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5R7 is substituted or unsubstituted Cl1-05 al kyl, substituted or
unsubstituted piperidinyl, substituted or unsubstituted phenyl,
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unsubstituted acyl; or a pharnaceutically acceptable salt, ester or
prodrug thereof. 10The invention also pertains to 9-substituted
tetracycline conpounds of Fornmula I11]: wherein: 15R4 is am no or
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15 or a pharmaceutically acceptable salt, ester or prodrug thereof.
The invention also pertains to 7-substituted 4-dedimethylamino sancycline

compounds of the formula I1-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.



het erocycl yl, substituted or unsubstituted phenyl, substituted or
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unsubstituted phenyl, substituted or unsubstituted heteroaryl, or
substituted or unsubstituted acyl; or a pharmaceutically acceptable
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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:



20wher ei n: R7 is substituted or unsubstituted Cl-Cs al kyl,
substituted or unsubstituted piperidinyl, substituted or
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wherein:
R* is amino or hydrogen;
20 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



(V) 15wherein: R4 is am no or hydrogen; R7 is
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r heunat oi d (&§+HEFpiuwa b X-4ndl-B, I&sl\bﬁh@@k\ﬁo‘mr dpie Pe ach thatthe theumatoid

mi nocycl i neriaif i dafedC HCdnk BRLSAABRR YRAStrdc eI ME B&hRhind S48 Hot @shilit 0Cki ng
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"tetracycl PRIPAEEHAEINE- i ncl udes many conpounds with a similar ring

struct uzoe to tet raCYﬁ&defbﬁ}bocﬁih@ﬂPth@ﬁreébfnt ﬁleénﬁaﬁ:y@ham rRePHR 9 R Bting
i ncl ude: trac cI| lﬂ)éertetracyc i ne, tetracycline,
%yaﬁﬁ

denecl ocyc Hua OWé’F ot §%fﬂl€¥'§ﬁ&’lglaﬁ’é'“’%‘£§r Be ﬁ“ﬁlé"t agpfgpcycline
m nocycl i neempduh@sf Fbehaly &t i ves and anal ogues conprising a simlar
four ring structure are also included. The term al so incl udes

4- dedi met hyl ami no tetracyclines conpounds. Table 1 depicts
tetracycline and several known tet racycline derl vat ives. Table 1
H300H OH 4000001 OHOOH Oxyte QYC

NH,

OH v} OH 0 o] (1)
wherein:

25 R* is amino or hydrogen; and



N(e2) OH CONN, CH 0 H300H 0000 OHOOH Tetracycline OH N(Me)2 OH CONH2
0 cH2OH SOO. OHOOH Met hacycline "we& OH CONI42 OH o CH3OH SOSO
OHOOH DoxyWeaiiofs3gge Mea) OH CONH2 OH O Cl HOH 40000 OHOQRCT/US2009/057727
Dentcl ocycline HHM)3) H CON112 OH O

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 IT-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,

(11-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 rtheumatoid arthritis is treated in the subject.

6



N(Me)2 | & O0OHOOH M nocycline OH O N(Me2) .., HO3 ---, CONH2 mH
COH 10000001 OHOOH Chl orotetracycline N(Me2) OH CONK2 CHO 00 O
OHOOH SancWOIX0HE38 O N(Me2) OH 11T )2 ,-, CON H3 0 10 |POL/GMeXtsSTRred
Tetracycl i ne Conpounds The term " 7-substituted
tetracycline conpounds” includes tetracycline conpounds with a
substitution at the

at the 7-position enﬁa’%@%&% i nl?lﬂ%{b‘?es@ﬁﬁﬁ!&%?@%avﬁg?%@ﬁéé’?%J(% r&&lh%d
to perfor mrhetusiaioni@ihd@&jlnfa@nln@qt,@nlnp@@ admindstering & the W@m’mtgimyclme
arthritis. hg,8046 LgeRt, the 7-substituted tetracycline conpound
15 i s 7-substitute sancycline (he., wherein R4 is dimethylanino). In
anot her enbodi nent, the 7- sub§t|tuted tetr@cycline conpound is
7-substituted 4- dedlnethylanl 0 sancycllne (i.e., wherein R4 is
hydrogen). The invention pe it ed tetracycline
conmpounds of Formula I: no or hydrogen; and 5R7
is substituted or unsubstitk : or unsubstituted
het erocycl yl, substituted or fyl , substituted or
unsubstituted heteroaryl, or ubstunyted acyl ;

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)}

OH
O‘.‘ NHz
R® \

OH 0 OH 0 o (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.



or a pharmaceutically acceptable salt, ester or prodrug thereof 10In
an enbodi ment, R4 is a dial kylamno group (e.g., dinethylam no).

I n anot her WOiudi3aBAt , R7 i s substituted or unsubstit utBU/GE0eYSERY |

I n anot her enbodi nent, R7 is substituted or unsubstituted phenyl. The
phenyl R7 groupor the heteroaryl R7 group can be substituted with any
substituent which al

i nt ended functi on. Ih Tegglﬁ l())(%d%é @g}t[eﬂr%sgﬁt"%%ﬁ%gwtgﬁe%B%]B&)fomrka{uﬁﬁ
limted torheamalpid ar@rlk-‘élﬁleSUbJWéal copprisingrpdaninistering toathi sabject a tetracycline
aIkyIcarbOQMEP&%d09¢&§MEQ¥M§arbonyl aryl car bonyl oxy,

al koxycar bonyl am no, al koxycar bonyl oxy, aryl oxycarbonyl oxy,

carboxyl ate, al kyl carbonyl, gl ¢ cylantnoacgﬁpgnyl aryl al |l cyl

am nocar bonyl , alkenylananCeronyI allc carbonyl aryl carbonyl ,

am noal kyl , arylall cyl car bomy ; A, alkoxycarbonyl,
silyl, am nocarbonyl, allc osphate, aral kyl, 20
phosphonat o, phosphi nat o, € ; am pe; am do, imno,

sul fhydryl, alkylthio, sulfafe, § i |th|o ar boxyl at e,

al kyl sul finyl, sulfonato, oyl , & gnamdlo, f cyano,

azi do, heterocyclyl allcylaryl, aryl and heteroargr} n a further
enbodlnéht“mpﬁélphenyl R7 group or the heteroaryl R7 group is
substituted with su

substituents of t heth}lék{l/]Pgt eq%lrg F&ggkﬁéedt%t%c ésg%slt&tceﬁé%gg{ﬂ%ﬁm%d

nor phol i ne fetishyssenyeinpesubgtitetedgrrungibstittaéphenyl, whﬁthh@ctorfuuwbtt@wted

enbodi ment pedefagry R BeRithelAr SHsM4RRE a&)h &r Q&E%@@Bxydns@%tg{e@%
substituted mnt% an am no group. am no group Be further
substituted e.g., wiof fpkagmageptoally #P%éﬁwﬁt saft,@lstkwyarodrugeth%@ﬁyl al koxy
or aryl 14 esgbh, tha%utestéutﬁto@trmfmﬁeﬁwéﬁlhtﬂets@cgect het eroaryl, phenyl,

etc.) group. The am_no substituent nmay be Substituted mnth any
substituent or conbi’haidthshembodingss therprrsent énvewiopmiayidesd mefpd for frepting
performit shmmt@mctetqmtm G e, cg%ﬁmg%ammlstéﬂg b f {ebﬂﬂ@f%?clfn@d ude,
but are not I|n1%P§% halogens (e.qg., fluorrine, orine,” brom ne,

i odi ne, et EOHPOUR de ¥aY: which can in turn be substituted with an
al kyl , carbonyl, aIkenyI al kynyl, or aryl nolety) and aryl am no
(e.0., phenylanino). THE phenyl R7 gtoup or the heteroaryl
R7 group may al so be substituted wWth 3

al koxy groups include, but are
propoxy, butoxy, perfluoroneth0<
etc. The phenyl group or the k& B
with an anmide group such as a carhbgmatg noilety le. all,
al koxycar bonyl am no group). The ﬁeteroaryl Rﬂwaroup al so
may be Bubstit uvedeimr unsubstituted biaryl, e.g., naphthyl,
fluorenyl, etc. The biar R7 group can be substituted Wit h any
substituent which 18 éﬁﬁ"ﬁw I8 y%(ggeﬁerfor mits intended function.
Exanpl es of substit @ém:mbsnnn:ddudenslnhﬂttmcmﬂmtalltyl Bilistidtet or urRbbeyituted

| k |, h
21 kol oxycar s GBI or uf bt e R ety rareas?
aIkoxycarbsﬂvhmwgprmmyhbmyﬁaqbumyloxy, car boxyl ate, al kyl carbonyl,

al kyl ampoacar bonyl ps ar e m noca yI,
al kyl car({;onyl aryl gar tS%#F%aoﬁtmrltsga Mr&éy#%ﬁ“@ﬁ?%%ﬁﬁ%%ﬁ% [@%ﬂ

al kenyl car b@nytyclyélskmmmbmsybstmmdl p}nbr;yl anlistimted obonybstituted heteroaryl,

al kyl t hi oc r h hosphi nat o,
oyano, ani ﬁ%b?@tﬂ%h pL. &Q&%ﬁﬂ%h%%y@o g\lhséftutzedg @E}L @m@fj 1m13$| oyl thi o,

sul fate, arylthio, bhtpeampextickiit ecepablecyit, sstblfqr pgold;ugshﬁa‘oﬁnat o0,

sul fanoyl, sul fonam do, nitro, cyano, azido, heterocyclyl,
allcylaryl, aryl and heteroaryl. In angenbodinment, R7 is a heteroaryl
group substituted with amno or fornyl. 20Exanpl es of heteroaryl R7

oxy, ethoxy, 5
net hyl enedi oxy,
0 be substituted




30 al kynyl, hal ogen, hydroxyl, allcyl carbonyl oxy, aryl carbonyl oxy,

al koxycar bonyl oxy, aryl oxycarbonyl oxy, carboxylate, allcyl carbonyl,
aryl car bonyD2068¥RMYcar bonyl , am nocarbonyl, all cyl am nREAVIZEMNIST727
di al kyl am nocar bonyl , al kylt hi ocarbonyl, al koxyl, phosphate,
phosphonat o, phosphinato, cyano, am no (including alkyl am no,

di al kyl am ggo tﬁ’eftmefilﬁ@uﬂﬁtm&jdrﬁﬁw @A in #RdugLKY! aryl am no), acylam no
(i ncluding al kyl carbonyl am no, 35 aryl earbonyl am no, carbanmoyl and
urei do), anidino, i ApAwthesembadiragngthe passers veRiion proyidgs a mpthod for treating

t hi ocar box yhean@toidathfiad 16% sub?éclt %Mﬁ)ﬁﬁ’sjﬁg’ dhknist b Ecﬂ:ﬂ@&u‘ﬂ ecSHbARPIAE

sul fonam do, nitro, trjifl uoronet cyano, azid %eterocyc Iyl
aIIcyIaryI°°%?mﬁﬂogﬁﬁﬁﬁ¥lé or heteroaromatic nnlety In a further
enbodi ment, R7 is acetyl. The invention al so pertains to
7-substituted 4-dedinethy|"'no sancycl ifie conpounds of the fornul a
I1-A- 5 NH2 (I1-A) whereilp: R7q,i s substituted or
unsubstituted Cl-05 al kyl -nsubstituted pi peri di nyl,
substituted or unsubstit tute ? unsubsti tuted
het eroaryl, or substitute 10or a
pharnaceutlcally acceptabl= sal ester |pr odrug t hereof. The

i nventioh al so pertains to /- su%stltuted’sanﬁycllne c&¥ounds of the
formula Il-B: %&a&ﬁ.(ll-B) wherein: 15R7 is substituted or
unsubstituted C1-05 gl tltuted or unsubstituted piperidinyl,
substituted or unsuﬁ%fﬁ%ﬂ?%ﬂH% 8#P , substituted or unsubstituted
het eroaryl, or SubSthMhﬁ@rBﬁhM@ﬁuh&titUted acyl or a

pharnaceutlcally ac th e salt, ester o u

The invention al so EYJﬁ%gCPﬁ“'tf Siter. 058'6%‘5&1“? de(Jéi (?éilﬁ?’g '&éﬁ‘?ﬁ@ or

(é 2\ np g lénms . shobninded he&r&gﬁ#lﬁsﬁst:tﬁb&&t lﬂﬁlbﬁmﬁl&i)pl{édﬁ fbstfuteddr uhsubSktut&Q
an

are phar gutically

acceptablehggP?glS%@W%?go %ﬁmﬁW8%Fﬁa OBFmFH@mg gﬁWHQE%FmF%rnulae
1,11-A, 11-B and th@sepmhmMﬁmkmhm&&mmb&sﬂQe&&hﬁbﬂﬁﬂ@@Mn&@tracycl|ne
Conmpounds gLt i ne conmpounds" i ncl udes
tetracycllégggéﬁggu g%ﬁﬁt lﬂwlstzgﬂfﬁ egﬁ%é& the 9-position. In one
enbodi ment, the substitution at the 9-position enhances the ability
of the tracycllne nd to. erfo mits tended function, e.g.,
to tr eatser heumat oi d Tﬁ? ﬁ?”l%f’i’ also ﬁnﬁ udgs P Wﬁﬁ“ﬂ@ﬂ?omﬁoﬂa‘m@ CQURHSEA ed

t et racycl [ ﬂﬁe@mmwfaéemm}b%mmmumfmmm(hﬂ afforroulad, ib4yidHB, ne
(i.e., whelRiW-R4Vis iyt sopsn: Hnsd, F&iudnﬁngdIarpaaxhﬁée%memphccqbtﬁb@ém&?er

enbodlnent the 9-s uted
mi nocycl i ng (i, \?ﬂ? bljcgem ﬁgenhgr%zh%#gwé ﬁ‘leql% n%%"r%l‘[aﬁé/cl%ne coni} oun %ftt
anot her 5 WB‘BH’P femt of Fomaulal Hedydb-Pe il B¥rAs Bf-Ba¥y W ar Ta léé}ﬂéﬁwnd i's

9- subst3d umegufektxy ofchedi@mehtfothotréaenene ofvbelintiend arthiifie 9- substituted
tetracycline conpound is 9-substituted 4- dedimethylam no

doxycycl i ng. al SO oertalns to 9 substituted

tetracycl i fé hilon.of the Jugention) | | - %lg FL is am no or
hydr ogen; & present invention prowdes in part a method for the treatment o

rheumatoid arthritis (RA). Such a method can include, but is not limited to, the
25 administration of orally available modulators of T-Cell activation and inhibitors of
downstream effects.
The present invention pertains, at least in part, to modified tetracycline

compounds. These tetracycline compounds can be used to freat rheumatoid arthritis as well



R7 is am no or hydrogen; and R9 is substituted or unsubstituted
al kyl , substituted or unsubstituted 15 heterocyclyl, substituted or
unsubsti t UVOROPHEHRP . substituted or unsubstituted het eREIAUSENQ9/057727
substituted or unsubstituted acyl, or substituted or unsubstituted
imne; or a pharnmaceutically acceptable salt, ester or prodrug

thereof. 1Ing @tﬂer%@@ﬂhﬂﬁﬁ@attmn&r ﬁlﬁao%/cﬁﬁ@ajnﬁigh%@c éﬂh?%y% - r%gne'ral such as

di met hyl am no I n anot her enbodient, R/ is a no group
(e.g., di mHt9 ing ifracypline ol and meruision efersap¥resssion.R4 and R7 are each

di met hyl am no. The term "teb{by@lﬂﬁtc&ﬁﬁou‘ﬁa‘biﬁgh&? Bany &5 o§nd§w§tﬂg§frﬂ1fayt ed
or unsubstituted heteroqﬁg ou I n anot her enbodi is a
subst i t ut ed"&YFRE 9L4HaE Iéﬁgﬁﬁ‘ﬁ@ﬁkﬁ Ofd?t@ﬁﬂ:lmq'ﬁéflmé'!@ﬁ@hﬁdyltetﬁgyfélﬂ@up or

t he phenyl cﬁanafaeymn@@ﬂﬂa&cﬁdmTdbﬁlé&&sic]wetxheﬂ?aeycnﬁy*aé{cyéme%x d1mb,
all ows the t{tra.%fllne conp ound to erforn1|ts i nt ended fun i on.

Exanpl es of"$TBSeYctife fother dﬁré‘faﬂ‘éeé an‘t@abﬁ\w*‘&?‘épfﬁ&g 2| sirpjlep Eyr tiRg SUAHPIRRG|
al kenyl , hateqge mcldaw&il"mé}térm aokiRXdes @HM&W]QHHN te@%Ycline compounds. Table
aIIconxyc r banyl | car bon oxycarbonyl ani no,

al koxycar bofigh! ha“é’l"’ C@%Q&%F%W%BWWYGB‘FWW%{?% al | cyl car bonyl ,
alkylaninoacarbonyl aryl all cyl am nocarbonyl, alkenylanlnocarbonyl
alkylcarbonyl arylcarbonyl anlnoaﬂhUyﬂ 15 aryl al kyl car bonyl ,

al kenyl caf Nyt
Lhate arallcy
@w\w- ari do. i nol 7o

al kyl t hi o¢a ey phosphi nat o,
i otar:boxyl ate, a

cyano, ami al kyl t hi o,
sul fate, ar o, S congul f onat o,
sul f anoyl | éﬁlﬂbnaﬁlso nitro, cyano, , Met%rocycl yl,

allcylaryl, aryhxabd.heteroaryl. 5In g furthg.enbodi nent, the phenyl
RO group or thfa @ 'W@aryl RO group i1 suastbau g W th substituted

or unsubsti " Exanpl es of substjituents~of-ot he al kyl ing¢lude
heterocyclx‘l 3 glph0|lne pi pe lbyrrolidine. In
anot her flirthel elbddi meat, the pheny Hnr te heteroaryl RO

group is substituted mnth an am no grjuf! The“anPno group al so may be

cycli

further substltufed eg., with an alkyl, alskepyl , allcynyl, 10

car bonyl , (e.g., substj med or H@ubstltuted
heteroary ™ group. The wpdent may be
substitute supstituent or c j substituents which
allow it { _ts rhtended functi@n.] EXasil eS™6f such
substitue uorine, chlorine, brom ne,

i odi ne, etc ipogeli 2 i ith an
al kyl, ca | ¥), and arylanino
(e.g., 15 roup or the

het er oary ¥ A KQXYy groups.
Exanpl es arel ngli mted to, netho Y,
et hoxy, pr perchloronethoxy,

met hyl eneth ‘ '

al so béosu=‘ j ituigd Tetrs ampowndsh as a 20 car bamat e ﬁbiety
(e.g., an al koxycar tlfﬁ)é'lt)éfrﬁm-ﬂfbstﬁﬁt&ﬂ@ﬂra cline compounds”Trt&ﬁldQsetE@Jc?aﬁaw R9

group al so st t uted

napht hyl , ﬂﬁﬂ%}; vﬁéﬂl?i%bﬁsh ﬁrgat%e (aiRs in o0 Bm%()dllfn%"é ﬂ%"ﬁB‘%@W‘ﬁ? &8P t h
any substi i’-a%%ﬁffor\ﬁﬁhaéﬁ%éhq Bifity of %te yelive ﬁvmmmql ietrerferavitstintarded Srmction,
Exanpl es o¢.gswbsttrheudnatodd artheitisidia ab thbcaiﬁrﬁenﬂ,ﬂhe 7—$lﬁktttﬂéﬂ fe@acyélnk ¥dmpound

:: E;‘ :"g;l;:;c hﬁ'?@ﬁﬁéﬁtut&ﬁ%@ﬁc@?ﬂﬂe’ i, @l\%‘g g? Ig)éi{ci}:l(l:eé F%b()dlr{lent the
al koxycar g@ﬁ% %t% d %‘3 PW%&V@&'PB‘B’W‘T %Wsu% gi‘i"l“%’i’ﬂm‘éf’ F‘E‘(j‘lfcé‘é? %&nyl
aIIcylanlnU&%ﬁnBoﬁ?VﬁﬂamylalIcyI am nocar bonyl , alkenylanlnocarbonyl,

al kyl carbonyl, aryl carbonyl, am noall cy , aryIaIkyIcarbonyI,
alkenylcarbonyl, alkoxycarbonyl, silyl, aninocarbonyl,



aryl car bonyl oxy, al koxycar bonyl am no, al koxycar bonyl oxy,

aryl oxycar bonyl oxy, carboxyl ate, al kyl earbonyl, allcyl am noacar bonyl,
aryl al | cyl Wa&#0HH333Bonyl , al kenyl am nocar bonyl , al kyl eaR¢RWS2)9/057727
aryl carbonyl, am noallcyl, arylal kyl carbonyl, al kenyl carbonyl,

al koxycarbonyl, silyl, am nocarbonyl, alkylthiocarbonyl, phosphate
aral kyl, 5 phosphon hosphi nat o, cyano, am ng, acy Ianlno anm do,

i m no, sul fhydryl, aﬁthﬁ)}‘f‘@ 9 PeERnsta éugga?“ﬁﬁitt?’i‘iafi/d‘?qﬁoﬁ’(?a‘t“lﬁléﬂg/ﬁl%@aI

al kyl sul finyl, sulfonato, sulfanoyl, sulfonamde, nitro, cyano,

azi do, heterocyclyl, aIIcyIary , aryl and hrteroaryl

Exanpl es of heterocyclyl R9 f are not limited to,
pyrrolidinyl, dioxolanyl, i ;zolldlnyl pi peri di nyl,
di oxanyl , nDrphoIinyI, 10 di A, plpera2|nyl and
trithianyl. In one enbodi nent,
pi peridinyl. I'n another enbodifents, tiwe heteroeycl ydRO group is
tetrahydropyranwh&ananother enbodi nent, the heterocyclyl noieties are
saturated. I n anoth enhodlgf t he heterocyclyl noi eties are
partiallg unsat ur at IS?W“%W'Y'%%mbﬂﬁbdlnent RO is substituted or
unsubsti}uted acyl . Rihesubgipitedg umﬁlbgmmllqé,muﬂwtumdmsuﬂshwmnbdm th any

subst i t uenthetefkgdiylSubstinitddts uﬁﬁbﬁﬁﬁé@hbﬁ}@ QISR rcbg uﬁsﬁbsﬂﬁﬁéd%'é@o‘alty? or

i ntended f substituents incl ude, but are not
limted togﬁﬁ}{?%p Orﬁfgﬁt;gplu?ﬁ%a ¥11a| ogen, hydroxyl, allcyl carbonyl oxy,

aryl car bonyl oxy, al Ie8%¥ WH‘@H‘}%X@CEW Sebt;ﬁétal‘r%@rgdrlmt@ﬁrwfar boxyl at e,
al I cyl carbonyl, aryl carbonyl, al koxycarbonyl, am nocarbonyl,

al kyl amypocar bony! IQB@H&M‘ @@fs%rcﬁﬂ{}x m@%% (te% 9%&&%@4&0
| koxyl, 20 phosphat o i
?I ngrﬁdl ng aFkapa?n hRo %H(T)%ﬁ nrg‘?t??#o‘s SH?W%%WSUW’HFVI@H%B’I and

al kyl aryl ashatesr emh@iyrha‘ml%ms fubstithtetiormgsubbtitytbtigheindn Fheaphemad R” group or the

ar lch?{ Eo g}ibtaﬂﬂfh@DR? gf&fdb’aﬂeoacféubanﬁtem&s Hﬂ)subsﬁfﬁbﬂ'vﬂ%h aum«me te§5t!y31médr yl,
| | |

sul f)c/)nat 0, r@]l&%h&ﬂ) %rfOM]JItsf m%nPeﬁz%m?% ok 8mplF sr?fg%B&Eﬂﬁa% ﬁv ‘Eﬁéﬂ’é’t

azi do, ket dméed o 3lkvl alireryl halggen, heé‘#m%é)ﬁ, alsonyraikyleabeniiey erlloderoparbanyl, 25

moi ety. | naazlc[athpttjhew ﬂh@@&rmhmnﬁ%lk&y&@lﬁnybxy, Iafylcﬁp@ﬂm_r/lo@;rbom ment ,

RO 1S substibiilet gﬁcylemgvmkyl% Bacafofit. s 51@1 alfdE ?rr Shygl OlIp_can be

’I

substituted WI subs ycline

conpound t 81FH, ?‘B?#ﬁb i ’f"ﬁ)HW 08%1 a’E‘)‘é%ﬂ S5 IkyIathory) t uent s
i ncl ude, balkenylearhonyl, 4lkaxyeagbnylosilyh kinocarkrinily aliry Ithidvalborgd iphodpizale, arajidy),

al kyl cazgo ﬂydsphbhatoW&&lﬁﬁﬁoé}ﬁh@éﬁlmaﬂc?ﬁfﬁ%a{ﬂ@@le’nfﬁisysulﬂ%gryl alkylthio,
aryl oxycar ﬂ?’ ﬁ}gﬂhm Qﬁg%)%g}l e, dllfyfflsu ﬁflﬂ 83%$/ B%lmo&l S!ﬂfonaml}io nitro,

al koxycar bony 0
di al kyl ani ﬁﬁéaraﬁ’éiﬁwetero&b’%% tkilgrlasngang beteramybxy| , phosphat e,
phosphonat 0, phosphimafuethereydbdimeanthe pheayirkC lgktalp Bgthahd,&b&’oarﬁlwrg@oup is
di al | cyl anngsitute@th %sﬂgted o Hs\sAiHeB e %Qanﬂ@@’df@ﬁ%ﬁﬂgﬂ@&)me alkyl

acyl am in | car b

car ba {7}10 &#‘EE'%%H% IB%')"FS g% TP Pﬁﬁenﬁper’éiﬁ’lefaw&}’r\??hdm&i knanpthprfurther
aryl thio, @mb@@a@mdb@whaméR gwhip art theshetabard W’ group lsrsylbsntusadlvflthmatam;no
sul famoyl , g&up, fmmlﬂpgroﬁﬂ zilsfanayth 'ﬁfﬂhb'%@s[ﬁ‘tﬁa%l , VAR Qliy R A ny]

het erocycl |.ar oar.o t| c ety.
The invent ?%%Ong afidk ert%ra},l ﬁesg %9 Sg%éeﬁtﬂ’éfl?sflhs?@& g"é °“p

m nocycl i ndh %%WE%EH‘?@@“@F ey pgybsinyted with anyspbsiinmeat A) conw&r@hm of: subbt)ﬁt@lts s
subst i tift edhish allovsi bosierfonnt Eﬂln@ﬂdeﬁﬁurﬁh&y |Exa1%p|19§n§ﬂsh¢hts@5isnﬁfents mciude but

unsubsti t uf.ed.tighifa Ry d58 t substi t ut phenyl,
substituted o‘rJ unlseubstfritg%gﬁ uglﬁ%gra& n‘é bq‘%“@lgt'ﬁ neede%ﬁ aﬁlrllnsoﬁ B&r Y’Elﬁ]%(ed
acyl, or substituted or unsubstituted hni ne; or a pharnmaceutically

acceptable salt, ester or prodrug thergof The invention also pertains

to 9-substituted m nocycline conpounds of 15 Formula IV-B: N (CH, ), N



AB, AC, AD, AE, AF, AG Al-1, A, AJ, AKL AL, AM AN, AQ AP, AR, AS,
AT, AU, AV, AW AX, AZ and BD. Al so i ncluded are

phar maceut WO010/033%88 ept abl e salts, esters and prodrugs RBET/U$E09/057727
conmpounds of formulae 111, IV-A 1V-B and those shown in Table 2. 5
7 9-Di substituted Tetracycline Conpounds The term

7 9-di subst | ty I.ac des tet racycl i ne
conpounds: Wt i gr&g’sf‘fﬂsh‘%“ie ﬁ‘”th ?lﬁl’jnéi?‘qb ﬂoa"@n XY b AB2rY | ppiggand
ermbodi nent arxlaeing (pestohenyidamie. 10 at the 7- and 9- posi tions enhances
the ability of the tEipAGyTR] H6uR meqla@%aﬁprb@Mﬁﬁwdlstosbelsﬁﬁs@zmé@%th

f t t t he
755 i sups et e ?%ﬁ%}&ﬂ%mfoé}p&%&ﬁde e i TS S,
sancycl i he Pranxs BEeRe PerdReyemehen: berghipsometnxy sowkenediows et e Therhpeili ne
conpound i grop9r thie hethshwl grbugﬂnéyalkad:b REHstityile A With Gn SAKE Yidlp §ith ad

anot her enhggL ROk, 7 ad racycline corrpound IS
7,9-di substituted fle g c al%’ﬁ faaﬁlng ﬁ}u?} enbodi nent

7,9-di substituted t E 8 ‘fy & ES“PS@“teﬁPrwB‘ébﬁ?W"G@B@’YI €.
4- dedi net hyeehtiyhdlugisnylcsic | ThediardtRé giomp eemthe@ubsaﬂusd with mtiasuhgittent which

ZO\?\,h di supstaiiew it%jpetrﬂhﬂ AE W€l AE SRR %ﬂ@le@gf sﬁ;@sﬁ:lﬁiéh@ in¥lude M'lt%regn\cﬁ llmlted
erein: stitu
unsubst i t ut A;éugg %g{ygﬁ%ﬁlogen’ 1}5{3%’ X?F?l by learhonyiget ?lg(ﬂ]?’ 'ﬁgﬂyé’ %9’6‘1
subst i t ut e@RTAIHYEOHs ?%’i}’?@'bothm alkexypasbany loxw drydexyeaneraploty. t ut ed
het er oar yl cabortysird, blltyleatbayl, ulkglamsobdattionyl, aeiylkyl amithcabdiR1,i s

substitut eglk@ﬁ 14RSRSbh 1 ﬁﬁca@onf rﬂl:amédngl §HB§JI@EM8F}Q%¢O€§% B

unsubst | ﬁ‘B rfet er oc%/ ‘P‘é su
substit Py IO Y s K PipaRP Il ! 365‘1"'3?Farb‘§’éfb§]ﬂ‘}’lfkﬁ?°é@°@fl P&ﬂ%’bﬁ%tafaﬂ]ﬁ’ﬂ’ed
acyl, or smb@phqnatoeﬁlowhmms cha8e; iatnirtopatylamiinoggmide, iminpsatsicd, slliyitaib) y

accept abl e sqifuhd, aryRSib Qﬁloéﬁ'btﬂgfﬁférd!ﬂzlguﬁﬁl&pmlfonét@ sBIfan®IYD Qe B Rido, MRk, 1 S @

di al kyl am r n anot her
enbodi ment @9;13% a?}sﬁg’su C%?'?Iﬂ?%l@%rﬂ "gg%tertoﬁ?%d heteroaryl. In another
enbodi nent, R7 is sdb& smbedienpR’ Gﬁshel?@@m groRRSUBHiBHSA WitTiveingprefouyy). R7
group o020t he het er oExythplEofgeespryCRmbieries ieside, but #elnoMlitnite@goy furanyl,

substi tuen 0
ntended @“ﬁ"é’?ﬂ"ﬁh ! o &“E’?‘? ‘%"f“%ﬁ‘%‘%ﬁﬁ? C@‘Fm’ﬁ“ﬁ AL E el
limted to &PR§T azo‘?ﬁla'ihlﬁ’ L Ryl ,pyrgg oBeyzothiazolyl,

al kyl car bohgﬂzgrx:ydazalm mbbkﬂnwbpmldylamymt panimpl, cpxlyazolyl oxazolyl,

al koxycarb %Nﬂa@(ﬁlym@aphﬂ\hkﬂiﬂyﬁiﬁ&@rnMbtﬁ?éi’olyl Adnd X YHRARPO !TW&e?c%fM ’emlbodlments

car boxylat g, al.| %%9 aérl&? oxaz cyl am noacar bonyl ,” aryl al
am nocarbonyl, en nocar al |l cyl car bong car bonyl ,

ami noal kyl , aryl al ky# wﬁlﬁbﬁwdlwﬁ&wse@ﬂmw unsy sn@f@ﬁ@ﬁwbd?hymkyl
silyl, am gmpcdmcheyalstralglhtloybﬂaimhed:afabpagLmetﬁhpah}hatpeopyah@kd@yl n-bdfl, i-

phosp honat Buty Eﬂﬁ%]hbeﬂ%ﬁ (ﬂe)f)?l Yeid) Crhe Qﬂ%lrggougw s e Opr 1599}' é) e.g, TeDfoalky! ‘

sul f hydr yI g 51%51 aryflt hi ocar k)‘.'|y
al | cyl sul f er%l’lcy lopAnph sagianex u‘WE’Hﬁ?PY OrEHFIP Rk 16 2lKni i respub aps b
azi do, et ewbstitytedl yith amt dubstineentydr combiyationnfisubettentsarhydh.allbws the Eantfolner to

enbodi ment pertdi@ 1tl§ nfébd Bﬂctﬂ;ﬁoEQanﬂﬂestoh %b&%&ESQQdTﬂﬁ'e tf ard BSNBufeﬁ o,

substitute ubst it ut ute

subst it uen%j lkmgﬁ by %%en f‘)fgr?xyﬁglk?’ﬂ/c? g@%m f%é@‘éfé%%%@ﬁx 4 oxy’
nor phol i nearybﬁr&ewlﬁiyn%koxambq@yhmmm aikqxecarbmylam piylrydachonylexy,
enbodi nent carbdi@lathl,‘lﬂlay/lbarlﬁﬁyg ﬁlﬁyl@mmbachfbﬁnﬂ] %—ﬁﬁl@ﬁﬁiﬁno&?bcﬁl&p up is

substi t4x eglké%ﬂyﬁal}’mﬁ&a;% ‘%HEMPIM ﬁomﬁﬁga“ﬁ,l %rﬁ ﬁkgqc%ybon 3?‘ further

substitute 9 al koxy
or aryl (edlﬁ‘:’ny cé’ﬁ’ﬁ@fi’l Py uﬂ@hﬁ@t@?%‘?‘%‘bﬂ] alhléfhé%ci‘fé?’v’ll Ph??ﬁbﬁ‘i‘il jaralkyl,
etc.) gr ouphosmmata,mhnsphmaﬂos@anmemhlomylahmosamsct iithind esdlfwidtyih ailyithio,
substituent or conbination of substitugnts 20 which allowit to
performits intended function. Exanples of such substituents include




Exanpl es of heteroaryl R7 noieties include, but are not |limted to,
furanyl, 10 im dazolyl, benzothi ophenyl, benzofuranyl, quinolinyl,

i soqui nol i wyi201q:3893di nyl , pyrazol yl, benzodi oxazol yl, betwuscamalsyizy
benzot hi azol yl, benzoi m dazolyl, thiofuranyl, oxadiazolyl, pyrrolyl,
i ndolyl, thienyl, pyrimdyl, pyrazi nyI purinyl, pyrazolyl, oxazolyl,
|sooxazolyl naphthr| inyl, thiazol |soth|azolyl and

deazapur i nyPifats. gryiihios thiogarbonylsts; ﬂ{g}ﬂfui{ﬁny{ Fefomate s Banapl, spifongmisiapnitre

oxazol yl . Xxine, aide heeroeynlyh dikpienyl, arylRandilstegialydt i t ut ed or unsubstituted
al kyl . The al kyl gr qyRerfe@enMddfhents 184 AR} lgfb'il grs@l%ﬁﬂ%q uﬁtﬂadh'amm% roxy,

t hyl th but !
gxyly e'? C. X‘lFR’S' 3?&?}8}%136%&@&&ﬁ?rg%"ygttj}%mc%g ¥?r|y oupg xdm 2ot
CyC: Ogl ![i;{;e(e%);g:hclo?rﬁ! gy@@ﬁag, inglude, éy@kﬁﬁgzmgm?;gﬂmﬁmmpheny]
cycl obu inoling1 1 e¥dthiazo
et S st
to 20 performlts Hﬂ-| 3%? @Fh E?(%h'[) &% B gy g)(ra%ouv grmdy
i ncl ude, bRy, PR5IY) PYfRgobt axezolydisaexazplyl. naphBgidinyl, thiaaelyk spthiage!klosnd,
al kyl car boniydzapyinyka Ik y fimthgromtbodimeht, the atybgrsyp is pyridigar bonyl oxy,
22583%;?‘2 ?ony;ﬂ(n no, In g%dﬂ%&ﬁ@tfdﬂﬁaﬂll@@’%g%'f de%iiﬂ?s@tﬂgﬁﬂ.{%ﬁlq%fgdcyclyl The
ani nocar boﬁ’&e?tlemc %{ﬂ&ﬁ"&ﬁ%‘(ﬂ‘d’@ }ﬁﬂﬁl wi Iafl)éi”ﬁ’ﬁ%i?e‘ﬂbw& E’Wﬂ’f‘ctﬁ'ir‘i?éiﬂw
ami noal | cyleompaupi &t peefpine s intsngad, ﬁl@ﬁoralﬂq@mylbsmbhmmbms amkldx Yatardony| |
snh Lgl hog; niaed RO, al@dnkuhdldsgeﬁqgaﬁégﬂyzhkoxpmn@ml%@lo@r ﬁk)h&byl:a:%%lyl
gul f Eydi 31 E;;i%%ﬁﬂgﬁﬁiiﬁ? ﬁf‘i gPammo IE:E YClar Qsﬁﬁf?# g%ox%gﬁr%ﬁlng]oxy,
al kyI suldi nys @ V@Wﬁ&??"ar DY Bay dSUNoGRPeRY cyano,
azi do, het elkemyahiybcarbahylcaiityddaytonyladrylbarbongl], linedliody ayylalkyleerso@pk ai n
enbodi nent %}keﬁﬁ&r%h#ﬁ}'ilkcg&%&nkﬁsxﬁh’ Qﬁ)ﬁﬂ(}%&fﬁtﬁ?b‘éﬂk&%&gﬁ%@l Hos ﬂ%&

30 car boxy igfl'% stitute roc

aryl group® %{‘} ffe £X2R0 @RE1; 2o Iaming, i

exanpl e, ftalﬂ&fpyhlylthlmtbﬂam‘bwlatebfékbﬂ@ﬂmwbplﬂéngtb sut&mnmfbfsmlfqnamylb mtro,
qui nol i my!| ,cymacmwomkdrdbyblyl ] dh@mﬂ%ﬁé}oarybenzoxazol yl,

e e Y oyt e clwgpe}e?gs o0 R0 Sk ARV

pyrazol yl PWME’&Y&|dIOXPI§%>ealzCB¥<ghdmyhamqlfflm wytrndlrtyhﬂwmywmorpholmyl
i sot hi azol dithiargth dhickearphgdiny ], pipbrazihyl asd drithidnkle Mn endeacbodiiaht, tht heerdtyelyl

group is pwgd)hmél eh@m ngt %{heﬁéﬂ?ﬁqh&%ﬂtmefg rb% %Jp% ed or
unsubst | het eroc e 5 heteraoc t:f pcan, be
Subst i 111 el SAMFPRY ﬁlﬁ%@ﬁwﬂwﬁ‘% @ﬁ%gpxy A# W@‘e’f‘%‘tafea*“é?‘&t‘?dné“an°ther
conpound t@mb@hmm’f ¢ heterpayelzhaieries areqaitiolly unSstaraptles of substituents
i nclude, but are not hdofHet aﬁibddﬁmenahakyslsubsﬁh}&%%nsum&%eaeyl yQr |

al koxy, al g%lu? @z[n%%@%sﬂﬁe’d Wi hka¥% QMH&Q n? W[lléil alll txggﬁﬁcggl r?é 30 Xdund to

al koxycar bGn
car boxyl at &F %HIIEW"E‘&[F‘E)E‘H%O“ §F4®H]%rﬁf ﬁlﬁ’é’(‘f&wﬁdm}llldea la\twapﬂ lwted to, alkyl,
am noca%bonikynyl, Halogtdk bydrb-ailfiatkycaibbomMosy, arﬂbdfydngm)b@myiycaramyl&g; bonyl ,

ani noal | cyky, ﬁsfaawni,lgw e&aa@mé alkﬁtzhﬁ'ﬂﬁryyi g %%é,l?ﬁf bonyl,
silyl, am nocar C e ralle
phogphonat Smmﬁﬁ%@’ﬁ% 5?18'“}{‘8%%? y]aﬁlﬁﬁ%mma%?c’&g‘r %ES”{ higgergenyl, |aH‘P?‘P6
sul f hydryl phesphajd, phisphonsia) thaspbinater gylabd; ewinot(intlodisg Hkwd winioedialkylamino,
al | cyl sul fhmalmmcs Biafy%ﬂﬁ& ancwk;laam@mlno), %ésllénqn@mcmmgranéyrc%o&ﬂﬁmo

azi do, | | of
het er ocycl g{yp%gr%amlfl 2 Car%g ]X%deumgfy}t ané@'@oﬁglfnot ?“?FWAM %Ig’%longryﬁhm
pyrrolidi niﬁ]loca@p@%{r éhlﬁites 4“@i]ﬂ1§£’é’l selfongip, sulfymayk shlfapmide, nid.per i di nyl ,
di oxanyl, norpholinyl, dithianyl, thionorpholinyl, piperazinyl and

trithi anyI. I n one enbodi ment , the hetﬁjocyclyl R7 group is
pi peridinyl. In another enbodl ment s e heterocyclyl R7 group is



5 phosphonat o, phosphi nato, cyano, am no, acylam no, am do, im no,

sul fhydryl, alkylthio, sulfate, arylthio, thiocarboxylate,

al kyl sul fi W@l 201@aB$30nat o, sul fanmoyl, sul fonam do, nitr RCRYRNG/057727

azi do, heterocyclyl, allcylaryl, aryl and heteroaryl. In an

enbodi ment, RO is a heteroaryl group substituted with am no or

fornmyl. Exanples of heteroaryl RO noieties include, but are not

limted to,Tiupromaiyl cygno; %ﬁd@alieéﬂr‘nglybélﬁlﬁ’b’hPWm opksteror ey | |

qui nol i nyl mdigpgmiarfoktienythbodpyent, & isyekstylpyr azol yl , benzodi oxazol yl ,

benzoxazol yl , enzo'[’l'?lb%@ﬁﬂ@mals@ﬁ%ﬁfs% ﬂ%@t‘itﬁ(ﬂe@4ht&11&éﬂﬁlﬁﬂ%b sancycline

oxadi azol yl E ro%¥ |n ol I thienyl, pyrimd pyra2|nﬁ

purinyl, P Qﬁf ksooxazolyl naphthrldlnyl, thlazolyl,

isothiazolyl and deazapurlnyl I'n certain enmbodinents, the

het er oar yl R9 group i s oxazol ‘%oxazolyl pyrazol yl ,

pyridinyl, furanyl, 15 thiazilam or pyrronI I n anot her

enbodi ment, R9 is substitutedsgr d_a"kyl . The al kyl group
' o4 ||met Byl , ethyl, i-propyl,

n-propyl? n-butyl, butyl, t-butyl,°pentyl, chexyl. etc. @hd)al kyl

group may al so wmnmnise aring, e.g., a cycloalkyl (e.g

cycl opentyl, cycl ohgxyl subﬁffnﬁécpd? mgﬁxéuma{)cl%%%%% itited rl};ﬁsa{shéa eng

group may be 2 ubst ]
TUbeb e PRk RO RIARY LB ALY SR iR R, o
functi on. Bathledsor afsubstigediatylent s i ncl ude, but are not linmted to,

al kenyl 10 hal ogen, hygdg mhace&hcﬁw%cepﬂb&vshﬁ%t@m kX thereof.
al | cyl oxycar bonyl , GRL

arbon a
al koxycar bonyl oxy, ary fngi%’%/{icoglgg%ﬁi/rgglﬁ gonyﬁugxté%&@?ag?yéyne qoﬂ'*}??'}é‘g? gt]&ﬁ‘i/l
al | cyl anmi néaBaled gﬁy aryl al kyl anlnocarbonyl, 25
al kenyl am nocar bonyl, al kyl car gf bonyl , am noal |l cyl,
aryl al kyl car bonyl , alkenylcarbonyl alkoxywarbgpyl silyl,
am nocar bonyl, allcylthiocarps , arallcyl phosphonat o,
phosphi nat o, cyano, am no, a i mQo, sulfhydryl,
al kylthio, sulfate, arylthio, af e, I.IRyIsqulnyI

sul fonat o, sul famoyl, sul fonani,do,] ni tyanpd, azido, Pg;erocyclyl
allcylaryl, ary% and heteroaryl. 30In certaln enbodlnen{ t he al kyl
group i substl ;WM th an am no drox rboxy carbon (e.qg.,
subst i tfﬁed car bony s '&F@&BP%“ES“ edaq'ﬁ{ aé}?y tm@&hﬂs'é@yﬁﬁ

het Sr oclyc: ptpgﬁdmﬁJsﬁbstn@ﬂﬁt@&nduﬁ%ithﬁ?heﬁ}Q rsullﬁtlﬁﬁﬁﬂd|o€urlisﬁbﬂhfliﬂid|heteroaryl or

i m dazoly enzot hi o enzof urany qui nol i ny
|squ|nollﬁvﬂtmégﬂﬁ%ﬁﬁﬁﬁg§8l9ﬂ benzoxazol yl, benzot hi azol yl,

benzoi m dazol yl, i ndoh pharmadeitizay accet:py‘dbledhlméhter qwfoamglt})ekeof pyrimdyl,
pyrazi nyl , purlnyl 0Xazo oxa na hthrldlnl
thi azol yl , |soth|azgﬁ PvaWéaﬁ%gﬁgﬁﬁL%h@fﬁu %iﬁ@? Wﬂ%ﬁ#ﬁ@ﬂ%

t he ar y20 gimTyble 2 sygiins chimpplinds Bl 6, ByIgMN)AQ, BﬁbBElamaBC RO is
substituted or unsubsti.t LE he ero het er gcycl yl rL.oup
can be substituted \%%Stoﬁn%%y t?s?q“f'fféﬁ‘ia}iv\ﬂﬁcﬁﬂaebé‘? Taif@veft Ildéi’?cgg'&%?gfﬁ‘ﬁe
conpound t eonEmhdsrafifaringlae hﬂbﬂ,dw ahdithotd shown Ixbjel2es of substituents

i nclude, but are not limted to, alkyl, alkenyl, hal ogen, hydroxyl,
al koxy, aIIcyIcarbononxy aIIconxycarbonyI aryl car bonyl oxy,

al koxycarb . bt itotg Fatrac) wgmu-oanuloxycarbonyloxy, 10
carboxyjqate, alkylc lg_f rhon ”ar

ani nocair bonyl , al ke%?%%noé%r%we@gwcg?ﬁn% P'% é/nds Q{Udgs te§%¥°IB‘8nyl

ani noal kyI corapoyn@sl vKith acsubdbiotiph at th %Wlmah@nyinbo@hkrm,wmbdmmph at the
silyl, , .
oL 8 %af] Jlmrﬁgsatléé o tgtaftﬁs@f&g{%e oo,ep&%e WHefiormPfiBhiden snotion,

sul f hydryl, aIkyIthlo sulfate aryl thjp, thlocarboxylate,
alkylsulfinyl, sul fonat o, sul fanmoyl, sulfonam do, nitro, 15 cyano,




I n anot her enbodi nent, the 10-substituted tetracycline conpound is a
10- substituted m nocycline derivative. In one enbodi nent, the
substit ut i W 2810/@3888% 10- posi ti on enhances the ability ofPQTEs2009/057727
tetracycline conpound to performits intended function, e.g., to 25
treat rheumatoid arthritis. In another enbodi nent, the 10-substituted
tetracycling c bstituted 4-dedi pet hy] am no,

ni nocycl i ne’ ‘gle{ralq}\%g# Fe\clélgl ot cﬁaréﬁtd lﬁler%ll %’H%ga?%ﬁ'{e% ’t“_f%i-tglfﬂ%ﬁ?l? gRrgRgund
tetracycl i nie fcobrtitniedd-dedingetiynsnsinbdyulired: s aneydl Riehylesger atdR/eés | n
anot her embgg C ne conpound, is a
10- substi t ut ehﬁqﬂa{nd1 og%a%%ﬁﬁ%g%ﬁ%dﬁés%ﬁ@e cfutn?fa%"%a;ir?fgflf’\?ggn’%ﬁgsg

i nventi on afubgityed mnpeysline(:. iowmebstandﬂ%édreteecthrdangth;}lamﬁo)cmm@tﬂﬂds of

formul a Yl lg) S am m no
or hydr oge nembOd@M%t’ hgg suh%ﬁ%&%tnﬁcyﬁﬁ%& ROUT 18I S?bs{}%gﬂgg’fy&* Cl 05
al kyl, su bsanothgy @dmémeufmb‘@ Bwb&tlmeédeﬁaexcenmmmde is S-alistited ued or
unsubstltut@eqI {b, d,;ut ed or unsubstituted heteroaryl,
substituted or unsubstlt acyl, or substituted or unsubst i t ut ed

i mine; or a phar macelisigehiign aémmlmb &-selalitufed egesreline copipoetris of

t her eof . Formula IIJ: In an enbodinment, R4 is a dial kylam no group
(e.g:, dimethylamno). In 10 anot her enbodi ment, R7 is a dial kylam no
group (e.g., dinethylamno). Ln another enhpdi rrent R4 and R7 are
each di nmethyl am no. In one enfpodi nent, R ifs hydrogen. In
anot her enbodinent, Rl is a _stk 3 L st it ut ed heteroaryl
group. In another enbodi nen uted or unsubstituted
phenyl group. The heteroar pisenyl km group can

conpoundoto performits intende . i
i nclude, but, are not limted to, alkyl, aI kenyl , hal ogen, hydroxyl,
al koxy, al IWY%r bonyl oxy, all cyl oxycarbonyl , aryI car bonyl oxy,

al koxycar bonyl am no,Rr*a &@mygﬂ[ﬁ@gyﬂ oxy, aryl oxycarbonyl oxy,

car boxyl ate, al kylc cyl am poacar bonyl, arylallcyl 20
am nocar bonyl , al ke ‘%ﬁ%‘ﬁ%ﬁéﬂ’ﬂ@ﬁ% andy| ky| car bonyl aryl car bonyl ,

ani noal | cyI aryl al IRM mﬁtbﬁayd)r,unaib&ﬂmyd ﬂwlaﬂseflkutedair K%M&ﬁﬁ&onyl

silyl, oarb Ith| carbon ate, ara
phosphonat roi!l t%fooﬁﬁciﬂ “h%ﬁﬁ FPaH St‘“ﬁﬁqoﬂ%“yl’é&w‘%dr% “n%lhﬁt'%edy heleraspyl
sul f hydryl sulahkr;ddtohumubssluitd‘daibﬁ, or&ﬁbéhfuﬂid@r udstibseeakiany at e,

al kyl sul fi nyl, sul fonat nam do, nitro, cyano,

APRyraryi TR iR

azi do, heterocyclyl " APREraFyticallypgspet SOIEF SRS e 2 furt her
enbodi ment, the pherlyhn Eﬂlbcgi‘mnmp RO ts & didicyhetios groipyle. gRldmﬂ#ﬂQ/%m@
substitute stlt Or unsubstitute npl es of
subst i tuentq sgﬂé‘%gfnﬁ ]?ltlf ﬁglﬁﬁfﬁlémw&gé% S @ctl;ﬁéﬂma% In ?ﬁﬁ’tﬂk?ﬁol i ne,
pi peri d2he enﬁndmpychﬂndﬂfmeadhrduramhmhﬂﬁof urther enbodi nent, the

phenyl R 10 group or het Qary 9RI S Su stlt ed W|th an
am no group. The ar%l%lgj%ﬁlr gmu%)dé % st “'d 9% @psushiied E?f‘l?ﬂ’ grogp-.

with an al kypnothgt mbwlimenall%ﬁ;srmbstmmdm myshbsuajtddq»hynw pro@yp. ythe(jﬁe@aryl R9
substitute : t hen etc

am no subs% @Egﬁ{% EQ&;{)&%&% it n? st%{’g%"té/dj[vhlﬂpaﬁy ‘gb&%tg?’ltmﬁhgﬁw the

conbi nati o ﬁﬁtl@wcéumnppurdﬁo serfunin gt nmdnkien/ﬁmdnon OBszeipled bfRubtBuchBtiended
functio nclu e.g.,

f1 uori n% Eﬁﬁaaqpéoﬁgmg%jr %gnﬁ%’l Sa%ﬁ%h a2} ?‘ Xérﬁ’xyl aﬂﬁoﬁ% éicﬁ‘%ony ’chgcan in
turn be suBbyloxyredanyli arﬁcaabpnalomIalkomarbmr)'}dm1ncahlkexy3chrbo@ﬂdxy,nyI or

aryl noi et The
phenyl RI é)ry(i)oug&%oﬂ?l}ékﬁ%ﬂ&; (?gﬁ’ glfqif:‘ﬂ%b%wLl%mm}j%cﬁ?fgn%’emgﬂ‘%t ituted

wi t h™ al koxgméoensbmyl, Ekmﬂﬁm@c@boradl I&ngw@ormhwlaarhohyldamndmmyl are not

limted to, nethoxy, ethoxy, 10 pr OpoXxy. but oxy, perfl uoronet hoxy,
per chl or onet hoxy, nethyl enedi oxy, etc. 5(I'he phenyl group or the




5 al kenyl, hal ogen, hydroxyl, al koxy, allcyl carbonyl oxy,

al kyl oxycar bonyl , carboxy, aryl carbonyl oxy, al koxycarbonyl am no,

al koxycar bo20u¥3393ar yl oxycar bonyl oxy, carboxyl ate, al | RGI/GIROINIY127

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

al I cyl carbonyl, aryl carbonyl, am noal kyl, arylall cyI car bonyl ,

al keny! car baDify1cAbax Wik

al kyl t h| oca onyIc &ﬁos ha#? &%hﬂa@ﬁd’%w gwbﬂ%i:% g%%dnyl ﬁlk I cicﬁrg?lg,l’

cyano, NBOSRRglg] aa@ﬂﬂmhoawhp@@ phasphinato, sydnbrapdecy heylantiky Iamhinoammo

sul fate, araﬁlfhﬁirﬁ; alkHbRC AR B thléc'aIbB%Iéaﬁé“ iy R¥kn Iss‘dlf&ﬁ%a&fffamoyl

sul fanmoyl , sulfonam’do, nit cyano, azi oc

al | cyl aryl S“EPW‘%HWHQYQ?%%% hetﬁmcs@b’i,taﬂﬁyhryémbrbdmdi@rm‘@rylx he al kyl

group i SSSUbStI t ut edm fitheR BrmBYBiAG, ¢ £ 7 B g.,
i Bk geggé}%yh&e% g goyp( 8

substituted carbon yl), heterocyclic or ary

het erocycl i ¥ %’It“t%Iir‘S’lth b qryasuleiuted Dyl eSoramplce Ofﬂbiﬁtmts Ofthe alkyl
i m dazol yl 1ncﬂﬁﬁbﬂﬁfel‘lﬂc?@&%ﬂéﬂ aS1 @&Emfnk’ rpﬂ;@ﬁ!!me %H RROLMHL - 1n 31?%" 'fLPfﬂlatj nyl,

benzodi oxazol yl., benzoxazol enzot hi azol benzol m

i ndol yl, t HgRgimen} WPE‘?‘WW gr %Proai}tﬁlhﬂema@iﬁl %FPWF SUbﬁthatiWﬂlyfm amino
puri nyl, pyg’raipo ITYik am % @7mp ¥hso mbﬁ@@fﬁﬁgé? |sMJst1tuf3§-9Qt b{ith d m@l alﬁeﬁ&laglglnyvl '

i sot hi a d deazazﬁ_yrln In a furth

group i §8 ﬁrbarﬂﬁl X% OF 4V A&t ﬁ@?tlt@%ﬁr&nﬁ‘ﬁ’ﬁtﬂmeﬁlhe?@a@h IﬁbQHIYI; Bic & drobp-
unsubsti t uted ah@{o&ﬁlﬁbﬁﬁﬁht}fbay bEREbsh@te iHh ¥iy %bstﬁlenﬂfr%’rﬁbxﬁﬁﬁp BEsubstituents

substituted w,th an stl ent ich allow the tetracycline
conpound td" fﬁ@r"?'ﬂ‘rvd%/ tppgr qrﬁtlﬁﬁr&@ﬂeq\ﬁ‘ﬁﬁpﬂoﬁxa%ﬁﬁﬂﬁg S‘&Ftléﬁﬁ%‘ﬂﬂ%@ent s
i ncl ude, bualogém (O81 ﬂLIdnm: Tcﬂldnﬁd?broﬂild‘é}/iodm@-'e{%@%mot& Q\gﬁdﬁca}hm%rﬁ)ﬁé’ »
al koxy, al k éﬁ?ﬁﬁk&on}ﬁl E(}/ g ar bﬁq , | car | oxy

al koxycar bd 1 ﬁg‘?‘@’%? ﬁhﬁl"&? E’QICB@W gy&aml@geg
car boxyltat q)herqﬂdnﬁyd)car bonyl al | cyI am noacar bonyl aryl al kyl

am nocar bonyl , al ke rbon Kk bonyl , aryl carbonyl

ami noal kyl , yar yl al k%’f&g‘%ﬁ ?gm‘éﬂ Wf‘??ﬁéﬁ'gﬁg@ou A i rSBWHSI‘I%W“h
silyl, am mﬂmay bomysl Exathiyd dffalkoepgrogs yrcludg basséiad: @imitad R ﬂﬁb’thoxy ethoxy

e S L T e LM R

al | cyl sul f igropp or ﬁlaﬂlét@noat/bgromxhi}eamwe,sulsﬂﬂufe@Iu.ﬁth‘aﬁiﬁlmldagtonpsucBQs £yano,
azi do, t I y a and heteroaryl .

Exanpl egt?o Blﬁ%%{@ra %’8“@%? %é?&%‘i’)’ﬁyg bl glamﬂ"@l%%lg)e but are not limted to,
pyrrolidinyl, di oxolZwmeteroanyl Riagoﬂpl adliomydy be pybstitzed Dﬂ.lrﬂM:IstltufBﬁbﬁfy],dlg[]yl
di oxanyl , I i pi i

choxany! - TR 1 BRSSOl g R SAELE

pi peri di nyIaUOWﬁttaPRBforreFtS trindeti fnmps Exahelchefﬂb@mgenﬂswchﬂb baragit firgited
tetrahydr ogyer, nmoi.eti.es are
sat ur at o g abhyERILAE: RRA0E LR pch U BRI S0
partial £y @ﬁ’é%fh?ﬂﬂ?@dalk%}’narh@mianem eliktroydarbamioxy, Rtyléxycasbingloky,ut ed or
unsubsti t ut.ggd C ed w th any
substi t uent W?l%é glkﬁaﬁb e t ta}rn}an(?% ne] C n%gl E‘pot%%'jb% rformits

i ntended f alkenslapinogasbanyl) @gl@fbosxlmlmrb@mt sminnglkylcreylallbyltarkongl, not
limted toga@hHdas

aryl car bon? I ox)gﬂ ongoxydg‘\g!r:%%c%i ggﬁi r&md&%ﬁ&?}%é}% é%‘lb% lbp% %X a“fyé
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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,
naphthridinyl, thiazolyl, isothiazolyl, and deazapurinyl. In certain embediment, the
heteroaryl R® group is oxazoly), 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-
butyl, t-butyl, pentyl, hexyl. etc. The alky! 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,
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.

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,
benzofuranyl, quinolinyl, isoquinolinyl, benzodioxazolyl, benzoxazolyl, benzothiazolyl,
benzoimidazolyl, indolyl, thienyl, pyridinyl, pyrazolyl, pyrimidyl, pyrazinyl, puriny),
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, alkexy, alkylearbonyloxy, 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,

5 phosphonato, phosphinato, cyano, amino, acylarnino, amido, imino, sulfhydryl, 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,

10  dithianyl, thiomorpholinyl, piperaziny! and trithianyl. In one embodiment, the heterocycly!
R® group is piperidinyl. In another embodiments, the heterocyely! 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®

15 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,

20 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, suifonato, sulfamoyl, sulfonamido, nitro,
trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic

25 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,

30 aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl,

phosphate, phosphonato, phosphinato, cyano, amino (including alkyl amino, dialkylamino,
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arylamino, diarylamino, and alkylarylamino), acylamino (including alkylearbonylamino,

arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulfhydryl, alkylthio, arylthio,
thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
triflucromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
5 moiety.
The invention also pertains to 9-substituted 4-dedimethylamino minocycline

compounds of Formula IV-A:

N {CH3)>

OH
O‘.‘ NHz
R® \

OH ] OH 0 ) AV-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 {CHa)s N {GHs)2

OH
O“‘ NHy
R N

OH 0 CH o 0 (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 J, X, 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, AQ, 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 IIL, IV-A, IV-B and those shown in Table 2.

III. 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 atthe 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:
R7 R
OH
AL
OH [s] OH [+] 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, alkyloxycarbony!,
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, sulfonata, sulfamoyl, sulfonamido, nitro,
cyano, azido, heterocyclyl, alkylaryl, ary] and heteroaryl.

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

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 alse 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, aikylsulfinyl, 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, 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

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, arylafkyl 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, indoly), thienyl, pyridinyl, pyrazolyl, pyrimidyl,
A 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

5 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,

10  alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, aminoalkyl, arylalkylcarbonyl,
alkenylcarbonyl, alkoxycarbonyl, silyl, aminocarbonyl, alkylthiocarbony], phosphate, aralkyi,
phosphonato, phosphinato, cyano, amino, acylamino, amido, imino, sulfhydryl, alkylthio,
sulfate, arylthio, thiocarboxylate, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
cyano, azido, heterocyclyl, alkylaryl, aryl and heteroaryl.

15 Examples of heterocyclyl R7 moieties include, but are not limited to,
pyrrolidinyl, dioxolanyl, imidazolidinyl, pyrazolidinyl, piperidiny], dioxanyl, morpholiny],
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

20 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,

25  aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyt, 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,

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

moiety. In a further embodiment, R7 is acetyl.
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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, alkylthiocarbenyl,

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

In a forther 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, morpheline, piperidine, and pyrrolidine. In another further
embodiment, the phenyl °Y 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 biary), 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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CH, , = @benybaarkonyl, alkoxycarbonyl silyl, ammocarbonyl alkylthiocarbonyl, phosphate, araikyl
5 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 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, thiofuranyl, isoxazolyl, pyrazolyl, pyridinyl, foranyl,

15 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-
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

20  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,
arylcarbonyloxy, alkoxycarbonylamino, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, alkylaminoacarbonyl, arylalkyl aminocarbonyl,

25 alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, aminoalkyl, arylalkylcarbonyl,
alkenylcarbonyl, alkoxycarbonyl, silyl, aminocarbonyl, alkylthiocarbonyl, 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.

30 In certain embodiments, the alkyl group is substituted with an amino, hydroxy,
carboxy, carbonyl (e.g., substituted carbonyl), heterocyelic or aryl groups. Examples of

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

25



Synt hesis of 4-trinethylamoniumtetracyclines 2. The HCl salt of

m nocycline or 5 sancycline (0.406 nol) was suspended in 3 L water.
The pH waswadpugBedoto 6.5-7.0 using NaHCO3 (68 g, 0. 8Isrmms2069a657727
m nocycline and 34 g, 0.406 nol for sancycline) in 3 portions. The
solution was then extracted with 2 x 1.5 L CH2O 2. The sol ution was
concentrated tq dryness_to _give he tetracycl ine as the free base 1.
The free ba¥erofseytHairovS dnvrlinghbegrdiamgrir demroatrolyl benaothiazlyly 3

3- necked f|b%§i6nﬁi@bﬂol3@€?ﬂio¥w ttme@m pONSHiyi] f}@ﬂﬁol?t bfrfnﬂﬂ ﬁ;yﬂ-gurmyl

tenperature probe whi | e, under _argon. | odi de 2. 03 nol )
was added 2R ﬁ'emgaaq’ Y Isoratody, rﬁ*@%ﬁlféﬁ!anyénthw%ssoewza yl b‘b GLAPHEE I 216
hours; at \/ﬂ@ﬂt&he@mdﬁﬁeﬂt&h@mguﬁp[sfpyggtng,]hat the reacti on was conpl ete
via LCMS, The sol uti on en oured Lnto 6 OE Qgé)t ane while on
Bnice bith and sti rRELSFHEITERS Ty Wﬁ%gﬂ%} stigedcheterqpyclyl. The
prec |d pi t gt eletga@yd‘lylgtﬂ’ gfcRf cantid suRGhied withtally i@xangt Kit0aish) the Eﬁ@yamhlz go
was dried under reduc ress tqQ a _constan gl ve

0 0. 366 mPTPHHEE Iy PO BPETIe PO P P Bge Sy st ol
of the met hinli@avs) BikialkalyL, halbges ai}'ﬂl)OQﬂrl] aﬂl&)xy, al]&jb@ibbﬁ_sﬂdn@, &lkyloxycarbonyl,

4- dedi net hyl am _no mno]%cllg E’Q‘l glgdlme lamn nlh%l ine 3. In a
3 L, 3-neckBH BTN hs PPNy ?)’9/8‘3 3R BY ad*%tirrer,

t enper atur &aﬂbb@h&f; aly b, @ kZRmifoaednyil arvidikpetdiydcibsrym de ( DVF),

50 nmL trifl acetl TEA cool ed on an
Ccebat n 1 SUSEES Rhesfhor Mholcriaheh FRFERy L PriERER. s RRpRGRer¥ron um
sancycline a(k@n)ﬂlﬁﬁbdﬂpll, ylkonysarbdngh sidydl dendhocathonyD wlitgithigcarbogyl, phﬁﬁbhmshk’e)lkyryas
added in 6 OrIﬁ X! r.OXI matelgﬁever% 30 minutes (- gfhsdslgae?tﬁh

addi ti on). Lt papliGate, SRRt Y AR S SxEe: Iyl e, of
the tet racyuﬂfat@ewﬁhlarmlopgbmtmrallsgtlsmkﬁ‘myl s@ﬁmatn;su@amdyheulﬁmhmtdnmtrds was

fil tereql %%%g& ﬁ)eeeqocg/&?}pgllk#lsrteye %ﬁ‘%d fhed with 500 nL water.

The sol u er and the pH was
adj ust ed WI th aqueo@:amphvmﬁl'atetooy@ym m‘biaeesesqdmulsltsmlnutllrmtﬁde

Cayers wer & Eah Byt DB IR0 F AR BT SRR

filtered arddh!emmdblnmp@helmyu nmerlazmaédm:@duwbsla omecentbodimenipibk heterocygin e

0. 100 nol - et hyl am no
sancycl i ne ?Eﬂd ?’é’??f"g%@c |n%2§e%éter?cﬁcép%d§gﬁrﬁgnd bottom
flask, &0 116ra rom'rant @1m&ymmh@ém@p&ﬂ@|hﬂQOM>émp@tlesmrm@rai¢ds dopnotgr i n
350 i net Q%&ﬁmkﬁt% ﬁeté}seyelyl Iﬁezlaﬂléa\a‘rerwmaﬁ;g&%%afeﬁ g, 0.24 nol) and
iodine (61.5 g, nol ) "were added ‘and the m xture was stlrredjor
3 hours. 15 Upon cor%ﬁletf e Ambrdimeng R ésrubstiyiedzps ugpabsiifwigdraer]- Be &

the m xtur %raaeearpwm@ndtéatmﬂaﬁ?mmaﬁwﬁeﬂhw%{e&héyau{e%oé ét)nd?&d was
stirred for one haqur he sol uti on was | tered through B

Celite(r) &fdomdituiendgd functingp Expmpies qfabstituentsiaclyde lat g% npfelyefed\xmlkyl
| oaded o0t QiEnAH qagacl}b@l iKY Ga by 1sRy! Qﬁ@ﬁ'bfényfoﬁ? Iamoxﬁamaﬁ;% nt of

20- 80% or gani_c (1 met hanol ; acet oni tri | e) er with an overaII
trifl uor oadBleycaskqnylogy, carbexylaj alkylsarbonyl a'é’ica‘tbényi’@“ﬁf‘fféﬂ’@{lyls The

conbi ned f agdoc@BSnyYaIk§lam@dbaBshyD Hialh BRiotarSalV SR ltlﬁb%hﬂﬁgnyﬂ QUK
evapor at i opé?fgﬂ%ad usted with a%ueous NaHCOB ¢ 7 and extracted
I

with nethy f1PBISPRREAPIGFRAD S, %menef(mﬁ\"@azﬁememae figkkylpmizg,
]Enase.7 Sc h@ﬁ%ﬂiﬁnd\ﬂd&m%lﬁ@ﬁd@ aaaa@lar}%mmoma lz]éiﬁlhlg(l?mﬁ%mﬂ«lfytﬂarbﬁ’ﬁyﬂﬁﬁiﬂw e

or n cyclin ounds ified fr son
JOG, 28%@ % %’5’5‘3?1 %‘8‘8’8’ eyt an “?'8%%‘8 Eyciies "?g lﬁl%wﬁ#{ﬁl )
was conbi nelodatktoRyidté, sulfstésPikauiba dulRaaO ) Em 0. sQ@%aﬂiﬂél ni#g@ch) in

di met hyl acetam de (15 nL) and degassed with argon (Ar). Separately,
Na2CO8 (117 ng, 1.11 nmmol in 5 nL of water) was purged with Ar for 10

mn prior to addition by syringe into the reaction solution. This was
foll owed by the addition of an Ar- dega%@ed sol ution of phenyl boronic



4 = N(CH3)2 or HR4 = N(CH3)2 or H 10Rar =Aryl or Heteroaryl group
General Procedure for 9-phenyl tetracycline conpounds (nodified from
Nel son, etwat2p1003839 2003, 68(15): 5838-5851). 9-i odot etRCACYI2D191067727
(0.37 mmol ) was conbined with Pd(PPh3)4 and Pd(CAc)2 (0. 037 nmol
each) in dimnethyl acet am de (15 rrL) and degassed with Ar.

Separately, Na2CO3 in mL of water]%?ée s pur ged
with Ar forrifprepmeth rcweﬂo %’%kféﬁrwdﬁl We’y‘r PHEJeTqtE Oof Begereageneatic on

sol ution. Thisy Vas e onedinknt, Rhgaa&gl t| on of an Ar - degassed
sol uti on of phenyl bgronic acjd in 5 nL of DNVA).. The

reaction mxture wad? ﬁ‘é’é‘ieéam'?“ﬁ'“ﬁ“&%W@t‘%edﬂénsﬁbsﬁwedi@l% fhhe Phie &
noni t or ed \grdupldil-be suldieut&iOVith dnP Bubd@Sert vhick bR Mfe&a@bh@ebﬂn &lpti Yo and

t he sol vent rem)ved cuo r.od c the cr 20 mat eri.al
mat er f al > weRSH R 1 HERe Bé‘“ﬁ?‘@p%’?%{’? ! st it agdp @Fared o,k
Procedure faﬂd’ nj‘zlﬂianc@ayayara@l &Illdyl?;yﬂben}(ﬂ:ﬁdy] ardcarv@glokalkokycadodyiexy) Nel son,

o otatr awéﬁg'gﬁ?%@o“?f@%yl Ao T a R | aIAe B SR RPOBA! | adi un( 0)

g at al ?/St dOI‘arrﬁCUdhﬂé@iye alkylahhotayball, Bdljcmﬁl)nzﬁarmgﬂ aﬁylﬂ‘@)c%ox@lﬂalwm

i t . Triet

o of 5 dRPEHE PSR aRbae HE R REE Y st ReE T o
belt vvee? 10; oleérmrmelra@ﬂuﬂneo,andalﬁﬂarﬁlaﬁnmc), deyldiniho (ikalddingalikytrarbbiylania)
Celite(r) an in. vacuo p u

el kyne, TSP EpREOGEE e 351 VERD: B R bt HIEUG T ELi S o
crude mate rth:a;iarbolaylaxe,]sam irlRﬂSL(lﬂhyl,)sulﬁmdtosﬂulfhnmyngulﬁinamﬂbmm@ nper at ure

for 2-4 ho : flnal £ r|f rative RP-HPLC.
Sehere 5 s icuopaR st spaie) AR rocti, Bkl S o B Rt G

7-al |l cvl sanmyﬂju nes. A 1000 nL 2- or 3 neck round-bottoned flask 15

with refl|l ux condenser was charged, with anhydrous InCl3 (12.1 40. 5
mol ) ahdl dried unddpovecrhedms R is nefeusubgiipted pepdvhen Rsis uﬁ%@“@&%ﬂ ed
t o anbi ent pheiyper ature and fl ushed wi th argon, anhydrous

tetrahydr of ur an (THﬁshsdlaanaak)e ﬁqma@dﬁlaﬁh a;féaaanekaq&g 'e&@rs‘ﬁ@@prﬁ&}%s%tﬁeo
- 78C and g%féﬂk)% as sol utlon in THF was added. After
m nutes, tH8 B‘Eﬂ 191 aIIovved to slowy warmto room tenperature
to forma cl ear heterogeneous 20 solution. To the reaction flask was
added 72¢ odgsancycl i in&substinfed TacvAined@@adaeiddy| am nosancycl i ne (36
nmol ) and Pd(t-Bu3P)2 (0.920 g, 1.80 mml). The sol ution was heated
to reflux under argon until conp Iete]é r oxi mateI){ 1-8 h). After
cooling to anbient tiBA#RShesembosdimeng dheclGrsubstigred ietacyrlinseamaquag it f 1% 0H
(1 L) and spistitugd mindegcline derivativen gn el ethbsdilnghit, the subktithtidntdChe (l(?rpbs)uon
Arter |0, thgmsaliddafl yas. ttﬁacyaﬁaeéoﬁﬁaﬁ%*beaomg ifnaPrflonl ££ 1)

ri nsin wat.er Sol ut to a lLar Tlt ed
umnel 2o darGE Hl Subaiur R et ot fimrougd
first, col dsad-abstitged4-dedimethdansing mingeydiondegivefivad Ineanptherfembodighent, the
acet oni t ri l1@lsusstiGfiedi@facRilié &shpoiind(iSH 0-sibjtithte@sihé RIS defitRive. MGhotBES

cont ai ni ng ure and then
dried underﬁb%géﬁlﬁ?ggﬁg@%g@%@gglgﬁ% @gﬁﬁgﬁ%ﬁgﬁﬁ@g@%ﬁ% overnight to
af ford 10 dledimethybminospreyclingderfvaliye i ons can be purified further by
pr epar agory RP- Thél.Bteﬁtlon alsoerthibesi18-salistituted tetracycline compounds of formula VI:

7- (2- oxazol yl) - 4- dedi net hyl ami no sancycline. To a 20 nL Bi otage(r)

m crowave vial was added a sol ution of anhydrous

7-1 odo- 4- dedi met hyl am no sancycline freebase (3.5 muol),

2- oxazol yl stannane (4.38 mmol ), Pd(PPh3)4 (0.35 mmol) in DVF (20 ni).
The 10 secured vial was placed into a Biotage(r) mcrowave reactor
with a tenperature setting of 100 C for 10 mm The reacti on was
poured into a solution of 1% TFA/ H20 (150 mL). The sol ution was
filtered through a plug of Celite(r) r £hsi ng wth 1% TFA wat er




CH3CN THF to elute the desired product. The yell ow sol ution was
concentrated under reduced pressure and further dried under high
vacuum ovewmigiwossasy af ford 18.5 g as an orange solid i re@79s20090651527 15
Tri ornanoi ndi um Procedure for 9-al kyl acyl m nocyclines. To a sol ution
of 9-(4- methyl phenyl)thi ocarboxyl acyl m nocycline or

9- (4- nmet hyl phenyl ) t hi ocar boxyl acyl-4- dedi net hyl am no m nocycli ne
(2.80 mml ), copper(l) thiaphene-2-carboxylate (CQuTC) (0.801 g, 4.20
mol ), tris(di benzylideneacet one) di pal l'jladi um( 0) (Pd2(dba)3) (0.064
g, 0.070 20 nmmol) and P( ‘ . 560 Mol ) in anhydrous
THF (5 L) under argon ution of previously
prepared R3In (56.0 mi, i e _sdfuti on was heated to
reflux until reaction was clonpl g . fter cooling to room
tenperature, the solution vii#ds pouredtint®o cofd 0. 1M HO1(m.) and
stirred for |h.yj&Qeikne solution was added Celite(r) and then filtered
through a | arge pl Ug{‘;(?écan%brtlﬁéljbéen“ nsing wwth cold water. The 25
cold solution was | oaded onto a preépared colum of DVB resin (3 x 10
cm packed DVB col un®y amiieenhydsegenisadi ng was conpl ete, water (300 ni)
was el uted, and therr'Gsig g@ﬁssuﬁénﬁft&%r'dﬁkhbs!tlt&m Eﬁsléﬁ@i sxhﬁ&tﬁt’é@or

colorl ess. The yel | ow sol ution was concentrated under 'reduced

pressure, tuﬁ%'HStF‘H?q hedst Ocﬁﬁﬂ pybgtifutpd, orgmenbtitated phenyirsupytituted oz @nsufgtjtuted
2010/ 03393 ARerbal B2 B8 rhbubachiRiBeyd o%l%@tit@{’ed E’rr ﬁ&%@ﬁlﬁt@d fnﬁﬁe

9-acyl m nocyclines. To a 500 nL flask was added (4. 1)~ 4-
dedi net hyl ami no- 9- i G8dPRAMAMEYHPIRECHHabl. SP%GﬁferrﬁrﬁtS’éS}’élﬂieﬁé’ff ree base,

N-net hyl - 2 pyrroli d@&ﬁerﬁﬂﬂMﬂ)en{,ﬁ%s'ﬁd)alkg@eﬂdnd%mﬁ{égxﬁﬁiéﬁﬁlaﬂﬁﬂ@dﬁ (3.9
romt

, 38 To r ve residyal water e above reactants

tg ol uene §“°§]EF6§’8§ %e'ﬁ’l_]? is ar‘ﬁgkﬁdf“&@R ETRHR (et grehimgsindamainolo i 3ECE ot ar y
evapor at or eﬁqsodmtﬂfg#aﬁéiRQIeumidim@ﬂyharﬁlm tol uene was evaporated. The
flask was backfillegvvlth ar, Ad the contents were then
transferred via can %P‘?W‘Q 166 @989 1 | ask. To the 0.5 L flask
was added tetrakis(f mmheﬂgfhliddmbmaa@aibhtaﬁtbmmlﬁbubéﬁ}ut@@h@sroakylCg?oup

I ddii l.et h
oL S0 B A SRR Rab R b S
nmonoxi d&s  Riarrdupas thepaenyt k'8 pronp ednebd stitstififdd @it raﬁl,s&fubénuﬁbnmlﬁmoélloﬁ/a tHeon
nonoxi de an

consumed anegra%?(c}me mpgun%rt?'u %erg)gP 3%%"'8& fH'b&'ar tséxgglﬁ’ga fsﬁl’ Z‘F“r?ﬁﬁ fgpudenas
fornmed as bt adiﬁttt& hmtcrbtd aliydy alkehvis, haloglas eyfie, lafkox;t, bkkylcaﬂbaixerlqagndl ng

am ne, al C?E(gfo arb 1 ar Iéa{"@(ﬁﬁw 51)korﬁfcgbonyFA n(o algox carb?nglox ol) was

added and reac M CT OWAY 6P EAC 'or 1 mn at
100C The r@aft;txv@mom}s}qaddb@ytate, alkgtaohmingly alk;dar(lmmanbt:)yl fagiidlighed by

t 8 f t d.
The sol 11 aincBfinl LR UL kot B bly SHRLARE T, .
catal yst, BUM@/&Fa@nn}d, adkenploarbanyl, pllveryearbalyl mlmdnqchbom,@&elﬂﬁ@camooﬂuct

was purifi

wat er wit hsgos%éfjgﬂra ¢ aCP}}f%étggj@BSp %th,oi@ 0 @%Wﬁg%@/ B’E‘goi
Schene 9 sulthydrl akkylfhio celdhts, aryithip, t@cw&wxlytpmlkydﬁué‘mhysulﬁmna’c@@ylﬁmombs
In a 100 t m nocycl i ne
or 9- |odomsn11mr-?§?§§@§| ne’ a?ﬁkdmdg “e%rdc 1a |u %ﬁ Xl&%%%’a e (0 071 g,
0.31 nd ), Cul (0. Ipgfughergmbedim phe[uﬂd( @) ot Jthe(tote8BE/ B! gooug is
mmol ), and 0 ed
Mol and sibsfiblel vhfSyERd shﬁ{saﬁﬁmeé\s&;l Bkhiibsoreifiitnts ok A
trimet hyl SFHW&E%QYW’@H%SLF& ag nmphol@)@cmesydlwd apadidine oIn anetherdfarther on

m xture fokl,ened afi 10 £l ask
was heat edle{no 10&4?5&“:'t %’g;ﬁ h %réé%rﬁiac#%%%%ﬁﬁ m?%)sss??-? ﬁltcrd%?%;agtq l?%n

al i quot taken after 5 mn showed t he %rrpl etion of the reaction by
LCMS [(ESI+) mz Theor. Cale. 510. 62, 511.71 (M#)]. The




15 tenp) and allowed to stir. A reaction aliquot taken after 5 mn,
showed the conpletion of the reaction by LCM5 [(ESI+) nilz Theor.
Calc. 510.9D20@s393%11. 71 (MR)]. The reaction m xture wWaSI/BS2bt9e5Ed7
hot through a bed of Celite(r), and the filter bed washed with 3 x 10
m. of MeCN. The conbi ned filtrate was first evaporated to dryness and
further dried under h| vacuum f 12 To, the flas optain t he
r 1 ed pr oadeer TSt SR AR, st ettt G O o
stirred at cabougl, taﬁdﬂipﬁbx&ﬁjdf(@gfﬂbstiﬁlwﬂ cmuhﬁsstmftal h@mylbyhesyu dgi¢.) groupat 80
Cfor 5 m ac n sa contai,ned 2 co nent s
" the cernisAnindySihd Hyer SuRERE IR oS 0 el R o SRR e

(MS: obs mnivwhich all&w it2@perfohn 1t8ﬁﬂénﬂ¢1l ﬂmdtzom Mamb]hQBMchmbstmmdedhc(udhl | e

hot ) to} eac nm.xt ure.over a Xi ma 60 se

cont i 1 et dRiREaS e Rt M FhmPBHo P, D dnalg anSeh fayi it **°
formation mﬁbstxh&d %thdﬁs]kybchrtmngkdalk&ny] Aenyl,@aatyl nooiety), xtdargamias (pour ed
over ice, g,h%l)tl ng sol ution/suspension was filtered over
Cellte(r) bl ack preC|p|tate was washed with 3 x 50 nL of
wat er. The f| | t r at e Thaphaybk 8elrodp)wrth¢hnteﬂeaﬁyl@‘“rgro@dmym@oappmmwemy

300 of ig o] l.i b

addi gg sol i %0%%%5 %Eap r%%? gn% I%}é{lﬁgl@m %%t agenlgﬁt F’%}S%th? |n(1)e§l§°§ he%{}fof(y’t he
pH o; t h& oipaxy, betdoxl spEnadoethavyspesghpronatimey ahephyleneditrey, efosPerndenyh ¥D
2010/ 03393 . tions o
G201 2, ¢ he GP She Aot MESLEKE GAShEEa Wl o il o B
evaporat ed C@Ibal'da’fyme@bf(egwrs%tlkqmmbonybmmpgrow)aporator and t hen under

hi gh vacuum The cr 0

chr omat ogr aphy Cio. 1 PAEGAYERT MO B SR s vy, 5.
with 0.1% ™ Smomml et@cm%@r}iﬂ group cpibepmbstigiell withany piteiiuent whxch

N- hydr oyy's uﬁé‘w nme‘#ﬁml}lhk intefaibd(ddctidn. %{mgﬁlzﬁfe %&@@ﬁtwf@m&m %é%mn%&ea

of 9-(3-1sopro g 4- oxadi azg% am no m nocycl 1 ne.
a 500 10 nito,plky klkmb hg_lggp@dh}(dsz al oxygal!@@cafh%ylyxy, alkyloxycarbonyl, carboxy,

4- dedi et hihagiaayiGhd ﬂﬁ&gﬂdrb’&%b&ﬁﬁdonﬁ%céx@@ﬁbdi@ﬁﬁy afRydarfinfibiy,

N- hydr oxysucci ni m

tetraki s(t CRPHEHR: ewgﬁhwgywﬁmmmwew arglallyd agxmowhomhmn and DI EA
(3.0 ., lajkekyE¥hihocarbdsyl fAu@qusrb\em ﬁ}l@&%ﬁluwﬂéalmﬁwmﬁ@a%oﬁw Hg) and

pur ged 3x wi. t h carbon nonoxi d flas hen heated to 60
under 129 &WY&%Y‘P&}"%W%‘&?}@W@%‘Y&ﬁal@fﬁr?%'dal#ﬂrhf’fafﬁowﬂnpmspam al:eﬁcyl

4- dedi met gbm- gdi‘l@toapé}ioﬂﬂlf[iha’fﬂ Zyagof@Jnmaeacwaﬁm@omw&ﬂmanfhf@da@@?qmbdt hte
corresponal - -ester e no m nNocC Ine rnternedl ate
(Mr1) of 5 SH g ma thigearhoyy'ae, %@@L@@OW%S el 910 sgpido. it

i nt er medi atganvgidoRRerdcgagll SkylivyL bryNind Ryteiosnyy - 2-

net hyl propani m dami (?

t roo ture f h,
to gi ve the noncycl |§WTW&%§1W££HDWAE‘I3?I§WPS t‘tf\‘ﬁe wé a’&@’t"é’Fﬁ’l"ﬂéd
via LCME The. noncy @xkmigies dBeietel REgiowkies meitde] 5ud iz tnotliniiyed ad) dirng),i t
to 50rrLaceIon rile fo d b ut.iqgn of the.reaction mxture
wht hwat or TSRS ST SEr b}, ey e oyig. I, BePha pH
of 2.0 usi lbglzbdhbialzolgbk bmetak(ﬂyla]&lnd)tmﬂEIWI aghRniBazsiyl, tﬁltbﬂixlﬂn})ﬂ@cﬁcadlﬁ]ﬁ[yl
filtered and I gq @teo ]a of DV re5|{1 and urlfh@ 16?')_%
MeCN, O. 1%"51‘|5°A¥ Ol ol TH&’E?&‘“H REEr P7Ee di° E‘a&"y
noncycl i zedaphrttrrelmybmlaa:bbrl @sﬁthﬁhzgyl andidesmapirinyi. rin ae:ﬁ&&nrbbdlmu@,dhebot tom
flask 2 o and toluene (80 nL). To prevent
hydr ol ygi \é\%%ﬁrrolrﬁﬁg Re"8 l)oéiaezqﬁhent cyclization step, residual water was
renoved from t he nofcyotleresbadivient, REds subetitlryd csuuhgmsﬂtutagalkyl The aliptl ar y

evaporatio || oluene/ r )
evapor at edE O%“Ee%qu ralé?gs%ac‘gl%:él1 Pfa% %ﬁgﬁth%l étféﬁ ]é)rrf%@ pm ?86’&%% ne
(2 m, 1.13 mmol) was added. To faciljfate cycllzatlon the contents
wer e heat ed to 125 C for 8 mnutes usifig m crowaves. The contents




15 containing a bed of prepared DVB resin. At first, cold water (500
m.) was eluted. Then, a gradient of cold acetonitrile/water was

el uted i n WB010mi3393% r acti ons. Crude material was puri fimck/Gs2oher72by
preparatory RP-HPLC. Schene 14 20R4 = N(CH2)2 or HR4 = N(CH3)2 or
H General Procedure for 9-substituted m nocyclines through Stille

coupling. To ol ution of anhy ro i odo m nocycline or
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acyl am no (i ncluding aIIcyIcarbonyIani% aryl car bonyl am no,



Such
gr oups,
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an area in aberrant anpunts, e.

advant ageous to alter, e.g., to benefit the subject.
process i swiore1wesponse of
i nfl ammati on may be due to physi cal

g., in amounts which may be

living tissue to damage.

damage, chem ca

The inflamuatory
TheracHEUSRe0%E7727
subst ances,

m cro- organisms, tissue necrosis, cancer or other agents. Acute
inflammatiQn is short-lasting 5 | ast ngonly a fewdays 1f it |

| onger | asfi n§fhowever, then it nay be reﬁggnﬁp to as chronid"‘P

i nfl ammati on | PAS|s incl ug r der s.

| nf | ammat ony sorder§cage generally c , redneps,
swel I ing, paimn and !b s &f function. B ! :

i nfl ammat ony I ncl ude,| but ar¢ Ilnlted to iicrobia

i nfections|(e¥q: Fl N 10 |and fungal infections), si cal
agents (e.g. ,0%u3n§H Pact ation| and trauma), chem cal its (e.gl
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i nclude, byt arg 'o!,“F?%ed t 9, osteoart hetmat oild
arthritis, ja®y apth-chr's i mf ecti on$ ] igal , 15
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t hese pat ef por at ed her ei 4 L O her
exanpl es of : af's 2S i ncl udeye ifted to,

mal ari a, seénescence, di abetes, |vascul af nerative

di sorders (Al zheiner's di sease|& Huntinpgton's di sease), cardiac

di sease ( re-perkysion-associated rnjury follomnng 35 1 nf &r ctavon)
juvenil e diabet} W f | aggat ory di sorde ‘u§?ﬁoarthr|t|s r heunat oi d
arthritis, QQU| onj.c imfections fid fungal ,

i ncl udi ng dip [ A ZwdYPer t ussi s); a¢ i bronchi tis
sinusitis, an& ﬂbﬁeﬁ“r sPiratony infecti "Gdithg thé comon| 57
cold; acute am@ Qﬂ!OﬂIC gastrognteviti $ andwcblltls acute anav
chronic cyst|t|~ and uregﬂrltls, acute tis; acute
and chroni ¢ go acyte and

(pericardifis] gerftk tls, symovitis, ilnitis);
uremc perlcardl i'S; acute and|chronic cholecystls and chrpnic

vaginitis;
bur ns (thernal

acute and chronic uveitis;

cheni cal ,

and el ectrical
The term'’ inflannatory process aSSOC|at%

drug reactions;
and sunburn.
al so i ncludes, i

5 insect bites;

n



10 conpound of the invention wll

phar maceut
i.e.,

i cal

pharweceuvizsabl y accept abl e organic or
substances suitable for parenteral,

or

al or

be adm nistered as part of a
conposition in mxture with conventiona

exci pi ent,

desired
adm ni strati on and whi ch do not deleteriously react with the active

i nor gani ¢ BENU$2e09/057727
ot her

conpounds and are not deleterious to the recipient theregf 15

VI 1. Phar mgceutitcal Conpositions healnventlon al’sb
pertains t ctha« peelt | cal conposition ?%erapeutically
effective aﬁp it) [ tlet acydl i ne corpedny 0 rdfdound of
Formula I, I'TEA] TF I, I V-A, [V-B)| V, I°%P TﬁU?e 2) jand,
optional |l y,—a nhar maceut | r‘al |y acceptable 20 carrier The
| anguage "pharmmg&utlcally accept&%le qggrb@r i ncl udes qubstiances
capabl e of i he 'etnacycllge conpound(s),
and whi ch |3, i m‘; & ctjon, |e.g., treat
or prevent a3 o iis. bl i ﬁtally acceptabl e
carriers ijncl ude but are not l{imted tjo wab&r °#sAl € sol utli ons, 2b

al cohol , (egetable—eH-s—pelyethylenreghyeols—gelat-m—heaetpse;

anyl ose, nagn@Sirtim,stearate, talc; sillicic acjd, viscous [paraffinp,
perfunme oi|l, f : Honogl e G i,des, [petroethral
fatty acig Nret b yk yrr|ol i done

etc. The pharyrageat iccad Prepar A and i f desired
m xed w tH au1\|=|a|y' agelua, €G- Iutliualua, pt cacrvati\/eSBA
stabilizers, wekf ?hg agents, enuIS|f|erscmsaht§1for i encl ng
osnoti ¢ 3( f'e col ori ng wgétand/ dr aromatic
subst anced do not (¢ with the
active cor ion. The unds of |t he
i nventi on pthat ¥ &St gt ur at \,apabi e—of—formn a——de

vari ety ofl sa IFEl %mhhﬁﬁaf%ous |no?ganicfand organi ¢ acidg. The acids
that may Qe use Qii;;re phar maceut|i &aPl y acceptable dcid addition
salts of tlhe'™ eyl gonpounds of e~zpyventii on tlhat are
basic in natus® &' tHoSe°t hat| form ngn dcild agditijon salts,
i.e., saltsm@bntalnlng phar mageuti cal lly acdeptabdl elani ond, such as

t he hydrochl oride, hydrobronide, hydr0|08”d% “hi%r8te, syl fate,

bi sul fate,} phos h@% acid 59| phesphat,g, Lsonicotinate, jacetGte
lactate, galicyldtey eitpate, |acid ci t|r atg nﬁrﬁra%e parnt ot henat e,
bitartrate,, ascdrlp wug£|ndte, mal eat nate, flumarate

gl uconate,| glu ' faccharate, farnmage '@5 gllut amat e
nethanesulfonate ethanesulforate berzen@salﬁwn

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

1,1'-nethy|enECbE$ (2- hydr oxy-|3- t hdthRyh such
sal ts nust ) maaeutlcally ion to a
subj ect, 1. - : eto
initially |igofat .6@cll n from{he
reaction m bhar maceut i cal |y uhadcept abl e® salt {and then
sinply con ck-tothelfree base conpoundlby treal nent
wi th an al kal i ne reagent and subsequently convert the latter free
base to a %9 phar m%ﬁmbmhétuom&%mh@s@&fﬂu&%hnrewc%paﬂh& The acid

addition salts of t
prepared by treatin

equi val ent

sol vent sedi um or
Upon car ef ul

et hanol .
sal t

i

mgthydhdesert

hi s
R0 ROWBUAS ' PeR
héh@MSEPﬁWﬁéﬁmleScheloﬂ‘r ganic acid in an aqueous
in a suitable organic solvent,
evaporation of the solvent,
is readily obtained. The preparation of other

. nventi o

L EOE S

al

e

e&Fefdstmg %Lc

such as net hanol
the desired solid

conpounds of the invention not specifically described in the
Econplished usi ng conbi nati ons

f or egoi ng

experi nment al

section can be
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15 tetracycline



troches, hard candi es, powders, sprays, creans, salves,

suppositories, jellies, gels, pastes, lotions, ointnents, aqueous
suspensi onw0 20ny@sBabl e sol utions, elixirs, syrups, andeaimes2bo9ksr727
Such carriers include solid diluents or fillers, sterile aqueous
medi a and various non-toxic 25 organic solvents, etc. Moreover, oral
pharmaceutical conpositions can be suitably sweetened and/ or
flavored. In general, the therapeutically-effective conpounds of this
invention are present in such dosageschamg®s at concentration |evels
rangi ng fronhabout\§/0@6to abouf 70% x«melght For oral

adm ni stratiqn~tabliets coptai Yak i :

m crocrysta ul ol tem—é"g-l'-m
di cal ci um phgsghat elant gl yci ne] bl oyed alonyg

:’ e z ¥
di sint egrants S cch as starch (afd® ef eraly corn““p?)t 8'f‘o° of tapioca
starch), alginic acid and certain conplex silicates, taget her with
granul at i orpaisicitelenes RI-H-$< ol yvi nyl pyrrol i done, sucrose, gelatin and
acaci a. AddIPPERATTRR 'Ti’l’ffl cating agents such as magnesi um st earat e,
sodium |l auryl sulfate and talc are often very 35 useful for
tabletting purposes. Solid conpositions of a simlar type nay also be
enpl oyed as Rfl$6Le¥H§4l n gelatin capsul esm 9%@%?% ed materials in this
connect i on & ettt | abt'®se_or ; =°hel | as hi gh
nmol ecul ar W 10lyrenty| enm gl ycolls. Fhersaney % suspensi ons 61
and/ or el i xinsb aseHedired for oral adninpst#dei @n, the active
i ngredient may ke conbined with various swegtening or flavoring
agents, colorin rratter or dyes, and if so desired, enulsifying

and/ or sus nHﬁ gents as wel |, togét"hgi’ W th such diluents as
wat er, et haaeicine @e® cgl I@desrancmnamﬁreﬂsg,er HCR}_]II;I hsélgﬁ
conbi nat i of@opee ? era§4° esi‘f“’r'
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i nt r anus cubwithesin D@ttrlmlﬁ)ﬂanﬁmjnuhn o ydinea. tTlmr}H:pealt Of&mﬁ@mﬂi‘m od of the
D opy! ee. STl Bioh Ik r SRR 1L Rt he AL ur (ol BE T Tome
suitably bNﬁH@@e(ds gp(l &tﬁemdmrynnmdygmeamtbﬁ g 0406 @Y! fof samgycks:} mrdpogtivas.t he
I d dil .
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appl i cat | OgbiuEKAIPhGRSl 46245 LAl BoRSARAIALA RS, hItBPRLAL I BRa

preferably oily or aqueous sol ut| ns as a& suspensi ons,
enul si ons, thefrthe repatignives camplatads hgMSuBseslution wesghenPheredipéast 1 ef heptane
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treating |?ﬁW%Mﬂ%ﬂ@FVD@BWGﬂEﬂ@ﬁ?wﬂmethe skln Exanpl es of met hods of
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EXAMPLE 1: Non-antibacterial Derivatives of M nocycline

M nocycline derivatives (J, W AF and AT) were tested and found to
have no anwio-Pbautsaspal activity conpared to nminocycl i necrwsto@ner727
bi o-avai l abl e after oral dosing in rats. The pharnacokinetics data
were acquired according to the foll ow ng nethod: 5 Pre-cannul ated
(jugul ar vein and carotid artg;% for is. group and carotid artery for

oral group) t B& BpyiumaEnogye e
wasspledcatyanags bt <¢ Lo hHexvan lige pe-fsibylammgpiym
vere fast edamyelini(@ds sl Qﬁs theh ad@ﬁl 1f?) pMWdeh (13GC EMSndsh) W2 QeleH @58 Sirishs 2
hours after dosjn Rats3 ts\a;,zr?;n stgrqe;illtvmth aggtroxwratej%/“g@/% mL
compound (fpﬂfﬁ)‘we CYEY 3P grinytes 2P g igagh pdditipn). (g reepticharas mepkge
SeflondS) orLaEMS. WheriilgisliﬁdnﬁU‘Vo(@#lfé&étiﬁ@yoﬂ%ﬂéﬂnﬁﬁxﬁitéﬂél wh re@eining 6k Pivtiomas
coO ecte Int . cOa i ous | (0] nts,
ot E T o8 aves ISR tchgh o b e e et an Ly e she SRR kel <
wer e e;Jt ha[thf?qﬁuh& (;@L;oﬂ{vhtavﬂnﬂ g}[e_tphlavefs !a@;&#ted)%ggdlué‘cmf hrﬁﬁ?ﬂ@fb 2. Sggloan/@'ﬁ ma
waS extracte oLl oro etl. acC | 0,ace ntri.l e 0
o ery ! L aRleplp sohiion Wit A el LG el lofabeispnge T spiipd pribne
standard cuayes wefhieack-@astet svithil B watkn\iried oh sbaibmeulfate, fibrodand korahtated3
Compound Antibacterial Activity PK P
Coar oS Pt ed Feest b an il ip 20 8,100 gk d%ilszR%ﬁwocmmW%}w &2
M nocyclid neied.lmfbthSIaﬂurﬁ)s&i:yWnb.64 >100 3.0 52 J >64 >100 2.5 65 AF >64
>100 3.1 77 AT >64 >100

Synthesis of iodotetracyclines 5. In a 2 L round bottom flask, 0.115 mol of tetracycline

starting material 4 was dissolved in 350 mL methanesulfonic acid. Following, Ag>SO,4 (75 g,
(.24 mol) and iodine (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 NaHCO; to pH 7 and extracted with methylene chloride to give
0.95 mol of product 5 as the free base.

Scheme 2

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

Borenic acid, DMA

R =4
Microwave OH
@ 110C, 10 mins o o om o 0

25 HO”" “OH

General Procedure for 7-phenyl tetracycline compounds (modified from Nelson, ef ai., JOC,

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




6.4 42 a E coli-MC (mnimal inhibitory
concentration) was determ ned by broth mcro-dilution nethod

perfor med wocorwispgot o Cinical and Laboratory Standar dsctosbisioster
(CLSI) guidelines. E. coil ATCC25922 (tetracycline sensitive) was
grown in cation-adjusted Mieller Hi nton broth to a 0.5 MFarl and

standard. Turbidity was nmeasured using a 20 Mcroscan turbidity
Met er . Pd(PPhs); and Pd(OAc), (0.037 mmol cach) ipdisegiyipoaigmid eSinllianh dagrisedn

was measur g }Hai%%d}&QA%n Sb&ra\’élfr rl\%é anBLh, Htl'l Ahd1 E@ﬁﬁh%ﬂv@t@&%§ﬁ)§gé“d¥ﬁ&em
(E. coil S30 Extract dreul 3 from
Promega Corpdprailiei p(lﬂrete a%ﬁwn bwsynngaeré@ihel reﬁgmp solptiga. Feip WﬁSa@HWérbw ghe
instructi O%dl%ﬁmﬂ'ﬁﬁ%‘e%ﬁé@d |s§ﬁ1ﬂ1(ﬁ1 df pHeRPB&obnic acid (90 mg, Eg:dr wél}ol RS mId of

Phar macoki neti cs e sanples were anal yzed

par anet ef s BMpe Téareéﬁloaﬂ@érumwaﬁ gealgdrineRaAn H R éH% *Copsipg micrpyayet fopn

of absor pt 'l@f?mﬁf’lf}ﬁrsolﬁﬁcﬁl'wéﬂ@i&bx@@th@éugﬁceiﬁéégndlﬁe mﬁgved% YelMMBLE 2:
In vivo Rheumatoid Arthritis Muse dinical studies

have denondredyeste emdt magernhcingli nr?écﬂéhwslpﬁisféwé Pepeaed bt ons in
rheumatoid arthritis (RA) patients. Four non-antibacterial anal ogues
of mnocycline (J, W AF and AT) were synthesized and tested in the
murine nodel of the 10 disease, coll2gé®¢Pnduced arthritis (ClA) (See

supra). Ml e Al m were | i i ntraderyqgd | y Wi tFQ 200149 of
bovi ne type I\PBCIHI gg ahd bogmtﬂggﬁgg’fh col | ag eé hegks |ater.
M nocycline 4 cm - ant-4—ba-d-eﬁa—\3;éi—-m-necycl ‘@@ i ves were
adni ni st er ed gy af t &1 dip¥base onmet: Pekness was

nmeasured and ami pal & Wer e scoredodail g, J0mwseat mert 6f @ /9 wict h
dexat net hasone gangnfyetihotrexat e i nhi bited paw i rRidsangati on by 82% 15
and 45%@at doses of 4 ng/ kg and 12 ng/ kg, respeériveElseraNriocycl i ne

i nhibited the disease by 22% at 25 ng/ kg/day and 45% at 50 ng/ kg/ day.
The mi nocycline deri vatl ves each inhibited CIA nore potent |y than

m nocyc| i n1enr Erpesdure '...g Be 1 7"!&/_ SERMBOUNOF(MOLIICH M WS ehey. OC.

ng/ kg/ day. 2bb® 65@513 smLsssm fmbd&iltﬁcycnﬁe sty hﬁrfbl)fwﬁ%fs caﬂaaew»cllm mppmh and
derivatives were han t hose of m nocycline nmet hot r exat e.

Foot pad ti sPéiﬂ%A‘T')é@&?’g "6‘?01 garhbiRjdHesthylagetpmide §15 rply). aBd d%&ﬁﬁ%‘hﬁr MCP- 1)

and a na$risepiati) N@gog)(m AasE1( M(B’ha)s n\mﬁum&%@a@d afth @F for 10 min

t herapeutic treatnent of .mce exanmet hasone t hotrexate

but not wi tAFOHCRELHY l?ynsé’““gﬁ/%“’meﬁ‘é?éﬁ}@’l * 0’53318\?’&? ?@8&’2% ytﬁ dition of an

:c nvent Id on, A}Qibgas:?_eﬁi ,solutiti &Ilph&@éﬁoi‘bancl aeigﬁgbo 1]9”% Otmgﬁﬁolltm Dﬁmrdf@ﬂ\&\)t The he
oot pad tissue se ¢ nds, ma tjve ort

{reat ment QPSSR ETET Ve AT PagePBROn o D B i gy Jne

wi t hout t he;oladmew&eﬁle&deﬁrﬁmtﬁhama thasaldenticiiovehn omive tcﬁp)‘ﬁﬂme the catlé on

o oL RSl 5 DR RS pdER aT 1 1 (LA e

i mmuni zed i.d. wth an emul sion of 200 ptg bovine type Il 30col |l agen
in Conplete Freund's Adjuvant. % %1 m ce received i.d. boost
of 100 pig collagen in Incorrpl ete Fr ﬁ S Adjuvant 3. Conpounds were

adm ni stered i p., daily for 7 days starting fromdi sease onset (day
3- 4 after boost). 354. ﬁot svvel DiTg ﬁ\@s nmeasut ed hy a,mRéngl neering

m croneter and ¢i$ease”’s Y wagrEQpr ed accer t hema
and mld swelliRg i N8 he LA or an emyt hema
and mld swelling eenlonf om tRcHE de to tife 65

eryt hema and nod ing exg)argdlm@(4ﬁy om t R anlola| % tthe
netatarsal joints; 4, erythema and severe swelling enconpassing the
ankl e, foot, and di & t'€¥="%. Change (A) of paw t hi &NEsso: sum of paw
t hi ckness from4 paws of a nouse (experinental) - sum of baseline paw
t hi ckness from4 paws of the sanme nouse. 56. % inhibition =

cunul ative A paw thi ckness (di sease grd8p - conpound-treated group)/



The m nocycline derivatives J, W AF and AT inhibited joint

i nfl anmati on when adm ni stered after disease onset in a nurine

col | agen iworesdszmsthritis (ClA) nodel. 20 Effects on rEtuus20@nsThR7
paw swel I'ing and clinical score were greater when conpared to either
m nocycline or nethotrexate. Tables 4A-40 show in vivo efficacy of

gfaxsvrrekgazg pLhotr oo eSS b G |ne d; Jése,tlves

Speci fi cal 2903 ,Eﬁbi)eS%A—Sﬁhnm ldxatnal s‘ampledﬁm:rm&hasdme iﬁ)osgﬁf at 4

ny/ kg/ day }{

ot ot 1 oxat PSRRI BRLE Tadion Pl il B SR DAE a2
Tabl e 4C shtg\deBWa‘eﬂmsolmimoHymL bﬁaetdmsﬁd TaibthilEmmg,(kgmﬁaynda ﬁ)mﬁoﬂ he
vehicle (i, dat a.

g/ kgl da53(/ ; ﬁ%l)lea\?%e %%dgd ant tI eC rfnx < Wds \Slgorolua {’r?%% gvﬁagn roorcrixa?mpef'ature and 70
Conmpound’ J @& deldat Fi’lﬁamg/tkrgxdglhe(;chte%ndmndvhl@f weldlgdnt in(vacy. produtaiaingle 4 F
shows dat a 4f %;oﬂﬁ ?g,/ ehicl e
(. Ta glag&ﬂ %\‘@'Q @!f:scggéeﬁ Hn%%agﬁtgp! osed {hegm gglg%n kg/ day
i.p and t h&l2¥hi) {@:1) andytijring Fhivbw tehipeRdurs for 2-4 hours, T@dirpbpm@ct wa2 3 4
5678 mﬁggﬁed by preparati@lﬁﬂﬁﬁ(i:,” Vehi cl e Mean 0.89 1. 23

10

Scheme 5

InR,
Pd(t-ButyP),
e ettt
THF, Reflux

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

15 with reflux condenser was charged with anhydrous InCls (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 RMgBr(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
cluted 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

39



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 0.15 Thickness Dexa- Mean 0.92 0.57 0.47 -0.07 0.03 -0.13 0.04
-0.21 (nmmwoebiwssse SEM 0.16 0.11 0.1 0.09 0.1 0.07 O.18/052000/05¥)
2010/ 033939PCT/ US2009/ 057727

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

Scheme 6
Sn(Bu),

/7

o \N O, 2N
\—/
PA(PPhy,),

———

NH, 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)s (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;O (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 fannel 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(FFh,),, DMF, 609C

s
/@f ™ SnBu,

R4 = NICHy), or H Ré = N(CH,J; or H

InRy, Pd,{dba)iP(2-furyl}y

Cu(lThiophencarboxylate, THF, Reflux

R4 = N{CH}, or H

20

40



Tabl e 4B Days Compound 1 2 345 6 7 8 Dosed
Change in Vehicle Mean 0.71 0.78 0.93 1.03 1.29 1.3 1.26

10

15

20

25

30

WO 2010/633939 PCT/US2009/057727

General Procedure for 9-(4-methylphenylithiocarboxylacyl 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)s (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. Afier 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 (7x 15
¢m 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
CH3;CN/THE 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 minocycelines. To a solution of 9-(4-
methylphenyl}thiocarboxylacyl minocycline or 9-(4-methylphenyl)thiocarboxylacyl-4-
dedimethylamino minocycline (2.80 mmol), copper(l) thiophene-2-carboxylate (CuTC)
(0.801 g, 4.20 mmol), tris(dibenzylideneacetone} dipaliadium(0) (Pdx(dba)s) (0.064 g, 0.070
mmol) and P2-furyl)s; (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 CH;CN 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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General Procedure for 9-acylminocyclines. To a 500 mL flask was added (4.30 mmol) 4-

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

formic acid).
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1. TMS-acetylene
Pd{PPh;),
Pd{OAc),, Cul
EtyN/CHLCN, 85 °C
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2. H,S0,H,0 (4:1)
3. R-ONH,

OH
OH 0O CH © O

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

General Procedure for 9-ethoxvimino-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 EtsN (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>S804 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,Cly, 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
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2. H,S0,H,0 (4:1)

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

4-dedimethylamino minocycline (4.001 g, 6.11 mmol), paltadium (II) acetate (0.071 g, 0.31
mmol), Cul (0.123 g, 0.611 mmol), [Pd(PPh;)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 EtsN (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
H280, 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,Cly, the organic extract was dried over anhyd.
Na,S04 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
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Synthesis of 9-(3-isopropyl-1.2.4-oxadiazovl

10 mL flask was added (4.00 g, 8.60 mmol) 4-dedimethylamino-3-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
DYVB 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 § minutes using microwaves.
The contents were then added to acetenitrile, diluted with water to a final volume of two
liters and triflucroacetic 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 2 DVB plug, washed with
aqueous HC1 (1.0 L, 0.01 N) and eluted with methanol to give the HCI salt of 9-(3-isopropyl-
1,2,4-oxadiazoyl)-4-dedimethylamino minocycline (280 mg, 0.53 mmol, 12%).

10 Scheme 12

ARy, Pd{t-BuyPly, THF, 65 °C
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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. Afier 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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Synthesis of $-ethv] doxycveline. A 1000 mL 2 or 3 neck round-bottomed flask with reflux

condenser was charged with anhydrous InCl3 (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
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 (I 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
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{CHj), orH R4 = N[CH,}, or H

General Procedure for 9-substituted minocycelines 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)
and Pd,(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/H20 (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 coluinn). After loading the crude material, water (100 mL) was

5 eluted and finally CH3CN to elute the desired product. The yellow solution was concentrated
under reduced pressure and further purified by preparatory RP-HPLC,

Scheme 15

oH [n{CHgy), PACL{PPh;),
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10
Synthesis of 10-methyl-4-dedimethylamino minocyeline. 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 1M solution of potassium tert-butoxide (8§7.5 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 HC
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 CH;CN 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 InCl;
(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(II) (PdCl(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
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Synthesis of 10-deoxy sancycline. To a solution of anhydrous freebase sancycline (25.0

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(triflucromethanesulfonimide) (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
solution was filtered through a large plug of Celite® and rinsed with 0.1M HC]. 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 CH3;CN with 1 mL conc. HCl was eluted where the yellow
eluent was collected until it became colorless. The sclution was concentrated under reduced
pressure and further dried via high vacuum to afford 10-triflate infermediate. To a solution of
sancycline-10-triflate freebase (3.50 mmol) in DMF (10 mL) and Hz0O {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
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, cyclooetyl), alkyl substituted
cycloalkyl groups, and cycloalkyl substituted alkyl groups. The term alky] 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-
Ce for straight chain, C3-Cg 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,-Cg 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, alkylearbonyl,

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 “arylalky]” moiety is an alkyl substituted with an aryl
(e.g., phenylmethyl (benzyl)). The term “alky]” 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, isothiaczole, 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, indo_le, benzofuran, purine,
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benzofuran, deazapurine, or indolizine. Those aryl groups having heteroatoms in the ring

n

structure may also be referred to as "aryl heterocycles”, “heterocycles,” "hetercaryls" or
“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,
alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate,
alkylcarbonyl, alkylaminoacarbonyl, arylalkyl aminocarbonyl, alkenylaminocarbonyl,
alkylcarbonyl, arylcarbonyl, arylalkylcarbonyl, alkenylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylthiocarbonyl, phosphate, phosphonato, phosphinato, cyano, amino
(including alky] amino, dialkylamino, arylamino, diarylamino, and alkylarylamino),
acylamino (including alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido),
amidino, imino, sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkyisulfinyl,
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.,
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.,
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
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., C2-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;-Cg includes alkeny! groups
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,
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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sulfonamido, nifro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or
heteroaromatic moiety.

5 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.),

10 branched-chain alkynyl groups, and cycloalkyl or cycioalkenyl 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 alkyny! group has 6 or fewer carbon atoms
in its backbone (e.g., C2-Cs for straight chain, C3-Cs for branched chain). The term Cz-Cs

15 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
inclhude, for example, alkyl groups, alkynyl groups, halogens, hydroxyl, alkylcarbonyloxy,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,

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

25  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 alkyny!" have chain lengths of, for

30 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,

35 hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate,

52



(25 ng,/kg/day i.p.) 71 16 45 2 Conpound AF (25 ng/ kg/day i.p.)
62 16 42 14 Conpound AT (25 ng/kg/day i.p.) 81 13 70 10
Dexanet haswoeo010/033934 ng/ kg) 82 21 48 18 Methotrexate  PCT/US2009/057727

10

15

20

25

30

35

phosphonato, phosphinato, cyano, amino (including alky! amino, dialkylamino, arylamino,
diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,
arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulfhydryl, alkylthio, arylthio,
thiccarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
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-O-}).

The term “acylamino™ includes moieties wherein an acyl moiety is bonded to
an amino group. For example, the term includes alkylcarbonylamino, arylcarbonylamino,
carbamoy] 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, naphthy] carboxy, etc.

The terms "alkoxyalkyl", "alkylaminoalkyl" and "thioalkoxyalkyl" include
alky! 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
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,
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 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
covalently bonded to at least one carbon or heterocatom. 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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which is bound to at Ieast 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 alkyl group.
The term “amide,” “amido™ or “aminocarbonyl” 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 thioccarbonyl group. The terms “alkylaminocarbonyl,” “alkenylaminocarbonyl,”

12 17

“alkynylaminocarbonyl,” “arylaminocarbonyl,” “alkylcarbonylamino,”

LR

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 connecied with a double bond to an oxygen atom. The carbonyl can be

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

The term “thiocarbonyl” 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
“alkoxyalkyl” 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 “thicether” includes compounds and moieties which contain a sulfur
atom bonded to two different carbon or hetero atoms. Examples of thicethers include, but are
not limited to alkthioalkyls, alkthiocalkenyls, and alkthioalkynyls. The term “alkthioalkyls”
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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.

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
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,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, alkoxycarbonyl, alkylaminoacarbonyl,
arylalkylaminocarbonyl, alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, arylalkyl
carbonyl, alkenylcarbonyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate,
phosphonato, phosphinato, cyano, amide, amino (including alkyl amino, dialkylamino,
arylamino, diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,
arylecarbonylamino, carbamoyl and ureido), amidino, imino, sulfhydryl, alkylthio, arylthio,
thiocarboxylate, sulfates, alkyisulfinyl, 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
hydrogen. Preferred heteroatoms are nitrogen, oxygen, sulfur and phosphorus.

The term “prodrug moiety” includes moieties which can be metabolized in
vive to a hydroxyl group and moieties which may advantageously remain esterified in vivo.
Preferably, the prodrugs moieties are metabolized ir vivo by esterases or by other
mechanisms to hydroxyl groups or other advantageous groups. Examples of prodrugs and
their uses are well known in the art (See, e.g., Berge et al. (1977) "Pharmaceutical Salts", J.
Phorm. Sci. 66:1-19). The prodrugs can be prepared in sifu during the final isolation and
purification of the compounds, or by separately reacting the purified compound in its free
acid form or hydroxyl with a sunitable esterifying agent. Hydroxyl groups can be converted
into esters via treatment with a carboxylic acid. Examples of prodrug moieties include
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.,
dimethylamincethyl ester), acylamino lower alkyl esters (e.g., acetyloxymethyl ester),
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acyloxy lower alkyl esters (e.g., pivaloyloxymethy] ester), aryl esters (phenyl ester), aryl-

lower alkyl esters {e.g., benzyl ester), substituted (e.g., with methy], 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., afl 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 sterecchemically
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 rheurnatoid 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, 111, IV-A, IV-B, V, VI or Table 2), such that the 7
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, 111, IV-A, IV-B, V, VI or Table 2), such that the
rheumatoid arthritis is prevented.

The term “ireating” 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 pg/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, cytekines, lipid
metabolites, proteases, toxic radicals, adhesion molecules, ezc.) are involved or are present in
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characterized by heat, redness, swelling, pain and loss of function. Examples of causes of
inflammatory disorders include, but are not limited to, microbial infections (e.g., bacterial

10  and fungal infections), physical agents (e.g., burns, radiation, and trauma), chemical agents
(e.g., toxins and caustic substances), tissue necrosis and various types of immunologic
reactions.

Examples of inflammatory disorders include, but are not limited to,
osteoarthritis, rheumatoid arthritis, acute and chronic infections (bacterial and fungal,

15 including diphtheria and pertussis); acute and chronic bronchitis, sinusitis, and upper
respiratory infections, including the common 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

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

The present invention is also related to NO associated states. The term “NO
associated state” includes states which involve or are associated with nitric oxide (NO) or
inducible nitric oxide synthase (iNOS). NO associated state includes states which are

25 characterized by aberrant amounts of NO and/or iNOS. Preferably, the NO associated state
can be treated by administering tetracycline compounds of the invention (e.g., of Formula I,
II-A, 11-B, 111, IV-A, IV-B, V, VI or Table 2). In certain embodiments, the invention
includes 7-substituted, 9-substituted, 7,9-disubstituted or 10-substituted tetracyclines. The
disorders, diseases and states described in U.S. Paients Nos. 6,231,894; 6,015,804; 5,919,774;

30 and 5,789,395 are also included as NO asscciated states. The entire contents of each of these
patents are hereby incorporated herein by reference.

Other examples of NO associated states include, but are not limited to,
malaria, senescence, diabetes, vascular stroke, neurodegenerative disorders (Alzheimer's
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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25922) % | st ot avesd bQJ Ehysvéncn’glbrlaggutlc 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
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
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.

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,
H-A, II-B, IIL, IV-A, IV-B, V, VI or Table 2) and, optionally, a pharmaceutically acceptable
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,
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
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
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, acetate, lactate, salicylate, citrate, acid citrate, tartrate, pantothenate,
bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, gluconate, glucaronate,
saccharate, formate, benzoate, glutamate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesuifonate and palmoate [i.e., 1,1'-methylene-bis-(2-hydroxy-3-
naphthoate)] salts. Although such salts must be pharmaceutically acceptable for
administration to a subject, e.g., a mamimal, 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 latier free base to a
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 carefitl
evaporation of the solvent, the desired solid salt is readily obtained. 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 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 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
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
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
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.

60



>64 46 (25) T 4 >64 44 (25) 10 (12) U >64 >64 50 (25) V 2 >64 43 (25)
W4 >64 60 (25) 32 (12) 25 (6) X 2 >64 40 (25) Y >64 >64 22 (25) Z 4
>64 32 (25WwoAModszBd 41 (25) AB 0.5 >64 38 (25) PCT/US2009/057727

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, ¢.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 pharmaceuticaily 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.

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
suitable for intravenous injection purposes. The cily sclutions 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,
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
invention topically when freating 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
mineral cils. 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
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.

In addition to treatment of human subjects, the therapeutic methods of the
invention also will have significant veterinary applications, e.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 freat 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
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
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
weight of recipient per day. The desired dose is suitably administered once daily, or several
sub-doses, e.g. 2 to 5 sub-doses, arc 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
normal use circumstances. Especially when employed for therapeutic treatment of humans
and animals in vive, 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
aluminum, calcium, and magnesium ijons should be duly considered in the conventional
manner,

Furthermore, the invention also pertains to the use of a tetracycline compound
of Formula [, 1I-A, II-B, IIL, 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
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

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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EXAMPLE 1: Non-antibacterial Derivatives of Minocycline
Minocycline derivatives (J, W, AF and AT) were tested and found to have no
anti-bacterial activity compared to minocycline, and are bic-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 collecied 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 FIPLC/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 Tin (hr) %P
(pg/mL) Synthesis
Inhibition®
ICs0 (UM)
Minocycline 1 1.9 3.6 31
W >64 >100 3.0 52
J >64 >100 2.5 65
AF >64 >100 3.1 77
AT >64 >100 6.4 42

2 E. coli-MIC (minimal inhibitory concentration) was determined by broth
micro-dilution methed 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 #
L1020) from Promega Corporation (Madison, WI), according to the manufacturer’s
instructions (technical bulletin # TB092).
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ID LCMS (Qbs. miz of M#) 'H NWR (300 MHz, CD30D, ppmrel. to CH3OH =
3.34 ppm) A 534 67.85 (s, 114), 7.58 (m 2H), 7.40 (m 2H), 4.15 (s,

1H), 3.42  (m 1H) °pR, Bhrisidkinbilds; A7 the Garhpléh weld-AnalyZed3d Licdms/N$Hind

1.62 (m 1H) B 535 61.45-1 .65, 1 0-2.15 (m 1H), 2.35-2.55
(m 1H), 2.p§f??“ete’§."be§ %ﬁ“@ﬂo“?‘"%@c’(@?"’ F){‘igl 6.0 (s, 214). 6.56.7
(m 2H) 6.9-7.0 % F, fraction of absorption after oral dosing of 5 mg/kg of compound.

5
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 ug of bovine type Il 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 ECsp 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/] mice were immunized i.d. with an emulsion of 200 ng bovine type I
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 fiee of skin.

2. The paws were then homogenized in ice-cold PBS (2 m1/4 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

The minocycline derivatives J, W, AF and AT inhibited joint inflammation
when administered afier disease onset in a murine collagen induced arthritis (CIA) model.
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.). Table 4B shows data for methotrexate dosed at 12
mg/kg/day i.p and the vehicle (i.p.). Table 4C shows data for minocycline dosed at 25
mg/kg/day i.p and the vehicle (i.p.). Table 4D shows data for Compound W dosed at 25
mg/kg/day i.p and the vehicle (i.p.). Table 4E shows data for Compound J dosed at 25
mg/kg/day i.p and the vehicle (i.p.). Table 4F shows data for Compound AF dosed at 25
mg/kg/day i.p and the vehicle (i.p.). Table 4G shows data for Compound AT dosed at 25

mg/kg/day i.p and the vehicle (i.p.).
Table 4A
Days
Compound 1 2 3 4 3 6 7 8
Dosed
Change in Vehicle Mean | 0.89 | 1.23 | 1.68 | 127 | 143 | 152 | 1.66 | 138
Paw SEM | 015 ] 016 | 017 | 016 | 016 | 017 | 018 | 015
Thickness Dexa- Mean | 092 | 0.57 | 047 | -007 | 0.03 | -0.13 | 0.04 | -0.21
(mm) methasone | SEM | 016 | 0.1 | 01 {009 | 01 | 007 | 008 | 007
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498 5 1.5-1.8 (m 111), 2.1-2.4 (n, IH) 2.4-2.6 (n, IH, 2.9-3.15 (m
61-3), 3.2-3.4 (n, 7H), 3.4-3.6 (n, 214), 4.16 (s, 1H), 5.0-5.2 (n,
214), 5. 9-Wwo2o{oi3s9sdH), 7.6 (s, 111) J 500 67.80 (s, llghwuskesddstrs7
111), 3.45 (n, 711), 3.25 (m 3H), 3.05 (m 8H), 2.53 (m 1H), 2.36
(dm 11-1), 1.32 (m 6H) K 529 67.34 (s, 1H), 3.93 (s, 311), 3.68 (t,
1H), 3.38 On, 11-0, 2.90 (m 211), 2.72 (s, 614), 2.59 (s 614),
2.20 (in, 4H), 2.20 (m 1H), 1.65 Tioledpd) L 496 61.4-1.7 (n, 1H),
2.05-2.2 (M &&l 2]2-2.45 (n, Z1T), 2. 512. 69 (In, |n) 4.8-3.0 (h,
8H), 3.3-3|4®mfamd P1-1), 3.7-3.18 (n| 2H],3 |440% (s,| |#) |5.755-5.8% [m
IH), 6.7-6 QDG.Sﬁd 1H) 7 15-7 3 I(m 1H) M514 68123 (': LB 412 [s,
| F), 3.38 n‘»}hﬁngr;i)1 3V25:]e( nh Mgs2 1)) 0713 98 (f 143 110293 lé (reé 6&‘1g)
2.51 (m 1H) ?v [ Ao ...SEM—. %}; 0.3 0.14 10414 /|, 0.145 4 Ap.13 | 0.1
' Thickiieds ™~ [ \ Metho-' | Méan | 0,77 | 0.68 0'7'1 ) "0.68 067\ i) 6‘“"0.45 0.28
{mm) trexate SEM | 013 | 01 | o1 | 01 | o1 0.1 | 008 | 0.08
Table 4C
Days
Compound 1 2 3 4 5 6 7 8
Dosed
Change in Vehicle Mean | 069 | 069 | 093 | 1.07 [ 128 | 146 | 147 | 1.73
Paw SEM | 008 | 009 | 01 | 01 [o011 | 011 {011 | 013
Thickness Mino- Mean | 074 [ 072 | 0.78 | 0.86 | 093 | 1.07 | 092 | 118
(mm) cycline SEM {011 | 012 | o011 o1l o011 | oIt | 011 | 013
5 Table 4D
Days
Compound 1 2 3 4 5 6 7 8
Dosed
Change in Vehicle Mean | 0.68 | 0.74 | 1.04 | 113 | 1.27 1.4 | 149 | 1.55
Paw SEM | 0.05 | 0.06 | 007 | 006 | 0.07 [ 0.07 | 007 | 0.08
Thickness | Compound | Mean | .71 | 0.41 | 046 | 056 | 051 | 045 | 035 | 0.60
(mm) W SEM | 009 | 007§ 01 | 008 | 007 | 008 | 009 | o011
Table 4E
Days
Compound 1 2 3 4 5 6 7 8
Dosed
Change in Vehicle Mean { 068 | 074 | 1.04 | 113 | 1.27 1.4 | 149 | 1.55
Paw SEM | 0.05 | 006 [ 007 ] 006 | 007 | 007 | 007 | 0.08
Thickness | Compound | Mean | 047 | 039 | 033 | 048 | 036 | 037 | 0.50 | 0.65
(mm) ] SEM | 007 {007 01 | 008 | 008 | 008 | o011 012
Table 4F
Days
Compound 1 2 3 4 5 6 7 8
Dosed
Change in Vehicle Mean 068 | 0.74 | 1.04 1.13 1.27 1.4 1.49 1.55
Paw SEM | 0.05 | 0.06 | 0.07 | 006 | 0.07 | 007 | 007 | 008
Thickness | Compound | Mean | 0.55 | 0.39 | 0.61 | 049 { 046 | 038 | 042 | 0.54
(mm) AF SEM | 007 | 0.06 | 009 | 007 | 008 | 006 | 007 | 0.14
10
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N 507 61.49-1.8 (n, | H), 2.0-2.25 (m 1H), 2.35-2.7 (n, 1H),
2.8-3.25 (m 91-3), 4.1 (s, 111), 3.38 (s, in), 6.57-6.80 (n,

311) 7. 0- 7. ¥o(10/0339341), 7.3-7.41 (in, 1H) 0 525 68.59 (mEgTdshdgo/osB2B6
(s, 1H), 7.74 (s, Ili), 4.19 (s, 1H), 3.50 (n, IN), 3.38 (n, 711),
3.22 (m 1H), 3.05 (m 7H), 2.65 (m 111), 2.36 (dm 1H), 1.70 (in,
11-1) P 540 61.55-1.8 (m 111), 2.1-2.35 (n, IFl) 2.4-2.55 (m

111), 2.9-3.15 (m 711), 3.15-3.5 (nya9d4a. 4.13 (s, 0.511). 4.85-4.9

(m 0.511) [ 7pdk-7]55 (m TIT),] 7.6 7. 7[(m [ LIII)7.9-[8.0 (nm, 1I1),
8.05-8.1 (mcCobddhyd Q 399 67.95 (|d,1 114}, |[7350 €¢in, 5114)¢ 71.38 ng ||F),
7.28 (d, 11=-1Fcsedg Q5 (s 111) 3. 05 (m 8H) 2 .824n Ill-1)1 2 40
On, 1111 2| 1Gwefeein 119hicle |1MBS (A8 12-%2 ROSYA1E57.198 |(d4 II—%-‘P 7.185 |On,
2111 7.70 ”;f%%“) 415 (SIESEEM k) 3.053 A8 0.§'h 0@@1)0,.075_ggj(n,m@udof;
1CKNESS C nd an . 3 055 { G.11 |"0.05 0.27 -0.01 | -0.08
3.10 (n, 111 {m - 0p ew GlsM 20.51%;0 Qoﬁg 0.08 | 006 | 01 | 0.06 | 0.08 | 0.07

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 inflammatjon suppression in CIA mice.

Table 5
% Inhibition T "
Compound (Dose) (Change in Paw % Inh1bétmn (Clinical
. core)
Thickness)
AVG SD AVG S$D
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 mgfkg/day i.p.) 71 16 45 2
Compound AF
(25 mp/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)
W 20
J 14
AF 12
AT 12
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111), 2.31 (din, 114), 1.65 (m 111) S 577 67.91 (n, 311), 7.69 (m
2H), 4.12 (s, 111), 3.36 (n, 111), 3.25 (m 611), 3.15 (m 114),
2.96 (dm +¥wbbpro/dsed (n, 111), 2.28 (dm  111), 1.61 (war/dskdgond7#4b7
68.30 (s, 111), 3.25 On, 1141 3.00 On, 1111 2.70 (s, 311), 2.50 (m
31-1), 2.13 (dm 111), 1.67 (n, 111) U 459 68.35 (s, | H), 3.38 (s,
111), 3.25 (n, 611), 3.21 (n, 111), 2.95 (m 111), 2.49 (n, 314),
2.15 (dm 111), 1. 65h¢mMinctidine ¥Yerb@iveb8 M&E(zﬁ),dATH)lhibfﬁeMZ (t, 211),
3.15 (dd, &%,84 3 ) 1 66
(n. 111) %&fijo%nng?brp }astlc ogg% P- Qrﬂ_,l éP }%Aﬁﬁ%) l;'ei]t;rt an
111), 3 2 4 TRpReY g yn vi él‘gbl(a shows_ﬂ}@me—lgl osogtf%assaﬁ @15[ b?lﬁ y31s
111), 1. 66 of mflamidpto bAgRarkSs Eihg(pew ektrfcts T®MACIA(1gice. 1Tlable, 8 sho8da r(cmpalis:b&) :

3.40 7 I 0 ymiée i era ukdiM
114) (T570%%%]1ﬂax§é?3t5rﬁ?@marke¥'éﬁp esBioR B faWk of ¢ mide Beutddwith3E) 1 8ordpl fdr

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 4]
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-© IL-1 IL-6 MCP-I RANKL
AVG SD AVG Sb AVG 8D AVG 8D 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 a0 15
Compound W 72 14 32 10 28 12 28 12 27 11
Compound J 68 I5 32 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 pug/ml. Optical density (OD)
determinations arc made from fresh log-phase broth cuitures of the test strains. Dilutions are
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Y 526 8 1.55-1.8 On, 7111 2.1-2.2 (n, 111) 2.3-2.7 On, 3111 2.95-3.1
(m 11-1), 3.15-3.25 (n, 211), 3.25-3.4 (in, 711), 3.6-3.85 (n, 211),
7.95 (s, IWopo@iG43067.34 (s, 111), 4.18 (q. 21-1), 3. GEWEs200bbE)727

3.36 (n, 1H), 2.90 (n, 211), 2.87 (s, 611), 2.59 (s, 611), 2.20 (s,
311), 2.19 (m 211), 2.61 (q, 111), 1.30 (t, 311) AA 487 8 8 30 (s,
111), 4.41 (q, 21-1), 3.37 (s, 111), 3.29 (in, 6H), 3.23 (n,  211),
2.98 (M 1ldalle tolchiBveldfinaBekl)densdy dB1xi 0NCFU/). , ALOIB, (N, dedstias for differch?

(t, 311) ABAB2E% BoafSoitddl, O 20 (s, TH), 8.3 (s, 11-1), 3 38

(in, 611), (in, 111), 2.51 (n, 311), 2.18 (dm
111), 1.70 (m IF!') AC 481 61.6-1.8 (n, 111), 2.1-2.3 (in, In)
2.35-2.7 (#eddl), 2.95-&105CFUMI, 111), 3.2-3.3 (m 111), 3.37-3.5

(n, 711)s5 % Apdus® (M | Hx10® CFUMI
Enterococcus sp. 2.5x10° CFU/ml

50 pl 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 °Cin 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 m! of an emulsion composed of 100 or 200 ug bovine type II collagen in
20 Complete Freund’s Adjuvant (50 ul/spot x 2 or 4 spots).
3. Atday 21 after the immunization, mice received an intradermal boost of 100 ul of an
emulsion composed of 100 pg bovine type II 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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8. 15-

8.25 (m 111), 8.51 (s, 111) Q 486 67.34 (s, 114), 3.93 (s,

311), 3.38 (dd, 111), 3.26 (m 1H), 2.75 (m 111), 2.58 (s, 61-1),
2.47 (n, 2Wolbbio/dzss® (s, 311), 2.06 (m 211), 1. 60( g, pc¥ds2009/05%432 8
9.32 (s, 111), 9.05 (m 1H), 8.92 (m 1H), 8.31 (s, 114), 8.25 (m
1141 3.38 (m 814), 3.15 (m 11-1), 2.56 (m 311), 2.20 (dm 114),
1.61 (m 114) AF 443 67.78 (s, 114), 3.18 (n, 414), 2.95 (m |H),
2.73 (g, 2H), 2.43 L. (Buythgdadnd ngld bdel{ivgmonfidet)to the mbdfophitardals) pr ankle Zodnt

110y 328 (a, 1120y EEt g et SrogyFprodgnldlyo g Boc 5T

2.13(dm 114), 1. 65 Hrythemaany maderate Swelligg ekteadifigfrord Hje ankle &> the Betptarsal

1H),

3. 15-

2.1-2.25 (Pusl1l), 2.35-2.7 (m 3H), 2.9-3.1 (in, 114),
3.3 (m I11), 3.38 (s, 111), 8.45 (s, 111) Al 534
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 (ng/mL) CIA Model
Compound Gram+ G

ram A | % Inhibition

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

RN450) 25922) £
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 C.5 >64 41 (25)
I - - 29 (25)
71 (25)
] 2 >64 34.(12)
K 4 >64 30(25)
2 64 48 (25)
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68.47 (s, 114), 7.71(m 214), 7.38 (m 211), 7.18 (m 114), 3.38
(s, 111), 3.26 (m 614), 3.21 (n, Ili), 3.00 (n, 11-1), 2.49 (in,
314), 2. W Htmz3kdl), 1.66 (m 114) A3 498 69.05 (s, sdrhs2oddbos,
i), 7.98 (s, IH, 3.40 (m 6H), 3.35 (s, 111), 3.29 (m 111),
3.05 (n, 114), 2.51 (m 3H), 2.20 (dm 111), 1.70(m 1H) AK 503
68.46 (s, 111), 4.43 (m 211), 3.91 (m 214), 3.36 (n, 614), 3.22

(m 214), B.0lu(n, [1Me 2.52 @, 103, 1£ (dm 114). 1.68 (m |
H AL 471 B8—25{s;—1H 313 {m 314} 2 98 (m 114). 2.50 (n,
31-1), 2| 12(¥m 114)0061 68 ¢m 11430G%. 1} (t, 314) AM 429 67.80 (s,
> % ?5,253121),%4)1'- ?d’sz TA\J@ \Zﬁzs(Mw)lmAN 421:9?067.521(2,1- ?121),
761 (m 2H), 7.42|n,0s3111 3629 (n,s@1s), | 2. 98
Q 0.5 32 28 (25)
R 2 >64 32 (25)
S >64 >64 46 (25)
S PR R T
U >64 >64 50 (25)
v 2 >64 43 (25)
60 (25)
W 4 >64 32 (12)
25 (6)
X 2 >64 40 (25)
¥ >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)
AE 1 >64 gggg;
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)
N R R
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(n, 1H, 2.45 (m 3H), 2.14 (dm 114), 1.65 (m 114) AO 517 61.55-1.8
(m 1H, 2.1-2.2 (m IH 2.3-2.6 (n, 311), 2.85-3.0 (n, 114),
3.0-3.2 Onwolbflossz-3.4 (m 211), 3.45 (s, 311), 3. 65-ge1Bus20dos772M .
4.4-4.45 (n, 211), 8.21 (s, IH) AP 497 67.56 (s, 111), 5.70 (t, IH),
4.12 (n, 214), 3.01 (n, |

H, 2.72 (m  H), 2.56 (s, 614), 2.36 (m
1,

214), 1.99-2.3 (m _514), 94 (n. 2H).  1.5-1.85 (n, 214) AQ 414

67.42 (d, [L1-1), 6.|77 (d, [L14), 2]79d@®s 1}4), 2.29 (n, 31-1), 2.02
(m IH), 1} 58&9 I , 3.16| (dd4 6]11) 6eAR)52% 5 1.47 (d, J= 7.5 Hz,
614), 1.55-1.75 (mj IIl), R.0-2.2 m36(ﬂl) 2.15-2.6 (m 3H),
2.6-2.9 ( 71-1), [3.05-3.119 (in, -3.45 (m 31-1), 8.00
(s, I'H 230/ 033939PCTY USZ609 05 A 495 S1.6-L8 (m 111),
2.1-2.25 (m—-H)—2 35-2. 66 (m 3 .2 (m 611), 3.2-3.3 (m
1H), 3.79 (s, A3)11) 6.8 (s| 144, ’.552@58, _11), 7.75 (brs, 11-1) AT
AP 4 >64 63 (25)
76 (25)
AQ 1 >64 62(12)
AR 0.5 >64 64 (25)
36 (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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494 5 1.6-1.8 (m 1H), 2.05-2.2 (m In) 2.33-2.65 (m 311), 2.9-3.1
(m 111), 3.1-3.29 (m 8H), 3.51 (m 311), 6.01-6.2 (m 211), 6.72-
6.85 (m 1&b)2010/33Bo(s, 11-1) AU 457 5 7.73 (111), 3. 1lpcmuszbdksir
2.94 (m 111), 2.43 (m 3H), 2.11 (dm 111), 1.63 (m 1H), 1.26 (m
611) AV 455 80.70-0.90 )m 111), 0.91-1.15 (m 11-1), 1.58-1.80 (m
111),  2.00-2.40 (m 211), 2.40-2.65 (m 311), 2.80-3.10 (s, 111),
3.10- 3.40 (brm 81-1), 7.45 (s, |Mblaly485 67.69 (s, IH), 3.11
(dd, 111) [ GmsHind LM [ E-NAR (00 MH2Z £HJOD, gnided. to CH,OR = 3 y 12.12 (dm
1H), 1.65|(mm11l)@bd=mP6 (s, 911) AX 513 68.16 (s, 111), 3.18 (m
114), 3.07_(s, 21MfME) 97 (m 111), 2.50 (m 31-1), 2.12 (dm 1H),
1.66 (m 1) AL 0p (¥ OBIEAPULY @AMSHE 11 W38 (d, 111),
3.20 (m 2H), 2.89 (in, Jgﬁﬁj’jli‘)’?-%z@dié‘”(zss?(dd’1§&?t§°,(d“2.‘ﬁ?e'-ﬁ(zﬁﬂ’: 311), 2.18
(dm 1H), |1.66 (n} 1H)

B 535 | 51.45-1.65 (m, 1H), 2.0-2.15 (m, 1H), 2.35-2.55 (m, 1), 2.8-
2.95 (m, 9H), 4.05 (s, 1H), 6.0 (s, 2H), 6.5-6.7 (m, 2H) 6.9-7.0
(m, 2H), 7.35-7.45 (m, 1H)

C 457 | 6 1.4-1.65 (m, [H), 1.9-2.2 (m, 1H) 2.3-2.6 (m, 4H), 2.7-3.05
(m, 7H), 3.05-3.2 (m, 1H), 3.4-3.6 (m, 1H), 4.05 (s, 1H), 6.8-
6.95 (m, 1H), 7.85-8.0 (m, 1H)

D 581 51.4-1.6 (m, 1H), 1.8-1.9 (m, 0.5H), 2.0-2.1 (m, 0.5H), 2.4-2.6
(m, 1H), 2.7-3.2 (m, SH), 3.7-3.8 (m, SH), 4.0 (s, 0.5H), 6.5-
6.53 (m, 2H), 6.8-6.9 (m, 1H) 7.4-7.5 (m, 1H)

E 500 | 60.95-1.05 (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 | 57.38(d, 1H), 6.85 (d, 1H), 4.41 (s, I H), 3.55 (m, 1H), 2.95 (s,
6H), 2.70 (m, SH), 1.55 (d, 3H), 1.20 (¢, 3H)

H 486 | 57.69 (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 | 8 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)

J 500 | 57.80 (s, 1H), 4.20 (s, [H), 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 | 57.34 (s, 1H), 3.93 (s, 3H), 3.68 (¢, 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, TH)

L 496 | 6 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 | 5823 (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), 1.11 (t, 3H)

N 507 | 6 1.49-1.8 (m, tH), 2.0-2.25 (m, 1H), 2.35-2.7 (m, 1H), 2.8-3.25

(m, 9H), 4.1 (s, 1H), 3.38 (s, 1H), 6.57-6.80 (m, 3H) 7.0-7.2 (m,
2H), 7.3-7.41 (m, 1H)

0 525 | 58.59 (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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AZ 519 5 8.02 (s, 111), 7.83 (m 211), 7.65 (m 111), 7.50 (m 211),
3.18 (dd, 1H), 3.04 (m 1H), 2.51 (m 31-1), 2.15 (dm 111), 1.70
(m 111)wBAeBR63897.26 (d, IH), 6.67 (d, IH, 2.98 (debr/d3pend7iz®
On, 11-1), 2.44 (m 211), 2.20 (n, 411), 2.01 (m 111), 1.56 (m
111) BB 439 68.03 (s, 1H), 7.96 (d, 11-1), 7.36 (s, 111), 6.96 (d,

1H), 3.64 (m ___11-1) 84 (m 1112 48 (m 311\ 202 (m 111),
1.59(m 11) B 41p 619 949 dm 1H)6f1 > 11D }B, *Gdd,| 111), 2.78
(in, 111), 2.52 | (s, 31 5_7 Hg(Efk ,lff}) (m’ 1. 55 (m 1H)
EQUI VALENTS 5Those ski l | |g reco n| ze or He able to
ascertain rous

equi val ents t® th s%em }ﬁsré’égé%gg'ﬁgdﬁ éfgzﬁ?{zé 5(scuch

equi val ents are cpnsi derq I'h e present

i nventioniand arej coveredd bv the following clains. The contents of

al| references, p’:t &t s, Sdr?&(s%éli ém(ma@% 770Gt 3445 @ilHR 840t hrloughout
t

this application jare her » 30BN EE (MThe 10
appropri ate conponents, cessés rre hods of those patents,
appl i cati ¢ons and [ot et Qac:rlsmamm myn,bm,&el(senn eds mOm),he Ar esent

I nventi on|and enbpodi nment|dmiahsp.e0m, IMNAES (dnSHEE.3li(mad), 88 (dd.. UYse of a

tetracycline conppund in ‘Fhétani® acture of a nedicament flor the
treat ment TECSF O T T 1, $25 (TR, S 08 U qu)gr,(g(g[mpﬁ,%u rine conpound
Is selected fromiie groupcomststhng), 067 m, CH, H3C, 1,|{CH3 H 000.
00HO014: j
U 459 | 58.35(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)
v 500 | &8.45 (s, 1H), 3.42 (t, 2H), 3.15 (dd, 1), 3.00 (m, 1H), 2.51
(m, 3H), 2.15 (dm, 1H), 1.66 (m, 1H), 1.00 (t, 3H)
w 473 8 8.30 (s, 1H), 3.95 (s, 3H), 3.36 (5, 1H), 3.24 (m, 8H), 2.98 (m,
1H), 2.50 (m, 3H), 2.15 (dm, 1H), 1.66 (m, 1H)
X 482 | 88.50 (s, 1H), 8.40 (s, 1H), 7.80 (s, 1H), 3.40 (m, 7H), 3.25 (m,
1H), 3.05 (m, 1H), 2.55 (m, 3H), 2.17 (dm, 1H), 1.70 (m, 1H)
Y 526 | 81.55-1.8 (m, 7H), 2.1-2.2 (mn, 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 87.34 (s, 1H), 4.18 (g, 2H), 3.68 (&, 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
(g, 1H), 1.30 (1, 3H)

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

AB 482 8 9.35 (s, 1H), 9.20 (s, 1H), 8,31 (s, 1H), 3.38 (m, 6H), 3.21 (m,

2H), 3.02 (m, 3H), 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 | 87.34 (5, 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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0 A H C. N CH3 HROH 010101 NR2 NJOH OOH 0o AC H, c,

CtiHO-l 3 -FFK 0.0.1HH2 CH3 OH OOFP 0 AD o O H3H30, N, CH3
WD 20H/038301- 10 Spi pmpu NH2 C HA N CH3 HH OH *BOrussbbo/eSHenH
0 OCH3 H30, 1:1 000. OH OOH N. OH3 HrOH NI-12 0 D

AE 492 | §9.32 (s, 1H), 9.05 (m, 1H), 8.92 (m, 1H), 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 | 57.78 (s, 1H), 3.18 (m, 4H), 2.95 (m, 1H), 2.73 (q, 2H), 2.43
(m, 3H), 2.11 (dm, 1H), 1.64 (m, 1H), 1.24 (t, 3H)

AG 481 5 8.29 (s, 1H), 7.65 (t, 1H), 7.20 (d, 1H), 6,61 (m, 1H), 3.24 (d,
LH), 3.14 (dd, 1H), 2.98 (m, 1HD), 2.49 (m, 3H), 2.13(dm, 1H)
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 5 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, [H), 3.00 (m, 1H), 2.49 (m, 3H),
2.12 (dm, 1H), 1.66 (m, 1H)

AT 498 |5 9.05 (s, IH), 8.15 (s, 1H), 7.98 (5, 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)

AK 503 5 8.46 (s, 1H), 4.43 (m, 2H), 3.91 (m, 2H), 3.36 (m, 6H), 3.22
(m, 25D, 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 (1, 3H)

AM 429 | 87.80 (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 5 7.91 (s, 1H), 7.6 1 (m, 2, 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 | 61.55-1.8 (m, 1H), 2.1-2.2 (m, LH) 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 | 87.56 (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, 5H), 1.94 (m, 2H),
1.5-1.85 (m, 2H)

AQ 414 | 57.42(d, 1H), 6.77 (4, 1H), 2.79 (m, 1H), 2.29 (m, 3H), 2.02
(m, 1H), 1.58 (m, 1), 1.16 (dd, 6H)

AR 525 | 8 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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Hc,NcH HH3ICNOH3 -OH .1.0.1 Nliz OHOOHO EH C, N CH HH--OHO
**OS NFI2 1OHOOhI O AG OH 00.0 H OK OHOOX00 F I'1"' HH scati OH i NH2
SNI LT PPl | WB\3b10A36$30045 0 Al | 011.7-N' sir OH OH OGH(19:£2009/057727

110110." 12NH2 G H c-wcH3 OH MOCHOCFP 0 Id H C. ..
HC N CH HH-

10

OH NH, OFP O H

AS 495 3 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 (5, 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, LH)

AU 457 3 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 (mn, 6H)

AV 455 3 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 {5, 1H), 3.10-
3.40 (brm, 8H), 7.45 (s, 1H)

AW 485 8 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, IH), 0.96 (s, 9H)

AX 513 3 8.16 (s, 1H), 3.1 8 (m, 1H), 3.07 (s, 2H), 2.57 (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 5 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 8 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 8 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, | H)

BC 414 § 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

CH OHO 1....

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

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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HC N. CH H S 000. c-INCHOOH HOH NH, 0 AJ HC . CH o
000. WOHO H,C CH hitiOHNH 01-PO I HAN.cH a OH..---,..0lke
| NFNH, HO OOH OOFP 0 AK c...cH, 8,0 000. CH, OH 0 H3c,N,cHa HHr OH
NH, OH 00 J H3c, N,CH, HOH 11301. 00.NH, O0OHOOH 0O AL H3C' CH, H 0000
criNOCHO 61-1, HC N. CH OHNH OFt00 K

What is claimed is:

L. 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:

A AC
HyCopp-CHy
AD
¢ HLC., . CH; AE
H . _oH
oS ee e
| N/ OH Q OHD Q Q
D
E H,C. - CH, 9 AG
H B
< = OH
oS UIT I
\ f OH Q OHO O 0
F Ny AH
ey OH
i T
\kN Sy NH,
o ono ofb o
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C'CH Li3,, Njahydsh7OHNH, OHO L H C, N CH _ NH 0000 NH *oH oo FP
.. ANHC N CH8,0.14, CH H OH *00. NH2 HP OOH OCH 000 M H, CCH, H
H, c, 0,0 1000.1n OOHOOFF 0 AO OH OH3C, H 0000 OH OCHO. N, C H3 Hr

HG. g CHs
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ODHOOO

H Al
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OH
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I AK
MO O

sesesd

O o4 0 OI'PO

J AL
HC.py B H H=ﬁ‘§'°"'= MG -CHy
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o LI I O‘OU
CH,OH O OH O O & tno 0P
K AM
HC.\-CH, Hag‘y,CH, G CHy

Q OH Q OI-POO
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Hu e O,
L on o
H,C.O/\,O = HNH,
QO OH O DIP
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OHNH2 0 NHC CH E-1tiO4d 0000 NEI 2 OHO01? O AP H3C' CH H3C' CH,

HH 0 0000 OHNN2
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S AU
HyB. ,CH
N‘ 3
0o
ae UL T
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AS HC CHHC , CH 0.0 OHNE% Hi C*OH 001P O CH, R H3C, N, CH,
H --OH H3CN 0000 N\H, OHOOH @O AT HC N, CHHCN CH OHas ****
NH, 0411,04 0045 0 NH3 S H3C,CH H OH H C **SS N' CH OH OCFI0 AU
H3C. N CH, HHOH O *S00 NH, CH3 CHOOH O T H3C, N, CH HH 0000 NH, 7CH
V OHOOH 00 AV C NCH3
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H110H HO eeee NH, OOHOOH O U N-.N. OHO 11101110 HH OH NH2 OHOH 00 AW
H CCH CHNHH CH HNla NH, OOH OOFP 00 V .."Nt HH OHd ens NH2 OCH
OOH % H3C'CH HH OH eeee NH, 0OOH OOH 00 WH3a. ,CH, CH3 0 eine HH
OHNH OH O AY HCNCH .1:11:104 0 005 NH, OH 00H 00

and pharmaceutically acceptable salts.

2. The use of claim 1, wherein said tetracycline compound is administered to
a subject having rheumatoid arthritis at the dosage between about 6 mg/kg/day to about
25 mg/kg/day.

3. The use of claim 1, wherein said compound is

H,C.  -CH, Ghlrml

N
H H
= = OH
o MU X,
9]

"
N OHO OH O O

4, The use of claim 1, wherein said compound is

HyCay-CHy

7. The use of claim 1, wherein said compound is

82



X HC NCH 41 Qe 00 HR 110a OH 1111PNH, .110.0 il AZ H3C, N, cH,

HH CH

eeee NHOOHOOHo YCHOHO In.*

OH HOH NH2 O |

BA

H3CCH, H3C, N, CH, OH H, C 0005 NH, o'NOH 00115 0 ) H, C Z HHr

eel *

NH, OH 0O0CH 0O BB Hac N. H,

g. The use of claim 1, wherein said compound is

AN OH
LT

9., The use of claim 1, wherein said compound is

HyC., CH,

OH
esoeed
OH O OI—PO o]

N

10.  The use of claim 1, wherein said compound is

N
8.0 o
AL
0

o oo of't

11.  The use of claim 1, wherein said compound is

HE. C"':

s

12.  The use of claim 1, wherein said compound is
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AA H3C. N. 0 HOH eeee NH,' OCHOOH 0 AB 0 0000 BD and
pharmaceutically acceptable salts. 2. The use of claiml,
wherein said tetracycline conpound is adm nistered to a subject
having rheunmatoid arthritis at the dosage between about 6 ng/ kg/ day

to about 25 ny/kg/ day. 3. The use of claiml, wherein said
conmpound is H3c..N. CH3Chtrnl HH OH k-N CGHO OH 0 O 4. The use
of claiml, V\herelnsaldconpoundls H CHSOO 0 OCHO0 OH 5.

The use of clailm 1, T%@e@fﬁla@aimhﬁmmmmmdm 6. The use of
claiml1, wherein @@l@l, corrpound is He, NN CH3 H OH *000 CH3 OH 0 0145

0 7. The use awl, wherein said conpound is 8. The use
of claim1l1, whergj o\ gound is CH 12. The use of claim]1l,
wherein said coip g, &, CH SO0 OH NH OHO OHO

14.  The use of claim |, wherein said compound is

H,C. cu,
g OO,

o wo ofb o
15.  The use of claim I, wherein said compound is

H,C. . CH,
O‘QU y
OH O E}I‘FJ O

16.  The use of claim 1, wherein said compound is

17.  The use of claim 1, wherein said compound is

18.  The use of claim 1, wherein said compound is
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13. The use of claim1, wherein said conmpound is 14. The use of
claim1l1, wherein said conmpound is H3C CH, H ON NH2 ON 0 OFF. 0 15.
The use of claiml1l, wherein said conpound is Ho. NcH OCHNI 0O
11, C CH, 18.The use of claim1l1l, wherein said conpound is 19. The
use of claim1l1, wherein said compound is

19.  The use of claim 1, wherein said compound is

HC., . CH
N 3

He H B on

3

I T
I & & &5 8§

20.  The use of claim 1, wherein said compound is
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