan®l by miyhleulﬁiﬂﬁastdater&bi y, irritation,
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Blorevars e Carrie in Dru
G T UG skt sRpRbs et Toply atprmed in vivo
té&yiztdthe bARAL chipdundionihd sdva Fomiuls %Ipékraﬁfp%jb)hﬁia?bﬂfsﬂﬂn blood.
reference. [00981 As descri bed above, th
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FCtB LSk L7 BOBIRE Wi 8 ieporariied Respiney Tefigeme.
[GUgRF T Vat i AEfescritftldi ol %lﬁn&h%flhﬁ%ﬂfﬂ% %Bgnst tg]tgthé b#e@ent

as Suited to the partic osage
1mﬁ1mg@dﬂ1t1maﬂilyamnmsuh phainaﬁwtmaﬂyacceﬁtabte&ﬁﬁﬁé‘t Wthh as used
hEdl tho ck Publi shing

i s apy and o sl KBS 4 ot Sauidaiehiches dispersion or
shepeRibmbidsGurhed A8 Ui dha lis AP 9sdntd, %?kc‘?ﬂ%‘% &%Wmfymg

technlques for the préparation ereo
ag%%ﬂ)éﬁsela@tlmysqimms dvbricaptsrand ¢lse lkeegl puisniied to the partlcular

th.the, cancer, .Co u
AbE TR ARG il s Plirriderty s Gl T iRBE Bdbton, . W,
MBrﬁJﬂl d’gadaPutﬂfsﬁﬁigthQfE&tdiﬁ PWi, $679) W RIAES VdHdub Barfiers used in
del ter| us manner with any other conponent(s) of the
f EITRAFEURGHh BoBPesitinns and knowa tecknigues forrfieprephration

t]‘f%?eo‘f"' Ethﬁ)t fI{SB% %ﬂgcc%/eﬁtmn%l }:eﬂ%‘igﬂﬁs@) H@c’g&%@éw ‘with the

materia an serve as
alaecwt:amtﬁpmmds Déths inventiotlauctbad byapredosihg hayiddRirille

b H%itaz ﬁ'u‘:h a | act ose, gl ucose and sucrose; starches
0 e o Othenyish lfﬁ?{actwlatadie&tm%ﬁ masapy yith g8y other

cdlﬁforﬁﬁgg)\écﬁ‘tthé’ ﬁmggﬁltlgflos B an f %%?f%g&en@%h lFtefl to be within
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lactose, glucose and sucrose; starches such as com 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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74 excipients such as cocoa butter and suppository

waxes; oils such as peanut oil, cottonseed oil
safflower oil; sesane oil; olive oil; corn oil and
soybean oil; glycols; such a propylene glycol; esters

such as ethyl oleate and ethyl |aurate; agar;
buffering agents such as magnesi um hydr oxi de and

/ u oxi de; [ ; r ggen- er;
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FRe St A ety perlmime e gt S BF B
(including, but not limted to a human or aninmal) in
need of it. [001001 The conpounds and pharnaceuti cal

WsshpoSerpamss gnd Phermprasseéenl Compesiionon may be used in
O b SARL K00, RST8] oF O s e

I ncfudi ng inrn
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hgfections, stem c infections), proliferative .
effeeitamoung .oé. e compeEnd or spharmaseutigpiinesceptale ddvative thereof
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AT L7 e el R L HieRima g R Rty i e
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treatment of the present invention, bacteria are
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N T UR A —
c6RPPAHATs afiinistered 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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or a pharmaceutical conposition conprising an
i nventive conpound to a subject in need thereof, in
such anmobunts and for such tinme as is necessary to
achieve the desired result. In certain enbodi nents of
t he present invention a "therapeutically effective
anount of the inventive conpound or pharmaceutica

o BB EPhdck al Sor D ATl R Bopbidd i Bfcer in
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enfeirg ﬁ:ecﬁﬁﬂﬁé@ c\.gﬁ?rfll}& foec?f% d@&glegél%r ﬁ{affpaﬁ'l!?&llar patient or

ient; tine o istration, route
oaghmsm shill depcmd upamd vadéte of fackors lr&ﬂudmng thie disohder bpimgitfeated and

und e 0 t he durat.jon of .the treat
%?8 wsoefdf;%f gf@%ﬁ?%?f“’t&ﬁ Oﬁtheéa?%’e‘? guRPoyn %I?quxqﬁ'e*he
RS, o RIIRUloR R AL, pll e bl ok, el o gt o

thepatight theotimeof hdramlmapom,ppufawé afinamistrationt arxdarlale;of excretion of
ble carrier

o SRR doreeand EBRlsyEe e b ofBE S8 Rmrh s wssginse

cofsiratioh Of EéintideltbIngs tRRPeaH H 6mpdiniBdnSpleyad hid like factors

rectally, parenterally, intracisternally,

wahk knpyaginihg mpdiclarisaper i t oneal | y topically (as by

[&?lvfﬂ rs, P%'tﬂ% (9'% affe? Eorg{ugzgpen d‘l ha %}lﬁ%?%rﬁ?e 141 er&%utl%lly

nasal spray,
aoeptable canﬁathamsbai dgagd, Ql&tlﬁdmnhcfbuﬁeﬁtcamosmons of thls
enbadi nents, the conpounds of the invention may

inyeRiian siebeadministared torhusmans and pther 911151&180;6@1&@56%@11»@ s
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ngerlty of 8\6 1ntrecr:t?org ‘t?eu?éj 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

76



0.5 ng/ kg to about 30 ng/kg, from about 0.01 ng/kg to
about 10 ng/ kg, fromabout 0.1 ng/kg to about 10

ng/ kg, and nore preferably fromabout 1 ng/kg to about
25 ngl/ kg, of subject body weight per day, one or nore
tinmes a day, to obtain the desired therapeutic
effect. The desired dosage may be delivered three
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agents and suspendi ng agents. The sterile inject abl e

edified eils, glycolsapolasasbatps crcledaitiinse ppiymses, apd gombinations
HQLAE i on, suspension or emulsion in a nontoxic
parenteral ly acceptable diluent or solvent, for

[6aE0Np| e, dajcatably prepavitions, thr Sxdm;ﬁla,md‘ilelm_]ectm a@aebheor
accept abl e vehi cl es and sol vents that %n yed
oleagingys évspewwasé e fsmylatesiaccerdmgro the, q%rb% Hrﬂeg Suitable

SRR 51 S5 PO 0 s SHBEAL o in
Baysglsmbie mgtenminpmabﬁmolmbnssqspmmmmrmlsiﬂn 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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bl and fixed oil can be enpl oyed including synthetic
mono- or diglycerides. In addition, fatty acids such
as oleic acid are used in the preparation of

i nj ectabl es. [00105] The injectable fornmulations can
be sterilized, for exanple, by filtration through a
bacterlal-retalnlng filter, or by |ncorporat|ng

e e SR A i B o ion

fﬁtyeédlasesu\éﬁ%ﬁ blefy acid BRlusedinethé prephralies bafjetabbei u m
prior to use. [00106] In order to prolong t he ef

ltmltﬁ] dr ug, Thetinjegtabletfermulations £Bn be sigrikizesiy qrwecample by fitration

bs
tﬁfﬁ{@gﬁhgcm -rreéanr}ﬁrég | oh&r %ﬂ?@%f#@g%&%@go algent in the form of
stefiite sistidl @hP@SiU'OﬁSJWﬁIGhm dadisesived ocdiysdraddlin sterite water or other

anor phous material . with poor water solubility. The
steateingictable BEGUMPNYTO B drug then depends upon its

[ﬁé‘fo% Of difg %P&éx’gd @1?)16({4@ tﬂ?‘ effed o Hldbug, TBY oHEP8EGHBRAS slow the

cry s size an stalline form Alternatlvey
absadrptymd ofths dryg from sobctaalmausem igtrainbycubd ijeétiome r"laﬂ@ls mrm e

f I di | di
PSB85 s R s B8l By RS P
vﬁ&ﬂﬁod%aft&rsmdwnm %9%8§P§débﬁ>t1ﬁﬁtolf|tl€e9cﬁ'ugihehhﬁp@ifds@1pbﬂ its
bi odegradabl e pol ynmers such

rpﬁmloflda?s@lutien pbichgintoo, inthy. demmrmgymicsrzetané crystallineoform.

At ARdEpsDfioh o8 » BRisHIGa R pdhlisRR il i s
4eedthplhee ﬁr JERSARRIgRS sofpentig rthdom egaRoiR bbl@cl@olryéwrbse depot

i ncl ude y(orthoesters) and y(anhydri des) wP%%
fpn?%@rﬁarmdébwdpmmamlmn@péulanwWé’ﬁﬁwéb%w biodegrada

ARSI B RS DR BimbA A e o
fobyiersdn Hlthmﬁatﬁ@roﬂtlea:peathcmr po@gnmﬁm;ﬂdyadn thi:tramtafdmganeh:ase can
hﬁrcﬁ;ﬁéf'i‘%'q ﬁ@g(éi'aéﬂgé e dablR G b4 Piortprgers) and
RaarEh! HepBKEIRIBN Srfilisfiahd dreao iware@sofamgpmg the

a suppository ‘wa
dsbg: nhhpmemmbr nhiabenamtbionn whichrmpe canpatibldwith ﬂaodpatlssuas

h f h
BB oot oLk vremal Farpisi Tl afy ety
JuQ%s@t%hesS@mcﬁ cgﬂﬁé‘?ﬁ‘eg 1. rﬁi@t‘ingﬁh@ kordpirids HF EHé indention with

i ncl ude capsul es lets, pil powders, and
syitalrlanes-irritating axiipsaits of @mg suchaisipgcoa uiten ool yeghylene glycol or

apwiB 0 i T o Sl i 68 Yo Pt iguid at body,

aspe@tirel Bhd thiefafdreendl indhe lcRin 6 VDT bantiy Mddelenseathe active
FI ers or extenders such as starches, | actose,

@moag gl ucose, mannitol, and silicic acid, b)

@Pﬂﬂﬁr s s u§(hl sa%eofo mlrﬁ adnﬁﬁgtpﬁg)\ﬁqﬁ&h&é &E‘Js{ll% Qatiets,

ates, yV| nyl pyrro none
]ﬁhﬁi p@@@letsaanﬂ@anules 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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c) hunmectants such as glycerol, d) disintegrating
agents such as agar--agar, calcium carbonate, potato
or tapioca starch, alginic acid, certain silicates,
and sodi um carbonate, e) solution retardi ng agents
such as paraffin, f) absorption accelerators such as
guat ernary annonlun1conpounds g) mettlng agents such

, faor exa cety al coh and r __ .
o Bimetentf S o5y G PP Eas e o Seprgragar, caloium
cRPOhMB] fcRate loR YapictaGtarth), al gkt a€idéeFtasiisiHcass, hﬁ?d sodium carbonate,
cal ci um stearate, nagnesi um st ear at e, solid

eh s lydomietasdiag agpnyc@ sch, asportfing f) abﬁowtlwwéﬁr@tor%ﬁ&h as

h
ettty BbdghasE om#%‘}nr%%wﬁs%ﬁ%eﬁ%%% £ (o GRS cByf
aB @0l ghd dl %O@Stdaﬂite; QWBWEdnmehs hacflmmnldd:entoyme clay, and
i}r@%aalso mpl oyed as fillers in

oy pish a@éalgtqal&l% sleanaiss H@&l?ﬁ@ufg at?ﬁrﬂé& 831&1 polyethylene
é}gcl%%sg ?@dﬁ&fﬂ 1K Lﬁfé&? Phixthis thds ity hlerﬂﬂg@ma%ules tablets and

ol yet y ene glycols and the |ike. The solid
pilidss dgpadoshger fioem orayt 2l eﬂspnsdr’oa@’easg agmp&sul es, pills,

T e By it e SRR AR s

sbft ahl BafOGN dPERA @a@kulei @ﬁﬁ@é@h'eﬂ Sipfents. asTMUseﬂ‘ﬁlek sugar as
optionally contain opacifyi ag enPs and can_al so be

vl & higlomebzintar sieight aolytslﬂwlﬁnc eb@ab@ndmﬂ 1k i The solid dosage

i SIpOTE. Srhef B fapnSlbs. B, B Blabflch tan b brBndiEd b Routings

aNBRAGIs subk aderteise éﬁanﬁg@aﬁmtn@ co@@ﬂgme:n km;tn;&n iththe bhar&raceutlcal
be used include pol ynmeric substances and waxes [
foumgaking aonThef may eptigraly centgin qpayifying gepes ‘Fa&i’iﬂ’ beofa

coHpoglrtlﬁm l%t R trel%Q& tﬂ@ﬁ&lvfe 1£%r glentg lo?nﬁ)%, Er gl%?é‘glllt?eﬁly, in a certain

suc ients as lac ugar as” wel
At dﬂt@‘hntdﬁﬁhzﬂﬁtﬂca bpmme@llyt inod eddyed ineanmen | Brambpd essofeentiedding
like. 00115%1} The act 1%3 ounds can al so pe in Hd
Geruositions whichI cap ba us R lam'énca\l stasices Aoy iean gt

%%JI&%%HS éﬁ’%ﬁxqa? 5&. %&|¢ fsARs &t o Jﬁﬁﬁlféfrs inPRedna hard-filled

ees, capsule ranu es can be
gﬂeema:tapmlw using:@mh emgmeatsdis ska”misle or suilkisugsr asrwell aschigh

coati.n e contr I l i i ngs and ot her
’E%lﬁ?‘idﬁ‘g@e‘ﬁéﬁ I?O?‘Rtﬁlﬁ]\ﬁﬂe glﬁfc Egﬁﬁﬁﬁ‘?ﬂceutl cal formul ating
[@0110] In supfe faké @oﬂﬁ&ﬁﬂl‘é‘ chORIRE bk NEmAGb e Eaps G1aTRAYBAN with one
may be adm xed with at | east one inert dil uent such

aan@e ckapisnts aaaptrdaboye. sthe sbid dgsage fouaseldabletsy dveerty

Eniea AL i orafied G ¥l P ih e 4R AR o g5 epsoric

dodffigsC pdléaSe abirAliecoatinps aid (b'tber&iodﬁn@twﬁl momgnﬁhe um
stearate and microcrystalline cellul ose. In the case

Rermegsyticad dormulating ast. dacuph salis dospes forms Higeictivs sampppd may
™ a%?n&é’d@{th %Fle &fo];]g [iﬂe?gdlﬁﬂﬁ{' h ad BRY s@?lﬁb{%@E ?PQQM’]Y Such

alh opacl S can SO De o a
dl:@ﬂgmﬁ)hhs myta!mtcotﬂjoelye rag liemerenal hmcm‘.ﬁ, hdditii®al 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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ingredient(s) only, or preferentially, in a certain

part of the intestinal tract, optionally, in a

del ayed manner. Exanpl es of enbeddi ng conpositions

whi ch can be used include polyneric substances and
waxes. [001111 Dosage fornms for topical or transdernal
adn1n|strat|on of a conpound of this invention

.inc nent ast es, creans i ons

ingRsien e Sulhs Bt PisticeRilly BiacER R orthd S8HnfBL opypmlty. i
aaﬁldywnfaﬁﬁaomm le§ o AétbetRith gidbiiosBions whechcan tetus@hidiclude
with a pharnaceu¥|cally acceptabl e carrier and any
pobeueit sybsisrney and wesesor buffers as may be required.

BT R o PR s

off e fiveMtion NURIAE binfakhty, pakles, diéanse ttttlons,rgelmpwders solutions,
contenpl ates the use of transdernal '

t ches, whi c,tl1 .
SPRAY® 1RlRarHeeeRRieles-a hhe gt Ve SoMPeBeAt it w%n g uhdsrisgile conditions
Wil A%ﬁa[r%a@%lt@%@péﬂﬁggﬁﬁle Qe EnP A necdtd eg adkes boP Bﬁﬁ'ers as

can ving or dispensin e conpound

may Hdteqnpremb eDphtidininforbitiop} daodropeyendreye dsopnsam albso

be us o.ncrease fhe flux . of. the, co nd ,acr.oss

°PW€“§’ e SSTieine VARG theiseops oL B isprise. SHRpARY. e Present
eéa¥bA bHed ra?és%&%tdf%hsdwmaﬁﬁm%@ QyvIAth Rivethe 9&:[@‘&' ad¥antage
e conmpound In a polyner matrix or geI [00112] It

qi\'npi‘dvuhhg oorlte)lbplpdbhmrapéd comgoundie th@hq;dyu rfdxsch glasage forms can be
r. 8 ..cal ositions of .the present .nve

rBaiy et R e PR OB emmsing L P T Mg RbbcHBsion

ehghceRMaR W DetRE RNALIRRRANE IGRbS GRTBAPbUINDRFoBaANe Kén. The

adm ni stered concurrently wth, prior to, or

rafgisse be eentralisd baweth@rrprwﬂ@gcﬁ ot contrelnganerniapapai ey @igpersing
t]?{]c(gg u%all?ta%e a%% 0 Eeq particul ar conbination of

Ies peu I'CS of procedures) to enploy in a

[o8112] nat | anwilb@sarBe apprediated Kt thivt @ngoundsdnd pharmaceutical
conpatibility of the desired therapeutics, and/ g
coPpeEtpReel th areﬁmt iRjeatipR gan bre?rabl@md le lop dhasapies, that

i 8GR &Esbunki! Q&e?lﬂcgﬂeco 5198 y&ﬁ# ?ﬁﬁ?ed concurrently

theraples enpl o e may ach | eS|re
witte prisatg odiubseqbent tof ome mmploeher desitadvtberhpantics ommedmail
h anot her

FERRePE o L REDRVIP CROIPHE ajerdeley LbgBRiea pEpocedures) t

eﬁ’f 18FinS édntnati ABELRN il tal?é%t@&%@ﬁlﬁ%oﬁlfpﬁﬁﬁh%) of the desired
0T13] In still another aspect, the present i'nvention

tmrspﬁuppmw(u@s)raceqymrand?m]ﬂqsugd t}pﬁxplzutm effgct tccbg@m@rpﬁ g It will
PR hectap B P fe Bttty Bio@adiBite ofdq Rl ine

shifi¥ Aot A (foR Blarhle CY indérlive RERPHINEMES be aﬂlﬁiﬂﬂﬁa‘éd aﬂncurrently
addi ti onal approved therapeutic agent for use

VEEhWIORET ABRCANREAgEYL), IRaTRAY wuwsbﬁfprsme#fww ZougeRtrol of
A9 ha0eL ksl can be a notice in 80

[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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the form prescribed by a governnental agency
regul ati ng the manufacture, use or sale of
pharmaceuti cal products, which notice reflects
approval by the agency of nanufacture, use or sale
for human adm ni stration. [00114] These and ot her
aspects of the present invention wll be further

BOREBALAHN B0 EONRRISERLIAD, el b Ane poc or sal

qd@hmmbmcaEpMd&mmh ﬁﬁt]éd}eﬂbcny roail bwhe &fcfcyof
nt nded to limt its scope, efined by the
GRRUrC EUSS 05 alg forchumag) adminisyy @ft%m s of
( 1-Tetracycline [00115] Ceneral Procedures. All
reactions were perforned in flanme-dried round
bott omed or nodified Schlenk (Kjeldahl shape) flasks
fitted with rubber septa under a positive pressure of

[0, UunlIERse sid@thyy BpediPbfille pAisént idvidition will be further
noi sture-sensitive |iquids and solutions were
aPPT&ﬁ’éff‘é‘r‘}PQB congdergtiomefche ifollwan& Esamples.aehich argrinteaded to

afe cept% ylMar(e?I?o g’{ll ve &8 'n&%h@{;&? 8%9 not intended to limit

eoxygenat altern reeze
iistomy endéfmed byahe claims. haw cycles (> three
iterations). Organic solutions were concentrated by
rotary evaporation at -25 Torr (house vacuum. Flash

col um chromat ography wasg med on silica gel (60
A, standard grade) as descrﬁgﬁe@ {)y Still et al.
sis etvacycihera, A J. Og. Chem 1978,

WMY_

923- d h b L
T e b B0 BB et P i
rogdeht@hrdor Phak B&d smerﬂ(qmadalwshipe@ ﬂa&smea%gﬂfl&@ber septa

mesh silica gel inpregnated with fl uorescent
URAeH acRAsBive(presuteraf argom nnlbmherwmeom(b gﬁu&pﬂwl mnamsensmve

re to tr Iet {
R ot SR e REBRRY LR ol T e ity where
nacdselirg (ﬁﬂhdléd)psblﬁﬁcﬁrs ardré gk aysieed élwﬂﬁfﬂwa)frehﬁéﬂ(ﬂiqﬁﬂi
on a hot plate. [00116] Materials., Conmercial

ﬂit&aﬁje}%?‘éacaﬁamé 81%%{0?8 theg ergtions) r Osganiesplutignsivare e
chRdenfife yP %%‘Qéﬁﬁpéda?%no@i O Of &Jr ﬁ’r:c}ulgé( L8dufY® Flash column

triet sopr opyl am
cﬁrommgaphyt wasmtrfoyinpd pasilida gel, (6N,/3N standard grade) as descrlbed by

S a7 (UL AT Rt M e o Gt e a0 1 G 2B ch05:
ikRoesdrated Hade! bydfe‘FérEﬁc‘é? e.gtnalghgﬂ SRAGERr ¢ ﬁ%gﬁ&?% w%s

di chl or omret harie, et hy net hanol
peromzedeupingf gln&;mlatbaepa‘afceatedmthﬁﬂi minh 830-400 mesh 51llca gel

l, u ied b

T TR 5k LIRS 5 Brc Sl i
wer@vidadlized b%xﬁsure@bﬁﬂ’tb@woleﬁigﬂflandﬁpé?%suﬁ to Eenc arnmomurn

Timers, F. J. O.ganonetallics 1996 5, 1518-1
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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i ncorporated herein by reference). The nolarity of
n-butyllithium s-butyllithium and t-butyllithium
were determned by titration with a tetrahydrofuran
solution of 2-butanol wusing triphenyl nethane as an
i ndi cator (Duhanel, L.; Pal quevent, J.-C. J. Og.
Chem 1979, 44, 3404 3405 i ncor porated herein by

LRGSR PO G e e
pﬁﬁﬁé&@? tHEBEERSA 6f PASBOA G &/ (BRbMYRIA BT Giat®MIe! NEA.; Grubbs,
wth Varian Unity/lI'nova 600 ( 00 MHz Vari an

RUH. rwsenol&al(sé”@n(retﬂoFMrgmpml)’ws 996,451 b 8-M2Peur y
1%%9;?0%9& lg}? fé}@%@)e N‘iﬁ g)?at% e)a8f'§ %Sé/ﬁ%th]gﬁ'? rpbcu"f')(l}lthlum and

ons e repor

t-das/lethivin szeai c&)erd@r\mlfb)etlltehtfohqmﬁ aetduehyurhﬂirai sohiteonasTd -butanol
are referenced to resjdual _protiumin the NVR sol vents

upingrighenlmetbane asgmindicatpr/Dpbamelpbydtatuesens, 5C. J. Org. Chem.
2 2 Chem cal shifts

1 or i’a% &§40§r’lem6§3?r%| n Bﬂrrts pe mllion (6

[@34ATE) doﬂnitreindnfatmm t Brotcmmaicheat siapwetie resotiaages(' H NMR)

SPeb A1 CB U9 DXISEIDRETSR: 1osae {SEHIR) oereregordemphyYarian

Lﬁ‘nt?ﬁn&ra é D8 R0 VAR ary Unit 8y adio8. S@CPNﬁfz?mSeldﬁ-Pﬁ or \éanan

em cal” shift, nulti pI|C|ty (s = singl
MerdmmHIO@tMOQ MHz/ 1i0MEtz) NMR sgmmmers n{Ckemieal shitftd Eﬂr protons

Pyt Phits e o Sealt SCBLI PR felY BoRerRely s hen
@%&éﬂc@d gd {@{du&ﬁ&ﬁuﬂ ik BeIPRR §o%%t (@géle 8 7.26, CeDsH: 3 7.15,

erenced to a styrene standar

DZEIKDOB@’II 84, @BHIOY: baw@2, (CDS)CIMSD: Gf2.4%)e Ch@bﬁ@ﬂ Blillﬂ@lfor carbon
(cm1l), intensity of absor pti on (s = strong

asrepertedinpatts pen milkieni(d seple dpwnﬂddlfronbtetrﬂmﬁﬁe{&)laneﬁw are

~ERBP Rate o SASRe B B g R DR 7RI e R

D;@EUIP I%ecfil M, 8, SO 41T 180 o? 9Y555.e Dl a?&rc%ré’s@&e& bs Rlilows:

tion cell. Hig utron nass spectra were
chérhizhlnshdft, ahultipBeityals vasinigleln dvedrmbtey, tvhisipleéBppe fnante my=
crobi al Di hydrox Product DRSJ

cilities. atio
mulfipied, bt f ibﬁf%gmes@wnﬁez RECARE I Hp oy Srueaey pisred
ala)%gec%rae@é}&ebtaﬁredqlfsmgaflfe%alElﬁ»Ie?rgooSprukls ASrdpfifibhiter

Al'cal i genes eutrophus B9 cells (Iyophili zed powder, 20
refgrenegsirteraquodysyyrene 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 @COZH
COzH ~ OH

74% HO
benzoicacid DRSI1
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supplied by Prof. George D. Hegeman (I ndi ana
University); Reiner, A. M; Hegeman, G D.

Bi ochem stry 1971, 10, 2530.) were suspended in
nutrient broth (5 nL, prepared by dissolving 8 g of
‘Difco Bacto(c) Nutrient Broth in | L of nanopure water
followed by sterilization in an autoclave at 125 Q)

jn a 20- ter' e |ture tube. Agqueous sodium
Prlhdofer B aBrGRl SRopSeos e e N aueous

(60118} | ON, Bed¥ehéskrophBS Béllsé(lwgﬁi)hz’é@ﬁoﬁdﬁeﬂo ) denerously
t he culture t ube was shaken at 250 rpmat 30 C until

sm]gnhed@ydvf‘lﬁ Gserger?. Begsmaar(indiaady mvmlt:é)s Rq?lsr A. Mo Hegeman,
10T g A0 St S PRI e e

bwls@w)vnw f iRk Eh@téi@lﬂh&wﬂtlBﬂﬂh én ( Lofhapdpuaé wate? f@ldWed by
aqueous sol uti on, 5 nmM fi nal concentration in a

steoiligation inran|avtoslave gt 2% {(Ddn aPRamb stanie eulfuse Bibgg Aqueous

Kk t 250 2
s pEL e g LBl Rt zen Mg LD R Ryl
cohRathiioH)Sfhsiaddéd, ahe tid RiltGFd QPERUE EhakbR 81 S00Phat 0T until
50 nL of HVMB and aqueous sodi um succi nate sol ution

c¢ll govith becan@aatdnt (1 dit. | Avm aligrotr{A 01 1l of dlomesdivlar suspsngion was

Th t 250 f or,. 24 30 C. T
UhRAE TG 07 Rl Bh RS EuBere ARk Fieghu GV, 67 pareerdif
b@fo%@%ﬁﬁfair{?ﬁ% ﬁdlﬂh%ﬁ&ﬁ&{te (SltGO'PKL %959@ PNRuedidddlutdn, 5 rnI\)/I final

portion o he subcul tured <cellular suspension (B
cepcenttatiort)anl a@0ithL ateridgudiure tbanthe tulsire fubleevagl syl@lmndt 250 rpm

R TN R T RN

t Yok t
ﬁ}% ner a Egsslcte%gl um f%%ﬁ%ljséﬁﬁiﬁﬁle Sé) r?nﬂr?gﬁyrb tgggéq&ous
sodidinyncinbi)solion Y1 65pal. ofla 2$ Mcslohmm 5 5oV ifihal @rocergmtion). The
hydr oxi de (400 nmg) was dissol ved %U?O nm__of nano «53
flagk s phakgn 9t 250 1B 108 26t 301" Gs ho PN eSO Ripnat S ised directly

TBFE pk AR bt oJRGHF SHIGIAIR! THiESdHin o£E Sitiilured
caijylar slsuspcns(ldnl (b L) wat dilut&d ﬂltggyg equatvolvere of skdrilaglycdnsl, and the
P it iR RS o e St e B E R At Riped o e

iR duR ARRARYARY fRordHAeS BbAlde: -Reptahydrate (5.36 g)
wer e added sequentially. The solution was diluted to a

total volune of I L and the pH was adjusted to 6.8

i centr hy.drochloric acid. The nedi um was
Ii\‘lftgﬂls 'é'&“ﬂﬁ s{[?‘ﬁ{'%n or by heating in an

[08119¢| ave.HéiBer ORindedl bkt medius (MMB) sad frepared tak fillomas Solid
prepared as follows. Concentrated sulfurl c acid (100

pojasqias hydawdde %Oﬂamﬁ)mﬁseh%a%ﬁ in 50 by ofingnepure waar in a 2-L
Eﬁg%ﬁa%ﬁgr YLk, N(@ﬁ% §39 ¢ as!mE@ESMg? Befbliun? hlHfot S8 He, caloium
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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hept ahydrate (1.0 g), copper (1) sulfate (0.39 g),
cobalt (lI1) nitrate hexahydrate (50 ng) and sodi um
tetraborate decahydrate (36 ng) were then added in
sequence, followed by 50 nL of nanopure water.

Cel I ul ar Di hydroxyl ati on of Sodi um Benzoate [00121] A
sterile pipette tip was streaked across the surface of

B2 0 i Y T PRI G oo
selfi{d dcfd @90 Iy vk aﬁﬂé@%ﬁfan&;%&@ |€va€éi’%@hﬂ? g a PMB(I2 Brishnheyer

and aqueous sodi um succinate solution (140 gL of a
flasis SAEEDTAARH,50%) miné sulfate keptaherdratet 2hg), irgn €I sudfake

Ao e T G 3 T S A RS o

ahd SHRGR tERHbokTé Bébaﬁydih@r(% ¢h %lmé {ien addeal ifmegmInta followed by
cell growh jar containing HVB (6 L) and aqueous

58 oafi. ofmangputervaater. sol ution (20 nL of a 1.5 M sol ution,
5 mMfinal concentration). The jar was warned on a hot
plate to an internal tenperature of 30 C

Celilla® DifijpdrbeyiesbradfiSoviasen Bpaoged through the nedi um

Af t 2 d the whit het t
wm@ii ed wi ﬁealﬁtpgnﬁﬁ@ltgwﬁﬁ%e% SheHHRcs Bha Fegen glycerol
1(@?11']“91‘1 M }irglifntgf' s?t?ahl ﬁ%ﬁg?ﬁ‘ 'elfmzél‘r' Sty &re added to a

, I nduci ng
swnm/tﬂmyl Ea‘lemyeﬂ'ﬂaskroennaimnglﬂw (afumé) maqtareum@wm

ST ST (10 L TS M IR o R VaieA) GHCeaR e | he flask
w%ﬁ%ﬁ L #Hrﬁ‘?& %aér %?36*8c ManQigotl(10 oY) ST wifle,
| ng-on the rat€ o

consunpt i'on)” was added hourly
hbammnamlsolmoﬁmusenahsfatredmsmpﬁ steflie2fipethd tbdensmmialigicell

b b t Al di
PO EEGP (4 11 200 issPureai SiECP RO Ry AL of o
lfﬁen d PodlL5 mﬁm? cHREhAtRIAS. TRE 2F 4R QArA¥Ebn 4 BohlbfeSo an

e Solution was aerated overnight at an internal
intermabteatperaturefof 30 °C; cattonefiiéaredaic iap bpargedcbrarghdhemedium.

The f rrretalo rot h was entrlfu " i

AR B ey i Re ol R Vs tiaRdar Tl Rfffum
Ueﬁf&‘(@sol&ﬁirﬂ (UBML BR4 €0 M'solu_ﬁbﬁ) ﬁi@;ﬁfu@é\ls@ﬁﬂluﬁaﬁmcmate solution
concentrated to a volune of 40 using a _rota

(&0 agoetza bb Nl salution)e msi@mg@ﬂydwwlmon e T‘%‘HE&WP‘&F@ was
3
ARl kR AR bk Sl afiiaon

sGffi it aQukHUS @d}d:ltuln%nm etitiacRedo 1 r.rﬂabiéadl » M/lsblmtlon

et hyl acetate x 500 m, 4 x 8801831@:3’ M rgrt
d@pmﬁiln&%thatréte@i Wla?éwtm} wagdds ta Rl fong iation

t thed f?ﬁ% ex, @E&Hluﬁt&ﬂkanate

I USRIy o Rl 2100 XA LS
sohsiod (€0 mLraftaul. atM susiubaﬁn)t»ms added ciwyﬁmrﬂn hour. These additions
p%é:egligd gvrg%‘tl Ifgzi'llours( &\en the solutlo)n 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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foll owed by drying in vacuo afforded pure

(1S, 2R) -1, 2-di hydr oxycycl ohexa- 3, 5-di ene- 1-carboxylic
acid (DRS1) as a white powder np 95-96 C dec (38 g,
74% [a]D -114.8 (c 0.5 in EXOH), lit., [a]D -106 (c
0.5 1in Et(}|) Jenkins, G N.; R bbons, D. W;

deovvson Sl awi n, A M Z.; WlllarrB D. J.

ams sﬁ} %E_BPgr lgzlftaggerda g%?ﬁq}%mgtﬁ%g}ﬁ %:4%§%|(% E%gp"n% X (.3/(0) mL,
shiQy Eﬁ%h@&ﬁgl aic@%%e’-&&trams%r@ HRBEH P EbERALIfaRMeforeMCPBA

was purifire [ows: 50 g of 77% nCPBA (Alrich)
coacentiat@n h.lmag alrntatbemntat((rib&t)l ternpreatyeaTs4ntC)s ployidiega pale

YEﬁ&&ﬁgﬁ resie 0 OEEEng prtidRe ot CoSlpmmeine s 20bamL)

fér@érg )gcbgsaljgﬁ'[\%:}ﬁ ladd éfrtﬁﬁé@ﬁl\ng ?F@ﬁﬁﬁ-l Q%l@f&&iﬁ?clﬁkiée@u? \5/ -diene-

Nmbca@ﬁedmﬂn[maas @ guhite ppoder mp§5€£\6e°tC &g (78 g, 74%, [ail]n -114.8

(E&%‘liﬁ”@ib% x§f (oln 9 U605 i FSORREAIS, n Mo PO L I e

T t e [

{0 Byl a5 S, Mo B, SURRRCRLT, RV, B, HR3ey foms. |
1!795, md.)stl rred for I h The supernatant was decant ed
and the solid residue was triturated with benzene (2 x
15 nL). The resulting pasty solid was dried in vacuo

QxRie t he epoxi de DRS2 as an am)rphous whi te
36 g, 83% . [00123] np 87-91 C,'H NWMR (400

MHz, CD30D) S 6.@3(dd, hHpeAlso. P Hz,
=CHC(OCH) ), 5.9 oHLH d=28 6, 1. 0H=CHC( OO2H) ) |
4.40 (d, 1H, J= @8 He, /,358HC('H,1H J= 4.4,

1.3 Hz, CHCHOH), 3.04@ (m C NVR (100

[%@] ETI Fgl (Cﬁmélg)gergx%ﬁj%%gg;% gilgig(%(ﬁ’aﬁg arail}%réﬁ)?ogas f@%\?s 50 g of

THOOBZCPBA (ARRR) WhI disdodAd if benzeh® 84 L§, the Eer@pne soHRMA was then
(A) mz calcd for (C7TH8O5+NH4) + 190. 0715, fund
wsbedwith pHe% 4 mbosubate e (3 5 1 I:{)mgl;}qﬂgd over Na,SQ; 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, /= 9.6, 3.9
Hz, =CHC(OCH)), 5.92 (dd, 1H, J= 9.6, 1.9 Hz, =CHC(CO,H}), 440 (d, 1H, /= 1.3
Hz, CHOH), 3.58 (dd, 1H, J= 4.4, 1.3 Hz, CHCHOH), 3.49 (m, 1H, =CCHO); °C
NMR (100 MHz, CD;0D) & 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 (C7HgOs+NH,) 190.0715, found 190.0707.
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0); CH30H benaene CO2FI H 2. TBSOIf, El 3N TBSO Vv
02CH3 DCM -60 -+23 C TBSC DRS2 DJBI 70%[001241 A
solution of trinmethylsilyldiazomethane in hexanes (2.0
M 25.5 nm, 51.0 mmol, 1.2 equiv) was added to a
solution of the epoxide DRS2 (7.36 g, 42.8 mmol, 1.0
equi v) in nethanol -benzene (1:3, 160 nL) at 23 C

Ext ensi ve gas evolution was observed upon addition.
The yel l ow solution was stirred for 5 mn, then was

RiRDJBL:ed, affording a Iight yel l ow solid. The
solid was dried by azeof roni.c distillation from
benzene (2 x 3@ : ang BSEgmgerl ed sol“ﬂas suspended
in dichl orone €020 T 1 etesyl ayriveeck20. 8
149 nmmol, 3.5 edui'V) angc,.; ap Las-out vl desfet hyl si |yl

trifluoromet hanespkst onat e (29.4 M, 128 nmei, 3.0
equi v) were then added in7°§’°equence provi ding a

(bermgeneous s@lﬁﬁéﬂ b%meﬁﬁﬁsﬂﬁﬁﬁidt@&h&ﬁ' iHhEQMeYBB0 M, 25.5 mL,
stirred at 23 for An agueous potassi um

SiHbwptehtle2 btumf/)ewa‘sadd@d (o Sqlpu*prvobthe epoxidaDREBAT36)8, #AS
dd | 1 hI
A L LA IR T oo

vﬁa%dibﬁéﬁvédlh]ﬁcﬁi fiditidre Thel yeo®ablikion vadatirred Fctrcsnadx thendvas
the filtrate was concentrated, providing a_brown oil.

cvﬁ%enyﬁ@éu%ff g oightt el polid fT%Fs%?hédm jed by azeotropic

(f%ﬂl%gg ale %ﬁl(zaxs atnF%l ﬁ’?& ow OXCF’Q"E&%JSH&IJGQ }‘3' ng

d@&ﬁém&eﬁiaﬂsmo L), Ofﬁ&hglinﬁlneﬁ(tzb)@ maq a9 mmalhemqasr) and Hdre-
NVR (400 MHz, CDC13 95 (dd, |
by m@k}dﬂr%)nﬂlg)rglge ulfpngte (2p. 4:11'@; 18’.’8 rgmgl 3]§ @luHQ were then

TR, g Cyinlop ol TR i

ShHﬁ:d AFZZQ"@ foiz30 iOQGRGueols Sflassium PhbspEtEMBFTaY) soldtiddApH 7.0,
M_,@p() ngd)gyal:?)ag)de(é fq;qfo geé,(]:g')dlc i Sl )(: ﬂgg) 1%.&2 (ﬁl’e 8?%1‘5 phase

@agjszlgargted 338 daed 33&% aﬁhycﬁ‘gusssodﬁﬁn §ulfe’f§9 ”Fhe %@solﬁ%nawas filtered

25.7, 18.3,
and it {ihmat was mmnerﬂtrala}; grqvndlng:a @qwmm%Tbs pro@u@)was]pqmgled by

PR TR TN RO ENR O
ﬁﬁﬂk@&ﬁ?ﬁ )%ilaw%hﬁ(lﬁa@ﬂo%%%ﬂzéﬂeﬂsﬁZ% | soxazol e

R;0.50 (1 4 ethyl acetate hexanes) 'H NMR (400 MHz, CDCl3) & 5.95 (dd, 1H,J =
9.8, 3.4 Hz, =CHCOTBS), 5.89 (ddd, 1H,J=9.8, 2.9, 1.5 Hz, =CHCHOCCO,), 4.63
(d, 1H, J= 3.9 Hz, O,CCCHOTBS), 4.42 (m, 1H, =CCHOTBS), 3.78 (s, 3H, OCH3),
3.31(d, 1H, J= 2.0 Hz, CHOCCO,), 0.90 (s, 9H, C(CHj;);), 0.89 (s, SH, C(CH3)s3),
0.09 (s, 3H, SiCH3), 0.08 (s, 6H, SiCH5), 0.07 (s, 3H, SiCHs); "C NMR (100 MHz,
CDCl3) 8 170.2, 138.7, 122.6, 69.3, 68.4, 59.7, 52.5, 52.0, 25.9, 25.7, 18.3, 18.2, -4.18,
-4.27, -4.45, -5.21; FTIR (neat), cm™' 1759 (m, C=0), 1736 (s, C=0), 1473 (m), 1256
(w), 1253 (s), 1150 (s, C-0), 1111 (m, C-0), 1057 (s, C-0O), 940 (m); HRMS (ES) m/z
caled for (CygH13055i)" 414.2258, found 414.2239.

Isoxazole MGC2 (Method A):
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OH 1. MsCd, Et3N, DVAP, N(CH3)2 ON3 ir "I/ Bn 2
(CHil NHVMP n 74% M3CI M3C2 [00125] Triethyl am ne
(37.5 nm., 0.269 nol, 1.15 equiv), 4-

(di met hyl am no) pyridine (289 ng, 2.34 mmol, 0.01

equi v), and nethanesul fonyl chloride (20.8 nL, 0.269
mol, 1.15 equiv) were added in sequence to a solution

of the alcohol M1 (pre ared in twoysgkheps from
comrercial ly ava IQbIe nb Y12 Ay dr ok %?

5-i soxazol ecar box ly rdlpgtted by:

Rei ss, R ; Schon, Las% ., Jage V Eur

O g. Chem 1998, 47 2"479. ) (Aﬁ 0 g, O. 23

equiv) in dichlorofthane (450 niL) at “C. The
[DEAS] 1 ON MAdiMAEMIRT3E5 Il 8P 6 mBl, <131f5%u12/)54 h, then
was concentrated, affording an orange oil . Ch||| ed

(dlmmhmahmﬁ)mdémm@@%ma 34u3mng 0eD Logsfuiy)f ansgaethemashlfony)

BEAGE R SH S PRE 190 5900 T el if Spies B3 R of the

a%oNoﬂM'@ChYﬂrE?zﬁ&i[H & dtéfalrdih tominetially avpilable (fhdﬂ]gyl 3 hydroxy-

honobgenous sol ution. The solutjon was stirred at

Sigpxazolecarbpsylateves previousiegpersed Ry Reiss, B3 Schom M Law@at S,
mg%e%; nuggd 2 ek{‘ Tbod 9TRI ng&z?gf 0§, 2§c?:rg>1 1168 quiy) in

tion was one ura aque

cﬁﬁdmme&laﬁa(mu&aﬂm@t TB@rd@émmﬂnm(tﬁchas%ﬁ&edrht)o %IDdIor 2.5h,
et hyl acet at e- hexanes ﬁ The organi ¢ phase
hﬁéwa%‘éﬁ'ﬁﬁlﬁfaé%ﬁ aﬁar%ﬁé@ram wl Brhilied dimethy}gaing (§ondgpigd
T Iy
gﬁd?t;@%% ﬁ&g&%{lﬁf@%ﬁ%é@n dds. §§H1r ﬁ{:\stoexﬁ%g 0' @div) was added to a
mxxnn-e of t’tmtoemgefmﬂrpremwwgboare abd di¢-dinesthglliermafinde pr3dukj at 0

fl I t 4.t
{8 Srifing b Ramobenoss Svtinee he S ertiig at Dok ot 2, then
WiseRlodd ?o Wafto Y£bE oWk wﬁé‘@orﬁlnﬂed at%ﬁ%@tmn?ra%gé’éﬁ)r)ﬂsh The

(1:1 ethyl acetate-hexanes); é*
splutign Twag pa(tmongdqbetwqum@t@gquous|so unth;pgrbowtgsol(ltgon-bnne

(@ldﬁ%eﬁmf@ clleelu TEhSPIIE). e dbari st as

at%d and QaShedhdith émné%& 760 m®4, ﬁnd d?llzd bveanhydrodd sédium
IR (neat), cm-1 , 15 (s), 1494 (s),
sufBe Thd drled1sp:1;ﬁloqmqs ﬂ-]ltw :(1133)1@ ﬁitzatc whg dorfeentrated, furnishing a

é:v%rg l;|61816 g%?ozdulcg was punoﬁje%%yzﬁ’a.zsh Fumn éhsrgr)r(la o%lra%hW ‘to 1:1

ethyl acetate-hexanes), affording the isoxazole MGC?2 as a light yellow oil (40.1 g,
74%).
R;0.34 (1:1 ethyl acetate-hexanes), 'H NMR (500 MHz, CDCl3) § 7.43-7.31 (m, 5H,
ArH), 5.82 (s, 1H, =CH), 5.23 (s, 2H, OCH;Ar), 3.48 (s, 2H, CH:N(CH3),), 2.27 (s,
6H, N(CH:),); *C NMR (125 MHz, CDCl3) 8 171.9, 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 (C13H sN»03)" 232.1212, found 232.1220.

Isoxazole MGC4:
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Cl N(CH3)2 P 011 N (CH3)2NH, DMF .N 0-*23C Br Br
M3C3 79% M3C4 [ 00126] Chill ed di met hyl am ne (condensed
into a reaction vessel subnmerged in a 0 C bath using
a cold finger with dry ice/acetone, 106 nL, 1.94 nol,
2.2 equiv) was added dropw se via cannula to a

sol ution of the isoxazole M3C3 (prepared in two steps
fromglyoxylic acid as reported by: Peyagello, P.;
Varasi, M Synt g:omTun. 1992, 22, 1989.5 (174 g,
0.884 mol, 1.0 equiy) in SEE¥dirile (N at 0 C
The reaction mixtlre was 5t#rfed at 0 C or 2 h, then
the cooling bath was renoved,, The reaction mxture
was allowed to watiito 23 C stlrrlng wd€%cont i nued at

[00826] t enpealtalled dindettyldininb (cohdenset Xitt hGeM@ion Rasse] ubsieegbd in
betvveen Jbrine-saturated agueous sodi um bi car bonat e

O5'6] bath Bying 8 cold finggr mthﬁﬂl@{mwnﬁd@mb 194 mol,)2.2 qqydv) was

O RO PO PSS i s
fxmngglrybmthﬂwismepmt@i b;oerv:neﬂo dhgVeaiasieM. Qyeth. @nhmdnn 1992,
O P53 e 0 e B b 1L 5 o
il fhgirkdd dt 'Oe’C foP b RfHeR @h@éooﬁn?’%ﬁl%&rr%ﬁb%& af1f reaction

The concentrate was filtered and The filtrate was
myseewes altaved tp rvmnndprié °Ch stirrimgweas coatilved4t tet temperature for 8

Ry ot v T
selutiyh (1:8CE% & anm@myn@%baze gfff 9{ drmo Ekﬂc Eﬁ&é%'s@pm and the
as a Ilght yel | ow oi | 127 4 et hyl

aguesua phask evesfagher ekmacrtmw(th @Ch)nl/B{zetate:CiX 3P0 ;119. Tde ofggnic

ﬁﬁH e lJﬂl@@M‘f ﬂ-én‘i%w%ﬁéféi% Sf'];étej_(ﬁ'lfﬂ@leg solution

who @ilt@red%ﬁd She fiforats wislddBeédiBadd to aG/Blunke 84800 YY) res&%ﬁé in the
2825 (m, 2778 (m, 1590 (s), 1455 (m,

ﬁ%rr:rm)a’tlml 988 whafp precistatq. sThe congantyaty waq—ﬁatgeq therﬁ]tzate was
S TR TR o) 52358

and] gtidad kansle Ma@@ﬁépﬁfedfby f&3%06column 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(CHs),), 2.30 (s, 6H, N(CH;),); *C NMR (100 MHz,

CDCl3) 8 172.1, 140.5, 106.8, 54.5, 45.3; FTIR (neat), cm ~' 3137 (w), 2945 (m), 2825

(m), 2778 (m), 1590 (s), 1455 (m), 1361 (m), 1338 (s), 1281 (s), 1041 (m); HRMS (ES)

m/z caled for (CsHyBrN,O+H)' 204.9976, found 204.9969.

Isoxazole MGC2 (Method B):

N(CHz) N(CHg),
| O\N benzyl alcohol i O\N
Na, 120°C
Br n
63%
MGC4 MGC2
[00128] Sodium metal (32.63 g, 1.42 mol, 2.03 equiv) was added portionwise
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MC4 MEC2 [00128] Sodium netal (32.63 g, 1.42 nol,
2.03 equiv) was added portionwise 88 over 8 h to
benzyl alcohol (1 L) at 23 C. The resulting m xture
was stirred vigorously for 24 h, then was transferred
via large bore cannula to the neat isoxazole M3C4 (143
g, 0.700 nol, 1.0 equiv) at 23 C. The resulting |ight

SR RNALBCUET PLIFEE T bl LIRS o
feat hiyh, theretvad eansféired)vinasgeiste darimld foahe ﬁédt Mx&ﬁﬂ@ M@UO4 (143

re and stirri ng, _was conti nued for
g/n;aﬁéﬁ Felnl A paidK) %)tr%-'f Gclhe regulingjight mwngt&w@as plaged in an
I
JUAIRRLROHS B1R9eCIER FENERLIS TR (EOBRbEp e PR
(A& swae 8ddeddo dloch¢aml édoreaation. mikhee anﬂjsatmag phascestlmml dor 15 min.

AR S EHona el M ToGves Hicod il 5F a0t pbyse Wero.

sEfusatbd.i THe Bi‘g’éﬁl@rpﬁaWaseP&hhélCéxﬁﬁct\éﬁ mthot%fﬁo@hﬁﬂ%ﬂﬁﬂﬁ of 1.0M

(3 x 500 nL). organic extracts were conbi ned
agvgong hdreehlarin yﬁ@lﬂo Jde ggesoyspbases wers conrinedt anglgthe pH adjusted to

he. i
Sk AP LRS beh Bl SiPRE D ide s 6RO RS 350 i 1B
rél*;lultm(g]rﬂl?mﬂ'e wasd %@ctracﬁ’éﬂ IR Ui@hl(ﬁ&heﬁﬁﬁ@ﬁ& YO mid)) AL BFLaRi
flash col um chronat ograph 3:7

e&@@tt%lWéwlmdlm@ angfelsie BV%anhydltmam stbdlum sutfhtyl The dtiad elution

3% et P Rt AR RE dehoritiatgd, S g kit oger GRY asgveliow

omﬂ @Pieﬂy’/@l’ epasadytingl Mﬂl@Waﬁgrepﬁ%ﬂ%xﬂamurdﬂ(éﬁfﬁh&ography
. n-BuLi, THF reso Bn TBSO
acite-hexanes NimapS 9B awetinme] invtind acetats),[affyrding the isoxazole
I\fnﬁbit 5%2 %@IW&M 64]9&@68%?&1(: 'ﬁaﬁ%d%qgérltl(cgl {6 thdfobiadd for

equi v 0 a sorudtron o
miaherial prepaed /by NEBad @9. 16 g, 39.5 mmol, 1.0 equiv) in
tetrahydrofuran (150 nL) at -78 C. The resulting
rust-colored solution was stirred at -78 Cfor | h
KehipleNieRs: 2 sol ution of the nmethyl ester DIBL (9.82 g,
“Z3.7 nnnol, 0.6 equiv) in tetrahydrofuran 56 m.) was

added drop Ce vi a cannul a. The 3>2
1. »-Buli, THF, -78 °C

| N ) [ Jeel ,‘N
@:{0 TBSOY ™Y
Bn TBSO* CO,CH3 8BS O n
MGC2 7850 pIBI MGCS
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 (5.82 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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transfer was quantitated wwth two 1-nL portions of

tetrahydrofuran. The resulting brown solution was

stirred at -78 Cfor 1 h, then an aqueous potassi um

phosphate buffer solution (pH 7.0, 0.2 M 250 niL) was

added The bi phasic m xture was allowed to warmto 23
t hen was extracted wi th di chl oronet hane (2 x 300

emf%cts v-ls;g% o %]el X g togfarczg?lgwe 0%1% 50 dgrbﬁgsgﬁdtgl % gﬁeg golution
whais Ifﬂtef@dmamde ﬁhﬁtef whd sonkcentii@e, pEIVEdiNg b tB6k oﬂr Tt @m@mt was
ellow qil. The product was purified b

ash
pea% igdrhy Enshovaleray ﬁb@nyatq&amt(é 91t031 %t:qhyl ace{ate hexanes) affording

t%‘?{ ity %“ﬁ’fﬁﬁ“’gbpg’(%‘%@ %’?}&’8220% oagga( 1:3

[601139)] acetmt)esgr(emnﬁ)acethﬂd H&B(Ehe(sﬁOH WHR (5@@@48)5 @3013) 5 7.44-
7.44- 7.35 rH, 0 (ddd, 1H, J=
7850 H, ﬂ;ﬂ&@ﬁp §ddd511g21f@@s 51942, Q]HZ,?Q#‘ICEIC}SI},@ 2 (dd H,J=

o G CRREEe s 38 e, A O Ak ot g iz, 2

(O}C%GHS)STD; f jﬂkﬂ?ﬁ_mn =BHOHOS), 3.94(d, JFH ]]5= 65.61Hz, CI[-HFI INI)), 3.77 (4,
1%( éﬁg]gSzéj HzgCHE N, 3. budldd@éﬂaﬂ 15 Ha, %xgocg;qo», 313556 6H,
hgéﬁ'%? 3.89 @' o8 ((%ﬁjslslﬁﬂ_ 081 %"%H cgcilég 9.0 éHaH %1@@%) 0.05 (s,

3(1135:“@;0 oa:zmm), SECH)910.87 (< 38, S;CH@B”Q: Nmzs(las MHs, GDCL) &

125.0,_  106,9, 72.4, 69. 67.8, 67
1gl5§,31763 1689 136.5, 135.5, 128.8, 128.7, 125.0, 1069 72.4,'69.6, 678 67.4,

5 2 ; 819318 B. 3% 1333.8;
e
(1, OH), 1682(s( €50),1456 () 5021(@)91453(m131097 (s7TAOL, V4 (HRHBMS

R e R S L T

N(CH3)2 (CH3)2N,,, \ NOBn ,~ 1 NI. LKTf, toluene
60 ION . H , TBSOv 2. TFA:DCM (9:1) HOWO TBSO OBn

KetoresMGES@nOMGET: TBSO TBSG M35 M306, 62% MY,
28% [00131] Solid lithiumtrifluoromethanesul f onat e0 N

(76.0 ng,N( 5490 nmmol, 0.05 equivV) H\/Mé@added (¢*‘@}z OBn
sol ut on., i he KEb10 R85 (6 0 nol
€ gV A4 o] ueneap&oGHL) al;_,o resul t| n
het efsegerteoussnl i ghts2yel | ow ni xtresed TBSO™ 3
MGCS MGCs, 62% 78S
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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placed in an oil bath preheated to 65 C and was

stirred at that tenperature for 3 h. The reaction

m xture was cooled to 23 C and was filtered. The

solids were washed with toluene (50 nL) and the

filtrate was concentrated, providing a yellow oil. The

oil was covered with dichl oromet hane- trlfluoroacetic

ac,.d 165 and the re ti was
o Frd g driegi @ RpheRES b0l Sl T arfRrshiibn 438 filsered and
the @ttt Was C3k@ntthied, podidagdestodndie Xt Fb MRt qras purlﬁed by flash

evol uti on was observed upon addition. The bip

cotpmen gheomaesrany @ odl :hiethyl me&twpexa@@ﬁeaffqrdmg th@betﬁng MGC6
asaa[‘Qhﬁé‘ S§ 6% )raﬁﬁtt 1¥\§§r?e ﬁ@ﬁéf’g};é glggouas'v% 19\%'0? 168 ¢,

over an yd ou Pdm sul

28%}.t ered and the filtrate was concentrated, prow di ng
a brown oil. The product was purified by fl ash col um
KEWP%%@@&raphy (1 9 to 1:5 ethyl acetate- hexanes),

di |

acet at e-hexanes ; "H NVR (500 MHz, CDCI 3) S.7.45 (m
TN z?tr}s,é&)% 5 lmcé@slw 1 0. 9Pg I8 HaﬁHosém 594,
1, 45 3, CHANGH), 334i8s J“*P‘&@%WP OFNE30 B ot
N{CEH;)d)y 0309s,HA, CTAM:5:013). EQ (s, 3H381(HY, 0. 11"(5 EHCH)CHS), 3¢ NMR
(0P By D 185 25 1 165, 168 0cia s, a4 128 Bk 42857106 4798,

T25%5 G306 458 BSR4 5L 6P B gy 35480, 00,

3455. (bs, @), 2942 &8, TH)2 6698, (s 16=6), 1647 (m),-1508(s)FIIR (6,1@4)) 906

f @a@d;% Ry S W I

&oyy- Mz cal cd for (C26H36N20C6Si +H) +501. 2421,
found 501 2422. Ketone MGC7: [00133] Rf 0.64 (1:5
[06183]l aceRad.64 kS atied jacetate-HakBes 500 NMR (XDQUEz, SDICIH 7.50

(& ¢ 13 e e, 34192 R e éﬂ’?é@( e %4 w,

—en@:ﬁcﬁr@sl) 1H'> 537— (e H%H=chcoﬂ1 V'Z()d H, J = 122 Hz,
OCHH Ph), "5.32 (d. JE 122 e, H Ph) . 4709 (d,

OCHHJ’h); 539 (&, 1HJ—I@C€HIBB)HZ,4CIE§—IHsPh)1H 0O, 18, 88=(r219 Hz,

HpCLREY i Ty %9%*3 S840 18t NprlcHcaBn SR @y - 30
HQ"(CI{;%Z % &2 46@ Ng:%ngg o@gf%gls@ﬂ cﬁtcﬂﬁ),()sos g9H c&cn;l)j)

Rivis, G §1GHE), @@@@H SigH4), 9.0413.3 Sl@ib)5)031@5 g, SiCH;); “C
NEAE (Bos 1482 8cDHES 2194681730, 1705, 135.8, 132.6, 128.8, 128.5, 128.3,
127.9, 1062, 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

(C32HsoN204Si;+H) 615.3285, found 615.3282.

Alkene DRS3:
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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, -4.3;
FTIR (neat), cm-1 3461 (bs, OH), 2940 (s, CH), 1693
(s, CO, 1663 (s), 1647 (m, 1503 (m, 1080 (s,
CO, 774 (s); HRVMS (ES) mz calcd for

(C32H50N206SI 2+H) + 615. 3285, found 615. 3282. Al kene
DRS3: 91 H N( CH3)2 N(CNQ)ZCI—B)Z - 41/ /N LcnfpPh3, DEAD 2.
NBSH p L HO"' H TSO O OBn 74% |-?,, 74/ u M3C6
DRS3 [00134] Di @ ; .

mol, 3.0 equi®y Y@ edz'?%Ha solx
ket one MGO6 (50685hH.C 1.00 rmpk, 17 e%a
tri phenyl phosphine (%8& ng, 3.00 nmol, &&s® equiv) in

RS B B DL 4, 2058k o

sozutmnt sfahepaeneMG o 500 rh? dr. @Ghﬁﬁb]( ﬁﬁkqn@) an&tr%eﬂm'plhosphme
(7(§P %w v) in tetrahydrofuran was added

. Q0 mmel, 3 eqiiy) intplaeng @SQJm{Lp A60 7§ x The enigiee was stirred at
OS] e M BB B R

3.80 niimolAB. Oaaqum) ustqu@hﬁ&sﬁmam (3hakpivas added ldf(ﬁ;ﬂﬁlseswdawhnmﬂa The
(pH 7.0, O. dded andt resul tin o
r%vlaﬁagmsmrﬁ Wf‘%fité‘“ed\ﬁég gXV%F 3 e them Wewp fw 8 FARAR3 °C;
stg'?ln% wad c&&anueg Bemar ﬁﬁ@b@nﬁé%@ﬁ@ Aﬁaﬁu&mbmﬁum%esphme
ri over anyrous ium sul fate dri ed
buffdrisoiution Geis 710, 0t2eved0 ardd wdseaddéd drid the eesukiimng biphasic mixture

w%éé‘v&%@hﬁ?v?f@adlsﬁ lormahat B, afdnmm ihs?r?g@mg%?;a? T35S Gagnbined
orkd iRl et o SpgBEALe, e @l sDRupR RS TIERR

filkbtake W asnoeicenteaté panading alyleﬂm sludge Whlzprodmmf)s mirified &y flash
cc%l%pn%& g@%@%y%é@%ﬁ%%a&y?%ﬁt@%ﬁe%sg? :ﬂg)rgm%he glkene DRS3

as—&w%sahdgsé%%ﬁw H J=12.2 Hz, OCHH F’h) 5. 35 (d
H Ph), 415gs | H_CHOSI)

[00835] 1H, RH).6581: 36t aceltatH,hezﬂanem HNMR (SQID-MI{;HQQ@I;) 6 7.46
(cﬁlg@é)iﬁs Hz, My 7,307 54 oo S K im 39D i, 6 LAHenSs 55 o,
IH, J = 10.3, 2.0 Hz, =CHCOS), 5.39 (d, 1H, J = 12.2 Hz, OCHH'Ph), 5.35 (d, 1H, J
= 12.2 Hz, OCHH'Ph), 4.15 s, 1H, CHOSA), 4.04 (bs, 15, OH), 3.76 (d, 1H, J = 10.7
Hz, CHN(CHa);), 2.58 (dd, 1H, J = 10.7, 3.9 Hz, C;CH), 2.47 (m, 8H, N(CH;)y,
~CCHy), 0.86 (s, 9H, C(CHs)y), —0.05 (s, 3H, SiCH), —0.13 (s, 3H, SiCH3); °C NMR
(125 MHz, CDCly) 5 191.5, 183.3, 167.9, 135.3, 128.8, 128.7, 128.5, 127.4, 106.8,
78.3,72.6,72.0, 67.9, 60.7, 43.0, 42.1, 26.0, 25.8, 23.6, 18.2, —4.6, -5.0; FTIR (neat),
om™ 3528 (w, OH), 2933 (s, CH), 1702 (s, C=0), 1600 (m), 1507 (s), 1092 (s, C-O),
1061 (s, C-O); HRMS (ES) m/z calced for (CaeHyeN,OsSi+H)" 485.2472, found
485.2457.

Diol DRS4:
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=CCH2), 0.86 (s, 9H, C(CH3)3), -0.05 (s, 3H, SiCH3),
-0.13 (s, 3H, SiCH3): 13C NMR (125 MHz, CDC13) S
191.5, 183.3, 167.9, 135.3, 128.8, 128.7, 128.5,
127.4, 106.8, 78.3, 72.6, 72.0, 67.9, 60.7, 43.0,
42.1, 26.0, 25.8, 23.6, 18.2,-4.6,-5.0; FTIR (neat),
cm' 3528 (w, OH), 2933 (s, CH), 1702 (s, C=0), 1600
(m, 1507 (s), 1092468, GO, 1061 (Syaf;O); HRVE
(ES) mz calcd fordg H36N2(}SS|+ gL 2472, found
485. 2457. Di ol DN d( St 32 O N TBAF,
HOAC THE TBSO B 76% 53 --w J00436] Acetic
acid (83.0 L, T894

2. Oegqui vj"‘jﬁ d a solution of
t et r abut yl ammoni um f | sias i de in tetrahydrmburan (1.0 M

381 o1 esie BRE BT HPet B Mefl 2R G585 S TBRKEN °°
telraﬂu@wma,muﬂn fhefride iy ebth pdrafurdn/ (100 M)l cmtmg 1;44 iihﬁol 2 0

resulti solution was stirre

c(pv v Ere M g oAt S Eolitioniet s Ol TIEDRSS 6130 ey bmmol,

PR YF b LETRROII5E, T9% sBuligalfe Pl s
smaﬁatca Oves 3pummf henl way aﬂb\asdwtocsodmnm 3@ e trivgy wgehgontinued at
to 1:1 ethyl acetate- hexanes), affordin

ﬂmt { mnsraireder ahmaky TRGHPR MBIV SRSRCERITateAs 9 %%laze)iéﬂwn oil.
| clatc-

L A g L v o
héxdrgs), sif@dingthe did] DRS4GI42) waxsy, $bit€ snlidi(R02 mgCHEGH) |

5. 36 2H, _OCH2Ph 15 (d, 1H, J= 8.
@139 (a0, 035 (15 pblaceraieciussh B VB ol DL 57.51-
s e N T s T
=CHCGHUYZ.16\m,CHj, OGH7Eh), 4.45 (GHH, /7838 Hzs CHEH), 3. 696(@611{ J=

s OB 2T Bros i -5, 2456, bRy, 23l i, v =

79y ¢lsofexqnon e PRSS (11 B SRR ) FHRNnSHS ) ofn ™ BUS2 ¢, \OW), 3272
(s, OH), 1703 (s, C=0), 1606 (m), 1509 (s), 1008 (s, C-0), 732 (s); HRMS (ES) m/z
caled for (CaoHzaN2Os+H)' 371.1607, found 371.1601,

Cyclohexenone DRSS:
u(CH3)2 H M(CHzh
> oww CLIp
O 8 " 84% i "
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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DMSO 80 b n 84% H n DRS4 DRSS [00138] Solid

0-i odoxybenzoic acid (558 ng, 1.99 mmol, 3.0 equivV)
was added to a solution of the diol DRS4 (246 ny,
0.665 mmol, 1.0 equiv) in dinmethylsulfoxide (5.0 n)
at 23 C. The resulting heterogeneous m xture was
stirred for 5 mn mhereupon it becane honngeneous

The b on mxt was stlrr
G ARORAPEl 46 POy e e PR e i ducus pRlse Was
fubth8CeRtcRl vt £45-8MCHESSioR of k ?Pa@é&%élﬁ&laﬁe?&' B. The®rganic
mxture was filtered and the filtrate was partitioned

exjecisorere cembined nndl wasfwéomh muﬂﬁddﬂmsdﬁtﬁawéuhon (2.0M, 50

i s 31 St Ermi g B B BB sqosign wes

finered hﬁtﬁt}ﬁ@l@@t@&va@ Reseenard, pravidiey thexidlalidxetond DRSE as a light
45-nL portion of ethyl acet at e- hexanes (2: 1). The

bgpgfppa (2%(%%4@ -were conbi ned and washed with

(OPEATOS SR YN PYCl SctBLHELDIS, B Rk (300 Mik) k7 48

(ddeHed =spo3 thl RfI-I)NHS40 -1. Bh(nﬁrﬂd A, Bm (bd, 14, atm(\mg 6 12 (ddd,
concentrated, providin he cycl ohexenone DRSS

1447t 2252 GuA-Of C{Hz@@% @04 2H, [ @QgH 341), ﬁ/@ﬂassllcla.oél) 3.85

S SN MR PR o,

'3CWMRR125®&I¢HZIDC§) 3292 Sdms 2, Jns:z &J¥618 ?9.2.105.02128.912128.8,

H
128.69 8)33,1 1078 79J§; 3.8 spw, 4t|5N( éRggea@mmsq:%w (w, OH),

i %—D@?‘;%%%@:( gt “%13??%%&%#@%?%59 (HFARMS (£9)

m&3aldd, fod @8oH; NLOS:IB)' 361.285® fokAIB6R,145@7. 9, 79.7, 72.8,
60.4, 45.5, 42.4, 25.4: FTIR (neat), cm' 3447 (w,
oH), 1707 (s, C=0), 1673 (s, C=0), 1600 (m), 1512

YovdGikSedore BREY: 730 (s); HRMB (ES) miz calcd for
1450, found 369. 1454.

Silyl-Cycl ohexen@i%’z DRS6: H N(CH3)2 H N(N@”BZ) 2 bl o~
TBSQU,, 2, 6- WEDCM TBFUFm (»hthQ 1% W&E DRSS DRS6
i " 91%
DRSS DRS6
[00140] 2,6-Lutidine (75.0 puL, 0,640 mmol, 5.0 equiv) and ferz-
butyldimethylsilyl trifluoromethanesulfonate (88.0 uL, 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); Ry 0.54 (1:3 ethyl acetate-hexanes); 'H NMR (500
MHz, CDCl:} $ 7.51 (d, 2H, J= 1.5 Hz, ArH), 7.50-7.34 (m, 3H, ArH), 6.94 (m, 1H,
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[00140] 2,6-Lutidine (75.0 L, 0,640 mml, 5.0 equivV)
and tert- butyldinethylsilyl trifluoronethanesul fonate
(88.0 L, 0.380 mmmol, 3.0 equiv) were added in
sequence to a solution of the cycl ohexenone DRS5 (47.0
ng, 0.130 mmol, 1.0 equiv) in dichloromethane (3 nlL)
at 23 C. The mxture was stirred at 23 C for 3 h,

-0 A FRE 5 2 PRERIRAECRY ke 1! OB
3 rT9>(ﬂ U, Jva$0.6H7, &IHTQ@IPN)})JWZ @3 crhl ZIHOﬂE(EHQ)We 782(1@; 1AQ CRCH),
and the ngan c_extract and dried qver

2 48Ky @b DY CEbM 4 P SCHY. afzﬁéa 31 51l ogds W Sicmy
13 t Lt.Gat f
ELNMY A3t OBCE) blialie 8. GANE SR 7L RYk, 13550158 B%oss,

enone ite’crys

13838 | 1@8(65609 6]‘!&3 5 97]2018 59[8?@34;142 E/,b261,:§72-518§89@ é@lep}s 8 FTIR

et at e- hexane

54 1: 7y 05‘ té
(remlcswy 543 63, L9 (e 167805 £=Oh 1402 (mSLh13 (84 195 (5, C-O),

o S%’%%Mas @Pg g’“@""l@&@%@@@mﬁsﬁﬁ 1(5%%}3@?.2321 .

3.79 (d, IH J= 10.7 Hz, CHN(CH3)2), 2.83 (m 2H,

= 78 (m 1H, C3CH), 2.46 (s, 6H, N(CH3)?2),
E@MQH C(CH3) 3), O0.27 (s 3H, S O), 0.06 (s,
493. 4, 187.9,

3H, SiCH3), 13 NI\/R(125 cocus)o
181.6, 167.7, 149,

128.6, 108.6,
25.8, 19.3, -2. 720812942 (s),
1719 (s, C=0), 167§s(s Cc=0), 1602 (M, J4&30 (s), 1053
(s, GO, 733 (SF** HRVB ¢&ERsami z cal cd for

H34 Si +H) +483. f 48
4 rcsobudiohy o e aines i Branide & ber Gl Th gk
| (b7 € N O]
% gg}?ga;t] ?gse) aﬁ&g%gljldegwgglsg%?igﬁgg? er?tleetier?g?ér]r%ney um tzed in

2 gicpriram ¢omraeraiatly @gailabla\s- bmzy@mbenzg@lcphm repartegiby:
fLh
i;ﬂ)ﬂ th 4e8. %ﬂ&%‘i‘s ioaav?ﬁé ﬁtj W Lo r@hg} ﬁ?@gsgg ¥E) (100,

3483 hanaly f @)@Auhe)m:zwtrahyc&oﬁ@dm @@ mE}oﬁr—tse’dJ @%Cl/lce bath) The light
HoI linshed, S.. P.; N chals B.; Wlson, J.
bigwg sobiom wasgtired 8b-5 7 . 60 r{lm@tf@ngvas p@wt@nﬁ%ﬁtwein gpturated

«FaPhy mipbanfi LD RUMA P b ot Receg [ L e

orfganic phase was sehamtedaad daed btéranbydroet sewekium selfate.aTheldried

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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aqueous anmoni um chl ori de solution (400 nL) and et hyl
acetate (400 nL). The organic phase was separated and
dri ed over anhydrous sodium sul fate. The dried
solution was filtered and the filtrate was
concentrated, providing a light yellowoil (10.1 g,
95% crude). The product was used wi thout further

H WS hast oﬂagéq%o ki & ‘{d' %brﬁ%ﬁ%ﬂ{ﬁ 48:t09 (46 AF). The
%ﬁﬁlﬁ:@ﬁﬁémﬁs’ sepitiaft@rang 'dﬁ)ﬂi 6¥é/ﬂ anb§droQs saiiuf sBZ&enThé dried

01 equiv) were added in sequence to a solutlon of

salhéon) wgmﬁltgred awluuﬁltr@tpmrc@@cea]lfm% growidingy light bgown oil. The
o Sy o, 5o NGB o s

(m g B022 ol stefld).25 eqw V) in cormerm al Corox bl each
was cooled to C and wa ded in_one

[Q%Ml 021 t By 0188 (Fa7>ethl écqjatéﬂig;cwshbg\}\él\/lgt (490 MHz,£2Cl;) 8 7.26-
|
7438 B Al Y et i, Y LS AR RGP PP

cgcd@}wh éTﬁe NP 100 MH#] GDOTL55 203.45153.5,ad4f40136.3, 198,d08.7,
95 t hen was art|t| oned bet ween wat gr

13813, K711283ei 1.2 1(01?(10 Thi3) 30.9nETIRyngathi c&n p é(%sw)-*z (w),

a n r 0 I
ARG T G ot s, 120 B @0 L8 HRrs
(ESNERRhICAFadCfH QULBIHRD " 304.000%, fdund\@04@105. The
product was crystallized from ethanol, furnishing the
ketone M9 as a white solid (8.08 g, 80% over 2
144] Rf 0.80 (3:7 ethyl acetate-hexanes);
“MHz, CDCl3) S 7.26- 7.48 (m 6H, ArH),
6.98 (m 2H, AbH)lcH;5.19 (s, 2H, OCH2PH .cH. 62 (s, 3H,

1

C(=0) CH3); 13C NWMR,(100 Mgs$&G13) S 20254, 155.5,
144. 4, 136. 3, 9, 128 Bwmso %, 3, @r 120. 3,
115.2, 109.1, #308:30. 9; FTIR (neat), penl 3065 (W),

3032 (W), 2918 ([P, 1701 (8% C=O), 1565,(;%;9, 1426
(m, 1300 (s), 12717°(s), 1028 (m; HRVS (ES) mz
[@MMSH f or mmtsmmade @&n@amm@@@d dropiitse 3GUsYDings to a mixture

obR AT BRI B 657 R RAECY | 90RyEy abd Bbid sodium

hPiAE (Bndsil diDt e gl 90 5Mhholas aldls Gvadlicipiitls ehrvé 22mL portions

Syringe to a mxture of solidtri nmet hyl sul f oxoni um
of ndicyene) 8023 Py, Vizoreusgas levolution was pbserveddiren RAditiebd Thien

?ﬁég#@g’ %‘(g%){%%&l )éhllf %#525?6%??"[ %’%ié 5P mint ten%%dlfion 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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of n-hexane) at 23 C. Vigorous gas evol ution was
observed upon addition. The resulting cloudy gray
m xture was stirred at 23 Cfor 40 min, then a
solution of the ketone M9 (8.08 g, 26.5 nmol, 1.0
equi v) in dinethylsul foxide (30 nL) was added
dropmﬁse via cannul a. The transfer was quantitated

100s46) T ngRep SR 7l ppseis et QMR Goo Uiy coigh) 7:20-
7%2818. gﬁairﬁﬁfﬁ Mganﬁq petveen 1y i DAY, 6198 @admtﬁes 1,12 Hz,

e orygahi ¢’ phasé was separ at ed and th

oamﬁﬁoﬂsﬁ @aﬂe Oéﬁizl’ﬂlbl,ﬁi @ﬁefd, &Rt ¥ srct 2 HzwCHH 6 HD R m(d 1H, J
T
Fiitia CHH Q6 gToa, COGH e NMRITOENAE GIRE 5 1550,

1394 Uldeon | g iié&% °) ﬁ‘ﬂ@'zt’(ﬁ i'l'lﬁfgai?zxvaﬁl 2.59.7,55.9, 22.9;

concentra rOVI ihg~a yel I'éw oi i The ‘prodict was

FPIR (fdagdcrhy’ waaas(lw)pm&lmw)pmz(srfm),owér(w (557499, &46R/(s), 1423

SR RN ALl PR R R Ry

3 g:ggg%gﬁxmqg)ﬂ 1H NVR (300 MHz, CDC13) 8 7.20- 7.52
ArH), 7.10 (dd, 1 H J=7.5 1.2 H, 0-AH),
88(dd 1H J=81 1.2 H, o-AH, 516 (s, 2H

ocropn) | 3. 1H, J= 4.8 Hz, CHH OCCH3), 2.87 (d,
E’fﬂ#—#—@@iﬁﬁ’é—lﬁ“"_“. ~-EHH OCCH3), 1.67 (s, 3H, COCH3); 13C

NVR (100 Mz, 3) 8 155.0, 143.4, 136.%Hs 128. 8,
128.4, 128.2, J27,2, 120u@yi 19028, 11 “71.2, 59.7,
55.9, 22.9: P heat? vBe e ~25°8034 2981 (W),
2925 (w), 159 an 1567 %;},VCJ]469 (s) 0Brl423  (8),

1354 (s), 1300&. . 1266 (s), 1028 (s); Hg&g@(ES) m z
cal cd for (Cl6H Br+H) + 318. 0255, foun 18. 0254.
[@x3zpcycl osbsrneuimi oﬂ\/EEﬁﬂlllltﬁuﬁil-ﬁ Hekignes {1.66 MBLR.2S mEHE3.6 mmol,
-78 C Br I\g ra -78 - 23 C.CH 67% +79%€i Sl)
1Mauey weas ﬂilﬁ! PHige Vie SAIgeidgimiRe ﬂdsaferqaf M VR n

cﬁlg%ﬁag[?gzr a §chufth O 8 eé&t&@-Md@l@ (ATPL, 9. 741m4ncﬂqu0 CuivREn

opw se Vi a rnge ovvnthe side of a reaction o
tetmeiofum (@ Cuink) at-28 %{bl "ﬁlue wsultng yeltove pantierewnsstirped at —78 °C

L R L S
eﬁafg?] ‘efﬁﬁ‘ rr%i%}refﬁe(fzg rm%)%g d8da afo@w@wg c%ﬂﬁlnae nsihenranffer was
quantitated with two 2. S-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 frans-
benzocyclobutenol MGC11 as a white solid (1.57 g, 67%).

[00148]) R/ 0.50 (3:7 ethyl acetate-hexanes), 'H NMR (500 MHz, CDCl;) § 7.44
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equiv) in tetrahydrofuran (25 nlL) was added dropw se
via cannula. . The transfer was quantitated with two
2.5-nmL portions of tetrahydrofuran. The resulting
cloudy m xture was stirred at -78 C for 60 mn, then
the cooling bath was renoved and the reaction mxture
was allowed to warmto 23 C. The m xture becane cl ear

YRR R, B AT L T, S . o

6.821d, 19plut 8 STHA HOAGITY, 6V¥ts, (dllm)Jam HA)&- Aﬂsylstasr(g lH J=12.0
m xture was extracted with et acet ate

Hgy QCHHh 8h) Sggr(ide LIidhAs d 2. Oid?, @Q%Hbﬂh)éd‘* dh &bfdi»ll&al va%ls Hz,
I
Cﬁ%ﬁ??ﬁ angfolﬁiujn 7P ﬁ?ﬁmﬁ? 221 éﬁd? ra gf:l_l el H%a%)Hc?f }158 d

Ttrate was’con {61

3”JV of7ffe Mb) @Hcmb ;1T NMIR (OO, C\w;)wrsdo 614819}/137 4s131.5,
colum chromato

S5 BB ek, ROk 5 13D BA t BT AT 105 06 16.5; FTIR (neat), cm ' 3249

t t
(RIS 25k P 1800 g Veiad (851 8310} 196 D) 1938 b ridas (B ms
calbdRor SO HMdL+HIDEAB) 1 B, Toukd 2401 16Hr d, 2H, J= 7.5 Hz,
ArH), 7.38 (br t, 2H J = 7.5 Hz, ArH), 7.22-7.34 (m
2H, ArH), 6.82 (d, 1 H J =8.5 Hz, o-ArH), 6.75 (d,

= ArH), 5.35 (d, 1 H J = 12.0 Hz,
Béndde ‘ftg : 9 1H J= 12.0 Hz, OCHH Ph) , ) 4.71
(br d, IH J

= cHg;g”Ehg 31 tf”al H J =70
Hz, CHCH3), 2. d TR k= 7 OH), 1.38 (d,
3H, J= 7.0 He, =" 13C NVR (100 JVHz °™€DC13) 6

154. 0, 148.9, 13/.4, 131. 5,'%%128. 5, 8. 4, 127.8,
127.3, 115.2, 114.6%6R7.6, 71.2, 50.6, W!FG”S FTIR

[dﬂ‘i@ﬂt )145211“1(‘1;11’)1@%{2{12% (3@61qu%|)61'3} 1‘31%%13 1(%@)%3 tl(léﬁlylsﬁ)'?_lSO

trﬂhlommtbane@ﬂicmales(egs WZQZOanBO 2 mmd\'@a@ddpﬂsn sequence to a

sSSRHHEy Boe el SR o nof gy n

dithlogdrhsthaie (16 I3 28 °C2 Thé li@@&elloﬂ» éblﬁfbﬂ Wis s’ﬂi‘ﬁd at 23 °C for

triethylsilyl trifluoronethanesul fonate (468 L, 2.07

1$vimdm, then ‘Qa%nﬂqunedéwéwwd&er R0 suleh pad slichieromethane (3] wh).

T o BRI BRI A R sl B s Bric
soletfidrowasstiltertd ad ihe il Stk fwag doddenitdted providinkm yellow dlh eThe

was partitjioned between water (30 2 and
Pradeet visaweiigd ¥ flasipcehunn 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) & 7.48-
7.32 (m, 5H, ArH), 7.24 (m, 2H, ArH), 6.82 (d, 1H, /= 8.4 Hz, o-ArH), 6.74 (d, 1H, J
=7.2 Hz, 0-ArH), 5.37 (d, 1H, J=11.2 Hz, CHH'Ph),), 5.20 (d, 1H, /= 11.2 Hz,
CHH'Ph),), 4.87 (d, 1H, J= 1.6 Hz, CHOTES), 3.45 (dq, 1H, J= 7.2, 1.6 Hz, CHCH3),
1.42 (d, 3H,J= 7.2 Hz, CHCH3), 0.98 (t, 9H, /= 7.6 Hz, TES), 0.56 (q, 6H, /= 7.6
Hz, TES); "*C NMR (100 MHz, CDCl3) 6 154.2, 148.8, 137.6, 131.3, 129.0, 128.7,
128.1,127.8,115.1,114.7, 71,7, 49.9, 16.9, 7.1, 5.2, 5.1, FTIR (neat), cm ~' 2952 (w),
2923 (w), 2854 (w), 1606 (w), 1469 (w), 1371 (m), 1265 (s), 1086 (s), 1057 (s), 1048
(s); HRMS (ES) m/z caled for (Ca;H30,Si+H)' 354.2015, found 354.2006.
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The organi c phase was separated and dried over
anhydrous sodi um sul fate. The dried solution was
filtered and the filtrate was concentrated, providing
a yellow oil. The product was purified by flash

col um chr omat ogr aphy (5:95 et hyl acetate- hexanes),

af fordi ng the benzocycl obutenol M3C12 (609 ngy, 99% as
a clear oil. [001501 Rf0.85 (1:4 ethyl

acet at e- hexanes); 1H NWR (400 MHz, CDCl13) 8 7.48- 7.32

v(iﬁmsatﬁdeﬂmﬁcw 24 (m 2H, ArH), 6.82 (d, IH J=18.4

Fz, o-ArH), z}(d 1HJ:7.2Hz,oAr'—60T 537(d
1H, J= 11.2 Hzn” Ph) 1) Rye1Bes20M ( d, 3

CHH Ph), ), 8~N 1H, 2JemsHiDEg Lz, 45 (dq,
IH J= 7.2, CHCHBMF.0°L. 42 (rabs

cHOMB) . 0. 985 i ”J—76Hz TES) “6H J=

7.6 Hz, TES); 1@sNVR (150CHREE, CDC13) 8115(4&:132

[ﬁ%lﬁ’ é gdp &}?ninaé ol())x‘fénl epe/rbTml 52193 O%ﬂ Iﬁm()l 2.5

eﬁ\!ﬁ@ﬁvhs aﬁéﬂt&ag%ﬁoﬁ \Mthe Q8Bexchdne BRSS ((¥9 mglﬁ 867 mithol, 1.0
m, 1265 (s), 1086 (s). 1057 (s), 1048

eqgy) 1m4mmow(oa$)thagnei4 odl)ad23 8¢. (T@gbmmémm waggiTedyigprously

a8 R T TAER R er e s st 156 miE® ol B3 i s
adddaRfﬂﬁleG@Q@]tﬁﬁg Iﬁi)ﬁ@&)wd‘d@ﬂtﬁldn@@ lbétiu'beﬁﬁh agudops pdﬂamwmphosphate
dr obr oni de erbrom de 917 mmol

bé e sputigadpHd féd’%M 30 qucda Prmw@aélyéﬁ%wé&eﬁbﬁergamc

PR ropasTid afle 6 R anhfiuSs ok bl Th died slution was
fﬁtbfeldraad thvd ﬁhmammhwconaént%'ﬁedefmdlﬂg a S:gl\z/\ﬂ‘lﬂ'ownﬁozggﬁ :ﬂgld.l rThe

ulfite 0 ng,,. 1. 19, | . 25
cfway HSSFS n’@fiﬂ‘ﬂﬂ’ &1 h’ét fBﬁﬁ?ﬁH aPhet ween an
-,
S PSS RO O G /-1
HrhaserHp 9. (Refpa2ldt £ A0dz) m-adHY V& H9 le,hy}ﬂ,r.b&ﬁ 6 dih, prhrH), 6.42
1o 5 Gl S e P o oraui By 5 1238 SHBRm). 5.03 @
1?10%& $9ki f; Ther HH) 9d4DD WaSs Uﬁﬁdomj'@'wt(gl YHW £ boyt o Hz,

farther purification. R 0.45°(2:3 et
CH(CGH 92)h 8)28F%2) (m] BHNGHGO0CNEH), CEDS)(d@ H24 < 88.0, 6.0 Hz,

Gkt To8 Qe St e 6% G 38yl Sy o
1'714Hg ¢—6)61c§b6 (§ 5514?@ 77 é@"ﬂi@ﬂrom), 502-22(&)1,}1{81\/13! (E®) m/z caled
fmaz@h)aO;BrM) 7(Q5§S,sfoun A41P§45. 3. 25 (d 1H J =11.0
[0¢152] Benzenethiol (39.0 L, 0.378 mmol, 1.03 equiv) and 1,8-
diazabicyclo[5,4,0Jundec-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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CHN(CH3) 2), 2.28-2.22 (m 2H, CH2CH, CH2CH), 2.16 (dd,
1H, J =18.0, 6.0 Hz, CH2CH), 1.83 (s, 6H, N(CH3)2);
FTIR (neat), cm' 3397 (m OH), 3063 (m), 2943 (m,
1714 (s, C=O, 1606 (s), 1514 (s), 1477 (s), 1371 (m,
1022 (m; HRVMS (ES) mlz calcd for (C20H, 905Br N2) +
447. 0555, found 447.0545. [001521 Benzenethiol (39.0

.3 |, 1.03 ' d.l. 8- .
fifered s ot Rt Sesckonietttalch, Bfidhada provm gt s The prggpot wes
pirifidd B¢ flhsh) co\hﬁflﬁ‘ chdaRebdraphy @st tssm@ ¢: 41@113& asahuetheamnesj

ared above (164 mol

t he product
Fasshig the vinud MIBISRRGO TS 8% HAITAE R rHEymE 000 eler iva steps)

%) 700 B BRI RUUAE ot haa: Utk 734
(&% Q}laye?etﬁ %@"‘%f"ﬁ%fﬂﬂ g@ (dﬂ;zH arrmls am{zaauam% Bstm@mrﬁH
a

A@Hgaﬁzuq@ﬂaw 6 B s CHCORD: 314 dBUT B E O

AT, 3B 14380 1L 4,0 g DRERTRRY P01 {e SR DHE T (6 16,/ -

IOGrH)z rmNecm)g)n; ized (mnHaahm@lsss SaHe CHyCHR 22 7-2.84 (m,
drled sol uti on wa tered the filtrate S

26 EEEH, G Hp) 87115kt Ne B b ONMR 700 Mk e 188,

f | h
1B, (48 1876, 1880, LR s SN DR s I E a2k 8, 126,
113/83@,113278&, l@8vhg0.8, T8, UG. g1 4650 ONEIR (nent) sdnebSMS (w, OH),

ShoSrba eobafobii 431 Mo A A ig b i e
12#@%1 E§3 ?rg)_, 2@2? gg*,d’mmé ?swn/z Qi 1*8!} (%2(213%%}5&2%)(*@77 1484,

f@d@IRHNES5. 11 (d, 1H, J= 12.0 Hz, OCHH Ph), 5.02 (d,
1H, J= 12.0 Hz, OCHH Ph), 4.62 (br s, 1H, OH), 3.42
(d, IH J 10.5 Hz, CHN(CH3)2), 2.44 (ddd, 1H J=
DEQ &lde? Aﬁldlﬁmpl’l’l?duc@ﬁ?@tw and Lactone MG 5: 2H, CH2CH,
87 (s, 6H, N(CH3)2); 13C NMR (100 Mz,
CDC13) &oihﬁzS 9, 187.4, 182.h¢ 167 rﬁi‘.Hs)J.45 44 3k

1507 (&
102@1441@4% HRVS ( ESMaa1sz%

sl SQA Raghar viasthe @fginé@%:é‘tﬁf‘eaqfaﬁe‘i%?la“ GCEys 131
n%( 0I5 mkBC 1 N &fR3 ah'&%é‘b&&&!‘yl% obutetibl MGC 28750844, 214 1Hnmol,
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 MGC1S5 as a clear oil (20.0 mg, 9%), and the recovered benzocyclobutenol
MGC12 as a clear oil (650 mg).
Diels-Alder Addition Product MGC14:
[00155] mp 178-179 °C; R 0.55 (2:3 ethyl acetate-hexanes); "H NMR (600
MHz, C¢Dg) & 7.27 (d, 2H, J = 7.2 Hz, 0-ArH), 7.06-7.22 (m, 8H, ArH), 6.92-6.96 (m,
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BS C_ /N Bn TESO PhS ~ OBn TES B Bnh PhS 0 HO n TES6
SPh M3C13 MGC12 MCl4, 64 % MCI5, 9% [00154] A

reacti on vessel containing a mxture of the

vinyl sul fide M13 (131 ng, 0.275 mmol, 1.0 equiv)
and the benzocycl obutenol M3C12 (750 ng, 2.11 nmol,
7.7 equiv) was pI aced in an oil bath preheat ed to 85

T j I
ofis A ALK L TR FESIET 353 M. 635 @ [T -84
HY, zsIAHH-) 9as (s,NH, UH@'UEQ){ s5floabhs,qot, Om), Stisadpt Bgr a2y Hz,
(1:19 to 1. eth acet at e- hexane? affordin t he
ASBHE 380 (K U0k, Bz QGHIERL A 66 (dad Hof Wk Ha:

ACAmPERI4d 5147, Tu1g il ockibeh il sog, 1REVS g
cgmgl@tge%;gg Pm/g%?ﬁ grh:m?,cz)ﬁ .$1zaCel,€H), DYT (4dd50H ¥ 6.6, 6. 0 4.2
te, CHGAN SN e 72 G GBI i LR R s 14

Ry B (107100, s g 12 e SHEMIRO R D8 G 0T 1
CIIHCHI):OWDZt ok, JAr =S Hz6 STOHGCHB) |, 483, oWy Hf 7.%6HES (d,
s(lqg.Hzg:Hg 3)H3C§IMR @Aégﬂ% cr?éw( 5 39&35&2863%?5) Eiiﬁrzl%ﬁ)-” 143.9,

1?6%01@6 1'3%#%332 £, zt}zlgg@cgﬁé Ehas, 54 1§§4( 1128 3 H28b7127.8,

126M4H1 Ph1,) 10948, 368. Gd80 d,l—'|72 415061 66 9262 S,Cﬁ-ll\l( @B@, 3_1)2 0, 38.0237.2,

2(%’ zoéH@ 939—19;1:‘?1;1’,2& g&g@} oB), 3pss 45 30k ), 151 ),
ddd W(mflf@ (), 1@%"'@% 2’0366](11‘?31260 (s),

19615 (s);lonzs(s)rﬂiRMS:rEiE@E) m/Deated fqr (CaHs«QAN; 358Ny 853:3318, found
8% gmgm)s) 0.48 (d, 6H, J = 7.8 Hz, Sl(CH20H3)3)

¢ (100 MHz, CDC13) 6 106. 3, 186.1, 181.4, 168.3,
156.3, 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,
Laptong MGE315) 109.3, 108.4, 80.6, 72.4, 70.2, 66.0,

s 2y 5467 S il i >

(QvoH, 2932 I(Ii%—ArlZﬁWJOZG‘WN (thy LEH,(SrH)Cs DR+6.46@R, 4H0AIH) 6.54 (d,
1589 1513 (s), 1457 366 (m), 1260

1Hhd5 f m))Hz oeAH ), 873 (sth M@ﬁsm 5A%E B, 450 o,
(ELHERHIG)5S!26"8) ot B5CHFHh B4 b ek, S25P 2 %f‘odfﬂ!itp@lﬂ)? 4.57

(d, 1H, J=11.4 Hz, OCHH'Ph"), 3.49 (d, 1H, J = 11.4 Hz, CHN(CH,),), 3.23 (dq, 1H,
J=9.0, 7.2 Hz, CH;CH), 2.49 (m, 1H, CH;CHCHCHH"), 2.30-2.40 (m, 2H,
CHCHN(CH;),, CH;CHCHCH3), 2.16 (dd, 1H, J = 12.0, 0.6 Hz, CH;CHCHCHH'),
1.96 (s, 6H, N(CH:),), 1.33 (d, 3H, J=7.2 Hz, CH5CH), 0.73 (t, 9H, J= 7.8 Hz,
Si(CH,CH;)s), 0.46-0.62 (m, 6H, Si(CH2CH3)3); °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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[00156] Rf 0.55 (3:7 ethyl acetate-hexanes);'H NWVR
(600 MHz, C6D6) S 7.34 (d, 2H, J= 7.2 Hz, o-ArH),
7.02-7.18 (m 11H, ArH), 6.72-6.84 (m 4H, ArH), 6.54
(d, 1H, J= 7.8 Hz, o-ArH), 5.73 (s, 1H CHOTES), 5.49
(d, 1H, J= 6.6 Hz, (C—O)OCHC-O) 5.20 (s, 2H,
OCH2Ph), 4.60 (d, | = 11.4 Hz, OCHH Ph'), 4.57

(%Hséih@éig}é) ﬁsg‘?%oﬁ'?wﬁ’d%’?wﬁ '3 0072 e, RO,

2.49 (m 1H, CH3CHCHCHH ), 230240(m 2H,

CHCHN( CH3) 2, CH3CHCHCH2), 2.16 (dd, 1H, J= 12.0, 0.6
AlpohabMIGEOHCHH ), 1.96 (s, 6H, N(CH3)2), 1.33 (d, 3H,
J= 7.2 He, Ghj@CH) gg},@; (t, 9H, J= 7.8

Si (CH2CHR) Q.62 (M, Bl Si (G803 d3C NMVR
(100 MHz, beN4, —175°0, ﬂ 156. 0,
144. 0, 136 35. 6, 1.29 8,3 : ¥9. Zan
128.9, 172 TE@g 4, 128. 3,728, 2. gn  127.8,

125 1 121.2 108.8,.444.9, 75.9. 72.1, '70 1, Méﬂa 7,
62.9. 41.4, 36.

i o2, i S ey ios 00 bt 212 e s
Eiﬂ%d to]az%iutfc?n r%f%% 5%51‘5‘ Q&ﬁftﬁl%& ?%u&t?élSGéﬁ]ﬁ\ Zf)%iogi 01%a3nmol,

1(®quivRiVEct{aBSYrofiran Qéimid af 23 °Q0 Th¢ mdmwmdmomusly at 23

31.3499, found 831. Al coh
%(éf—li g Q:%lég Hﬁlﬂ(lepgf wg?lgq{é%g%f)us\ pof assmﬁzghcgﬁlh#%ggfer
sbiuititn @—l 79/0% MO3HmMIG aQ@ RthyMetdidte gmnﬁ) TROféhic phase was

Triethylam’'ne tfihydrofl uorldegjaﬁ 23 mol , 5
seppratell and driediotet apbydioessodiuno puléte.t Fee @mféi solyljogayas ﬁltered and

tlon roduct 120 4
(B 1 PR Sy ST SR A LB brouwh My the protiulh was purified
BYerfash ChluRchrbr@logtaphy (Bl t@8:1 dthyfl @tetdi-Hexarida} afforting the
partitioned between an ueous otaSS|un1phosphate

AephpEMGED$ a1 # eplofiess o7l (G5.30m 7006130 ) and et hyl

PR oy orouiny oy AR AT o Ry WRPAR"E 8% 7.0

(38) 21,00 79a6.61 12, besas), and (dtm S+ irag,eAniBs6.92-7.06 (m, 12H,
concent r at ed, providing a |i t brown solid. The

MIDAEI6 (G plrr 7 Bitdel ATBY, 6.058h LEL Vb & GribaDgs Ay s TH,

oyt 18 D4 PR ORI TIPS gl o1 o ocm

49005 8H, Rf= Q. @Hz(@CBIHE’PhS)l 452 ¢d, At Jhekh6 &) OCHHENR), 3.44 (dg,
1(1{6,(.)1 Q/E'Z 5.4 Hz, 8H3CH) 2.98 (d, 1H, J = 3.0 Hz, CHN(CH;)2), 2.90 (m, 1H,
CHCHN(CH3)y), 2.76 (br s, 1H, OH), 2.32 (m, 1H, CH;CHCHCH3), 1.94 (m, 1H,
CH;CHCHCH,), 1.79 (s, 6H, N(CH3),), 1.07 (m, 1H, CH;CHCHCH,), 0.84 (d, 3H, J =
6.6 Hz, CH;CH); 1*C NMR (100 MHz, CDCls) 8 202.5, 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 caled for
(CazH4O7N,S+H)" 717.2634, found 717.2631.
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“ArH), 7.24 (d, 2H J = 7.2
. ArH), 6.76 (d, 1 H J =
8.4 Hz, o-ArH), 5.44
J =

1 . 1 H, 12.0 Hz,

OCHH Ph), 5.16 (d, | H, J = 12.0 Hz, OCHH Ph), 4.57
(d, 1H, J= 12.6 Hz, OCHH Ph'), 4.52 (d, 1H, J= 12.6
Hz, OCHH Ph'), 3.44 (dg, 1H J= 6.6, 5.4 Hz, CH3CH),
2.98 (d, 1H, J= 3.0 Hz, CHN(CH3)2), 2.90 (m IH,
TehCHHIR)7: 2. 76 (br s, 1H, OH), 2.32 (m 1H,
CH3CHCHCH2), 1,94 (m..|H  CH3 ). 1.(@? s, 6H,
N(CH3) 2), 1.0% emu IE®:cecHoHoHR), B%5au ad 3, J
6.6 Hz, o) R (1088307, g 5,
185. 6, 179221085~ 166. 9, P39, £ Pgayayt3t. 1,
136.5, 135m:8, HAF®.50 199 6, .128. 8BC128. I70 H1pg B"
128.5, 128. 4, wd@7.8, 126.9, 12477, 1u@ci3,

110.0, 106.8, 82.3, 72.5, 69.9, 66.4, 64.2, 59.3..
[058] 39 Solidgriodoxybenmic agd §45%Nmegt.64mmpll Hed equivhyyps added

85 o B b M 8 gV
dirhdiBylesifoxide (B10 fr)) at 231263 ThHS yesulting he(endgendAB3Inikigre was stirred

1035 , 1014 ; HRVMB (ES) niz cal cd for
f?@mﬂgb’ BOTHf @m 128’3‘2%,(3“?‘%}%51“? Tgachign yessglgas protected from

LR P B 16 g i
videBLGIMBGH A 0018 %) thSolwad pertitioded hiteeemsaturatddqieds sodium

., 1. 64 ol, 15.0 [ dd ' [
by tbpiat sal g R e Sl ECES! (7Y 44ele e g 3s mD)
Tg@‘?ﬁ-_r%anic Fha88lWaY SepathtedAiiBhd ¥ wdobé Pidsd Svak Surthetlektradtedith two

e resul ting heterogeneous m Xxture was stirred ]
26aml. Hortians et acepasercther Oearkherrogangephaseswerprembined and dried

[ I tected fr | ght
oY 535 BB 5 B Sl b L R g e e
codentraRl, prasdidild 4 Yéldw Mil. JPhOpBHNctafasPoriGed 8Y 1hgh Eolumn
then was partitioned between saturated aqueous sodi um

chromatersprhye(1sbethyl asatata-hevanesi asfording theiketons MIGCHhes a yellow
t e-ether (1:2, 35 nL). The organic phase
O\ﬁé@é&%?&?@d and the aqueous phase was further
[e0dte0pCt ed RYIOI4T (2v¥0ethyd mcotaterikhh @RS HENIMA (600N HELC ) 87.57
: The organi c phases were conbi ned and '

( \%%)Jérnﬁ-)ldi% esAL 7 A4 (dultat = 7. 2THe Mﬁ)ea-l&?l-fﬁiﬁ!ng?%a‘sﬂ),
6194466 ¢, BAIANRE 61766 8RS, YESAH), 6.59 (d, 1H, J= 7.8 Hz, ArH), 6.53
(d, 1H, J = 8.4 Hz, 0-ArH), 5.09 (d, 1H, J = 12.6 Hz, OCHH'Ph), 4.96 (d, 1H,J= 12.6
Hz, OCHH'Ph), 4.77 (d, 1H, J= 12.0 Hz, OCHH Ph"), 4.72 (d, 1H, J = 12.0 Hz,
OCHH'Ph’), 4.48 (br s, 1H, OH), 4.06 (dq, 1H, /= 7.2, 3.0 Hz, CH;CH), 3.15 (d, 1H,
J=12.0 Hz, CHN(CHs),), 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(CHjs),), 1.81-1.88 (m, 7H, N(CH3),,
CH;CHCHCHH"), 1.78 (ddd, 1H, J=13.8, 5.4, 0.6 Hz, CH;CHCHCHH"), 1.01 (d, 3H,
J=17.2 Hz, CH5CH); '*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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concentrated, providing a yellow oil. The product was
purified by flash colum chronmatography (1:2 ethyl
acet at e- hexanes), affording the ketone M3CLl7 as a
yellow oil (61.7 nmg, 79% . [00160] Rf0.45 (2:3 ethyl
acet at e- hexanes); 'H NWR (600 MHz, Ce6D6) 8 7.57 (d,
2H, J= 7.2 Hz, o-ArH), 7.40 (d, 2H J=7.2 Hz, ArH)

1§77 886; BBt tﬁrca 3%975& ggﬂ)oﬁgﬁﬂ .)6‘;'5%@ 2m_§w), 2795

(ﬁ) 51327 (st—b)HWOh(_ @—6) H&67 @mACHD) 159@%)( d5131(s)'|14171 &), 1453

(@EHH"IF(H)); 12I757(7n)( 210441(@) I’I&Mﬁ (@S)HE/Z C@l@ﬂlﬁpﬂi}@ﬁas@&@ﬂ@
OCHH Ph'), 4.48 (br s, 1 H OH), 4.06
%52498??}—];’“0“@2%483 3.0 HZ, CH3CH), 3.15 (d, 1 H  J=
12.0 Hz, CHN(CH3)2). 2.20 (ddd, 1H, J= 12.6, 5.4, 3.0
Hz. CHBCHCHCH?), 2.13 (ddd, 1H, J= 12.0, 3.0, 0.6 He,
Permuiflg M@GH: 1.81-1.88 (m 7H, N(CH3) 2,
CECHOOMY || 9, (00, 5,13 8. S o o,

M —7‘9—_)357"6 2 HZ, g ) : . (O

NVR

(100 chcil3) 189200, 3703 ,
146. 4, P aB7. 4, 135.3 134. 3, 13 ol b
128. 92928 &5 "1%8.5 128.4. 128. 3. %’? 79188 ™"

121.3. 118.0, 112817 108.3 82.9 77.5 72.4, 70M5"®

[G(ﬂ 61] 47. A scldtidn oﬁﬂﬂﬁoroﬂn@éﬁchﬁldﬁn diéhl&omethade (FTMR 0.189 mL,
(neat), cm 1 3457 (w,. Q (w), 2939 (w),, 2878
0P mmok 3.5 gqpv) awzﬁowon@,mych qrpperoxybengaigpcidigg7 (m

d%ﬁ@rorf%@;gg gé M, ook ( ng)o L&ﬂéﬁ{"&sg edflvPweleSlided fiskquence to

a(sQtibB 8OMASHIde- M GUE. (Z4'28ng,f03®ﬂﬁ$ 11hs] 24{Bﬁqul\i)enom de

d%ﬂ%ﬂ @3%“&\_‘)\ & v@)%ﬁ ﬁ&ﬁﬁ@ﬁ'ﬁ% 65 SHirpsdcpt 78
°@ f6HD fhin, PRenME-38 @%&N&S%ﬁlﬁééh Witk lowd 94, ofhe mixture

trifluoroacetic acid in dichloromethane (1.0 M 0. 189
be¢ame Im@@neons| upo VErmng. v’ISheasthtmnswcas gtiiredhatgd °C for 30 min, then

V\%}S %gllé QCF %&ﬁ%}e ﬁ%iu%o?sc %oqgﬁmn\l/ Lx%te %nﬁlglaso?ﬁlo% (p?[ 'M) 0.2
t dri
T ) AL e

e
oxer anpgdrous sodiumsuliate; Age dnedspuiiancvas Bligrad arsé therfétxatatwas
cogc%ntrated, 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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Cfor 10 min, then the -78 C bath was replaced with a
O C bath. The m xture becane honbgeneous upon

warm ng. The solution was stirred at 0 C for 30 nmin,
then was partitioned between an aqueous potassi um
phosphate buffer solution (pH 7.0, 0.2 M 10 nL) and
di chl oronet hane (10 nlL). The organi c phase was

PR Eh 230 DisR 8o BEPG R BRB AT LI,

dﬁxﬂﬂmeﬁieﬂﬁhe(i) 5 M,@9i.4ubgD. a1 43 mghl lyeduivy werk adddkingequence to
E&S‘P r}te toI uene (ﬁ){ and ered by

a$p & MGE 1704 - U qemo l&e%@uam The

dﬁ&ﬁ»&b gmaﬂyaikm )k L7s v@Sgﬁe A0kin ‘xi,ldu'aa%{ﬁgﬁ{ré’tv% Rk at —78

e reaction vessel was e pose
°63tﬁmk@.)hmu itherothy g8 °C bath wasateplaeedvaith alll Eneath.t Fhe traxtdre

R P i R o i, e
Wi ftﬁioﬁed‘@étwe@ﬁ’ﬂﬁ (F\Iebﬁi ﬁ&assﬂ{r@}shs’dpﬁgtetb'&?fepﬁﬂ@%rﬂ@H 7.0,0.2
18 as a brown oil. The product was reduced

Mhed)) ané rlychloasomethmc(ﬁonLh eThe[ QeaE2 phasnewq@@ﬁmratdé and dried

BB S RS S Yol M ol SRS Sas
cgrgcfegtrlétﬁa ”E,’mdi;%g'ﬁl‘ﬁ%‘;ﬁgm aili qmm 321 vgarletalkdn (Sﬂﬂ%'lbbﬁe (1 mL) and

degd Py agecﬁrogtﬁﬁls,t)lla@ﬁg ah4(g @mdq;ﬂugj’f vacuum, The resultmg yellow oil

W RO EB T GBI LM ik RLEMALRIRRIANG ¢ 0 Mo
pinl, @16 equit) wis sfdel ﬁlﬁoﬁw{(frtldle éai“%bﬁﬂb]e@tlﬁ@@ﬂhe
nmml|, 1.0 equiv) in | oronet hane (0.5 nlL) at

resultingenixgyg ruﬂd@rdJ\é |nés@ct19thn (OY M Hmlgmyi quﬂ@dmat Thy 8mxt9re was
%Qi)engrgtemﬁlo StrHE ﬁ1§te&; “ﬁﬂltrgetﬂ@?oé éﬁ g'!La ggs%]twglﬁﬁpﬁ%c?pltanon

e m X ecarre

onscswumphmlpwphlﬁé | Thetdsalting nﬁlehﬁf waDfimerad atdiie filas was
' en an a ueaqus pot assjum phosphat e

E@éﬁ?'@tﬁ e 2158 mfﬂﬁppr?xmie G&- 18y light yplovs sefid
[6b16h} or o ”%593@32 (38eéﬁ91)acetﬂ%% 5“ i rgig@ts@m iz, CeDs, keto

separ at ed rie over an ous
tdﬁnrﬁneirmptdtesb BL&QSO(rber{ f(D(DHQ,r’EdS @) aH;, e 7.0 Hzt a-tﬁeHI)aE 28 (d,
cen{%rat ed,. providing ellow oil.

13 fer 608, B AR, 51 (P bt 0 1 ATHD), 5,14 (0
at 4
1?‘2& 1{2.""33%?”’?%‘%*"%‘?‘%' RiP= T2 MmO a I T, 0 -
lﬁﬁ)HZiIQCHHSRh ek Thjh éHyV pd2phHaeOCHHBPh{), 4.60 S, IHnﬁl-I) 3.54

byt i RcRTnd, FIE L O U RRRCHRT o,

2I8|2r(a§il At ien g 60@5WZ|'|@H(§T11)CItIPr2 4140(dmi an T)h»“l ITbX4 9T ®5 He,

concentrated t

GHEIAGH: 05 | 96)(, r@rbLN(th@p),l hObESeéHpCHa) g (100 MHz, G,
e qlwgigﬁrtgﬁg%gﬁﬁﬁér%b Rioadn isé.&sfg?t.é,'ig75], {825 § 485 1719,
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), 2046 (w), 1907 (w), 1731
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concentrated, providing the peroxide M318 a |ight
yell ow solid. [00164] Rf0.10 (2:3 ethyl

acet at e- hexanes) ;' H NVMR (500 WMHz, C6D6, keto tautoner
reported) 6 8.95 (br s, 1H, OOH), 7.48 (d, 2H, J= 7.0
Hz,oArH) 7.28 (d, 2H, J= 7.0 Hz, ArH), 6.96-7.16
(m 8H, ArH), 653d1HJ—80HzAr,514d

SEIPPAITO ).35379 EOMETS . 1130 g ﬁggﬁﬂf‘rﬂ,%ﬁso(ﬁgﬁ sy caled for

(CgH32’ng2+xJa:* é%. ﬁsﬁzfou%kb Pnog., 4.60 (br s, 1 H,
1H, J= 11.0 Hz, CHCHN(CH3)2), 3.12 (dd, 1H
J—180 0.5 Hz, CHCHHCH),282(ddIHJ:18O

B Ly 2 44 (ddd, 1 H J= 11.0. 4.5, 0.5
(%‘rzfetfareﬁﬁ?@ﬁé%%” 186 (5. BH NGB 2) 1.01 (s, 3H

13C PNE/ROGLQQ(C'IWIZ CeD6i  enol et oMEBlat oner s
reported 4 ~ARB. 6, kT 18 3.0 78. 4,
171.9, 8564 159. Hioxale58, 4, IH2
137.0, 136. & 506, CAB5. 44y dd3he 3, ilq P HO M43,

133.5, 133.4, 133.1 132, gmergimo 130. 8, 1310 2,
129.9, 129.7, 129. 2‘ ¥28.9, 126.8, 126 ’7""“%2‘4 5,

[0@K65B, 122Pddlackl(348, mé 16133, mibb,. 1575 éqliﬂv)%aslaﬂae&m one portion to
113.2, 108.2, 107. 103. 3, 837 81.7, 80.1, 1,

azplugion pf the pepexide NH%CQS (482 mg, 06758 lmrnplgl 0 £quix) Ibeovsane 3

R A ioiiere oyt iach wih(od BERpy bl r &ifhas e

flas, ,the‘rﬁﬂ&h(r@ witl B hyd)oged L7 Stn{)nJThe PHIftalys) wak-IRMi?allyﬁﬁ)ssent
nl lcd for (C36I—|3@513N2+|—|)+ 637 2186, fqund
a9 7ins ersrcm) brteat&gﬁrer hie clyrpgihinERinod ey elew ) 2

h@@@ggﬂa&ds n? b % as st tﬁh 51%6 gdfopb?xcg-reh' MIte{jédQEﬁ/ﬁEEh a plug of

~~X Y a k etone
cMImﬂ.S’l“ e filttatet wascgomicentmtdd) 8ff6sslin ghelyddl osec ml(dl 41‘ lﬁ: pmgiuct was

OGS P RTesrefird THARO N hehorasienegpaandiy D8 s i, 250

x1OmAY AoV ratet, 0 LIANE SoBrenth) mithadsl- @ooﬁr a@t H@;sr me &olvent
of hydrogen was i ntroduced by briefly evacuating t

B Iaa@kmtrulh)eusmg a,rsmjen:gomvohnmpfeo}vydrb@é@ﬂ L) emgininglesalic acid
({7 ssEre) Bhisogaegafindat $4Y RS bind e Saredifn dstiomer s-50% B
e Mel. |"H’{¥ 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, /= 8.4 Hz, ArH), 4.03 (s, 1H,
CHN(CHa),), 2.96-3.04 (m, 7H, HOC(CH;)CH, N(CH;),), 2.91 (br dd, 1H, J = 12.6,
2.4 Hz, (CH3);NCHCH), 2.18 (ddd, 1H, J= 12.6, 6.0, 2.4 Hz, CHCHH'CH), 1.90 (ddd,
1H, J=12.6, 12.6, 12.0 Hz, CHCHH'CH), 1.60 (s, 3H, CH;); >*C NMR (100 MHz,
CD10D) 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 HC); lit. (The Merck Index: An Encyclopedia of Chemicals,
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het er ogeneous m xture 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
Phenonmenex Pol ynerx DVB columm (10 M 250 x 10 nm
flowrate 4.0 nL/mn, Solvent A nethanol-0.005 N ag.

$|C| "HEs & fiﬁﬁblggﬁ%lfef%f cEal@cet oQl t(@% U\Jf' aﬂg Al gHeckclman P.

EOXIQidnéar?CJ ¢&., HdkQ MEntk @do awu&asweatatcor@ Nu; 1 9918, eiﬁtr35%33’ )yuv
for 2 mn, thenagradlent el ution of 5-50% B for

maxn(O ITNH PR akm 8Pt A68g3 5% [2lb- 6297, 9F (Sers0.8 én pécMééC'énHRMS

S Fhcale G au B ORRA ADS. 4406t om

triketone M3Cl7), which was identical with natural
-)- tetracycllne hydrochlorlde in all respects.
g P-Svnthesls gfdAaDeaycycMr3COD, hydrochl oride) S 7.50
Huidov 78HzArH) 7.13 (d, 1H, J= 7.8
Amwf’l “,‘d]o mél%, 1H, J= 8.4 Hz, ArH), 4.03 (s, 1H
CHN( CH3) 2), 2.96p%°B% (m 7H HOC(CHS) CHy WHeH3) 2)

2.91 (br dd, : .6, CPulwz, ( . 2.18
(ddd, 1H, Jg, ¢0, 2.ckoNz3C 490 (ddd,
1H, J= 12. 6 g BY 1280 Hz, GQHCHH CH)wmsd 28D (r 3H,

CH3) 13C NI\/R (1001\4‘\@;, CD30D) 8 195.4, 1{dca, 163 8,
148. 137. 118, 116. 4. 11 107
lf}qlﬁzl 70. 1 nm@néphef@hwe (227 mg, gig gimolp3 geqw) AR c?rbmi

T e R,

tizhaiglical @holl BRGO6 lﬂtﬁﬁ, mgn(lBBl mlrrmjy cAkgyivlid dectogditrile (2.5 mL) at 0

E dﬁ}ga%%%,}%/broyn spspenggg WS %FE atg) éﬁ for lmp h-ﬁag}%e cooling

vaitvhORtmoNed. TROMixBRIWYs a@l%&%d)to Wrm'i@ZS é@ akd Nll'ﬂﬁ%l)was
rim220, 268, 355; [a]p = -257.9 (¢ = 0.5in 0

qemu)uedHRﬂ@t teqmyatnﬂezfot odn.f Bhe mggqumw;%ncd between ethyl

S AR AR et B2, ™
I 4aliBpizase GRE éepaﬁi”t&l:’aﬂ'm«e a phad vasBurthdr' ektrgetddBGithan

Bn. 90% TBSdn M3CI 9 [00167] Triphenyl phosphi ne
addisipnalyi0 @Lﬂg)rt,wﬁ)q)f ethylmicetaig \;F)heé)ﬁgpnécap}@@ﬁs were combined and

c#n%h ro@@ﬂ’ gx%ug §gcﬁu1lﬁgsulfg:tg% %gg‘aﬁ%d soluBo A4S FidterdB 2Rd iR ate

n sequence to a solu
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] R0.30 (3:7 ethyl acetate-hexanes);'H NMR (500 MHz, CsDs) & 7.30 (d,
2H, J= 1.0, 0-ArH), 7.06 (dd, 2H, J= 7.0, 6.0 Hz, m-ArH), 7.01 (d, l|H, J= 6.0, p-
ArH), 5.75 (dd, 1H, J=10.5, 2.5 Hz, =CHCHBr), 5.71 (m, 1H, CH=CHCHBr), 5.17
(d, 1H, J=11.5 Hz, OCHH Ph), 5.07 (d, 1H, /= 11.5 Hz, OCHH Ph}, 4.69 (m, 1H,
=CHCHBY), 4.43 (br s, 1H, OH), 4.24 (d, 1H, /= 7.0 Hz, CHOTBS), 3.57 (d, 1H, J =
10.0 Hz, CHN(CHa),), 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, SiCHs), —0.02 (s, 3H, SiCH3); °C

NMR (125 MHz, CsDs) 6 189.3, 181.3, 167.8, 135.2, 129.5, 128.6, 128.6, 128.5, 128.2,
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the allylic al cohol M3C6 (162 ng, 0.324 mmol, 1.0
equiv) in acetonitrile (2.5 n) at 0 C The resulting
brown suspension was stirred at 0 C for 10 mn, then
the cooling bath was renoved. The m xture was all owed
to warmto 23 C and stirring was continued at that
tenperature for 10 mn. The m xture was partitioned

B T st s ArEehfa oo Ton 4 Wb SR A FIR
(ROAS %mwa$4§¢9ﬁr©H?,ctz9awm9 imsaqmgomgmmaaom d=o), heds (s),

extracted with an_  additi onal ortion of ethyl

536 1st B47 1108k 13628 255Has bbidvis).d 085 kD1 HRYISERS) e pilgd for
(ﬁgﬁ fsga;@ezgygﬁgﬂsaggogmo ulifatgssJhe dried sol ution was

I fra Was Concentrated, providing
a brown oily solid. The product was purlfled by fl ash

col umm chromat ography (1:9 to 2:8 ethyl
MM, yielding the allylic bronide M3C19

(164 ngy, 90% as aN(mm_,)zte solid. [00168] <c+®>230 (3:7

et hyl acetate- "H MMR ;600 6 7.30

(d,” 2H, J= 7. Y, 7. Ta,ckad, 2k 6.0 Hz,
mArH), 7.01% Ug 6.0, p- ArFJS B dg, 1H, J=
10.5, 2.5 Hz, =CHCHBr), 5.71°(m 1H, CHECHCHBr), 5.17
(d, 1 H J = 11.5 FE"0CHH Ph), 5.07 (d, °€° J = 11.5

[BB169Q3HH' %ethﬂalﬁﬁne((mﬂﬂrﬂ‘l. 1. Miﬂﬁidﬂirl)ii ec{hﬂﬁal(dklfenzeneﬂlfrbl
24 (d, 1H,  J= 7. %OT ‘f 1HC D s
9d 5@ rer, 1 ﬂé,m(rg]ﬁl) 1 equzv)gger ad @Heqqpncq@ gsolytian ofgheallylic

‘*‘."&%‘%@%@%s;ﬁéﬂf“%lcﬁfé"s‘tl“flﬁ?%%g%‘gf}lgﬁfm%?&%"?- The
iz Gre WeRstirt&batNHC foe@D6ninothes thelsooliBg bath Wi TeiBpvei3 5T,
r%%;%gg n?é%ge gg%a w%htoégasrgli 0@% %%’631@ S%igl{ng\—)l\%gszgon@}lgg%a%hat
tén:ar})&'aturélfog lO%TlhRTh@ ?@a’%h)m rlrgﬁluelw%}%%hﬁéﬁed%w%e%)%ﬁ%l acetate

(1@(1mL() @)ml anacmeo@s ppta&@@ﬂ pbesphatriﬁlﬁe( solptidmepd 1.6) 0.2 M50

raEh T B phapPafes SGaclen B (e FRRGIR Phite N e grtracted
Mil%icﬁhﬁbrﬁﬂ %@1280:@05’ SEthyEAceMte: TR orBiiniB Phises wekd dfahbined
TBSO 0 OBn 97% TBS6 HH n  M3C19 MGC2 %001691

aududéléﬁw@rrﬁnh@dr@es soturisulfate s Thafped solutionsyas fiterggand the
ﬂgg@?ﬁ%%h@éntra{eg 131“11% aJcle%?O %odﬁét V‘f%lﬂu\él)ﬁeﬁ%gquash

n-sequence ol'ution 0O
column chromatography {0.01:2:8 to 0.013.7 triethylamine-ethy] acetate-hexanes),

affording the allylic sulfide MGC20 as a white foamy solid (728 mg, 97%).

[00170] Rr0.65 (3:7 ethyl acetate-hexanes); '"H NMR (400 MHz, C¢D¢)  7.35
(d, 2H, J = 7.2 Hz, o-ArH), 7.19 (m, 2H, o-ArH), 6.95 (m, 3H, p,m-ArH), 6.89 (m, 2H,
pm-ArH), 6.83 (d, 1H, /= 7.2 Hz, p-ArH), 5.51 (m, 1H, CH=CHCHSPh), 5.12 (m,
2H, CHOTBS, OCHH 'Ph), 5.05 (d, t1H, /= 12.4 Hz, OCHH Ph), 4.73 (dt, 1H, /=
10.0, 2.0 Hz, CH=CHCHSPh), 4.38 (m, 1H, CH=CHCHSPh), 3.47 (m, 1H,
CHCHN(CH),), 2.92 (d, 1H, J = 2.0 Hz, CHCHN(CH3),), 1.75 (s, 6H, N(CH3),), 1.14
(s, 9H, SiC(CHs)3), 0.35 (s, 3H, SiCHs), 0.31 (s, 3H, SiCH3); *C NMR (125 MHz,
CeDs) 8 189.9, 177.0, 168.9, 136.7, 135.2, 131.3, 130.3, 129.2, 128.5, 128.4, 128.3,

126.2,124.0, 106.2, 79.2, 72.4, 71.7, 63.2, 49.8, 43.4, 39.0, 26.6, 19.1, -2.9, 4.5; FTIR
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brom de M3C19 (712 ng, 1.26 nmmol, 1.0 equiv) in
acetonitrile (17 nL) at 0 C. The mxture was stirred
at 0 Cfor 20 min, then the cooling bath was renoved.
The reaction mxture was allowed to warmto 23 C and
stirring was continued at that tenperature for 10
mn. The reaction m xture was partitioned between

Gt snit ST Fm PPl el it g UM TaE R 1621

ﬂs@s (gr 970 §),hh8S es)vqamqsp mm @9l 1989 ($PHRMS! emswe lealeé for
furt her extract ed an additional 30-nL

(ﬁmﬂ‘tnﬁrﬁ)ﬁsl’éﬂhyﬂ%&é@i aftﬂélld 59?’925&99an| c phases were
conbi ned and dried over anhydrous sodi um sul fate. The
dried solution was filtered and the filtrate was

s Ry iShibeide M@O21shing a clear oil. The product was
purified by flash colum rorratography (0.01:2:8 to

0.013: 7 triethyl am ne-et hyl® gtate- hexanes)
affording the all ysl(ang;_.sul fi

20, J= 7.2 A Hbe 7. 1950 2H
3H, p, mArH) p, m ArH), (
7.2 Hz, p-ArH), 5.5M6f 1H, CHECHCHSMRT Cuefgdispy  op,

W?S %}[—:’[(@r@)a( cl@é-ogéimi)_'zdfly] stmf éé%déxﬂ;ndlﬁggﬂsprﬁé 10.395

4. 737 (dt
nhhiol %@wﬂ%)addw 7a gqmnmfthe:amm(s@lmezym@zma S@c;{ng, 0.263

@mfh 1. ngung)Hn %h&raqgi\ﬁ%?% 675'375(%( Th o N( CH3 ed at 23

CStor QULh Slefriid ’coﬁé’eﬁtrm r@)@@ 11 ght@ﬁ%ﬂ sobidl S&G%roduct was
177.0, 168.9, 136.7, 135.2, 3, 130.3, 129.

mea by1fizsh golurmgchgomategmplry ((mhl 8 taq 0609:3: Wmeﬂlylamma-ethyl

6

derioly-1Sin ), itrding i et By Aiviic Yfipxdelinea facs whib Soti (165
10F)9998792 (w), 1697 (s, CO, 1621 (s), 1505 (s),
1270 (5), 1365 (o), 1284 (s) 1185 () 1089 () LRWES
WEE)2Im z R GI8 2 eth@@@% J&)\EME . CsBeirfd7.43

509 i

R D7 p 6 7T Pon i, g f6 (1 2K a%ﬁ*b’?'g?ﬁ%'éé%m-r‘rﬁéni“3
@) [FESH-RrHVESZO)MGRA3 (4, 10ke— :‘Rod{za@HOTBS), 5.09 (d, 1H, J=11.5
Hz, OCHH Ph), 5.02 (m, 2H, CH=CHCHS(0O)Ph, CCHH '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)y), 1.70 (s, 6H, N(CHy)2), 1.12 (s, 9H, SiC(CHs)y), 0.39 (s, 3H, SiCH3),
0.36 (s, 3H, SiCH3); 3¢ NMR (125 MHz, C¢Ds) 6 189.5, 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 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 caled for (C32H49N20635i+H)+ 609.2455, found
609.2452.

Rearranged Allylic Alcohol MGC22:
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[00171]

(-)-[(8,8)-(D chl orocanphoryl ) sunfonyl ] oxaziri di ne
(118 ng, 0.395 mmol, 1.5 equiv) was added to a
solution of the allylic sulfide M320 (156 ng, O0.263
mrol, 1.0 equiv) in dichloronethane (2 nL) at 23 C
The m xture was stirred at 23 C for 20 h, then was
concentrated, proytding a Iight brown sgcbl qg(nggpe
product was  pui i ed by flash oI unn xSt ogr aphy
(0.001: 2: 8 4.0{0,J00L: ¥ N

acet at e- hey@hegis I afd rdl néH’P'ﬁ ovver RiYal] y a6

sul f oxde MECZIds” a |te st izekrd 165 Tﬁff“ %2
[00172] Rf OMEg(*BrerRegipthy| acet at e- hexanes); THNWR

[()d‘pgr]_') 5 1%‘9% n?/l%agfp‘ﬁ'r)te A(é Egj() mg,Hg %6 (ﬂmg %0 OJeqrrilvl)'Vwas addedto a

sbludian of the lbwkt R CHisGHGHSERIEMGC31 8B ((rdg, 0. 26—1 mm:ol,sl 0 equiv) in
ST T8 0 21 00 o Pan 1 i o S et o

amép}ﬁhﬁt te%ﬁéﬁﬁn{rgfor%ﬁ 'h. q"l@ﬂ'ﬂf%)\%)s coﬁ%&%'a(eagprowdmg

H, J= s,
allighe y(:kbqw 9141, T8 ptaguey waas ptmt%;ﬂ byf] asB nplumrmtmqmatograa

(é?gl 3'@ @@3 % 3 Agegtgyl (%g)g‘l a'\f/k%tezhe@%s),gaf%f%gg 611e allylic

alc%&oﬁmdé@zésam&e%hdl@ﬁo&mg Y8é4)3, 122.9, 106.1, 79 3
72.4, 70.6, 67.8, 63.1, 4374, 38.5 26.6, 19.2,

Red). 40 (3F7r¢thbll(a¢etate)hexams;,1 HRMR (700 MHy, Cad0 p 7.3Ghid 2@%& 7.0

i pradilig dodha. 2807 7847 T, ARG, Al THE - B 14 70m,

S &5)m, ", < CHCHOWY 5.4 QN2 P65, 5 Hiz =6 AT HE TB S ,fSOI d, 1H,/
609. 2452. Rearroia}g ed lelic¢ Al cohol MEC22: 10 ) ad

N 1Bz OGHIH Pl.5-09 &, 18/ ed 2. Wﬁzd;CHﬂ’hPh)rB%(Halﬁa 56%

ri gopl’te’ .76 , °5.26 “nmol’, 20equiv) ’
AiEnD) 4 % HPERh, 415 S9PL AT SARIONETA LORHESM, o)
AEBs(dadHed =t1a. 9st©H@m¢(n:m§z)tms (umelHRf alllyHic

sul f oxi de ui v
GHERRIGF 1 200 (<o (1) & 83 6 00, SHC U bbbl AHaSiCHS),

i 4 as r
4008 SRR B0 iRt 111500, 2 0
IQBQNIIQEE a,glzzm |]I0§k5§ 78.6] 7109\]68L1| 647hs9. b[4)8181,0‘l1 02s8.5,17.8,-5.2, -
urlfled col utm chr onmat ogr aph

i/ mﬁ (70.001: 1:9 to
dUIRAngat}, cmet ﬁﬂ%ﬁﬁanHétgr%lF (% 0P/ d%)C=0), 1601 (s),
1%“1“1 eHdipg he17dd ¢yl $254 (m), 1100 (m), 1022 (m); HRMS (ES) m/z caled for
(Ca6H36N,06Si+H)" 501.2421, found 501.2424,

Benzyl Carbonate MGC23:

HO? H El(CHs)z Bﬁ020(_3 H _(CHs)z
(m BnOZCD(i;.N]lJMAP %
Tesé 9 Bn T8SO 8 n
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
sclution of the allylic alcohol MGC22 (142 mg, 0.284 mmol, 1.0 equiv) in
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al cohol M3C22 as a white solid (100 ng, 76% . R 0.40
(3:7 ethyl acetate-hexanes);'H NVR (500 VHz, C6D6) 8
7.30 (d, 2H, J=7.0 Hz, o-ArH), 7.06 (dd, 2H, J= 7.5,
7,0 Hz, mArH), 7.00 (d, 1H, J= 7.5 Hz,p-ArH), 5.85 .
(m in, =CHCHOH), 5.42 (br d, 1H, J= 10.5 Hz,
=CHCHOTBS), 5.16 (d, 1H, J = 12.5 Hz, OCHHPh

1H J= Ph) . ..4. 44 1H,. '
diftugroplepige timl) 3 T e gt ibtd W%{Zh
thé was pa}ﬁtlor@d)betwé’en%ﬁl)ﬂ Aeetdtel(50) mL% nd sd’ﬂﬁrated aqueous sodium

CHCHN(CH3)2), 2.75 (br d, 1H,
;lg)on (20 odL) é['he@pganpq( 1@}439 2}}13 sqpagageck and thejaqueous phase

SR b S Bl el s o

phadses 2verd 28mBined 37BdBed 3B adhydiad. Sadluilﬂﬁllﬁl,tc 7ﬁ:eﬁdneﬂlsoﬁmon
68. 64. 1, 6, 48.8, 412 25. 5,
fgﬁfe{' the %H;{a_te wggq@cematgg,bprog@fg a(cl'lﬁa.r 5815840 lpg,) 99%) The

rFERR: (35 A el oDl hlich U0 nd 63 sl

wasprefaGRich B BudX0aEbm bl thesOidezd&tion ntintude Eﬁ)ﬂas’rlﬂ(‘zﬂumn

Bt i RSt 2 1o 600 e s ke P sy ppapon) afording

théSeh3yl &fdoithle MEIEY3 achaliOtQIdat e (120 L, 0.841 mmol,
2.95 eqU| v) and 4- (dinethylam no) pyrl di ne (104 ny

[00E5 molR; 035(113e’hc1h)a1)acwateeh€addes¢i, THiINMR, (6900 HizoCeDs) & 7.26

Gt 376 e o) e AP ot P {4, 0% 335

“CHIROTEHH, '5’70 (Erﬂﬁufﬁ Magost b5HeA =@H@ﬁ0¢5‘s§fs 7 t}n lH

then was partitioned between éthyl acetate
ﬁi@H&C‘éﬂB@mﬁe&@ 4 Hd¥/ enh2. HSHe PGB Ph), §d]6L(tl; U, (502 5 Hz

AP 98 R 2T B2 B AL DT, Sl P 03

OIOIHH PHY), o 4 ehylH, a@J@H@TBﬁm 98 GANIE J PNIILS OMHN(CHg)z),
onbi ned and dri ed over a@i rous sodi um sul f at e.

3d1r1| @ 156 ICHEBN(CHak). 11i92t(er WI)ﬂeO P2 (s PBy 81(\}(&3513)3) 0.02 (s,

R T SR C A SRR

1580 1356811380, 1801 22100.6/t108 3], 1284]128.3, \4@$7PT23109”1©¢ oby73 72.2,
purifi cation of the crude reaction nixture by a§3532(
W,

746 6P, 0G b itk 43Ry 250, U248 #8; ﬁTﬂbine:gt)ycm
Oy, S5 T 88s 6L 3 @RChaLS; R%aRS o), 3662L51 1892 (s), 1471 (m),
1383 (m), 1258 (s), 1101 (m); HRMS (ES) m/z caled for (CseHaaNoOsSi+H)" 635.2789,
found 635.2786.

Diol MGC24:
BnOch H N(CHs)z Bn0200 N(CHa)z
| O\N TBAF, HOAc \N
. 4 THF . I
s § Bn 92% (2 steps) HG 2 n
MGC23 MGC24
[00176] Acetic acid (40.0 pL, 0,709 mmol, 2.5 equiv) and a solution of

tetrabutylammonium fluoride in tetrahydrofuran (1.0 M, 0.709 mL, 0.709 mmol, 2.5
equiv} were added in sequence to a solution of the benzyl carbonate MGC23 (180 mg,
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the benzyl carbonate M3C23 as a white solid. [00175]
Rf 0.60 (3:7 ethyl acetate-hexanes); IH NWR (500 MHz,
ceD6) S 7.26 (d, 2H, J= 7.0 Hz, o-ArH), 7.02 (m 8H,
ArH), 5.75 (br dd, 1H, J= 10.5, 3.0 Hz, =CHCHOCO2Bn),
570(br dd, I'H J= 10.5, 2.5 Hz, =CHCHOIBS), 5.37 (m
=CHCHOC2Bn), 5.10 (d, 1H, J= 12.5 Hz, OCHH Ph)

Uségggm{qgl 1%&‘*@@%&%%?%@ ?Tt 2# 2@ éTﬁg res&“’ng‘}ellow

s6Jukibh Rhas ktirrédd ét]23(°f(1 fdrH h, #enGrig R tiondd BStvs(e@n efhiyll acb¥ate (50
7.5 Hz, CHCHN( ,311rri]1HCHCHNCH3R4€
k) angyn aﬂ(l@l@)@}asswgzweghat@w fagisefutipp (B 7. G 0goM §0 ml. The

B s bl §u dRyal A IS e gl oo

mI3 oRiond BBetByl a2t , The2Bgahic pRBeSwerkXombinet2hdried over
7,0, 77.3, 72.2,_.71.6 9,6, 66,6, 60.3 4.4,
"&g ydsous,sodigim i'é‘%‘i‘e The %ﬂed w?léwnﬁwﬁl qﬁeﬂgﬂd the ﬁltra;fe #4830

cﬁ%en&géhgo%rgeﬁiﬁlg( z{'@mow%aﬂlz TH@LPro&Jc% &ab iunﬁ%@y 1308 1drfin
1512 (s) (m, 1258

c(xg))matqgag_h},(@jS toHRl\/Sth@ES)etm-hemlesjdaﬂ'mﬂmg the diol MGC24 as a

f ound 635.2786. Di ol
‘\g?%fgﬁ ggﬁg @“yt’ﬁﬁ%&ﬁﬁ 2CO ﬂ“'&( CH3)2 N TBAFO HOAC
THE d
007, 11,190 B sl 05 721

(&l V)= éﬁd‘la Osbtﬂil, 762 (of, 8Ht. étrHé.tﬁ,lﬁi&/(‘tmddDHﬂuh?ﬂDdodeéz

RGP AL A o Rl P8 1 sehCHToR 26 48 T

a@{aubameh ) e dVEE23= (mfmﬁmcnmphpsz)%d(dnml.; 120 Hz,
ui vﬁ in tetrahydrofuran rTL})
Hiknd89 &, |1<HNJ -sb?l Qﬁz@@(ﬁmé 9 ), ﬂrSéc{datﬂsz 2041z, 4

t Y,
anlglﬁan %iqueo s pdt assi u% h%gg %ﬁykflufegﬁ_izgg{é FIC% 2.94
(%, OH, OHEPNN(C&G);)M 25 {bre, 1H] O L3P\ SH, WeSHspRAt@NSIR (100

t he agueous ase was further extracted wth two

e @@cbbéﬂﬁ%ﬁsl%rs dey Tatlh o, 1380, by spﬁa&,aslzs 6.

L S AP P S Y S R i gm 2468
CIH) 8O3 @)12849 GONDEIS 18} 6768 i o¥09h 17953, lQI#IWH@Od (9. T503 (),
romat og

P55 GRE 43I EnBi RG] (SBS Er RS e FUre fatd BT H)
sVE8 o asurid 521.1926.

Cyclohexenone MGC25:
BnOZC(EJ H I::J(CHa)z Bﬂoch oY N(CHa)z
Hé a Bn 3 n
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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white solid (135 ng, 92% over 2 steps). [00177] RfO.15
(3:7 ethyl acetate-hexanes); 1H NMR (500 MHz, C6D6) 8
7.24 (d, 2H, J=7.0 Hz, o-ArH), 7.02 (m 8H, ArH),
5.68 (br dd, I H J = 10.5, 2.5 Hz, =CHCHOCO2Bn),
563(brdd 1H, J= 10.5, 3.0 Hz, =CHCHOH), 5.26 (m
=CHCHOCO2Bn), 5.09 (d, 1H, J= 12.0 Hz, OCHH Ph)

@59{55 s p%%ﬁpﬁ%t}%w%ﬁ%ger M@E\?j wifeg 120 &g.) Yl ollgamc phase

wstsepdrhted and thbﬁlq(l&usliﬂase—\ﬂrﬂdﬁl':&r exdradeéd fwdth tid, 100mLGobtions
Hz, CHCHN( CH3) l()m 1H, CHCHN(.CH3) 2), .2.25 (br
%her 1 ihe e}g)amcjphsges re s<Hn wpshed yithgarurated gquagup sodium

o B B A 1
Tht. v&shedsButidiviw 8 dridd. Brer duhyllrous 3o dinnstil fate( anddiljeredc riThelfiltrate
s apné g boldghzhe CYRpceagne WGHY &5a Wiy o Selid 32.2 me

349 (m, 1261 (s), 1022 (m; HRVS (ES) miz calcd for
(C28H28N208+H) + 521.1929, found 521.1926.
Cycl ohexenone M3C25: Bn02CO H N(CH3)2 BnO2CO H N(CH3) 2

Pthe)” SHor b Rebottdol Mg e o 0722

Al .56 n7t
(sol uti on%ol?ﬂﬁég%ma)%ﬁ ArH)QEP?Z 0123{% m 4 01.1(% Hz,

e HCHOCOBmes.fg K@ummwm 1 a, :zanLg:Hefcmﬁ@come) 5.41 (ddd,

TS hhe iz e AR D, R R R 2 gy 1 -

1210 £ GCHRSPRY, 9108 Qi £1H, S + 090/ HA WCRAPHY4.88{d,"IFEY = 12.4 Hz,

vi gor ousl at 23 Tor 12 h. The resultin oran

Q@Eb‘tlﬂbh A Fs 4 el 2k 2 O B Pl o312 & Wbl ] <8 A ( 20
T gani

separ ?H\é\?gﬁcﬁs((ﬁgd ?ﬁjé]ougﬁb%gsgﬂm}gzé e’?ﬁéﬁﬁé&@f& r1 gczzt(se’(?H’

NUCHR) HMEC NMRLE PO MHRRS DS 1e2.3, 1882, 48031 6793835 141.8,

were conbi ned and washed with saturated agueous sodi um

185 8otk Bomakd % 6R86I B384, 2855, 135A T, 1973074, 115,59, R,
B oL TR B ISR, IR L 2R

a=on l'ﬁlle(s @69) 01(608 €)1 Iﬂtoﬁ(ﬁ) 13&4&&6) ng76 hﬁ) Q268 GhENBSEARS,

M3EC25 ol IYI solid (22 rrg /?
HRMS (ES) m/z calcd for (C23H6N203+H)™ 519. 17 found 519.1773.

Silyl-Cyclohexenone MGC26:

BnOzCQ |, NCHal BnOLQ |, N(CHa):
AN, TBSOTE, E4N NGO,
| AN THF, 0°C PV
Q Bn 93% (2 steps) oiop OBn
MGC25 OTBS mce26
[00180] Triethylamine (172 pL, 1.24 mmol, 3.5 equiv) and tert-

butyldimethylsilyl trifluoromethanesulfonate (243 uL, 1.06 mmol, 3.0 equiv) were
added in sequence to a solution of the cyclohexenone MGC25 (183 mg, 0.353 mmol,
1.0 equiv) in tetrahydrofuran (8 mL) at 0 °C. The reaction mixture was stirred at 0 °C
for 40 min, then was partitioned between ethyl acetate (50 mL) and an aqueous

potassium phosphate buffer solution (pH 7.0, 0.2 M, 50 mL). The organic phase was
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[00179] RF0.33 (2:3 ethyl acetate-hexanes); tH NWR
(400 MHz, C6D6) S 7.22 (d, 2H, J= 6.8 Hz, o-ArH),
6.99 (m 8H ArH), 6.12 (ddd, 1H, J= 10.4, 4.0, 1.2
Hz, CH=CHCHOCO2Bn), 5.74 (dd, 1H, J= 10.4, 1.2 Hz

CHECHCHOCORBN) , 5. 41 (ddd, 1H J—40 1.2, 1.2 He,
CHECHCHOCO2Bn), 5.18 (br s, oH), 5.08 (d I H J

&ﬁ{%ﬁ%&lﬁiﬁ Wg%qﬁa@ﬂ@ﬁ%@ﬁm ed ‘Jm&iﬁ &L’_Eoman ggethy]

dcetate]l HhebFgdhic ghdses we¥ekdoBiriel,and d218d otler shhlydrdas Soddurhizulfate.
CHCHN(CH3)2), 2.85 (ddd,. 1H, J= 8.4, 4.0, 1.2 Hz,
Thacaed eplyjion was f@tzreé@délm filtnarecyes) eppcentratedypre viding a yellow

(M?%oh@?g% @dﬁﬁégp&@g%g ieh gélgnﬂme%%&gatés%%gﬁy (1191 £8 ethyl

at@dteShexafEs), Affording theilybeydéheRendife. MGCUB agla cléar @j (207 mg,

9F;{_")R(neat), cm-t 3442 (m OH), 3030 (w), 2948 (m,
3793 (m), 1742 (S C=0, 1711 (s, C=O, 1608 (s),

S 3
[Egﬂﬂ;%] E E)S) Wz cal C%}hg-l%@t (eﬂﬁe ﬁg&_‘ EI%VIR 19. %CGDG) 8721
(ﬂcb,mﬂi S5 D510 Hz, oShH), 78 cﬂfﬁxkﬂ B10HMERM), BGZCQH;J = 8.0

1 2y By GO0 T KB 6 R THod a0 #r4 2iParm ne
dHL/EHEHdCA B! '68 (&1, IHLIY 0.5 ain@'theCfr CHCHO?OiBn{ 5.65 (br d,

but yI di net hyI silyl tr| f'uor on®t hanesul f onat e

11,06 $fibiz, CH-CHGHOOO B 5. |6 at, /i KeyHen@EHIbPh), 5.01 (4,

B 12316, oiatig P CE AR ot H Sl o 2 424, 11, =

121PeH 2, CBCHHPPh ] X1 L(E 1729 =St1.0 H@dcplt}ﬁq@mf)grz é@(tmdn 1H, J =
t hen was gn\}‘tltl oned between et h acetate

134 IéépdéHG (bhsdi Qﬁﬁspﬂdslﬁ(@ﬂéz)bbﬂﬂé& %blsaéﬁﬁﬂs)()p@i@ (s, 3H,

i) 828 Sl Sy . T RnBe SRR E a5 3 d86 71805 1673,

164 190 140.25-3316, P95 Bi pzp@flzstéhydzs 5208tAte8 4TI @rears ¢08.6, 82.4,
ghases were combi ned and dried over anhﬁgrous sodj um

3 p806e09.3,1H7.H0i 2 41 SoP@bi Bhbwdls?, 814 ETHR (reat), ethe 2930 (m),

A8 A SRS PRI Sl L) T S ASPAPLS o, s

(mr IGTE (o 2B Y(s)( 12331 () 1246 (19); I HRMSAESY ad/Lcdi@kfnes)
ffordi n t.he si cycl ohexenone M3C26 as a clear oil
(obioNags Hb 5oy 2435 ofoueg 65936250 ( 3: 7 ot hy)

acet at e- hexanes); 1H NWR (400 MHz, C6D6) 8 7.21 (dd,
2H, J= 7.5, 1.0 Hz, o-ArH), 715(d, 2H, J= 8.0 Hz,

MichgelDiecknimn(AddiBoh Prdud MGC27:

0
Bn

Hag H o H N(CH3)2

Et 1.LD A, TMEDA, THF, -78°C NAEAO
o 2.-78 50°°C |
? BnOCQ |, MCHs)

BocC

CDL-I-280

oTBS
MGC26

80%
[00182] A solution of #-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 pL,
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, mArH), 6.98 (m 4H, mp-ArH), 6.30 (ddd, 1H J=
.5, 5.0, 2.0 Hz, CH=CHCHOOO2Bn), 5.68 (dd, 1H, J=
.5, 1.0 Hz, CH=CHCHOCORBn), 5.65 (br d, IH J= 5.0
. CHECHCHOOO2Bn), 5.10 (d, 1H, J= 12.5 Hz, OCHH Ph),
01 (d, 1H, J= 12.5 Hz, OCHH Ph), 4.95 (d, 1H, J=
12.5 Hz, OCHH Ph'), 4.82 (d, IH J= 12.5 Hz,

FRF g S b ltben el P I Rs

tﬂféﬂyﬁﬁoﬁranh Qﬁ_,)(aiiv-?@PC $h§3fé§hﬁﬁ1g)m1xﬁxr59/a£ stirréHigorously at —78
0.29 (s, 3H, SiCH3

°§9fgr g& miggvhereupgma goluggryogthe eg_tng@L-[&@O 673. q mg, 8. 2??(?)mmol 4.5
“HP) f e nug(fnL g mideld oryind 9 ol Ll ssuling decp
réd ndx tu6w &, stit®d GigordusPy at--J. 84’JC fof TRn{ingthén 2 S(ﬁimleﬂoma @ilyl-

%ﬁ%)he@éggg yf{%zg% N #}; £ 5f§glg) shypagfiran (1 mL)

it A ol RS S

shfvdpi a@ 02O covek Prhntheddas phlmimioﬁbd)bhlween\Mheoﬂ potaSGan phosphate

e R T 00 28 1 ) T e ). dpgeraaiic

phble was?RBarhtell abdtﬂe dﬁ&? phase @Iﬁﬁrﬁ@@:ﬁrac&@%nw}?d nfh,

solution of n-butyllithiumin hexanes (1.55 155 L,
portpons ofrdishlorometharg; ul'e) orgenic abl@esjwrﬁ cpmiunest ar@rdrwﬂ over

ophhrbbl it EAEERG Eh ool SRR it the e yas,
can&ﬁ&awﬂpﬂamvﬂnagsa félldwgil.i The pﬁéﬂﬁ@h&/ﬁfpﬂlﬁﬁw By Qaiepata)to@tHPLc

-78 C.. The resultlw\g m xture was stirred vigorously a

On%COl@,ter Sitrasphere O eolamadh0 4MA5Ae Khma, foMeratest ‘éranmm
Bl TR, Sl P B ey B P
(hlethanel} ahd amyoclaatic 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¢Ds) 6 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
{(brd, 1H, /= 4.0 Hz, BnOCO,CH), 5.17 (d, 1H, J = 12.5 Hz, OCHH Ph), 5.03 (d, 1H,
J=12.5 Hz, OCHHPh), 4.99 (d, 1H, J=12.5 Hz, OCHH'Ph"), 4.93 (d, I1H, /= 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(CHs),), 2.56 (dq, 1H, /= 12.5, 7.0
Hz, CH3CH), 2.18 (s, 6H, N(CHs)y), 1.33 (s, 9H, C(CH3);), 1.16 (d, 3H, J = 7.0 Hz,
CH3CH), 1.11 (s, 9H, C(CH3)3), 0.61 (s, 3H, CHa), 0.36 (s, 3H, CH;); °C NMR (100
MHz, CDCl;) 6 189.7, 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,

SR E=E=Y
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red m xture was stirred vigorously at -78 C for 75
mn, then a solution of the silyl- cycl ohexenone M3C26
(30.0 ng, 0.0474 mmol, 1.0 equiv) in tetrahydrofuran
(1 nm) was added dropwi se via cannula. The resulting
light red m xture was allowed to warm slowy to 0 C
over 2 h, then was partitioned between an aqueous

GRS, TR S4zCtun I3 dBnkny S0 ehelZat s sl
(ng@?ﬁiﬁeﬁ@?a‘g‘%%QSEﬁ}Ogﬁ?ﬁiosfmﬁdgm E)Pg:ret hane.

The organi ¢ phases were conbi ned and dried over

1&%‘@%{5&@@&&8 b GHALE BlRimARE AdhlRd Pr0ktt MG CHES

; rovi di ng
a yellow oil. e Eroduct was purified by epar atory
I? :

HPLC on a g;gu N(Mg)grasphere CDS col ym N(M 250 x
10 mm T ow Ed BER o/ m Ry oSl vent A BEUHRNG,

Sol vent H z Bi g an -+arecti on
(met hanol F iIchrati cogl uti onO &

m n. The®Peak @{r sNg at 3 6-42 m n"Ras® ¢BIA
concentrated, affomndiceg the M chael - D eckmannMa@Ldl t| on

d 33,0 809 I
[ @fﬁfﬁc %r%é uqric: af1 (lhz/{nﬁ Bfecnouedii ﬁé@éée% tpua Fropylene
réa@ggn %%el (%%ﬁm@ a%@)u@i%n of Ble lﬁlchieiﬂbleaﬂﬁ&)n adfitfch ;{rgduct
M@B’J (33 Ot'mg . O?&Iﬂ iAok, 0 &Lﬂa i6 a@etommle 420 nﬂ;)l-# 23 6C5 The
&%gtiwnix@]fé\}%zémred glgfl;o%@'rat 3 HE fgr 60 &Qtlilgn ?«_\‘ES poure& into water

(Wﬁﬂﬂf Ebhtalrﬁn%ﬁzl(llio“ & .4 (IZ%?H Phe rk%;lﬁn%'ﬁmztjﬁ‘ﬂbﬁl_slpéﬂ\]rfct@d %8th ethyl

aHztateGﬁ:Hl-manL) The Gigatid pha&ﬂs Were damisined andGHEEANVEH) haodrous

3,35 =,12. 5, 4.0 _..Hz, 2.99 (d |
sqaitiguifite, ‘e g Blubpn fvad ?‘%@d(ﬁﬁ%&ﬁ@aﬁwwog&#ﬂ#'ﬁ
fﬁﬁmsh@iégt%%ent&g&ﬁ ﬂoﬁeno@ MG&%)&IZJ}JIOV’! 0313(25 Rl m% @9%) The

C(CH3)3
poeguc @Hsgeg)m thr gkt §t§p muhoutcﬁals er mlr@@atqcsn 3H, CH3

05351, 368 030 o b bl BB 6t b e

198957 7.
1%% @r s, 1133 eﬂol) 121895 (s ilﬂgalfénoléz‘ﬁzﬁ(d lzing& 7. @%fz 8- ArHX 7.14 (d,

2%bJ> 7. @@1280-/521)75 94?] 02 (et A, 6,86 116 1H, J f@ ‘BHZ,LGYE) 6.76
1% 9

(?\/\})}? 5384 W‘rh??égg?‘i 1%_ . 8#4@*{113259@@\“%7%3%?% 3.0 Hz,
BnlOCGm), 511@0(6 (1) = 13034, rOCHH4FH; mu (d, mmzé m 0 H60

Qﬁl 1232 s),..1148 (s m z
A Bood S22 U4 ] FotHa 16 BB HCHRN(GRD), 2.82 (dd,
1%@; 2% b%i} PHAMGEE!)) D 85 KERNH, 5991 § 5 O BLO8HSEHCH), 2.78
(dg, 1H, J=13.2, 7.2 Hz, CH;CH), 2.05 (s, 6H, N(CH),), 1.04 (d, 3H, J= 7.2 Hz,
CH;CH); °C NMR (100 MHz, CsD, 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), cm™' 3424 (m,
OH), 3059, 3030, 2925, 2857, 1744 (s, C=0), 1713 (s, C=0), 1614 (s), 1582 (s), 1455
(s), 1252 (s); HRMS (ES) m/z caled for (C37H34010N2+H) 667.2292, found 667.2300.
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an OBn ~- HaG 4 0d(OHS)z HBQ N o,, N(OHS)2 O 0 HF,

CH3CN R /NN BocO HO _ Bn 90 HO HO n OIBS M3C27 MCC28

[00184] Hydrofluoric acid (1.2 nL, 48% aqueous) was

added to a pol ypropyl ene reaction vessel containing a

solution of the M chael -Di eckmann addition product

MaC27 (33.0 ng, 0.0375 mmol, 1.0 equiv) in

acetonitrile (7.0 nL) at 23 C. The resulting mxture

was stirred vigorously at 23 C for 60 h, then was

(pBDoedcyiciihe (MEE30): (50 nL) contai ning K2HPO4 (7.0 Q).

The resulting g xture was extracted with ethyl

acetate (3 x 20-pky). The organi c phases were conbi ned

and dried og Q@,rutgrdf ous sodi um sulfaf'é %él—'“a‘ls’?ed

solutio 3 g and fheedd 1 tr fe S

concentr igshi ng #RERPENt acy RE NG

as a yel owgojh §(25.8@nny, 99% . The n £ dvas used

in the next step wthout furf’her purlflgﬁltlon c[00185]

Rf 0.05 (1:4 ethyMCS8%et at e- hexanes)

[@ﬁtﬁ]l ;” Ug&i’blﬁc(k @;’Aoz(ﬁﬁg,(@%ﬁ maddl, le'J'BJé 1v)]vlasga'§ld%(§m&1éportion
eno

tg 2 sqlugop.@f the mmq;yc]@ phgnagl M,@Qzﬂ (26,LQ mgr(}rm 75emel, (1t0 equiv) in

b 101 2080 5 . gl g

iftréducad By biefly W&a@'ﬂme ﬂ5skl theéndlushinig, with puré By@rolén (1 atm).
P 504 (d H, = 12.0 Hz, OCHH Ph), 4.92
jzﬂa Xﬁ@mpﬁ)malb’ mfse(nél as a fine dispersipn; hut aggreapiedimy slumps

v@t}‘?@ 3 (rﬁiﬂ Th]: I§|§llo]w ﬂgte%égé%xm%—%ul?g@ A )12'§| %‘Jfﬁﬁ i %d gwn was

ﬁ'ltezedl-lhxou@hlia(blﬂ)g ofXo®ton( The GiHratdwesByriventratedAaffoddind klyellew oil

(8% Z%k&% 129521584 05%% ina %‘5‘“1% Dggct%a%%ed by
p}%ﬁreﬁ@rym@ onh3hefomdr: Iﬁ)lyﬁlxg& m%ﬂg?n (}%)]pg\/l,s 590 )él() mm,

0, "115.6, 107.6, 104.7,” 76.8 .
50! Bie 48 Nl /mi, W]vent A3 medans]-0.085 B ag-HICR ({ ¥ aRol¥ant B)

ag{}&sutrﬁélglisy‘% n%?n @'ﬂf c( §?Rr’e&é§ %?Q%Z 5(379435%&1%@ allc acid (10
mig) 2Rd @8 JsocHRNE elutioh off6% B #biCHmi thdn@ iR QN@(‘H’BF‘S 50% B for

667.2292, found 667.2300. 116
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;0OD, hydrochloride) 6 7.47 (t, 1H, J = 8.4 Hz,
ArH), 6.93 (d, 1H, /= 8.4 Hz, ArH), 6.83 (d, 1H, /= 8.4 Hz, ArH), 440 (s, lH,
(CH;):NCH), 3.53 (dd, 1H, J=12.0, 8.4 Hz, CHOH), 2.95 (s, 3H, N(CH;)CH;"), 2.88
(s, 3H, N(CH;3)CH3"), 2.80 (d, 1H, J= 12.0 Hz, CHCHN(CHs);), 2.74 (dq, 1H, J =
12.6, 6.6 Hz, CH;CH), 2.58 (dd, 1H, J = 12.6, 8.4 Hz, CH;CHCH), 1.55(d, 3H, J=6.6
Hz, CH;CHCHY); "*C NMR (100 MHz, CD;0OD) § 195.3, 188.2, 173.8, 172.1, 163.2,
149.0, 137.7, 117.1, 116.9, 116.6, 108.4, 96.0, 74.5, 69.8, 66.9, 47.5, 43.4, 43.0, 41.9,
40.0, 16.3; UV max (0.01 N methanolic HCI), nm 218, 267, 350; [a.]p = —109° (¢ =
0.16 in 0.01 M methanolic HCI); lit. (The Merck Index: An Encyclopedia of Chemicals,
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(-)-Doxycycline (M30): 0 ~-OH3C OH N(CH3)2 H3Q Q
r N( GHah HH OH Hz, Pd black I - THF-CH30H / \ O
NH2 o HOO HOHO O HO 0 HOHHO OBn 90% MGC28
(-)-doxycycline [00186] Pd black (7.00 ng, 0.0657
mrol, 1.75 equiv) was added in one portion to a

sol ution of the pent acycl i c phenol M3C28 (25.0 nyg,

.0375 u Refur h
e P13 By S A A hcman .
E.nKrr@ﬂweu Pb,yEdsr iMiErdcl ge€ac Wﬁlhtdhgustetaaﬁd@m m%e Bntry 3496 YUV

flushing with pure hydrogen 51 atm The Pd cat al yst
rm;(q G ineﬁthaynosﬁégé)»tnna% 5360 sl < 393! 01 M ethanolic

DRRRAS (o R bl PR O By 4 8 1B g8 603,

then was filtered through a plug of cotton. The
f| Itrate was concentrated affording a yellow oil
A OXXNALNE DgaxytewacYCling\R anal ysis). The
vxﬁﬁ, pur|f| ed by preparatory HPLC on a
Q%LI ol ymerx DVB colum (10 M 250 x 10 mm
flow rate 2.secBUlinfTMEDSOl vent A et héeREh0 DS Jag.

eix(1: 4), FIFvEArCB: ac ile) Gi'izﬁ'g an Et
@ tion vorume of sofve (400 [

! :*@:Qaa. 3 U678 Gy 23%@ an |s6@aHat% gheno E‘—@ o:f 5 CO,Ph
foomM& mn, then a gradient @Wetion of PEI%S% B for  20Me

amisie. acihe peak eluting at 1 n VW&, féth best 8dlg and
concentrated, affording (- D'}ggigycycl i ne hydrochl or | gRL-1-280

as a yell ow povvder (16.2 ng, 90%, which was identical

va198] nat urgkolitio QP&&E 1 tﬂﬂarHYrﬂEﬁ@JH Qhned® .40M2b4 .0 mL, 33.6
[resie(]ects 0(6)187n Ng 1600 VHZ, 5 ed@ m

SERaIV) deas aéde«d twel qqlutlomf NN.¥M- tmametbxlet}lyleeecbemme (4.9

n&]g '%311111?0}% % ecﬁ.u Eﬁet"’@(é oft g&ﬁ?ﬁ ﬁ-@) é‘é 9(?‘ 8 Od ”51'1_? reguljc"ﬁg yellow

si(il&n@g I_v:&s ﬁslodﬂéd HCHIHC (1ﬂteﬂﬁtl (ﬁnpeBé&ueN(xﬁ‘B&gtﬁ&ﬁlt}oge&eﬁ&no] bath.
s CH3) :
Actuiigrontyy Ql)lswzwrrlz& g li Hh, mmel lpzecsl,w)en eettqilydreﬁgm 10mL)

HCH) | -
ool ot caufionfe foiod OB oot
rds@fting orddife. sﬁspehiﬁn&asibﬁﬁed form&dattlonﬂl@) fin dt3-90 'PC then was
116. 9, 60 74.5, 69.8, 66.
aﬁ g(} toyyarg toy Cgftieré mm w ereupon 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-1-279 (6 3.89, OCHj3) and unreacted anisic acid (8 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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40.0, 16.3; W max (0.01 N nmethanolic HCQ, nm 218,

267, 350; [aJo = -109 (¢ = 0.16 in 0.01 M nethanolic

HCl); lit. (The Merck Index: An Encycl opedi a of

Chem cal s, 117 Drugs, and Biologicals, 120" ed.

Budavari, S.; O Neal M J.; Smth, A ; Heckel man, P.
Ki nneary, J. F., Eds.; Merck & Co.: Whitehouse

E.;
rﬁ%ﬁﬁé\?ﬁ%ﬁ Fté“%tﬁl%%%%%%%;’,’w 49?113%%]%%:119 ( )ﬁé,ot(Sgr}Lg{gll, ll.lnequiv),
idihel(b AEh N2 PMintol, 21 unvj-lah@ct((&%)emgﬂzmﬁ@bpﬂmﬁm(lo mg, 0.081

C22H2408N2+H) + 445. 1611, found 445.1603. Exanp
mmgl, P8 sigivo vere asied ya saqpersgat 23 &C. ﬁél@é?suttmg-hw%@eactlon

S Yepisibig Fh ot f&f‘@ AeedpgfgRblotc gy 3150 1)

viserdatd aﬁ%@resﬁﬁﬁi&ﬁhnt@ﬁa\%x@&@ﬂvﬂb efBvbagnits (X x 40inel). The
CDL-1-279 50% from nd13| c [ -1-280 EOOlEYdS A .
ggAnIG ayFrs arere e‘ambla?@ $1} Wi .»w YRS oxyde solution

églh&lt %’rﬁ‘%&"ﬂ"ﬁ%y erl-gc tr a%%\%yl et%aﬁggggﬁ g‘rfn&nagh dr.o )
sotliunB&ul faben | TheXirfedesqlution was fﬂEtﬂd&imyidh@ﬁlnramw@sQ@mtl)tma@d
-78,C. The r tin el | ow . sal ut
OIS 18 Pl B AL E e Byreq B 4438 gp hint Sitormtoefaphy (5:95
e‘ﬂiiﬁl %@a@te 1k ARSI Iafteﬁhﬂg theRsRPCHIL-2280 ks Q voldHELsOiAQ. ﬂ%, 50%).
g, 13.1 mmol 1°0 equiv) in tetrahydrofuran (10
was added dropvm se via cannul a over a period of

l@@gﬂéiﬂsf ot Gl et anrai HOSIR byl BEay 5 7.56
(G2H, ey ¥as, A@H{) oMt mw msthz -ARD)C7 gve;rzelén NSH),ArH), 6.93
wher eupon i odoef hane m., nmo! | equi v) was

(ddbkda/ = TideH i Adtllr €80 IJGV\&a Hz; ATER 3. Bb(SZZHCOS\Ihﬂ, 4% (q,

s B30 KRR 205 TP R PR 35 e

@btussqisa\@t Iseasiugoss 1y dr oo, ane s, g5 ol 102.501M .6109.9, 108.5,

The resulting m xture was extracted with et yI

Sé ﬂéﬁelﬁﬂ XTER (nday filmhemot 270 (on)) EIAD(s, Gedp 158D 0] 88 (5),

PG SAE). PR HE G 860. 105 . s

(SR MOENEW )R HRMS PES)V i dalbdFofCq M, ;05+H Y 258,198, folthd\P43.1183.
(500 MHz, CDC13) analysis of the crude product showed

an 8:2 ratio of the carboxylic acid CDL-1-279 (8
eh 98and unreacted anisic acid (8 4.07, OCH3).
de (1.0 m, 11 nmol, 0.8 equiv) and

N, N- di net hyl f or (1®Bral,_¢|-|y@5e addedEti n  sequence
to a solution he r es+due—n—eh c@ onet hane (20
nL) at 23 C. Vi ,Ph 0°C CO,Ph

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 ¢ °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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gas evolution was observed upon addition of
N, N- di net hyl f or mam de. The reaction 118 m xture was
stirred for 2 h at 23 C, whereupon phenol (1.4 g, 15
mmol, 1.1 equiv), pyridine (2.4 nm, 30 nmmol, 2.3
equiv) and 4-(di met hyl am no) pyridine (10 ng, 0.081

0. 006 equiv) were added in sequence at 23 C. The

fﬁ?’d%éﬁ%f%&%eﬁﬁéﬁhr%ﬁwtﬂ%?&ﬁ BLiE Tht PR g et
ovatbimaddmd tmiddﬁdalecwreesxuiyﬂrmg smimm&fawasrhemeésbmdommm
Eﬁrr%l acgt e (2 x 50 nL). The nlc I ers_were
gl ¢ ee Has FOWeN A, MO8 carphesal GRLAYAPSS te
c%RJrleéS’n‘i‘(ﬁdSQnédﬁ\”ﬂ% 0 m), followed by brine (50 ni),

and were then d over anhydrous sodium sulfate.
The dried solution was filtered and the filtrate was

BORATT oo™ e SR eshurmedis hsanossy BNy etbg iz, Gt o
1RORE ) FLOHARR) 0, AL PO R R PR T 57 R Ret), 7.35 ¢,
161, it 7304, AcED R4 E K, JHH.8IMR, ASH) AW (d, CBCI3)8. BHZ, A1),
ééwzﬁa 3376, 5. 3P, B 5 o i y3a Y gmy g = 78
2CQI£§53(@‘ZLIM§{|'(|125JM}§Z ?d@l&&“ﬁ@ é@é%l?&?ﬂ& 8,135,1,1297,

2H, J=
116 47132 81712 1GHACH®) 11 1L BQOMNVRE (@1 FFIRKizcat ﬁmﬁl) B78G6,) 91670 (s,
CER: 360559 45568, 490 88, 3244 135, Tpag e (m), 1187
&), 1 182 (s§ M08 (A , 8t 8
(()IS)’ ¢ %71 %é) %%@?QE%WPC&& fo@f@sHﬁ% ﬁl) §-&3 1624 found
243)1014.186 (s), 1158 (m), 1091 (n) 1046 (s) 1001
(wW); HRVB (ES) miz calcd for (C, 6HL6CB+H)+ 257. 1178,
found 257.1183. Phenol CDL-1-298: Et BBr3, CH2Cl2 Et
Bt 4-298: 1 CO2Ph W 97% OH CDL-1-280 CDL-1-298
[ 001901 A solution of boron tribromde in
di chl or onet hangXxk-® M BocgOiPraNgt 2 Ft 2.0 equiv)
was added to utlon'of—t—l're—esr -1-280 (662

ny, 2.58 mol, cedthi PYAPRCIdi@nl o Ogihe (10 m)
at 0 C The resmIHtl ng yell ovg6§ol uti opBeas stirred for

70 mn at 0 C pon satur at ed s sodi um

bi car bonat e sol':‘vif{i‘g'bz%H (50 nmL) was aglg'eg%bl'he resul ting
[00F92psi ¢ NV Xtdifsepropslettiyldniiae ($20ruls @.99 M, 102 Equiv), di-#-butyl
di chl ororret hane n.) was added, the Iayers wer e

mw%emaqhé&muﬁﬁag@ 4rfdimethylamino)pyridine (31 mg,
0.25 mmol, 1.5 equiv) were added in sequence to a solution of the phenol CDL-1-298

(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-
I-299 as a colorless oil, which crystallized upon standing overnight at —14 °C (733 mg,
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was further extracted with dichloronethane (50 ni).
The organic |layers were conbined and then dried over
anhydrous sodium sul fate. The dried solution was
filtered and the filtrate was concentrated, providing
the phenol CDL-1-298 as a colorless oil (605 ny,
97% . [00191] Rf 0.47 (5:95 ethyl acetate-hexanes);'H

%ngso@%@z CDCI3) S 10.94 (s, 1H, OH), 7.49 (t,
Hz, 7.41 (t, | H J= 7.8 Hz, ArH),
[601?9?% t, 1@ dﬁs ?\ %tﬂeﬁhéﬁmsﬁ«r ‘Iﬂ NMR ?sﬂoo(rotHZZUDcJ3)za T487.42
(mH3HJ ArH,),37 3—]2-7 2Ar(m), 3HSA1H) (7q22 QJH,IHJJE—W BHe ArBHIAS3Y, 1H, J=

T, 27 4 2627 S By, ég%%ﬁ?%lﬁﬁ’m I=73

23 2 4 I
I%%S:;tfgcl ,@Ii:%ﬁ?(lﬁs WZS(C%)CI})]S-IQS% 1%196(,;}3556 1485?r 1(3%5 131. 3,

12538 126§, e 26\) 1212480583 81315, za@,,m@wmmm fita) om”

208 i 1gp4 X ) el 6B, B BT w1278 )

1234 ¢%), Cl0-(k), 2995 (5L 1030 HRi'va tm/k chibd f&QERM,YARH
e, D AT (T Sam) HRMS (B it 1&395(;1‘{[200192]4)

%Ol\hﬁéﬂﬂfﬁéﬂﬁ%@l@&wyl anmi ne (520 L 2.99 mml, 1.2
equiv), di-t-butyl dicarbonate (645 ng, 2. 96 nmol ,
1.2 equiv), and 4-(dinmethyl am no)pyridine (31 ng,
MictmeNdckmbn®d Adldition)Progduce CDIdER87n sequence to a

luti f th h [ -1-2 2. I
sol ution of the phenol CDL 98 (60?"3 QS QSQeﬁ%m

0.1 equiv) in dichl.éPénBiEdke (10 rrL)
reacti A xt ure wdslFst%8r’Eed f or

wher e sat ur ated agueous amnhoni
sol uti o 80,Rh) vas7&dded "Di chl ory

peth and then dri equx.nge;r

Ned~s0l ution was filtered and
the filtrate was coficéntratggy, providing a brown oil.
The product was pu |5r|-§1 ﬁ*sél ash col um

chromat ography (1:9 ether-hexanes), affording the
ester CDL- 1-299 as a8¥6lorless oil, which

al l'i v ht  at 4 7
0043211 LIS SRS, Py i 50,
608 Bfiiv)NPeacaH#asd to dEBIHNER &SRRRoplopylaflid @D 3., 6.0%8 {mbE 7.1 equiv)
and N,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-I-299 (17 mg, 0.050 mmol, 5.0 equiv) in
tetrahydrofuran (200 pL) was added, forming a deep red solution. The solution was
stirred at —78 °C for 75 min, then a solution of the enone DRS6 (5.0 mg, 0.010 mmol,
1.0 equiv) in tetrahydrofuran (100 uL) 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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(m 3H ArH), 7.31-7.26 (m 3H ArH), 7.22 (d, 1H J=
7.3 Hz, ArH), 7.15 (d, IH J= 7.3 Hz, ArH), 2.86 (q,
2H, J= 7.3 Hz, CH2CH3), 1.46 (s, 9H, Boc), 1.31 (t,
3H, J= 7.3 Hz, CH2CH3); 13C NMR (125 MHz, CDC13) 8
165.1, 151.6, 150.6, 148.7, 144.5, 131.3, 129.4,
126.8, 126.1, 125.4, 121.7, 120.5, 83.8, 27.5, 26.8,

t%%g%ﬂ?{ﬁweﬁ i&y%a(tzl\l%slold%slxﬁﬁvﬁl T}%A:glfd( x:zu‘t101754 f{lts\ﬁfed afg.}%e
filahte wab23Acdntrhted 1 390idinsg a ydllbApoil. SThe pfdadct(vds; puriR¥D by
(ES) mz calcd for (C20H22C6+NH4) + 360. 1811, found

memrats0eP M ondeCoics Etmasphera DS celbmmr(5dae 250 X 10 mm, flow

g5 it i S leh SopidA B! Iyt AP otighidl as0 A
vsldg-an-igR8tid% €dMimk 02800 O rkdthiBid] QTtﬁsan%%ﬁratﬁ?e%t{dﬂmé]S%

A sol utlon of n-butyllithiumin hexanes (1.45

The peak elpgngrb} 1-40 6118 wag aowgctmdac@ueemtnatﬁdaimeg tlthaﬂlael-

B RPN BF CIiadh oo Bl ltots (o178 Vgl e -c.

[owD)s5] 6.6 Ww@z Sfeuaﬁﬁrmmﬁdﬁ@cfaﬂése}n‘f(ﬁmz Eﬂomﬂzwn@ma(s
The resulti'ng solution was stirred -

14, A 6 e eral$Il), 7. 550760 (on3Hdf Actlk 7él§t-'éi55 (IDL4I'II 2499, 719 (d, 1H,J

8 HentD. T g S DD P Y 2l B o

mSz 7$ {(ing EHpICchW@HQcH@H)?@ sm(ad 11H1@n= m $o$ PHzon of
he enaone eqU|v) in

GREHRNCHR v, &%@M"&Hmasz 40 Eh/ = 767 8o The col or
QU CHCHRRCH, I 2 3T 84181 VIR, Ff1s COFRBTHONEHDE. 1.56 G,
M@HQ,SDS?I{SD 9HLBod), 033th%ﬂ 'HBS}, 0. am (@QHGWHS) FU)I 33§$BH['ITBS)

,gﬂ hate buffer _sol ution Mé
DBER (iaMbzs GDGING vsswd iR a8l 1605 THt0g0, 147.4,
1‘§’5*0h1§j4 §NARr0n8E ga@ 31%’3‘ 0L 23h) 108 1§ 094984k G ol G1%G 7S,

wer & conbined an *dried oveér “anhydrous’so
G318, Aared1. 9160 . 51r34e0] 2341 26.0020. 1. (f IlkStOerEﬂ, -aﬂdFll“tRi(neat ﬁlm)

c{p’r Lé%&%@?ﬂﬁﬁfﬂ{ﬁ@;gdm P98 & 2163 5 Y588 (s), 1485 (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.

6-Deoxytetracycline CDL-1-322

N(CHa)z
N
2. Hy, Pd black m

oBn THF-CH30H HO 0 HO 6H0 0

BocO O HO : O

oTBS 81%
CDL-I-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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preparatory HPLC on a Coulter U trasphere ODS col um
(5m 250 x 10 nmm flow rate 3.5 nL/mn, Solvent A:
wat er, Solvent B: methanol, UV detection at 350 rin
using an injection volunme of 500 L nmethanol with an
isochratic elution of 89.5% B. The peak eluting at
31-40 mn was col |l ected and concentrated affording the

G0 B TR Rt PR xR R ofiph e 4 R,

Tiet argimicl pﬂés@ﬁ ﬁ@r&t@ﬁﬂﬂﬁﬁ) and7th|:5dglﬂﬂ7%d(5(’gf%9 al&ﬂjﬂto@@ﬁdﬁ)n sulfate. The
m

s,, IH 16.24, enol - O_?i
iedgolntion Vt(aﬁ]ﬁltq;ppd gndthe &ral@wgsdcongpptrajed grow:@;ng@ light yellow

cﬁ& Fﬁd&\%ﬁ%?g%%bgl g‘%_'{g, %fﬁl}% %@P %glé&’on%:gglm %Qolﬁnon of

tBe iiéillilfuddn rrﬂ:tﬁané]hteﬂréhﬁﬁroﬁrah (I-}IZI, 2 Id:ﬁHN@ ﬁh@sﬁmere af ﬂﬁcirbgen gas
Eﬁg—&% @t@ﬂg?y eﬁa%liﬂ%@a ﬂaF‘H tﬁ%rLﬁ'tzisbmﬂ wigh guredygrogen (1

Boc) Mtg'ee\)n?s) stm"led %@ﬁ 5¢ foraﬁz %‘)m 5 ]11155th(=, %0109 E‘zanged from

15kt yaissy ;o darB @elﬂm @'h@t‘eaMi-lm m@mmsryassilm ﬂm'ougﬁa plug of cotton.

%ﬁtﬂ%ﬁte}% cghce}lgrgtf‘g f%tfémg a &eg]?wodll élg)zmé %éar uct was purified

%}gﬁma@f‘y BPLE83n% P}%oﬁleng@Paymeﬁ(lD@B &ﬁ‘mﬂn gblpu% 250 x 10 mm,
9, 27.7, 26.0, 20.7,719.0, .7

fior Fat¢ hedt/min, ISm)lyent Aregnal- Q N B84 (u Qmsplvmss a(cstonltnle uv

d%ffééme L 3 6851 uselr»g lf%e%ggle gl)umffz%ﬁ%%i mié lég?mr&awahc
def) mo rdt¥ 10 rﬁ'@\@d a%%odﬂz?t éﬁ)doff 1QE {%? C{?r 15 min, then a linear

(C4oH50N2O0SI + 731. 3364, oun
%acmstj)cyutmrmfdﬁeﬂo“/hB 1EDE-nhin3 The I8k elutmg\m@aas-zz.s-mia@as

%tMWW%m &‘j’?)g)é‘?%%lli%a@%% OCE%Q?%D%Q 1-322-HCI)
ello@%%wdﬁnogl byglg of luoric acid (0.6 ni, 48%
dd

aqueous to a pol ypr opyl ene reacti on vessel
[001X74i ni ngll-hNMR (liO(bMI-sz amemmmh}oadepama 1H J 7.8 He,

d
A3 G I LR T e AdDG 68 (G oy 01 SR rAsED: 399 G5 1H,
CHX{CHD N0 Tht L SFNEHRS, Sor r S IO NGHSP, 299 (A TAC = 12.7
HEQH@HN{;CHB)Q a2 (ddg, BXtfadad1ni; h2dih) Y H8HCH), @.6142.56 (m,

b 2 i 2521 St s e bR ARA GRS, T5F e, v -
13.7, 12.7, 12.7 Hz, CHH'CHCHN(CHs),), 1.38 (d, 3H, J = 6.8 Hz, CH;CH). HRMS
(ES) m/z caled for (CooHaqN2O7+H)* 429.1662, found 429.1660.

Example 4-Synthesis of a Pyridone Sancycline Analo
Phenvl Ester CDL-11-464:
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dried solution was filtered and the filtrate was
concentrated, providing a light yellow oil. Pd bl ack
(7.6 ng, 0.071 mol, 3.4 equiv) was added in one
portion to a solution of the residue in

met hanol -tetrahydrofuran (1:1, 2 nL). An atnosphere of
hydrogen gas was introduced by briefly evacuating the
flask, then flushing with pBre(ﬂydrogen (1 atm. The

m xture was stirred at 23 Cjfor;f2 h. Wthin 5 mn, the
col or changed from IigIhtc|e oWt o dark yell ow, The
reaction mxture was fi'ltered ough a plug of

cotton. The filtrate was &bhcefit rat af foriHlg a
yel | ow o'"Pé] '§ﬁ3 The pr @y THRAS %ﬁ e (bl;{/%
prepar at ory NIPLL on a Phenrorrerex—Pet=ymer N Lﬁrm
(10 m 250 X X0 feP=Hflow rate 5 nl/min, Sblvenht? A:
met hanol - 0. 020BnHC  (1:24) PhGIHIDMAR B: acetBRPtrile, UV

detection at~@6 usi ng @go, Nj ection UigeLf 400
L net hanol C%D;‘T Eﬁﬁﬂg oxalic acid rmnoh)\;'?rl'ate (10 ng)

[emwsan i S(ﬁ;hﬁdh’ichlo&d)bf!nizmyi ohforitis 438 |ﬁb{2.1§5nﬂ!hcﬂ, 1.1 lequivawas
o008 88 b S BT DB oy B v
‘ . ‘ . ; .

LA 0 S0 Rl o e g enieos
rhi611 9 Diequiv) MR i Byl aidhie, (3ZDRAOMY. 2B yenalg hil g )n @trahytBofuran
8 ot o ol b, i ton i
. . b . ) 7 | .

vﬁf‘g&g)ﬁ??&?ogrgm( r2§5 d,b' ?Hsoqg{go%ﬁ%ﬁh% (,439 ﬁlg, ﬁl(@g_nér)ng)ﬁ, ,d.s equiv)
apd @A d{naetbiylarbiho) gyridiae (583 12g, B,2EmmoH2,. 5 @uEOHEHtrahydrofuran (10

61-2 56.(m__1H . 2.30 (ddd, J,= 13.7. .
‘é@bwwd%%&fadﬁallﬁ? Eﬁ%ﬁ%%_gd“ﬁ??‘ EpXpgRrebared ab‘l‘?.a;,o ?2.211}’,3
rdstltighRix nireivl 26 I Me At gon 1012 B b6kr 18thind sndw8s $iEred for 90
CH3 HRVG (ES) miz calcd for (C22H24N207+H) +

raipgt thebEmpermivg. AT0qUEB. pomssivp! phospigywbuiei soluionpH 7.0, 0.2

| L | . Phenyl E - 11464
MR R e HRREGY o e me R RO B g 5
dith(&zahletiafie QO BO mIOBITHR. or inidx tEIVARY &Baomblded lahd fhkfi dried over

85% CDL-11-464 [001981.2,4,6-Trichl| orobenzoyl chloride
anhyggoys sogiumm syulfate. The Qn@cﬁg)i‘lq;)onvm 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-II1-464 as a white solid
(590 mg, 85%), mp 65 °C.

[00199] R/0.33 (1:9 ethyl acetate-hexanes); '"H NMR (500 MHz, CDCl3) & 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, CDCls) & 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 caled for (C2;H;oNOs+H)" 334,1443,
found 334.1442.
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added to a solution of the carboxylic acid CDL-11-417
(reported by AN OGsman, MM Ismail, MA Barakat,
Revue Roumai ne de Chine 1986, 31, 615-624) (534 ny,
2.08 mmol. 1.0 equiv) and triethylamne (320 L, 2.28
mol, 1.1 equiv) in tetrahydrofuran (25 nL) at 23 C
A white precipitate was forned upon addition. The

react.i.on m xture,..was_stirred tor, 30 min at 23 C. A

'ol, 2.5 equiv) and

4- (di met hyl ani no) pyri di ne (583 ng, 5.20 mmol, E' B(CHy)s
equiyd._i At etmahydr o BMAUO  mgcwa ded Fai o
cannul gt o]t he react Th A& ure prephr el D Ol

The r &8 xture was alTowed tho e
over 10 fin, ~and was St Crr@dCf or 90 _ nj
t enper at P4, An aqueo%hﬁmaﬁsi um pht 1%5
sol ut i (RiFed 0. 0O.RZ ® nL) was then agggdsand

the resulting m xt| |e3§Nracted Wi th

di chl or onet hane (3 30.F The organic extracts were
conbi ned and t hen dr edovemppnanhydr ous sodi um

sul fate. The dried soléq%sorbw filtered and the

filtrate concentrated, 7;;)rovi ding a colorless oil. The
product was purified b)ﬁ 3 ash col um chromat ogr aphy

[062084 et hyA s@aesmbEn-BENHNBRIN indHekonddi(NG7 NESMNE /13 mmol, 4.2
ester CDL-11-464 as a white solid (590 ng, 85%, np
egaivCwap addadae amontied of diigpeemydmiae 62k, hék awesd) 4.5laquiv) in

BN (s ] ot a8 788 sefinglursh s 3ufea 4 fem to 0
6. &% 16 fin 1Ny 'Wﬁéfﬂé(lprépaﬁéq&%a 3(2#*&1,(?{1!21 Bhmol 44 equiv) was added
3H, CH3), 2.43 (s, 3H, Y. 13C NWR (125 , 13)

4
VHz
tSthegBixoyre ptpaned abbve &, 0 ATOvhereupss i mix3dre3yask@oled to —78 °C. A

128. 3, .127. 7 5.9, 7, 1. 113. 4
sgEptig opicfestey EAEA4{5 a0 073 ol ) ediyyg Hpdhydrofran

(S5EUL) EOReh 3ddedlR 695 68) qhéi‘&%ltﬁi)@yell&ﬂv”s@ah{tiﬂh was488ed for 5 min
(m, 1333 (s), 1272 (s), 1185 (s),” 1159 (m, 1097

af 8 °Q.0ben { sYlptioiRMBh¢ ERnerDRSE 4] Tukgf ©H3 | ERAHHI DAEGuiM) in

R

A ip3 FppR o G e Uy o

nfix bk atl 0 2@,G61lowed by an aqueous potassium phosphate buffer solution (pH 7.0,

0.2 M, 15 mL). The resulting yellow mixture was extracted with dichloromethane (3
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-I1-466 as a light yellow solid (15.0 mg,
67%).
[00201] R;0.55 (3:7 ethyl acetate-hexanes); 'H NMR (600 MHz, CD,Cl,) &
16.05 (s, 1H, enol-OH), 7.52-7.26 (m, 10H, ArH), 6.66 (s, 1H, pyr-H), 5.57 (d, 1H, J =
125



0 OOBn OIBS DRS6 67% [ 00200] A solution of
n-butyllithiumin hexanes (1.67 M 80 L, 0.13 mol,
4.2 equiv) was added to a solution of

dii sopropylamne (20 L, 0.14 mmol, 4.5 equiv) in
tetrahydrofuran (2.5 nL) at -78 C. The resulting
solution was allowed to warmto O C over 15 mn.

Ul bR TSP E e ot T,
s va e rlos g oA, 01

GHEHaGHICHN(GH 3094 3 8ch (deh dHud 51 6.4 2WE;EJHHSCHGHmCH%EﬂCH3)2L
z’?‘f)dfr (dglsllgl: JIQ% 1, 984 gi X ﬁ’?ﬂﬁ&f’ éHN(éEs)}Q{ﬁ% S’ =105,

en a SO IOﬂ 0 €’ "énone
Y9 HzngHONEHBTL.51-2.43 (@qUOH) NI(GHglg,eAf Q) CHIICHCHN(CHs),),

3%k 1. o Bl CUCHN oD 6 0 585 828 11 oS
G $0rhiy o AR PR O Cle) S8 TR 70T TN £785, o7,

ueous pota
mlswmnl 19:8,130.9, 135.2, 199. 1],52%)129'11’!]612895012'! D,ngzmllllﬁww
ture was extracted wit | or onet hane (3 X

1rh_)6 19%:8. Bohded: é30r é%%s“v?er“é %6%19» Aed Zhe %5h1eﬁ’-4c?p P 193,

t
P PR AR AT 200 (L 2857 00, AT, Co0) LPR (P10
(a), 1465 (m)w1 649 (m)ThB2peshdRSH (mds! 13T (W),i 1dG7 iiyn),pr080 dmat i6)6¢ (m),

1?_55' to W Ve Gvscared Fr R Bt 20208 P Garost

B: nethanol, UV detection at 350 nn) using an

i nj ection voI ume of 500 pL DMSO and a gradient

yindpie Banefycline Anglog EDN-#E-46M) nin. The peak el uting at
21-29 mn was f\ﬁ? Lhect ed and concentrat ed to give en&gH) _
-1 | -46@1 asHa ht yéiffold Pgﬁ 4% 0 g, B79H 32

3 T NC: hyl '°§8’é“r Xang ‘@‘
(60 = { 77 162% 'Qéh Méo|l|‘| eneiN- QA i NH,
7.5207. 26 (m | iyt | H pyr-8, B.:5F
(o|,9'1o H 0= 0%1? d‘%HPh 5. 43 J:O%C'? 0

> 5.33-5.28 (m 2H OCH2Ph), 2,9
2H ho oL CHN(CH3) 2), 3.04-3.00 (m 1H. Cobtldtn

CHCH2CHCHN( CH3) 2), 2.84 (dd, IH, J= 16.1, 4.9 Hz,
[mﬂzcmmmdﬂam@ﬂwdzomde@lmbom&o W% Be, wd, Lated frat. 50%, 10

np&, 0. W%ﬂlé aéd%%(aﬁq%hgtd@% of&]?@zésl‘g%log}sec

H gﬁ%&%&;{ﬂ%@ggﬁ%q} (ga%r_llg‘ég)lj(ﬂecgngzl? dloxane-methanol
(TBS)Q mL) at 23 °C. An atmosphere of hydrogen gas was mtroduced 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 L) 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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0.10 (s, 3H, TBS):; 13C NWR (100 MHz, CD2Cl2) S 187.09,
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, cm1 2939 (m), 2857 (

w) ,

172 C= 1593, 1510 4 . 144 o
iy e L) miBanhicad i dkdredgibouche AR ring ™ g 23 -
tAO B&prbt@ttion WROorhIkte AR fabRIreWag condedttafedno a yellow oil. The

(CGA1HA7N3O/SI +H) + 722. 3262, found 722. 3261. bdone
oSadeapitireavas pariged byprappratey HRLGone Eheyamenex Hplymerx DVB

FHGFEAR 324 1S 2 L BRERT o PRI,

HydfddhldRic@Bi, Bkehl B: ddetoniirife, UNT Esedtldn@PB63 hrd @8ing an injection
CDL-11-460 [002021 Pal | adi um hydroxi de on carbon (20

welumep R0 wlemetheapbeontaining 5skic add megohwirge $20 mgppnd a linear

Q. ¢ 1"V ho added .t o..a_sol ution of, .the .
stplp Oosk Bt 46 iy The Rl i & 2B pingws colietsg and
dOnEekfrareand gi\ib-tﬁe Bodibilotide 6f OPROH=40tR AR low(pbwher (08 mg,

nL) at 23 C. An atnosphere of hydrogen gas was

e oduced by briefly evacuating the flask, then

[ i d 1.atm..T [ {d
IQO3RE o2 HIMRPESHP pfE CE e loriablR 30 e, 4.06 G
1, Net9y), 5.0_6111953@, SH N(CH.345 CHENNIOH,)y,el | ow wi t hin
the reaction tine. Th

e mxture was filtered through a
PHGHCHGBYCE ok (dHeilcdndrk it Ba GBHLHGH HOBN(CH,),),
2S8R P TIBaF 187 e R L Cc R Chiplfita 40 5 3 W cny),

2ZTTee(brahdH, 0% VA% HzNCHH'CHEHNYCHNA V59 @didd, HRLC=q0.7212,7, 12.7
Coul ter U trasphere ODS colum (5 m 250 x 4.6 mm

Hz, SHHSHCHNC i), " CS3MPRe k00 AHg, ((2:1458)i 001 8. 4 83.5, 177.8,

lv Y %, TFA d tQApt&d e t

b R TR e S e LD
3125 10120 HRWMS (BSpk/zadalcd. fOr (TG21Hi;NgD£iH )Ed30.h614] dourde4B0.1607.
product. After stirring for 3 h at 23 C the
deprotection was conplete and the m xture was

SREAR 5! AriflesiCo PVt flih® Yadlvclind Ahaldyl (4

.' - = 9 ] —-—a v
DVB colum (10 m 258 NaQH) etmprol. feflywy rate 4 nl/ mn,

Sol ventNA @H;01 N aduédieds, s 68]lor i ¢ aci d, 0| Cet
B: acgtonitrile, W‘déﬁ%ﬂmm d nm usifjng an

i nj ect cmEume of 500.tL met hanol contai ¥Rbh C
aci d npgehydrate (30 n) af¥*a |inear 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 mmol, 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. Oxaly! chloride (357 uL, 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 pL) was added. After stirring for an additional
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gradi ent of 0-20% B over 40 m n. The peak eluting at
20-29 mn was collected and concentrated to give the
hydrochl ori de of CDL-11-460 as a yell ow powder (4.8
ng, 74% . [002031 1H NWR (500 MHz, CD3OD,
hydrochloride) S 6.37 (s, 1H, ArH), 4.06 (s, 1 H
CHN(CH3) 2), 3.05-2.95 (m 8H, N(CH3)2, CHCHN(CH3) 2,

W@p&%&’gﬂfﬂ&% %Flgglo% ?d5 g(il}_%)(,sgyﬂ(llge ?Sfuz id»410.7 mmol,
aﬂ*ﬂlﬂéﬂrﬂhﬂ(l@ﬁﬁaﬁ‘l}s (3 B VetSadRllin §queiidt) . The resulting
2.18(br d, 3= 127 He,  CHH CHOHN( CH3)2) ) 1. 59

S@HJd’éPn waq stired i% 99 mirpat 23 *Cowhereppon aH-qUEPNSHINtESSRRphosphate

il RO M0 MRl ET Ry didec Bﬂfsf%sﬁ%%@fﬁs%%s

padtitiyned Betveed valer (3G ml,) add ethyl Rébteﬁe (5GBhLY, THOadlicoRase was
%g Z %ri Z cal C for 5%)(:2 H23N307+ 430. 1614, found

8¢ orden gf Shylpgeiate ddesagmiciaysre were
ORViIRR aﬁﬁw@a?sﬁedl%ti?%%kiﬁéb%% %@%d%@&%%?gﬁ&% M), brine

et hanol refl ux
(80 nhesrs] theDiAE] oyey mnbiydreusGodtim 66 %t 0 PRhdri DBl uthh-vEie

f 2- d
BPRyE oot s P Slggss oTID Ml e prighio s
rﬁﬂlﬂﬂe& by fﬁﬁ&ﬂ@&ﬁﬁn&ﬁfﬂﬂﬁb@- ﬁﬁ)of%dﬁ étﬁ-ylgc%tse%e%aﬁ@s) p?exgdlng the

equi v% and et hanol heated a
qst@filbﬁlf@raslagcqlpr @h@llﬂ@f&mgoﬁﬁ“fﬁ) xture was all ovved to

00810, 239,90 U85 EORARLE BT AHSRed ey 35

(ddy ch iJde 1(B3P5LHz, zbyasi)mh (dd, 135 Jequ7V).8 WeS pAdHEd . 4817 a3 (m,
re of the carboxylate salt in dichl or pnet hane
B8 W%@g@aw—%@?m SH, Gl LSS BN 1 QS

T
] 1010 S 88 20998 S, €35
FAfIRefneestﬁilm),lcng 34!]6 (ar), BN (t;u),ohmw (i)zlsw(sm 138As)2 B33, (s), 1273

7RG 5. 1181 3. 107 8 AT 40, 323 APl RIS (RRME )

cﬁl%dff&)(of\ﬁih‘?N@ﬂﬂH 318, @%g%gﬁ&zlj’gﬁsg esulting sol ution

was stirred for 90 mn at er eupon an aqueous

pot assi um phosphate buffer solution (pH 7.05, 0.2 M

5.0 nL) was added. The resulting m xture was

partitioned between water (30 nL) and ethyl acetate

(50 nL). The aqueptyphase was extracted with an o N(CHg),
Ne QI3 >

addi tdrgnal  50-0F pordi on of acet at e.
(e T ~
e ; THF
CO Ph : g, o
2 o E 0 OBn —95°C 5 -50°C O HO é 0 OBn
OTBS % QTBS

JDB1-67 DRS6 JDB1.87
[00206] A solution of n-butyllithium in hexanes (1.47 M, 136 pL, 0.200 mmol,

8.03 equiv) was added to a solution of diisopropylamine (26.5 pL, 0.202 mmo], 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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conmbi ned and washed with an aqueous sodi um hydr oxi de
solution (50 nL, 1 M, brine (50 nL), and then dried
over anhydrous sodium sul fate. The dried sol uti on was
decanted and concentrated, affording a colorless oil
(900 ng). The product was purified by flash colum
chromat ography (25:75 ethyl acet ate hexanes)

Hefetipth AolcEss Sl RHords. SPheSbk idiiforliuas Add.
dr@mlé&%m a $JGHoH) of&haesla Jljlsirim m 0 ﬂng m 169 nfn&I56.79

efzuwhﬁvdal’sf he Lll)Bé ¢ 1ﬂt|g70J @ mingl (anO Qﬂ’-llV)AF #Ft?ahydrofuran (

Fs) 1%89%"&%?&? @g@@@g&@ggwgw@wwo 0

°(IIZ)4/::1550 iz aifd withe paZifiofied bdﬁ?b&n fmaqpicofs pondssivtmrpiosphate

b{-‘é 0@@ (P?Ljo %%]ﬁigﬂ, #79) Qlcggo)romg ang ég)m].(, @e%qggmc
pﬁgs% V((msﬁE)Z+ d (aﬁa th Qg]geéﬁ)ppom fultRr Ridactel Q&Llﬂfjdlrzlﬂbrogﬁthane

und 214.0866. H N
(N(< a¥3Rk). N:e c@mxe phides wehombitd and dried ovek anhydm E’hdlgm

sl B Be olieT 95 IocBZ0A1d SOnCE e ATBRIME & yellow sold.
Theltat] LOPUTIAI 1RPIREr HPAE M 63010k U1 ARTDS cot

iv) was a d to a solution of

(Hi W90 5atEy D apmybs molgimsn, Sl o 82 wetks) Solgery : msgieool, UY
AR R D Wirke i TRl vlhim O s I MeihGRT b PR liner

ghralidnt elitioh of 851 00%93 ot ére30 mﬁﬁ "Klﬁqieeld at D1-27 thifowas collected and
I—Iexamat(?vgcs phosphor ani de (49 399 mmol , 16.

caRisntated o siya gael ARB1-AE a8 mmtsrse%ﬁép{bmd”a%bve at
@h Qe regublorng. ﬂt@‘é&%ﬁ@%ﬁx‘i%”%w g%oipﬁﬁﬁtéﬁzé@)%

upon colorle uton s forne
1683 {5, tlll-hgnek),l 8163 () 1Wad =atifl &Lk, pytr Hp\8. e(dv L H, £ arnuHa, pyo-H),

7847644 b Ry Artbin g e Triohie it Ha 5y Higs 36 (605 7= 12.0 1z
Ol‘mh PHb; 993 %HWH/)H .6 &' ey Phy 265 (@l 1HM): @7 HES C

dropwi se via cannula. The |ight red m Xt ufe was
CHINEHEDR)t D364 Th (o II-B@H@HQ:(\‘/HCHMCHm) 3P (Wds1Hhen 16.3, 5.6

HAEH RS, ARENRTC D, 35S RO 2538 5118 phpsphat e
CHH’CHCH,CHCHN(CH3),), 2.63 (ddd, 1H, J= 1.6, 4.4, 10.7 Hz, CHCHN(CH:),),
2.54-2.48 (m, TH, N(CH3),, CHH’CHCHN(CH;),), 2.19 (dd, 1H, J= 1.6, 14.5 Hz,
CHH’CHCHN(CHj),), 0.87 (s, 9H, TBS), 0.26 (s, 3H, TBS), 0.13 (s, 3H, TBS); '°C
NMR (100 MHz, CD;Cl,) 5 187.7, 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, 232, 19.3, -2.4, -3.5; HRMS (ES) m/z calcd for
(C13H39N;06Si+H)" 602.2686, found 602.2686.
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buffer solution (pH 7.0, 0.2 M 5.0 nL) and

di chl oronet hane (25 nlL). The organic phase was
separated and t he aqueous phase was further extracted
wi th dichloronethane (3 x 15 nlL). The organi c phases
wer e conbi ned and dried over anhydrous sodi um
sulfate. The dried solution was decanted and
concentrate f\f or di n ell ow solid. The produc

WF‘S put fi!é;b bﬁ) repar %j/j C on a Coulter H tN(CH"

=" OBS“col um H; x_ 10 wﬁ‘@

-I A wat L Brsnet

' atll 350 nn) u3|ng% |nject|onvluo :

L nmethah@l : &hd &°%% near gra Pent el ution of CBEHAG0® B O
over 30 mQTBSI'he peak at 21-27 nin was col |l ected &Mt

condbBi#8%t ed to give enol JDBI-87 as a white gpBidog

(11.0 ng, 72% . [00207] Rf 0.07 (3:7 ethyl

acet at e- hexanes) ;' H NVR (500 MHz, CD2Cl2) 6 15.21 (s,
1Heno|)863(dIHJ:45Hz pyr-H), 8.19 (d,

[?OZUS] J ?)d%]et& 3 %%1;@ 028 I%n-a;i"i%é@g(« a?%ﬂeé\grm%;?odﬁon toa

selation Qﬁﬂqﬂemﬂ)JDBI-SE (6.6 mgl,IEI 011=mral, Q. G—Equlmﬂﬂﬁdihhe-rrktlﬁﬁol

36-.3.
dcgdé 836) An ét@"i%hegg@&ﬁz)%)f%enws 1&@%@@)3 anﬂY
Gtdoks 6:
e (s tﬁl‘ﬁi@@h@*l\hﬁk%sggng valtﬁagu:@ g&ggmglélﬁ(ﬂ%t@l Tg g}&n?rm%e was
stimedzfory hr.gadyihgrciittsred throwplagabﬁ ccétmn 71Fhe ﬂﬂ(rwa%

%Hﬁﬂﬁ%ﬂ%iﬁ%%ﬁ%’meé Bierite iy Yefieny o1 7 9 it AdGgus

hifds&luorik dcdd (48%, 3 mIBNas add&d toMl\ﬂ%lﬂﬁ@]leWr’ea&%Qe@el 6
187. 7, 18gﬁ5 182.6, 182.2, 167.9, 161,
comginge a spRiion of theycapboxpyide in afztynmnieﬁé raL) a@; °®3 The

reli%n7m1x:¥9:§ v@azt; é‘l%%reg E%Zg °8, fﬂé §la§ stkrf‘%:l 8 tgfféenll é§)27 hr. The

exgess Inaraftbdrivracid Wm&mmm&%@&@ﬁmﬁ@ lqsns mL, 25
86. 129 H H N(CH3)2 1. Pd bl ack. H H N( CH3) 2

mf@p%)p e&%‘ﬁ@“ ang))ncﬁnterRﬂ,gffompg a)vellewsolig. Bhe product
TR AL e R e T

2¥hxil O mmed mddaied Solveons: G6v% mmotoacalmimm wiategBolvest B:
0. gg tnﬂlg]‘lgro&g? aa%g} in nr'nghanol-ac&tomtnle (1 :]I LU %etecglon at 350 nm) using

i ‘oxa
an injection volume of 500 pL methanol and a linear gradient of 0-20% B over 40 min,

The peak at 35-45 min was collected and concentrated to give a yellow oil. The oil was
dissolved in 1 mL methanol, treated with concentrated hydrochloric acid (20 pL), and
then concentrated to give the hydrochloride of JDB1-109 as a yellow powder (3.7 mg,
86%).

[00209] 'H NMR (500 MHz, CD;0D, hydrochloride) 3 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(CH,),), 3.41-3.22 (m, 2H,
CHH'CHCH,CHCHN(CH3);, CHCH,CHCHN(CH;),), 3.11-3.00 (m, 8H,
CHH’CHCH,CHCHN(CHs),, CHCHN(CH3),, N(CHa),), 2.34 (ddd, 1H, J = 12.9,44,
2.4 Hz, CHH’CHCHN(CHa),), 1.77 (ddd, 1H, J=12.9, 12.9, 12.9 Hz,

CHH’CHCHN(CH3),); HRMS (ES) m/z calcd for (CzoHy N;Os+H)" 400.1508, found
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(7:2, 9.0 nL) at 23 C. An atnosphere of hydrogen was

i ntroduced by briefly evacuating the flask, then
flushing with pure hydrogen (1 atm. The green m xture
was stirred for 7 hr, and then filtered through a
plug of cotton. The filtrate was concentrated,
provi di ng the carboxam de as a yellow oil (7.0 ng).

u s hydrofluoric acid (48% 0.5 nL) was added to
éﬁ%ﬁﬁ@propylene reaction vessel containing a solution
of the carboxam de in acetonitrile (4.5 nL) at 23 C
The reactlon n1xture mas heated to 35 C and was

pig ghies: E0rble aE 27 hr. The excess

hdrofl uoric acid was. (@55

met hox hyl si | anepbal, pMAP gpygfgme P CHs
reaetl 1 Xxture vvas—cm“rceﬂ’t-r-at—etl—aﬁorm o@ el |l ow

sol i d. e @pptuct was pur, gjl ed by preparato T0Lh

on a Pignos Pol ymer x ‘colum (10 m  2584.%43l0
mm 4 nL/mn, Solvent A 05%tr|fluoroacet|c acid in

maawl Sol Néﬁdln&thylﬁnﬁ%mda 200dr) s @tliler was aflded to a solution of

RGO R BT e §66 Tt el 4R oB ttorice

43617' QR I Mot Nt 1 Déquidv)AA Wi dBIsru@ietidle (M0NmL) 103 We akigdtous gas
35-45 mn was coll ected and concentr at ed toﬂ&gve a

Srelytion was| obsamed. oA flengiisting for SO st 23 °Q, phenabBri Mg, 9-18

B elib] pBaRRE WAl 1 RGO R v B g filghlpinopyriin
QD) @68 addechinysed heoe. POKE exulfing Zolﬁﬂon w&ﬁ@ﬁmed %BO%n'aHZ?: °C,

(500 MHz, CD3QD,. hydrochl oride) 8
PTERRAN. an%queolglpoeqfaxumlpl}qsplgate-b@ffg sobmgn ,LEH 7p%i O&)M 5.0 mL)

%ﬁ%@&%ﬁ%ﬁ&%ﬁ@%ﬁa@%ﬁéﬂﬁ%ﬁ Rhfer GOt an ety

®ekateT 30N xﬂbﬁt’ﬂ@l@ﬂbﬁt@lﬁ)ﬁ& wEHSHCIEHII)ith arN(daiBIN3) S0-ti3gortion of
e&gg%c?tégd ﬁ%ﬁ%gzay?ﬁ lfgérg we_[%cénll)_{'zingd &%&%wm aizq)u’eous sodium

Kt SN 8)mLH bhﬁ%S(WnL) Gl GRerf @ed over anhydrous sodium
(C20H21N306+H) + 400. 1508

ound "130 400. 1504,
gl f@tentThesiried splution D@@ﬂy@amdwnﬂlcnecmatpd #fodingz comr;Eess oil

%@ %hg%\] SEIE ptloélc v e A ﬂef%a{sg Gélrfauft auomatograpﬁly ?,?5 75 ethyl

dueﬁtsdhémh&;)l ;ﬁemﬁfg ttle eét&QUDB 1123 286 derivaoiRdde thd, 99%).
sol ution o t he carboxylic acid JB1- 113- SM (500

802111 rmol  Ra043 Gt riy! eetntehenaps)t RQVME300 Milz, CDCL) 8 8.18
(d, 1H, J = 8.1 Hz, ArH), 7.49-7.20 (m, 8H, ArH, OArH), 2.69 (s, 3H, ArCH3); Be

NMR (100 MHz, CDCl;) & 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 caled for (C14H;;0,+NH,) 230.1181, found 230.1187.
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(367 I, 4.22 mol, 1.15 equiv) in dichloronethane (20

m.) at 23 C. Vigorous gas evolution was observed.

After stirring for 80 mn at 23 C, phenol (863 ngy,

9.18 mml, 2.5 equiv), pyridine (890 L, 11.0 nmol,

3.0 equiv), and di nethylam nopyridine (3 ng) were

added i n sequence. The resulting solution was stirred

for 90 min at 23 ﬁ%w wher eupon an agueous potassi um N(CHa)
phosphat e buf f en &% i on (pH 7.05, 0.2 M 50 niH H:

e BHéd.+T ng mi xtUPAeHMBA part i b@ﬂg
et yeen wat e sand et hyl tyacet at e (50 _m
aqueotS2f¥hase lhas ext{J ct ed-v8°th» ame@ddi ti onal 5

portion of ethySacefate. The organic layers STBS
conbi ned and washed with an aqué&Bus sodi um hydr oxi de
FtBon (50 nBRSEN) . brine (50 nL), and then dPPLdt4
over anhydrous sodium sulfate. The dried sol ution was

ted a r j [
PO s, . “RroReRag R i PRIk O NP 38 63T, Blds6s mmol
&6 eqmvbg’aammpd @5 salttien bfjdiisopropyEneEndExapks).057 mmol, 8.3

Gy gnogttinygiogsen 0.5 Byt (2 & o Fig feaion mpedieaseh foefy (10
ﬂah'l) %&%@@td@we QQGI %)th@tlgmjgstheﬁ Yyas %Bbleé tO‘ 'ﬁ& ‘SC Hz,
Hq:)camse)thylnlx@phmlchl(oe 9|\Hz, 0. nB@mm)ol 86.’6651118\1) W?E@tdét:d to the

132..7, 132, 28 5
T urg Prpatedgiboys atOO78Fq]F? #I’%ngtflapg fryytur ‘ﬁéSlSt gég Of yjninutes
whHedupol a coldrd®s @§ﬁmoﬂ- 5;%1 fort@ll, Thé %u(tﬁ% sofkiSd v&(fmadded
1241 (s), 1189 (9), my, 1041 (s). 733 (s):
TEEyise viacananiedo a(wluel@m @sterWBB1-H30(16.0gng, GMTA danl 6.88

G35 AN BB 0 P

@©IBSn LY BBIS5 P3RS Ge JRBanh 3 1. Tﬁ@ﬁ@ﬂt&éd Aigoteulasalodfed to warm
n- but%lllthlumln hexanes (1. 47 38.0 L, 0.0565

@ep 80 sHB Y Wik then paritioned betwsplm apegps potassium
280 SO A8 (B 0 V01 AT Beflon iUt (O The

orgativ phaseaveasiseparbiey and the aque@ustmasesxﬁ/ﬁ fuettlert extxamted ovth an
led to -78

bath, w th st
q@;@mﬁ@ P}}?}Eflgi}{l\lla, Bgﬂﬁcélgrqqg ofgagu¢phases \fgregomb1ned and
@rﬂald' dhker &Yﬂ@d?&ﬂ%gdnhﬁn fMfate. “?Hétdﬂfeﬁ squﬁBﬁ Wad debpYR Al - 78

The resulting m xture was stirred for 5 m nutes

Wmeﬁrém affordingr yeksv sdidutThepredust tves menifiedipepreparatory HPLC
c;neg ]Iter}q.llﬁasp%te}eoal)\éas iuaxr?n (el% pm, 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

HL methanol and a linear gradient elution of 85-100% B over 30 min, The peak at 25-
30 min was collected and concentrated to give enol JDB1-87 as a white solid (3.5 mg,
85%).
[00213] Rr0.46 (3:7 ethyl acctate-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, /= 10.7 Hz, CHN(CHs),), 3.24-
3.18 (m, 1H, CHCH,CHCHN(CH3),), 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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dropwi se via cannula to a solution of the ester

JDBl -113 (10.0 ng, 0.0471 nmmol, 6.88 -equiv), and the
enone DRS6 (3.3 ng, 0.00684 mml, 1.00 equiv) in
tetrahydrofuran (0.50 nL) at -95 C dropw se via
cannula. The light red m xture was allowed to warm to
-70 C over 30 mn and was then partitioned between an

GRS RS RITNER B 28T St i, 36" b CRgrBNtCinsh, 2.54-
Dagad] mnh(a(sm)y\aﬂme@ﬁcm@}@ny thlB(dQQHaqu4®H§e was
further extracted with an nal portion of

QHERCHCHAAG i), 0.0 6s. SHo ARSS e WERS) Goiortts T): C
MWL SCRYCE P Fs RO NI, 31 521D 4, 1?970' 4£4, 1354, 133.4,
SO ra

ion was éonceh rding

1361.9,0@0 Hp1 2819, T80, pRRAULL7. Y2650 08.5 D6y sarlepasambf ¥58.5,

EEp 51,9353, 80, AL AR SRR G el B

{IJE,%N% Slwgdfﬁh%h% 6@15@73‘01') usi ng an i nj ection
vol une

L “met hanol "and I i near gradient
el uti on of 85-100% B over 30 m n. The peak at 25- 30
mn was collg F and concentrated to give enol
JDB - 87H as Ha it N(CHy),

%e sol |1dHE(qu63Hv5N 358690 . 10021311 &
Qcet at & Heﬁ‘éﬂ@%‘ 'H )
| a&%s,l

AH) Y 7. 64 -17.28 (m 8H, ArH ArH) ,
5.37-6. B0 £n® 2HOBOCH2Ph), 4.05 (d, IH, J= 107HEZ: O O
CHN( CH3) 2) OTBS24- 3.18 (m 1H, CHCH2CHCHN(CH3)2), ©H99
(dd,JpE4-114= 15.5, 5.6 Hz, CHH CHCH2CHCHN( CH3)Jh)B1-£2088
(dd IH, J= 15.5, 15.5 Hz, 132 CHH CHCH2CHCHN( CH3) 2),

61 (dd, 1 H, J—44 10. 7 Hz, CHCHN(CHB)2), 2. 54-
120&144]( m  7Rydnflapryg geid GHHTTHESK( g lzéwaz added t@ a polypropylene

r%actl]oé})% iﬁéggnt%ﬁﬁéﬂ%ﬂﬁo%l%go@@?&(ﬁmﬁe fgg%)ﬁ%sq fifol, 1.0
DG IR pectoriiBide 610 thBPatR3 AB2TKe redfliing midtore was stidided Kigorously at
25% fo 1236, ten wampared tgo waten £50inLy somjaingie TG 4,7 9. The

é@l@m% ﬂ%xtﬁr% \i&cegtrggt% thh%%g ’acaﬁhé%élﬁlﬁ lz'g%el %%nﬁc phases

wera mdnlbﬁmdaﬂ@ drledl-loverl\a@w;)@s dodivdt Sulfte. Thisditied SButonwas
fg{e%a g;nzddh%tr%ga Was Egrg:bl ated Cﬂ_J.'m.lshmg fhe 1513&11%&9&:_' al%oﬁlol_l%s a

yellow solid (12.2 mg, 99%). Pd black was added in one portion to a solution of the

residue in methanol-dioxane (1:1, 3.0 mL). An atmosphere of hydrogen was
introduced by briefly evacuating the flask, then flushing with pure hydrogen (1 atm).
The mixture was stirred at 23 °C for 20 min. Within 5 min, the color changed from
light yellow to green. The reaction mixture was filtered through a plug of cotton. The
filtrate was concentrated to a yellow solid (13 mg). The product was purified by
preparatory HPLC on a Phenomenex Polymerx DVB column (10 pum, 250 x 10 mm,
flow rate 5 mL/min, Solvent A: 0.01 N HCI, Solvent B: acetonitrile, UV detection at
350 nm) using an injection volume of 450 ul. methanol containing oxalic acid
monohydrate (10 mg) in two injections and a linear gradient elution of 5-50% B in 30

min. The peak eluting at 16-22 min was collected and concentrated to give 10-
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OrBS OH JDB1-114 JDBI-130 [002141 Hydrofluoric acid
(1.1 nmL, 48% aqueous) was added to a pol ypropyl ene
reacti on vessel containing a solution of the eno
JDB1-114 (15.1 ng, 0.0251 mol, 1.0 equiv) in
acetonitrile (10 nL) at 23 C. The resulting m xture
was stirred vigorously at 23 C for 12 hr, then was

R S b s
[enoemt e (3' mRr(rﬁoo MThz@ O 0M) hedibhleede) 3VED6 (@,qrm Unetl3 Hz,
and dried over anhydrous sodi um sul fate. The

SOHLT SR 71 T8 27 b0 zaAdH)Te38 (0 1B L 73 e, ATH), 730 (8
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T o o arr P 40 GG ons T S 60 n one

PHOH,QHTKENECHOL, LameﬁmcmsheN(crﬂg)b)dmfsm(nd 1H, J=15.4, 4.3 Hz,
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m Xt ure was stlrre at 2 r 20 mn.

t.0e (&bl, dH, £ radged 218 d28 HA, g]HHS,@ﬂ(EHN(CHa)g} een The

reaction mxture was filtered through a plug of

cotton. The filtrate was concentrated to a yell ow

solid (13 ng). The product was purified by

pr epar ator HPLC on a Phenorrenex Pol Y er X DVB col umm
X ; . an : o

) . Iv onltrlleUVdetectlon at
Mﬁ%@%l ume of 450 L met hanol
[B0R16]i ni NgAmvak it@raeetlthes enRysthaticCapptéhche hdve 1¢6dM@ the
i.Nj ectlons and a linear gradient elutiogn of 5-50% B in

@@COVﬁfYrP theg- ds@@ﬁetéacuplinﬁ'@ dgryepsline (inFigprs 164) pad migpcycline

AATEERFEM S E5 o Reifodnh SR RARE NG P 1 oy,

DéddAytetracHEts pxhibit Mdbtiddsaily &mpzovmlcﬁysthbduma@ cmdpared to

lgelg 6?%de'% %ﬁ'm;‘%gé (aggi I_Eqw pguaj or gregter gotgnq‘iﬁs anHSJactenal assays
(CHe%ﬁeﬁéiez al. 1J3'7km ‘iqh_'enz SBe. nH]i’s 2@“’@1@6% Q4. r(lasod W* Hillen, R A.
@H@HN@I@HE@:’Q,, Tax(aay @y in Bzoaagy( Giemiiry az}d M@wge @Blﬂ(hhuser

%\%%8@%& %%; gWh%th_{l a@aratf}:ﬁjefezmég rgfebenci) étlzs evident

tHét, at %eﬁhﬁﬂhlﬁ@éﬁﬁ%}mtheﬁs A& rflé}diﬁed Bidsyrtresietis Bapable &F
Hz, CHH CHCHN( CH3) 2). anmpl e 7-A Conver gent

mﬁmgsﬂeﬂ =il mgosgyrﬁfmvﬁlcshRQM@ the aghetiast aright wish to explore in
}%ar%llﬁ{ ofa a&ﬁ%r@ﬁﬂ(@?&&l %&ﬁme‘“ﬁ?ﬂeﬁh@&é R aL ﬁ%zéﬂ gﬁ@é}gsychc

racyclines, sem - synt approac es
drlakbgs 4 and § 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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di scovery of the 6-deoxytetracyclines doxycycline (2
in Figure 15A) and m nocycline (3 in Figure 15A),
clinically the nost inportant agents in the class. 6-
Deoxytetracyclines exhibit considerably inproved
chem cal stability as conpared to their 6-hydroxy
counterparts and show equal or greater potencies in

ot Slsh3s oBRERKEne (rhRIEETSR) Ry ooy M angfd and 5
GigeansAl thdphtacydlig @Bighren64), a3 vidilodsaglyer tciexiyRtragycline
and Medi ci ne (Birkhauser Verlag, Boston, 2001); each
aalagai ch i s i ncorporated herein by reference). It is
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fupgRonality kpoye toplay afale iy the BEdingof tetgacyplingste thepacterial
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t hway, ese structures and. the re af co Ie
R ren MR e Rt R s BB ing T
ﬁe?ﬁﬁééﬁlé Bt hAADWeR BitédPAsO] hEsns thi8V&cote bﬁ&@z‘i’éltreﬁst&&‘ér tThe

efficient route for the synthesis of

ﬂvaqumhawab@anﬂmamycmmdPgE&umm Petersen, Bioorg. Med. Chem.

geép ??F%Séﬁi?% Clc%ng%%%(tf qu(é' ergen(asz% %m1-r|1_o§ycllne difvale with a

lﬁ-rﬁfg@&hét&hérﬂcﬁé (élxérﬁﬁl%r)(, Qﬂd [3 répdrtedab belohd 0fithe rﬁm;t promlsmg new
hydroxyl group )Li: a notably | ate-st a %l in

grisihiatics Hn eml@amlpw@@ b (k. BrshoM. Mmlg& er-Wells,

Ao A AR R R B F e
dppgsicheslioAhe synieshiaif ey adyiclinangtitigicshaaa prodeedel by stepwise

15A), t | 6 5A [

SEARbLy ) SRR D o bl wnd b BB 1 b6 %ipr?fumﬁs exemplificd
5N Sy U o g -
ﬁcguﬁ&ﬂﬂ%)ymlé) ¢hhtKarstedn abf J. tdnve GhelrnaSoc. PO439 @868); incorporated

Kk t t he , bi.ndj f t [i
By bt B SemyaBionineus obForaadoRe R80T r agnent
4R dl%tetﬁ(:%iﬁ{es(ﬁnl Eﬂ'mt@hch Qﬁ&ll T¥03hedrdf 2k 28] (196,

Pi oI etti et al 0, 1829 (2001); each of which
lmsorpnmddqu bl rh’“@re@pﬂ m}d the Mwyfeldt syntheatsiaf éi)eﬁ@wmu'scyclme

Gflett e 5, F0RAYiARGL MORE Fa rRSchan e, B8Y 80
Qe Erlo@i‘pohft&d ﬁ&ramqg refd?&ce}id@ﬁll?@é poblighed ayntﬁem@ptage

ti gectfcl i ne P. Petersen, Bioorg. Md.
teiagyicling Keelf hay appepse, 61119 from Drg%wmrﬁt(e@wwwcwor 34
v
Jgﬁ{) é@.{ﬁpgj{g‘)ﬁ?ga Q{ %?%?4 %‘?zg E‘%@ E‘Jt} \636 g&dohb%{lc&g&ﬂa{%g herein by
eferédve), wisle the ﬁmsefﬁglemewnstructlon of the tetracycline ring system thus far

is undoubtedly the synthesis of (+)-12a-deoxytetracycline by the Stork laboratory (16
steps, 18-25% vield) (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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anti biotics under evaluation by the FDA (K. Bush, M
Maci elag, M Weidner-Wells, Curr. Opin. Mcrobiol. 7,
466 (2004); incorporated herein by reference).

Cl assically, approaches to the synthesis of the
tetracycline antibiotics have proceeded by stepw se
assenbly of the ABCD rlng system and begin with D or

R RSS2 BEBTEL hE e Ry LR AR s orprio
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mydifieatiorc efforts (J. J. Korst et al., J. Anl Chem
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Etgk@yl 6he thdmybﬂtrcchqi enprridation of thepniseashystagline product (9 m-
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anid| copedraitant |epomﬂensomnga;ton|m |t1u:1mmnca'of ferechwyldiméthylsilyl

Ig ggel(? g{{% )bgﬁ%@n% ae?gg%\% l ‘5@8{@!{%&1%&/&%% Myers et
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Hagedorn I, Am Chem Soc. 3609 (197
benzyloxy-5- dlmethylammomethyhsaxazole 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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i ncorporated herein by reference), an innovation that
proved critically enabling in the present work, while
t he di net hyl am no group of the A-ring was incorporated
wi thout nodification. [002181 Qur synthesis of

6- deoxytetracyclines was initiated by whol e-cell

m cr obi al dihydroxylatlon of benzoic acid with a
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exposure of the ketone 13 (Figure 16) to lithium
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enone 8 (Figure 15), the AB precursor to 5-a-hydroxy-6-deoxytetracyclines. This
sequence involved the transformation of 14 (Figure 15) into the phenylthio ether 16

(with net retention), diastereoselective sulfoxidation using a chiral oxidant (F. A. Davis
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the synthesis of both the AB precursor enone 7 (4
steps, 49%yield, Figure 16) and the AB precursor to
5- a- hydr oxy- 6- deoxyt etracycl i nes, enone 8 (8 steps,
56% vyield, Figure 16), as detailed in sequence bel ow.
[00219] To synthesize the AB precursor enone 7 (Figure
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di ast ereosel ecti’ViI'ty in de

ey additiorad thé enoned® lyeqaine 08 as ey, foemdéd l’hE tataao@bhc coupling
i sqner, under the condltlons speci fied) underwent

PRI Figure} Ddn diasisreomegisainpure Ape in FYotveald plier mmﬁcatlon
|
PR stk SRR g 08 O i
pAERLQE raffordest (e pdonfeytline hmmmm@(x Bfsteps, (339G yield T benzoic
| t f th |t b |
5D EerAghig SrahhE 0L e ramesTesm! GonRling actin abaypyadees the
&ﬁﬁc@c}ib FSRNeh {37 i2ireR9) f‘sﬁ@@le}é'c)sele&t@VQ%‘Z OAIthou in theo r four

Deoxy etracyc hes were assenb th al reqU| ite
tﬂlaﬁelteﬂmmac progugtsetan be érmed Hergekt cmc Was moéuqe;gl @rrespondmg in

e SR TR AL

ﬁﬂfd@@[ﬂs&%o@neﬁcﬁh@an%r eawv%@ iSbé Hepi-M Ohagk-17DiwskaRNBolated in
reacti on _sequence : Ho, Tandem Organi ¢ Reactions
feppiatap- fractlons (<7% yleld) 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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York, 1992); incorporated herein by reference) that
fornms two carbon-carbon bonds and the Cring of the
6- deoxytetracyclines (Figures 15B, 17, and 18). The
process is perhaps best illustrated in detail by the
3-step synthesis of (-)-doxycycline fromthe AB
precursor 8 (Figure 17). Deprotonation of the D-ring

GoTFhactyRaoh. oL FBHish, Fsuihyretier a8 AF5tach of hich s

fnobipoyiesl hdd¥inagdifer@idePdre ER@NAVED @r&e&ét&ﬂlﬂlsyntheig buf we are

0 O, prow ded the tetracyclic coupling product

vrevepne ef army) exiampli @éutétu@g)th@ﬂil@hqlqueqcﬂfr@asmewleﬁtm%@f the
Ijrege%ngc:?g t %en‘?ﬁ ekt %ﬁ% E]n mb% 0 (i e%}ffﬁgﬁrﬁg also %f‘ec'é@&‘lted,

I've groups
mungl{ incaadyistem that fmnhiE’h(ﬁ)lll)aﬁxbﬁfadeeﬂ dyclizativnyprydilct (White et al., J.
3§chl rlde (18 steps, 8.3%yield from benzoic

hempS | chiwP At me%mafaéedd?erflﬁéwe el ele abssiyed gt the
%@?&tcé gﬁth%;bﬂEnﬁi St gxt%gptotf‘% ﬁ%g?ﬁé’c%!réoillﬁlgp%ﬂﬁé ﬁ%as essential

Figure 17 eosel ect |
foh ewrcpssiidinyclizitias te o emne anionpdaihed tﬁsmc ampﬂ)@alkplremads and

one.wa rogduce rre andi.ng .i n . .
pEfis Bt R b nShdtiegartng eRicl FOBRORuA heeaing eddey did not
éy‘chké/ EP&hARWNEH Blor@fehtdrk RS thaﬁ\thé@d%éns‘ﬂh%ﬂﬁf ﬁ:@:ﬂﬁédsq9 (Figure

urity, believed to be 6-epi-19 (Figure 17),

I np
h?)sbthewraékbuansﬁonm@papal%mb thPQI(Drﬁﬂa(d?!glml &8 (enn%l) which

SR RGP PSR Ghpiy. n 51%

WSR2 fer piefdation %B/Qﬁ HEE® (cﬁastclﬁreérﬁl%t‘idfh‘ﬂ?)pui9€.!q d minor diastereomer,
condensat i ons of -toluate anions in particular (FE. J.

¢RBEEE at GO, vasaliet léﬂatedéel@ﬁgel)@h@ @#ppe@shikat additions 107 and 8

vl Al Ao S ST 8 0 o

2odudd® @S5 4-s@7cthemésngitoadespuinidinly tb haturdl egirqegclates thbegtewhy this
%H ference) are extenswely precedented in

Scasﬁd?“%é) KRS unawar e of any exanpl e
iting f
?}222*1 A hﬁé}h&ﬁsgggggﬁﬁggg esfﬂpg%ﬁ{r@ﬁ%skveﬁfﬂa{én]i Y¥nd

present case fvation'in toluate
geomdetstve onelenstiahs arepotosttiEtidad the ¢-hauath anionaesyeat from the

i e s Uuce 25 ol D e hadGoydiBitoes and 5 (Figure
18)6nir® Syrhd kel 859 rBlald QIR &8n o- V&uﬁb aRibMe6r vatiffdent

presence of the phenyl esSter group of the D-ring
W@B&H@Ss ay wasthepepiapdinederiyptévecs dagure 48). Insack GIQSG dlswy |

r| v fromsi al k
oAb B, 18 Siein RN nS Tl ol DG R ial
taaj:qburtg Hor ehties BIR(Rigas 1 B) ﬂﬁoﬁgﬁwﬁdtﬁmd#a‘é bestt conBidted AEsity, in the
Per haps_even nore remarkabl e than the condensati on

Rrﬁwcw%fae gaanerd ejtherduy selectivg depsotopatiqne(entry 8) or by lithium-
ﬁa‘i@%&ﬁf&;ﬁ%&ﬁ %}hﬁés 41§1d\’\5)t I:b’ B\%ﬁb&%‘? tl&l'l:l &#ﬁﬁetﬂlﬁ non-productive

deox
tpacntoacsqubnf:enr (mgwl mblnzamnbf o) asglﬁ rheae; ectoacfed dutiyg in situSihien

arelio S Pt o7 pustes obind Fromssiens s shprisiog in light of

this. It is also noteworthy that in situ anion generation permits the use of o-toluates
lacking an o-alkoxy substituent (entries 3 and 4), substrates known to be problematic

from prior studies (F. M. Hauser et al., Synthesis 72 (1980); incorporated herein by
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epinmeric at C6, was also isolated separately). It
appears that additions to 7 and 8 proceed al nost
exclusively by addition to the "top" face of each
enone (as drawn), produci ng Coa-sterochem stry
corresponding to natural tetracyclines, though why
this should be the case is not obvious. [00221] As

oSO TPy -t R Bartelih BY i s f b palogspymetal

eashfigleftlich @ dnbB ) & drphetrbiéntaéni on deri ved fromthe
D-ring substrate 18 ( ure 17); the novel D-rin

HW222bcycl iThe aﬁ't{:pqswg@s@ yathete gemugnceﬂ;yvq,@kgved for the
g%p&#&ﬁéﬁ é?&fﬁé’le Lﬁl‘xr en?ofség?rpﬁg}?%cilhg Thdlo %@g%@L@aetenal testing

ons of Ver res
psmg sayddrd eertk&xdul\aabm teeh:ﬁq(xéa (gumang 8muhus) em@hnm&smhimtory
necessa é to opt|n1é§ eC|f|c co&gltlons
601}‘381‘%{085 167 ageFrpHed qgalam ANHRICEq ‘assays

Bsing ik @44, éﬂvgl)uv@ GhPRvE ﬁﬁﬁ fi‘fehﬁ’cﬂm"@éaﬁ Pﬁ%{}g gg} thilsFar, the

sitd, in t resence t he“enone
B@itwplln@demptlm 6 fBigienl &) dns showad) the mdsypdomi $ing amtibacterial

hal o en exchan tries . A nunber _of

BOPBRER ) <GOS 0la0 RbReefieb ot iNEIR ereht th Gram-
Rins(cRadhined Siveluidzt s!tl@[hs‘ﬁlthn)esﬁiaﬁai tohaiy& g@ﬁl@é’ i@l cillin,

during in situ anion generation; the observe

and yascemutigs of the transformations are surprising in

light of this. It is also noteworthy that in situ

ani on generation permts the use of o-tol uates

Espédimgneils 0- al koxy substituent (entries 3 and 4),

substrates known to be problematic from prior studies

: Hau&epexal Papcedayes. Ml repctions(weg pprfomprdoinlsmer dripd
P)%'hﬁ 'bBttQﬁ’le% §19m'681 %%ﬁl%)]k 5%&%1 Mﬁg?}oﬁﬁi{y ﬁ{t?d ?fm'l%]bber septa

or nat | on u or s
mxrlbhalpgsitl(le ptessurs oﬂangnni, umless sthenpise netéé niadd and 622 e-sensitive

The effjci enC| es of the synt hetic se nces have )
LgYidtend solptions ere ransiiTead Wh SWInge of ﬁ%eﬁ%ﬁmsteaﬂ%awlﬁ Qyganic
DukRE v drE LERENTMEAB aly%aﬁaauap f-bact R gfalusé SRLbRY Flash

usi ng standard seria [Fution tec ni ques
mmmnmbyomanraanammrﬁxmnd pn silica gelnic &, |smdar¢il\grﬁte)) as

SerheRRL e el W3Sk Mo NeParh h e e, 42

292692@53%6%?&&& Eer@l‘hgﬁﬂ‘efdi‘&céf' A1t daBihin-THes cﬁx@fuato graphy
t he gent acycline derivative 6 (Figure 18) has shown

WRED of uging £1asg platasinsereeated with Os¥Soper 2 0400 mpsttsilica gel

Dbl T 0ublhs o MEAT 300, TREENT Dl G B8 pates
wereaiingalived by d&)@ﬁ)hﬁ’ewﬁb‘.‘ramlét dighbandedr gxposui®iodegiclahinionium
and_ vanconycin, Experinentals [00223] Cener al

EYé’éata (0B &1 agiic solioniad peanjaldehyds follpired by heating on a hot plate.

f0028®- dr i effaterials. 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 et al. (Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.;
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round bottonmed or nodified Schl enk (Kjeldahl shape)
flasks fitted with rubber septa under a positive
pressure of argon, unless otherw se noted. Air- and
noi sture-sensitive |iquids and solutions were
transferred via syringe or stainless steel cannul a.
Crganlc solutions were concentrated by rotary

B BRrT of DsRlr e T 18 R T B S o ot B
ﬁafe:teﬁagd grade) as described by Still et al. (Still,
Kahn, M; Mtra, A J. . Chem 1978,

E@é%slzgzs InWWFaﬁ%derenwlw magneticiseRnance (4 HNMR)

L e e

Weriin Blnity/o‘.nm»geﬁloo (ﬁwmmga),avmnvwmhy/moﬁzh 500 ¢300eMHz/125 MHz), or

g Gieciomy AR M0 BETEM eresypaRisrs |Chghpical s for
@‘W&gc SOP%?%%“E‘ %ﬂ?"p%‘L‘?‘E%’Sﬁ%&%‘?ﬂmpﬁ?@$°ﬁ£°a'?§‘ﬁaa‘ protium

prthaNMR splvaite (CHIODO 3Z4)6, WRDeMi &7 95, BanpeDc 8al.31, CDHCL: 8
reagents and sol vents were used as received wth the

$.821 (GRPYCPxR@pR 2 A% . Chigriigeltajifinfion earbe hregppasted|ia phrieper
N NN | di . HVP.

RIS SB0 PETSTERS e doihap EoRisey Pl 8 o FR(CDCh: &

d i

B e DI A, PO D 20 2 R 10, & $957 Data e
wpaisented ad foélpwandxetmd:a]l shidt, meltéplizity |(§ +ahgley, d fdoukdetod triplet,
B GRS A 1
%%ﬂﬁﬂ?tlﬂhﬁf&%ll@%@orb@ce s%éé't% werdObtdi AAIsHY #P &8in-Elmer 1600

herein by reference) 251 Instrunentation. Proton
El]dR@accmga@me@rrrefgmaﬁb@ A pictystpe stapdsed.r Batarade represented as

TR T
Mediua]) wanlexk, |H%Gib?oa'a anﬁ 5.9&9 t%‘?{ﬁer@'ﬁ%%ropﬂﬁte) V@f)ﬁ@eﬂ‘ rotations

I\/Ercury 400 400 I\/Hzé NVR spectroneters.
rﬁeeeéunn“eﬁduwsmg FIASCYIIP 78 dagital p@bﬁme&a egwipped with pspdium

(g ol S PLBNARGAL SodoBl TGP of B 1AL Lniversiy

MaﬂﬁSde&bl@@EyF&cnﬁtlasl CDHC12: S 5.32, (CD2H) CD3SO 8
2.49). Chemcal shifts for carbon are reported in
parts per mllion (8 scale) and are referenced to the
carbon resonances of the solvent (CDCl13: 8 77.0,
CeD6: 8 128.0, CD3OD: 6 44.9, CD2C 2: 6 53.8,
(CD3)2SCG 8 39.5). Data are represented as foll ows:
chem cal shift, nmultiplicity (s = singlet, d =
doublet, t =triplet, q = quartet, m= nultiplet, br
= broad), integration, coupling constant in Hz, and
assignnment. Infrared (I R) absorbance spectra were

obt ai ned using a Perkin-El mer 1600
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FT-1R spectrophotoneter referenced to a pol ystyrene
standard. Data are represented as follows: frequency
of the absorption (cm 1), intensity of the absorption
(s = strong, m= nedium w = weak, br =broad), and
assi gnment (where appropriate). Optical rotations
were determ ned using a JASCO DI P-370 digital

pol ari meter equi pped, With a dium | sour ce.

Hi gh-resol ution nasgygﬂbeé{sr%?'\?gébg"%f’%‘n‘ged at the

gméaﬁgy, Shpversity Mass Spectronetry Facilities. 141
nthesis of (-)-Doxycycline Cyclization Step: O

YOBnh 0 H N(CH3)2 1. LDA, TMEDA, CcH3 HR snEL

THF,-78'C 0" NI COZPn 2.-78"C0 0

N( CH3) 2 BocO 0 OBfr BEdrBs N

79% [ 00226] | uti op _Rfc Dgutyl

(1.55 M 155 [ 67240 gy, 5. 1oehuilv)lwds ae

sol ution of N, R? N ,N-E aget hyFet hyl enem®sani ne (39

L, 0.26 mmol, 5.5 equi Vv nA diisopropylam ne (34 L,

0.25 mmol, 5.1 equiv) brgotegsgahydrofti ran (1 nl) at

-78 C. The resulting m>x3ey e was stirred vigorously at

-78 C for 30 min whereupon a sol ution of

2- (phenoxycar bonyl ) - 3- et gyl phenyl t-butyl carbonate

(73.0 nmg, 0.213 mmol, 4.5 equiv) in tetrahydrofuran (1
[0226las addedlutivnebwitsyllithiun am hedaaes (T Med F nlng 240 mmol,

9? eegﬁirv gvagﬁ a()i(éelflrtg a\glgﬁltiso’}l io% Wﬁ,f\}‘ | -?ertr%ynséltl'}/ylgﬁyl_egesdia?nine (39 puL,

0.26 mmol, 5.5 equiv) and diisopropyiamine (34 pL, 0.25 mmol, 5.1 equiv) in

tetrahydrofuran (1 mL) at ~78 °C. The resulting mixture was stirred vigorously at ~78
°C for 30 min whereupon a solution of 2-(phenoxycarbonyl)-3-ethylphenyl t-butyl
carbonate (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 °C
for 75 min, then a solution of enone 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] Rr0.35 (1:4 ethyl acetate-hexanes), "H NMR (500 MHz, C¢Ds) 6 16.55

(brs, 1H, enol), 7.26 (d, 2H, J= 7.0 Hz, 0-ArH), 7.14 (d, 2H, /= 7.5 Hz, ArH), 6.85-
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for 75 mn, then a solution of enone 8 (30.0 nyg,
0.0474 mol, 1 equiv) in tetrahydrofuran (1 nL) was
added dropwi se via cannula. The resulting light-red
m xture was allowed to warmslowy to O C over 2 h.
The ice-cold product solution was then partitioned
bet ween aqueous potassi um phosphate buffer sol ution

1S 6 Bitnfefiy el o lnl L& ST L 8 e o, 57

pRel, iHr ykero H&tBﬁ@C@gcu)tfmymlme-lmmzl@cﬂmh) 5.03 (d, 1H,
di chl or onet hane, The organic phases were conbin

and
drildd HoPCHER ) 389 (ol uhT d 8157 O CHHeP k.4 (d 1H J 12.5
| d
glgh(gew 14’253 k! 3%5,%3?@5%@&%@&@#% 35 (dd) 1, /- 12.5, 40

Huy CHy©HCEE), npep@;rm o’r=y11HE’H@ CHCGHNTH )OI 2. BIS(dqaswhafr:eiz 5,7.0
m. 250 det ectl on, at

ek 15 681 N a0s 38 (?‘?9%{ RRB . 1 QG At 0 Hz,

T i S

MHZ, €D Eg) &SP, E,o]r%éntl sapsm 4Hf16o19diL P71, 1peﬁﬁ 8py4ﬂ.9,d 36.1,
addi tion Ero uct depicted in di astereonerical ur e
0858474, 2.9

15190 1339 28rg; 14800412 SHEF\% 12818, 447 40l 320 108 % 4

94, §%2(4 @;@@s‘ RICAPE SENANCD gs 1}5';'\1'\4”3 G0 YFETIR (neat
fitrn), omAr 2974 (W)m3edw),22851 vy, 1768 ($5-0% H,r48 (@, 850:1,412223 (s,

E-03 1635 ) 1713 Gy, P5RT g 05 (o). g 6y 11k (g rkwss

1 H Ph
g@s& gﬁ?%@%@?(&@ls}ﬁé@%&) |8|81§68:1 ¥8urﬁ 8:1514 596@?5' 1H) I

12.5 Hz, OCHH Ph'), 493(d 1H J—125 Hz,

OCHH Ph'), 3.58 (d, 1H, J= 11.5 Hz, CHCHN(CH3)2), 3.35
(dd, 1H, J= 12.5, 4.0 Hz, CH3CHCH), 2.99 (d, 1H, J=
11.5 Hz, CHCHN(CH3)2), 2.56 (dq, 1H, J= 12.5, 7.0 Hz,
CH3CH), 2.18 (s, 6H, N(CH3)2), 1.33 (s, 9H, C(CH3)3),
1.16 (d, 3H, J= 7.0 Hz, CH3CH), 1.11 (s, 9H,
C(CH3)3), 0.61 (s, 3H, CH3), 0.36 (s, 3H, CH3); 13C
NVR (100 MHz, CDC13) 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-1 2974 (w), 2933 (w),
2851 (w), 1760 (s, CO, 1748 (s, C=O, 1723 (s,

cO, 1606 (m, 1513 (m, 1471 (m, 1370 (mM. 1260
(s), 1232 (s), 1148 (s); HRMs (ES) mz calcd for
(C48H56 N2012Si ) + 881. 3681, found 881.3684. 143
Deprotection Step 1: 00
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~-0Bn )-0Bn CH3 H O N(CH32 CH3 HO N(CH3)2 H HF, CHCN
g~JgN 100% BocO 0O HO O OBh OH 0 HO HO O Bn OIBS

[ 00228] Concentrated aqueous hydrofluoric acid (48 wt
% 1.2 nmL) was added to a pol ypropyl ene reaction
vessel containing a solution of the purified
pentacyclic addition product fromthe experinent

bov n8.33. , 0.0375 mmol, 1 equiv) in acetonitrile
%71"8 epggc The resulting m xture was stirred

Vi gorously at 23 @& for 60 h, then was p%vred into
water (50 ni) got rR¥ng di pot assi ur@H o WCH)
hydrogenphosav; 0 ? AXt dre was
extracted wi gNor gani ¢

phases were_ cOnii ng no s spdi um
sulfate. TAEd 8‘3!0 Iut| on was fi P'E'ecf 8 "dhd t he
filtrate was concentrated affordlngtheWProduc

199228} ed aSoncepiipied gavsaus hydrofupgic add 648 Wi il < Bl &a& gdded to
LRSS Kb Ry b St sy
atﬂe%tgt prfb)ﬂmtérm)he ekpl;:rﬁdwaxlt(laﬁgge Q\JEIZQ mEgRIB37 Sconombd) 1 &juiv) in

14

Cd:tonktﬂ {fﬁ Pfl].é aL&Je D@ h]%esu]-ymg 1({lee wggptu'\r]edglgorguég at 23 °C

fb’f B0 H) tl_hbeﬁ v»gdé%pzuféa 1ﬁtmwa§$’1t (SMX coﬁta%ﬁné_@rpo%as é;lém(] d = ? H4

H)ﬁdrﬁgehph{zsphﬂwrﬂy 0 g3 Z:ﬁe tcﬁdltmghtuxﬂn:c 826 extBacledHzith ethyl acetate (3 x

ﬁg%%ﬁﬁg graan i 12 Sﬁﬁzﬂef ‘ﬁﬁ% &d@gd Qeer E-EIP.YCP Mémm sulfate.

%é&né@sol&{dn vJa's tﬂte@ed’!ﬁ‘ld t@)é'@;ﬂm%% &%cggtr%ad (a%rdmé Fhe product

@P@W‘ﬂlés ZQ‘!SKOHOBﬂ (2520 m, 10@g). This ptbﬂuQGW$ usgd Bl lhp next step

L 05.(s..6H N(CH3)2), 1.04 (d, 3H, J= 7.2 Hz,
%@ﬁ)ﬂﬁlﬂ%@“ﬁﬁﬁét%o I\/I(—|z )os)Ds crudé) S 193.4, 186.2.
[szag 172Rﬁ0 04 5174 %thyil%ﬁe-heﬂéé gBIH WR%odﬁﬁ{ﬁ CsDg, crude) &

135 128. 8.4, "127.2, 116. 116.0, 11
1hFe Gn,r s10d, anol)761 85 (s 181, pherind), 53,2369, ZEH,BE)?:S H21,87 -X1H), 7.14 (d,

A0~ g Rl 37 93 ghe T BT s 6. Ty STk gha) Fiy, 676
@S 1HGFO)8.4 H6LArHE s, 283(5,81?[-1 (ﬁ%: 7. 811455%[{)5)5 A6 g&sa}r 9)= 3.6, 3.0 Hz,
HRMS (ES) mz cal cd N2O10+

%@ﬂ@z@ . 2800 lHDépTlc%;:!tz @ﬁﬂéi 8p),2:0 1(414116 6Bl 2. Q Hz,
OCHH 'Ph), 4.92 (s, 2H, OCH,Ph), 3.41 (d, 1H, J = 9.6 Hz, CHCHN(CH:),), 2.82 (dd,

1H, J= 9.6, 3.0 Hz, CHCHN(CH3),), 2.65 (dd, 1H, J=13.2, 3.6 Hz, CH;CHCH), 2.78
(dg, 1H, J=13.2, 7.2 Hz, CH3CH), 2.05 (s, 6H, N(CH;),), 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 (C37H34N2010+H)' 667.2292, found 667.2300.

Deprotection Step 2:
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CH3 HONCH3)2 CH3 HOH N(CH3)2 OH ON Hp, Pd bl ack
Il \ 9=0 THE-CH30H / \ , NHp OH 0 HO HO OBn 90% HO 0
HOH OO (-)-Doxycycline [00230] Pall adi um bl ack
(7.00 ng, 0.0657 mmol, 1.75 equiv) was added in one
portion to a solution of the product fromthe
procedure above (25.0 ng, 0.0375 mmol, 1 equiv) in

t et rahydr of uran-nethanol (1:1, 2.0 nL) at 23 C. An

at nosphere of hydhkegen was introduced bg briefly
evacuat i ng th*& f I%,g,k'(CHatzhen fl ushi ng S, fin 'ﬁquﬁ‘%’hydrogen
(1 atm. T D& ahtfy) Catiatdaysk y

7S, | SPEHFSHOA, Dyt~ -aggre
clunmps withign B wi 2o The yel boaw hemr@genwsom Xt ure
was stirred at 23 C for 2 h, then wagdoiddiRr ed
t hrough a plug of cotton. The filtrate was

[923@nt r at Balladium black (?190 alg/@I(]lﬁQWQ’l 1.7hequivberas eddgddn one

BRI B SPRE Bl b OB RRRITAEY pFLlO o, 1

&fuiv) ibedtdpdrofuranfeidiimol 6101 200mi)af23 HC Ah]auﬁbsphere of hydrogen
Sol vent B: _acetqgnitrile, injection volumne:

vavinfedvced bydmiedly svagrating ﬂt? fiagky then Hustung Wit§ é’é‘Fﬁ lastdr%gen (1

6, TR PILAG RIS S ni B ok 580 B 6 B FpufbpArbur

fg@egat@lnﬁtOGdIMpmgrlthm Sl @it 7Tlna yelhmr lmtﬂogémousanhvamré was stirred at
ntrated (-)- dox clin drochl ori de

Qe A wnpwe\mék eé%u 1 plyg k- hhe e i copgntrated

éﬁ'f&rbl %%ty‘é'ila'w dit. )Tlg%i'?g%q /a8 gg{llﬁg(g] 9? B}egﬁl‘a H LC

[ reverse- phase H CO-i n| i nc udlng
PhenomeaercRolyoieral Vadedlwno (0 pin, %@013 A@tmro, AWdieteation at 350 nm,

S5 B A, e Bt AL e

NU'DL (&h%at Acbonéhn’f‘h%m mg&ﬁhﬁ'&m(dﬁﬁé?%chra@lc %ﬁni&)@l w1ilh( $4 Bfor 2
mia, 'tmaa gmch@nt eaitzpnmth we% BZoes) , TIRp; raby unamj]

%ﬁ%ﬁﬁm@%ﬁg ng)a‘t llé\l(l?_B%l ere iﬂlec Oan%é;ogcengaéd'_ﬁlf%or%%‘:a
&&y&]%’hyaﬂcmdé és 5’)(3180‘4 ﬁbw'édergg% @ﬁDQO‘V @ﬁs&dwasﬁﬁbnttcal

Hz, CH3CHCH); ~13C
VIQB n@tlfﬁi&@-@@ﬂ@ﬂ@ hydrmhlpndgmvgse -phape HPLQ fep-ipjection), 'H

i e oy 48 e o B By
ﬁenﬂqnghxﬁ H03), nm 218, 267, 350; [a]D = -109 (c =

16 in O. 01 M met hanolic HCl); HRVS (ES) miz cal cd
Iﬂ)@23¥]C22H24‘I\MMR K00 MHz, CD;0D, hydrochlonde) 87.47(t, 1H,J=8.4Hz,
ArH), 6.93 (d, 1H, /= 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;)CH3;"), 2.88
(s, 3H, N(CH;)CHj3'), 2.80 (d, 1H, /= 12.0 Hz, CHCHN(CHjs),), 2.74 (dq, 1H, J =
12.6, 6.6 Hz, CH;CH), 2.58 (dd, 1H, J=12.6, 8.4 Hz, CH;CHCH), 1.55 (d, 3H, 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° (¢ =
0.16 in 0.01 M methanolic HCl); HRMS (ES) m/z caled for (Cp2H24N2Og+H)*
445.1611, found 445.1603.
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445. 1611, found 445.1603. 145 [002321 Literature

val ues (The Merck Index: An Encycl opedi a of Chem cals,
Drugs, and Biologicals, 12°h ed. Budavari, S.; O Neal,
M J.; Smth, A ; Heckelman, P. E.; Kinneary, J. F.,
Eds. l\/brck & Co.: Wiitehouse Station, NJ, 1996; entry
3496 W nmax (0.01 M nethanolic HO), nm 267, 351;

11
RO, e i o TPl comes
Btfﬁga, aﬂdBﬂoEb‘gzcaTNEmb\edCBt‘ﬁlav&ﬂﬂ N OHSal, MET.; Siiith, AZ#HeCkéeinan, P.
cozen 2. -7a C - O C OBac CH3) 2

O3 8, G oS SN Shas 5050, 1508 a0 366
OVoHEY gd.d)f | Bk RoleeNCimab705s Mofhe L1 (¢ 2 MiR)e1 M
. equi v sol uti

aeihangliccghan ne (17 L, 0.12 mmol, 3.9 equi v) and

N, N, N ,N -tetranet hyl et hyl enedi am ne (19 L, 0.13 mmol,

4.1 equiv) in tetrahydrofuran (1 nL) at -78 C. The

resulting sol uti ry 30 mn

wher eupon a sol utc§|$gl PSM( }'G‘i)e%'i(yfeﬁsac?clfjfér

CydiizhdovoSsepar bonyl ) - 3- et hyl phenyl t-butyl carbonate

(31.8 ng, 0.093 nmol, 3.0 equivV) igHt trah%q rof uran

i

(250 L) was adeg drop\qzﬁf_sé;g A a eoresultl ng
deep-red m xt was - JO_n1i n, then
a solution off esme 7 *1570°ny, OF 0¥ L1 equiv)

in tetrahydroftan (250 JAF}” vvas5°°°ad8e6° @hP@pV\n se via
syringe. The resulti cm@. wed m xture was allowed to
warm slowy to O C overi N The ice-cold product

sol ution was then partictj ye‘ﬁP"between aqueous

pot assi um phosphat e buff,er solution (pH 7.0, 0.2 M 15

m.) and dichl oronethane, {15 nL). The organi c phase

was separated and the aqueous phase was further

poR33ct ed wisolution®f bbutddlifhoirh 9 Aexadbs i.ETMOTS RS DaRenmol, 3.9

The organi c phases
equiv) was added to a solution of diisopropylamine (17 uL, 0.12 mmol, 3.9 equiv) and

N.N,N'N'-tetramethylethylenediamine (19 puL, 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 t-butyl carbonate
(31.8 mg, 0.093 mmol, 3.0 equiv) in tetrahydrofuran (250 uL) 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 pm, 250 x 10
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wer e conbi ned and dried over anhydrous sodi um sul f ate.
The dried solution was filtered and the filtrate was
concentrated, providing a yellow oil. The product was
purified by preparatory HPLC on a Coulter U trasphere
ODS colum [5 m 250 x 10 146 mm UV detection at 350
nm injection volune: 500 L (nethanol), isochratic

ﬁ:{ﬁJ mg%ete%%?ﬁ%g%gﬁﬁe : erql&nj;g %%}) "H‘I‘ h‘néﬂﬁ/@ il) 1socl:"i’ra? ¢ elution
mlrﬁ&h@fbm&@erqem &) oM nﬁfb 3 &f th D/rklin]) OF fabRo RNt Ry BD B0 min

addi tion product deplcted in diastereonerically pure
erensqllested angd) corgentygted, affogding jhel neptecydipdditjoparadyet depicted in

Haptprighiny Sk L3 s % E ORGS0 37
mdﬂ)m 7. 40R]035 éﬁﬂltetﬂé:l’lydx‘b”fﬁﬁan -héxdres); dH NIMR ($00 Mﬁz 8ch13) 8 (s,
2H, OCH2Ph), 3.92

|
16 160t cnobQRE 85377, 50 tm. B, ArH) 140788 ), 710 (d 1H, J

S TR HAAHE SR AR ,%1*2‘395’%1?@?3-f%;(ijﬂfiﬁ%ﬁ?‘ﬂgfz, {CH;),),

O 2CHON(ZPH)E)CH 2B ICH AR, 2. 35(dd) FH1 4 =7, 505',9 (5& Hg H7
s

CHH CHOINCCHR) 2) . 1,86 (5. 3H CHB)
BHGHNC 1) 34868, OHrREC Hsp). 2740 ¢, 18y -ﬁééj Hzg 13 (s,

P RN R g M9 - (B3, 18, B, 156 6

IB4CH;), 1255. (5, 91,280, 0.84 6, 2H, TBS),®.271@23H, TRBB 033 (s, 3H, TBS);
07. 4 4.8, 83,9, 81.5_ 72.5 61.5 46.4, 41.9,
58 im0 My, GRS 8383, 5550, 6355 181 59160.6.9 51,7, R 1474,

78 Ty, Pl 43,6 2

61up, 46,868 .9,139.5, 129727.3)26.0,262, (18)0, 1&9342 d,3.7; Rmn(est)ﬁlm)

S5 BRI il B TR IRl oo o

b R Q2% ) GRG0 o e

CﬂBﬁ@E%o@@%ﬁi‘*@naéhﬁB@t dounalgdd G3g0hydr of | uori c
acid solution (48 wt % 0.6 nmL) was added to a

pol ypropyl ene reaction vessel containing a solution of
Dapraeetizioht ed  pentacyclic addition product from t he
experinment above (15.0 ng, 0.0205 mmol, equi v) in
acetonitril e g5 m'.“jc”gzt 23 C. The ré'é_Hl 0f; Sgd" ture

was sti rred N . O
A 2. Hp, Pd black

THF-CH3;0H

5

BocO O HO:Q OBn HO O HOHO O
o8BS 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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55 h, then was poured into water (20 nmL) contai ning
di pot assi um hydr ogenphosphate (4.0 g). The resulting
m xture was extracted with ethyl acetate (4 x 20 ni).
The organic phases were conbi ned and dri ed over
anhydrous sodi um sul fate. The dried solution was
filtered and the filtrate was concentrated, affording

?%I}]ﬁ%}]ht ad %@eﬁ%@jgy}}g& (? Srlﬂg}ig()ms d%’z;sf leéﬁ/\ﬁg‘) mQ)ne portion.
p‘g‘%‘ﬁgb d-g’?" Yaﬂigéh ipRwhemtddted l@ﬂirie@l@l dﬂ@&dﬁhﬁg khe(fTasR, then

5 equiv) in one portio

ﬂtlém%&mth@urﬁ hydyegendé ﬁt@hswlbmmméws @prraqi red3 §C for 2 h,

f
HASHBRAGH bS5k on! e Yok ol rogpe
Gelfoav 0 (10 mg). h"m: padudtivdseiutified by @t@laraaorylmy,@bn a Phenomenex
cotfton. The filtrate was concentrat af fordi

FeIoR: DU gotmng] O imdSh ¥ JATOT: WYSSgistPn Aogs HH Solvent A:

PIEEPROR 80X ACK L B0 By e ARt AR Vol D0 AL

frnetham:d: lcoftaiin g\l (HOlg ofkaticlycid)Solovkatic Blutian stithnli8®s Blfer 15 min,

ieh i o VS B0 15 Pyt 19 T Eiv raiss BIRmlp Fractions
Qiluﬂng ?\[ nea 29 rSEIH nev%re %Bﬂéﬁtéﬁq@@ éoﬁcé'rﬁrate%oi{ o gée%{igé{ytetracychne

ctions
h)?drﬁelﬂamﬁe m myalbmepcnm!dr 8.1 anj, 86%)concent rat ed,

PloaBily povekd NV (300478 500 st e %%8@,%4{;3@@% 7.8 Hz,
A gg?: ?‘WEECD‘JL% Q%) Aﬁ%iﬁ”@%}_@t 11-61 738&1&1%}1}24 09‘657'1)1{

BHN(MH)zD 3403)GJT(SS3HJN(€H3)D'3|\3(W}823H, TQ(GI&)I Bro0gbr 8HH, /=12.7

b, SN oo b7 B30 Tho w2 by 184 Sy 261256 m

H%H%@H?@fé‘\?dh%m $113, 75§ 2&2209 Hzlldi CH&@H?Q) 1.54 ZEddd

ddd, 1H, J
inﬂ 13141235123 Hz, CIIZW)HOHNGCHE)z), CBH(@%@M(‘{MS)PEZ) CH;CH);

Pt 0.0 N o 16D Y 3{%1%1}——1&3 ¢= Mhojingo1 M

sl N by GGty it

téfdsi s of a( )-D-ring Pyridone Anal og of
Tetracycline Cyclization Step: H N(CH3)2 H3C CH3 1.
LDA, DWU, H3C\ THF,-78C _ I \ N
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N/ C2Ph 2. -78 C~ 0 CN/ \ OBn N(CH3)2 BnhO0O HO O
OBh HOIBS ON OOOBn OIBS 7 67%][00237] A
solution of n-butyllithiumin hexanes (1.67 M 80 L,
0.13 nmol, 4.3 equiv) was added to a solution of

di i sopropylamne (20 L, 0.14 mmol, 4.6 equiv) in
tetrahydrofuran (2.5 nL) at -78 C. The resulting

sol ution saIIo C Jove n n.
NN o meSTarhRs By R Gt Piridorte S RESE1eRafldine
EVelitdionBRepadded and the resulting sol ution was
cooled to -78 C. A solution of phenyl 2-(benzyl oxy)-

4, 6- di met hy|, pyri dine- 3r Garhaxy! 31, @ my 420930
mol , 2.99 eg i v brlpn teTFFa[t)Wy@ro?‘sdg g |V\c/:z'1us t hen
added vi a syr Nrgecs.en thescoaled r edsfrenssdlury on.

The resulting y&| ow sol uh@cem was $td rﬁe@ég\g i n at
-78 C, then a solution-ef~epgne 7 (15.0 ng, 0.0311
mml, 1 equiv) in tetr ’hran (250 pL) was added
via syringe. The resullEf
allowed to warmto 0 C oues 4 h. Acetic acid (40 L)
was added to the deep-red mixture at 0 C. The ice-cold
product solution was thess partitioned between aqueous
ﬁft assi um phosphate buffer sol ution

38nd di Arobitiomed byl Mlsulﬁuy hew&s( Blr@?alm &0 ;b%a@e%mol 4.3

R PhnRl o & BB R Brr R BRI R el LR i

r@furMZfﬁﬁﬂL? at\ETEE° (T OTid ﬁé@tﬂtlﬁ@ goliiewal$ aleHlvaMewarm to O
anhydrous sodium sul fate. The dried solution was

¢ pyveridamim dVJVFrélme:thxlpmelmm@ 6Wc.l@ht(} hﬁt whol 4.5 efleivhyas added

o e ity s PR PRt r b stiiion of ghemt ZBghytory)-
4,8-dimeth vg,yﬁiﬁt@c;-baﬁoﬂﬁa@%@; g, 53930 MimdY, 2\99teqmv in

Sol vent met hanol i njection vol une: 50 O
tptrallydrofurast (260 ovh.) wias theazdded OlosBringeto tBe ocmled reppting solution.
el.ut.in

F
1% fesutfing v sOtioh MRS bR of Sibinaf a8 ;G ahin Sl pfenone
@@Pﬁ 4 h%i]OH’)B ‘PﬂﬁﬁﬁoldFEhﬁ({fﬁ te&aﬁj/cﬁéﬁ@ahp(ﬁgb ']ﬂﬁlv\}a)é aB8¢Pvia syringe.

form i ght-yel I ow solid)
The resulting deep red mixture was allowed to warm to 0 °C over 4 h Acetic acid (40

nL) 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
pum, 250 x 10 mm, UV detection at 350 nm, Solvent A: water, Solvent B: methanol,
injection volume: 500 uL. DMSQ, 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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[002381 Rr0.55 (3:7 ethyl acetate-hexanes);'H NVR (600
MHz, CD2Cl12) 8 16.05 (s, 1H, enol-OH), 7.52-7.26 (m
| OH, ArH), 6.66 (s, | H pyr-H), 5.57 (d, IH J=
12.7 Hz, OCHH Ph), 5.43 (d, J= 12.7 Hz, IH OCHH Ph),
5.33-5.28 (m 2H, OCH2Ph), 3.99 (d, 2H, J= 10.5 Hz,
CHN(CH3)2), 3.04-3.00 (m 1H, CHCH2CHCHN(CH3)?2), 2.84

fiasny R 485 b7 by gl &%@E&ﬁ% by
(6165 (slll"H érrolJ(@Hf’ 753 537 Qﬁt{% 1@%@&%@%@52{% ﬂ?) .437¢<ﬂn1H J=
1]&7 Hy, Q)(]HH'PEHIS‘ @I-(@HN Hy, 11D, (BQHH%Ph)Q&IB 'ﬁ%) (m (21‘122

oFBEY), 3597k 24 Jlgg‘iﬂ %@N?@%*@g ey 110, 6775,

@%&CH@NECH%}YQ%#l @8318/-12814.9 1:&9c®1H'¢219:}QCHCHN(CH3)2)
128.7, 127 116.4, 111.6, 108.6
B34 odd 31,9 = Bal.16. BEZ?CHHGCHCMQH@HM@HA)Q 228533(dd2éH1J 10.5,

$838: OGRSl Cfpggieicrn,

£.97 (d, 1489 « 1.2 H ¢TH'CHCHRBEH)H) 0.82 25 9H( ﬂ’BS) 301327 (S( B\H, TBS),

S4B s S TS 166 MR CRATIPUET S 4550, Hos.I8D, 167.9,

W%S%W B Eaen 8 (AR B TOe
HNS6,NIG8.60137. SBEQ) O3I:@6® IQBD 77466 0120,39Q, PR @, 26.124H,23.0, 19.3,
[ 00239] Pear| map' s cat

B3P, Talk et " 299D vé%%%sﬁ}i’w %g%ﬁz;t.q%gm%f? 1510
ﬁ%%& 94931%?(“1'399 @ %@) Xane f;@ﬁ@ P (m),

(A071(m)1 HRMNLY (BS) /23 calcd Aor (&ﬁﬁﬁh@MHbW?ﬁmﬁ@gbun@w 3261.
was i ntroduced by briefly evacuating the flask, then
flushing with pure hydrogen (1 atm. The react i on

m xture was observed to forma green color within 10
mn. After stirring at 23 Cfor 2 h, the reaction

m xture was filtered through a plug of cotton and the
filtrate was concentrated. The oily yell ow resi due was
di ssolved in nethanol (10 nL) and to the resulting
solution was added concentrated aqueous hydrochloric
acid solution (37 vt % 100 L) at 23 C. The reaction
m xture was
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stirred at 23 C for 3 h, then was concentrated. The
product was purified by preparatory HPLC on a
Phenonmenex Pol ynerx DVB columm [10 m 250 x 10 mm WV
detection at 365 nm Solvent A 0.01 N aqueous
hydrochloric acid, Solvent B: acetonitrile, injection
volune 500 gL (nethanol containing 30 ng oxalic
ﬁk i near gradient with 0-*20% B over 40 m n,

ﬂg' fﬁ?@ 4 mM/mn]. Fractions eluting at 20-29 mn

wer e coIIected,gnqrﬂﬁmcentn@m@gwcaffordlngchgN@hwlng

pyri don&:Chyh de as aoxanifélﬁ:’Ple\}ﬂ:‘ ol T .
749 . [00240 L AVR 002. ElMeotCD3 OD NGy e o chel) 5
6. 37 (S, ]df_\b - 04 (D8~ (S 74% CHN( ) 22" 95

(m 8H, N(CH3)2i OHEHN( CH]) 2, CHCHZCHCHN(CH3)2) 2.79
1H, J
Q39] o Pea]'ﬁljla?n é%tﬁ{mioﬁ@lh : N( @was ddded to a
sZJMtO)n(csf th@pirified wenBicycliCaddioniprodupt frok the :cxp(ﬂ'uﬁeﬂﬂabove (10
CH 9 (ddd, 1H J o
i, 0. M&lﬁf S L6 78 B gmosphere

dﬁ'é/ s Was infrod8eed l%};l?néh_;' eVaBudling 1Pk, thes fRAshing with pure
7,10699 268,415 35.7

lmlr@gene(é agn). Bhe gactxm rmxttw“wafabm\f@ltonﬁ)mﬂ igaaesicolor within 10

AR oy e o B o o

BN ) fHtrd 0w dbmcerfttedd Tlyheléw résidudSyad desileed in
Pent acycl.ine Cyclization Ste HNCH3)2 HH

f
%e@geélz()l 0 aflppnd o the reguling altion wasadded pongentrated aqueous
%@8@%@ i soFJl?l on OQ\!@%E@O‘;’; Iﬁ h?uﬁgﬁ%@%gﬁ %(%u%g/as

$rreliit 2R °C(fm233h thiem hvas cdnd&ﬁtraqml Yhe paduetdescurified by
sol uti on

@remf@%ﬁ%iﬁ% enﬁtﬂ*@ﬂ?&% Rebymera PYRcolymp 1§ gy £29 & 10 mm,
omtéwon Qf ?&ﬁnm@élv -2, @qu'aﬁ)lecﬁﬁ %yem%nz aea4s91v&& B:

1 eq UIV in tetr drof ruan (2
ac_bt]muﬁle TmectroswllumﬂgSOm p@l{mat@ol eadainimg 30 mg oxallc amd) 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) 6 6.37 (s, 1H, ArH), 4.06
(s, 1H, CHN(CH3),), 3.05-2.95 (m, 8H, N(CH3);, CHCHN(CHa),,
CHCH,;CHCHN(CH3)y), 2.79 (dd, 1H, J= 16.1, 3.9 Hz, CHH'CHCH,CHCHN(CH3),),
2.55(dd, 1H, J=16.1, 16.1 Hz, CHH'CHCH,CHCHN(CH),)), 2.40 (s, 3H, Ar-CHj;),
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(CH;),); '*C NMR (100 MHz, (CD;),S0) 5 187.3, 183.5, 177.8,
172.1, 160.6, 159.8, 153.3, 115.3, 107.2, 106.9, 95.6, 74.2, 68.4, 41.5, 35.7, 34.5, 33.9,
31.0, 19.2; UV max (0.01 M methanolic HCI), nm 267, 370; [a]p = —146° (¢ = 0.43 in
0.01 M methanolic HCI); HRMS (ES) m/z calcd for (Cy1Ha3N3O5+H) 430.1614, found
430.1607.
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m xture was allowed to warmto O C over 70 nmin. The

i ce-cold product solution was then partitioned

bet ween aqueous pot assi um phosphat e buffer sol ution
(pH 7.0, 0.2 M 15 nL) and dichl oronet hane (15 niL).
The organi c phase was separated and the aqueous phase
was further extracted with two 15-nmlL portions of

di chl or onet hane. a [e conbi ned and
dried over anhydrour%%@ecf%# (.'le’)?g{lg & dried
CpdlithiionSwps filtered, and the filtrate was

concentrated, affording a yellow solid. The produgt
was IOUHfI ecqlak% pr epar gt ory HPLC on a Coulters o MCHslz

Utrdg i
det ec 2do,F850 @@ Sol vent-19arc-wEE er | n

net hanol OCHatvvo seﬁegtr@st e nj ect i mas (750 HCea@Ho i
acetonitrile), isochratic elution with 94%B for 590
mn followed by a |inear gradient elution with

424410096 BAGehtiopn®f mhutylﬁt twin i hexangs @.650) MhL, 0.284 mmol,
B R e T

Deatiucilater{108 Al 02D ARHGICADE y:qmu) end @lofe (7354 & niggy ,0.079%mmol,
a white soqolid). 1002421 RfO. 37 37eth
ewt) 5. tresbadadiman {2 SRR OBOURS. Thpresaling light-rd reqcgion

121 déﬂnre%'a}lgzi’)eg t(gwég'? (ﬂ(}) }_t%’olds}r. ’g)gr_nlrg. %é%%c@f?@roc&?ct cjrzlutlon was

theR fartitipndd-hetwedd aqtﬁo%dtmsmﬁi-bhmé’b)lffeﬂkoﬁﬁlo@s(pHBJH) 0.2 M,

IR T AR T e

%%éﬁszp}ﬁge s fubfer SHH cfdGHAAN Qligﬂo?ﬁmnszoﬁﬁchl&@%ethane The
J2°10.7, 5.9 Hz, CHCHN( CH3) 2) ,

wg@alspnases mmbtisec( and dried overHihpHHN s@HayrQs).ufate The dried

$13nied el 3k eyt G b aten s el dlpydiont: The

7
S ity L 4 Lt A 1

;1l282-‘59 10 mrs, UV deipciion atzwo’z;m,lsznl\f@t Almtesg Sql@@itﬁ methanol,

@ ssPargliApectidif F50 [P sHeh, SerSnipelF) Rochitarid plfige Gingfhed s for 20

RE3116Wkd b? &5&eéﬂﬁradléﬂt]e$ut(cﬁ1, withr Q-1 0@%1@ o(fér)ZO riafnl fﬂow rate: 3.5
(s),, 1472 1452 S 1369 (m, 1339 (w), 1293 (
m@ggma nfracgqmlut(r‘g) at ﬁ@gnwere ngqctqdﬂnd cp@g@t(at@d,, afl ordmg the

e T s T R e e SN

ddlilf.CH3)2 2. Pd, H2, H H N(CH3)2 0 di oxane, CH30H OH
[00242) R0.37 (3:7 ethyl acetate-hexanes); 'H NMR (500 MHz, CDCl3) 8 16.25
(s, 1H, enol-OH), 8.30 (d, 1H, /= 8.3 Hz, ArH), 7.75 (d, 1H, J= 7.8 Hz, ArH), 7.59-
7.34 (m, 7H, ArH), 7.26 (s, 1H, ArH), 5.38 (s, 2H, OCH,Ph), 4.02 (s, 3H, OCH;), 3.99
(d, 1H, J=10.7 Hz, CHN(CH;)), 3.08-3.05 (m, 2H, CHCH,CHCHN(CH3),
CHH'CHCH,CHCHN(CHys),), 2.95-2.90 (m, 1H, CHH'CHCH,CHCHN(CH3,),), 2.58
(dd, 1H, J=10.7, 5.9 Hz, CHCHN(CHjs),), 2.51 (s, 6H, N(CH3),), 2.50-2.48 (m, 1H,
CHH'CHCHN(CHj3),), 2.20-2.14 (m, 1H, CHH'CHCHN(CH3),), 0.82 (s, 9H, TBS),
0.29 (s, 3H, TBS), 0.13 (s, 3H, TBS); ’C NMR (125 MHz, CDCls) & 187.9, 184.1,
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\' 1/ ViN3. BBr3, CH2CI12\ / \ NH2 CH300 HOO
OBn B-.0 HOO HOOc HO 0 OTBS 74% [ 00243]

Concentrat ed aqueous hydrofluoric acid solution (48 w
% 1.0 nL) was added to a pol ypropyl ene reaction
vessel containing a solution of the purified
hexacyclic addition product fromthe experinent above

bEsto o 101 8e o 1T e s K TpPPelPtt 35T TS s

f26.4,hen.2, 126 8 o £d 087 pozwatam (75@ fms 606146.8)142d, 407 29.3,

di pot assi um hydr ogen hosphate 2 The resultin
22420 b ek Bk Bk FAIR (peoh 1kmhym ot z&sz&n@olm(s ’c=0),

150, 0190 By PHAE, YD ROLEH, P09 | 9252 o, 119

), IlBiQe(dn)amds’I tme), 1026 (va)'; eOl/\la(va)c; HIRMS (ES) md cakefiffor di ng
&éyel I 061 ai | .. The res% 3 di ssol ved in

elhaNeP 1T BY 68 3PP64 found R} 23% to the resulting
sol ution was added palladium black (10.0 ng, 0.0940
mol, 2.67 equiv) in one portion. An atnosphere of
DPyproegdongas was i ntroduced by briefly evacuating the
flask, then flushing with W hydrogen (1 atn). The
yeIIowmxturg gcmlrrezﬁ 23 C for 4 h, th@ﬂcwas

filterge 2INlE a-pl ug q;mr;so&gdp.n GHs
concent g . BpeIcH,OW Oi | ‘ NMRLS

di ssol vecd,d ngdicchgor bswet hame»¢4. 5 nL) gpd o, ddg 5
resul ting sol uti QRS was  add a sol ution of boron
tribromde (1.0 Min dichloronhethane, 0.5 n_, 14

[B9243)) f at Corénfated ?Que?bas hydreﬂu?ﬁa( hcid eolﬁﬂsn 8 “ﬁf%d 1 8tmL) was
-78Cor15 in, then at 23 C far 3.5 an
qdsigd 9 § PRlYBTORAtFBS reasHOR H@SP@&WW@%@PW gﬁd

I
HE R PcrfioR brocl bl the byftrindiPalnfl't8d O35, 1 cquiv)in
petanitiiée(9.(bm L) aefih @t Thy reabticd mrxture%rshned et PUT Jore2dh, then

Diopeied Bl bhter (50 ) Battiniae Gt fy HorenphoSphats (120 g).
BeEteRiltihg h{lf@buré Rheslttaeied Wit AR ac@t@ﬂ: (B { 5®MNFNThe or%ﬁlnlc

containihg 10 ng oxalic acid), gradient elution wt
pigsyseeeRombinredend dirind ovwwwhvémus sc@llmn/smfat]: The dded grution

e 0 B0 8 etn iy N crmeh Gt SRR DeAIRIRE S VoS e was

diesesd 6 hﬁetﬂarﬁ[}dloié% (1: { @Qﬁﬂﬂﬁnd to t%sﬁlﬁﬁ@ stﬁon s elied
h%drochl oride Qé , J= ArH), 7.74
ladipm-blagk rpg;.ﬁ 09 q:q;nol,72 heqqg‘d) 1npnp|pogloa Amatmpsphere of

ﬁ%’rogagrl@as whs ﬁgr&ﬂged ﬂy H‘leﬂy evacuating the flask, then flushing with pure
hydrogen (1 atm). The yellow mixture was stirred at 23 °C for 4 h, then was filtered
through a plug of cotton. The filtrate was concentrated, affording a yellow oil. The
residue was dissolved in dichloromethane (4.5 mL) and to the resulting solution was
added a solution of boron tribromide (1.0 M in dichloromethane, 0.5 mL, 14 equiv) at —
78 °C. The dark-red mixture was stirred at —78 °C for 15 min, then at 23 °C for 3.5 h.
Methanol (20 mL) was added and the resulting yellow solution was stirred at 23 °C for
1 h. The solution was concentrated, affording a yellow oil. The product was purified

by preparatory HPLC on a Phenomenex Polymerx DVB column [7 um, 150 x 21.2
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J= 7.7, 7.7 Hz, ArH), 7.1 (s, 1H, ArH), 4.10 (s, 1H,
CHN(CH3)2), 3.13-2.97 (m 9H, N(CH3)2, CHCHN(CH3)?2,
CHCH2CHCHN( CH3) 2, CHH CHCH2CHCHN( CH3) 2), 2.67 (dd,
1H, J= 14.3, 14.3 Hz, CHH CHCH2CHCHN( CH3)2), 2.22
(ddd, 1H, J= 13.6, 4.9, 2.9 Hz, CHH CHCHN(CH3)2),
1.64 (ddd, 1H, J= 13.6, 13.6, 13.6 Hz,

CHHWIE\'%}%FB% é%%nm, So Vfgg ‘%CBﬁl ?)4 %Eﬁ f%ﬁ]%lnb Briltrngnm_]ectlon

Vatnensio NZ’.CL tedthandiicdiainig) 10ng o@‘cﬁh@ﬁhlﬁpgradlem elution with
(025H24 O7+H) + 465. 166 found 465.1656. Synt hesi s

—60%- B oper:6010irDEoxyreten 6 ywl/imie]. Rogeiang shitiog aB@%QS nHp were
OL A HM P
00139%5 apdl Ohgehed BTt 79 R R ey

pod &R 211 n? sadgytion of n- butyl it h| um i n hexanes
3

(2.65 M O L, 0.0945 mmol, 5.00 equiv) was added
[0@2ﬁ4]sol ut IFHANR (G@O&ﬂtﬂ@@o@nhnér%lllanée 8.30 (4945 J=7.7 Hz,

). 2 e et e el R A 1) T A 50 e 1

.ﬁ97|13¢ bﬁkmmpm )LHt ¥ag (§q<pi @HN(CH%% §13-2 97 (m, SH,

Hexamet horani de (33.0 189
DMy Q\éggﬁﬁﬁg‘ﬁ)z, 3 Y (CHdha&HH@QHb@Hp&N(C&hM 2.67
@dla' PHSPLYYlS 0'?4%? u{dl]-gl[ri] %%@?g?ﬁéﬁﬁqcmgﬁ)zzd{dﬁm'}?e 5 Vi 4.9,

ahnula to nrng

291/, CHIPHCHNER)9al Imwdcauel 03;61306 rtg 6, @3 @7@5 mm|
4,00 equiv) and enone 7 )

CHHGH P G 708 (s mmgt%molwsﬁaclo, R G - 402 [o]o = -

(P M O gl SAED, MRS 08 3 ottt o
1655162 foupddbs ibofled bet ween aqueous 154 pot assi um

phosphate buffer solution (pH 7.0, 0.2 M 10 nL) and
di chl or onet hane (25 rrL) The organi c phase was

separated and xtracted
with three 15-§ESH€° K? .P:ﬁg xgyﬁ'itﬂafrll%g The
CydRaiien Stepses were corrbl ned and dr| ed over anhydrous
sodi um sul fate. The dried solution was f||terengng
thef|I raje vvasrc'i'ﬁ?f@éntrated af f or di ng_ a_tyeMl

sol i d. {T¥e prad szurl.f_Eédﬂﬁ/_.prep }

CO2Ph I I e -95°C »~50°C g I ben
&8s 76% 6TBS
7
[00245] A solution of #-butyllithium in hexanes (2.65 M, 33.0 uL, 0.0945 mmol,

5.00 equiv) was added to a solution of diisopropylamine (13.2 uL, 0.0945 mmol, 5.00
equiv) in tetrahydrofuran (0.750 mL) at —78 °C. The resulting solution was briefly
warmed in an ice bath (10 min), then was cooled to —78 °C.
Hexamethylphosphoramide (33.0 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 sclution was then partitioned between aqueous
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HPLC on a Coulter U trasphere ODS colum [10 m 250 x
10 mm UV detection at 350 nm Solvent A water,

Sol vent B: nethanol, injection volunme: 500 L

(et hanol ), gradient elution of 85-* 100% B over 30
mn, flowrate: 3.5 nL/mn]. Fractions eluting at
21-27 mn were collected and concentrated, affording

erePET BRRE 1k Byt S B R CAEM o mhgana gigplprpmethane 23
150).i The on{g@ﬁl&%ﬁhse%as&eﬁe?ra(ea afd ﬂid‘athe@.@qﬂﬁéeewh@ﬁ@ﬂheﬁéxtracted
IH NVR (500 M, CD2CI2) S 15 21 (s, 1H_enol)

vigh three 13migportipps ofdichloomeghang. The onganic pha$es5wqrﬁ combmed and

B fler am Rl St MR m e il s ot e

Wwas3@ntehtratdd, affordligy Dydtiow SQTidH 'lFPie)prodhoﬂﬁ/aé purifi¢d bylpreparatory

MMW%%@@%S@%@ ! j}m, %é% 105mg, Y, detection at

W ol %%%t%«ent% %Qetéﬁgr 3 1111]'6'ct10]ﬂ‘v_011%ng SOb.EiLI?(rﬁl?thanol)

gradiént-dtytiBHEHNSCECHRY2 B, ove? 36 iR, ABv (ate: SY}anD%ﬁliBfiactlons eluting
%ﬂmﬁ%&% %cte G oeggn@%? ?*Jé@)d tigho e tgci%ﬂaddltwn

P e i Bl 20 ) ©

[0824g, 13R. W07 (2D ethyl d@entd-hexe@es)] 'H NZMR 850(1[]23120 CD:Cl) 8

Bo2n(s b, aw%zé%% (52 1@6%2 pyy”l‘é 319%¢; l’fhmsjféég pyr-H),

I¢ Sl 2

@CH(H:H;) 3. 33HIdH1H) a3 e en m S8 ik 1@# i

RS Toste L LR N, g gﬂﬁs 163,56

Bg N’ @H@:}@am@m@wﬂg 2.99(dd, OH, Ve 1. 3§QELH1H@H of the
urified entac I ¢ addition ouct fromt
B RGN S09, £ aadd T g g4, 4,110e7qHW§HF3HN(CHs)z)
7 2
?%q‘?ﬁ%ggﬁp&geh %t ca uggg:}gw% f%lg;(gvdg(r:iuHé | ng t fﬁz
@Hﬂgeﬂaﬁmn:ﬂsl)gsmsm 9w, rBspmas (myiin’QBﬂ) 011 345,3H, m&), Be

WRB U E50 £ IHETgH% hhs B LuefdnTohdass4 s,

123*4' %fléﬁ )9 Y\le 0199018%6 8t Pﬁ, 0 fﬁ)& ar dhdg $.2,¥8ld, 9W8011+ 0,42.1,

" "The residue was di ssofved in acetonitril
4144, EBOdL)ZS 4t P&bs23e2,r18B,3.49-3.5; HRMS (ES) m/z calcd for

(C33H39N306SI+H) 602.2686, found 602.2686.
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pol ypropyl ene reaction vessel, and concentrated
aqueous hydrofluoric acid solution (48 w % 0.5 nl)
was added to the resulting solution at 23 C. The
reaction m xture was heated to 35 C for 27 hr. Excess
hydrof l uori c acid was quenched by the addition of
nethoxytrinethylsilane (3.5 nm, 25 mmol ). The reaction
was concentrated, affording a yellow solid.
é?%ﬂuct was purified by preparatory HPLC on a
Phenonenex PqugemmeVB ¢, mnpm[lo pn1 25Q Xy ¥OEm WV

det ect i ogNs . Sowlg‘gfg 0” etic
et I1IH§1 |n
CBn(l 1) (£ ] ect| on vel

acid in W
Q|t0r|I

met hanol - ac &
(et hanol ), gra@iegnt el ut| on W|th 0-*20% B over 40

] fl t
(027l o E8leiuaf ok 3 Ding, DIRE b0 208 )i 'agdy e
p:drgign E‘laescﬂgﬂwn/\asthd pﬁﬁft’ﬁédémtafc?c]ﬁ%ﬁdtﬁﬁmi produdti@ont the@xperiment
. ana concentrate ar 1 ordi
gboaz &g%ngj @d%éﬂéawe[,émqﬁgv) lmglwmmgwﬁﬂ@ (3'52, &0yBl) #g3 °C. An
it o HydiBen el jprrodigbBRy bAQfy VikonalPRilask, then fushing
wuth Ppure HdByged.(8 atﬂz), Therresdltinglgredn mistprelwhs stird@H3) 2§ for 7 hr,

éﬁé&@gﬁéﬁﬁ%%% ap |_gr1 Cgtt%cﬁl\lﬁ%@ vzvéls concentrated, affording a

(ddd o ks iR Wﬁ )@ace%%ﬁ)(@s ’)“1)) Afansferred to a

golymopﬂlgue regmloru‘tesgeﬂ, @d c_t_)gc@tragggl aquepus hydrofluoric acid solution (48

oo O30 WY e el Ghyidin %5767 it iahpiife was

ated; to 36RWFof EBhr, NE Zcesh o flguric 4c2Divas 4uda0kedHythe addition of
400. 1508, found 400. 1504. 156 i%nt hesi s of

methoxgrimedhyjsitane (3P mle 25aymp))z de sepctipr pHixtNgeckey eonpenrated,

SRR 5 85 ol ThE sl s viefaraiony Bl G ong

Blednotrienex PélymehuDWIH ¢dlininn ifi1 0 pmh25arnds nfrd, BY ddiection bt 350 nm,

.16 mmol . 4.
golvent A 0.5% tritquoroacetic 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
HC1 (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;OD,
hydrochloride) & 8.79-8.77 (m, 2H, pyr-H) 7.91 (dd, 1H, /= 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(CH3),,
CHCHN(CH3)2, N(CH3),), 2.34 (ddd, 1H, J=12.9, 4.4, 2.4 Hz, CHH’CHCHN(CHj3),),
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° (c = 0.15 in 0.01 M methanolic HCl);
HRMS (ES) m/z caled for (CaoHz(N:Os+H)" 400.1508, found 400.1504.
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equi v) was added to a solution of phenyl

2- (brononet hyl ) benzoate (45.6 ng, 0.157 mol, 3.97
equi v) and enone 7 (19.0 ng, 0.0394 nmol, 1 equivVv) in
tetrahydrofuran (1.57 nL) at -100 C. The resulting
light-red solution was allowed to warmto O C over 30
mn. The ice-cold product solution was then

partitioned bet uequs assium hosphate

buf fer sol uti on%t&%& qﬁ )Zlﬁ/lgegx%’ﬂw% (oI
GyaihgeoFRphane (25 nl). The organi c phase was
separated and the agueous phase was further extract ed

with an additionaly MY portion of dichloro %m?g.
The or@c2 phag vPq  cofBtdEd and @a )
anhydr copdi U

wtdte. THA AT ®d sol OF o YAy
filtered and the :fg|t?ate wd¥ concentrated, HagPor dPhg

a yellow solid. The product was purified by

preparatory HPLC on a Coulter U trasphere ODS col um
[09245h 250Axsohtiomeyf #-tetyllithium A hexanes (2.650MVy 8% ul.R).16 mmol, 4.0

G ot i o b 2 ooRrEop BV BERRtk (42s6me, 0.157
MR8 9DEA) afﬁaQnBﬁ'é 7 gﬂ QON\HgaO @3943m5nolnl—é(iﬁlﬁi in tetrahydrofuran

Fractions elutin mn were col |l ected and

devicaR #tat188 °Ca rr@ﬁtwgaalr@t-rgbmlmwm:almdttpwmt00°C

G R R A s
paigdsAine pheyphiate dpffer sdldddn (bHO00,N-Z M, GDHD) iﬁd dichlﬂ)ﬁmﬁﬁhane (25

(s. 1H enol), 7.94 (d, 1H, J= 7.9 Hz,
mLpgThépreanc P,hﬁffq wascgepgrajef)and @Wowh@pﬁ wgs,_further extracted

R g ol Sl prian T idp ey (Mt gihic phuddvere

&ntbihta] andGhiidd GeHRAEGHNG Gotlipd) sulfate8 hedidied blufion $4s Htered and
t%:s ﬁ;&% wagLeagep s %?g;lggg A _y)eégw &of(lﬁ?anéﬁ_g i Js f'm%ed by
%ﬁ% %ﬁf’@@rg& Coﬁte}"h l&gsphéreFdDDQ 'col]tﬁlmtg[zl%m 250 X 10 mm,
SHgnt 20 vqmer( §legm| B mpanoi,agecmmqlgme 1\/9|an (mﬁtb}ug)l), gradient
5o ich 33110676 oy Qi 14V §6tedtion &) 35 sg ovgiste: 4.5
égﬁnﬁx] i”%t]éns él%%’at 2@230]mm7\361‘% coﬁéctéi arﬁl%o%centﬂa@edg affordmg the

mm@cydiqaddmcudprbdmct irf dmmemm@imre f@m(lﬁmmg, $1c%1mzlwhlte
6? 2730. Deprotection: HH NCH3)2 1. HF, CH3CN H H
3)2 0O 2. H2, Pd black OH N di xane- CH30H NH2

[00249] Rr0.46 (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, /= 10.7 Hz, CHN(CH;),), 3.24-
3.18 (m, 1H, CHCH,CHCHN(CH:),), 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(CH;),), 2.61 (dd, 1H, J = 4.4, 10.7 Hz, CHCHN(CH3:),), 2.54-
2.44 (m, 7H, N(CH3);, CHH’CHCHN(CH;),), 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,) 5 187.8, 183.0, 182.8, 182.4, 167.7, 141.7, 135.4, 133 .4,
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~OBn 83% 00 HO OO HOH OO0 OrBs [002501
Concentrat ed aqueous hydrofluoric acid solution (48 wt
% 1.1 nL) was added to a pol ypropyl ene reaction
vessel containing a solution of the pentacyclic
addi ti on product fromthe experinent above (15,1 ny,
0.0251 mmol, 1 equiv) in acetonitrile (10 nL) at 23

Bod o T4 b, 18 54" P e 1A S, 93B3, Bt s3hs,

2001 £ 9138, ngonagswm RydrogenpRORRNGS EES) (A2 €alll fend
the product was extracted with ethyl acetate (3 x 25

%}Hmﬂﬂh@es}ff@&rﬁ@ 2Bhafesd @t.87Fbmbi ned and dried over
anhydrous sodi um sul fate. The dried solution was
filtered and the filtrate was concentrated, affording
Beprokdchivhsol id (12.2 nmg, 99% . The residue was
di ssolved in nethanol di oxane (1:1, 3.0 nL) and
. g HOSHEN ol , 2. 4tfequ?'(3'30vaas

g soldmxtawmonn o]
atrmspher o iy oden was I ,of roduced™~Dyy DI
evacuati ng tth&Cg %P0 ¢ hen T Ushi ng wth '19(11‘% o
hydrogen (1 atn). The resulting light-yellow m xture

0256t | rreﬁomtenﬁ%te&laﬁmous Redrofloori¢ bed solaton (48wer %d1.1 mL) was

The filtrate

of cot.ton.
%‘@ﬁg é‘ﬂi‘ P‘gltYBH’P leng FeacHpm &eséelﬁPFW% 8 Is?l&t’O‘THEthﬁ PERigexclic

MR RUTbA LR FroRY tlﬁreﬁﬂé{rﬁérﬁralﬂow ﬂ-l@ lokﬂg,a() 0F3SRRITEN ulv) in
Pol ymer x DVB col umm UV det’ect

aetadgolafi) migoteariC. A[heomzitmg mt;ons@ammed B]gorously at 23 °C for
tril t

BE RSP hp ised R AT B0 By ping B BRim Poffospamgosphat

@7 BHIBhOY¥RIAuSCy 48 dtrabtb® Withadlei adethie/(FxDl5. mEy. aPhd &’gﬁmc

eluting at 16-22 mn were coll ected and concentrat

Rifesesr weTe gombingd aad dyisd axsr@nhydrons sndéun isekfatele The dred solution

LA e e T S L B R 158 . o
Thextsiddelwat dissolvedrinmethanbl diddane &:H)3.0 hi3And gdlladiuril blakk (6.5
=73, 7.3 H, A d, 1H J=73H, A
xggdhO?]Smrrpl,l_? 4 gnmgr%aqgs) Qt;dedgo rgs@tglg splutiy in one portion. An

e N Y P R thE ot Phepfning

with pure hyﬁroﬁgen {batin)HA he r&HingHRHE-GlThiNOGkRY@vas &irddd at 23 °C for
dd,J=12. 5 0, 2.5 Hz, H N 2), 1.66
5( %ﬂﬁ%ﬁedat%rqughé pla&ogH wcﬁﬁ%ﬁ(ﬂeﬁeﬂwmm

h
dﬁ@fd&? a%lle sBHH ?HQB%&U%%%P&%‘?EP%§%M I—Bi[RI\/IS (ES)

Rhezomanwﬁlbmep@ymm H) g 3T 156 mmf@Unkttectmn at 350 nm,
g’o%\?enjf .01 N HC], Solvent B: acetonitrile, injection volume: 1.0 mL (methanol

containing 10 mg oxalic acid), gradient elution with 5—550% 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=173, 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(CHa),), 3.31-2.99 (m, 8H,
CHCH;CHCHN(CH3);, CHCHN(CH3),, N(CH3)), 2.87 (dd, 1H, J= 15.4, 4.3 Hz,
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Bi ol ogi cal testing. [002521 \Wol e-cell antibacteri al
activity was determ ned accordi ng to nethods
recommended by the NCCLS (National Commttee for
Cinical Laboratory Standards. 2002. Methods for
dilution antimcrobial susceptibility tests for
bacteria that grow aerobically approved standard

n M Q tional
égf}f E%Q#WL) {;@r‘ <i:l]t—1bl‘ ngtaaiégr . W\ayne,
BHH’OH@QMHN@@HE)@I elzn (Byd, r-efRBLNOE).5 HEeS:HH CHCHN(CH;),),
wer e di ssol ved in _dinet hé_ﬁ(sul f oxi de (DVEO)

661 (4dsh 1Hp égulﬂtﬁf d& S o Bt AHLHETHCHNGHa): U adedP.OT M
rog S.ol s I

@%ﬁ%@%}l{éﬁ?ﬂb gﬁﬁ 2%%803 et rg@y [ nocla\1 gaﬁla[?()f Ivf‘%ethﬁ{ohci fen;
HRMS (¥8) mAricakcd fort (€ L Hi@s+H0399.1 536, tﬂ¢mﬂ8399f1 sstock
solutions were diluted serially into cation-adjusted
Muel | er - Hi nton brot h (MHB; Becton-Di cki nson,

Test organisns (50 L aliquots of
g&%ﬁqxﬁ\%ﬂ-@ X 10 5 CFU nL) were then added to the
HO0R52ipr i at Whedd-tal] aftibatterialrctvity whedetpinsined adconbing ot reethods

1%ﬁat eeﬁ%@ﬂ]ﬁi\%}@t‘g@aer OECcaI [, %%ﬁ? gﬁm}gam@l{ﬂlggtofzy%tandards

SRICTMEMNESS fof NSt Sus BB FOY)- tedth R bacteria that grow
Gram positi've and five Gram negative bact’erial strains

gerpbicelbarvipneayed standind-fiftfredition. INCELS dosnment MA09-842. National

Sty ROBE Tk L A0 andsals FHGBLER s Mitrestigd herein by

Rifresel Pest cOHapo®ils Yore dﬁgcﬂpéwinqmeshgs sd]ﬂﬁmﬂ (DM SO$and the
ACH- 0013 Ent er ococcusfaecalis ATCC 700802 (a VRE or

wawsngyelntionsouere dilnted an matew € bAG)io pseduse rsyock éﬁlatwns with a final
0COC ayr.eus ATCC . 70069 L0
%0@5515}?% S48 B Sl ook i Pl B S8 iRt bl so-
Qﬁﬁfpﬂﬁﬁoﬁﬁid?&id?ﬁ%rﬂ%@zm ulﬁ'()%aﬁérﬁlacll]ﬁsted Mueller-Hinton
pneunoni ae ATCC 13883, E. coli coli
#GH: OOHB; Bettohilpkkinsmt, Clocb&ysmlle,elsﬁ[]s)t él’ieBt)qrgmsinE(SOq.dL aliquots

538 t | d
P TR A G A
ﬁ@&bﬁkepﬁaﬁéwﬂ@éu%@d ot wRFE IRl DEnidll 35 BTt REDE b,
origins and known Tteslstance to antl I ot’i cs.
BachHCiveds thé ToaesSconCeritratiBa oif bbmpoﬁdgtut&rﬁﬁmd to inhibit visible
o gp %]é]%g S@ﬁ'g%%ﬂasﬁ{yggaggﬁ C%réggéga}%@ St gstralns vlyc!:r% examined in

Mt fnhib‘i‘torﬁ%c&rﬁ}eft%ﬁXMIC?‘ Bssay € STIR @Hj}n pbditNEbains were

Isolate with ™ Internedl ate fesistance
Staphylococcus aureus ATCC 29213, Staphylococcus epzdermzdxs ACH-0016,

Staphylococcus haemolyticus ACH-0013, Enterococcus faecalis ATCC 700802 (a VRE

or vancomycin-resistant enterococcus strain), and Staphylococcus aureus ATCC
700699 (carrying the fetM resistance gene). The Gram-negative strains were
Pseudomonas aeruginosa ATCC 27853, Klebsiella pneumoniae ATCC 13883, E. coli
ATCC 25922, E. coli ACH-0095 (multiply antibiotic-resistant), and £. 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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vanconyci n St aphyl ococcus epi derm di s ACH 0018

Clinical isolate (Achillion strain collection)
St aphyl ococcus haenol yti cus ACH 0013 Cinical isolate
(Achillion strain collection) Enterococcusfaecalis

ATCC 700802 Vanconycin-resistant clinical isolate
Gram Negative Organisns: E. coli ATCC 25922 QC strain
Eort M]% testing E. coli ATCC 53868:: pBR322 Laboratory
i ying a plasmd wth a tetracycline-
resi stance marker E. coli ACH 0095 Multi ply-resistant
clinical isolate (Achillion strain collection) 160
drapdositive Qsganisrdsii ae ATCC 13883 QC strain for MC
testing Pseudonobnas aerugi nosa ATCC 27853 QC strain
for MCtesting ATCC = Anerican Type Culture
Saphgoticoins alvensATAEE, 202A3Exanpl e 8- QQ straiatonMIReestins
to Tetracycline Anal ogs 100253] Many of the studies
descri bed above show the generation of the
Sﬁ?gﬂ%&?bﬁa&e{d RECR! ASgH60r Dby met Jhdigfilif hridltetblgENe-
esters of o-toluate derivatives. These
sel f-condensation reactions at ti mesesistaphiclinidaltigolateevith
of up to 4-5 equivalents of a given D-rin recursor.
The presence of an el ectron-vvithdra\}&‘tﬁ@“egﬂagg%sls&é‘ﬁ?%on
the a- carbon greatly inproves the ghfdosiRiry oOf
net al ati on and coupling as described in Exanple 7 and
el sewhere herein. Lithium hal ogen exchange of benzylic

SR PP LA (0 pr o RUERALERSR] (AR s

products where benzylic netal ation tali¢ctiohpee Exanpl e
7). These benzylic bronmi des can be prepared with
surprising efficiencies (near quantitative yields) and

| B ; THe devel :
SIBAEA AN AR ool 5 AR Ral Ao S
multi-kilo scale. Many different pheo)écties} er
substituents (see below) my be used to optimze a
coupling reaction. 161

FEnterococcus faecalis ATCC 700802 Vancomyecin-resistant clinical

isolate

Gram-Negative Organisms:
E. coli ATCC 25922 QC strain for MIC testing

E. coli ATCC 53868::pBR322 Laboratory strain carrying a
plasmid with a tetracycline-

resistance marker

E. coli ACH-0095 Multiply-resistant clinical isolate

(Achillion strain collection)
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OCH3 OCH3 H3C-N-1ICH3 Ar OAr OAr OAr OYy Il y I vy
OCH3 H3CO OCH3 CH3 CI Ar%CH2CFs Ar%© ArYO:: Ar OO
OOl N2 H3CCH3 G C rNH3C/ CH3 CH3 Ar NJ Ar
SA . Ol Ar OCH3 YCH3 OOalOO0OCH3 OO 100 The
opti mal group for benzylic netal ati on, however, may
not be the sane as the optinmal group for

[ithium hal ogen exchange. In addition, for the

I ithium hal ogen exchange process, besides ester
R0l phéononi@d PETCORBLY3 reagent s QY stixn BFeMIC testing
i ncluding, but not limted to, other alkyllithium
reagents (e.g., phenyllithium nmesityllithium,

' r y .n7ek§0- propyl B j
By e ] EREEb APCR27ssg D P Ty | RS R L Lfi
be explored using a variety of zero-valent netals for
coupling. The AB-ring precursors may al so be prepared
by alternative routes. The step- count for the

Yethesy ; j alogs is 14
?‘rom b?rﬁ%ﬁang?? %Cﬁ It%i eve%&g?&%%ﬁdg%h‘@& eps are
dedi cated to the synthesis of the AB-ring precursor.

[ ts.i t | t fici f th
ERimpld AT ERR Rttt A TeG A eTing Apges o ey .0 1"
g?otbsio]ant | aMdnRAGHe $idibd@esENtHANDSY & sive Rl deneration of the

ernative syntheses of the AB-ring precursor are

sirbamionip DFring pessumor binmetzbizatmpefphend estersaiayioduate derivatives.
ive A | : .
TSR BB BUTRE R i g o

pives ESEAE precARelr, | TheProdent®6f anéletonoldidtawing substituent on the o-
Hygerval ent iodine reagents may also be used i nst& )
DR grcatly HnPraves e simency oh metalating and coHRldngsasgres¢rthed in

R B S D P A bllo P cRpf o Ry lbRbmicdes
casinciept# oy of the eresence of dre- ABreldcirophipr lefsdeere fbund 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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enbodi nents of the invention. Those of ordinary skill
inthe art will appreciate that various changes and
nodi fications to this description my be made w t hout
departing fromthe spirit or scope of the present
invention, as defined in the followng clainms. 163
Clainse Wiat is clained is: 1. A conpound of the

formula: RBRRA RS HO ~N R5 0 OF O or a salt, HsC._ _-CHs
i somer, or gcM4t oner thereof, wherein R3 is &gMy ogen; N
hal ogen; cyclic or ac) clic, substituted or

unbrzﬁ’i :
cyclfic o @ d or ubst

brafkched Sqr shbr anched v allphallc SUQsAN

or unsubstifuted, branched or @&beahbh@d acyl; OCHs
substituted or unsubstltut ed, branched or ¢H§branched cl
aryl; substituted or unsubstltut%(rll branche or

i 8Fhet ef o R R RcAr o
-CN ~SCN; - SRc: ORc; :

O Rc; or -C(Ro)3;
|s |ndependently hydroge . a PPot ecth®yg grup, CHs cl cl
aliphatic, heteroaliphatic, acyl; aryl; heteroaryl;
al koxy; ryI oxy; al kyl t hi o; aryl t Hia; 7 C
aI kyI a . d| al kyl am no, het eroaryl (0)4 CHs

ter . Rdsis rogﬁ gl i carQr O CHs
acy |c substl t eo Wysubst ut-‘ pnched or CH,
unb anched al | phati c, I C r cyC| c, bsti t ut &d o

nsubstitute br anel€d or uffbran hed
heteroal i phati c substituted or unsubstituted,

anche anc ed acyl ; ubstltuted or
Eﬁ 5@%&1 Or ﬁ@aetﬂatl% PURYHe@a% G| be the same as the

SpHaRAl érb‘&;ﬁﬁ':r ﬁEh1h&B%§1§§eh%HEl‘?§l5 bfr?e[&&ﬂ% fr thé’ﬂ@ﬁlﬁﬂ %Ql%‘éen

het eroary

exshmnge lsmss be@@@ﬂﬁster momﬁﬁatlml\(olﬂﬁl) mptal Nla@l@ ﬁ@@y be used

3 f RD i
1“%&?5@1 Bgmq? limi d-glé létﬁg{%g Eet%gﬂ&s Eﬁ‘ '3 U]H'tenylllthlurn
ebiBIRthivn), @igﬂﬁ%h%ﬂ&t(le%‘ lWiJI‘OP%/l%a\QeSluﬁﬁihﬁrRﬁ') ¥hd zinc-based

al koxy; aryl oXY; lthio; ary am no
gﬁskeymsaﬁqﬁbler-mwnyp]ams all bn@gg]pmirqsum@varmty of zero-valent metals

H)g Sﬁpq ¥|thl 0;

The AB-ring precursors may also be prepared by alternative routes. The step-

count for the synthesis of most 6-deoxytetracycline analogs is 14 from benzoic acid.
Eleven of these 14 steps are dedicated to the synthesis of the AB-ring precursor. Any
improvements in the length or efficiency of the route to these AB-ring precursors will
have a substantial impact on the synthesis overall. Alternative syntheses of the AB-ring
precursor are shown in Figures 22 and 23. Among the strategies for alternative A-ring
closure sequences are intramolecular Michael additions, palladium-mediated processes,
and iminium ion induce closures. Hypervalent iodine reagents may also be used
instead of microbial dihydroxylation in the synthesis of the AB-ring precursors as

shown in Figure 23.
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164 R5 is hydrogen; hal ogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched
al i phatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched

het eroal i phatic; substituted or unsubstituted,
branched or unbranched acyl; substituted or

unsubsti t ut ed, brancheqpﬁr gnqbﬁnchqg aryl ;
substituted or unsubstituted ™ B §HERAd or unbranched
[om2e4joar ythe fotdfoing Kd¥beerStlescripiién oPéertald ffn-Bimitipeprefefred

each_occurrence of RE _is independentl|ly hydrogen, .

prbedimenis@f gheonpention; Jihass f ordinesy il ifpthe grtevill gppreciate that
: : . LAl : | i o .

Tt chafe RO SR S ulbcBifon R b s without deparing

fremeheapiyit oxgcopeof the pegsemtriyvéntion, askizfined myttle dgkowing claims.

hal ogen, substituted or unsubstituted aliphatic,

substituted or wunsubstituted heteroaliphatic,

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

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

di al kyl am no; and each occurrence of P is

i ndependently hydrogen or a protecting group. 2. The

conmpound of claim1l of the fornmula: H3C N CH3

HBCNCH3 H=H3C ,CHB3 H=N | NHOO,N NPhS p _

Bn = 0O00Bn OIBS or 0 OHO OBn or OIBS or H3C N. CH3

H j /N Ph= 0OO0OH0O OBn 3. The conpound of claim1,

wherein each of R3 and R4 are independently sel ected

from hydrogen; hal ogen; -ORS; =0; -C(=0 Rc; -CX2Rc; or

| ower al kyl (Cl-C6). 4. The compound of claiml1,

wherein both R3 and R4 are hydrogen. 165
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5. The conpound of claim11l, wherein R3 is nethyl; and
R4 is hydrogen. 6. The conpound of claim1l, wherein
R5 is -N(RE)2. 7. The conpound of claim6, wherein
each RE is independently hydrogen or |ower alkyl
(C1-C6). 8. The conpound of claim6, wherein both RE
are nethyl. 9. The conpound of claim1, wherein R6 is
hydrogen. 10. The conpound of claim1l, wherein R6 is
-SAr, wherein Ar is a substituted or unsubstituted
aryl noiety. 11. The conpoundlsiimscl ai m 1, wherein R6
is -SPh, wherein Ph is a substituted or unsubstituted

henyl noiety. 166
F{?Vhat)i/s claimed 1¥

1. A compound of the formula:

or a salt, isomer, or tautomer thereof,

wherein R; is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstituted, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORc; =0; -C(=0)Rc; -CO:R¢; -CN; -SCN; -8R¢; -SORc; -SO2Rc; -
NO3; -N(Re)z; -NHC(O)R; 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 unsﬁbstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstituted, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORp; =0; -C(=0)Rp; -CO:Rp; -CN; -SCN; -SRp; -SORyp; -SO;Rp;
- NOy; -N(Rp)z; -NHC(O)Rp; or -C(Rp);; wherein each occurrence of Rp is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl; aryl; heteroaryl; alkoxy;
aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy; or

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

Ry is hydrogen, halogen, substituted or unsubstituted aliphatic, substituted or
unsubstituted heteroaliphatic, substituted or unsubstituted alkoxy, -CN, -SCN, -SH,
alkylthio, arylthio, -NO,, amino, alkyl amino, or dialkyl amino; and

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

2. The compound of claim 1 of the formula:
HiC.,  .CH; H3C., .CHj
HY HiC.. .CHy By
= o\ tl = - 0\
| N l N . AN
y PhS :
0o OBn e o) ; o) OBn
OTBS or O OHO OBn or OoTBS or
HsC.,,.CH;
H Y
B O\
N
PhS =
o) OHO OBn.
3. The compound of claim 1, wherein each of R3 and R4 are independently selected

from hydrogen; halogen; -OR¢; =0; -C(=0)Rc; -CO;Rc; or lower alkyl (C-C).

4, The compound of claim 1, wherein both R; and R, are hydrogen.
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5. The compound of claim 1, wherein R; is methyl; and Ry is hydrogen.

6. The compound of claim 1, wherein R; is -N(Rg):.

7. The compound of claim 6, wherein each R is independently hydrogen or lower alkyl
(C-Cs).

8. The compound of claim 6, wherein both Rg are methyl,

9. The compound of claim 1, wherein Rg is hydrogen.

10. The compound of claim 1, wherein Ry is -SAr, wherein Ar is a substituted or

unsubstituted aryl moiety.

11. The compound of claim 1, wherein Rg is -SPh, wherein Ph is a substituted or

unsubstituted phenyl moiety.
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