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5Thi s appWoceatosesgl ai ns the benefit of priority to U. SpcPrusvemiosmar
Application No. 61/098,594, filed on Septenber 19, 2008, and U.S.

Provi sional Application No. 61/108, 386, filed on Cctober 24, 2008, the
entire contents of each are incorporated herein by reference. 10 Background
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antibiotics has | eagTEREEY NG REERqrEtIﬁMEﬁﬂFB Rg
chlortetracycline, oxytetracycline, tetracyclin and m nocycl i ne.

Hi storically, soon after their initial devel oprrent and introduction, the 15

tetracycl iRetatedvApplidationsi t o be highly effecti ve pharmacol ogi cal | y agai nst
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antim crobifelen@@ctivity, effectiveness in experinental infections, and

phar macol ogi cal 20 properties, the tetracyclines as a cl ass rapldly became
w dely used for therapeutic purposes. However, this w despread use of
tetracylines for both major and minor illnesses and di seases led directly
to the errwag%]ﬁgmpg‘,fﬁ,gﬂ‘% ahse to these antibiotics even anong highly
suscepti bl'e bac erl,ﬁﬁﬁ%{:’)q Tﬂé}‘h comensal and pat hogenic (e.g.,
pneunococci and Sal iopmen f,:fegr@cyalpneta@pplgg?&aﬁ lsad fosssyaseldmportangani s s
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hydr oxy ¢ hinoripgaitmecroMahastiyity, effectivagssin@wperinnme)] hesabise il phelfrﬁa%lbglchln

treatizng plapsHied 9ie§etﬁ15§/&hb§ds% clds ﬁgﬁg’a&ec%e Q/gilé? u%ecp%or &%rapgtg%(éggoo e)%ont rolled

trials haeconci} ear é Qsitiv
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Accor di ng!'¥y, |etra%ﬁpﬁr%ﬁta%‘?f&?ﬂ%&é@ﬁ?s‘ﬂl&?dd’é@5?176{91 deshige | lntllsn3 eftetretyelinsycl i ne
conpo@ﬁdsartdhettacmlme ehdleg icvepaitions eﬁmb@tléhﬁuﬂawl d arthritis and lack the
antibacterial acti RhtymfbidR ﬁl‘fﬁs@%}'s M%’l\pc &u%lﬁiﬁﬁﬁéggo r&eh (%hrggounds 5

Sunmmary of the . nvention e |n hc’part to
7-subst i t (PG r%’c“%‘f"‘ﬂé‘l %?’Pﬁﬁl&’ﬁﬂ"é“’é?d Ftﬂaﬁama&ry CCHSWEO‘(IM)meHﬂ@W@er ein: R4
i s ami no lypeipladiaogremgicrdesis, and progressive RstiusticdTehriilagt @6l neUnsubst i t ut ed

| kyl i d
3n . ﬁ b?b IS t’%&fgﬁﬁtﬂﬁl%rﬁrlm@ AR tfbllrﬂé t(;]g tcuefﬂ %%{]?Jtly({e agrﬁp ?(;[é(:_j% g{ltg | 0 {) ,
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subst Pt ut'8 a‘B’P B%‘t@lgéinga f%ééwed I@&Fasﬁ iy ing eetirthesmptiydrage ept abl e sal t,
ester or (@1\@&111)@ tucbnembthotrexate and hydrokhéhloroeyeiy, IMiﬁo@}Jcﬁ@e R8shA$onte0

7-sub idhe el pe i ihe formula Il-A
wnerei n: S f%gg%@‘?&?%‘i e GRIHEL R LR UETe g PR’ i e on

unsubst i t9PEYledit e sgpcluded fat sar \thérﬁp‘bﬁltl‘@rﬁhb@t pf diseast) peomgatojd subst i t ut ed
or unsubsirthtitis pdichis tespamirppbitively tcab6 tidnti ﬁdloq,rchﬂélﬁéblﬂﬁéﬂt biéretn@ay !, or a

phar MBS eWeh Gl % AYEAR A 4%5@1:&& 165 @l e BhAMNG LN A e B?%ﬂra& fvention

al so pertains to /-su sancytli ne conp 91-B
consequences (e.g. gastromtestmal upset) due to its antlbacterlal activity.




NH2 (I11-B) wherein: 5R7 is substituted or unsubstituted C -Cs al kyl,
substituted or unsubstituted piperidinyl, substituted or unsubstituted
phenyl, swbsbiwmssd or unsubstituted heteroaryl, or subgtCirtusced/osr27
unsubstituted acyl; or a pharnaceutically acceptable salt, ester or prodrug
t hereof 10The invention also pertains to 9-substituted tetracycline
conpounds of Formula I11: wherein: 15R4 is am no or hydrogen; R7 is

am no or hydrogen; Acrdrdingly, it would be 49 antggesurys ideteldpetiboitutethstriagtiiteut ed

al kyl, SUQ§ﬁlb5dﬁH?ﬁﬁaﬂ{re %Hpéﬁt'ntehﬁ@qhaﬁﬁaﬁﬁ@ Gfifrlidéland BHPEE 'ahﬁga@erlﬁ tbvrgyI ‘Ut ed

unsubstltu ed g substituted or unsubstituted heteroary

or unsubsf PWYQHS%%W?““%FK¥QH§FPWHWEH unsubstituted imne; 20or a
pharmaceutically acceptable salt, ester or prodrug thereof The
inventipn al so pertains to 9-substituted 4-dedi met hyl am no m nocycline
conpounds of Fornyl a | V- WO 2010/ 033939PCT/ US2009/ 057727 wherein: NH2
(TV-A) RéﬂﬂgﬁgﬁggﬂLﬂﬂﬂ%ﬁﬁﬁr unsubstituted Cl1-05 al kyl, substituted or
unsubsti t ut ed t et r dfhedn@ptiorapeytains, s keastiin pare th Hsubstitated sdtiatyidiee cqiyenyds,
substit ut gdr@fmuysubstituted 5 heteroaryl, substituted or unsubstituted
acyl, or substituted or unsubstituted imne; or a pharnmaceutically
acceptable salt, ester or prodtrug thereof. Fhe invention also pertains to
9-substituted mnocycline congounds of Fornula IV-B: 10 wherein: NH2
(I'v-B) RO is sy } bstituted G -05 al kyl,
substituted or unsubstituteg 0 , Substituted or

unsubsti tuted phenyl, substi ,-Mheteroaryl, substituted
or unsubstituted acyl, or sub uubstltuted imne; or a
pharmaceutically acceptable satt, esterror ¢rodrug t{ereof. 15The invention
al so pgytains {Qerdin9-di substituted tetracycline conpounds of formula V:

NH2 (V)

R* is amino or hydrogen; and

R’ is substituted or unsubstituted alkyl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl, or
substituted or unsubstituted acyl;
15 or a pharmaceutically acceptable salt, ester or prodrug thereof.

The invention also pertains to 7-substituted 4-dedimethylamino sancycline
compounds of the formula II-A:

NH>

(II-A)
wherein:
20 R’ is substituted or unsubstituted C;-Cs alkyl, substituted or unsubstituted
piperidinyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl, or
substituted or unsubstituted acyl;

or a pharmaceutically acceptable salt, ester or prodrug thereof.

)



wherein: R4 is amno or hydrogen; 20R7 is substituted or unsubstituted
Cl-05 al kyl, substituted or unsubstituted heterocyclyl, substituted or
unsubst i twbediopl3sssyl , substituted or unsubstituted heteroamskoosssirst it ut ed
or unsubstituted acyl; and RO is substituted or
unsubstituted G -Cs al kyl, substituted or unsubstituted heterocyclyl,
substituted or unsubstituted phenyl, substituted or unsubstituted

het eroaryl, substi tTheeaveptionalguisstaing tot Bshibsiityled sacydnb s¢mpavnddofahe
unsubsti t wedidogne; or a pharmaceutically acceptable salt, ester or
prodrug thereof. The inventiom al so pertai Rgwt 0 10-substituted tetracycline
conpounds of formula VI: NH2|(VI) in: R4 is amno or hydrogen; 10R7
am no or hydrogen; and ‘ ogen, substituted or
unsubstituted Cl1-Cs al kyl, :ubstltuted het er ocycl yl ,
substituted or unsubstituted : s "6r unsubstituted
heteroaryl, substituted or ungubst|tuteg d@anyl or substltuted or
unsubstituted imne; or a phafiraceutic®i | y®acc&ptable sdlkB) ester or
prodrug ther eowh&&hhe i nvention also pertains to a nethod for treating

rheumatoi d arthritig 1n%]Jb@t}gtﬁféﬁlofaﬁﬁsubs?ﬂ%ré1%5%%}@%%&@&?&'uﬂ%b&t@tﬁeﬁe subj ect

a tetracycline conpou A II-B,
11, | V- APiperidipyl, spbstipptedpr ungphsgitused phg%rtut%lat ed gramsubgiifisd Beteroantb R i tis i s
treated kmMﬁm&deﬁbmﬂbﬂmmaimybe tetracycl i ne conpound does not exhi bit

anti bacterial activ t nvention provides
a nethod for treatf%é¥?ﬁ§%%§¥%¥§“£&¥ﬁgk¥§gcmﬁ}gﬁgdgagﬁg&otonprlS|ng

adm nistering to the subject a tetracycline conpound of Forrmula I: NH2 (1)
whereire 25R4 i S arfl'“haﬁn\@htidswaifoqgﬁﬁlihs ®substituted tetracycline dSfposndswipst i t ut ed or
unsubstit g substituted or unsubstituted heterocyclyl, substituted
or unsubstltuteé phenyl substituted or unsubstituted heteroaryl, or
substituted or unsubstit uted acyl; or a pharmaceutically acceptable salt,
ester or prodrug thereof; 5 guch that the gheumatoid arthritis is treated
in the subject. In another erfbodi ment, the|present invention provides a

met hod for treating rheumat ot ~a Sbj ect, conpri sing

10wher ei n: R7
substituted or unsubsti tXit ed pipeu' i

phenyl, substituted or unsubgfituled Rgterparyll bstituted or
unsubstituted acyl; or a pharnaceutically acceptablé galt, ester or prodrug
t hereof ; YBewiich that the rheumatoid arthritis is treated in the subj ect.

I n anotsher enbodi mRftis arhine ophgB&seh; i nventi on provides a nethod for treating
rheumat oi d arthrltuglégnﬁP%Eg%ﬁﬁ%nE%ﬁnprISIng adm nistering to the subject

a tetracycline conpgun
is substituted or unsubstituted alkyl, substituted or unsubstituted

Kubsti t uted or unsubstituted

heterocyclyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted acyl, or substituted or unsubstituted imine;
20 or a pharmaceutically acceptable salt, ester or prodrug thereof.

The invention also pertains to 9-substituted 4-dedimethylamino minocycline
compounds of Formula IV-A:



NH, (11-B) 20wherein: R7 is substituted or unsubstituted Cl-05
al kyl, substituted or unsubstituted piperidinyl, substituted or
unsubst i twbediopi3sssyl , substituted or unsubstituted heteroagskeososr727
substituted or unsubstituted acyl; or a pharmaceutically acceptable salt,
ester or prodrug thereof; 25 such that the rheumatoid arthritis is treated
in the subject. I n anot her enbodi nent, the present invention
provides a nethod for treatiyg.rheumatoid arthritis in a subject,

conprising admnistering to the subject a tetracycllne conpound of Formul a

L1l 5 wherein: R4 is hydrege R7"i s ami no or hydrogen; and R9
is substituted or unsubsti @m jli tuted or unsubstituted
het er ocycl yl , substitut ed )% ed_phenyt+: substituted or
10 subitltu ed gr u rubstituted acyl, or
\l'y acceptable salt,

unsubsti tuted heteroar y'T :
he; am a phar naceutig:

substituted or unsubstitutedxim (
ester or gvhgdrug thereof; such that the rheumatoid arthritis is treated in
the subj ect. I n anot her enbodi nent, the present invention
provi des a net hod fRoris substittiied gr wivebstiitial @ (égratllt}ﬂlshbmtutéd@c@mbbtﬁﬁfed

d of
conpr : Si :’l%tr%ﬁiﬂiré’[jy%n?r kﬁwn&l&dfohﬁnsﬁystﬂuﬁé’& plén§1?§u%§cﬁ\¥gé bilisatrfafibOUnd ©

unsubs t i t AF'8 ar\é\f’r S@ss{lg‘ﬁgﬁr unsggggtgtf:% b QT Yibstifuied puynsebstigied imineany dr opyr anyl |
substituted or unsuwbsphirmaeutipiiyaydeptablelasit, icbtei @rairugthengbst i t ut ed 20

heteroaryl, substi e &t eRfion A HRRA RS fét9eﬂ1b§lﬁl¥tgd mEH c?c%‘l't?xg t4h ounﬁi

unsubstlt ted i ﬁ or a pharmaceutica AWl e salt,
ester g %‘g) hereof; such that the rheunatoid arthrltls is treated in
t he subj ect. In another enfegdinent, the pgesent invention provides a

met hod for treating rheunmat
adm nistering to the subje e_cefpound of Formula IV-B: 5
wherein: NH2 (IV-B) ituted or unsubstituted Cl-05
al kyl, substituted or unstl ; i opyssanyl, substituted or
unsubstituted phenyl, Substijtute ut ed heteroaryl, substituted
or unsubstituted acyl, or sygpstig 1 st | “&‘ﬁg imne; or a
pharmaceutjcally acceptable salt, ester or prodrug 1 Peof; 10 such that
the rH8unbSF: arthritis is treated in the subj ect. In another enbodinent,
the present invent R8is fbaMiteles asupsiitied d, @ aIk"y?@&Bsﬂ&terdrb‘?HﬁE%Qit&e rehritis

in a subj @?&@d%ﬁ%ﬁ&l&u@&ﬁ%@@ ornllm%ltl‘t?s 1Jru?e% ptheny subs%ltutéde or unsubst(lat'lt.lt"eg' cycline

conmpound O
heteroaryl, substituted or unsubstituted acyl, or substituted or unsubstituted imine;

or a pharmaceutically acceptable salt, ester or prodrug thereof.

n a subject, conprising

Qi d arthrltls

15 The invention also pertains to 7,9-disubstituted tetracycline compounds of
formula V:
R? R*
OH
o O‘ ‘ NH;
OH 0 OH 0 0 W)
wherein:

R* is amino or hydrogen;
20 R is substituted or unsubstituted C1-Cs alkyl, substituted or unsubstituted

heterocyclyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted acyl; and



NH2 (V) 15wherein: R4 is am no or hydrogen; R7 is substituted
or unsubstituted Cl1-05 al kyl, substituted or unsubstituted heterocyclyl,
subst i t utwo 2010/03Bs8abst i t ut ed phenyl, substituted or unswebstustew@s727

het eroaryl, substituted or unsubstituted acyl; and 20R9 is substituted or
unsubstituted C1-05 al kyl, substituted or unsubstituted heterocyclyl,
substituted or unsubstltut ed phenyl, substituted or unsubstituted

het eroaryl, substi tRitiesubstituted euinsshbstnutt@rbla(cydlkyl Gubsithed ortuntwbatitoted

unsubstit EE@IQ,C NGt ﬁte %ﬂgﬁ@ﬁe‘d&%&@ll gb A Q}r%mu‘%stﬁﬁ’ﬂeﬁ het@:%%r?f or

prodrug thereo suc r|t|s is treated”I'n the

subj ect . FH‘PSHWEﬁdWéPn%‘HﬁE‘HFWt or fybetithied seyRsubsHsHIMER: pr ovi des a met hod for
treating rheunat oi cbrarphhlmabmmcalty aaceptibjesalt, eseOoAProE U He@ofyi nl stering to the
subj ects a tetracycl r : grein: R4 is
am no oSr hydr oa%gn T&%‘%%\?cﬁﬂﬁ%ﬁ)%%b ep%lrn g%elrtwugmx&tﬁﬁé?a&g@ncﬁ L% su stituted or
unsubst i t & 05 al kyl, substituted or 10 unsubstltuted heterocyclyl,
substituted or unsubstitut gd phenyl, substituted or unsubstituted

het eroaryl, substituted or unsubstltut ed acyl, or substituted or
unsubstituted i mne; or i *tept able salt, ester or
prodrug thereof; such thg arthritis is treated in the

subj ect. 15The invention acaut i cal conpositions

(e.g., of Formula I, I1-A 3 LV-B, V, V(IVIPr Table 2), and,
optionally, a phar rraceutl cally accept abl e carrier. The present
i nvention al soWperei}i des the use of a tetracycline conpound of the invention
(e.g., of Formula IR ispmimoorhydmogepy |, IV-A [V-B, V, VI or Table 2) in the
20 manyf acture of qgrmqh&ﬁqg,glto £0bnd he treatment of rheumatoid arthritis.
Detail ed Descriptio \‘C77ent| on The present invention provides, in
part, a nethod for R P‘Ié‘ hydregenyeyhstityfed oh uuswhstivitel!l Gr-Chalkyli sibgtiigd oSuch a

met hod ca [ orally
avai | abl eﬂrrlrgog&{ngg cgltlest‘gg#ycl?ﬁ éen%kltdé%ﬁrbggbgtﬁmgé\Eﬁe}nﬁﬁl Lgng{ﬁg{r%g %%);‘I?Sgtésmg Jream
ef f ects. heteroaryl, substttqud@r pn@b&mmted aoyb ot swﬂtltpedbaﬁmsbstiatted im@igt in part, to
nodi fied tetracycli The clin nds can be used
to treat rheumatoid PE%HB? uﬁcalgacc a%leasg oatﬁlyor 5%815 "ications for
m nocyldl i ne and tet”lttmcwehnmlmﬁmumm methgefoetredting ﬂu:uinamd drfheidkinrag
tet racycli ux .and nodul.at i of. e ressio term.

*Fet r acy ot cOmBBT TR Pr B s Wi S a S R R o o Frel e Migmng
struct ur e(d®, dfFormay & ITi-Aell-BEXa - A,SIVDB VeV @dyble |2meu¢1ﬁnmhmd5urha1@1tiude:
tetracycl |lir1|1lg 5 chl t[et racycl.j ne tet racycl i ne, denecl cI i ne,
met hacycl f ltlsésa‘i‘i??f hgne 9‘(9})“”(9 traéi FAIRCABRSARE ARES NOEPHENt der i vat i ves
and anal ogniacte@rpedvsiyng a sinlar four ri ng structure are al so included.

The term al so i ncl udes 4-dedi net hyl am no tetracycline conpounds. Table 1
depi ct® tetracycl i B oBHEMRAKBIE thgmisiwAt Nentige povidaea methed Ky ig@we Table 1 87

rheumatoid arthritis in a subject, comprising administering to the subject a tetracycline

compound of Formula I:

RY R*
OH
(L
OH 0 OH 0 o D
wherein:
25 R* is amino or hydrogen; and



N.t., o OH H3COHOH 111111401110 OOH Oxytetracycline N(Me2) OH CONH2 OH O

H3COH ..,.", 81l el | "9"....... 11111 ai OHOOH Tetracycline OH N(Me)2 CH 4
i 231 CONRROQo1/0339890H CH2OH i spi el s OH OCH Met hacycl i ne pTN32)09050k CONH2
CHOH....1**711110411111101 "No...... , o OHOO01-1 Doxycycli ne

R’ is substituted or unsubstituted alkyl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl, or
substituted or unsubstituted acyl;

or a pharmaceutically acceptable salt, ester or prodrug thereof;,

5 such that the rheumatoid arthritis is treated in the subject.

In another embodiment, the present invention provides a method for treating

rheumatoid arthritis in a subject, comprising administering to the subject a tetracycline

compound of Formula II-A:

10 wherein:

R’ is substituted or unsubstituted C;-Cs alkyl, substituted or unsubstituted
piperidinyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl, or
substituted or unsubstituted acyl;

or a pharmaceutically acceptable salt, ester or prodrug thereof;

15 such that the rheumatoid arthritis is treated in the subject.

In another embodiment, the present invention provides a method for treating

rheumatoid arthritis in a subject, comprising administering to the subject a tetracycline

compound of Formula II-B:

NH,

(II-B)
20 wherein:

R’ is substituted or unsubstituted C;-Cs alkyl, substituted or unsubstituted
piperidinyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl, or
substituted or unsubstituted acyl;

or a pharmaceutically acceptable salt, ester or prodrug thereof;

25  such that the rheumatoid arthritis is treated in the subject.

6



N(Me2) OH CONH2 OH 0 CIHOH 8 10S * SO OHOOH Denecl ocycl i ne N(Me2) OH CONH2
OHO NM)2 o 7 el OHOH M nocycline OH N(Me2) 1...i.0H 4t3l1- CONH2 0 CI
H3COH . . .wo0.20i0/0339581110111111 I "..?..,.. | o OHOOH Chl ecotusteoychky ne
N(Me2) OH CONH2 OH O ir: 7 1 Oe OHOOH Sancycline OH N(M2)

In another embodiment, the present invention provides a method for treating
rheumatoid arthritis in a subject, comprising administering to the subject a tetracycline

compound of Formula III:

5 wherein:

R* is amino or hydrogen;

R’ is amino or hydrogen; and

R’ is substituted or unsubstituted alkyl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl,

10  substituted or unsubstituted acyl, or substituted or unsubstituted imine;

or a pharmaceutically acceptable salt, ester or prodrug thereof;
such that the rheumatoid arthritis is treated in the subject.

In another embodiment, the present invention provides a method for treating
rheumatoid arthritis in a subject, comprising administering to the subject a tetracycline

15 compound of Formula [V-A:

N (CHa)z

OH 0 OH 0 0 (IV-A)
wherein:
R’ is substituted or unsubstituted C,-Cs alkyl, substituted or unsubstituted
tetrahydropyranyl, substituted or unsubstituted phenyl, substituted or unsubstituted
20 heteroaryl, substituted or unsubstituted acyl, or substituted or unsubstituted imine;
or a pharmaceutically acceptable salt, ester or prodrug thereof;

such that the rheumatoid arthritis is treated in the subject.



| i.0HCONH2 0 10 I.7-Substituted Tetracycline Conpounds The
term"7-substituted tetracycline conpounds” includes tetracycline conpounds
with a suwebtbtoutsssn at the 7-position. In one enbodi nenecTiUseom®obs? t uti on
at the 7-position enhances the ability of the tetracycline conpound to
performits intended function, e.g., to treat rheumatoid arthritis. In an
enbodi nment the 7-substjtuted tetracycline compound, 15 is 7 substituted
sancycline (i. %ﬁé?‘é‘ o eppodimen, ﬁ’éthF)??IﬁllﬁVﬁBtjon Arevidgs grethoddisadifent , t he
7-substit bl’ie@ﬁhafoﬁi dreneis lo @b ing Sdhimsdifiitd the 8ebjéet dediaBRlily | am no
sancycline (i wherein R4 is hydrogen). The invention pertains to

7- substltGPEH“PQPF%@VEﬁHﬁ%Bconpounds of Formula I: NH2 (1) wherein: R4 is
am no or hydrogen; and 5R7 is substituted or unsubstituted al kyl,
substituted or unsubstituted et erocyclyl YC%abstituted or unsubstituted
phenyl, substituted or unsubstituted hetefoaryl, or substituted or
unsubstituted acyl; or a p 335 nceptabl e salt, ester or prodrug
t hereof. 10l n an enbodi ne anlno group (e g.,

di net hyl am no) . RS orit? R7 is substituted or
unsubstituted heteroaryl. R7 is substituted or
unsubstituted phenyl. The phenyl °R7 dioup©or the haremaryl R7 group can be
substit teg»mnth any substituent which allows the tetracycline conpound to
perform i '$%Ht ended function. Exanpl es of substituents include, but are
n|0t< III.5 I |b mted to, Rl 1k?’dbst1taiekgﬂwsubshﬁit@l%ﬁe]msb Md[sﬁbﬂsﬂkutecfi%(rkﬂ&)bstltgted I

al kyl carbo 0X% rbony car bonyl ox al koxycar bonyl am no,

al koxycar %l‘%bY‘%&Wa“é{ ?‘FQﬁS&%}/‘@gPBBWL g@%&PﬂoWthl‘t@Xc’ra t¥sdony! |

al kyl am neae@ai0 Ribstitu@ddor ahdapbtit@sa 5@@@? aq)@e/thsed 8t mmnmamﬁ&r bonyl ,

al kyl car bonyl , "aryl carbonyl, am noal k yl al kyl car bonyl ,

al kenyl car bonyl , al%épeareMtsaly aseqpiab] les eﬁ‘é’b%[rm% thf’rﬁPIRyl t hi ocar bonyl ,
phOSphﬁieswﬁ&ﬁhh%hhmégmﬂﬁgﬂﬁh@Qﬁkﬁmd%@&é@ﬁi&%t0 cyano, amno, acyl anino,
am do, imno, sulfhydryl, alkylthio, sulfag arylthio, thiocarboxyl ate,

al kyl sul finyl, sul flaseqtber cabpdimenly the peasertt drvanicaprovides eanethogderdreativd do,

het er ocyc i ment, the
phenyl R7h%%@ﬁ%h§¥&?ﬁyh”%?é%%éagﬂnﬂgégégg%%%gggﬂ g€§ &%Qg%agﬁﬂggubstltuted
or unsubstempauad ofFdpula Exanpl es of substituents of the al kyl 25 include
het er ocycl es such as, norpholine, piperidine, and pyrrolidine. In another
further enbodi nent, the phenyl R7rgroup or the feteroaryl R7 group is
substituted with an am no group. The anmino group also may be further
substituted e.g., with an al kyl carbonyl al koxy or aryl
(e.g., substituted or unsubstit etc.) group. The
am no substituent may be subs{itute

of such substituents include, butoare qot ltm ted to, hakvgens (e.g.,
fluorine, chlorbﬁea brom ne, iodine, etc.), amno (e.g., which can in turn
be substituted™ R an al kyl, carbonyl, alkenyl, alkynyl, or aryl noiety),

and arylam no (e. g}ﬁ¢pﬁﬁmybaﬂgdmgkn The phenyl R7 group or the
het eroaryl R7 group.,,may_also be substitute al koxy groups. Exanples of
al koxy groups i ncl ﬁﬁés z‘l?ﬁﬂtu'ﬁﬁi ar ‘Hlﬁi‘bsflf“ltﬁdté %kyﬁ r?B'P%‘u‘BBE ordnpbisiiuted pr opoxy,

but oxy, pBét@ﬂoU}wlﬁ@bﬁ%&’d omglwadlmfewﬁéﬂwwbmmw hﬁdﬁﬁﬁlt&é&het&%&yl The phenyl
group or the heteroa%éﬂ@grou also be substituted with an am de group

such as aStbstityigaef Bos ?i%@lén an al koxycar bonyl anmi no group).
The hejeroaryl R7 qPQuibgfitiRd BRYnsRStifiast Léstatuaﬂii s@bstiASHRShidbsiedq bi aryl,

e.g., naphthyl, fluorenyl, etc. The blary group can be substituted mnth
any subst heterepclyhsubsituted o ungipsiituted pheswt, fSléhSﬁtWqus)r uRtubsitteied hajerearylon.

Exanpl es - gl itiRe bt bitERk Rl gt Qfs uBLti@l 5r kbl E@ahﬁﬂlet o, alkyl, alkenyl,

hal ogen, hydroxyl, oxy, car bonyl oxy, |'oxytar bonyl, carboxy,
aryl car bonyl oxy, alqm)p?@mamydlb(mpmtabblSklémytela(rrb’mﬂ}'lllgﬂk?reof

aryl oxycar bonyl oxy, carboxyl ate, al kyl carbonyl, al kyl am noacar bonyl ,
aryl al kyl am nocarbonyl, al kenyl am nocarbonyl, al kyl carbonyl, aryl carbonyl,
am noal kyl, arylallcyl carbonyl, 15 al kenyl carbonyl, al koxycarbonyl, silyl,
am nocar bonyl, al kyl t hi ocarbonyl, phosphate, aral kyl, phosphonato,
phosphi nat o, cyano, am no, acylam no, am do, imno, sulfhydryl, alkylthio,
sul fate, arylthio, thiocarboxylate, alkylsulfinyl, sulfonato, sulfanoyl,
sul fonam do, nitro, cyano, azido, heterocyclyl, alkylaryl, aryl and

heteroaryl. In an enbodinent, R7 is a heteroaryl group substltuted wth
am no or fornyl. 20Exanples of heteroaryl R7 noieties include, but are not
limted to, furanyl, imdazolyl, benzothiophenyl, benzofuranyl, quinolinyl,

iquuinolinyl pyr|d|nyl pyrazol yl , benzodloxazolyl benzoxazolyl

o I o Ly o o o o



30 substituted with any substituent or conbination of substituents which
all ows the conpound to performits intended function. Exanples of
substi t uenbd0ionebasde, but are not limted to, al kenyl, pralragesyobydr oxyl,
al koxy, al kyl carbonyl oxy, al kyl oxycar bonyl, carboxy, aryl carbonyl oxy,

al koxycar bonyl am no, al koxycar bonyl oxy, aryl oxycarbonyl oxy, carboxyl at e,

al kyl carbonyl ., al kyl am noacarbonyl , aryl al kyl am nocarbonyl, 35
aIkenylaan%&gFﬁﬁﬁéﬂWmﬁvi ﬁgﬁpﬁﬂ%?kﬁl% F@ﬁ%ﬁonyl, am noal kyl ,

aryl al kyl carbonyl , Ialaksthatletdbdignayd, the ptdsent ysantaydvides ialnydthodaor thagag bonyl ,
al kyl t hi ocar bony| , phosphate, aral|cyl, phosphonato, phosphi nato, cyano,
ami no, acYEHmRY arthRiyE 2 SuRierfoconyrisig pdmipister g g the ghbject g fetragyelipgyt e

aryl thi o, céhpasaobrontuater: al kyl sul finyl, sulfonato, sulfanoyl,

sul fonam do, nitro, cyano, azido, heterocyclyl, alkylaryl, aryl and
heteroaryl. In certain enbgdi nents, the al kyl group is substituted with an
am no, hydroxy, carboxy, carbonyl (e.g.,| substituted carbonyl),

het erocyclic or aryl groups pl-es 8t erocyclic or aryl groups

i ncl ude, for exanple, fuj . benzot hi ophenyl , benzof uranyl,
qui nol i nyl, isoquinoliny 2 NS benzoxazol yl , benzot hi azol yl ,
benzoi m dazol yl, net hyl enedi oxyphenyl , , thienyl, pyridinyl,
pyrazolyl, pyrimdyl, pyraginyls pugjnyls pygazolyl, o&qfolyl, i sooxazol yl,
napht hri di nyl, thiazolyl, isothiazolyl, and deazapurinyl” In a further
enbodi nent, thehaeiyl group is pyridinyl. 10l n another enbodinent, R7 is
substituted or unsq@ggét%t%thFterpcyclyI. The heterocyclyl R7 group can be
substituted with any SUBEP L 0éntEhi ch al | ow t he tetracycline conpound to
performits intende amimcdrihytrogxampl es of substituents include, but are

not limted to, alkwub, ,al kenyl 1a en dr oxyl OoXY,..
al kyl car bonyl oxy, kgflhéf%?g%{gf)‘g’ﬁ{}ﬁu{,eg% Wgﬁ%ﬂ%@%fb%ﬂvi ﬁ?ﬁ%%&q Hony! ami no,
al koxyiwar hesystoxyd he@d‘r&dy@%@ﬁlﬁsﬁﬁif@d'@Xlﬁsubitﬁut@@blﬁﬁﬂ?% E@Etﬁtute@'okﬁ’ﬂsﬁl?bsﬁb@éwl I,

al kenyl am nocar bonyl ,

al kyl am npacar bonyl ,. aryl al kyl . am nocar bonyl , . 10C

al kyl car bgﬁVP?rYEF%SEQFGG(%Ws,u};%{‘rtr‘i‘tiga)%ﬂy ﬁ;‘?{f ?‘I%étl‘tweng%SE‘ésF‘BW{n}ne;

al kenyl carbonyl, aldt@xyp&aabRaydlly asidpiable sAIficHOCA PRV therdbKy! t hi ocar bonyl ,
phosphate, arallcy], phosphonato, % Qs%hlnato, cyano, am no, acyl am no,

am do, i nt4¢8 thad theirhrpgiataid argyrigis is trratsd inthe suieSt arylt hi o, thi ocar boxyl at e,

al kyl sul finyl, sulfonato, sulfanmoyl, sulfonam do, nitro, 20 cyano, azido,
het erocycl yl, al kylaryl, aryl and heteroaryl. Exanpl es of
heterddycl yl R7 noildeiimsniioncliedecludss phamecentical bompasitiuns eomppigingehi di nyl ,

di 0Xﬁ' ?_nygffec'tigé Qﬁ&ﬁlt _ Itbfljel t@%ﬂlqyclﬁhérc%ﬁiﬁ{)l!nﬁ' dﬁWﬂedn\Q‘nﬁ&{ de%‘.,pharﬁl@ﬁ?ﬂﬂj H-Bl, |

nmor phol i nyl , pholin pi perazi nyl. an r ianyl. In one
erbod: mentih TV s TNEba ek 1o B SE sifiraty. BrrBarmarigans Sexerighis daser

embodi ment s, the hdiheposst inpentiRn afpopugyides tHR5is¢ eff a tatiyayclopycompoundrof greot her
enbodi Menfnvedtd@ (D181 6 REXGIY) 1D IES TASTVAASTASE YT f §FFabled) @@k her enbodi nent,
the h eroc¥ﬁg%l ngletles ar? @?rtlaiI¥ i sat urated, . I n"anot her enbodi nent,
R7 i s SubTErYiaews o6 MGHSpey fqr fiedtratispt of rhppmalold priiditisy r oup can be
substituted with any substituent which allow the tetracycline conmpound to
per for m i Hatailbd DREeRHtibh 0fthe MvenBEA P! €S of substituents include, but are
not |imi tTﬁ‘&W 0, al Ktk pre3tht AVENEDA providds G B, AMARQY the Rbdilem@irbonyl oxy,
aryl car bonyl oxy, al kox carbonyIOX£, aryl oxycar bonyl oxy, carboxyl ate,

al kyl car bésymatoigrajtheitly Fahy Suched wetrgd eantiemyde, butiid 196 Ganitodivy the

al kyl a3l npganREMIN of Bi.AY %ﬁiiﬁ%%ﬁﬁfa&?s’%llcal é@ﬁk&%@lﬁgg Wigtsoral koxyl,

phosphat e, phosphonat o, osphi nato, cyano, am no udi ng al kyl am no,
di al kyl antlgwnstreany efigeitsno, di aryl ami no, and al kyl aryl ami no), acyl ami no

(i ncludi ng al kyl car i . . r ] .car | and ureido),
am di no, i m no, suﬂ?&?é%%ﬂ?R§W¥§ﬁfﬁ%§+%g?%fFﬁ#gﬁkgﬁ¥%%%#§%§g¥gfe, sul f at es,
al kyl sul f ¢ampounds.| Theseaetmcydink tampatinds sanlbe as@intd teat riniutrawid arthritit buwelbnet hyl
cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic

noiety. In a further enbodinent, R7 is acetyl. The invention
al so pertains to 7-substituted 4-dedi mgthyl am no sancycline conpounds of
the formula Il-A R7 wher ei n: R7 is substituted or

unsubstituted G -05 al kyl, substituted or unsubstituted piperidinyl,
substituted or unsubstituted phenyl, substituted or unsubstituted

het eroaryl, or substituted or unsubstituted acyl; 10or a pharmaceutically
acceptable salt, ester or prodrug thereof The invention also pertains to
7-substituted sancycline conpounds of the formula I1-B: NH2 (I1-B)
wherein: 15R7 is substituted or unsubstituted Cl1-05 al kyl, substituted or
unsubsti tut ed



pi peridinyl, substituted or unsubstituted phenyl, substituted or
unsubstituted heteroaryl, or substituted or unsubstituted acyl; or a
phar macewvocealdossmecept abl e salt, ester or prodrug ther eofr/us2009/057727
The invention al so pertains to the 7-substituted tetracycline conpounds
shown 20 in Table 2, such as compounds B, C, D, L, N, AQ BA, BB and BC.
Al so incl ude har ceut.ical | accegtable salts ters and odrugs of
t he conpodhgfaet PRljcalionp for InTm%x'CII'qe WBCXCHB%@“WB in genpral ISB(IR‘Z"1

. 9- Subs blobk[hgtktﬁ@tchﬂ&e}fﬂhx AR RaNROiuA I8gend odfié@siogr m " 9- substi tut ed
tetracycline conpouﬂﬁs |nclud 'S tetrac%clln conpounds with a substitution
at the 9-position freqrppoupg Hingly PPP&PWBWNQQSWﬁ%aQHb%%ltlon
enhances tiigstakilré toytetedcy @lhl@ ERImmeYTidth ?&lﬁWnaQn&ﬁ‘dJ REmRyclige, | Nt ended
functian, MO 2010/033939PCT/U82009/057 to treat rhéumatoid
art hri £ schiprietaryding oy ieganycl "tehéﬂr@%oab%m?atrnﬁt@ml@@fsawehm%éowmﬁmnd is
9- substi t ghPdinbed@dé. "OhBYANANRS ﬂd%ﬁ%g&e‘s @@rnﬁl'lsn?ga &M@rrfgﬁrrh ?%trhéur@ydr ogen
and R7 is dlneth | ami no). In anot her emnbodi nent 9-substituted
t et racycl piselse dd Thesten algwslﬂlmslﬂr@qghmthﬁd@ym iteﬁrecs(qlm‘ecommhedSe iTablR4 andR7
are each gi I fves.t he 9-substituted
tetracycl?ﬁgﬁ%gﬁggﬁﬁna%gm59W%ﬁ§%?§aFed oxycyc¥|ne I n anot her enbodi nent,
the 9-substituted tetracycline conp%wﬂd is 9-substituted 4- dedlnethylanlno
doxycycline. The invention al so pertaPfid to 9-substituted tetracycline
conpounds ofwd@rmul 8™ | : 10 NH2 mherem-.wRA i 8

am no or hydrogén; R7 is

am no or | by , ang-RO 1S substitute #tuted al kyl,
substit uf & wu ituted 15 heter gtituted or unsubstituted
phenyl, sulist IJf g,Jor G¥substituted suls¥tituted or

unsubst i f ut%d acy', %r substituted or quSubst?“t u‘t ed imne; or a
phar macelt i cal byraept abl e salt, estler or @@y ug thereof I n an
enbodi nept, Réw1 & adh al kyl am no group (e. @, odl me&hyl am no). I n anot her
enbodi nmen RIS~ a~gh pet byl am no). I n another 20
enbodi nep ﬁ | n anot her

enmbodi mept ,[' RY i § odl subStituted or unsul eteewparyl group, In

anot her enmbodi ment, R9 is a substitutledsor sunsubst it ut ed phenyl group. The
het er oar yl R9”g*|‘°t5'l£r’p or the phenyl R9 group gan,be substituted with any
substi tu=ntc1 v»mom:n ad@wWs the tetracyciiag, corrpowm_t‘o—perf‘m‘m"r‘t‘S‘ i nt ended
function| _Bxam D de Jut_care not limted to,

al kyl, al ki n, hydroxyl, al | ciéar bonyl oxy,

al kyl oxyta arbonyl oxy, al Wi arewo, al koxycar bonyl oxy,
aryl oxycar l?tbnyal o>@3'/ ocar boxyl ate, al kyl car b@nyqH @l kyl am noacar bonyl ,
aryl al ky| am nggarhenyl, al kenyl am nacar bogyl,.. al kyI car bonyl aryl carbonyl ,

J yaline h
am noal kyT a picar bonyl, al Kenylcar Donyl nvgl Koxycar bonyl—si | yl,

am nocar pgs ) s@car bonyl , phqgsp Ky, phosphonat o]
phosphi na @ﬁ 1 no, acyl am no, ' nzﬂ) sul f hydryl, alkylthio,
sul fate, ini | sewr boxyl ate, 4l “egwd f onat o, sul1am)yl ,

sul f onam do’H v t r°0 °’cyano, azido, het er‘@’cy‘tl yaH, al kylaryl, aryl and
heteroaryl . S5l@.a.fuLt her enbodi ment,| the phenyl R9 group or the heteroaryl

R9 grggp S substi 17 dt' t} SUDSl[It Ted oy unsubstituted at Kyl Exanpl es
of su ti#m%%M@%@ﬁéﬁMcycles such as, norpholine,
pi peridine, and pyhetdrdi“Feubstitntaitetrdepelint gompemdenbduderettacydihe phenyl R9

group or &dhﬂoohﬁds%lﬂ?e[ éﬁ'bstl@ncﬁbra@ﬂﬁ TLgds RS Jn@ Teﬁgod’ﬂntﬂlﬁ ﬂi@ s@%t‘ﬂﬁorg:{t‘ﬂ;élo 1 e-rll-hle
y

am no ro r, substitute

al ky nyIg % té%%’ﬂ?%’es tﬁf’ Rlb‘[{?' EFhea’i?tfﬂcy“(l@e Qomp%uﬁgg{ ?C\FA%?{‘B éfs H}Ier\gﬁg{}!ﬂgtgqnt ut ed,
het er oar y¢-g., joteeatdheunsgteid prtpitisu o amfénebaglirhent, tha/Bsibistituted tetrmeyclibecaugoand t ut ed
with amy @U%Bétftﬁ%émian@chﬁ@@@' RALe PR QS d1§1@ﬁ’h§fa}nt1d6? NSk Cdhn R, 'tljie to

performi nctio su st 1 tuent ¢l'ude

hal ogens %éUbéptu%gq%@W%é‘e C%EO&P%?TP‘%F%WF%éd 16‘8&‘ m“&’tst?n‘}y"ﬁ%frﬁﬁo (e.g

whi ch canwherein®' is lydrogemst i t ut ed with an al kyl, carbonyl, al kenyl, aIkynyI,
or aryl nmoiety), and arylamino (e.g., 4o phenylanlno) The
phenyl RO group or the heteroaryl R9 group may al so be substituted with

al koxy groups. Exanpl es of al koxy groups include, but are not limted to,
nmet hoxy, ethoxy, propoxy, butoxy, perfluoromethoxy, perchloronethoxy,

met hyl enedi oxy, etc. The phenyl group or the heteroaryl group may al so be
substituted with an am de group such as a 20 carbamate noiety (e.g., an

al koxycar bonyl am no group). The heteroaryl R9 group al so nay be
substituted or unsubstituted biaryl, e.g., naphthyl, fluorenyl, etc. The
biaryl RO group can be substituted with any substituent which allowit to
perforn1|ts |ntended functlon Exanples of substituents include but are not

L 1
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phosphonat o, phosphi nato, cyano, am no, acylam no, am do, im no,

sul fhydryl, alkylthio, 30 sulfate, arylthio, thiocarboxyl ate,

al kyl sul fwoybio/ssdzbonat o, sul fanoyl, sul fonam do, nitropcTyspey/oszRdo,

het erocycl yl, alkylaryl, aryl and heteroaryl. In an enbodinent, RO is a
het eroaryl group substituted with amno or fornyl. Exanpl es
of heteroaryl R9 noieties include, but are not limted to, furanyl,

i m dazol yl , benzot hlfephemyibn pdyeins of T-sutatitpted teacyrdihe ogrhpoundsoxfiionaila hy| |
pyridinyl, pyrazolyl, benzodloxazolyl benzogxazol yl, benzot hi azol yl ,
benzoi m dazol yl , |ndonI thl.nyl pyrlnldyr, t hi of uranyl, oxadi azol yl,
pyrrolyl, pyrazinyl, purlnyl 3 i soxazolyl, 5

napht hri di nyl , thlazolyl i g gazapurinyl. In certain
enbodi nent, the heteroaryl A t i of uranyl, isoxazolyl,
pyrazolyl, pyridinyl, furanyl i . I diazolyl or pyrrolyl. In
anot her enbodlnent R9 IS subs titu ed ar unéubs% tuted al kyl. The al kyl
group can be a stralght or branched chal'n, e.g., metWyl, ethyl, i-propyl,
n- propyl, n- bu%@ﬁemlo butyl, t-butyl, pentyl hexyl. etc. The al kyl group

may al so conpri se qﬁng@gmo%rgwhogmcMﬁloalkyI (e.g., cyclopentyl,

cycl ohexyl, cycl opr RO group nay be

subst i eS:(Jt ed with anlgp gEl‘ﬁ’gtn?"FaQH?HSB]PS"%B%“WQH“&W%@ L BOSEHEAL s whi ch

al | ows t hbeternydylnuibstisutpd orf wiswhstitugediphereh delsbtifuimictr uosubstExtadpétasargf, or
substi t uegimiriuRaldeubitteds;not Iimted to, alkenyl, halogen, hydroxyl,

al koxy, al kyl carbonyl o al kyl ar car box 15 aryl car bonyl oxy,
alkoxycarbonylanlndy &ﬁﬁ' Fﬂgﬁéﬁw%§% LVF@&?H%? 6%9?@?9 car boxyl at e,
al kyl car bonyl , alkylanlnoacarbonyl aryl al kyl anlnocarbonyl

al kenyjgam nocar bonﬂh,an@ﬁbadlﬁ@rﬁtbl@ﬂxladlaﬂ{ YAnfiRd {:}H !ar% n%
aryl al kyl car bonyl , alkeg% r on ox b ani nocar bonyl ,

al kyl t hi ocar bonyl , T3pp OIHP RyPS“ %M%H&WB““HH%%%WP%X&&“ cyano,
am no, acyhaimr nmboxamentoR issubsttuteslulr hmuﬂxtynhted piekiyll tThe phen2DR Sgibdpadrehe

2—{“3’:: 22;% (Ijl%t@l'o%ﬁkb ﬁ(]& gérr]lg)e sabskdheul it gg]g/sg ftt%ﬁ%lﬁalﬂog:’g Itlfeelapc%g?h e

het er oar yFom‘?‘?’l‘né & l?eé ﬁéﬁ‘gﬁ’f]%tlont I]?éa‘BPlEWf S@P%‘E}’ﬁnﬁsé" SRUL PS8 with an
am no, 15hy tmazdg to, @lhylbaikgn,yl dalopanirydre:ey],glkoxg,ligldatboh@dx g alkiplorydayhonyl,

het er Ocychﬂyﬁ;aﬁfonﬁ@(}l a@cﬁ?}&gl%onyﬁ%ﬁﬁﬁgl Ao a]r%gﬁ)&g Ocd%[}ﬁ{))g@% j%)éﬂ/l groups

i ncl ude,

an
benzof ur aﬁ@fpoxy% ﬁbf‘?'lcﬁ{bPHY %lﬁ’éﬁi’i’lﬂ?ﬂcf‘ rzt?9‘lly %ﬁﬁ%‘cﬁ“ﬁ%@l"?ﬁ benzoxazol yl ,
benzot hi aalisknpllamibesartonyti alkglodriydnyl, iandakbonyl, arthineaiyyl, arphikiyBaibyhyl, pyr azol yI
pyrim dyl aleW’l@a?Bo‘ﬂyll alk@}chrBMﬁyl SHW Q{ﬁﬂlb&grbo 8% gﬁ(gftﬁﬂ)carﬁoﬁ 6}%%%11%4, ]?rlil}’kl}lher

napht ﬂy I sot'hi azol yl zapuri nyf . ,

enbodi P]Ff’é‘atgr @T @%’Eﬂﬁ‘b Y LORYRNG; %ijlﬁmmlona%‘fq%’t"f’i‘&*’ yery halkylthipg j s

substitutsdﬁMmamﬁbmb@kmmh@amu@e&@hmmmyuyﬂﬁnﬁheuﬂﬂn@@&ﬁﬁﬂ@mﬁ&yhnﬁ@ group can

be SUbSt'EﬁﬁQQE%btmmﬁaﬁz?&Q&?hﬁH hM@hﬁQo%k#om’the tetracycline conpound
unc

to perforn1|ts |ntﬁ n |on substituents include, but are
not linmted to, yp furtheg epbqdimeng € eg@}?nyl@&rwﬂrt ediectespayl R group is

al kyl car bs;rbyﬂitmc;} withlskiystiosedoaubaubytituted alkyl cEaaﬂnplayd)fwaystm&hthﬂeatldyDnyI am no,
al koxysar heput 9&¥m0}%ﬁe¥lsﬁ’8ﬁya§%&9wing per ﬂfebﬁ?ﬁﬁgﬁkﬁdm IEXL&(%r?grﬂ%

al kyl am noa ({bonyL g am noca

al kyl car bﬁlﬁg‘? Iy f ?:B}PGB |gr ﬁlffg'l W%‘Pkilﬂlut'?%ﬂt%ﬁﬁwth an aminb

al kenyl cagivopyThe abikogypopplbomyy be ﬁxrﬂhyﬂ spbmmmbezgr\bm}nw alkgl dwdntyh elke@ybonyl
phOSphat ecar%@l 'aMJox érd?fl%g glb@ﬁtﬁeedBP%PQﬁlﬂﬂédohet&MﬂPgh&% i) 5?(%%' am no,

am do, H&H sul fh Q¥ Xyl at e,

al kyl sul f LRg#ming a‘F'%S ténaf@ﬁ |S?‘§HB*§#| with gy é&ﬁ%ﬁmuﬁ@ or ﬁ?l’fl?laatm@yé Aepstityentylo

het er 3Oy civhich abdw jtitapgrformats yrteraiadl flhnetl@f dﬂlalylbles of such substituentEixelogd, 86t Of
het er ocyc)yl i+6t u u 0 yl,
d|oxo|any%¥“?ﬁ@%§§Bgf%?%jFQ9% ?§¥3P %ﬂ %lﬂgéggfgghg%c) @nﬂx§g§I%HEQ

nmor phol i nyl, 10 dithianyl, thlonDrphollnyI pi perazinyl and trithianyl. In
one enbodinent, t he heterocyclyl RO grgup is pi peridinyl. In another

enbodi ments, the heterocyclyl R9 group is tetrahydropyran. |In another
enbodi nent, the heterocyclyl noieties are saturated. In another enbodi nent,
the heterocyclyl noieties are partially unsaturated. |In another enbodi nent,
RO is substituted or unsubstituted acyl. The acyl RO 15 group can be
substituted with any substituent which allow the tetracycline conmpound to
performits intended function. Exanples of substituents include, but are
not limted to, alkyl, alkynyl, hal ogen, hydroxyl, allcylcarbonyl oxy,

aryl car bonyl oxy, al koxycarbonyl oxy, aryl oxycarbonyl oxy, carboxyl ate,

al kyl car bonyl , aryl carbonyl, al koxycarbonyl, am nocarbonyl,

I B D 1 ~ N



10R9 is substituted or unsubstituted Cl1-Cs al kyl, substituted or
unsubstituted tetrahydropyranyl, substituted or unsubstituted phenyl,
subst i t utwo 2010/038s8abst i t ut ed heteroaryl, substituted or pamasbewioseed acyl,
or substituted or unsubstituted imne; or a pharmaceutically acceptable
salt, ester or prodrug thereof. The invention also pertains to
9-substituted m nocycline conpounds of 15 Formula |IV-B: wherein: NH2
(1V-B) Reai i twulbs tsulistitued vath anraiiwlbsalibbwlmlke@ih Skymll.loy bryl swlest)) andt ed or
unsubsti t gt ih&te APresRRY substituted or unsubstituted phenyl
substituted or unsufstitu 20 het er oar substituted or_ upsu tuted
acyl, or substitut gﬁ“e(ﬂhe EEJSE)PPP{J & etFr‘?%/'PﬂaR @Pu%m%ﬁfm%‘lﬂft}t@%‘f h
accept abl elkeny groumss thanmples pff ablchxy graupeinelofle, but are not limited tof h&thony,@ﬂtoxy),n al so

pertains ﬁoﬂ)pb b9t0§j§‘l liyéltﬂubf&&q)ok tﬂe@ﬁ%%ﬁ%x%%ﬂﬂ@x%l&p% T )12?{@19'1 e such
as conpound Y, 7, AA

AB, AC ABIOURE! thﬁ\l‘i‘eterﬁc‘{ﬂ &'iqup ?:Qlay ASM’ ﬂ:%s“t}ktﬁd W)&R/ﬁ“ mldemupﬁléﬂ /A AS, AT, AU,
AV, AW Axarb@ate mgicBOe.g., an alkoxycarbonydhsimoigrmmpuded are phar rraceutl cally

acceptabl e salts, eﬁfe%ﬁercﬁﬂﬂR@ 43§ nf béﬁﬁ)sﬁtafz@@wa%bs%ut&% @g L,
bstituted tetracycline

IV-A |V-B P
Conpounds aﬁn‘yl fﬂ‘orenyls %l?‘?ﬁy ?g g« 0'(’}? %315‘5?§ 15}11153@561 “(la.’[ Y subsfrivgrt vddshhounds”
i ncl udds ebew dd¢ypérfons its mnpmlmh Gwctivnt Exembles df wbstiuentstindlinde brit aranok limited

9- posi ti ogs alk&ﬂaﬂl&@l AR, Weitbxy lteﬁl@)x? U d drbtnly BQ? ﬁcgrlcﬁgfcgr% [%a

9p05|t|onse ces hea lit tetr undt éerform
its intend&la H ?yoﬁ O@’C@r °n5f QXF’PQ%IEOXP’%W?)&/&%?WHW%? %o%% n an

enbodi mentarboxydate aHt—yhta@uinjdiallt}uarmdoetcenbomdyarylalﬂml anang@atbonylj S _
7,9-di subancbﬁmn%qo&%ﬁylcAlkynearbml %g@éa%yﬁamqmgﬁ r;,nﬁfkpfcm% 7, Substituted

tetrac cli - |su st]tut am nd sancycline. In
anot h %yﬁ ﬁ@islaﬁ‘f?é% pg’ﬁaxﬁarbow Sl ﬁmtnafaébonﬁ/é@&%*yeqar%yk%m agalkyl,
7, 9- di subsghasphrnatd, flosplonate egdrionaminbacalaminoeamidoiodhiopmrifhydiyh alkylthio,

7, 9- di subgfatdl Eﬁfﬂhlh%fo%&ﬁﬂﬂd?@ aﬁﬁﬁgl@iﬂﬂd sdifondto %ulfﬂh%’g %}fbﬁaﬂ{l&ﬂ nitro,

4ded|rrethlamno e I nyéntion_also rtalns
7, 9-di subg%inf’tﬂzgﬁ l?eé?rg‘&%ﬁ'ﬁzlaﬂﬂl? ﬁggeré??ry*orrml a V: NH2 (\/) 20wher ei n:

R4 is am no or hydrlogermbodiment, R7 is a hetBtdany$ grou s bstituteé oV ith ramirosat etnyl. ut ed
C1- 05 ml kyl , subst 'E}Jﬂlﬁl Qs BF ht¥sdrPstihiliRd nﬂﬁid@ﬁfﬁ?%@ hw limiBddRs tﬂnraH}t/ ed or

unsubsti t ut, stituted or, uns tergaryl, substl tut ed
or unsubst® Elztog"g e@ﬁfﬂﬂ“o oM IQWfP@n%lu%?qtf'ﬂ‘Mle sgauo ’ﬂi‘ﬁ% HH&”PXHRY%O]@!L 05
al kyl , substzbdiotazdlytbenmosazolyl, ithiofuehy h exaaliaaclyt; pydrolyls bdrgbthiamdleld or

unsubst i t H&ﬁgmﬁﬁ'ﬁebﬂ mc§>ws‘tﬁfeﬁﬁtﬁﬁjmﬁ(§yl éi i 'pBHﬁﬁ%yPa%@!i %Qg%lyl SUbSt ituted
or unsubstit ut or . su Sﬁl t.ut ed i tut ed

phar maceut® P%’iflzﬁ?]%l 5?3%’5’;5{‘13‘5 - &hiazolyl, isqthip oar“ SF%P‘H@Y{ HBP%‘EW“ e‘P'i’PdéfHentS
enbodi2fenthe herdasyl R dioap ksydxamilylo group (e.g., di methyl ani no)

I n anot her enbodi t it ryl. In
anot her enbodi %ﬁm%mﬁ eisrlﬁoc‘ﬁhll@&ult{e%%%tﬁ{ed glltﬂ%at§ %Jdtt&ety& &lﬁy 3?1 95@216 phenyl

R7 gr oupof'PRE aéff&%ﬁhwr bFé‘PC P ‘B‘étgléluff@f j irvreds wrpﬁy Iahrhulibsst i t uent
whi ch al | buigl, t-beyk pentelcheshi ee. Therdbylebupongyeitsoeopmpiides rimy epdedydaatigt i on.

Exanpl es gw%FéM%Qhémlgaﬁ Lordt Qoblf). SI'Kﬂea ﬁﬁdgﬁgg%mgwy' al kenyl,

hal oge dr ox yca
aryl c boﬂi}[ﬁs Wé I?BX?‘@&WBB‘HW %ﬁ’i’i‘lﬂ??tm&Pg%‘%%E pyllpws the's compound to
aryl oxycapd:rﬁmmhtsxx}tendedﬁbm(gn dlxempkeb bglsiud)artbamwhqluc& kqtla&rﬂomﬁmd:tadbpnyl

g; 3;: gla.:‘ gg&lkéﬁ)l rh‘aﬁ)g&pﬂg&%xyl 3411&%9%(19"& Engog?f @'ﬁgfoxgé ngﬁ 95%)
al koxycar ! Ong?’l%'la O’éﬁ??r 8’&3’&‘?'%‘891’)?1 OX&?aRtiﬂ“t’]I??‘b@é}fl%ﬁ?f Onyﬂﬂﬁ‘dsphat e,
aral kyl , d0bqpdybsp hikplbdonyhatisbdminedicarboyy,andalk gninitncadoytlam no, am do,

imno 355u£1§MthocaﬁJoK | $1iy1 r?cﬁlxofaﬁ'ﬁc%rb Iyérhﬂﬁbaglgyltg}%'lgﬁtgfc (;eréJl at eaZI do.

al kyl sul fi %/I 1 r‘i onam
het er ocyc'TﬂE}‘| ny céf Ya"i‘ g‘PXyc%f oL éHlﬁl Heingasbany), al YIFP‘%C3¥‘19P¥1h@P°5@WE?®EF@ bght, the
phenyl R7plgsphypatoy phokghitetd, eyamar yrhin&Acygiamin, amsido, imino, sulthydryl, alkylthio,

i2



substituted wth substituted or unsubstituted al kyl. Exanples of
substituents of the al kyl 15 include heterocycles such as, norpholine,

pi peri di e 2areb3pasor ol i di ne. |1 n anot her further enbodi nmeatrjustéveopirenyl R7
group or the heteroaryl R7 group is substituted with an am no group. The
am no group also may be further substituted e.g., with an al kyl, al kenyl,
al kynyl , carbonyl, al koxy or aryl (e.g., substituted or unsubstituted,

het er oar ykylfathenythio, iccarpogiae plkyFatinghiuifnstobstfamedulfmemile nifubst i t ut ed

wi th any @y@,@tézgdbeﬁgterggycg@rgm 1i &9 éﬁﬁhgtggg;yltuents 20 which allow it to
-

Do e, o e o ebRs b TR s WIS Sl MEbTE
whi ch can cirhoxy rarbiny] G subdigttesticavionil),duateedckslic, or et ponpd. Exaklenyf , al kynyl ,
or aryls nﬁkt@ﬁo)é}ohc%ﬂﬁbﬁér%ﬁ@%@&ﬂe for gxamp@eh?tﬁyﬂ mnﬂﬁ}ol%l-rgﬁ?lz&ﬂ% PidnyfR7 group or

t he heter stit d wt 5 al k roups
Exanpl es h{ §/%§ Erﬁ'ga %/%Binﬁ ﬁ:fo Y ebePFWf ?CSZOtﬁ’é%/ et hoxy,
pr opoxy, bmzomyldaqoefrl ﬁlhﬂhh)d@wémhmhynyl,ped@ﬁl thieoptepyratiay], pyeizblyl, eyredndgab;y etc.

The thHYBytgﬁlﬁﬂﬁp&fnyt B?ra?@&leﬁ%l}'xi 1@5}&9&y%hﬁlr§lﬁlyp%l§%ﬁﬁtlkéthﬁﬁﬂjylvﬁnhh an
am de gro oxycar bonyl am no

te noi an..al k
group). T eazﬁ%‘{”élygzsi[f‘f?lﬁ”%‘? Wnﬁcﬁiﬁ“%t stE %‘/Fﬁ&grﬁ‘g’ SHP4RYlut ed or unsubstit ut ed
biaryl10 e. g., 30 ndphudtidr,embbdiorat RI is sebstitutefhe ubsustithte®Rieterocyetyl.cEie be
substi t ut ﬁgeI\Uc§'J‘ylW§éro%HQ§ﬁ bd 48 8uleh aﬁ’}l duBWithdnt &vﬁwﬁ’@flév@fh@tét; dll'ﬂ& ended

function. Substitu s.in £ no I

al kenyl , ﬁ%ﬂ“% m{ﬂ’%k@ Imtenng‘ig’%tmnaliJ%’FBlﬁ? %%H@%t’&?i}ts 24 %{}f" l?ﬂ?‘i?é‘tot)o nyI
car boxy, lisnitpd tiaalhyingtlkmw hak{»gémhyctraxythcaﬂiwcamlkyﬂnart@hkloxyy elkyhapartanyl,

aryl oxycapRamoRyi¥xy ﬁ%%woa&lenmal yd @arrm%&y, Raggar bonyl

aryl al kyl ocar n carbo arbonyl arylcarbonyl,
am noa Fafg]%ffmtﬁﬁﬁv%@?@amﬁ‘ ‘%’F‘Raéﬁ’g’%%faﬁg%l}ﬂ’ anav%a&%%lr bonyl , silyl,
am nocar balkyrllylarmhkqaﬂtobybalhylbmhgdy,l aphosipingk, emxrmalhj/lkgryl,allﬁlcpﬂbos;phonat o,

phosphi naﬁmenﬁm& 1, @lﬁbﬂ@arb@l@f'ﬂ?f ngmo@em)cgfﬂl alk%ﬂ'ﬁ@oaﬂ%ﬁ BIY(Q, Ve, af%hég yl thio,
sul fate, @/Sp&hl 0, f hiqcar boxyl at ¢, oyl ,

al t) nyl ona
sul fonani 8 {0, PhQSRIYRRIO, C Odﬁ)mmﬂéi‘ceééﬂ?c?‘?‘l do; ‘5’1“!87?‘5 firyl &P‘yﬁhl&
het er oar ybulfate alalithlenﬂ)wdarhe)r}ﬂqte leyisslﬁaylhaﬂbnata,rsjalfargmdmlfsmﬂnsdw,mutoed with

am no f £emeY; AZldOEp&Qgpg gqujky 1&4rPBInY he®B0afRi €t es |ncI ude, but are not
limted to, furany

az enzat hi e zof ur anyl ,
qui nol i nyl, isoqui er"IaF‘ﬁlfls n}lﬁﬁ}?rf’ﬁ%mﬁ mBS?P%?z‘BﬁE‘F Q‘}t/}é‘ P ; Syl ,
benzoxazo loydrqhdlmylhzhmhlaa)zloin}dﬂazohdanzlopymzwhdm}/lyblpelﬁdmdfdlas)anyll momha%yaz ol yl,
pyrrolyl, gigsgh ydnombﬁ)h@f%h 115&’2[251{% ﬁhﬁl tnthlpa)ﬁgflazlh '3)(@1 em%dfﬂlé?x‘( lihe 1[&’&@@91‘&)"

oxazol yl, bsooxazo hi azol yl

deazapuri RyB™oUp i Q%%@Hﬁyﬂﬁgﬁﬁ@é?rm@mef‘ﬁet E‘itéP%YéZ y;% RPUBtoup is oxazol yl .
151 n &dot reemhwindyydinmdmanotikY eimbodimbrg} the hdterdcyatyl unstibsire tsajﬂretédalriqnbther‘l’ he

T, el i e s L
group may al so congP P%‘&Heé em%ﬂgmeé Is's bs&‘é’éqdc?éP Sttt‘étefgacyl CVE’I a5pht yI |

cycl ohexykroup yai lpubpipted with ar»cdubﬂmteylt WwhicH hidovathk ydtraéytlige aungpommd/tobe

substi t ut gehrontift n?tQNdeé 'ﬁgl%ﬁbﬂ Lﬁ%&?nr%férs oF ARG i ga?&f bﬁ%péﬁdt ilhll?t@(ﬁ ﬁ)es M?h

al | ows the co S Inten i on. 0

subst i Yue Ak qﬁef%&%%%raﬁﬂ ?ﬁgyl?f’élﬁonp’foﬁ'?’ ’taéﬂcatrbony!ﬂxk ycaﬁ‘%ﬂ“ﬁ’@é}‘r hydr oxyl ,
al koxy, ahiyldxgeartpomiokpcarboaylkty] aixyiaerdnpinydylcabanioatoxyearydnyhr bonyl oxy,

al koxycar Qﬂﬂ%bﬁ%d}?al@iaﬂf?ﬁﬁéﬁ@B rBﬁlQ%Xmm@éa)ﬂk%Vﬁl@ﬁﬂﬁ@éﬁt%% alk@fjpoxyl at e,

al kyl car bo aim no car hon am hocar
al kenyl anp%e%ﬁt%aﬁéf’ ongfx P CEHIF‘B*H anoa%/'v1neéﬂ¥1616 Aipg al éilrﬁ“HB%tldP&ufylammo
aryl al ky| exytaoomy Id;arﬂﬁnmb,leadyll@mr}bmmb), a@llakmmyOmﬂlhhmg/dlkyl&lrlbqnbrlammo
ani nocgf b%Ydarbo%lMlnBma%ﬁffoppeﬂﬁﬂlurel %BBBEQmHﬁ)r all ¥hl¥l Q?ﬁﬁlgbo#ﬁ{ 9
ul al’kyl t hi o,

phosphi nat.Q m ng

sul f at e, ?ﬂa’i%ﬁ?‘gateﬂ‘ilpﬁt&%ﬁwﬁz}ﬁf&i’lesu %M@’I Sglf‘l“??yr]rysfﬂfo@mlql%ﬁﬁlt% sul f anoyl ,

sul fonam do, nitro, cyano, azido, heterocyclyl, alkylaryl, aryl and

het er oaryl . I n certainjenbodi nents, the aI kyl group is
substituted with an am no, hydroxy, 30 car boxy, carbonyl (e.g., substituted
carbonyl), heterocyclic or aryl groups. Exanples of heterocyclic or aryl

groups include, for exanple, furanyl, imdazolyl, benzothiophenyl,

benzof uranyl, quinolinyl, isoquinolinyl, benzodi oxazolyl, benzoxazolyl,
benzot hi azol yl , benzoi m dazol yl, mnet hyl enedi oxyphenyl, indolyl, thienyl,
pyridinyl, pyrazolyl, pyrimdyl, pyrazinyl, purinyl, pyrazolyl, oxazolyl,

i sooxazol yl, naphthridinyl, thiazolyl, isothiazolyl, and deazapurinyl. In a
further enbodiment, the aryl group is pyridinyl. I n anot her

enbodi ment, R7 |s substltut ed or unsubstltut ed het erocycIyI The

—— - I L I B



5 but are not limted to, alkyl, alkenyl, hal ogen, hydroxyl, al koxy,

al kyl car bonyl oxy, al kyl oxycarbonyl, aryl carbonyl oxy, al koxycarbonyl am no,
al koxycarwonylomsygzoar yl oxycar bonyl oxy, carboxyl ate, al kylccasbaapsi727

al kyl am noacar bonyl, aryl al kyl am nocar bonyl, al kenyl am nocar bonyl ,

al kyl carbonyl , aryl carbonyl, am noal kyl, aryl al kyl carbonyl

al kenyl carbonyl, al koxycarbonyl, silyl, am nocarbonyl, alkylthiocarbonyl,

10 phosph mfbl,orcam@lm{,Wyanq;) hoidp hdnmt:mlylpdlkb&iquhl nedncroratEne hetarvaroatiacy| am no,

am do, irqmﬁaysmlﬁﬁmﬂgg&bmﬁhgmlﬁhkgu: ulfate, arylthio, thiocarboxylate,

al kyl sul finyl’, sulfgnato, .sulf ona ano, ..azi do,

het erocycl yl, al kyl yilven%\?lwso HX‘H?J{OJU ﬁéfft)‘ﬂ‘tedgﬁle%i &‘P’%ﬁ’é‘? BABSHRSent . the
phenyl Rgcgnpumd@mﬁhmﬁthMék@aryI RO group is substituted with subst it ut ed
or unsubstituted al kyl. Exanplfes of substituents of the al kyl 15 include
het er ocycl es such as, norpholi , aind pyrrolidine. In another
further embodi nent, the pheryy e heteroaryl R9 group is

. oupNaIso may be further
substituted e.g., with an al ky yT: 8 |, carbonyl, al koxy or aryl
(e.g., ssubstituted or unsubstig ut e { I, phenyl Ac ) group. The
am no sub stltuent may be substituted with any substltuent or conbi nati on
of substituent¥h¥®Nivhich allow it to performits intended function.

Exanpl es of such subsis kubstitntes of ishbstiandial oCeilisy],(sabwituted druasibsgmted hl or i ne,
brom ne, i ted with
an al kyl, @ ﬂonyﬁ%&m}wd %HQQDSF@ ypih eﬁMl]rsgd)z;sruy rrdtglrEl 3§u§§tﬂu§8§ ar yr&!”;ltr?’lpno (e.q.
phenylarriﬂ'&bstltu o priahsitutgbacykoup or the heteroaryl RO group may al so be
substitouted with 25nabkmnyw@mmmpewmﬁmmmnbESmmfmﬁﬁ&ﬂmymgkoﬂps i ncl ude, but
are not limted to, t hoxy,
perchloronethox &%%ﬁ@Fgﬁ%HﬂﬁwﬁﬂéXSKPfgﬁ enyFﬁé%%ﬂ%%%Ph#Hﬁ%ﬁ?teroaryl
group nay‘ﬁm§ %@ substituted with an a dg/group such as a carbamate
noiety (e.g., an al koxycarbony am no grgkb The heteroaryl R9 group al so
may be substituted or unsubstijtuted biaryl] e.g,, 30 naphthyl, fluorenyl,
etc. The biaryl RO group ca wi 't h any substituent which
allowit to performits intg »anpkﬁs of substituents include
but are not limted to, alkyls K@ , iydr oxyl, al koxy,

al kyl carbonyl oxy, al kyl oxycarBonyll, ca b_ aryl carbo Xy

al koxycar bonyl am no, aIkoxycarBonjﬁoxy aryloxycarbonylgﬁf% carboxylate
al kyl car bonyl , Whﬁwyianlnoacarbonyl aryl al kyl am nocar bonyl ,

al kenylsani nocar bonyR’,is albkt}tuf@apbmybsrltuaﬂdﬂ1e(ésrdliqﬂ13substlamdmalhk5blst;tuted

aryl al kyl rbonyl ,
aIkylthioﬁg&gﬂﬁé1ﬁmaté%g%hﬁg@ggﬁgdfhghkgﬁ%ﬁ gﬁg%ggmﬁnu%dhaﬁna E%? cyano,
am no, acydbatituted or emsubditutedidcl, sul f hydryl, aIkyIthlo sulfate aryl t hio,
t hi ocar boxyl at e, aIIc§hsu fin sul fonam do, nitro,

cyano, azido, heterdé mlaceué%’{akg}/laﬁ?eﬁga%{%af?&lleﬁ%?{pﬁ%&%ﬁ% . In an
enbodi rrent RO i s arheetventidraldo pgriaiiptoshBbubistifurd tettatyrliastdmpoands showy | .

Fur anyl0. F0H4HA GARhe Fom B Ricdbihe Ry 1O Bl BB By~ qui nol  nyl .

ibS oqui RO| [ nly |, pyr I/db@b‘lblud@b’d’r@ﬁl&'rtﬁﬁoeut?ﬁﬂ? @d}lbﬁt)ﬂﬂé @e{éﬁé | estelhﬁilﬁa PXRIAYSs l&Sf '?he
enzot |azo oi m i of ur any xadi azol yl, pyrroly
i ndol yI, éﬁ‘{}fl erullﬁe é‘ly]?&‘%r’ili‘?‘fe shoip fnnjgﬂ% € hyrazol yl, oxazolyl,

isooxazolyl naphthrldlnyl thlazolyl i sot hi azolyl, and deazapurinyl. I'n
certain enbodinents the heteroaryl R9 group is oxazolyl, t hi of ur anyl ,
i soxazol y&; nds15 t hi azolyl, oxadiazolyl or

pyrroll . In anot helfhe%mlo@'—sﬁ?ﬂﬁuteﬁ%tré@cl%%ﬁb&dﬂd@dm&ﬁdéé@@ti&@?@li‘n& uted al kyl.
The al kyl group can be a stralgtt or branched chain, e.g., nmethyl, ethyl,

i - propyl , compaRuBgyVith #subgityion & heyi-positiopunqne epbadipient, thegylstitupe at tihe al ky|
group May 9k §BorF HIRAIeS fhe Abiliy\F: theeceﬁacy lﬂle%){ﬁg&ﬂildifé(t)erfo%ngts intEed %@mny X

cycl ohexyl, cycl opropyl, or “cycl ob utyf group may be 20
substltuted wi th any substltuent or cojfpi nation of substituents which

all ows the conpound to performits intended function. Exanples of
substituents include, but are not Iimted to, al kenyl, hal ogen, hydroxyl,
al koxy, al kyl carbonyl oxy, al kyl oxycar bonyl, carboxy, aryl carbonyl oxy,

al koxycar bonyl am no, al koxycar bonyl oxy, aryl oxycar bonyl oxy, carboxyl at e,
al kyl car bonyl , al kyl am noacar bonyl, aryl al kyl am nocarbonyl, 25

al kenyl am nocar bonyl, al kyl carbonyl, aryl carbonyl, am noal kyl,

aryl al kyl carbonyl, al kenyl carbonyl, al koxycarbonyl, silyl, am nocarbonyl,
al kyl t hi ocar bonyl, phosphate, aral kyl, phosphonato, phosphinato, cyano,
anino acylanlno anido, i mno, sulfhydryl aIkyIthio sulfate arylthio,

o, o S - . o o o .



am nocar bonyl , al kyl am nocar bonyl, dial kyl am nocar bonyl, al kyl t hi ocarbonyl,
al koxyl, phosphate, phosphonato, phosphinato, cyano, am no (including alkyl
am no, dlwbkzyimm aryl am no, diarylam no, and al kyl arglrarseeve)s77azyl am no
(i ncluding al kyl carbonyl am no, 30 aryl carbonyl am no, carbanoyl and ureido),
am dino, imno, sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates,

al kyl sul finyl, sulfonataq, suI fanoyl, sulfonamdo, nitro, trifluoronethyl,

cyano, azid®; foyieaiehepmALig prihrigjs) @W“afi*’%h‘)dméﬂm Al Lrubpiinted tegpcyshinagomonn ht i ¢
noi ety. | nisashibbiibier4-ashBRino nfffod §11rf%((?é y&herélﬁ'Raﬂ%%m%%eng{l;m%d nt, R9is
substituted or unsubstituted imne. The imne rou e stbstit ut ed
with any stimsthyleming. Inpnetherambodiment thedt-subetituted etracyshimeoonpotal i5 9per f orm i t s
i ntended f e t limted
to, al k%‘/l éﬁgﬁﬁﬁt%mlﬁwé g% Whe rox a:n&R F’te%fléchgcﬁ% g‘Fm%S Ifg% y ﬂgegr bonyl oxy,

al koxycar Fitm@ylt ﬂm%rffllbxt}t@tﬁd tﬁ@nglyICbmonmambblesabsatutal doxyyatitoriy|

aryl carbo tg]%rg/ al k r bonyl ,
di al kyl amrb)régt(}:lglaﬁlbony yl % ftgcﬂzaggg%% ?Ré/(% Ou (%S@ Qg‘ﬁg (PP phosphonato
phosphi nat@dlﬂmﬁafmmcadwxyoyc(lmmcl udi ng al kyl am no d| al kyI ani no, 10

| am di | Kk |, am . | ydi
:Ir Ky?(r:napgony: :%yngmrger?/]lv%lgg gfso?garﬁl‘ﬁé?mé%%hglﬁg&%mg%agf o HS m d| no,

i m no, sulHonydeayll; al kylthio, arylthio, thiocarboxylate, suI f at es,
al kyl sul fi nyl, sulfonato, sulfanmoyl, sulfonam do, nitro, trifluoromnethyl,
cyano, azido, heterocyclyl, arkylaryl, or an aromatic or heteroaromatic
noi ety. 15In one enbodi ment, R9 is not uns bstltut ed phenyl when R7 is
unsubsti tuted phenyl. Al S led°"ar e pharmaceutically
acceptable salts, esters a 0 0 conpounds of fornulae V. 20
| V. 10- Substituted Tet rac%/g N | noanot her enbodi nent,
the 10-substituted tetracyclije . substituted m nocycline
derivatove. In one enbodi nentgs the substitygti ongat t 10- positi on enhances
the ability of the tetracycline conpound to performit’s intended function,
e.g., to J9efsiBat rheumatoid arthritis. In another enbodinent, the
10-substituted tetrreyehifcraamg4d is a 10-substituted 4- dedi net hyl am no
m nocycline derivatiye. |n another enbodi nent, the 10-substituted
tetracycline conpouRdispming ordydragess andut ed sancycline derivative. In anot her
enbodi ment, the 10-gURSidstitdt gq)rh%gmg(g%%ﬁ &Bﬁﬂ&%&'{&dﬁu Ahfysubstituted 4-
dedi net hyl am no sancycline derivative I'nvent i on a SO pertains to
10- subkt i thateengyeleh substituted neunsorstiusddbenl, siibstitiédsor VinsubstitutetiiBetéhiyl, wher ei n:
R4 is am 5Iotc i s hydrogen,
substi t ut ggbngUthynogElg%f%lg}%tﬂﬁ%%@fp%‘gggﬁu{%% Qr%ﬁgm{u FUt®> or unsubsti t ut ed
het er ocycl yl , substci>ltalnhemrla@cutigaiis}wt¢s¢1ita:bdetsaﬂ pteeoyprodragitheteof. ut ed or
unsubstituted heter ubst d or_unsubstituted acyl, or substituted
or unsubstituted |mﬁ%é)élng?(%r§wn lﬁﬁcéﬂi I%IEP??(’B%? CE‘B‘F%Y%QI‘“[O? Bster or
pr odrug t Iaecpth@“fembodlment R’ 1sad1a1k)llaim1aa geib Gl ndimkthy Birod. B ddbfkeky! am no group
e.g. i ) N 10 enbodi nent, R7 is a dial kylam no group
(e g. mgl ret ntfﬁ %ndl* q@'ﬁﬁ%?ﬁ ment, R4 and R7 are each

di nmet hyl anm no. | n Ollﬂanﬁmhfbdibﬂ&lﬂient RF 1s|aSsubé,(ﬂftétg&ﬁmsubstltuted heteroaryl Brogpiot her
enbodi nmen ubst fute lg}éor eHnSUbSE;I tuted heteroar group
S & gyt

RI
anot her eﬁ% l}?éﬁ’flgo iRy B Bnsypstified phepylieraued ﬁhﬁ;ﬁpaqu%%p The

het er oar ylgrohp oRihe @hetyPROBrolip CanfHR & TskitfRd VIEIOAHY sGEARE: WwiMBSAlidkMiird Wi th any
substituent which allo the tetracycline conpound to performits intended

funct i on. "$ERGYRYPecomyrouad ipdrerforre H Wicnded fypsionp fixamzples afsebstitugits iglude,  al kyl |
al kenyls Bad 2986t lintied (Q MY 1, alﬁérﬁ@%logéﬂ K?&rgf}rl ba%\k& %%lca%dﬁyfo%(yc ar bonyl ,

aryl car bonyl oxy, Ikoxycarbon ani no, koxXycar bonyl‘oxy

ar yl oxycapbsleFy Wnyle@wbesbg?nﬁw; al&owarbwbmw, all@xmrtwnvlnwac ar bonyl ,

aryl al | cyhyy I onyl ,

aryl carbo nyi?cg( gan?}angg?\ﬁ %@kylat?a#i@n%lr% ?1589{6 (!arbo M{]JB/ ﬁ

al koxycar Beprarbenyl, wken:dwme@ealpmﬁylkylcmbkwl,tamlmmb apinoalihbs phat e,

ar al kyl, phosphonat o, phosphi nato, cyapo, am no, acylam no, am do, im no,
sulfhydryl, al kylthio, sulfate, arylthi©o, thiocarboxyl ate, alkylsulfinyl,
sul fonat o, sul fanoyl, sulfonam do, nitro, cyano, azido, heterocyclyl,

al kylaryl, aryl and heteroaryl. 25In a further enbodi nent, the phenyl R10
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unsubstituted al kyl. Exanpl es of substituents of the al kyl include

het erocycl es such as, norpholine, piperidine, and pyrrolidine. In another
further enbodi ment, the phenyl R10 group or the heteroaryl RLO group is
substituted with an amino group. The am no group also rmay be further
Substituted e.g., with an al kyl, aIkenyI al kynyl, carbonyl, al koxy or aryl
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Table 2 Structure Conpound ID Structure Conpound ID H30 " CH3H,C, N.. CH3
F-1F-170H *Seel .2 1111004 OCHO A C' C HH OH H 400- 40* N N OHOOH OO0 AC
r-0 0 OH3Eo 2bho/@34d9 HH , OH 011111111110.2 OH 00 B H3C' pCTH320d8@57794000400
OH N ?NH2 CH, OH OH 0 AD OCH3H3C, N, CH3 HH _ OH 10104110.N H2 CHOOFP 0 C
HH O H 4000. ,

Examples of heteroaryl R’ moieties include, but are not limited to, furanyl,
imidazolyl, benzothiophenyl, benzofuranyl, quinolinyl, isoquinolinyl, pyridinyl, pyrazolyl,
benzodioxazolyl, benzoxazolyl, benzothiazolyl, benzoimidazolyl, indolyl, thienyl, pyrimidyl,
thiofuranyl, oxadiazolyl, pyrrolyl, pyrazinyl, purinyl, pyrazolyl, oxazolyl, isoxazolyl,

5 naphthridinyl, thiazolyl, isothiazolyl, and deazapurinyl. In certain embodiment, the
heteroaryl R? group is oxazolyl, thiofuranyl, isoxazolyl, pyrazolyl, pyridinyl, furanyl,
thiazolyl, oxadiazolyl or pyrrolyl.

In another embodiment, R’ is substituted or unsubstituted alkyl. The alkyl
group can be a straight or branched chain, e.g., methyl, ethyl, i-propyl, n-propyl, n-butyl, i-

10 butyl, t-butyl, pentyl, hexyl. etc. The alkyl group may also comprise a ring, e.g., a cycloalkyl
(e.g., cyclopentyl, cyclohexyl, cyclopropyl, or cyclobutyl). The alkyl R’ group may be
substituted with any substituent or combination of substituents which allows the compound to
perform its intended function. Examples of substituents include, but are not limited to,
alkenyl, halogen, hydroxyl, alkoxy, alkylcarbonyloxy, alkyloxycarbonyl, carboxy,

15 arylcarbonyloxy, alkoxycarbonylamino, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, alkylaminoacarbonyl, arylalkyl aminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, aminoalkyl, arylalkylcarbonyl,
alkenylcarbonyl, alkoxycarbonyl, silyl, aminocarbonyl, alkylthiocarbonyl, phosphate, aralkyl,
phosphonato, phosphinato, cyano, amino, acylamino, amido, imino, sulfhydryl, alkylthio,

20  sulfate, arylthio, thiocarboxylate, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
cyano, azido, heterocyclyl, alkylaryl, aryl and heteroaryl.

In certain embodiments, the alkyl group is substituted with an amino, hydroxy,
carboxy, carbonyl (e.g., substituted carbonyl), heterocyclic or aryl groups. Examples of
heterocyclic or aryl groups include, for example, furanyl, imidazolyl, benzothiophenyl,

25  benzofuranyl, quinolinyl, isoquinolinyl, benzodioxazolyl, benzoxazolyl, benzothiazolyl,
benzoimidazolyl, indolyl, thienyl, pyridinyl, pyrazolyl, pyrimidyl, pyrazinyl, purinyl,
pyrazolyl, oxazolyl, isooxazolyl, naphthridinyl, thiazolyl, isothiazolyl, and deazapurinyl. In a
further embodiment, the aryl group is pyridinyl.

In another embodiment, R® is substituted or unsubstituted heterocyclyl. The

30  heterocyclyl R’ group can be substituted with any substituent which allow the tetracycline
compound to perform its intended function. Examples of substituents include, but are not

limited to, alkyl, alkenyl, halogen, hydroxyl, alkoxy, alkylcarbonyloxy, alkyloxycarbonyl,
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arylcarbonyloxy, alkoxycarbonylamino, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, alkylaminoacarbonyl, arylalkyl aminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, aminoalkyl, arylalkylcarbonyl,
alkenylcarbonyl, alkoxycarbonyl, silyl, aminocarbonyl, alkylthiocarbonyl, phosphate, aralkyl,
phosphonato, phosphinato, cyano, amino, acylamino, amido, imino, sulthydryl, alkylthio,
sulfate, arylthio, thiocarboxylate, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
cyano, azido, heterocyclyl, alkylaryl, aryl and heteroaryl.

Examples of heterocyclyl R® moieties include, but are not limited to,
pyrrolidinyl, dioxolanyl, imidazolidinyl, pyrazolidinyl, piperidinyl, dioxanyl, morpholinyl,
dithianyl, thiomorpholinyl, piperazinyl and trithianyl. In one embodiment, the heterocycly!l
R’ group is piperidinyl. In another embodiments, the heterocyclyl R® group is
tetrahydropyran. In another embodiment, the heterocyclyl moieties are saturated. In another
embodiment, the heterocyclyl moieties are partially unsaturated.

In another embodiment, R’ is substituted or unsubstituted acyl. The acyl R’
group can be substituted with any substituent which allow the tetracycline compound to
perform its intended function. Examples of substituents include, but are not limited to, alkyl,
alkynyl, halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl,
phosphate, phosphonato, phosphinato, cyano, amino (including alkyl amino, dialkylamino,
arylamino, diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,
arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulthydryl, alkylthio, arylthio,
thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
moiety. In a further embodiment, R’ is acetyl.

In another embodiment, R’ is substituted or unsubstituted imine. The imine R’
group can be substituted with any substituent which allow the tetracycline compound to
perform its intended function. Examples of substituents include, but are not limited to, alkyl,
alkynyl, halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl,

phosphate, phosphonato, phosphinato, cyano, amino (including alkyl amino, dialkylamino,

18
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OH OOHOHOO G H3C. N, CH, HH OH 11 0.0. NH, O0CH OOFF) 0 AT FI,C'" CH3H3C,
N, CH3 H=--OHd NH3 OH OOFP 0 H H3C'" CH3 HH --OH S See* NH2 \ | OH OOE100 AJ
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arylamino, diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,

arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulthydryl, alkylthio, arylthio,

thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,

trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic

5 moiety.
The invention also pertains to 9-substituted 4-dedimethylamino minocycline

compounds of Formula [V-A:

N (CHg),
OH
" Q‘ ‘ NH,
OH [¢] OH 0o ] (IV- A)
wherein:
10 R’ is substituted or unsubstituted C;-Cs alkyl, substituted or unsubstituted

tetrahydropyranyl, substituted or unsubstituted phenyl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted acyl, or substituted or unsubstituted imine;
or a pharmaceutically acceptable salt, ester or prodrug thereof.

The invention also pertains to 9-substituted minocycline compounds of
15 FormulaIV-B:

N (CHg), N (CHa)z
OH
O“‘ NH,
R® X
OH o OH o o] (IV-B)

wherein:
R’ is substituted or unsubstituted C,-Cs alkyl, substituted or unsubstituted
tetrahydropyranyl, substituted or unsubstituted phenyl, substituted or unsubstituted
20 heteroaryl, substituted or unsubstituted acyl, or substituted or unsubstituted imine;
or a pharmaceutically acceptable salt, ester or prodrug thereof.
The invention also pertains to the 9-substituted tetracycline compounds shown

in Table 2, such as compounds A, E, G, H, L , K, M, O,P,R, S, T, U, V, W, X, Y, Z, AA,
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AB, AC, AD, AE, AF, AG, AH, Al, AJ, AK, AL, AM, AN, AO, AP, AR, AS, AT, AU, AV,
AW, AX, AZ and BD.
Also included are pharmaceutically acceptable salts, esters and prodrugs of the

compounds of formulae III, IV-A, IV-B and those shown in Table 2.

1. 7.9-Disubstituted Tetracycline Compounds

The term “7,9-disubstituted tetracycline compounds” includes tetracycline
compounds with substitution at the 7- and 9-positions. In one embodiment, the substitutions
10 at the 7- and 9-positions enhances the ability of the tetracycline compound to perform its
intended function, e.g., to treat rheumatoid arthritis. In an embodiment, the 7,9-disubstituted
tetracycline compound is 7,9-disubstituted sancycline. In another embodiment, the 7,9-
substituted tetracycline compound is 7,9-disubstituted 4-dedimethylamino sancycline. In
another embodiment, the 7,9-disubstituted tetracycline compound is 7,9-disubstituted
15 doxycycline. In another embodiment, the 7,9-disubstituted tetracycline compound is 7,9-
disubstituted 4-dedimethylamino doxycycline.
The invention also pertains to 7,9-disubstituted tetracycline compounds of

formula V:
RY R*
OH
ST
OH o OH o o V)
20 wherein:

R* is amino or hydrogen;

R’ is substituted or unsubstituted C;-Cs alkyl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted acyl; and

25 R’ is substituted or unsubstituted C;-Cs alkyl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted acyl, or substituted or unsubstituted imine;

or a pharmaceutically acceptable salt, ester or prodrug thereof.

In an embodiment, R* is a dialkylamino group (e.g., dimethylamino).
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In another embodiment, R’ is substituted or unsubstituted heteroaryl. In
another embodiment, R is substituted or unsubstituted phenyl. The phenyl R” group or the
heteroaryl R” group can be substituted with any substituent which allows the tetracycline
compound to perform its intended function. Examples of substituents include, but are not

5 limited to, alkyl, alkenyl, halogen, hydroxyl, alkoxy, alkylcarbonyloxy, alkyloxycarbonyl,
arylcarbonyloxy, alkoxycarbonylamino, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, alkylaminoacarbonyl, arylalkyl aminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, aminoalkyl, arylalkylcarbonyl,
alkenylcarbonyl, alkoxycarbonyl, silyl, aminocarbonyl, alkylthiocarbonyl, phosphate, aralkyl,

10 phosphonato, phosphinato, cyano, amino, acylamino, amido, imino, sulfhydryl, alkylthio,
sulfate, arylthio, thiocarboxylate, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
cyano, azido, heterocyclyl, alkylaryl, aryl and heteroaryl.

In a further embodiment, the phenyl R’ group or the heteroaryl R’ group is
substituted with substituted or unsubstituted alkyl. Examples of substituents of the alkyl

15 include heterocycles such as, morpholine, piperidine, and pyrrolidine. In another further
embodiment, the phenyl R” group or the heteroaryl R’ group is substituted with an amino
group. The amino group also may be further substituted e.g., with an alkyl, alkenyl, alkynyl,
carbonyl, alkoxy or aryl (e.g., substituted or unsubstituted, heteroaryl, phenyl, etc.) group.
The amino substituent may be substituted with any substituent or combination of substituents

20  which allow it to perform its intended function. Examples of such substituents include
halogens (e.g., fluorine, chlorine, bromine, iodine, etc.), amino (e.g., which can in turn be
substituted with an alkyl, carbonyl, alkenyl, alkynyl, or aryl moiety), and arylamino (e.g.,
phenylamino).

The phenyl R” group or the heteroaryl R” group may also be substituted with

25 alkoxy groups. Examples of alkoxy groups include, but are not limited to, methoxy, ethoxy,
propoxy, butoxy, perfluoromethoxy, perchloromethoxy, methylenedioxy, etc. The phenyl
group or the heteroaryl group may also be substituted with an amide group such as a
carbamate moiety (e.g., an alkoxycarbonylamino group).

The heteroaryl R’ group also may be substituted or unsubstituted biaryl, e.g.,

30 naphthyl, fluorenyl, etc. The biaryl R” group can be substituted with any substituent which
allow it to perform its intended function. Examples of substituents include but are not limited

to, alkyl, alkenyl, halogen, hydroxyl, alkoxy, alkylcarbonyloxy, alkyloxycarbonyl, carboxy,
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arylcarbonyloxy, alkoxycarbonylamino, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, alkylaminoacarbonyl, arylalkyl aminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, aminoalkyl, arylalkylcarbonyl,
alkenylcarbonyl, alkoxycarbonyl, silyl, aminocarbonyl, alkylthiocarbonyl, phosphate, aralkyl,
5 phosphonato, phosphinato, cyano, amino, acylamino, amido, imino, sulfhydryl, alkylthio,
sulfate, arylthio, thiocarboxylate, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
cyano, azido, heterocyclyl, alkylaryl, aryl and heteroaryl.
In an embodiment, R” is a heteroaryl group substituted with amino or formyl.
Examples of heteroaryl R’ moieties include, but are not limited to, furanyl,

10  imidazolyl, benzothiophenyl, benzofuranyl, quinolinyl, isoquinolinyl, pyridinyl, pyrazolyl,
benzodioxazolyl, benzoxazolyl, benzothiazolyl, benzoimidazolyl, thiofuranyl, oxadiazolyl,
pyrrolyl, indolyl, thienyl, pyrimidyl, pyrazinyl, purinyl, pyrazolyl, oxazolyl, isooxazolyl,
naphthridinyl, thiazolyl, isothiazolyl, and deazapurinyl. In certain embodiments, the
heteroaryl R” group is oxazolyl.

15 In another embodiment, R’ is substituted or unsubstituted alkyl. The alkyl
group can be a straight or branched chain, e.g., methyl, ethyl, i-propyl, n-propyl, n-butyl, i-
butyl, t-butyl, pentyl, hexyl. etc. The alkyl group may also comprise a ring, €.g., a cycloalkyl
(e.g., cyclopentyl, cyclohexyl, cyclopropyl, or cyclobutyl). The alkyl R’ group may be
substituted with any substituent or combination of substituents which allows the compound to

20 perform its intended function. Examples of substituents include, but are not limited to,
alkenyl, halogen, hydroxyl, alkoxy, alkylcarbonyloxy, alkyloxycarbonyl, carboxy,
arylcarbonyloxy, alkoxycarbonylamino, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, alkylaminoacarbonyl, arylalkyl aminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, aminoalkyl, arylalkylcarbonyl,

25 alkenylcarbonyl, alkoxycarbonyl, silyl, aminocarbonyl, alkylthiocarbonyl, phosphate, aralkyl,
phosphonato, phosphinato, cyano, amino, acylamino, amido, imino, sulthydryl, alkylthio,
sulfate, arylthio, thiocarboxylate, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
cyano, azido, heterocyclyl, alkylaryl, aryl and heteroaryl.

In certain embodiments, the alkyl group is substituted with an amino, hydroxy,

30 carboxy, carbonyl (e.g., substituted carbonyl), heterocyclic or aryl groups. Examples of

heterocyclic or aryl groups include, for example, furanyl, imidazolyl, benzothiophenyl,

benzofuranyl, quinolinyl, isoquinolinyl, benzodioxazolyl, benzoxazolyl, benzothiazolyl,
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benzoimidazolyl, methylenedioxyphenyl, indolyl, thienyl, pyridinyl, pyrazolyl, pyrimidyl,

| pyrazinyl, purinyl, pyrazolyl, oxazolyl, isooxazolyl, naphthridinyl, thiazolyl, isothiazolyl, and

deazapurinyl. In a further embodiment, the aryl group is pyridinyl.

In another embodiment, R’ is substituted or unsubstituted heterocyclyl. The

~ heterocyclyl R’ group can be substituted with any substituent which allow the tetracycline

compound to perform its intended function. Examples of substituents include, but are not
limited to, alkyl, alkenyl, halogen, hydroxyl, alkoxy, alkylcarbonyloxy, alkyloxycarbonyl,
arylcarbonyloxy, alkoxycarbonylamino, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, alkylaminoacarbonyl, arylalkyl aminocarbonyl,
alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, aminoalkyl, arylalkylcarbonyl,
alkenylcarbonyl, alkoxycarbonyl, silyl, aminocarbonyl, alkylthiocarbonyl, phosphate, aralkyl,
phosphonato, phosphinato, cyano, amino, acylamino, amido, imino, sulthydryl, alkylthio,
sulfate, arylthio, thiocarboxylate, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
cyano, azido, heterocyclyl, alkylaryl, aryl and heteroaryl.

Examples of heterocyclyl R” moieties include, but are not limited to,
pyrrolidinyl, dioxolanyl, imidazolidinyl, pyrazolidinyl, piperidinyl, dioxanyl, morpholinyl,
dithianyl, thiomorpholinyl, piperazinyl and trithianyl. In one embodiment, the heterocyclyl
R’ group is piperidinyl. In another embodiments, the heterocyclyl R” group is
tetrahydropyran. In another embodiment, the heterocyclyl moieties are saturated. In another
embodiment, the heterocyclyl moieties are partially unsaturated.

In another embodiment, R’ is substituted or unsubstituted acyl. The acyl R’
group can be substituted with any substituent which allow the tetracycline compound to
perform its intended function. Examples of substituents include, but are not limited to, alkyl,
alkynyl, halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl,
phosphate, phosphonato, phosphinato, cyano, amino (including alkyl amino, dialkylamino,
arylamino, diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,
arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulfhydryl, alkylthio, arylthio,
thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic

moiety. In a further embodiment, R’ is acetyl.
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V. Synthetic Methods for the Synthesis of Tetracycline Conpounds
In one embodiment, R’ is a substituted or unsubstituted heteroaryl group. In

another embodiment, R’ is a substituted or unsubstituted phenyl group. The heteroaryl R’

group or the phenyl R’ group can be substituted with any substituent which allow the

tetracycline compound to perform its intended function. Examples of substituents include,

5  but are not limited to, alkyl, alkenyl, halogen, hydroxyl, alkoxy, alkylcarbonyloxy,
alkyloxycarbonyl, arylcarbonyloxy, alkoxycarbonylamino, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, alkylaminoacarbonyl, arylalkyl
aminocarbonyl, alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, aminoalkyl,
arylalkylcarbonyl, alkenylcarbonyl, alkoxycarbonyl, silyl, aminocarbonyl, alkylthiocarbonyl,

10 phosphate, aralkyl, phosphonato, phosphinato, cyano, amino, acylamino, amido, imino,
sulfhydryl, alkylthio, sulfate, arylthio, thiocarboxylate, alkylsulfinyl, sulfonato, sulfamoyl,
sulfonamido, nitro, cyano, azido, heterocyclyl, alkylaryl, aryl and heteroaryl.

In a further embodiment, the phenyl R® group or the heteroaryl R’ group is
substituted with substituted or unsubstituted alkyl. Examples of substituents of the alkyl

15 include heterocycles such as, morpholine, piperidine, and pyrrolidine. In another further
embodiment, the phenyl R® group or the heteroaryl R® group is substituted with an amino
group. The amino group also may be further substituted e.g., with an alkyl, alkenyl, alkyny],
carbonyl, alkoxy or aryl (e.g., substituted or unsubstituted, heteroaryl, phenyl, etc.) group.
The amino substituent may be substituted with any substituent or combination of substituents

20  which allow it to perform its intended function. Examples of such substituents include
halogens (e.g., fluorine, chlorine, bromine, iodine, etc.), amino (e.g., which can in turn be
substituted with an alkyl, carbonyl, alkenyl, alkynyl, or aryl moiety), and arylamino (e.g.,
phenylamino).

The phenyl R® group or the heteroaryl R’ group may also be substituted with

25 alkoxy groups. Examples of alkoxy groups include, but are not limited to, methoxy, ethoxy,
propoxy, butoxy, perfluoromethoxy, perchloromethoxy, methylenedioxy, etc. The phenyl
group or the heteroaryl group may also be substituted with an amide group such as a
carbamate moiety (e.g., an alkoxycarbonylamino group).

The heteroaryl R group also may be substituted or unsubstituted biaryl, e.g.,

30 naphthyl, fluorenyl, etc. The biaryl R’ group can be substituted with any substituent which
allow it to perform its intended function. Examples of substituents include but are not limited

to, alkyl, alkenyl, halogen, hydroxyl, alkoxy, alkylcarbonyloxy, alkyloxycarbonyl, carboxy,

24
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18.5 g as padkp ﬁﬁt@rwsspﬁeﬁdt&l ph&spBifdfoYdyahd] amir@ (chlu@i’n@%ﬂ@l Afliny mlﬂmﬁﬁﬁur e for
9- al kyl acyl _m noc ines. To a solution of g
met hyI eﬁwla)qalﬁp,d%aéﬂg}@;w)} g@ﬂky,lﬁry{g@y)@), iaedargino 1nclud1ng alkylcarbonylamino,
9- (4- et hﬂ}@&%&ﬁ %EWOO%BQQ?YLMéd& arﬁﬁq{onﬁﬁlﬁ'ﬁy |s§imyﬁg'1 r@ll@)@cﬁﬁécirylﬂﬁo( 2.80
mol ), copper(l) "thio ne- 2- car boxyl ate (Cu nmol ),
tris(di beﬁlzlwairwm@c@tl%wé)allwﬂspbﬁnvbatilfmm) SUQfMQXId%‘H?(%mlé@) n@em g, 0.070 20
mol ) and ) 0 QHQ,J, m.) under
argon was ta%‘ﬁ)r%%tp{% %’aﬁ@ g(?lhgtr?mg?égr %lw ousl| °§%p€rg‘gg€%%q‘§teyrﬁ(“(5%co m., 5.60
mrol ), thewpitthe sol uti on was heated to reflux until reaction was conplete
(4- 12h} After cooling to roomtenperature, the solution was goured into
cold OI%IM HCL (nL) l@ride smbediments Ryis pof unmupstityisd phenyl Vash Ruls uasBsiintes i t e(r)
and then fphédygr ed through a large plug of Celite(r) rinsing with cold
wat er. The 25 col d r resin
(3 % 10 om packed. uR” L1108 8 rRRNRHAR oLechall SRR’ Sdkrk BlatTn I EVR 555
n) was elcﬂméﬂ‘nd&ﬁﬂfo’f‘h‘éﬁe YH3CN was eluted until the el uent becarre
col orl ess The yel I ow sol ution was concentrated under reduced pressure,
t hen f : 3 . 30 WO
2010/ 0 39 SPCT 0097 C / TE g , Pd(PPh,),, DW, 60 00
N- hydr oxysucci ni m de, DI PEA 2. H20 R—O—l or RNH(R)R H

In another embodiment, the 10-substituted tetracycline compound is a 10-

substituted minocycline derivative. In one embodiment, the substitution at the 10-position
enhances the ability of the tetracycline compound to perform its intended function, e.g., to

25 treat rheumatoid arthritis. In another embodiment, the 10-substituted tetracycline compound
is a 10-substituted 4-dedimethylamino minocycline derivative. In another embodiment, the
10-substituted tetracycline compound is a 10-substituted sancycline derivative. In another
embodiment, the 10-substituted tetracycline compound is a 10-substituted 4-
dedimethylamino sancycline derivative.

30 The invention also pertains to 10-substituted tetracycline compounds of formula VI:
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RAOHOHOHO OHO R4 = N(CH3)2 or HY = NH(R ), O General Procedure for
9-acyl m nocyclines. To a 500 nmL flask was added (4.30 mmol) 4- 5

dedi et hywermimsSesbodo mi nocycline or 9-iodo minocycl i nectrnseodoase?7

N-nmet hyl- 2- pyrrolidone (NWP) (37 nL), and N-hydroxysuccinimde (3.9 g, 38
mmol ). To renove residual water fromthe above reactants tol uene was added
(37 m.). The flask was then placed on the rotary evaporator (5 mmHg, 45 O
until all the toluene was gvaporated. Thg flask was backfilled with argon
and the contents were then|transferred vjia cannula to a dry 10 500 L fl ask.

To the 0.5 L flask was added te S ey | phosphi ne) pal | adi um(0) (2. 00
@ EA) (2.60 ni, 1.48 mmol). The

g, 1.67 mmol ) and diisop

fl ask was placed under va d purged 3x with carbon
nonoxi de. The flask was th&n hepg mder 1.0 atm of carbon
nonoxi de and let stir for Joh i ng naterg&i was consunmed and
a peak for the corresponding NHS-ester |nterned|ate orned as 15

det erm ned vi aVhesms: Subsequently, the correspondi ng am ne, al cohol or

wat er (438 mmol) arkl ippEmoERhysireden; 38 nmol ) was added and the reaction was
heated in a mcro mn at 100 C. The reaction was added to
acetonitrile (150mﬁ¥gllﬁ?ﬁh&g§g%{ &ater (0.8 L) and the pH was |lowered to 2

using t¥ifluoroac etR C isdyidepgenT h'ebssmtedtor onsubsiigutech€nCt alkylesubsiitethe otugh
Celit t h d
the. or ude aBoHFIR! Rk 08 S bt ihed o RAHBH L Bucby] SUSlARBL ARG RN 5

acetonitr hbteroalryl mltsetutadlctrlun@lbﬁ%tﬁ:d)aqyi ©r subsiitpted Bﬁuns\ﬂﬁututed imine;

2010/ 033939PCT/ U82009/ ?15r77aZ7ut1 C‘lp A ? 1 ner al Oczldurllﬁ

9- et hoxyi ni no- et hyl " FPRBEFETIREY acraptablesaly SHEr orproig Rgep ask 9- 5
i odo- 4- dedi et hyl anihnao embodmyn] Rhie adtall@tannd@gmm@cg/ajlmétﬁylélﬁmbj. ol ),

pal | adj um ate D 071 0.31 3 611 mmol ),
[ Pd( PPirQS) 2‘1(‘ % ?%% igenty S'f amgjlamla?tamgn&ﬁz lelﬁat#y\(%’tné’gcwgl“&tgﬁf Acetonitrile
(30 m.) was:badiﬁad R"ruhdtttterer@ats;ameﬂlyiahaﬁdﬁ was purged with Ar for 1 nm The

trinmethylsilyl acetyl ene gxcess) was added to the reaction m xture
fol | oned by the adcff’tof‘%Ffs‘%‘td“E‘t%@]( §%2¥§WE§“ The reaction flask was heated to

10 85 C (bath tenp)tnaﬂ@thalehmwdleﬁm@tlsasubemmeaat t!tr@{i‘bsﬁtdt&l%feréa%kl poupf ter 5
m n, showed the corrpl etion,of the reaction L (EST+ heor Cal c.

510. 62, Obkanoien emhodimenty " ispriubstigyed ‘Prdt‘ts"r?%k‘t‘tﬁﬂ ehepykerppn-t é’éteﬁ@fylt hrough a
bed of15CeRI"tg@dupor tlﬂa']:ﬂlleﬁﬁ R drbidPdanide Guﬁéﬁﬁ&@%tw Ao s@bsﬁtu&g whichfiloWe . The
conmbined filtrate was first evaporated to dryness and further dried under

hi gh vacutffresxsting gonppountorngeform a%watee@lmtfatl%tongEtanaolwqfé@bsbtu@ﬁampludvvas added
an 15 80%,aa4emHFimb t t nperature for
5 mnutes, follo mt'e:&\;& giklylr ?llﬁﬂlqu ;hglogl-ﬂ %Fﬁ 5&1150&2%11%\%&%9 age t he

reactl on glétwt@l’%catt@nrlaarﬁ@arbgnsd@np@ih@merbonmment @lmmrboaﬁlemyl ene (MS: obs.

m z 439 i ddﬂgt n 80% sol ution
of H2 sS4 gd%ﬁg‘ywﬁ Jaﬂ,@ t‘;e’ t lcta#gé[ﬁyléglgﬁlialg{n%%agﬁﬁglég%ve approxi mately
60 secitﬁ)ndsmm”ﬁh@b@@ll/@ll@tbyiammnmbmeal@lcrpbelt}é, acderslompt, koimoakyl he starting

mat eri al u M xiure was
pour ed oy A ISl RpIRbER AlechCuk BE LG A hinoc el f ARVP R
Celite(r) phczsphhtet Iar-:alltyll pblsphoeta, phcbsahteatmag/amamed aulytamidd, medb min@f water.
Theflltrat 4-6 C.b I, 0X| TR 300, g of ice.
The col d ?;fau tha FH“P 19N %asrylﬁﬂ ﬁhlﬂ%aﬂlto%aﬁ %gﬂﬁ@ 'g'&cﬁlh i Sa“tﬂé{h

(appr oxi madlfnymiibOnigd, dyﬁhcﬁﬁl%i«ﬂd hﬁt@lrobycﬂ)yl,Salkbﬂ&ryl aﬂyhﬁldpidteﬁfar)tlhe _
sol ut b?%n/suspenm ors} V\%‘? 25 oXi rrE ﬁ IER he su n5| on s extracted in
2 x 300 nmL portion “t“?ﬂ@ ‘“r&’f H eﬁ‘t"P%Brtt "sterﬂ?rly &P Sanhydr ous
Na2SO4 anSbtﬁt\ftﬁ&ﬁﬁrﬁﬂﬁdbsft@tdfc}f@ﬁﬁmsﬁtmlé&hlkylndﬁémpl@ﬁ af ybaM@psdtRRIaNd t hen
under hi gh @?ﬁum The terial was disspolved in nethanol and treated WO

2010/ 033956 HET Pl e TS SR AAs MRS P Isieatnd Pé(rrRtﬁ%%rﬁ‘ﬁéotattch&t@r owed to
stir for 3mbBodihb, thepkdnyPR'"® p'@‘pfhbh@tél%grtyY\'Rtorgr dupVsubseitthed PAA af @iRioet | on of
the reaction, the crude product was purified by preparative colum
chronatography (C18, linear gradient s 55% acetonitrile in 20 mM aqueous
triethanol am ne and TFA, pH 7.4). Sche 10 Synt hesi s of
9-acetyl - 4-dedi met hyl am no m nocycline. In a 100 nL, 3-necked fl ask,

9-i odo- 10 4-dedi nmet hyl am no m nocycline (4.001 g, 6.11 mml ), palladi um
(I'1) acetate (0.071 g, 0.31 mmol), Cul (0.123 g, 0.611 nmol ), [Pd(PPh3)4]
(0.363 g, 0.31 mol ), and a stir bar were charged. Acetonitrile (30 nL) was
added and the reaction flask was purged with Ar for 1 mn. The
trimethylsilylacetylene (1.8 nL, excess) was added to the reaction m xture
foll owed by the addition of Et3N (3.4 nL). The reaction flask was heated to
85 C (bath 15 tenp) and allomed to stir. A reactlon allquot taken after 5

. N ~



25 desired product. The reaction m xture was poured over ice, the resulting
sol ution/suspension was filtered over Celite(r), and the black precipitate
was washewowniodnsdesr 50 nl of water. The filtrate was coecedsdmenster 4-6 C
by addi ng approxi mately 300 g of ice. The cold agueous sol ution was then
neutralized by adding solid NaHCO3 (approximately 110 g) in small portions
until the pH of the solution/suspension was approximtely 5. The suspensi on

WO 2010/ 083989 Bleranse grup a5y 12y bodythessupgitutedie.gnwith gn @bnl gHenybplkyarls of
CH2C12, t babOydanicky %Kﬁr??(@tg Wastifhtdage uﬁ’s‘ﬁ%tltlﬁéﬂ"}‘rgerom%l? %%’ny@ et )gYapor ated to

dryness first under ro evaporator and then undér hi gh vacuum The
crude pr odbeamggsubstiticnt ey hfy\,sulpﬁﬂélmdrwrh Yo selmﬂ@rm @ gpaphgtiqnof gubstitugea r

gr adi ent i Schenme 11
Synt hesi sl@ Cﬂ%f%%qﬁé g%rf%%yksqn&gh o@go I az oy% %Fﬁsut%gﬁyﬁ%dﬁlge

m nocyd i helogehs (qg.50@ring, chorifie, dsdkmineJodinkd eld.)(anin0(ege., vBhigOcamimluyn be

4- dedi net ] 1 Cly ( .

N hydr oxy e a8y TeBBEA AR, bR P36 bl il alfbdnino e,

t et r aki s(pheqylwngd)phosphi ne) pal | adi un{0) (2.00 g, 1.67 mmol) and DIEA (3.0

m., 1.7 nmmol). The £l a %0 ace quum n ed 3Xx
with carbon Zmnoxr thh p?‘ﬁrg\i\% a%% hﬁ’gﬁoa}%g\ O‘fém@ba&)‘gg%'g?%m%egwg m of
car bon lrmatknk;dgoapmd E&ﬁmplbeﬁfaﬂlmxy grdl?puiﬁbluﬂeh abd ar&ﬁot%ﬁﬁﬂ_td}ﬁfeﬂio)(%@th@@yﬁ i odo
m noc i ne was, consu ea r the coryespandin - - est er

T Goc Lt RPARS hEORY ED ol ek rarhlofimat iy yoah iR Wi TheReow ey rod as
det er m negdrovp ar ih@ﬂi&eroﬂj@gﬂ&hi&nﬁﬁ bB6 bé sibstitild ivath @n WaklelohRp si@asthed w th

N - hydroxy- - meth opani m dam de ( , 19.6 mmvl) at roomtenperature
for 2 h, tY @‘P%}%”’Pﬁ?&}) G@nepe@%arbmf@rwear%ﬂe (Mrl) of 543 M Z as

det er mi ned via L CVBrhe hBRrdaB RV CerbisPilsodfayl it s@bdidé Adrandstith&obaket Hy addi ng

it to 50 nL acetonitrile followed by dilution of the reaction mxture with
wat er to &2rhgtvkiflugenyingtc o hebigry] R ™grupcan by sufsiiutediyvith pesasupgitgenhphish 2. 0

using fsi Ehé}b@ft@@-ﬁ&fdrﬁ i@ $itéhded NR ARSI SR p ﬁ?bf’stubé?ﬁ‘ue\ﬁﬁsinéhhﬁ%u{ érE h@tr l{-?xqte%nd
| oaded onto a DVB resin and urrfred ( A) to

ug

give 1 g & a@ﬁa’éﬂm&»ﬁ@%milé@foiibﬂat%k%cﬁlb)tl@afbwloﬁbW&W%Mh?@b@?@d| ate
(2.0 g, g}ﬁwg,% NVP (80 ni)
and tol uenélld(%gghQ,lOk}n a@qo?%?rebgigg%rﬁ Bgarllg%éa?lg@n%)??ngﬂ su uent

cycl i zat i erbexydgse, akkglepdpamyl, al)a&tlfémnmgfbpmdlkﬂrwwmmnﬂncycI i zed

i nt er medi i v 45 C) until
all the tg g@R é{‘?la/abl{%étf&%\}égﬂ}él\k/%b% t%&g%ﬁgl’ %P as%k%\h%y%g(gl}ﬁbmeﬁ with argon
and di20s oplkemyl¢agtmingle al((merboﬂyl 1si§ylrmmin))ca.ubrs1yladﬁtehﬂrioéﬁdaoni'laplhdspmam, eralkyl,

cyclizati t 2 i.n

o cr owave Shosphlioe ARsRhdte 4545, HERb L RS ulie, Blney pIIUN G i ¢

wat er to sulfateyatyltiiol uhmeanbéxyﬂm allaytselﬁsylamdfohatbfslulfmnqa,cmtfomanadd ditwas added to
a final pH of 2d gge g}l ﬂiﬂg’%ﬁs tlheﬁ frlteﬁed through Celite(r) to renove
t he catal y%%no PERuEE 8R4 r Y PARLEO/S yrm and the crude 5 product
was purified by HPLUEaf %Blembmplalr" i Ieetbiredny] gélp4aBétianat With driinb er formylat er

with 0,1% TFA). Th fra ns co bni ng the roduct were | paded onto
B VB i g, wmshod TR GUBGTIOL. Poege el B Chmaae e B
met hanol tmidatowa, liehﬁ)ﬂﬁ@iheﬁﬂl ﬁen@&furanyl quinolinyl, isoquinolinyl, pyridinyl, pyrazolyl,
9-(3-isopropyl 1, 2, xadr azo?{l - 4- dedi nmet hyl ami no _m nqocycline (280 ng, 0.53

mol , 129 en%swe ‘QZOE%ZHE/ érnzrﬁr%@krurbénroarldgzo}srlrébroﬁm%@gf&ﬂlerﬁ% A 1000
m. 2 or 3pphesk, fn@b‘lgﬂt}béﬂiyl %gﬁﬁhcfyl @?Jszmr/r BurtiSf, lpyrsz A PINESRRSION, id080az6l9Ar ged with
anhydrous 1nCl3 ried under 15 vacuumwith a heat

gun. Aft erlanhrmldrrryaélréaw%é lé%wpwlt@déﬁrﬁa@rﬂny{ ditsetan eipeodinents. theshed wit h

ar gon, 3ganhydls §Rm§ﬁn@g§gmgg}1mas added. The solution was cooled to -78 C
and RNgBr(Cl)%?12 mml ) as a solutjon in TH- was added. After 15 min., the
sol uti on was al | owdd aegghesiemhpgimgnts R tipsubgiisnied ermevtstitued alkyl.f Breralleyl c | ear

het er ogen t o} ocycl i ne
or o1 oot B e e B ¢ B B S e SR R T 2L ) 2 0. 620
g, 1.80 muol). The solutron was heated%;o reflux under argon until conplete
(approximately 1-8h). After cooling to anbient tenperature, the solution
was quenched with MeOH (1 nL) and poured into a stirring cold solution of
IMHCL (3 L). After Ih, the solution was filtered through a pad of

Celite(r) rinsing with water. The water solution was | oaded onto a | arge
fitted funnel containing a bed of prepared DVB resin. At first, cold 25
water (500 nL) was eluted then a gradient of cold acetonitril e/ water was
eluted in (500 nmL) fractions. The fractions containing product were
concentrated under reduced pressure and then dried under high vacuum Crude
material was purified further by preparatory RPHPLC WO

NI NA PN PN NN NL N NTITNNVT | 1 1NN NN\ | 7\ = =y ey o o o o Y ~ N e |




20R4 = N(CH3)2 or H General Procedure for 9-substituted m nocyclines
through Stille coupling. To a solution of anhydrous 9-iodo m nocycline or
9-i odo- 4-wledbmatsbasbam no m nocycl i ne freebase (3.5 mmol pcTatsasmase2f 4. 38
mmol ), Cul (0.067 g, 0.350 mml), P(2-furyl)3 (0.163 g, 0.700 mml) 25 and
Pd2(dba)3 (0.081 g, 0.088 mmwl) in DMF (20 nL) were added in a 20 niL

Bi ot age(r) mcrowave vial. The secured vial was placed into a Biotage(r)
m cr owav e bpehéboil wenthl, bpxyv\@czﬁbeﬁlexl:@ewwwmmﬂwegeﬁﬁml@ﬁllwg

T 10 ({5t ol SRR, O ploR R o APl PO K o | P ) ana

ri nsed wi tsvbsm%eﬁﬁﬁtmmeubsswbnttqr gmnbﬁrate)n@tﬁbubsﬁltgwtmhlclh aldatesdheoepmponnd to

previ ousl f gol um) .
 tor 1 oade R FPRLR TG, piGSE Wbsholos B GRMBRENAR iR B0 T
CH3CN to elkaby, rtaﬂr@entehsrdxroeyl qdk@dudkylcéfbcmyymy,l ablylsgytarbonyh cavhksxygoncent r at ed
under reduc Pressu and ur.t her yr I fi £ p0¥( elgar atb RP- HPLC. Schene
15 10 Synfawz%ar On%f)xylﬁ r?e)fcﬁrqon}ﬁ!ala aﬁe‘f’ﬁ){ca[ra?ﬁynoy’ ooy e P e ™ o a sol ution
of anhydr @u%oiylaehacyeza@odﬁdalhﬁﬁrhmbambmylmryrletkybdrmmm:a(baﬁyla mml ) in

B T e AT A A S R N g e
N- phenyl biakehyledrbdhr, @lkﬁimfbeﬁﬁj §i9N bikindegrbdnd/8 afkyBhio&Zbdny ) PRdsphatd araliyl, added
at onc

e. te the solution was al |l owed 10 sl ow r 0. r.oom
t enper Ht upgosph?rta&a PhgsBRIAEIP: cyar, A g: AEfaTnOn A% 19‘“@'@%@‘&“5181 0a
Vi gor ous| Yuigdtd, fyiths, h)chiibb@atefall§1shMnkACIul fRsko Gal thh 641! ulfodnti@s, ndtR, MM, the
solution was filtered through a Iarge pI ug of Celite(r) rinsing with 0.1M
HC1. The rﬁé"c“@razllcg’ybfrterﬁ%lﬂl ey loyornd hesoRapdsi n for purification. After
the solution was | ogdeghin énQodlthé"@i’e ) ?thfa"ﬂ; WBRinfdd A @flan 4088 HGHREN Wi th 1
m. conc. HCl was 20 el uted where t b‘g‘ ow el uent was collected until it
became colc#bpws sarbayé(eshi Sﬂbﬁt@ﬁed/\@éboé detsracyelicr anvdgioupe dixeealeppessur e and
furtheys d t: e te. To a
200 e of St o] SOROEGUIE P Rl R dey Ty PO RIBRAE | D1 3%
g, 20.0 mbepfurartyb qﬂinablkylvr@smutnhbwl,dmrce@xa@lylmn@mgolm bropethiazalylin a dry

'miﬁr ;)artr\/gsbérllzg\%ﬂgaiggnegé ’IE%EX{II”QQMH%Q%%Q |on g}igméggﬁ) ?,ég '([)ON °0

gener ate eymazci»lmleo)ta;blyl mdpxmlwhmarhrﬂedlnrafﬂ éhlsitodde(lS(Shlbmylmd d®vepyraabtlihen was
aIIovvedt%“_gja %ih 9 ear errliaturerllgthe 10-triflate internediate (0.61
nmol ) was Jec ?nh’y P RE 11

transdichl or obi s(t r]inrahﬁhgrlepﬂaodlphnhﬁ pabdbamtutacr()H)ns(ﬂBdfﬁleﬁ(}Eﬁlrr&)@l)/l (TheO g, 1.4

nmml ) and, the a tri | m..nter at e 1S1,00 tLon 15 m_)
The 1 eact PERCRETEE PRl St st Bl g SRR RSB Es 355 S Bitaa

i rradiati obmp@mdao phifo@hlﬂ@ﬁntéﬁdedlﬁjﬂibﬂmnt ﬁampleaoﬂsﬁmmfeatsliﬂi@def but 3£ nGt The
reaction S n d n _aqu ol ution L tai

et ont tr iraed oapo bk Reble RFe ey S TalEro SRSttt e

sol ution ‘A@&caﬁr%ﬂﬂloi}' latk@kpddriohylam o, aﬂﬁdﬂybﬁﬁdn)yldx? drgbB)earbbidosat al yst, | oaded
onto a_reverse p d purifi e - HPLC. Synt hesi s of 10-deoxy

ase colum a
sancyct nE¥orgylae. §8mf@ﬁ)8ﬂylofflkﬂﬂwarcaﬁ)§n r%)é‘ﬁgéﬂea‘%‘a prefofYlne (25.0 10 mmol)
i n anhydr Qlk%nﬁh’ﬁmtdm&fnyﬁﬁﬂlglﬂarﬁm aF}-laaé@nypQ}n%&lkﬁldﬁ?lill@lo&%ﬁﬂ ution of

potassiumtert-butoxid W se. After 45 mn

Npheny! bi &{kepyl WWbﬁ’é‘Pﬁé’ﬁ@%ﬂlf il ﬁmaeyarbqe% ellgltﬁser@%ahgspwé% aeéltréd at
once. Aft ehodphonatd)BhciBhihth, Q:gaﬁ’é@@mﬁkl &Pﬁ%lﬁoo aﬁld@%nd"@ﬁlfﬂyﬁﬁll 288 thio,
tenperature. After "anot her he solution was sl ow fpoured into a

vi gor ous| yuléats. epydifios hiagseibexylase. aficylsuNinpcsul fnatocal fameylr gulfongmide, nite, i n. , t he

15 sol4f i wes, @W of Celite(r) and ri nsed with
0. 1M ngl gg; ne mé({&eirlétﬁ%égbh% %gid&g%tgtgmgﬂ?)VB resin for purification.
After the sol ution Bwesplesafbderogyclyl R Wnoigics dnsludei o angast lohitgdgd, t hen CH3CN

wth 1 nL e ed until
it becane ng{ﬂ?m },;s%;m@?rlgle P%&lg{rﬁl%\/\g}é%ﬁﬁiﬁ k) g’é\ﬁtlcgl&ﬁh&nuéxer r egﬁJcegﬂrl)’r essure
and further dried via high vacuumto a%ord 10-triflate internmediate. To a
solution of 20 sancycline-10-triflate fYreebase (3.50 nmol) in DMF (10 nl)
and H20 (10 nL) was added ammonium formate (0.662 g, 10.5 nmmol), LiCl
(0.297 g, 7.00 mol ) and d 2Pd(dppf) (0.022 g, 0.175 mmol) in a 20 nL

Bi otage(r) m crowave vial. The secured vial was placed into a Biotage(r)

m crowave reactor with a tenperature setting of 100 C for 7 mn. After
cooling, the vial was opened and poured into a 1% TFA/water solution. The
solution was filtered 25 through a plug of Celite(r) and rinsed with 1%
TFA/water until the filtrate becane col orless. The water sol ution was
Ioaded onto a prepared DvB resr n for sem purrfrcatron After the sol utron

o P~ N SK 1
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aryl car bonyl oxy, al koxycarbonyl oxy, aryl oxycarbonyl oxy, carboxyl ate,

al kyl carbonyl , 20 aryl carbonyl, al koxycarbonyl, am nocarbonyl,

al kyl am nwoantysydze di al kyl am nocar bonyl, al kyl t hi ocar beaylus2@bkexyt ,
phosphat e, phosphonat o, phosphi nato, cyano, am no (including al kyl am no,
di al kyl am no, arylam no, diarylam no, and al kyl aryl am no), acyl am no
(including_alkquarbony[anino, aryl carbonyl am no, carbanoyl and ureido),
ami di no, Hithiaw]l, thiamprapalinyl. pineraeinyt sndgrithianyh [n pes erehodizecat. eeclykul f at es,
al kyl sul f gy, rouﬁik‘kfp@%hﬁz PRI bodirkentsS HeHRRAV AP R P blobPis _
trifluoronethyl’, Cyano,” azi do, heteroczclyl, al kylaryl ;[ or an_ aromatic or
het er oar oteehyslrenyrast yn arQjhsr ombediinentthe haseroeyein meretisy e saterated.dIn anoer \j t h
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acids. 30The term aryl.". | - LGl i . - ered
single-riﬁﬁmgfgwg?wg&ébgﬁkgg% g§§%%%8?§§$%g@§¥@gkﬁgga%n€gg$gﬁg@ﬁ2teroatons,
f or exanppeforinatsistasded filretiyi. , Exaynptes bofsubtitnauts in¢thdep piterenot liitad ml, akyl,

i sot hi aozol e, .i.m dazaol tri.azol et razol razol e, .0xazol e,
isooxazol%@yﬁgﬂp gﬂé%yﬁyﬁgz?ﬁé?“§§vFﬁ%ﬁ?ﬁ%?ﬁgﬁgx z?ﬁ%¥%ﬁ%@?°§%d the |ike.
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sul fur or 25 phosphBreduentiemaeo reaping i the) 1 GaubstiptedtacxcHphenmaPoyndst he

hydr ocgy bep,NemkReRS. such aS&ntRLAdRIRRUAPENt S, a straight chain or branched
chai n al kenyl group has 6 or fewer carbon atons in its backbone (e.g.,
C2-C6 for straight 4&kaingludaBarephdrmacaytieatly nesspeblaisalls, estarkandipsedrugsyétheal kenyl
groups nma ! ir ring structure, and nore
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i ncludes 7-substituted, 9-substituted, 7,9-disubstituted or

tetracycl
Nos.

NO associ at ed st at es.
hereby i ncorporated herein by reference.

nes. The disorders,

10- sub

stituted

di seases and states described in U S. Patents

6, 234020103893015, 804; 5,919, 774; 30 and 5, 789, 395 ace/mkew/ os17et uded as
The entire contents of each of these patents are
O her exanpl es of NO associ at ed

states include, but are not limted to, nmalaria, senescence, diabetes,
vascul ar stroke, neurodegenerativéqdisardq& Al zhei ner' s di sé8se &
Hunt i ngt on' sxdi sease), cardi ac| di sease \-ermu5|og associ ated ijnjury
foll ow ng|3 nf arcs , juvepnile diapetes .tory di sorderjs,
osteoarthritis nhauﬂg?%ld arthritis, acﬁ|gl?'a oni'¢ i nfections
(bacteria ‘ thel udi pg di pht herta %nd Sb tGSS|s) acut e jand
chronic bro ~SPRUSHE i s, | and upper resplratory i nfections, ijncluding
the common §gold&, dflte and chfonic gaptroenteritis and co|itis; acute and
chronic C/cfific and uret hruqu- acutel and-chronic—dermati -JEA ae e and
chronic C)njunpt@yltgd%cmgcute and Throniyg_sefositis (perlcardlgis,
peritonitls, sypovktids, gleuritis and ten-|n|m|s9 emc pericarditis;
acute and|chrg sfis;| acute apd ginitisj acute jand
chroni ¢ uye{tr fr UgAF eBcti ons; 5 insect SRanpS™(thermal . cheni cal
and el ect |cal) anﬁ sun%urn --Ote%np"lmflannatory priocess
associ at e " embodihent — at X
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i nf I anmat or @gg@. ated states 0.bE g conpounds of
the inventi®d, B, §. Etitutied 10 tet _§z e (G such as| t hose
descri bed here|n (e g , of Formula |, | ke -8B, 111, I'V-A |V-B, |V, VI or
Tabl e 2). Exanples—of nptrik netallnprnfelnﬁse assgchatied states
("MWPAS' s!) includgs. humt are npt 1% it bd to, arteriosclerogis, corneal

ul ceratiof, enphysemd, gsteoarfhritis, mrul #5 pi'e, sgl erosis(Liedtke etal .,
Ann. Neur o719 -46; Chandl er etak., Y oi mmunoL 1997,
72:155-71), .w-NWosteonyeIitls N i"&, chronic pul nonary
obstructiyve di bn and eye di seas %E?l 8nP|t|s ost eopof osi s,

r heunat oi j_arfhr|f|c W cerative colitls, |nflamm+nry r‘llcardnrs1 unor
growt h and |nvasfsﬁ%(ﬁﬁetlerSteveﬁson 5t al . , Annu. Rev. Ce|l Biol.| 1993,
9:541-73; | Tr yggv o Bi ochim Bi optry,scw Acta 1987, 907:191-217; Li
etal., Ml Ca nogr UNA98; "22: B4- 89)), ngas ’ ng 20 injury,
stroke, ischénta, dldbe es aortic or va skin tissue
wounds, dry eye, bone and cartjl age degrs_ etal ., Bone
1998, 22:33_38__R¥an—et al——Qurr- Rheumat ol 1996, —8;-2388-247 O her
MWPAS i ncl ude fﬁoseHdE§cr|bed n L?S Pat ., c.Nag. 5,459, 135; | 5, 321, 017

5, 308, 839] 5, 258§ lﬁ ‘a 935, 41R; 4, 704|383, 14, 6:66H89ZP| and| RE 34, 656
incorporated St off, T 10 xf érence in th=|r ZQEhe anguage| "in
conbi nati opn h'*®" anot her’ t herjppeutic ag tlorrtreatent i ncl udes
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ot her the j pt—Adm-ni-stration of the te%racycline
conpound ,anweecbrOV|ded first) fdtlomed hy  the ot her therapeatic agent or
treat ment ZERENY ni stration of t-e ot heks t her apeuti c pgent or
t r eat ment t, foll owed w@ ragcycl {ne 30 cpnpound.
Si mul t ane etracycl | ng cgnf il af)d t he| ot her

t her apeut ic aaent or treatnent|is also DrOVIded The_ at her t her apeutic
agent may betanymagent which is kndwn (n theﬂart tq treat, prévent, or
reduce the sy yf..ath | PAS.  Furt her e hef apeuti c| agent
may be any .ag fhﬁz to| t he pat sir ed in copbi nation
with the adnlnl icgn of an tetracyclr ' exanple, the 35
conpounds | of the present i nvention canjbe adnlnlstered in _conbination with
net hotrexat e, dexanet hasone, a steroid, or injectable biologics.
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tory condition,

the type of

illness,
the choice of the 5

ﬁ%gpound is that anpbunt necessary or

such as
The effective anmount can vary depending on such
factors as the size and wei ght of the subject,
particul ar tetracycline conmpound. For exanpl e,

or the

tetracycl i ne conpound can affect what constitutes an "effective anount".

One of ordinary skil

in the art would be able to study the aforenentioned

factors and nake the determ nation regarding the effective anmount of the

tetracycline conpound wi thout undue experinmentation.
nethods of the |nvent|on

.

N B ._‘._.___I
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-

In the therapeutic
one or nore tetracycllne conpounds of the
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phosphat e,

citrate,

gent i si nave,2ofomsBy3at e,

benzoat e,

p-tol uenesul fonate and pal noate [i.e

i soni coti nat e,
tartrate,

gl utamat e, net hanes

acet at e,
pant ot henat e,
gl uconat e,

ul f onat e,

| act at e,
bitartrate,
gl ucaronat e,

salicylate, ci

ascor bat e,

et hanesul f onat e,
1,1

trate,

succi nat e,
sacchar atrer/usesoms 27

benzenesul f onat e,
- met hyl ene- bi s- (2- hydroxy-3- 5

acid
mal eat e,

napht hoate)] salts. Although such salts nust be pharmaceutically acceptable
for adnlnlstﬁgtlgn to a subject, ©.g.| a manwal ,, it is oftenAdesirable in
practice |t | nNtlthy i solate| a tetra,iiﬁ%;E;:;Eggggﬁig the invention from
t he reaction ) 5 haf maceuti ¢ Hsalt and [ hen
sinply coniey Q“-@ﬂ F“zgack to the|frees base coffpownd by treathent with
an al kal iine ?edgént® dhdosubsequently convert the latter free base/to a 10
pharnaceutlcaJJym@cceptable arid wddition salt The aci d addiAtyi on| salts of
t he base |conpduhdss of; thjs inyention are-ye qtly prepared| by treating the
base conpound @@g@ pbstant|ally equiv aproyrt? of the chosen mi neral
or organlcwa U an aguéous| sol vent anigui t abl e or gpni c

sol vent, [such’ as met'hancl or gethanol . | Upok, vapor ation of |t he
solvent, |the desired solid salt is readily obtalned The preparat|on of
other 15/tetyacygline compounfds oX the invention not specifiealy| described
in the fd section C&ﬂtbﬂ“ﬂCCOﬁD'lShed usi ng

conbi nat i descri bed_aboyve L a+l | be apparent to

t hose ski Nyt Neqar 1 prepar af i'\Qi g acycl i ne cpnpounds
of the |nveﬁt|on noF speC|f|caIIy desc¢ri bed chrv tdHS for egoi ng expefi nenta
section ¢an oecagponp||sheo usingy 20 ¢conbi nati ons of the T easal ong
described above]that vwi || be apparent toC%hose @kllled inthe art; The
tetracycli i nventi NE 3 N nature|are
capabl e ¢ Ny ¢ ety of | i cal basges that
may be used as reagents t o prgpare ph3 2 abl e bage salts
of those LbLlﬂ(CyLCIHI m,—q-ct,LHHpuuan oj theTnventionthat—arefaciggrc | n nature
are those that orhmnoﬁ tOXIC base salts=w th such 25 conpounds. Buch

non-t oxi ¢ but are Olimted to thos¢ derived from
such phatr bl e cati ons aldwal i metal cat|ons
(e.g., potaS§Nuﬁtdhd°%6o|%n) and al kal i pt gl, cations (e.g.
calciuntcnq; gnesi unm), anmon|um or wat eY - §pl Uty ¥ he adidition 5alts such
as N-net hyl'gl ucani ne- (megl umi he), and t he [Dwel &l 1€anol amoni um ahd ot her
base sal S of pharmaceuti calTy ageept abl € organi ¢ am nes. | Thegc30

phar maceyt i cal'fy“4ceept abl e base addi {i'® gahts of tetracycline cpnpounds
of the inventi % acific in nat ~Be-FUr ned With

phar mace(it#cd *e cations by onal_met hods. Thus| these
salts may be rfealli1 y"pr epar ed| by treatlngmt‘ 2%r agycl i n¢ conpound of the
invention with an aqueous sol ution of |the deS|red pharmaceutical |y

accept ablfe cation and evaporafi Ngef he [T esul ¥ ng 50|ut|on 10 ®BDyness,
preferably uhoePWreduced 35 pressure. ver al kyl al coho
sol ution : conpound y be mxed with an
al koxi de and the |y evaporated to
dryness. AP i Dt her t et of the |nvention
not speC|f|caIIy descrlbed inlthe for990|ng experlnental section can be
acconpl i shed using conbi nati ons of the reacti ons descri bed above that will

be apparent to those skllled |n the art

adnini stered via ei THEQEtrécpﬁln@'E:@th odﬂ@:f @fﬁh@ﬁt%nu@ﬁ 05110&:'
ad n|n|S ered

’ft“&teSd’F Phe subj ect

the pariicular route of adntnlstratlon chosen.

t hese co

dependi ng

oun S

are
8r1

aﬁeﬂeéa dF
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The tetracycllne conpounds of the

ﬁthesﬁiwhﬁﬁg then general,
fective dosages,

being treated and
Vari ati ons may occur

dependi ng upon the species of the subject being treated and its individual

response

to said nedi canent,

as well
formul ati on 10 chosen and the tinme per

adm nistration is carried out.

manmal .

and i nterval

494

The pharmaceuti cal
of the invention nmay be adm ni stered al one or

as on the type of pharnmaceuti cal

at whi ch such
conpositions
in conbination with other

known conpositions for treating rheumatoid arthritis in a subject, e.g., a
Preferred mamual s i nclude pets (e.g., cats, dogs, ferrets, etc.),
farmanimals (cows, sheep, pigs, horses, goats, etc.), lab animals (rats,
nonkeys, etc.), and 15 primates (chi npanzees, humans, gorillas).

m ce,

The tetracycline conpounds of the invention may be adm nistered alone or in
conbi nation with pharnmaceutically acceptable carriers or diluents by any of
the routes preV|oust nentloned and t he adntnlstratlon -y be carrled out

I TR

o



in sterile formin nmultiple or single dose formats such as bei ng dispersed
ina fluid carrier such as sterile physiological saline or 5% saline

dext r ose wol2uto/@Bgocomonl y used with injectabl es. Addi tconmbdogjosi’e7i s al so
possi ble to adm ni ster the conpounds of the present 20 invention topically
when treating inflammtory conditions of the skin. Exanples of nethods of
topi cal adm nistration include transdermal, buccal or sublingual
application. For topical applications, therapeutic conpounds can be
suitably adm xed in a pharmacol ogi caljy,dnert topical carrier such as a
gel, an 0|ntnent,\a/lot|on or a cream_ such topical carriers include water,

glycerol a cohplugpr yl ene gllycoly, ﬁért al cohol %, tqlglycerldes fatty
acid esterg %£L£E4ml X7 né%SIBMQ t O fers are liquid

petrol at um opp gy Npdlni t at ey petyethyhete gl yces e 95%

pol yoxyet hy¢-ere prorol auri ate 5%t A wat er,o sodi um | & oyl o8l fate 5% in
water, and the 1ike. In addition, ﬁaterlals such as antd - oxi dants,
hunectant§@1%h§$£% .M*stablllzers and the |like also may be added i f
desired. habcy@riwvaesar=@ppki cati on, particularly suitable are tablets,
dragees or capsules 30 having talc and/or carbohydrate carrier blnder or
the like, the carrier preferably being | actose and/or corn starch and/or

i el n
di fferent gl hy g€ a..-1e %ﬁaﬁ|ngs ReT OF ‘ mul tiple
coatings, etce 35/m addition to treat nett ©of*hfneh subj ect s, t he

t her apeuti ¢ net4hods of the invention also wbl | have significant veterinary
appl i catiqps, §9 . for treatnment of AI ﬁg such as cattle, sheep, goats,
COWS, SW ne Al he i ke; poultry such as chi ckens, ducks, geese, turkeys
and the |Iﬁmﬁ?mh@k$837 aﬁg %ets suchéggmdug?ewwdR@&Hﬁﬁ;@fgeH the conmpounds
of the in = re s plants.
It will °’8{6°p'?eewcr:'?r%1t ed" that *fhe’ I-L.Ct qar’ O)?'é'fréerwrheer%lRirmunt AR PI \a/]e P
conpound ssmle:dls loﬂ4mrqethﬁbmmbmnmnwawdlines/ar TheadClotil bﬁglrio(‘)ydhhems pecific

conpound being utilized, the 5 ul ar sitian or ted, the node
of oph caerane s wis s G iify B vt paRSed B bR

admi ni st rzahmom (6ﬁtg¢6 8f2lzmlollafogmmayqﬁmehmm g, 0f4oadm for Sﬁrfc?dlinleﬂ(rjl@:qj@rtbﬁs.r eadily
ascertain those skilled in the a ventlona osage

det er ni na ‘PeoSHY‘{“@%tWéS them ErEacted WP 2re #%&&fﬁa T‘t&nébaéﬁﬂ’g“e@‘{ﬁt%‘gtf’i nes. In
general , &ORROWEG @E te‘tn’@@rchﬁ%&%ﬁﬁd Bd taed 1. %@ﬁ‘é@&ﬁé wadtheRBisddvedm stered to a
10 subject in dosages used in prior tetracycline therapies. See, for

exanpl e, ‘EHEVBIRfERE(lahk) inpeldk3 retked datkequippid Wb ver-h %d%’ir?ra?mié effective
dose qf %&p%tu@ﬁr@b&wmaasa@n tM@th¥1nMﬁaé {280 gvm 03 m@ﬁ wabadde@ afipige of from
0.01 to 100 m Il grans per kilogramo wel ght reci pi ent _per day,

pr ef er abl splytien s heasgtkps 4845 £ ¢ donagproxiateln rhqurs; gtr%}mh print lkwqtsagrlﬁ?ﬁ body

vel ght o g @6d Rh&leh WS k¥ IBNAVB! S0 RALY whithbio NER 64l ofheh@nd®
mlligrams per | ogram body 15 wei ght of recipient per day. The desired
dose is swhlﬂ%m%pla@bﬂtfnm@t@rre@lfomntleasaw mjnutes pt SelferHie peaslipidisyess filtered. 2 to 5
sub- doses, FeTelgch r

ot her appr opras}zlat e s%&gﬁ(ﬁ% ﬁlb "R s3fd WQ% &éd%ﬁgr\f?du%ec{)ge}gﬁ 2? é? cglg ﬁl%lhat

nor mally cweeighkirio goyndR0 g, kitéwmolpmebdanmonismysilt bf lhmotyakienor 9§ ay el3Hgmbhe
adn]nlStré¥dwrnd%fa# n%%M%EO?g%Qgﬁ grally to ensure their efficacy under 20
normal use Circu ances specil when enpl oyed for therapeutic
treatment of humans and animals in VIVO the practitioner should take al
sensi bl e gr caut g tota 0|d Sonve t|oQ@ I i tépn?Land t oxic
ef fects. ] ENt T Of1e acys erse feact o

gastroi nt :eaédkadifoudd Btbtf(ﬁhsﬂas&mdulp;ﬁbfdlvaﬂ‘fmtdveﬂh%d stnher te@naafatdrepnoad: taymixture

o S RS P R SR aBhERohal FRR R Tt B850y Bt o8

in the conventlonal manner . Furthernore, the invention al so
pertains to the use of a tetracycline conpound of Formula I, I11-A 11-B,
11, IV-A 1V-B, V, VI or Table 2 for the preparation of a nedi canent. The
medi canment may include a pharmaceutically acceptable carrier and the 30
tetracycline conpound in an effective anount, e.g., an effective anmount to
treat an inflammtory condition, such as rheumatoid arthritis.
EXEMPLI FI CATI ON OF THE | NVENTI ON Conpounds of the invention nay be made as
described herein, with 35 nodifications to the procedures described within
the skill of those of ordinary skill in the art. See e.g., Schenes 1-16
supra and characterization data in Exanple 4. EXANPLE 1 Non antlbacterlal

APr—-




(pg/m) Protein Synthesis Inhibition' 1C50 (NIVI) T112 (hr) 9%-d

M nocycline 1 1.9 3.6 31 W>64 >100 3.0 52 J >64 >100 2.5 65 AF >64 >100
3.1 77 ATWo@d101B6396. 4 42 paTES2@0/057704 C
(mnimal inhibitory concentration) was determ ned by broth mcro-dilution
met hod perforned according to Cinical and Laboratory Standards Institute
(CLSI) guidelines. E. coli ATCC25922 (tetracycline sensitive) was grown in
cat i on- adjwas cededvenedn ieg bath tet<on Chdgn¢ihtlameoniud mpeyelinernd 4gnethdamaoniiyr bi di ty
was n‘eajsursgrg HE‘]CQ@.I@% %nglwagfhgﬁﬁ dﬁfﬁﬁ&@de&{ld\ﬁ@ﬁﬁf mesh) was added inépd?tri&ltse' n
synt hesi s "HRL DIt on wad Heasured usi ganimvitro

t ranscri pappatimathsévatyi Yrmagwa(-2s33sg eaph ddditiond| TheSe@tiex wanmpni®ystym f or

accor di ng Q" o ey B8 107 DA R RVEAR, SREAPG ALl MEUARD mehujon )

C PK, Phammadittkicd étrough;a ball bf CHlge® ampiveswasbedwiginH0yzkedaen TIE- wBtiMswand

paraneters were cal cuylated, usi Y. nNonL.i rogram d %F, fr ion of

D bsor ot - onrelpgied B g Sies T e R B e LR BRI S iiavme 721 Vi vo
Rheumat oi dqésoubisdlition wds esteactdddiedt with 2 x 1 L dichlordzhdthtine.alThesdanthired ohgavie
denonstrated that. m nocycline can inprove di sease s t,0 i n rheumat oi d
orehr it o TR by B e AR O S Tl BRSAY SRRy ¢l  ne
(J, W AFyand ré&ilibedRESuBYOANES itz gde anoh hessraciedmditi@aniiie mitcyaidebr #f the 10
di sease, col | agen-induced arthritis (CIA) (See supra). Male DBA/1 mce were
i muni Y&d @WW%&@W%WCW‘?% 200 [ig of bovine type Il collagen and boosted
with collagen three weeks later. M nocycline and four non-antibacteri al

m nocycline derivatives were adm nistered i.p. beginning after disease
onset. Pawyhtipuxefdedotetraeychinesslr dija ghdowi bl ﬂﬁé‘?:g-léé af gy slineTr eat ment
of C A W thdexanEihasan8iseitd e 0hi SretaBesuFHiPAG & OrNRWilgN A LA RIS &N Dy

82% 15 and 45% at doses of 4 [ kg and 12 ng/ kg, respecti velty. M'nocycl i ne
i nhi bi t ed %t29anel) ansldedine (61.5 g, 0.24 mol) were added and the mixture was stirred for 3 hours.

15 Upon completion of the reaction as determined by LCMS, the mixture was poured into 4%
aqueous sodium sulfite (3.5 L) and was stirred for one hour. The solution was filtered
through a bed of Celite® and washed with 200 ml of water. The aqueous layer was loaded
onto a column containing divinylbenzyl resin. A gradient of 20-80% organic (1:1
methanol:acetonitrile) in water with an overall trifluoroacetic acid of 1.0% was used to elute

20 product 5. The combined fractions were reduced of organic solvent using rotary evaporation,
pH adjusted with aqueous NaHCOj; to pH 7 and extracted with methylene chloride to give
0.95 mol of product 5 as the free base.

Scheme 2

Pd(PPhy),, Pd(OAc),
Na,CO,, H,0

Boronic acid, DMA

Microwave OH
@ 110C, 10 mins o o on 0 0

/B\

25 HO”" “OH
General Procedure for 7-phenyl tetracycline compounds (modified from Nelson, et al., JOC,

2003, 68(15): 5838-5851). 7-iodosancycline (200 mg, 0.37 mmol) was combined with
37




by 22% at 25 ng/ kg/ day and 45% at 50 ng/ kg/day. The m nocycline derivatives
each inhibited Cl A nore potently than m nocycline, ranging from60 to 81%

i nhi bi ti omoabiopssesswel | i ng at 25 ng/ kg/ day. The EC50 valpgeassbaw/o€i740
inhibition for mnocycline derivatives were |ower than those of m nocycline
and nethotrexate. Footpad tissue |levels of cytokines 20 (IL-1, IL-6, RANKL
and MCP-1) and a matrix netall oprotei nase (MVW-9) were decreased after

t her apeut iPd(RPdle)aandel?ct(OAfz)zm 83 minbheadi®xa dstettdwetemided ! i hatdrdsgasses,  but not

i i  oa T A" S ARRLSHDE T Tt ¥Rl s M AT e

conpounds Ardyr eniafptiectoiadditiboby $ynagoina the reeeticm:snmtlm[ TRA vees falldved batheves to

| y- t d t.th d ffect ted
ot oy oSl i e ot bt Mt P A RS SR SR8 f nauced
arthritys H@Aﬁﬁhﬁﬁi@ﬂwrﬂﬂﬂm@mwdd dﬂeﬁidmgnmméctmollo °C usmg micrdwavidfoe DBA/ 1

30001 | ager o dspition i ERERL GRS =3l vese i Rt roa B ei ved i d

boost of }Riupe Bie 6ALE AYRAal FidalmeRBAISHS phifddty ;ﬁepafﬂnwamﬂr&c Conpounds wer e
adm nistered i.p. daily for 7 days starting fromdisease onset (day 3- 4

after boost). 354 Foot swelling was neasured by an engi neering m croneter
and di sease severity was scored accosgbmeby (1, erythenma and mld swelling
confined to the tarsal or ankle joint; 2, erytherra and mld swelling
extending fremthe amdle to tplfai@pmdd(é@gt 3, 65°Ner yt hemas and noderat e

swel | i ng exteg , zdﬂhe ankilagof, @0t he net at @@m o4,  erythema and

ssgmg—t"he—errrmp—‘f‘d’ot 3 5.w,Change (A) of

paw t hi cknésy =]sumgg -aM/thld}nes&mﬁhQn14 %ﬁms ofl a Inelisell ( experi ment al )
- sum of basé&li fle ﬁhm?thﬁckneg T oft0Z 'pEvs of tHe Saff fouSe. 56. %

i nhibition = cumadratirve A paw t hi ckness (di seasesgraupH- conpound-treated

group) 10 cunul ative A paw t hi ckness (di sease grodBFATﬂﬂﬁ”?%rWéct preparati on
and bi omarkers ELI SA assay 1. Paws were collected frommce after 5-7 days
of dosing and dlssected free of skln 102 Th- mere t hen UO ngeni zed

in i ce- colYenpaklroceduse/igr 9sphenyListracysline campoun s helson. gbels/V6r  usi ng
a Pol yt rorzobpmasnlsxeg-ssﬁ) @ﬂiabteﬁa@eﬁhemvhﬁﬁ&ﬁwﬂﬁoﬂlbmﬂwm@dtmm bl
honngenlzed sanp es by centrifugatio ayers were collected for

MP- 9, | LPE(OAe): .03ganpre! cagipi Tmeﬁlﬁ&cqfﬂlﬂée éﬁamly)sﬁné degassrd Vet A kits from R
& D Syss e@epéréteﬁeﬁbgltkﬁ (ﬁmngmrmyrﬁémg rrﬁ%f'vVa’iér) wgsspu}gedwltw& R A

i nhi bited joint ammat i on when adm ni stered after di sease onset in a
nuri ne colpriggerrdilitionbesyrimee e the seagtemaplugipn dihis ey fetfowed by thsrpdeliignef 3ion of
paw swel | 'A}Qdeg&@edcéowﬁbﬁ@f REABSMIE bl AL A 7480 it STRALEOMAT. Biet her

m nocycline or neth otrexIt) les 4 show in vivo efficacy of

dexanet hageastion mixtire tae keatad in migrowdnelal hi), °Calar L infp mypaiteredvid éLathees J, W
AF and AT Y,

Tabl e 4A sh@\t/{rgsr? Hscﬁl eﬂhﬁgg@ﬁg{:‘[ agftﬁ%)c'inttél¥ (g{s)eeg%()%&n%}? %?A tBS%Gép&gg liJ:t he

vehi cl 20 ( imgterial. HiaddlrmteztBl whomsifiddba pfeparatimetRIbHPEK at e dosed at 12 25

ng/ kg/ day i.p and the vehicle (i.p.). Table 4C shows data for m nocycline
dosed at 25 ny/kg/day i.p and the vehicle (i.p.). Table 4D shows data for
Compound W dosed at 25 ng/ kg/day i. pSczhnnleﬂhe vehicle (i.p.). Table 4E shows
data for Conpound J dosed at 25 ng/kg/ d/a p and the vehicle (i.p.). Table
4F shows data for Co\r}%spoggdzxAF do si25 rrg/ i '.p apd the vehicle

a foar ou/n\d AT dos 30 mg/;kg/ day i.p
e 4A D%(%é‘sh O

H, Pd(OAc),, Cul
Et;N/CH,CN
2) H,SO,H,0 (4:1)

R4 = N(CHy), or H R4 =N(CHy),orH
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Conpound 1 2 3 45 6 7 8 Dosed Change in Vehicle Mean 0.89 1.23
1.68 1.27 1.43 1.52 1.66 1.38 Paw SEM 0.15 0.16 0.17 0.16 0.16 0.17 0.18
WO 2010/033939 PCT/US2009/057727

General Procedure for tetracycline alkyne derivatives (modified from Nelson, et al., JOC,
2003, 68(15): 5838-5851). A 1-mmol sample of 7-iodotetracycline, 50 mg of

tetrakistriphenylphosphine palladium(0) catalyst or equivalent, 12 mg of Pd(OAc),, and 32
mg of Cul were dissolved in 10 mL of acetonitrile. Triethylamine (2-5 mL) and 3-5 mmol of

5 alkyne were added and the mixture was vigorously stirred between room temperature and 70
°C for 2-24 h. Filtration through Celite® and removal of the solvent in vacuo produced crude
7-alkyne. The alkyne was converted to the acetyl by dissolving the crude material in
H,S04:H,0 (4:1) and stirring at room temperature for 2-4 hours. The final product was
purified by preparative RP-HPLC.

10
Scheme 5

InR,

Pd(t-But,P),

THF, Reflux

General Procedure for 7-alkylsancyclines. A 1000 mL 2- or 3-neck round-bottomed flask

15  with reflux condenser was charged with anhydrous InCl; (12.1 g, 40.5 mmol) and dried under
vacuum with a heat gun. After flask was cooled to ambient temperature and flushed with
argon, anhydrous tetrahydrofuran (THF) (240 mL) was added. The solution was cooled to —
78 °C and RMgBr1(Cl) (122 mmol) as solution in THF was added. After 15 minutes, the
solution was allowed to slowly warm to room temperature to form a clear heterogeneous

20  solution. To the reaction flask was added 7-iodosancycline or 7-iodo-4-
dedimethylaminosancycline (36 mmol) and Pd(t-BusP); (0.920 g, 1.80 mmol). The solution
was heated to reflux under argon until complete (approximately 1-8 h). After cooling to
ambient temperature, the solution was quenched with MeOH (1 mL) and poured into a
stirring cold solution of 1M HCI (3 L). After 1h, the solution was filtered through a pad of

25 Celite® rinsing with water. The water solution was loaded onto a large fritted funnel
containing a bed of prepared divinylbenzene (DVB) resin. At first, cold water (500 mL) was
eluted then a gradient of cold acetonitrile/water was eluted in (500 mL) fractions. The

fractions containing product were concentrated under reduced pressure and then dried under



0. 15 Thi ckness Dexa- Mean 0.92 0.57 0.47 -0.07 0.03 -0.13 0.04 -0.21 (mm
met has one SEM 0.16 0.11 0.1 0.09 0.1 0.07 0.08 0.07 WO
2010/ 033986RCIVIISARO09/ 057727 Tabl e 4B Days Conpaunus$2008/087737 4

high vacuum overnight to afford 10 g in 57% yield. The fractions can be purified further by
preparatory RP-HPLC.

Scheme 6
Sn(Bu),

Y

Pd(PPh,),

DMF, 100 °C
Microwaves

Synthesis of 7-(2-oxazolyl)-4-dedimethylamino sancycline. To a 20 mL Biotage® microwave

vial was added a solution of anhydrous 7-iodo-4-dedimethylamino sancycline freebase (3.5
mmol), 2-oxazolylstannane (4.38 mmol), Pd(PPhs) (0.35 mmol) in DMF (20 mL). The

10  secured vial was placed into a Biotage® microwave reactor with a temperature setting of 100
°C for 10 min. The reaction was poured into a solution of 1% TFA/H,0O (150 mL). The
solution was filtered through a plug of Celite® rinsing with 1% TFA water solution. The
solution was loaded onto a previously prepared funnel of DVB resin (3 x 10 cm packed DVB
column). After loading, water (100 mL) was eluted and finally CH3CN to elute the desired

15  product. The yellow solution was concentrated under reduced pressure and further purified by

preparatory RP-HPLC.

Scheme 7

CO, Pd(PPh;),, DMF, 60 °C

S
/©/ \SnBu:,

R4 = N(CHy), or H R4 = N(CHg), or H

INR,, Pd,{dba)y/P(2-furyl),

Cu(l)Thiophencarboxylate, THF, Reflux

R4 = N(CH;), or H

20

40



5 6 7 8 Dosed Change in Vehicle Mean 0.71 0.78 0.93 1.03 1.29 1.3
1.26 1.46 Paw SEM 0.12 0.13 0.16 0.14 0.14 0.14 0.13 0.17 Thi ckness Mt ho-
Mean O. 7/Aw0.268)/03396% PCT/US2009/057727

10

15

20

25

30

General Procedure for 9-(4-methylphenyDthiocarboxylacyl minocyelines. To a solution of

anhydrous 9-iodominocycline or 9-iodo-4-dedimethylaminominocycline freebase (35.0
mmol), 4-methylphenylthiotributyltin (15.9 g, 38.5 mmol) and Pd(PPhs)4 (2.02 g, 1.75 mmol)
in anhydrous DMF (175 mL) was bubbled carbon monoxide (CO) for 15 min, then heated to
60 °C with a large balloon filled with CO affixed to the flask to maintain a positive pressure
of CO. After 12 h, the reaction was cooled to room temperature, poured into a cold 1:1
solution of 1% TFA/H,0 (500 mL) and methyl tert-butyl ether (MTBE) (500 mL). After
separating layers, the organic layer was back extracted with 1% TFA/H,0 (500 mL). The
combined water layers were loaded onto a previously prepared funnel of DVB resin (7 x 15
cm packed DVB column). After loading, a cold solution of 1M NaOAc was eluted until the
eluent became basic (approximately 300 mL), then water (400 mL) and finally 1:1
CH3CN/THEF to elute the desired product. The yellow solution was concentrated under
reduced pressure and further dried under high vacuum overnight to afford 18.5 g as an orange

solid in 87% yield.

Triorganoindium Procedure for 9-alkylacyl minocyclines. To a solution of 9-(4-

methylphenyl)thiocarboxylacyl minocycline or 9-(4-methylphenyl)thiocarboxylacyl-4-
dedimethylamino minocycline (2.80 mmol), copper(I) thiophene-2-carboxylate (CuTC)
(0.801 g, 4.20 mmol), tris(dibenzylideneacetone) dipalladium(0) (Pd,(dba)s) (0.064 g, 0.070
mmol) and P(2-furyl); (0.130 g, 0.560 mmol) in anhydrous THF (5 mL) under argon was
added a 0.1M solution of previously prepared R3In (56.0 mL, 5.60 mmol), then the solution
was heated to reflux until reaction was complete (4-12h). After cooling to room temperature,
the solution was poured into cold 0.1M HCI (mL) and stirred for 1h. To the solution was
added Celite® and then filtered through a large plug of Celite® rinsing with cold water. The
cold solution was loaded onto a prepared column of DVB resin (3 x 10 cm packed DVB
column). When the loading was complete, water (300 mL) was eluted, and then CH3CN was
eluted until the eluent became colorless. The yellow solution was concentrated under reduced

pressure, then further purified by preparatory RP-HPLC.
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Scheme 8

1. CO, Pd(PPh,),, DMF, 60 °C
N-hydroxysuccinimide, DIPEA

2. H,0, R-OH or R-NH(R')

R4 = N(CH,), or H R4 =N(CH,), or H
Y =NH(R), O

General Procedure for 9-acylminocyclines. To a 500 mL flask was added (4.30 mmol) 4-

5 dedimethylamino-9-iodo minocycline or 9-iodo minocycline free base, N-methyl-2-
pyrrolidone (NMP) (37 mL), and N-hydroxysuccinimide (3.9 g, 38 mmol). To remove
residual water from the above reactants toluene was added (37 mL). The flask was then
placed on the rotary evaporator (5 mm Hg, 45 °C) until all the toluene was evaporated. The
flask was backfilled with argon and the contents were then transferred via cannula to a dry

10 500 L flask. To the 0.5 L flask was added tetrakis(triphenylphosphine)palladium(0) (2.00 g,
1.67 mmol) and diisopropylethylamine (DIEA) (2.60 mL, 1.48 mmol). The flask was placed
under vacuum (20 mm Hg) and purged 3x with carbon monoxide. The flask was then heated
to 60 °C under 1.0 atm of carbon monoxide and let stir for 1 h until all starting material was
consumed and a peak for the corresponding NHS-ester intermediate was formed as

15 determined via LCMS. Subsequently, the corresponding amine, alcohol or water (438 mmol)
and DIEA (4.0 mL, 38 mmol) was added and the reaction was heated in a microwave reactor
for 1 min at 100 °C. The reaction was added to acetonitrile (150 mL) followed by water (0.8
L) and the pH was lowered to 2 using trifluoroacetic acid. The solution was then filtered
through Celite® to remove the catalyst, loaded onto a reverse phase column and the crude

20 product was purified by HPLC (C18, linear gradient 30-45% acetonitrile in water with 0.2%

formic acid).

25
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Et,N/CH,CN, 85 °C

H . .
onty o 2. H,SO,H,0 (4:1) !
3. R-ONH, o

OH O

OH
OH O OH O 0

R4 = N(CH,), or H R4 = N(CH;), or H

General Procedure for 9-ethoxyimino-ethyl minocyclines. In a 100 mL, 3-necked flask, 9-

iodo-4-dedimethylamino minocycline or 9-iodo minocycline (6.11 mmol), palladium (II)
acetate (0.071 g, 0.31 mmol), Cul (0.123 g, 0.611 mmol), [Pd(PPhs)4] (0.363 g, 0.31 mmol),
and a stir bar were charged. Acetonitrile (30 mL) was added and the reaction flask was
purged with Ar for 1 min. The trimethylsilylacetylene (1.8 mL, excess) was added to the
reaction mixture followed by the addition of EtzN (3.4 mL). The reaction flask was heated to
85 °C (bath temp) and allowed to stir. A reaction aliquot taken after 5 min, showed the
completion of the reaction by LCMS [(ESI+) m/z Theor. Cale. 510.62, Obs. 511.71 (MH"].
The reaction mixture was filtered hot through a bed of Celite®, and the filter bed washed
with 3 x 10 mL of MeCN. The combined filtrate was first evaporated to dryness and further
dried under high vacuum for 12 h. To the flask containing the dried product, was added an
80% aqueous TFA solution (40 mL) and stirred at room temperature for 5 minutes, followed
by stirring at 80 °C for 5 min. At this stage the reaction sample contained 2 components — the
terminal acetylene (MS: obs. m/z = 439) and the desired product (MS: obs m/z = 457.20). An
80% solution of H,SO4 was added (while hot) to the reaction mixture over approximately 60
seconds. The LCMS confirmed the complete consumption of the starting material and
formation of the desired product. The reaction mixture was poured over ice, the resulting
solution/suspension was filtered over Celite®, and the black precipitate was washed with 3 x
50 mL of water. The filtrate was cooled down to 4-6 °C by adding approximately 300 g of
ice. The cold aqueous solution was then neutralized by adding solid NaHCO;
(approximately 110 g) in small portions until the pH of the solution/suspension was
approximately 5. The suspension was extracted in 2 x 300 mL portions of CH,Cl,, the
organic extract was dried over anhydrous Na,SO4 and evaporated to dryness first under rotary

evaporator and then under high vacuum. The material was dissolved in methanol and treated
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with appropriate alkoxyamine and allowed to stir for 3 h. The reaction was monitored with
LCMS, and upon completion of the reaction, the crude product was purified by preparative
column chromatography (C18, linear gradient 15-55% acetonitrile in 20 mM aqueous
triethanolamine and TFA, pH 7.4).

Scheme 10

1. TMS-acetylene
Pd(PPh,),

Pd(OAC),, Cul
Et,N/CH,CN

2 —

2. H,S0,:H,0 (4:1)

Synthesis of 9-acetyl-4-dedimethylamino minocycline. Ina 100 mL, 3-necked flask, 9-iodo-

4-dedimethylamino minocycline (4.001 g, 6.11 mmol), palladium (II) acetate (0.071 g, 0.31
mmol), Cul (0.123 g, 0.611 mmol), [Pd(PPhs)4] (0.363 g, 0.31 mmol), and a stir bar were
charged. Acetonitrile (30 mL) was added and the reaction flask was purged with Ar for 1
min. The trimethylsilylacetylene (1.8 mL, excess) was added to the reaction mixture
followed by the addition of Et;N (3.4 mL). The reaction flask was heated to 85 °C (bath
temp) and allowed to stir. A reaction aliquot taken after 5 min, showed the completion of the
reaction by LCMS [(ESI+) m/z Theor. Calc. 510.62, Obs. 511.71 (MH")]. The reaction
mixture was filtered hot through a bed of Celite®, and the filter bed washed with 3 x 10 mL
of MeCN. The combined filtrate was first evaporated to dryness and further dried under high
vacuum for 12 h. To the flask containing the dried product, was added an 80% aqueous TFA
solution (40 mL) and stirred at room temperature for 5 minutes, followed by stirring at 80 °C
for 5 min. At this stage the reaction sample contained 2 components — the terminal acetylene
(MS: obs. m/z = 439) and the desired product (MS: obs m/z = 457.20). An 80% solution of
H>504 was added (while hot) to the reaction mixture over approximately 60 seconds. The
LCMS confirmed the complete consumption of the starting material and formation of the
desired product. The reaction mixture was poured over ice, the resulting solution/suspension
was filtered over Celite®, and the black precipitate was washed with 3 x 50 mL of water.
The filtrate was cooled down to 4-6 °C by adding approximately 300 g of ice. The cold
aqueous solution was then neutralized by adding solid NaHCO; (approximately 110 g) in

small portions until the pH of the solution/suspension was approximately 5. The suspension
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was extracted in 2 x 300 mL portions of CH,Cl,, the organic extract was dried over anhyd.
Na,SO; and evaporated to dryness, first under rotary evaporator and then under high vacuum.
The crude product was purified by preparative chromatography (C18, linear gradient 15-40%
acetonitrile in water with 0.1% TFA, 280 nm).

Scheme 11

(i) PA(PPhy),, CO,
DIEA,
N-hydroxysuccinimide

N,
(i \H% _OH
N

(iii) 4 min 125 C
Microwaves

Synthesis of 9-(3-isopropyl-1.2.4-oxadiazoyl

10 mL flask was added (4.00 g, 8.60 mmol) 4-dedimethylamino-9-iodo minocycline free base,
NMP (50 mL), N-hydroxysuccinimide (3.9 g, 38 mmol), a stir bar,
tetrakis(triphenylphosphine)palladium(0) (2.00 g, 1.67 mmol) and DIEA (3.0 mL, 1.7 mmol).
The flask was placed under vacuum (20 mm Hg) and purged 3x with carbon monoxide. The
flask was then heated to 60 °C under 1.0 atm of carbon monoxide and stirred for 1 h until all

15 4-dedimethlyamino-9-iodo minocycline was consumed and a peak for the corresponding 9-
NHS-ester 4-dedimethylamino minocycline intermediate (M+1) of 556 M/Z was formed as
determined via LCMS. The NHS-ester intermediate was then reacted with N’-hydroxy-2-
methylpropanimidamide (2.0 g, 19.6 mmol) at room temperature for 2 h, to give the
noncyclized intermediate (M+1) of 543 M/Z as determined via LCMS. The noncyclized

20 intermediate was isolated by adding it to 50 mL acetonitrile followed by dilution of the
reaction mixture with water to a total volume of 2.0 L. The water was adjusted to a pH of 2.0
using trifluoroacetic acid. The aqueous solution was then filtered and loaded onto a plug of
DVB resin and purified (10-60% MeCN, 0.1% TFA) to give 1 g of crude noncyclized
intermediate. To noncyclized-intermediate (2.0 g, 3.7 mmol) in a 500 mL round bottom flask

25 was added NMP (80 mL) and toluene (80 mL). To prevent hydrolysis during the subsequent
cyclization step, residual water was removed from the noncyclized intermediate by subjecting
it to rotary evaporation (5§ mm Hg, 45 °C) until all the toluene/water was evaporated. The

flask was backfilled with argon and diisopropylamine (2 mL, 1.13 mmol) was added. To
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facilitate cyclization, the contents were heated to 125 °C for 8 minutes using microwaves.
The contents were then added to acetonitrile, diluted with water to a final volume of two
liters and trifluoroacetic acid was added to a final pH of 2. The solution was then filtered
through Celite® to remove the catalyst, loaded onto a reverse phase column and the crude

5 product was purified by HPLC (C18, linear gradient 30-40% acetonitrile in water with 0.1%
TFA). The fractions containing the final product were loaded onto a DVB plug, washed with
aqueous HC1 (1.0 L, 0.01 N) and eluted with methanol to give the HC] salt of 9-(3-isopropyl-
1,2,4-oxadiazoyl)-4-dedimethylamino minocycline (280 mg, 0.53 mmol, 12%).

10 Scheme 12

INR,, Pd(t-BugP),, THF, 65 °C

R4 = N(CH,), or H R4 = N(CH,), or H

General Procedure for 9-Alkyl minocyclines. A 1000 mL 2 or 3 neck round-bottomed flask

with reflux condenser was charged with anhydrous InCl; (12.1 g, 40.5 mmol) and dried under

15 vacuum with a heat gun. After the flask was cooled to ambient temperature and flushed with
argon, anhydrous THF (240 mL) was added. The solution was cooled to —78 °C and
RMgBr(Cl) (122 mmol) as a solution in THF was added. After 15 min., the solution was
allowed to slowly warm to room temperature to form a clear heterogeneous solution. To the
reaction flask was added 9-iodo minocycline or 9-iodo-4-dedimethylamino minocycline (36

20 mmol) and Pd(t-BusP), (0.920 g, 1.80 mmol). The solution was heated to reflux under argon
until complete (approximately 1-8h). After cooling to ambient temperature, the solution was
quenched with MeOH (1 mL) and poured into a stirring cold solution of 1M HCI (3 L). After
1h, the solution was filtered through a pad of Celite® rinsing with water. The water solution
was loaded onto a large fritted funnel containing a bed of prepared DVB resin. At first, cold

25 water (500 mL) was eluted then a gradient of cold acetonitrile/water was eluted in (500 mL)
fractions. The fractions containing product were concentrated under reduced pressure and
then dried under high vacuum. Crude material was purified further by preparatory RP-
HPLC.
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Svnthesis of 9-ethyl doxycycline. A 1000 mL 2 or 3 neck round-bottomed flask with reflux

5 condenser was charged with anhydrous InCl; (12.1 g, 40.5 mmol) and dried under vacuum
with a heat gun. The flask was then cooled to ambient temperature, flushed with argon and
anhydrous THF (240 mL) was added. The solution was cooled to —78 °C and EtMgBr (122
mmol) as solution in THF was added. After 15 min., the solution was allowed to slowly
warm to room temperature to form a clear heterogeneous solution. To the reaction flask was

10  added 9-iodo doxycycline (36 mmol) and Pd(t-BusP), (0.920 g, 1.80 mmol). The solution
was heated to reflux under argon until complete (approximately 1-8h). After cooling to
ambient temperature, the solution was quenched with MeOH (1 mL) and poured into a
stirring cold solution of 1M HCI (3 L). After 1h, the solution was filtered through a pad of
Celite® and rinsed with water. The water solution was loaded onto a large fritted funnel

15 containing a bed of prepared DVB resin. At first, cold water (500 mL) was eluted. Then, a
gradient of cold acetonitrile/water was eluted in (500 mL) fractions. Crude material was

purified further by preparatory RP-HPLC.

Scheme 14

RSnBu;, Pdy{dba),/P(2-furyl);, Cul

NH, DMF, Microwaves, 100 °C

R4 = N(CH,), or H R4 = N(CH,), or H
20 32 32

General Procedure for 9-substituted minocyclines through Stille coupling. To a solution of

anhydrous 9-iodo minocycline or 9-iodo-4-dedimethylamino minocycline freebase (3.5
mmol), stannane (4.38 mmol), Cul (0.067 g, 0.350 mmol), P(2-furyl); (0.163 g, 0.700 mmol)
25 and Pdy(dba); (0.081 g, 0.088 mmol) in DMF (20 mL) were added in a 20 mL Biotage®

microwave vial. The secured vial was placed into a Biotage® microwave reactor with a
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temperature setting of 100 °C for 10 min. The reaction was poured into a solution of 1%
TFA/H,0 (150 mL). The solution was filtered through a plug of Celite® and rinsed with 1%
TFA water solution. The solution was loaded onto a previously prepared funnel of DVB resin
(3 x 10 cm packed DVB column). After loading the crude material, water (100 mL) was

5 eluted and finally CH3;CN to elute the desired product. The yellow solution was concentrated
under reduced pressure and further purified by preparatory RP-HPLC.,

Scheme 15

on  IN(CHy)s, PACL(PPhy),

—_—
NH, DMF, Microwaves

10

Synthesis of 10-methyl-4-dedimethylamino minocycline. To a solution of anhydrous

freebase 4-dedimethylamino minocycline (25.0 mmol) in anhydrous THF under argon (163
mL) at 0 °C was added a IM solution of potassium tert-butoxide (87.5 mL, 87.5 mmol)
dropwise. After 45 min., N-phenylbis(trifluoromethanesulfonimide) (18.8 g, 52.5 mmol) was
15 added at once. After 1 h, the solution was allowed to slowly warm to room temperature. After
another 2 h, the solution was slowly poured into a vigorously stirring solution of 0.1M HCI
and Celite®. After 15 min., the solution was filtered through a large plug of Celite® rinsing
with 0.1M HCI. The water layer was loaded onto a DVB resin for purification. After the
solution was loaded, a 0.1 M HCI solution was eluted, then CH3CN with 1 mL conc. HCI was
20 eluted where the yellow eluent was collected until it became colorless. The solution was
concentrated under reduced pressure and further dried under high vacuum to afford 10-triflate
intermediate. To a 200 mL round bottom flask was added THF (40 mL), a stir bar and InCl3
(4.4 g, 20.0 mmol). The flask was then cooled to -78 °C by placing it in a dry ice bath. A
solution of methylmagnesiumchloride in THF (20 mL, 3.0 N, 60 mmol) was slowly added to
25 the stirred reaction over 5 minutes to generate a trimethyl-indium intermediate stock solution.
The reaction was allowed to warm to room temperature. To the 10-triflate intermediate (0.61
mmol) was added N-methylpyrrolidone (10 mL), trans-
dichlorobis(triphenylphosphine)palladium(Il) (PdCI,(PPhs;),) (1.0 g, 1.4 mmol) and the above

trimethyl-indium intermediate stock solution (15 mL). The reaction was subject to
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microwave irradiation for a duration of 4 minutes at a temperature of 110 °C. The reaction
was then added to an aqueous solution (2.0 L) containing acetonitrile (10%) and TFA was
added until a pH of 2 was reached. The solution was then filtered through Celite® to remove

the catalyst, loaded onto a reverse phase column and purified by RP-HPLC.

Scheme 16

SN SN Cl,Pd(dppf), LiCl, N7
oY y Y oH NH4OCHO H

d OH B0k 2 ! OH
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m 2. PhN(Tf)2 H, DMF, Microwaves
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Synthesis of 10-deoxy sancycline. To a solution of anhydrous freebase sancycline (25.0

10  mmol) in anhydrous THF under argon (163 mL) at 0 °C was added a 1M solution of

potassium tert-butoxide (87.5 mL, 87.5 mmol) dropwise. After 45 min, N-
phenylbis(trifluoromethanesulfonimide) (18.8 g, 52.5 mmol) was added at once. After 1h, the
solution was allowed to slowly warm to room temperature. After another 2h, the solution was
slowly poured into a vigorously stirred solution of 0.1 M HCl and Celite®. After 15 min., the

15 solution was filtered through a large plug of Celite® and rinsed with 0.1M HCI. The water
layer was loaded onto a DVB resin for purification. After the solution was loaded, a 0.1 M
HCI solution was eluted, then CH3CN with 1 mL conc. HCI was eluted where the yellow
eluent was collected until it became colorless. The solution was concentrated under reduced
pressure and further dried via high vacuum to afford 10-triflate intermediate. To a solution of

20 sancycline-10-triflate freebase (3.50 mmol) in DMF (10 mL) and H,O (10 mL) was added
ammonium formate (0.662 g, 10.5 mmol), LiCl (0.297 g, 7.00 mmol) and Cl,Pd(dppf) (0.022
g, 0.175 mmol) in a 20 mL Biotage® microwave vial. The secured vial was placed into a
Biotage® microwave reactor with a temperature setting of 100 °C for 7 min. After cooling,
the vial was opened and poured into a 1% TFA/water solution. The solution was filtered

25 through a plug of Celite® and rinsed with 1% TFA/water until the filtrate became colorless.
The water solution was loaded onto a prepared DVB resin for semi-purification. After the
solution was loaded, distilled water was eluted to remove salts, and then CH3CN was eluted
where the yellow eluent was collected until the eluent became colorless. The solution was

concentrated under reduced pressure and further purified on preparatory chromatography on a
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reverse phase column. The combined fractions were concentrated under reduced pressure to

afford a pale yellow solid.

The term "alkyl" includes saturated aliphatic groups, including straight-chain
5 alkyl groups (e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, etc.),
branched-chain alkyl groups (isopropyl, tert-butyl, isobutyl, etc.), cycloalkyl (alicyclic)
groups (cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl), alkyl substituted
cycloalkyl groups, and cycloalkyl substituted alkyl groups. The term alkyl further includes
alkyl groups, which can further include oxygen, nitrogen, sulfur or phosphorous atoms

10  replacing one or more carbons of the hydrocarbon backbone. In certain embodiments, a
straight chain or branched chain alkyl has 6 or fewer carbon atoms in its backbone (e.g., Ci-
Cs for straight chain, C3-Cs for branched chain), and more preferably 4 or fewer. Likewise,
preferred cycloalkyls have from 3-8 carbon atoms in their ring structure, and more preferably
have 5 or 6 carbons in the ring structure. The term C;-Cs includes alkyl groups containing 1

15 to 6 carbon atoms.

"Substituted alkyls" refers to alkyl moieties having substituents replacing a
hydrogen on one or more carbons of the hydrocarbon backbone. Such substituents can
include, for example, alkenyl, alkynyl, halogen, hydroxyl, alkylcarbonyloxy,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,

20 arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino (including
alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino
(including alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), amidino, imino,
sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl,

25 sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or
heteroaromatic moiety. Cycloalkyls can be further substituted, e.g., with the substituents
described above. An "alkylaryl" or an “arylalkyl” moiety is an alkyl substituted with an aryl
(e.g., phenylmethyl (benzyl)). The term “alkyl” also includes the side chains of natural and
unnatural amino acids.

30 The term "aryl" includes groups, including 5- and 6-membered single-ring
aromatic groups that may include from zero to four heteroatoms, for example, benzene,
phenyl, pyrrole, furan, thiophene, thiazole, isothiaozole, imidazole, triazole, tetrazole,
pyrazole, oxazole, isooxazole, pyridine, pyrazine, pyridazine, and pyrimidine, and the like.
Furthermore, the term “aryl” includes multicyclic aryl groups, e.g., tricyclic, bicyclic, e.g.,

35 naphthalene, benzoxazole, benzodioxazole, benzothiazole, benzoimidazole, benzothiophene,

methylenedioxyphenyl, quinoline, isoquinoline, napthridine, indole, benzofuran, purine,
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"heteroaromatics". The aromatic ring can be substituted at one or more ring positions with
such substituents as described above, as for example, halogen, hydroxyl, alkoxy,

5 alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate,
alkylcarbonyl, alkylaminoacarbonyl, arylalkyl aminocarbonyl, alkenylaminocarbonyl,
alkylcarbonyl, arylcarbonyl, arylalkylcarbonyl, alkenylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylthiocarbonyl, phosphate, phosphonato, phosphinato, cyano, amino
(including alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino),

10 acylamino (including alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido),
amidino, imino, sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl,
sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl,
alkylaryl, or an aromatic or heteroaromatic moiety. Aryl groups can also be fused or bridged
with alicyclic or heterocyclic rings which are not aromatic so as to form a polycycle (e.g.,

15 tetralin).

The term "alkenyl" includes unsaturated aliphatic groups analogous in length
and possible substitution to the alkyls described above, but that contain at least one double
bond.

For example, the term "alkenyl" includes straight-chain alkenyl groups (e.g.,

20 ethylenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, etc.),
branched-chain alkenyl groups, cycloalkenyl (alicyclic) groups (cyclopropenyl,
cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl), alkyl or alkenyl substituted
cycloalkenyl groups, and cycloalkyl or cycloalkenyl substituted alkenyl groups. The term
alkenyl further includes alkenyl groups which include oxygen, nitrogen, sulfur or

25 phosphorous atoms replacing one or more carbons of the hydrocarbon backbone. In certain
embodiments, a straight chain or branched chain alkenyl group has 6 or fewer carbon atoms
in its backbone (e.g., C7-Cg for straight chain, C3-Cg for branched chain). Likewise,
cycloalkenyl groups may have from 3-8 carbon atoms in their ring structure, and more
preferably have 5 or 6 carbons in the ring structure. The term C,-Cs includes alkenyl groups

30 containing 2 to 6 carbon atoms.

"Substituted alkenyls" refers to alkenyl moieties having substituents replacing
a hydrogen on one or more carbons of the hydrocarbon backbone. Such substituents can
include, for example, alkyl groups, alkynyl groups, halogens, hydroxyl, alkylcarbonyloxy,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,

35 arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino (including
alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino
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(including alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), amidino, imino,
sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl,

sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or

heteroaromatic moiety.

The term "alkynyl" includes unsaturated aliphatic groups analogous in length
and possible substitution to the alkyls described above, but which contain at least one triple
bond.

For example, the term "alkynyl" includes straight-chain alkynyl groups (e.g.,
ethynyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl, etc.),
branched-chain alkynyl groups, and cycloalkyl or cycloalkenyl substituted alkynyl groups.
The term alkynyl further includes alkynyl groups which include oxygen, nitrogen, sulfur or
phosphorous atoms replacing one or more carbons of the hydrocarbon backbone. In certain
embodiments, a straight chain or branched chain alkynyl group has 6 or fewer carbon atoms
in its backbone (e.g., C2-Cg for straight chain, Cs5-Cg for branched chain). The term C,-Cs
includes alkynyl groups containing 2 to 6 carbon atoms.

"Substituted alkynyls" refers to alkynyl moieties having substituents replacing
a hydrogen on one or more carbons of the hydrocarbon backbone. Such substituents can
include, for example, alkyl groups, alkynyl groups, halogens, hydroxyl, alkylcarbonyloxy,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino (including
alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino
(including alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), amidino, imino,
sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl,
sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or
heteroaromatic moiety.

Unless the number of carbons is otherwise specified, "lower alkyl" as used
herein means an alkyl group, as defined above, but having from one to five carbon atoms in
its backbone structure. "Lower alkenyl" and "lower alkynyl" have chain lengths of, for
example, 2-5 carbon atoms.

The term “acyl” includes compounds and moieties which contain the acyl
radical (CH3CO-) or a carbonyl group. It includes substituted acyl moieties. The term
“substituted acyl” includes a carbonyl group (e.g., formyl or acetyl) where one or more of the
hydrogen atoms are replaced by for example, alkyl groups, alkynyl groups, halogens,
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate,
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treated
arylcarbonylamlno car amoyl and ureido), amidino, imino, sulfthydryl, alkylthio, arylthio,

'_\'T

thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
5 trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
moiety.

The term “imine” includes compounds with a -C=N- group, e.g., an oxime
group (-C=N-0O-).

The term “acylamino” includes moieties wherein an acyl moiety is bonded to

10 an amino group. For example, the term includes alkylcarbonylamino, arylcarbonylamino,
carbamoyl and ureido groups.

The term “aroyl” includes compounds and moieties with an aryl or
heteroaromatic moiety bound to a carbonyl group. Examples of aroyl groups include
phenylcarboxy, naphthyl carboxy, etc.

15 The terms "alkoxyalkyl", "alkylaminoalkyl" and "thioalkoxyalkyl" include
alkyl groups, as described above, which further include oxygen, nitrogen or sulfur atoms
replacing one or more carbons of the hydrocarbon backbone, e.g., oxygen, nitrogen or sulfur
atoms.

The term “alkoxy” includes substituted and unsubstituted alkyl, alkenyl, and

20 alkynyl groups covalently linked to an oxygen atom. Examples of alkoxy groups include
methoxy, ethoxy, isopropyloxy, propoxy, butoxy, and pentoxy groups. Examples of
substituted alkoxy groups include halogenated alkoxy groups. The alkoxy groups can be
substituted with groups such as alkenyl, alkynyl, halogen, hydroxyl, alkylcarbonyloxy,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,

25 arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino (including
alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino
(including alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), amidino, imino,
sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl,

30 sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or
heteroaromatic moieties. Examples of halogen substituted alkoxy groups include, but are not
limited to, fluoromethoxy, difluoromethoxy, trifluoromethoxy, chloromethoxy,
dichloromethoxy, trichloromethoxy, etc.

The term “amine” or “amino” includes compounds where a nitrogen atom is

35 covalently bonded to at least one carbon or heteroatom. The term includes “alkyl amino”
which comprises groups and compounds wherein the nitrogen is bound to at least one
additional alkyl group. The term also includes “dialkyl amino” wherein the nitrogen atom is
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bound to at least two additional alkyl groups. The term “arylamino” and “diarylamino”
include groups wherein the nitrogen is bound to at least one or two aryl groups, respectively.

2% <6

The term “alkylarylamino,” “alkylaminoaryl” or “arylaminoalky]” refers to an amino group
which is bound to at least one alkyl group and at least one aryl group. The term

5 ‘“alkaminoalkyl” refers to an alkyl, alkenyl, or alkynyl group bound to a nitrogen atom which
is also bound to an alky! group.

b1

The term “amide,” “amido” or “aminocarbony!l” includes compounds or
moieties which contain a nitrogen atom which is bound to the carbon of a carbonyl or a
thiocarbonyl group. The term includes “alkaminocarbonyl” or “alkylaminocarbonyl” groups

10  which include alkyl, alkenyl, aryl or alkynyl groups bound to an amino group bound to a
carbonyl group. It includes arylaminocarbonyl and arylcarbonylamino groups which include
aryl or heteroaryl moieties bound to an amino group which is bound to the carbon of a
carbonyl or thiocarbonyl group. The terms “alkylaminocarbonyl,” “alkenylaminocarbonyl,”
“alkynylaminocarbonyl,” “arylaminocarbonyl,” “alkylcarbonylamino,”

2 &

15 “alkenylcarbonylamino,” “alkynylcarbonylamino,” and “arylcarbonylamino” are included in
term “amide.” Amides also include urea groups (aminocarbonylamino) and carbamates
(oxycarbonylamino).

The term “carbonyl” or “carboxy” includes compounds and moieties which
contain a carbon connected with a double bond to an oxygen atom. The carbonyl can be

20 further substituted with any moiety which allows the compounds of the invention to perform
its intended function. For example, carbonyl moieties may be substituted with alkyls,
alkenyls, alkynyls, aryls, alkoxy, aminos, etc. Examples of moieties which contain a
carbonyl include aldehydes, ketones, carboxylic acids, amides, esters, anhydrides, etc.

The term “thiocarbony!” or “thiocarboxy” includes compounds and moieties

25  which contain a carbon connected with a double bond to a sulfur atom.

The term “ether” includes compounds or moieties which contain an oxygen
bonded to two different carbon atoms or heteroatoms. For example, the term includes
“alkoxyalky]” which refers to an alkyl, alkenyl, or alkynyl group covalently bonded to an
oxygen atom which is covalently bonded to another alkyl group.

30 ' The term “ester” includes compounds and moieties which contain a carbon or
a heteroatom bound to an oxygen atom which is bonded to the carbon of a carbonyl group.
The term “ester” includes alkoxycarboxy groups such as methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, butoxycarbonyl, pentoxycarbonyl, etc. The alkyl, alkenyl, or alkynyl
groups are as defined above.

35 The term “thioether” includes compounds and moieties which contain a sulfur
atom bonded to two different carbon or hetero atoms. Examples of thioethers include, but are
not limited to alkthioalkyls, alkthioalkenyls, and alkthioalkynyls. The term “alkthioalkyls”

54



IL-1 I1L-6 MCP-1 RANKL AVG SD AVG SD AVG SD AVG SD AVG SD Dexanet hasone
35816 74 25 3 10 5 Methotrexate 52 26 16 10 20 11 37 23 - - Mnocycline
104 8 WO 2010/033939 PCT/US2009/057727

include compounds with an alkyl, alkenyl, or alkynyl group bonded to a sulfur atom which is
bonded to an alkyl group. Similarly, the term “alkthioalkenyls” and alkthioalkynyls” refer to
compounds or moieties wherein an alkyl, alkenyl, or alkynyl group is bonded to a sulfur atom
which is covalently bonded to an alkynyl group.

5 The term “hydroxy” or “hydroxyl” includes groups with an —OH or —-O".

The term “halogen” includes fluorine, bromine, chlorine, iodine, etc. The term
“perhalogenated” generally refers to a moiety wherein all hydrogens are replaced by halogen
atoms.

The terms "polycyclyl" or "polycyclic radical” refer to two or more cyclic

10  rings (e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in which
two or more carbons are common to two adjoining rings, e.g., the rings are "fused rings".
Rings that are joined through non-adjacent atoms are termed "bridged" rings. Each of the
rings of the polycycle can be substituted with such substituents as described above, as for
example, halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,

15 aryloxycarbonyloxy, carboxylate, alkylcarbonyl, alkoxycarbonyl, alkylaminoacarbony]l,
arylalkylaminocarbonyl, alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, arylalkyl
carbonyl, alkenylcarbonyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate,
phosphonato, phosphinato, cyano, amido, amino (including alkyl amino, dialkylamino,
arylamino, diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,

20  arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulfhydryl, alkylthio, arylthio,
thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
trifluoromethyl, cyano, azido, heterocyclyl, alkyl, alkylaryl, or an aromatic or heteroaromatic
moiety.

The term "heteroatom" includes atoms of any element other than carbon or

25 hydrogen. Preferred heteroatoms are nitrogen, oxygen, sulfur and phosphorus.

The term “prodrug moiety” includes moieties which can be metabolized in
vivo to a hydroxyl group and moieties which may advantageously remain esterified in vivo.
Preferably, the prodrugs moieties are metabolized in vivo by esterases or by other
mechanisms to hydroxyl groups or other advantageous groups. Examples of prodrugs and

30 their uses are well known in the art (See, e.g., Berge et al. (1977) "Pharmaceutical Salts", J.
Pharm. Sci. 66:1-19). The prodrugs can be prepared in situ during the final isolation and
purification of the compounds, or by separately reacting the purified compound in its free
acid form or hydroxy! with a suitable esterifying agent. Hydroxyl groups can be converted
into esters via treatment with a carboxylic acid. Examples of prodrug moieties include

35 substituted and unsubstituted, branch or unbranched lower alkyl ester moieties, (e.g.,
propionoic acid esters), lower alkenyl esters, di-lower alkyl-amino lower-alkyl esters (e.g.,
dimethylaminoethyl ester), acylamino lower alkyl esters (e.g., acetyloxymethyl ester),
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acyloxy lower alkyl esters (e.g., pivaloyloxymethyl ester), aryl esters (phenyl ester), aryl-

lower alkyl esters (e.g., benzyl ester), substituted (e.g., with methyl, halo, or methoxy

substituents) aryl and aryl-lower alkyl esters, amides, lower-alkyl amides, di-lower alkyl

amides, and hydroxy amides. Preferred prodrug moieties are propionoic acid esters and acyl
5 esters.

It will be noted that the structure of some of the tetracycline compounds of this
invention includes asymmetric carbon atoms. It is to be understood accordingly that the
isomers arising from such asymmetry (e.g., all enantiomers and diastereomers) are included
within the scope of this invention, unless indicated otherwise. Such isomers can be obtained

10 in substantially pure form by classical separation techniques and by stereochemically
controlled synthesis. Furthermore, the structures and other compounds and moieties
discussed in this application also include all tautomers thereof.

VL Methods for Treating Rheumatoid Arthritis
15 The invention also pertains to methods for treating rheumatoid arthritis in

subjects, by administering to a subject an effective amount of a tetracycline compound of the
invention (e.g., of Formula I, II-A, II-B, III, IV-A, IV-B, V, VI or Table 2), such that the
rheumatoid arthritis is treated.

The invention also pertains to methods for preventing rheumatoid arthritis in

20 subjects, by administering to a subject an effective amount of a tetracycline compound of the
invention (e.g., of Formula I, II-A, II-B, II1, IV-A, IV-B, V, VI or Table 2), such that the
rheumatoid arthritis is prevented.

The term “treating” includes curing as well as ameliorating at least one
symptom of the state, disease or disorder, e.g., theumatoid arthritis. The term “treating” does

25 not include prophylaxis or prevention of a state, disease or disorder.

In another embodiment, the tetracycline compounds of the invention are
substantially non-antibacterial. For example, non-antibacterial tetracycline compounds of the
invention may have MIC values greater than about 4 ug/ml (as measured by assays known in
the art and/or the assay given in Example 3).

30 Without being bound by theory, the efficacy of minocycline in rheumatoid
arthritis is postulated to be linked to its immunomodulatory characteristics via inhibition of
metalloproteinases and suppression of macrophage and T cell activation.

The present invention is related to inflammatory process associated states
(IPAS). The term “inflammatory process associated state” includes states in which

35 inflammation or inflammatory factors (e.g., matrix metalloproteinases (MMPs), nitric oxide
(NO), TNF, interleukins, plasma proteins, cellular defense systems, cytokines, lipid
metabolites, proteases, toxic radicals, adhesion molecules, etc.) are involved or are present in
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malaria, senescence, diabetes, vascular stroke, neurodegenerative disorders (Alzheimer's
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disease & Huntington's disease), cardiac disease ( re-perfusion-associated injury following
35 infarction), juvenile diabetes, inflammatory disorders, osteoarthritis, rheumatoid arthritis,
acute and chronic infections (bacterial and fungal, including diphtheria and pertussis); acute
and chronic bronchitis, sinusitis, and upper respiratory infections, including the common
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(S. aureus RN450) Gram. (E. coil 25922) % I nhibition (Dose ng/kg)

M nocycline 0.06 1 22 (25) A 1 >64 42 (25) B 0.13 64 23 (25) C 0.06 0.13 62
(25) 62 (Wd)2019/03393927 (25) E 2 >64 44 (25) F - - 55 (25pc@&B2m9067725 (25) H
0.5 >64 41 (25)

cold; acute and chronic gastroenteritis and colitis; acute and chronic cystitis and urethritis;

acute and chronic dermatitis; acute and chronic conjunctivitis; acute and chronic serositis

(pericarditis, peritonitis, synovitis, pleuritis and tendinitis); uremic pericarditis; acute and

chronic cholecystis; acute and chronic vaginitis; acute and chronic uveitis; drug reactions;
5 insect bites; burns (thermal, chemical, and electrical); and sunburn.

The term “inflammatory process associated state” also includes, in one
embodiment, matrix metalloproteinase associated states (MMPAS). MMPAS include states
characterized by abberrant amounts of MMPs or MMP activity. These inflammatory process
associated states may be treated using compounds of the invention, e.g., substituted

10 tetracycline compounds such as those described herein (e.g., of Formula I, II-A, 1I-B, 111, IV-
A,IV-B, V, VI or Table 2).

Examples of matrix metalloproteinase associated states (“MMPAS’s”)
include, but are not limited to, arteriosclerosis, corneal ulceration, emphysema, osteoarthritis,
multiple sclerosis(Liedtke et al., Ann. Neurol. 1998, 44:35-46; Chandler et al., J.

15 Neuroimmunol. 1997, 72:155-71), osteosarcoma, osteomyelitis, bronchiectasis, chronic
pulmonary obstructive disease, skin and eye diseases, periodontitis, osteoporosis, theumatoid
arthritis, ulcerative colitis, inflammatory disorders, tumor growth and invasion (Stetler-
Stevenson et al., Annu. Rev. Cell Biol. 1993, 9:541-73; Tryggvason et al., Biochim. Biophys.
Acta 1987, 907:191-217; Li et al., Mol. Carcinog. 1998, 22:84-89)),metastasis, acute lung

20 injury, stroke, ischemia, diabetes, aortic or vascular aneurysms, skin tissue wounds, dry eye,
bone and cartilage degradation (Greenwald ef al., Bone 1998, 22:33-38; Ryan et al., Curr.
Op. Rheumatol. 1996, 8;238-247). Other MMPAS include those described in U.S. Pat. Nos.
5,459,135, 5,321,017; 5,308,839; 5,258,371; 4,935,412; 4,704,383, 4,666,897, and RE
34,656, incorporated herein by reference in their entirety.

25 The language "in combination with" another therapeutic agent or treatment
includes co-administration of the tetracycline compound, (e.g., inhibitor),with the other
therapeutic agent or treatment. Administration of the tetracycline compound can be provided
first, followed by the other therapeutic agent or treatment. Alternatively, administration of the
other therapeutic agent or treatment can be provided first, followed by the tetracycline

30 compound. Simultaneous delivery of the tetracycline compound and the other therapeutic
agent or treatment is also provided. The other therapeutic agent may be any agent which is
known in the art to treat, prevent, or reduce the symptoms of an IPAS. Furthermore, the
other therapeutic agent may be any agent of benefit to the patient when administered in
combination with the administration of an tetracycline compound.For example, the

35 compounds of the present invention can be administered in combination with methotrexate,

dexamethasone, a steroid, or injectable biologics.
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The language "effective amount” of the compound is that amount necessary or
sufficient to treat or prevent an inflammatory condition, such as rheumatoid arthritis. The
effective amount can vary depending on such factors as the size and weight of the subject, the
type of illness, or the particular tetracycline compound. For example, the choice of the

5 tetracycline compound can affect what constitutes an "effective amount”. One of ordinary
skill in the art would be able to study the aforementioned factors and make the determination
regarding the effective amount of the tetracycline compound without undue experimentation.

In the therapeutic methods of the invention, one or more tetracycline
compounds of the invention may be administered alone to a subject, or more typically a

10  compound of the invention will be administered as part of a pharmaceutical composition in
mixture with conventional excipient, i.e., pharmaceutically acceptable organic or inorganic
carrier substances suitable for parenteral, oral or other desired administration and which do
not deleteriously react with the active compounds and are not deleterious to the recipient

thereof.
15
VIL Pharmaceutical Compositions
The invention also pertains to pharmaceutical compositions comprising a
therapeutically effective amount of a tetracycline compound (e.g., a compound of Formula I,
II-A, II-B, IIL, IV-A, IV-B, V, VI or Table 2) and, optionally, a pharmaceutically acceptable
20 carrier.

The language "pharmaceutically acceptable carrier" includes substances
capable of being coadministered with the tetracycline compound(s), and which allow both to
perform their intended function, e.g., treat or prevent rheumatoid arthritis. Suitable
pharmaceutically acceptable carriers include but are not limited to water, salt solutions,

25 alcohol, vegetable oils, polyethylene glycols, gelatin, lactose, amylose, magnesium stearate,
talc, silicic acid, viscous paraffin, perfume oil, fatty acid monoglycerides and diglycerides,
petroethral fatty acid esters, hydroxymethyl-cellulose, polyvinylpyrrolidone, etc. The
pharmaceutical preparations can be sterilized and if desired mixed with auxiliary agents, e.g.,
lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing osmotic

30 pressure, buffers, colorings, flavorings and/or aromatic substances and the like which do not
deleteriously react with the active compounds of the invention.

The tetracycline compounds of the invention that are basic in nature are
capable of forming a wide variety of salts with various inorganic and organic acids. The
acids that may be used to prepare pharmaceutically acceptable acid addition salts of the

35 tetracycline compounds of the invention that are basic in nature are those that form non-toxic
acid addition salts, i.e., salts containing pharmaceutically acceptable anions, such as the
hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate, phosphate, acid
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phosphate, isonicotinate, acctate, lactate, salicylate, citrate, acid citrate, tartrate, pantothenate,
bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, gluconate, glucaronate,
saccharate, formate, benzoate, glutamate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate and palmoate [i.e., 1,1'-methylene-bis-(2-hydroxy-3-
5 naphthoate)] salts. Although such salts must be pharmaceutically acceptable for

administration to a subject, e.g., a mammal, it is often desirable in practice to initially isolate
a tetracycline compound of the invention from the reaction mixture as a pharmaceutically
unacceptable salt and then simply convert the latter back to the free base compound by
treatment with an alkaline reagent and subsequently convert the latter free base to a

10 pharmaceutically acceptable acid addition salt. The acid addition salts of the base
compounds of this invention are readily prepared by treating the base compound with a
substantially equivalent amount of the chosen mineral or organic acid in an aqueous solvent
medium or in a suitable organic solvent, such as methanol or ethanol. Upon careful
evaporation of the solvent, the desired solid salt is readily obtained. The preparation of other

15 tetracycline compounds of the invention not specifically described in the foregoing
experimental section can be accomplished using combinations of the reactions described
above that will be apparent to those skilled in the art.

The preparation of other tetracycline compounds of the invention not

specifically described in the foregoing experimental section can be accomplished using

20 combinations of the reactions described above that will be apparent to those skilled in the art.

The tetracycline compounds of the invention that are acidic in nature are

capable of forming a wide variety of base salts. The chemical bases that may be used as
reagents to prepare pharmaceutically acceptable base salts of those tetracycline compounds of
the invention that are acidic in nature are those that form non-toxic base salts with such

25 compounds. Such non-toxic base salts include, but are not limited to those derived from such
pharmaceutically acceptable cations such as alkali metal cations (e.g., potassium and sodium)
and alkaline earth metal cations (e.g., calcium and magnesium), ammonium or water-soluble
amine addition salts such as N-methylglucamine-(meglumine), and the lower
alkanolammonium and other base salts of pharmaceutically acceptable organic amines. The

30 pharmaceutically acceptable base addition salts of tetracycline compounds of the invention
that are acidic in nature may be formed with pharmaceutically acceptable cations by
conventional methods. Thus, these salts may be readily prepared by treating the tetracycline
compound of the invention with an aqueous solution of the desired pharmaceutically
acceptable cation and evaporating the resulting solution to dryness, preferably under reduced

35 pressure. Alternatively, a lower alkyl alcohol solution of the tetracycline compound of the
invention may be mixed with an alkoxide of the desired metal and the solution subsequently
evaporated to dryness.
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The preparation of other tetracycline compounds of the invention not
specifically described in the foregoing experimental section can be accomplished using
combinations of the reactions described above that will be apparent to those skilled in the art.

The tetracycline compounds of the invention and pharmaceutically acceptable

5 salts thereof can be administered via either the oral, parenteral or topical routes. In general,
these compounds are most desirably administered in effective dosages, depending upon the
weight and condition of the subject being treated and the particular route of administration
chosen. Variations may occur depending upon the species of the subject being treated and its
individual response to said medicament, as well as on the type of pharmaceutical formulation

10 chosen and the time period and interval at which such administration is carried out.

The pharmaceutical compositions of the invention may be administered alone
or in combination with other known compositions for treating rheumatoid arthritis in a
subject, e.g., a mammal. Preferred mammals include pets (e.g., cats, dogs, ferrets, etc.), farm
animals (cows, sheep, pigs, horses, goats, etc.), lab animals (rats, mice, monkeys, etc.), and

15 primates (chimpanzees, humans, gorillas).

The tetracycline compounds of the invention may be administered alone or in
combination with pharmaceutically acceptable carriers or diluents by any of the routes
previously mentioned, and the administration may be carried out in single or multiple doses.
For example, the novel therapeutic agents of this invention can be administered

20 advantageously in a wide variety of different dosage forms, i.e., they may be combined with
various pharmaceutically acceptable inert carriers in the form of tablets, capsules, lozenges,
troches, hard candies, powders, sprays, creams, salves, suppositories, jellies, gels, pastes,
lotions, ointments, aqueous suspensions, injectable solutions, elixirs, syrups, and the like.
Such carriers include solid diluents or fillers, sterile aqueous media and various non-toxic

25 organic solvents, etc. Moreover, oral pharmaceutical compositions can be suitably sweetened
and/or flavored. In general, the therapeutically-effective compounds of this invention are
present in such dosage forms at concentration levels ranging from about 5.0% to about 70%
by weight.

For oral administration, tablets containing various excipients such as

30 microcrystalline cellulose, sodium citrate, calcium carbonate, dicalcium phosphate and
glycine may be employed along with various disintegrants such as starch (and preferably
corn, potato or tapioca starch), alginic acid and certain complex silicates, together with
granulation binders like polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally,
lubricating agents such as magnesium stearate, sodium lauryl sulfate and talc are often very

35 useful for tabletting purposes. Solid compositions of a similar type may also be employed as
fillers in gelatin capsules; preferred materials in this connection also include lactose or milk
sugar as well as high molecular weight polyethylene glycols. When aqueous suspensions
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and/or elixirs are desired for oral administration, the active ingredient may be combined with
various sweetening or flavoring agents, coloring matter or dyes, and, if so desired,
emulsifying and/or suspending agents as well, together with such diluents as water, ethanol,
propylene glycol, glycerin and various like combinations thereof.

5 For parenteral administration (including intraperitoneal, subcutaneous,
intravenous, intradermal or intramuscular injection), solutions of a therapeutic compound of
the present invention in either sesame or peanut oil or in aqueous propylene glycol may be
employed. The aqueous solutions should be suitably buffered (preferably pH greater than 8)
if necessary and the liquid diluent first rendered isotonic. These aqueous solutions are

10 suitable for intravenous injection purposes. The oily solutions are suitable for intraarticular,
intramuscular and subcutaneous injection purposes. The preparation of all these solutions
under sterile conditions is readily accomplished by standard pharmaceutical techniques well
known to those skilled in the art. For parenteral application, examples of suitable
preparations include solutions, preferably oily or aqueous solutions as well as suspensions,

15 emulsions, or implants, including suppositories. Therapeutic compounds may be formulated
in sterile form in multiple or single dose formats such as being dispersed in a fluid carrier
such as sterile physiological saline or 5% saline dextrose solutions commonly used with
injectables.

Additionally, it is also possible to administer the compounds of the present

20 invention topically when treating inflammatory conditions of the skin. Examples of methods
of topical administration include transdermal, buccal or sublingual application. For topical
applications, therapeutic compounds can be suitably admixed in a pharmacologically inert
topical carrier such as a gel, an ointment, a lotion or a cream. Such topical carriers include
water, glycerol, alcohol, propylene glycol, fatty alcohols, triglycerides, fatty acid esters, or

25 mineral oils. Other possible topical carriers are liquid petrolatum, isopropylpalmitate,
polyethylene glycol, ethanol 95%, polyoxyethylene monolauriate 5% in water, sodium lauryl
sulfate 5% in water, and the like. In addition, materials such as anti-oxidants, humectants,
viscosity stabilizers and the like also may be added if desired.

For enteral application, particularly suitable are tablets, dragees or capsules

30 having talc and/or carbohydrate carrier binder or the like, the carrier preferably being lactose
and/or corn starch and/or potato starch. A syrup, elixir or the like can be used wherein a
sweetened vehicle is employed. Sustained release compositions can be formulated including
those wherein the active component is protected with differentially degradable coatings, e.g.,
by microencapsulation, multiple coatings, etc.

35 In addition to treatment of human subjects, the therapeutic methods of the
invention also will have significant veterinary applications, ¢.g. for treatment of livestock
such as cattle, sheep, goats, cows, swine and the like; poultry such as chickens, ducks, geese,
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turkeys and the like; horses; and pets such as dogs and cats. Also, the compounds of the
invention may be used to treat non-animal subjects, such as plants.
It will be appreciated that the actual preferred amounts of active compounds
used in a given therapy will vary according to the specific compound being utilized, the
5 particular compositions formulated, the mode of application, the particular site of
administration, etc. Optimal administration rates for a given protocol of administration can
be readily ascertained by those skilled in the art using conventional dosage determination
tests conducted with regard to the foregoing guidelines.
In general, compounds of the invention for treatment can be administered to a
10  subject in dosages used in prior tetracycline therapies. See, for example, the Physicians' Desk
Reference. For example, a suitable effective dose of one or more compounds of the invention
will be in the range of from 0.01 to 100 milligrams per kilogram of body weight of recipient
per day, preferably in the range of from 0.1 to 50 milligrams per kilogram body weight of
recipient per day, more preferably in the range of 1 to 20 milligrams per kilogram body
15 weight of recipient per day. The desired dose is suitably administered once daily, or several
sub-doses, e.g. 2 to 5 sub-doses, are administered at appropriate intervals through the day, or
other appropriate schedule.
It will also be understood that normal, conventionally known precautions will
be taken regarding the administration of tetracyclines generally to ensure their efficacy under
20 normal use circumstances. Especially when employed for therapeutic treatment of humans
and animals in vivo, the practitioner should take all sensible precautions to avoid
conventionally known contradictions and toxic effects. Thus, the conventionally recognized
adverse reactions of gastrointestinal distress and inflammations, the renal toxicity,
hypersensitivity reactions, changes in blood, and impairment of absorption through
25 aluminum, calcium, and magnesium ions should be duly considered in the conventional
manner.
Furthermore, the invention also pertains to the use of a tetracycline compound
of Formula L, II-A, II-B, III, IV-A, IV-B, V, VI or Table 2 for the preparation of a
medicament. The medicament may include a pharmaceutically acceptable carrier and the
30 tetracycline compound in an effective amount, e.g., an effective amount to treat an
inflammatory condition, such as rheumatoid arthritis.

EXEMPLIFICATION OF THE INVENTION
Compounds of the invention may be made as described herein, with

35 modifications to the procedures described within the skill of those of ordinary skill in the art.

See e.g., Schemes 1-16 supra and characterization data in Example 4.
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Tabl e 10 Compound ID LCMS (Obs. nz/z of M+) 1H NWR (300 MHz, CD30D, ppm
rel. to CH3OH = 3.34 ppm A 534 8 7.85 (s, 1H), 7.58 (m 2H), 7.40 (m 2H),
4.15 (s, ENAMBLEP: Non-antibddthrjal De@&tifebchf Mibbcycine57 (dd, 1H), 2.30 (dm 1H),
1.62 (m 1H) Minocycline derivatives (J, W, AF and AT) were tested and found to have no
anti-bacterial activity compared to minocycline, and are bio-available after oral dosing in rats.
The pharmacokinetics data were acquired according to the following method:
5 Pre-cannulated (jugular vein and carotid artery for i.v. group and carotid artery for oral
group) male CD/IGS rats (approximately 250 g) were used. Rats were fasted overnight prior
to dosing with access to food restored 2 hours after dosing. Rats were administered with
approximately 0.25 mL compound (1 mg/kg dose) for i.v. route (via jugular vein over 20
seconds) or 0.5 mL solution (5 mg/kg dose) orally. Blood (300 pL) was collected in tubes
10  with EDTA anticoagulant at various time points, centrifuged and plasma collected and stored
frozen at -20 °C. Animals were euthanized by CO, following the final blood collection.
Plasma was extracted (0.1% trifluoroacetic acid in 67% acetonitrile/33% water) and levels of
compound quantified by HPLC/MS against a standard curve.

The results are shown in Table 3, below.

15 Table 3
Compound Antibacterial Activity PK° Parameters (Rat)
E. Coli- MIC? Protein Ty (hr) %F¢
(png/mL) Synthesis
Inhibition®
ICso (uM)
Minocycline 1 1.9 3.6 31
\' >64 >100 3.0 52
J >64 >100 2.5 65
AF >64 >100 3.1 77
AT >64 >100 6.4 42

? E. coli-MIC (minimal inhibitory concentration) was determined by broth
micro-dilution method performed according to Clinical and Laboratory Standards Institute
(CLSI) guidelines. E. coli ATCC25922 (tetracycline sensitive) was grown in cation-adjusted
Mueller Hinton broth to a 0.5 McFarland standard. Turbidity was measured using a

20  Microscan turbidity Meter.

® Protein synthesis inhibition was measured using an in vitro
transcription/translation assay system (E. coli S30 Extract System for Circular DNA, cat #
L.1020) from Promega Corporation (Madison, WI), according to the manufacturer’s
instructions (technical bulletin # TB092).
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EXAMPLE 2: In vivo Rheumatoid Arthritis Mouse Model
Clinical studies have demonstrated that minocycline can improve disease

symptoms in rheumatoid arthritis (RA) patients. Four non-antibacterial analogues of
minocycline (J, W, AF and AT) were synthesized and tested in the murine model of the

10 disease, collagen-induced arthritis (CIA) (See supra). Male DBA/1 mice were immunized
intradermally with 200 pg of bovine type II collagen and boosted with collagen three weeks
later. Minocycline and four non-antibacterial minocycline derivatives were administered i.p.
beginning after disease onset. Paw thickness was measured and animals were scored daily.
Treatment of CIA with dexamethasone and methotrexate inhibited paw inflammation by 82%

15 and 45% at doses of 4 mg/kg and 12 mg/kg, respectively. Minocycline inhibited the disease
by 22% at 25 mg/kg/day and 45% at 50 mg/kg/day. The minocycline derivatives each
inhibited CIA more potently than minocycline, ranging from 60 to 81% inhibition of paw
swelling at 25 mg/kg/day. The ECs, values for CIA inhibition for minocycline derivatives
were lower than those of minocycline and methotrexate. Footpad tissue levels of cytokines

20 (IL-1, IL-6, RANKL and MCP-1) and a matrix metalloproteinase (MMP-9) were decreased
after therapeutic treatment of mice with dexamethasone and methotrexate, but not with
minocycline. Two minocycline derivatives of the invention, however, inhibited the level of
these biomarkers in the footpad tissue. These compounds may be effective for the oral
treatment of RA as alternatives to commonly-used cytotoxic drugs, without the adverse

25 effects associated with chronic administration of antibacterial drugs.

Murine collagen-induced arthritis (CIA) model and compound dosing protocol

1. Male DBA/1 mice were immunized i.d. with an emulsion of 200 pg bovine type II
30 collagen in Complete Freund’s Adjuvant.
2. Onday 21, mice received i.d. boost of 100 pg collagen in Incomplete Freund’s

Adjuvant
3. Compounds were administered i.p. daily for 7 days starting from disease onset (day 3-
4 after boost).
35 4. Foot swelling was measured by an engineering micrometer and disease severity was

scored accordingly (1, erythema and mild swelling confined to the tarsal or ankle
joint; 2, erythema and mild swelling extending from the ankle to the mid-foot; 3,
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Paw extract preparation and biomarkers ELISA assay

1. Paws were collected from mice after 5-7 days of dosing and dissected free of skin.

t’ol?e Q[atg 1 joi 12!" 2.72
b ; dghﬁgtsg? ﬂ%q) L' 496 8

(m 111),

111)

2. The paws were then homogenized in ice-cold PBS (2 ml/4 paws/mouse) containing 1x

protease inhibitor using a Polytron homogenizer.

3. Debris and particles were removed from the homogenized samples by centrifugation.

4. Liquid layers were collected for MMP-9, IL-1, IL-6, RANKL, MCP-1, and TNFa

analysis using ELISA kits from R & D System.

Results

when administered after disease onset in a murine collagen induced arthritis (CIA) model.

The minocycline derivatives J, W, AF and AT inhibited joint inflammation

Effects on reduction of paw swelling and clinical score were greater when compared to either

minocycline or methotrexate. Tables 4A-4G show in vivo efficacy of dexamethasone,

methotrexate, minocycline, and minocycline derivatives J, W, AF and AT in reducing disease

severity in the CIA model. Specifically, Table 4A shows data for dexamethasone dosed at 4

mg/kg/day i.p and the vehicle (i.p.).
mg/kg/day i.p and the vehicle (i.p.).
mg/kg/day i.p and the vehicle (i.p.).
mg/kg/day i.p and the vehicle (i.p.).
mg/kg/day i.p and the vehicle (i.p.).
mg/kg/day i.p and the vehicle (i.p.).

mg/kg/day i.p and the vehicle (i.p.).

Table 4B shows data for methotrexate dosed at 12
Table 4C shows data for minocycline dosed at 25
Table 4D shows data for Compound W dosed at 25
Table 4E shows data for Compound J dosed at 25
Table 4F shows data for Compound AF dosed at 25
Table 4G shows data for Compound AT dosed at 25

Table 4A
Days
Compound 1 2 3 4 5 6 7 8
Dosed
Change in Vehicle Mean | 089 | 1.23 | 1.68 | 127 | 143 | 152 | 1.66 | 138
Paw SEM | 015 | 016 | 017 | 016 | 0.16 | 0.17 | 0.18 | 0.15
Thickness Dexa- Mean | 0.92 | 0.57 | 047 | -007 | 0.03 | -0.13 | 0.04 | -0.21
(mm) methasone | SEM | 0.16 | 0.11 | 01 | 009 | 01 | 007 | 008 | 0.07
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311) N 507 8 1.49-1.8 (m 1H), 2.0-2.25 (m 1H), 2.35-2.7 (m 111),
-3.25 womo/Bb39 4.1 (s, 111), 3.38 (s, 1H), 6.57-6. 8OT(USR008kE77Z7 O- 7. 2
2H), 7.3-7.41 (m 1H) 0 525 8 8.59 (s, 1H), 8.36 (s, 1H), 7.74 (s,
4.19 (s, 1H), 3.50 (m  111), 3.38 (m 7H), 3.22 (m 1H), 3.05 (m
2.65 (m 1H), 2.36 (dm 111), 1.70 (m 111) P 540 8 1.55-1.8 (m
2.1-2.35 (m 1H) 2.4-2.55 (m Itdpie & 9-3.15 (m 7H), 3.15-3.5 (m

, 4.1B (Bays0. B5H), 4.85-4.9[(m [0.5H], 7.]45-7.55 (m 114), [7.6-F.7 (m
7.9- 8| @ofpoundlH), 8.05-8.1 (m1 1H)2 Q| 399 |547.95 (d, dd H}, 77.58 (m 1H),
(m fHDoseg 28 (d_1H) 4 Q5 (s, H) 13.058 (m[814)] 2 82 (n] 1H),
(m [LHhang®inl% (Rpicel H) Mean 1.9 (A8 11993 R B37| 5297 983 ($,1-24 H) 1-467| 85 (m
, 7.70| (mPav2 A_15 (& SEMH) 013 QI3 | 016 | 0.14 | 0.14 | 0.14 | 0.13 | 0.17
Thickness Metho- Mean | 077 | 068 | 0.71 | 068 | 0.67 | 056 | 045 | 0.28
(mm) trexate SEM | 013 | 01 | 01 | 01 | o1 01 | 008 | 0.08
Table 4C
Days
Compound 1 2 3 4 5 6 7 8
Dosed
Change in Vehicle Mean | 069 | 0.69 | 093 | 1.07 | 1.28 | 146 | 147 | 1.73
Paw SEM | 0.08 | 0.09 | 0.1 01 | 011 | 011 | 011 | 0.13
Thickness Mino- Mean | 0.74 | 0.72 | 0.78 | 0.86 | 0.93 1.07 | 092 | 1.18
(mm) cycline SEM | 011 | 012 | 011 | 011 | 011 | 011 | 011 | 013
5 Table 4D
Days
Compound 1 2 3 4 ) 6 7 8
Dosed
Change in Vehicle Mean | 0.68 | 0.74 | 1.04 | 1.13 | 127 1.4 1.49 | 1.55
Paw SEM | 0.05 | 0.06 | 0.07 | 0.06 | 0.07 | 0.07 | 007 | 0.08
Thickness | Compound | Mean | 0.71 | 0.41 | 046 | 0.56 | 0.51 | 045 | 035 | 0.60
(mm) w SEM | 0.09 | 007 | 01 | 008 | 007 | 008 | 009 | 011
Table 4E
Days
Compound 1 2 3 4 5 6 7 8
Dosed
Change in Vehicle Mean | 0.68 | 0.74 | 1.04 | 1.13 | 1.27 1.4 149 | 1.55
Paw SEM | 0.05 | 0.06 | 0.07 | 0.06 | 0.07 | 0.07 | 007 | 0.08
Thickness | Compound | Mean | 0.47 | 039 | 0.33 | 048 | 036 | 037 | 0.50 | 0.65
(mm) J SEM | 007 | 007 | 0.1 | 008 | 008 | 008 | 0.11 | 0.12
Table 4F
Days
Compound 1 2 3 4 5 6 7 8
Dosed
Change in Vehicle Mean | 0.68 | 0.74 | 1.04 | 1.13 | 1.27 1.4 149 | 155
Paw SEM | 0.05 | 0.06 | 0.07 | 0.06 | 0.07 | 0.07 | 007 | 0.08
Thickness | Compound | Mean | 0.55 | 0.39 | 0.61 | 0.49 | 046 | 038 | 042 | 0.54
(mm) AF SEM | 0.07 | 0.06 | 0.09 | 007 | 008 | 006 | 007 | 0.14
10
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(m 1H), 3.25 (m 614), 3.10 (m 1H), 3.00 (dm 6H), 2.60 (m  111), 2.31
(dm 1H), 1.65 (m 1H) S 577 8 7.91 (m 3H), 7.69 (m 2H), 4.12 (s, 1H),
3.36 (m wbp1ods2se (m 6H), 3.15 (m 1H), 2.96 (dm 6T/ R2808/06T7R7 1H) ,
2.28 (dm 1H), 1.61 (m 1H) T 457 8 8.30 (s, 1H), 3.25 (m 1H), 3.00 (m
1H), 2.70 (s, 3H), 2.50 (m 3H), 2.13 (dm 1H), 1.67 (m 1H U 459 6 8.35
(s, 1H), 3.38 (s, 1H), 3.25 (m 6H), 3.21 (m 1H), 2.95 (m 1H), 2.49 (m
3H), 2.15 (dm 1H), 1.65 (m 1H) vsp(g,@@ 45 (s, 1H), 3.42 (t, 2H), 3.15
(dd, 1H), 37 88:(m I, 251 (m BH), 5 (dm1H), 1.66 ¢ TH), 1.00
(t, 3H) W 432pend|30 (s, 1H), 3.95 [s2 3H) 3436| (s, | 1H), |3.724| (m |8H),
2.98 (m Ipgped 2./50 (m 3H), 2.15 (dm [1H)] 1.66 (m 1H) | X 48P 6 §.50 (s,
1H), 8.40| (Gunedbd), (7,80 [ HMearliH)0683] ant (s TH)I3 BLZG| (b | 149 | 155

Paw SEM | 0.05 | 0.06 | 0.07 | 0.06 | 007 | 0.07 | 007 | 0.08

Thickness | Compound | Mean | 094 | 0.57 | 055 | 0.11 | 0.05 | 027 | -0.01 | -0.08

(mm) AT SEM | 0.2 | 009 | 008 | 006 | 01 | 006 | 008 | 007

In Tables 4A-4G, SEM=standard error of the mean

Table 5 shows a comparison of disease severity (paw swelling and clinical
5 score) in CIA mice that were treated with minocycline vs. minocycline derivatives. Table 6,
below, shows a comparison of ECs, values of minocycline and several minocycline
derivatives in inflammation suppression in CIA mice.

Table 5
% Inhibition N . -
Compound (Dose) (Change in Paw % Inhlbét ion (Clinical
. core)
Thickness)
AVG SD AVG SD
Minocycline
(25 mg/kg/day i.p.) 22 12 18 7
Compound W
(25 mg/kg/day i.p.) 60 12 40 5
Compound J
(25 mg/kg/day i.p.) 71 16 45 2
Compound AF
(25 mg/kg/day i.p.) 62 16 42 14
Compound AT
(25 mg/kg/day i.p.) 81 13 70 10
Dexamethasone
(4 mg/kg) 82 21 48 18
Methotrexate
(12 mg/kg) 45 16 25 13
10 In Table 5, AVG=average and SD=standard deviation
Table 6
Compounds ECso (mg/kg/day i.p.)
Minocycline >50
\\ 20
J 14
AF 12
AT 12
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1H), 3.05 (m 1H),
1.55-1.8 (m 7H),
3. 15- 3. 25WOm10A39393. 25-3. 4 (m 714),

2.55 (m 314), 2.17 (dm 1H), 1.70 (m 1H) Y 526 8
2.1-2.2 (m 1H) 2.3-2.7 (m 314), 2.95-3.1 (m 1H),
3.6-3.85 (m 2H), pcTIS2®9f0s7721H) Z

543 8 7.34 (s, 1H), 4.18 (g, 2H), 3.68 (t, 1H), 3.36 (m 1H), 2.90 (m
2H), 2.87 (s, 6H), 2.59 (s, 6H), 2.20 (s, 3H), 2.19 (m 2H), 2.61 (q,
1H), 1.30 (t, 3H) AA 487 8 8.30 (s, 1H), 4.41 (g, 2H), 3.37 (s, 1H), 3.29

(m 6H, 3.23 (M THRMinodcB® defvatived I, V2. A0arddAT Bdbite®. 15 (dm 1H), 1.68

1H), 42 B 482 . , , 0 .31 (s, 1H),
g.m38 (H) m Gh" t‘%/ bif%ﬂ’waS@Cz ‘,ﬁ“ ?61%1\@%]9(@ ilLH'é %?P'(Zlmp‘@%@%@fg“a(‘dm( S114)H?
1.70 (m mpocyetinggn vigo.1Table)7 shopgenzyppe:linfed inpnnogerpent pgsap(ERESA) analysis 3H) |

2. 95- 3. 150f inflBnmitd}y bidmarkdrs sifpavt Eitrac fiddr GLAOm(c) T8I 8 siowd-alkothphtBonlH) ,

5 ofinflammatory biomarker expression in paws of CIA mice treated with several compounds.

Table 7
. Naive
Biomarker (Tissue [c] pg/mL) ClA
AVG SD AVG SD
MMP-9 8 4 60 17
IL-1 14 3 306 69
IL-6 28 5 174 32
RANKL 13 4 264 41
MCP-1 104 18 687 173
TNFo 4 1 5 2
Table 8
Percent level of Biomarker Tissue [c] Compared to Untreated Control
Compound
MMP-9 IL-1 IL-6 MCP-1 RANKL
AVG SD AVG SD AVG SD AVG SD AVG SD
Dexamethasone 35 8 16 7 4 2 5 3 10 5
Methotrexate 52 26 16 10 20 11 37 23 - -
Minocycline 104 8 119 16 114 38 102 24 99 15
Compound W 72 14 32 10 28 12 28 12 27 11
Compound J 68 15 52 14 68 24 60 20 32 22
Compound AF 113 15 55 15 35 15 43 11 38 15

10  In Tables 7-8, AVG=average and SD=standard deviation

EXAMPLE 3: A Study of the Inhibition of Collagen-Induced Arthritis and Antibacterial
Activity of Various Tetracycline Compounds

15 Several substituted tetracycline compounds were tested for antibacterial
activity and inhibition of the CIA model. The results are shown in Table 9.

The antibacterial activity were acquired according to the following method:

2 mg of each compound is dissolved in 100 pl of DMSO. The solution is then added to
cation-adjusted Mueller Hinton broth (CAMHB), which results in a final compound

20 concentration of 200 pg per ml. The tetracycline compound solutions are diluted to 50 pL

volumes, with a test compound concentration of .098 ug/ml. Optical density (OD)

determinations are made from fresh log-phase broth cultures of the test strains. Dilutions are
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8.15-8.25 (m 1H), 8.51 (s, 1H AD 486 5 7.34 (s, 114), 3.93 (s, 314), 3.38
(dd, 1H), 3.26 (m 1H), 2.75 (m 1H), 2.58 (s, 6H), 2.47 (m 2H), 2.19
(s, 3H), W0Q610(038932H) , 1.60 (g, 1H AE 492 8 9. 32 (eCcTAISR00995027 (m

1H), 8.92 (m IH), 8.31 (s, 1H), 8.25 (m 1H), 3.38 (m 8H), 3.15 (m 1H),
2.56 (m 3H), 2.20 (dm 1H), 1.61 (m 1H) AF 443 8 7.78 (s, 1H), 3.18 (m
4H), 2.95 (m 1H), 2.73 (g, 2H), 2.43 (m 3H), 2.11 (dm 1H), 1.64 (m
1H), 1. 24 p{lie toddhieP AR o8l nd® diSx1FDEU/AL 68t Ob=1, 1B denfitkO ok diffelddl , 6. 61

1H), 3.24 (d, .. 1H). .3.14 (dd, 1H), 2.98 TH), 2.49 3H) ,
(2.m13(5|)m %?’i)e,r“(ho&l.dé’%a%g{?x‘i'ﬁ%‘yAﬁ 514 ?1.4 (s,(sranH),H)l. 6-1.8 m 1;)'),

2.1-2.25 (m 1H), 2.35-2.7 (m  3H), 2.9-3.1 (m 1H), 3.15-3.3 (m 1H),
3.38 (s, KHosi 8.45 (s, 1xldNcP¥/mp34 8 8.47 (s, 1H), 7.71 (m 2H), 7.38 (m

2R T8 (e 338 54108 cRumI
Enterococcus sp. 2.5x10° CFU/ml

50 ul of the cell suspensions are added to each well of microtiter plates. The
final cell density should be approximately 5x10° CFU/ml. These plates are incubated at 35
10 °C in an ambient air incubator for approximately 18 hr. The plates are read with a microplate
reader and are visually inspected when necessary. The MIC is defined as the lowest
concentration of the tetracycline compound that inhibits growth.

The CIA model data were acquired according to the following protocol:
15
1. Male DBA/1 mice were anaesthetized by i.p. injection of ketamine/xylazine
(1.25mg/ml:0.25 mg/ml, 100 pl/mouse).
2. Anaesthetized mice were immunized intradermally at the base of the tail with 0.1 or
0.2 ml of an emulsion composed of 100 or 200 pg bovine type II collagen in
20 Complete Freund’s Adjuvant (50 pl/spot x 2 or 4 spots).
3. Atday 21 after the immunization, mice received an intradermal boost of 100 pul of an
emulsion composed of 100 nug bovine type Il collagen in Incomplete Freund’s
Adjuvant (50 pl/spot x 2 spots)
4. After onset of disease symptoms (usually 3-4 days after boost), tetracycline
25 derivatives were administered daily into mice via intraperitoneal or oral routes for 8 to
15 days. Methotrexate (12 mg/kg/day) or dexmethasone (4 mg/kg/day) was used as a
control for inflammation suppression.
5. The disease severity was scored daily for 8-15 days after the appearance of the
symptoms.
30
Disease severity was graded as following:
a. Visual clinical score for the presence of inflammation in the fingers/toes of the

forepaws and hindpaws:
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1H), 3.26 (m 6H), 3.21 (m 1H), 3.00 (m 1H), 2.49 (m 3H), 2.12
1H), 1.66(m 1H) AJ 498 8 9.05 (s, 1H), 8.15 (s, 1H), 7.98 (s, 1H),
0 (m WwH)2010833B9( S, 1H), 3.29 (m 1H), 3.05 (m 1HpCTAIS2M09/08T723H),
0 (dm 1H), 1.70(m 1H) AK 503 8 8.46 (s, IH), 4.43 (m 2H), 3.91 (m

3.36 (m 6H), 3.22 (m 2H), 3.01 (m 1H), 2.52 (m 3H), 2.15 (dm
1.68 (m 1H) AL 471 5 8.25 (s, 1H), 3.13 (m 3H), 2.98 (m 1H), 2.50
3H) , 2. 12( dm1. IBdytherha 6181 ihitg swtdiing cbnfiifed(to the3dl-fAdvI(1428lsbor anigle jc(nst 1H),

s (m 09, 5,32 Lty Bl g S e, 30
3.19 (m 2H), 3.EK$themé and rthbderat@ swidlir{gnaxtedthg fidmlife {rdibg to id) metdtad (M
joints
5 4. Erythema and severe swelling encompassing the ankle, foot, and digits.
b. Clinical swelling score for the presence of paw edema in the forepaws and hindpaws:
Paw thickness was measured daily by an engineering micrometer after isofluorane
inhalation or ketamine/xylazine (1.25mg/ml:0.25 mg/ml, 100 pl/mouse) i.p. injection.
Daily scores and paw swelling measurements for each treatment group of mice
10 were added over the total observation period to obtain a cumulative score. Cumulative scores
were compared between untreated controls and treated groups to determine tetracycline-

induced inhibition.

Table 9
Antibacterial Activity
MIC (pg/mL) CIA Model
Compound Gram® G

ram M| % Inhibition

(S. aureus (E. coli (Dose mg/kg)

RN450) 25922) ke
Minocycline 0.06 1 22 (25)
A 1 >64 42 (25)
B 0.13 64 23 (25)
62 (25)
C 0.06 0.13 62 (12)
D - - 27 (25)
E 2 >64 44 (25)
F - - 55 (25)
G 0.5 16 55(25)
H 0.5 >64 41 (25)
I - - 29 (25)
71(25)
I 2 >64 34 (12)
K 4 >64 30 (25)
2 64 48 (25)
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AO 517 8 1.55-1.8 (m 1H), 2.1-2.2 (m 1H) 2.3-2.6 (m 3H), 2.85-3.0 (m
1H), 3.0-3.2 (m 6H), 3.2-3.4 (m 2H), 3.45 (s, 3H), 3.65-3.8 (m 2M,
4. 4- 4. 45 Wwonoidi33938. 21 (s, 1H) AP 497 8 7.56 (s, 1H), 5pc@ustooolosh727 4. 12
(m 2H), 3.01 (m 1H), 2.72 (m 1H), 2.56 (s, 6H), 2.36 (m 2H), 1.99-2.3
(m 5H), 1.94 (m 2H), 1.5-1.85 (m 2H AQ 414 8 7.42 (d, 1H), 6.77 (d,
1H), 2.79 (m_1H), 2.29 (m 3H), 2.02 (m 114), 1.58(m 1H), 1.16 (dd,
6H AR 545 8 1. 47 |(d, gJ= T 55, 6H)25(§.5)55 1.75 (m 1H), 2.0-2.2 (m 1H),
2.15-2. 6 Jm—3H)26-—2.-91{m 3.05-3-49 (m 1H), 3.20-3.45 (m 3H),
8.00 (s, [1H) NWO 401@/0633‘)39F9@T/ LSZOUQHDS? (27 AS 495 8 1.6-1.8 (m 1H),
2.1-2.25 m A 2 352765 3A) 2 (m 6H), 3.2-3.3 (m 1H), 3.79
(s, 3H), ‘;’ 1H) . ?27 5% Lg}ll—u "ﬁ’fg( rs, 1H AT 494 8 1.6-1.8 (m
1H), 2.05-2 2p(m 1H)0.2. 33- 2>@.5 (n a5 2]9-3.1
Q 0.5 32 28 (25)
R 2 >64 32 (25)
S >64 >64 46 (25)
44 (25)
T 4 >64 10(12)
U >64 >64 50 (25)
\% 2 >64 43 (25)
60 (25)
w 4 >64 32(12)
25 (6)
X 2 >64 40 (25)
Y >64 >64 22 (25)
z 4 >64 32 (25)
AA 2 >64 41(25)
AB 0.5 >64 38 (25)
AC 2 >64 33 (25)
AD 2 >64 30 (25)
80 (25)
AE 1 >64 65(12)
62 (35)
AF 1 >64 49 (12)
28 (6)
AG 0.25 >64 39 (25)
AH 1 >64 59 (25)
Al 0.12 >64 62 (25)
Al 0.25 >64 39 (25)
AK >64 >64 24 (25)
62 (25)
AL 1 >64 31 (12)
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(m 1H), 3.1-3.29 (m 8H), 3.51 (m 3H), 6.01-6.2 (m 2H), 6.72- 6.85 (m
1H), 7.75 (s, 1H AU 457 8 7.73 (1H), 3.11 (m 1H), 2.94 (m 1H), 2.43 (m
3H), 2.1iwo20thm33dsb), 1.63 (m 1H), 1.26 (m 6H) AV 455p8TAISZA05987 ) m
1H, 0.91-1.15 (m 1H), 1.58-1.80 (m 1H), 2.00-2.40 (m 2H), 2.40-2.65
(m 3H), 2.80-3.10 (s, 1H), 3.10- 3.40 (brm 8H), 7.45 (s, 1H AW485 5
7.69 (s, 1H), 3.11 (dd, 1H), 2.96 (m 1H), 2.66 (m 2H), 2.45 (m 3H),
2.12 (dmj 1H), 1.45 (m 1K), 0.96} (s73 & 513 8 8.16 (s, 1H), 3.18 (m
1H), 3.07 (sAMH),[| 2. 97 (m 2K, P.5612)( 3H), 2.12 (dm 1H), 1.66 (m
1H), 1.0 (s, 9H) [AY 413 8 7.85 ((d, 3Hp) 7{45 (d, 1H), 3.20 (m 2H), 2.89
(m 1H), [Z-73 (s, BHy, .48 (m |3, 2.1 (dm 1H), 1.66 (m 1H AZ 519 8
8.02 (s, [1H),AN7. 83 (m1 2H), #6065 m4gﬁ—i§, .50 (m 2H), 3.18
AO 16 >64 52 (25)
AP 4 >64 63 (25)
s || e | e
AR 0.5 >64 64 (25)
56 (25)
AS 1 >64 30 (12)
81(25)
AT 1 >64 49 (12)
45 (6)
AU 1 >64 51 (25)
AV 1 >64 48 (25)
AW 0.5 >64 39 (25)
AX 0.5 >64 51 (25)
AY 8 >64 38 (25)
AZ 1 >64 36 (25)
BA 0.25 64 34 (25)
BB 8 >64 47 (25)
BC 4 >64 72 (25)
BD 0.5 >64 44 (25)

EXAMPLE 4: Physicochemical data for several Substituted Tetracycline Compounds
Table 10, below, shows LCMS and '"H NMR data for several compound of the

5 present invention.
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(dd, 1H), 3.04 (m 1H), 2.51 (m 3H), 2.15 (dm 1H), 1.70 (m 1H) BA 386
8 7.26 (d, 1H), 6.67 (d, 1H, 2.98 (dd, 1H), 2,79 (m 1H), 2.44 (m 2H),
2.20 (m wb2p1od3geBo(m 1H), 1.56 (m 1H) BB 439 8 8. 03 @s&1/ukk)og/037796 (d,
1H), 7.36 (s, 1H), 6.96 (d, 1H), 3.64 (m 1H, 2.84 (m 1H), 2.48 (m
3H), 2.02 (m 1H), 1.59 (m 1H) BC 414 8 7.96 (d, 1H), 6.87 (d, 1H), 3.45
(dd, 1H), 2.78 (m 1H), 2.52 (s, 3H, 2.41 (m 3H, 1.99 (dm 1H), 1.55
(m 1H) EQU VALENTS 5Those Skl |l ed TableHe art will recogni ze, or be able
Lo ascer a4 NECHEO ™ NMR' gybb'omﬁgfg@ﬁwwmef ous
equi val ents 1o t h@pspheclfic pr oce ures described herein. Such equi val ent s
are considered t pofhait t hin the scope of the present invention and are
covered by the fpl oM ngstésas, ne), 7.58ke, 2e nhewt Z)of15al iH)Bat er ences, patents,
and patent applications| @i S BIddOUYRSULIIH). 2 3HPPIIHE463 @ are her eby
i ncorporated by feferencd) The 10 appr opr| ate corrponents processes, and
nmet hods of té‘n’)Sc pq§3§|n 5 1800 5'(11‘[’cltHj fb'?lﬂhﬁul I.2I3 may be sel ected
for the present | nventi pnosa! Hemgggllpfe@bgs %r5e;q1§(m Mhassbs|claimed is: 1.
Use of a|tetracycline copapowmnmbsizasthemmanuf act ure of a nedicament for the
treatment_of rheimatoidiarthritis, wherein said tetracycline conpound is of
Formula |: 5¢ NH2 (9§ b‘f’ ?Sr{ml 193’”&%‘?@3& W?)ggeg’ and
R7 is substituted or unsg } # ¥ unsubstituted
het erocy¢l yl, supstituted or su s tut ed phenyl, substitdted or
unsubsti futed hefersary 5143r66101}5ut1519(tnu¢ﬂd 20F2. 1L¢ﬂﬁ,§1§H$12l41216t ed acyl; or a
phar maceuti cal | y| accept aln, 8)s%il-1.2 (me¥D.S7- 33 r(mpto d0 (g0 fthesrSeof | 2. The use of
claimi, |wherein| R4 is :i???ét“l‘%“l)éﬁﬁr%m 1H) 7.4-7.5 (m, 1H)
E 500 80.95-1.05 (m, 2H), 1.55-1.8 (m, 2H), 2.05-2.3 (m, 1H) 2.35-
2.55 (m, 1H), 2.6-2.8 (m, 2H), 2.9-3.15 (m, 16H), 3.15-3.5 (m,
1H), 4.1-4.15 (m, 0.5H), 7.7 (s, 1H)
G 473 87.38 (d, 1H), 6.85 (d, 1H), 4.41 (s, 1H), 3.55 (m, 1H), 2.95 (s,
6H), 2.70 (m, 5H), 1.55 (d, 3H), 1.20 (t, 3H)
H 486 8 7.69 (s, 1H), 4.05 (s, 1H), 2.90 (m, 7H), 2.61 (q, 2H), 2.40 (m,
1H), 2.21 (dm, 1H), 1.55 (m, 1H), 1.14 (t, 3H)
I 498 §1.5-1.8 (m, 1H), 2.1-2.4 (m, 1H) 2.4-2.6 (m, 1H), 2.9-3.15 (m,
6H), 3.2-3.4 (m, 7H), 3.4-3.6 (m, 2H), 4.16 (s, 1H), 5.0-5.2 (m,
2H), 5.9-6.2 (m, 1H), 7.6 (s, 1H)
] 500 8 7.80 (s, 1H), 4.20 (s, 1H), 3.45 (m, 7H), 3.25 (m, 3H), 3.05
(m, 8H), 2.53 (m, 1H), 2.36 (dm, 1H), 1.32 (m, 6H)
K 529 8 7.34 (s, 1H), 3.93 (s, 3H), 3.68 (t, 1H), 3.38 (m, 1H), 2.90 (m,
2H), 2.72 (s, 6H), 2.59 (s, 6H), 2.20 (m, 4H), 2.20 (m, 1H), 1.65
(m, 1H)
L 496 8 1.4-1.7 (m, 1H), 2.05-2.2 (m, 1H) 2.2-2.45 (m, 2H), 2.5-2.65
(m, 1H), 2.8-3.0 (m, 8H), 3.3-3.45 (m, 2H), 3.7-3.8 (m, 2H),
4.01 (s, 1H) 5.5-5.7 (m, 1H), 6.7-6.8 (m, 1H), 7.15-7.3 (m, 1H)
M 514 8 8.23 (s, 1H), 4.12 (s, 1H), 3.38 (m, 1H), 3.25 (m, 6H), 3.10
(m, 4H), 3.00 (m, 6H), 2.51 (m, 1H), 2.23 (dm, 1H), 1.62 (m,
1H), 1.1 (t, 3H)
N 507 5 1.49-1.8 (m, 1H), 2.0-2.25 (m, 1H), 2.35-2.7 (m, 1H), 2.8-3.25
(m, 9H), 4.1 (5, 1H), 3.38 (s, 1H), 6.57-6.80 (m, 3H) 7.0-7.2 (m,
2H), 7.3-7.41 (m, 1H)
15) 525 8 8.59 (s, 1H), 8.36 (s, 1H), 7.74 (s, 1H), 4.19 (s, 1H), 3.50 (m,
1H), 3.38 (m, 7H), 3.22 (m, 1H), 3.05 (m, 7H), 2.65 (m, 1H),
2.36 (dm, 1H), 1.70 (m, 1H)
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15 3. The use of claim1l, wherein R4 is hydrogen. 4. The use of claim
1, wherein R7 is substituted or unsubstituted acyl. 5. The use of
claim1l, wboeos3393% i s substituted or unsubstituted phemglrus2@ond:72iUse of a
tetracycline conpound in the manufacture of a nedi canent for the treatnent
of rheumatoid arthritis, wherein said tetracycline conmpound is of Fornula
[11: mherein: R4 is amino or hydrogen; R7 is amino or hydrogen; and

RO is substiPuted o®o unsiub%it)li?‘t(mtlé’d2&912I%g/1ﬂn%”%>l}t§§t5§t‘;ugtl(’é)dz-%?)-l%nsubsti tuted

het erocy¢l yl, supstitut e dp% gﬁ? F ‘2%? (?%BI tyted or

unsubsti futed heferoary gn;sg;sség"gi b /(tgj Zglo%ﬁf%) s@fg%b ed acyl, or
substituted or upsubstitufed imne; or a pharnmaceutically acceptable salt,
ester or |prodrug| t P eof d 7.9.(F ), U¥dmof),GBHIm 16, 7. 28k i 40954 | i s di net hyl ami no
and R7 i$ di nethyl ani no| 3G9 () 1 &EmD-204 i1, 2-\W¥erl8in R4 i s hydrogen
and R7 i $ dinethylam no Lo 7fR use of claim 6, wherein R9|is substituted
or unsubstTiTRTEed] Cls705 a§ Kakl(s, 1}4,,07.,85{,n,QHgs,@ongg,[ngJ‘;aB(g} ), 3wherein RO is
unsubstifuted C2t C4 al kyim, 1H)3.25le sHp & 100, t)aioode, sipfrenei,n RO is substituted
or unsubstituted| het er oatl2.31 TdnelHlsle56h, 18} ai m 11, wherein RO is substituted
pyrrol yl —Fheusp—oef—eclaim6—wheren—ROis—substituted—or{unsubsti tuted
acyl. The ussé of clsﬂm 1 7'96}3&?1}2315 d?ﬁi ég@;%ﬁ?g?ﬁ%%%ﬂ@{ﬁt ed acyl. 15. Use
of a tetracycling conpolfig iidd 4 hg Manufacture ol a medi camgnt for the 25
treatnmen{_of rheuymatoidjarthritis, wherein said tetracycline conmpound is of
Formula YV:  NH2 [ V)4hher &8.39:6, RD, 325 (antHnhd.00m, H).qd76 e, 2.50 R7
is substituted of unsubst Pit%d dm b5 HIRyYH) substituted of unsubstituted
het er ocy ¢HyH———su stigut ~§ or unsubstit uted—phemy— °"hs§titut ed or

unsubst i {ut ed het er'Gary 8'%%%}?3@??}{%@“1) (ﬁ%fﬂ)ﬁéﬁ(ﬁgﬁé acyl: and

RO is substituted or unsUbStitute '-Og ‘al Kyl”, " Substituted or

unsubsti futed 5 NetsHp ocyet Bl 1S IHGas @NmBscRs A5 ed| phenyl
substituted or upsubsti | &, hei&, 0B yd6(mIHPSLI ¢ Btped or unsubstituted acyl,
or substituted of unsubstituted imne; or a pharnaceutically acceptable
salt, esfter Wr prodiaig 1 Hdioget), 3.956s SHHS6 (s 8624 b, 812 BBm, wherein R4 i s

hydrogen| 10 17| Use of 'H& %%8(m.d8ye15{e IEbkpYendDin t he manufacture of a
medi camept—fgr—t Ly ea

0 re—fre gm%* of r%ﬂumﬁtoi d—arthi tilgi ‘iﬂé‘rzer\,i n said
: 82 . [ (% )rﬁﬁ s, {H), 7.80 ), 3.40 (m, 7H), 3.25 (m,
tetracycline” conpound i ’11%?3.(?5:{3?1, l; 155\h; 3H), 214 (dm, 1H), 1.70 (m, 1H)
Y 526 $ 1.55-1.8 (m, 7H), 2.1-2.2 (m, 1H) 2.3-2.7 (m, 3H), 2.95-3.1
(m, 1H), 3.15-3.25 (m, 2H), 3.25-3.4 (m, 7H), 3.6-3.85 (m, 2H),
7.95 (s, 1H)
Z 543 8 7.34 (s, 1H), 4.18 (q, 2H), 3.68 (t, 1H), 3.36 (m, 1H), 2.90 (m,

2H), 2.87 (s, 6H), 2.59 (s, 6H), 2.20 (s, 3H), 2.19 (m, 2H), 2.61
(q, 1H), 1.30 (¢, 3H)

AA 487 5 8.30 (s, 1H), 4.41 (q, 2H), 3.37 (s, 1H), 3.29 (m, 6H), 3.23 (m,
2H), 2.98 (m, 1H), 2.50 (m, 3H), 2.15 (dm, 1H), 1.68 (m, 1H),
1.42 (t, 3H)

AB 482 59.35 (s, 1H), 9.20 (s, 1H), 8.31 (s, 1H), 3.38 (m, 6H), 3.21 (m,

2H), 3.02 (m, 1H), 2.51 (m, 3H), 2.18 (dm, 1H), 1.70 (m, 1H)

AC 48] $1.6-1.8 (m, 1H), 2.1-2.3 (m, 1H) 2.35-2.7 (m, 3H), 2.95-3.15
(m, 1H), 3.2-3.3 (m, 1H), 3.37-3.5 (m, 7H), 7.3-7.4 (m, 1H),
8.15-8.25 (m, 1H), 8.51 (s, 1H)

AD 486 §7.34 (s, 1H), 3.93 (s, 3H), 3.38 (dd, 1H), 3.26 (m, 1H), 2.75
(m, 1H), 2.58 (s, 6H), 2.47 (m, 2H), 2.19 (s, 3H), 2.06 (m, 2H),
1.60 (g, 1H)
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(M) wherein: 15R4 is am no or hydrogen; R7 am no or hydrogen; and

Rl is hydrogen, substituted or unsubstituted Cl1-05 al kyl, substituted or
unsubst i twoedidmssspocycl yl , substituted or unsubstit ut edcphmspylo 57727
substituted or unsubstituted heteroaryl, substituted or unsubstituted acyl,
or substituted or unsubstituted i mne; 20or a pharmaceutically acceptable
salt, ester or prodrug thereof 18. The use of claim17, wherein R4 is

hydr ogen [andAER7 | s #2mef hybamiing9.os IH), Bhemuse®, &ofl (C1bigrsl7, wherein R4 is
di met hyl ami no and R7 i s |fpdihedEdm, 815 3.19@. 15661, 3B 28t (Fmcydl i ne conmpound in
the manuflacture of a medi@ah®nt-Hor the treatment of rheunatoid arthritis,
wherein gaid tetracyclimpe conpound is selected fromthe grqup consisting

of : H €, NF C Fl, HM3C, | B7.78s, k), 3.18 (m, 4H), 2.95 (m, 1H): F13i(@H)2.4400 |NH2 0OOH 0CH 00 A
FI,C. N, |CH3 HH OH id SO®, 3Nk NI(dQHDOHBEmAE), 1¢4¢EHD 0 HH ¢, N, C H3 H -

0$0di hri 4041 _INH2 OH 00l -P 0 B H30 N_ C H3 H C_ 00 rki Ahh |OH NW NH2 CH,

OH OFP 0 |AD 6T H3HGE! N, € B8 (D 745 1107 2 i idhie: IHRE P |0

1.65 (m, 1H)
AH 514 § 1.4 (s, 9H), 1.6-1.8 (m, 1H), 2.1-2.25 (m, 1H), 2.35-2.7 (m,
3H), 2.9-3.1 (m, 1H), 3.15-3.3 (m, 1H), 3.38 (s, 1H), 8.45 (s,
1H)
Al 534 § 8.47 (s, 1H), 7.71 (m, 2H), 7.38 (m, 2H), 7.18 (m, 1H), 3.38

(s, 1H), 3.26 (m, 6H), 3.21 (m, 1H), 3.00 (m, 1H), 2.49 (m, 3H),
2.12 (dm, 1H), 1.66 (m, 1H)

AJ 498 | 59.05 (s, 1H), 8.15 (s, 1H), 7.98 (s, 1H), 3.40 (m, 6H), 3.35 (s,
1H), 3.29 (m, 1H), 3.05 (m, 1H), 2.51 (m, 3H), 2.20 (dm, 1H),
1.70 (m, 1H)

AKX 503 5 8.46 (s, 1H), 4.43 (m, 2H), 3.91 (m, 2H), 3.36 (m, 6H), 3.22
(m, 2H), 3.01 (m, 1H), 2.52 (m, 3H), 2.15 (dm, 1H), 1.68 (m,
1H)

AL 471 5 8.25 (s, 1H), 3.13 (m, 3H), 2.98 (m, 1H), 2.50 (m, 3H),
2.12(dm, 1H), 1.68 (m, 1H), 1.17 (t, 3H)

AM 429 5 7.80 (s, 1H), 3.25 (m, 6H), 3.12 (m, 1H), 2.96 (m, 1H), 2.50
(m, 3H), 2.30 (s, 3H), 2.13 (dm, 1H), 1.69 (m, 1H)

AN 491 8791 (s, 1H), 7.61 (m, 2H), 7.42 (m, 3H), 3.19 (m, 2H), 2.98
(m, 1H), 2.45 (m, 3H), 2.14 (dm, 1H), 1.65 (m, 1H)

AO 517 5 1.55-1.8 (m, 1H), 2.1-2.2 (m, 1H) 2.3-2.6 (m, 3H), 2.85-3.0
(m, 1H), 3.0-3.2 (m, 6H), 3.2-3.4 (m, 2H), 3.45 (s, 3H), 3.65-3.8
(m, 2M), 4.4-4.45 (m, 2H), 8.21 (s, 1H)

AP 497 $7.56 (s, 1H), 5.70 (t, 1H), 4.12 (m, 2H), 3.01 (m, 1H), 2.72 (m,
1H), 2.56 (s, 6H), 2.36 (m, 2H), 1.99-2.3 (m, SH), 1.94 (m, 2H),
1.5-1.85 (m, 2H)

AQ 414 | 57.42(d, 1H), 6.77 (d, 1H), 2.79 (m, 1H), 2.29 (m, 3H), 2.02
(m, 1H), 1.58 (m, 1H), 1.16 (dd, 6H)

AR 525 $1.47(d, J= 7.5 Hz, 6H), 1.55-1.75 (m, 1H), 2.0-2.2 (m, 1H),
2.15-2.6 (m, 3H), 2.6-2.9 (m, 7H), 3.05-3.19 (m, 1H), 3.20-3.45
(m, 3H), 8.00 (s, 1H)
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CHc"cH HH--CH SOCSO 116 NOH 00HO 00 AE ,CH, ?Ha O 00 1110CH,
H3C,N,CH, [i:0H 000. NF12 OH 0OH 0 DH,C" CH OH ii-iiblidhl H3c OVI VW NH2
OHOOHOO AFRoH8f0/03&8HoFi , C, N, CH, HH --OH 000* NH2 OHOCHORCHE/US260090883437 HH OH O
SCS. N H2 \ 1 OHOOH 000 AG OH ' WM NH2 OH OHOOHO F OH **OW NH2 S 00HC0145 0 AH
OHHN7

AS 495 8 1.6-1.8 (m, 1H), 2.1-2.25 (m, 1H), 2.35-2.65 (m, 3H), 2.8-3.2
(m, 6H), 3.2-3.3 (m, 1H), 3.79 (s, 3H), 6.4 (s, 1H), 7.55 (s, 1H),
7.75 (brs, 1H)

AT 494 5 1.6-1.8 (m, 1H), 2.05-2.2 (m, 1H) 2.33-2.65 (m, 3H), 2.9-3.1
(m, 1H), 3.1-3.29 (m, 8H), 3.51 (m, 3H), 6.01-6.2 (m, 2H), 6.72-
6.85 (m, 1H), 7.75 (s, 1H)

AU 457 §7.73 (1H), 3.11 (m, 1H), 2.94 (m, 1H), 2.43 (m, 3H), 2.11
(dm, 1H), 1.63 (m, 1H), 1.26 (m, 6H)

AV 455 $0.70-0.90 )m, 1H), 0.91-1.15 (m, 1H), 1.58-1.80 (m, 1H),
~ 2.00-2.40 (m, 2H), 2.40-2.65 (m, 3H), 2.80-3.10 (s, 1H), 3.10-
3.40 (brm, 8H), 7.45 (s, 1H)

AW 485 §7.69 (s, 1H), 3.11 (dd, 1H), 2.96 (m, 1H), 2.66 (m, 2H), 2.45
(m, 3H), 2.12 (dm, 1H), 1.65 (m, 1H), 0.96 (s, 9H)

AX 513 §8.16 (s, 1H), 3.18 (m, 1H), 3.07 (s, 2H), 2.97 (m, 1H), 2.50
(m, 3H), 2.12 (dm, 1H), 1.66 (m, 1H), 1.06 (s, 9H)

AY 413 §7.85 (d, 1H), 7.45 (d, 1H), 3.20 (m, 2H), 2.89 (m, 1H), 2.73 (s,
3H), 2.48 (m, 3H), 2.18 (dm, 1H), 1.66 (m, 1H)

AZ 519 § 8.02 (s, 1H), 7.83 (m, 2H), 7.65 (m, 1H), 7.50 (m, 2H), 3.18
(dd, 1H), 3.04 (m, 1H), 2.51 (m, 3H), 2.15 (dm, 1H), 1.70 (m,
1H)

BA 386 §7.26 (d, 1H), 6.67 (d, 1H), 2.98 (dd, 1H), 2,79 (m, 1H), 2.44

(m, 2H), 2.20 (m, 4H), 2.01 (m, 1H), 1.56 (m, 1H)

BB 439 5 8.03 (s, 1H), 7.96 (d, 1H), 7.36 (s, 1H), 6.96 (d, 1H), 3.64 (m,
1H), 2.84 (m, 1H), 2.48 (m, 3H), 2.02 (m, 1H), 1.59 (m, 1H)

BC 414 5 7.96 (d, 1H), 6.87 (d, 1H), 3.45 (dd, 1H), 2.78 (m, 1H), 2.52
(s, 3H), 2.41 (m, 3H), 1.99 (dm, 1H), 1.55 (m, 1H)

EQUIVALENTS
5 Those skilled in the art will recognize, or be able to ascertain using no more

than routine experimentation, numerous equivalents to the specific procedures described
herein. Such equivalents are considered to be within the scope of the present invention and
are covered by the following claims. The contents of all references, patents, and patent
applications cited throughout this application are hereby incorporated by reference. The

10 appropriate components, processes, and methods of those patents, applications and other
documents may be selected for the present invention and embodiments thereof.
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OH/ O* NH2 CHOOH51-100 -- GH C. N CFi3 HROHth, 'Rl 000. NH2 OCH OCH O
AT H3C' CH3H3C, N, CH3 LIH= =--0OH H3CSOs "2 OHOOFP 0 H H3C, N, CH3 HH - OH
S 0. 00 NHS0.20t0/d38631 0OHOO AJ H3c, N, cH3H3c. N, cH3 OH H2COeeelushidd od00D14) O |
H3C, N, CH3 HH HO-' () "SO OH NH2 0OH 0OFP 00 AK H3c"cH3H3c, N,cH3 "H , CH NC
0505 N H2 CH3 OH 001-P 0 J H3c, N, CH3 HH H3CO A e. OH NH,

What is claimed is:

1. Use of a tetracycline compound in the manufacture of a medicament for the

treatment of rheumatoid arthritis, wherein said tetracycline compound is of Formula I:

R’ R*
OH
O“‘ NH,
X
5 OH 0 OH o] 0 (I)

wherein:
R* is amino or hydrogen; and
R’ is substituted or unsubstituted alkyl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl, or
10  substituted or unsubstituted acyl;

or a pharmaceutically acceptable salt, ester or prodrug thereof.

2. The use of claim 1, wherein R* is dimethylamino.
15 3. The use of claim 1, wherein R? is hydrogen.
4. The use of claim 1, wherein R’ is substituted or unsubstituted acyl.
5. The use of claim 1, wherein R’ is substituted or unsubstituted phenyl.
20
6. Use of a tetracycline compound in the manufacture of a medicament for the

treatment of rheumatoid arthritis, wherein said tetracycline compound is of Formula III:

R’ R*

OH
O“‘ NH,
RO AN

OH o OH 0 0 (11D
wherein:
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OCH 0OOH 00 AL H3CNCH3H30w CH3 H - OH H3C *WWM NH2 n, NOH 001-P 00 i CH3 K
H3C, N, C H3 See* OH NH2 H3C OH OCH 00 AM H C'CH H3u N3 OAhl | ahi L' abi 7" OH
W W VWNH2 vobl 200033430 L 1-13ci\rc liii OH See* NH2 OCHOOFPPOTAIN2009/057727
Fi ac"cH3H3c, NrcH3 H1:1, OH SOOO NFI 2 H3C OCH 00145 0 M F6c, N,CH H OH
Fl a%9040VWNI - 12 OOH 0OH 0 AO OH OH, C, N, CH, HH - 110.10d'i OH

R* is amino or hydrogen;
R’ is amino or hydrogen; and
R’ is substituted or unsubstituted alkyl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl,
5 substituted or unsubstituted acyl, or substituted or unsubstituted imine;

or a pharmaceutically acceptable salt, ester or prodrug thereof.

7. The use of claim 6, wherein R* is dimethylamino and R’ is dimethylamino.
10 8. The use of claim 6, wherein R* is hydrogen and R is dimethylamino.
9. The use of claim 6, wherein R’ is substituted or unsubstituted C;-Cs alkyl.
10. The use of claim 9, wherein R’ is unsubstituted C,-Cy4 alkyl.
15
11. The use of claim 6, wherein R’ is substituted or unsubstituted heteroaryl.
12. The use of claim 11, wherein R is substituted pyrrolyl.
20 13. The use of claim 6, wherein R’ is substituted or unsubstituted acyl.
14. The use of claim 13, wherein R’ is alkoxy substituted acyl.
15. Use of a tetracycline compound in the manufacture of a medicament for the

25 treatment of rheumatoid arthritis, wherein said tetracycline compound is of Formula V:

R? R*
OH
NH
R? O“ 2
OH 0 OR 0 o] V)

wherein:
R* is amino or hydrogen;
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WNH2 OH 0OH 00 N H3c. N, ¢ HH OH 505 NH2 OHOCH 0 AP H3C'CH3FI, C, ,,
HH ? 0-i&NH, ri OH WM \CH 001-P 00 SS SS 0 H3CCH, 0 Oes OH H2 OH 0CH
AQ H3C, NwOHptdashssei i3 HH 7 0 10- A i 7i 61 OH WAMNH2 SOHprQCHS@ooe/0si3e; N, C1- 13
HH OH . 01. 1. 40e1INH2 N NOH OCFP 0 HBC H3 AR HC ,,CH -N 3 HH 7

10

15

20

25

R’ is substituted or unsubstituted C;-Cs alkyl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted acyl; and

R’ is substituted or unsubstituted C;-Cs alkyl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted phenyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted acyl, or substituted or unsubstituted imine;

or a pharmaceutically acceptable salt, ester or prodrug thereof.
16. The use of claim 15, wherein R* is hydrogen.

17. Use of a tetracycline compound in the manufacture of a medicament for the

treatment of theumatoid arthritis, wherein said tetracycline compound is of Formula VI:

R’ R*
O“‘ )
NH,
AN
R0 0 OH 0o o] (VI)

wherein:
R* is amino or hydrogen;
R’ amino or hydrogen; and
R'is hydrogen, substituted or unsubstituted C;-Cs alkyl, substituted or
unsubstituted heterocyclyl, substituted or unsubstituted phenyl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted acyl, or substituted or unsubstituted imine;

or a pharmaceutically acceptable salt, ester or prodrug thereof.

18. The use of claim 17, wherein R* is hydrogen and R” is dimethylamino.
19. The use of claim 17, wherein R* is dimethylamino and R is hydrogen.
20. Use of a tetracycline compound in the manufacture of a medicament for the

treatment of rheumatoid arthritis, wherein said tetracycline compound is selected from the
group consisting of:
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"TToHd 1 ---.." ., === . Tryz-. .. 4r-.."rrINH2 0 OOH 00 QH3 C. N, CH3 HH
OOH H3' Gak N N111111.WIIl,H2 OHO 1111;11:11 NI AS H3C, N, CH3H3C N.CH3 HH .
i ik 0000 wbiNotdA339301-P O OH 0 FIBC N CH 3 R H3C, N, CH3rHiUs30000see. OH
NNH2 \ 1 OHOCOH 0 AT H3C. N, C1-13v. __ cH3 HH 11 Sl oss OHAN H2 000H OOFP 0 NH2
S.N CH3 HH OH F13C SOCSO N H2 CH3 OH 00HO AU

A AC
AD
AE
AF
AG
F SN AH
= g OH
(O
\kN A NH,
o ono o o
G Al
H,C. -CHy
H. B . _oH
1 I I
©/ 6 ono oMb o
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H3C' C H3 OH O 110-01NH2 CH, OH 0OOH 00 T H3C'cH3 OH 0.140.1 _NH2 V OH 0CH
00 AV H3C'C H3 OH HO 00-040 NH2 O OOHOOHOO U OH | WO NH2 OH OHOOHOO AW

H3C' C1- 13w0GHp10433939 OH NH2 HN 00- 0040 pco@<260¥6F700 V
?N...-- OHO NH2 OH 0OHO AX H3C. CH3 HF- 1CH SOSO NH2 00H 00 HO00 H,C'
CH OH 3110 | WON H,
Al
AK
J AL
H:,C\N,CH:,'; ' N
~ O‘U
e (o] OH O OHOO O
K AM
YT,
OO,
OH © OHOO (o]
L AN
M AO
H;,C\N,CH:,H 4
g I T,
N AP
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C H3 00H G0 AY H, C'CH, el* OH 010NH2 \OH OOH 00 X H3C, N, CH3 HH - CH
0 SOCS. NH2 OCH 0OH 0 AZ HC, N, CH, HHOH Se.el NH2 OOH 0OOHo 00 Y CH3 OHHH O
et* NH2 GWOBbfy/Ba39H3c" C H3H, C, N. CH F-1F-1 -OH H Ceceasbkid@dsizo, N OH
OOH0O HCJ Zi=\ N 0 OH 0111110101INH2 CH 0OOH 0 BB '-ci t osij Hes
OH H3C, ONH2 0OH OCFP 0 AA H3C OH

P AR
g bt OH
o O o,
_Nz\’k OH O OI—P (o]
Mo
Q AS

BB
IO
NS on o Pt §

AU

AV

AW

AX
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S1010 NH2 OHOOH O BCH3 C CH3 OH*WAN NN H2 0OOHOOH OO0 AB 0111111110NH2
OHOCOH BD and pharnmaceutically acceptable salts, esters and prodrugs
t hereof WO 2010/033939 PCT/US2009/057727

AY

AZ

BA

BB

BC

BD

and pharmaceutically acceptable salts, esters and prodrugs thereof.
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