
l|||||||||||||ll||l||||||||l|||||||||||||||||||||l||||||||||l||||||||||||||||||||||||||||| 
US 20050143352A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0143352 A1 

Nelson et al. (43) Pub. Date: Jun. 30, 2005 

(54) SUBSTITUTED TETRACYCLINE (21) Appl, NQ; 10/877,928 
COMPOUNDS 

(22) Filed: Jun. 25, 2004 
(75) Inventors: Mark L. Nelson, Norfolk, MA (US); 

Kwasi ()hemeng, Norwood, MA (Us); Related US Application Data 
Paul Abato, Providence, RI (US); 
Victor Amoo, Daphne, AL (Us); (60) Provisional application No. 60/486,017, ?led on Jul. 
Haregewein Assefa, Braintree, MA 9, 2003. Provisional application No. 60/525,287, ?led 
(Us); Joe] Berniac, Stoneham, MA on Nov. 25, 2003. Provisional application No. 60/530, 
(US); Beena Bhatia, Mans?eld, MA 123, ?led on Dec- 16, 2003 
(US); Todd Bowser, Charlton, MA _ _ _ _ 
(US); Jackson Chen, Williamsville, NY Publlcatlon Classl?catlon 

cambrlfgf? 1Z1? (51) Int. Cl? ...................... .. A61K 31/65; c071) 221/18 
, yman, os in a e, 

MA Mohamed YI Ismail, U-S- Cl- .......................... .. Bedford, MA (Us); Oak K_ Kim, 546/285; 548/364.4; 552/203 

Cambridge, MA (US); Jude Mathews, 

Waltham, Mechiche, South Boston, MA (US) 

Correspondence Address; The present invention pertains, at least in part, to novel 
LAHIVE & COCKFIELI), LLR substituted tetracycline compounds. These tetracycline com 
28 STATE STREET pounds can be used to treat numerous tetracycline com 
BOSTON, MA 02109 (Us) pound-responsive states, such as bacterial infections and 

neoplasms, as Well as other knoWn applications for tetracy 
(73) Assignee; Paratek Pharmaceuticals, Inc,’ Boston, cline compounds such as blocking tetracycline ef?uX and 

MA modulation of gene expression. 



US 2005/0143352 A1 

SUBSTITUTED TETRACYCLINE COMPOUNDS 

RELATED APPLICATIONS 

[0001] This patent application claims priority to US. 
Provisional Patent Application Ser. No. 60/530,123, ?led 
Dec. 16, 2003; US. Provisional Patent Application Ser. No. 
60/525,287, ?led Nov. 25, 2003; and US. Provisional Patent 
Application Ser. No. 60/486,017, ?led Jul. 9, 2003, all of 
Which are entitled “Substituted Tetracycline Compounds.” 
The entire contents of each of the aforementioned applica 
tions are hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The development of the tetracycline antibiotics 
Was the direct result of a systematic screening of soil 
specimens collected from many parts of the World for 
evidence of microorganisms capable of producing bacterio 
cidal and/or bacteriostatic compositions. The ?rst of these 
novel compounds Was introduced in 1948 under the name 

chlortetracycline. TWo years later, oXytetracycline became 
available. The elucidation of the chemical structure of these 
compounds con?rmed their similarity and furnished the 
analytical basis for the production of a third member of this 
group in 1952, tetracycline. A neW family of tetracycline 
compounds, Without the ring-attached methyl group present 
in earlier tetracyclines, Was prepared in 1957 and became 
publicly available in 1967; and minocycline Was in use by 
1972. 

[0003] Recently, research efforts have focused on devel 
oping neW tetracycline antibiotic compositions effective 
under varying therapeutic conditions and routes of admin 
istration. NeW tetracycline analogues have also been inves 
tigated Which may prove to be equal to or more effective 
than the originally introduced tetracycline compounds. 
Examples include US. Pat. Nos. 2,980,584; 2,990,331; 
3,062,717; 3,165,531; 3,454,697; 3,557,280; 3,674,859; 
3,957,980; 4,018,889; 4,024,272; and 4,126,680. These pat 
ents are representative of the range of pharmaceutically 
active tetracycline and tetracycline analogue compositions. 

[0004] Historically, soon after their initial development 
and introduction, the tetracyclines Were found to be highly 
effective pharmacologically against rickettsiae; a number of 
gram-positive and gram-negative bacteria; and the agents 
responsible for lymphogranuloma venereum, inclusion con 
junctivitis, and psittacosis. Hence, tetracyclines became 
knoWn as “broad spectrum” antibiotics. With the subsequent 
establishment of their in vitro antimicrobial activity, effec 
tiveness in experimental infections, and pharmacological 
properties, the tetracyclines as a class rapidly became Widely 
used for therapeutic purposes. HoWever, this Widespread use 
of tetracyclines for both major and minor illnesses and 
diseases led directly to the emergence of resistance to these 
antibiotics even among highly susceptible bacterial species 
both commensal and pathogenic (e.g., pneumococci and 
Salmonella). The rise of tetracycline-resistant organisms has 
resulted in a general decline in use of tetracyclines and 
tetracycline analogue compositions as antibiotics of choice. 
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SUMMARY OF THE INVENTION 

[0005] In one embodiment, the invention pertains to a 
7,9-substituted tetracycline compound of Formula I: 

(I) 

: Ol|||||||||||..... PU 5 
OR 

[0006] Wherein: 

[0007] X is CHC(R13Y‘Y), CR6'R6, s, NR6, or o; 

[0008] R2, R2’, R4’, and R4" are each independently 
hydrogen, alkyl, alkenyl, alkynyl, alkoXy, alkylthio, 
alkylsul?nyl, alkylsulfonyl, alkylamino, arylalkyl, 
aryl, heterocyclic, heteroaromatic or a prodrug moi 
ety; 

[0009] R4 is NR4'R4", alkyl, alkenyl, alkynyl, 
hydroXyl, halogen, or hydrogen; 

[0010] R2’, R3, R10, R11 and R12 are each hydrogen or 
a pro-drug moiety; 

[0011] R5 is hydroXyl, hydrogen, thiol, alkanoyl, 
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, 
alkynyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfo 
nyl, alkylamino, arylalkyl, alkyl carbonyloXy, or aryl 
carbonyloXy; 

[0012] R6 and R6’ are each independently hydrogen, 
methylene, absent, hydroXyl, halogen, thiol, alkyl, 
alkenyl, alkynyl, aryl, alkoXy, alkylthio, alkylsul? 
nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0013] R7 ethyl, perhalogenated alkenyl, substituted 
pyridinyl, pyraZinyl, furanyl, or pyraZolyl; 

[0014] R8 is hydrogen, hydroXyl, halogen, thiol, 
alkyl, alkenyl, alkynyl, aryl, alkoXy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0016] R9'‘) and R9b are each independently hydrogen, 
alkyl, alkenyl or linked to form a heterocycle; 

[0017] R13 is hydrogen, hydroXy, alkyl, alkenyl, alky 
nyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfonyl, 
alkylamino, or an arylalkyl; and 

[0018] Y‘ and Y are each independently hydrogen, halo 
gen, hydroXyl, cyano, sulfhydryl, amino, alkyl, alkenyl, 
alkynyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfonyl, alky 
lamino, or an arylalkyl, and pharmaceutically acceptable 
salts thereof. 
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[0019] In another embodiment, the invention pertains to a 
9-substituted tetracycline compound of formula II: 

(II) 

O 7i 
H O||||||||||||..... 

[0020] Wherein: 

[0021] X is CHC(R13Y‘Y), CR6'R6, S, NR6, or O; 

[0022] R2, R4’, R4", R7’ and R7" are each hydrogen, 
alkyl, alkenyl, alkynyl, alkoXy, alkylthio, alkylsul? 
nyl, alkylsulfonyl, alkylamino, arylalkyl, aryl, het 
erocyclic, heteroaromatic or a prodrug moiety; 

[0023] R4 is NR4'R4", alkyl, alkenyl, alkynyl, aryl, 
hydroXyl, halogen, or hydrogen; 

[0024] R2’, R3, R10, R11 and R12 are each hydrogen or 
a pro-drug moiety; 

[0025] R5 is hydroXyl, hydrogen, thiol, alkanoyl, 
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, 
alkynyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfo 
nyl, alkylamino, arylalkyl, alkyl carbonyloXy, or aryl 
carbonyloXy; 

[0026] R6 and R6’ are independently hydrogen, meth 
ylene, absent, hydroXyl, halogen, thiol, alkyl, alk 
enyl, alkynyl, aryl, alkoXy, alkylthio, alkylsul?nyl, 
alkylsulfonyl, alkylamino, or an arylalkyl; 

[0027] R7 is NRTRTI, alkyl, alkenyl, alkynyl, aryl, 
hydroXyl, halogen, or hydrogen; 

is ro en, roX , ao en, t 10 , 0028 R8 ' hyd g hyd yl h l g h' 1 
alkyl, alkenyl, alkynyl, aryl, alkoXy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0029] R9 is —CH2NR9"‘R9b, or linked with R10 to 
form a furanyl ring; 

0030 R93 is h dro en, alk l, alken l, alk n I, Y g Y Y Y Y 
alkoXy, alkylthio, alkylsul?nyl, alkylsulfonyl, alky 
lamino, arylalkyl, aryl, heterocyclic, or heteroaro 
matic; 

[0031] 
[0032] R8 is hydrogen, hydroXyl, halogen, thiol, 

alkyl, alkenyl, alkynyl, aryl, alkoXy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0033] R13 is hydrogen, hydroXy, alkyl, alkenyl, alky 
nyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfonyl, 
alkylamino, or an arylalkyl; 

[0034] Y‘ and Y are each independently hydrogen, 
halogen, hydroXyl, cyano, sulfhydryl, amino, alkyl, 
alkenyl, alkynyl, alkoXy, alkylthio, alkylsul?nyl, 

R9b is hydrogen or alkyl; 
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alkylsulfonyl, alkylamino, or an arylalkyl, and phar 
maceutically acceptable salts, esters and prodrugs 
thereof. 

[0035] In another embodiment, the invention pertains to 
7-substituted tetracycline compounds of formula III: 

(III) 

[0036] Wherein: 

[0038] R2, R2’, R4’, and R4" are each independently 
hydrogen, alkyl, alkenyl, alkynyl, alkoXy, alkylthio, 
alkylsul?nyl, alkylsulfonyl, alkylamino, arylalkyl, 
aryl, heterocyclic, heteroaromatic or a prodrug moi 
ety; 

[0039] R4 is NR4'R4", alkyl, alkenyl, alkynyl, aryl, 
hydroXyl, halogen, or hydrogen; 

[0040] R2’, R3, R10, R11 and R12 are each hydrogen or 
a pro-drug moiety; 

[0041] R5 is hydroXyl, hydrogen, thiol, alkanoyl, 
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, 
alkynyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfo 
nyl, alkylamino, arylalkyl, alkyl carbonyloXy, or aryl 
carbonyloXy; 

[0042] R6 and R6’ are each independently hydrogen, 
methylene, absent, hydroXyl, halogen, thiol, alkyl, 
alkenyl, alkynyl, aryl, alkoXy, alkylthio, alkylsul? 
nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0043] R7 is substituted or unsubstituted pyraZolyl, 
furanyl, thiophenyl, or thiaZolyl; 

[0044] R8 is hydrogen, hydroXyl, halogen, thiol, 
alkyl, alkenyl, alkynyl, aryl, alkoXy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0045] R9 is hydrogen; 

[0046] R13 is hydrogen, hydroXy, alkyl, alkenyl, alky 
nyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfonyl, 
alkylamino, or an arylalkyl; and 

[0047] Y‘ and Y are each independently hydrogen, halo 
gen, hydroXyl, cyano, sulfhydryl, amino, alkyl, alkenyl, 
alkynyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfonyl, alky 
lamino, or an arylalkyl, and pharmaceutically acceptable 
salts thereof. 
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[0077] W‘ is 0, NR”, or s; 

[0078] R13 is 4-alkyl substituted phenyl, and phar 
maceutically acceptable salts, esters and prodrugs 
thereof. 

[0079] In another further embodiment, the invention per 
tains, at least in part, to methods for treating subjects for 
tetracycline responsive states by administering to them an 
effective amount of a tetracycline compound of the inven 
tion, e.g., a compound of formula I, II, III, IV, V, or a 
tetracycline compound otherWise described herein. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0080] The present invention pertains, at least in part, to 
novel substituted tetracycline compounds. These tetracy 
cline compounds can be used to treat numerous tetracycline 
compound-responsive states, such as bacterial infections and 
neoplasms, as Well as other knoWn applications for minocy 
cline and tetracycline compounds in general, such as block 
ing tetracycline efflux and modulation of gene expression. 

[0081] The term “tetracycline compound” includes many 
compounds With a similar ring structure to tetracycline. 
EXamples of tetracycline compounds include: chlortetracy 
cline, oXytetracycline, demeclocycline, methacycline, san 
cycline, chelocardin, rolitetracycline, lymecycline, apicy 
cline; clomocycline, guamecycline, meglucycline, 
mepylcycline, penimepicycline, pipacycline, etamocycline, 
penimocycline, etc. Other derivatives and analogues com 
prising a similar four ring structure are also included (See 
Rogalski, “Chemical Modi?cations of Tetracyclines,” the 
entire contents of Which are hereby incorporated herein by 
reference). Table 1 depicts tetracycline and several knoWn 
other tetracycline derivatives. 

OH O OH O 

Oxytetracycline 

(31 H OH N(Me)z 

OH 

\ CONHZ 
OH 

OH O OH O 

Demeclocycline 
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-continued 

OH O OH O 

Minocycline 

CH2 OH N(Me)2 

OH 

\ CONHZ 
OH 

OH O OH O 

Methacycline 

CH3 OH N(Me)2 

OH 

\ CONHZ 
OH 

OH O OH O 

DoXycycline 

C1 H3C OH N(Me)z 

OH 

\ CONHZ 
OH 

OH O OH O 

Chlortetracycline 

H3C OH N(Me)z 

OH 

\ CONHZ 
OH 

OH O OH O 

Tetracycline 

N(Me)2 

OH 

\ CONHZ 
OH 

OH O OH O 

Sancycline 
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-continued 

CH3 N(Me)2 

OH 

H3C \ CONHZ 
OH 

OH OH OH O 

Chelocardin 

[0082] Other tetracycline compounds Which may be modi 
?ed using the methods of the invention include, but are not 
limited to, 6-demethyl-6-deoXy-4-dedimethylaminotetracy 
cline; tetracyclino-pyraZole; 7-chloro-4-dedimethylami 
notetracycline; 4-hydroXy-4-dedimethylaminotetracycline; 
12ot-deoXy-4-dedimethylaminotetracycline; 5-hydroXy-6ot 
deoXy-4-dedimethylaminotetracycline; 4-dedimethylamino 
12ot-deoXyanhydrotetracycline; 7-dimethylamino-6-dem 
ethyl-6-deoXy-4-dedimethylaminotetracycline; 
tetracyclinonitrile; 4-oXo-4-dedimethylaminotetracycline 
4,6-hemiketal; 4-oXo-11a C1-4-dedimethylaminotetracy 
cline-4,6-hemiketal; 5a,6-anhydro-4-hydraZon-4-dedim 
ethylamino tetracycline; 4-hydroXyimino-4-dedimethy 
lamino tetracyclines; 4-hydroXyimino-4-dedimethylamino 
5a,6-anhydrotetracyclines; 4-amino-4-dedimethylamino 
5a,6 anhydrotetracycline; 4-methylamino-4-dedimethy 
lamino tetracycline; 4-hydraZono-11a-chloro-6-deoXy-6 
demethyl-6-methylene-4-dedimethylamino tetracycline; 
tetracycline quaternary ammonium compounds; anhydrotet 
racycline betaines; 4-hydroXy-6-methyl pretetramides; 
4-keto tetracyclines; S-keto tetracyclines; 5a,11a dehydro 
tetracyclines; 11a C1-6, 12 hemiketal tetracyclines; 11a 
C1-6-methylene tetracyclines; 6,13 diol tetracyclines; 
6-benZylthiomethylene tetracyclines; 7,11a-dichloro-6 
?uoro-methyl-6-deoXy tetracyclines; 6-?uoro ((X)-6-d6II1 
ethyl-6-deoXy tetracyclines; 6-?uoro ([3)-6-demethyl-6 
deoXy tetracyclines; 6-0. acetoXy-6-demethyl tetracyclines; 
6-[3 acetoXy-6-demethyl tetracyclines; 7,13-epithiotetracy 
clines; oXytetracyclines; pyraZolotetracyclines; 11a halo 
gens of tetracyclines; 12a formyl and other esters of tetra 
cyclines; 5,12a esters of tetracyclines; 10,12a-diesters of 
tetracyclines; isotetracycline; 12-a-deoXyanhydro tetracy 
clines; 6-demethyl-12a-deoXy-7-chloroanhydrotetracy 
clines; B-nortetracyclines; 7-methoXy-6-demethyl-6-deoX 
ytetracyclines; 6-demethyl-6-deoXy-5a-epitetracyclines; 
8-hydroXy-6-demethyl-6-deoXy tetracyclines; monardene; 
chromocycline; 5a methyl-6-demethyl-6-deoXy tetracy 
clines; 6-oXa tetracyclines, and 6 thia tetracyclines. 

[0083] 1. 7,9-Substituted Tetracycline Compounds 

[0084] The invention also pertains, at least in part to 
7,9-substituted tetracycline compounds. 

[0085] The term “7,9-substituted tetracycline compounds” 
includes tetracycline compounds With substitution at the 7 
and 9-positions. In one embodiment, the substitution at the 
7- and 9-positions enhances the ability of the tetracycline 
compound to perform its intended function, e.g., treat tet 
racycline responsive states. In an embodiment, the 7,9 
substituted tetracycline compound is 7,9-substituted tetra 
cycline (e.g., Wherein R4 is NR4'R4"; R4’ and R4" are methyl, 
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R5 is hydrogen and X is CR6R6', Wherein R6 is methyl and 
R46’ is hydroXy); 7,9-substituted doXycycline (e.g., Wherein 
R is NR4'R4"; R4’ and R4" are methyl, R5 is hydroXyl and X 
is CR6R6', Wherein R6 is methyl and R6’ is hydrogen); or 
7,9-substituted sancycline (Wherein R4 is NR4'R4"; R4’ and 
R4" are methyl; R5 is hydrogen and X is CRGR6v Wherein R6 
and R6’ are hydrogen atoms. In an embodiment, the substi 
tution at the 7 position of the 7,9-substituted tetracycline 
compound is not chlorine or trimethylamino. In one embodi 
ment, R4 is hydrogen. 

[0086] In one embodiment, the invention pertains to 7,9 
substituted tetracycline compounds of Formula I: 

(I) 

Rs 

[0087] Wherein: 

[0089] R2, R2’, R4’, and R4" are each independently 
hydrogen, alkyl, alkenyl, alkynyl, alkoXy, alkylthio, 
alkylsul?nyl, alkylsulfonyl, alkylamino, arylalkyl, 
aryl, heterocyclic, heteroaromatic or a prodrug moi 
ety; 

[0090] R4 is NR4, R4", alkyl, alkenyl, alkynyl, 
hydroXyl, halogen, or hydrogen; 

[0091] R2, R3, R10, R11 and R12 are each hydrogen or 
a pro-drug moiety; 

[0092] R5 is hydroXyl, hydrogen, thiol, alkanoyl, 
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, 
alkynyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfo 
nyl, alkylamino, arylalkyl, alkyl carbonyloXy, or aryl 
carbonyloXy; 

[0093] R6 and R6’ are each independently hydrogen, 
methylene, absent, hydroXyl, halogen, thiol, alkyl, 
alkenyl, alkynyl, aryl, alkoXy, alkylthio, alkylsul? 
nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0094] R7 is ethyl, perhalogenated alkenyl, substi 
tuted pyridinyl, pyraZinyl, furanyl, or pyraZolyl; 

[0095] R8 is hydrogen, hydroXyl, halogen, thiol, 
alkyl, alkenyl, alkynyl, aryl, alkoXy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0096] R9 is —CH2NR9"‘R9b; 

[0097] R9'‘) and R9b are each independently hydrogen, 
alkyl, alkenyl or linked to form a heterocycle; 

[0098] R13 is hydrogen, hydroXy, alkyl, alkenyl, alky 
nyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfonyl, 
alkylamino, or an arylalkyl; and 
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[0099] Y‘ and Y are each independently hydrogen, halo 
gen, hydroXyl, cyano, sulfhydryl, amino, alkyl, alkenyl, 
alkynyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfonyl, alky 
lamino, or an arylalkyl, and pharmaceutically acceptable 
salts thereof, provided that R7 and R9 are not both unsub 
stituted phenyl. 

[0100] In a further embodiment, X is CRGRG; R2, R2’, R6, 
R6’, R8, R10, R11, and R12 are each hydrogen; R4 is NR4'R4"; 
R4’ and R4" are loWer alkyl; and R5 is hydroXy or hydrogen. 
In another further embodiment, R4" and R4" are each methyl 
and R5 is hydrogen. 

[0101] In an embodiment, R7 is ethyl and R93 is alkyl and 
R9b is alkenyl. In another embodiment, R7 is substituted 
pyraZinyl Examples of possible substituents include halo 
gens, such as ?uorine. In another embodiment, R93 is alkyl 
and R9b is alkenyl. In another further embodiment, R9'‘) and 
R9b are linked to form a heterocycle. In a further embodi 
ment, the linked heterocycle is substituted piperidinyl. In a 
further embodiment, the piperdinyl is substituted With one or 
more ?uorines or halogenated alkyl groups, e.g., at the 2, 3, 
4, or 5 position. In another embodiment, the R9 moiety is 
(4‘tri?uoromethyl-piperdin-1-yl) methyl, (4‘,4‘-di?uoro-pip 
erdin-l-yl) methyl, or (4‘-?uoropiperdin-1-yl) methyl. 

[0102] In another embodiment, R93 is hydrogen and R9b is 
alkyl. Other examples of compounds include those Wherein 
R7 is furanyl, and R98 is hydrogen or alkyl and R9b is alkenyl, 
e.g., 1,2,2-tri?uoroethenyl. 

[0103] In another embodiment, R93 is hydrogen or alkyl 
and R9b is alkenyl. In another embodiment, R7 is pyraZolyl 
and R98 is hydrogen or alkyl and R9b is alkenyl or alkyl. 

[0104] In a further embodiment, the invention pertains to 
tetracycline compounds selected from the group consisting 
of: 
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CH3 H3C /CH3 

CH3 CH3 
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-continued 

Chiral 

[0105] and pharmaceutically acceptable salts, esters, and 
prodrugs thereof. 

[0106] 2. 9-Substituted Tetracycline Compounds 

[0107] In another embodiment, the invention pertains to 
9-substituted tetracycline compounds. 

[0108] The term “9-substituted tetracycline compounds” 
includes tetracycline compounds With substitution at the 9 
position. In one embodiment, the substitution at the 9-posi 
tion enhances the ability of the tetracycline compound to 
perform its intended function, e.g., treat tetracycline respon 
sive states. In an embodiment, the 9-substituted tetracycline 
compound is 9-substituted tetracycline (e.g., Wherein R4 is 
NR4'R4", R4’ and R4" are methyl, R5 is hydrogen and X is 
CRGRG, Wherein R6 is methyl and R6’ is hydroXy, and R7 is 
hydrogen); 9-substituted doXycycline (e.g., Wherein R4 is 
NR‘UR‘U, R4’ and R4" are methyl, R5 is hydroXyl and X is 
CRGRG, Wherein R6 is methyl and R6’ is hydrogen, and R7 is 
hydrogen); 9-substituted minocycline (Wherein R4 is 
NR4'R4", R4’ and R4" are methyl; R5 is hydrogen and X is 
CR6R6v Wherein R6 and R6’ are hydrogen atoms, and R7 is 
dimethylamino); 9-substituted 4-dedimethylamino tetracy 
cline compound, Wherein X is CR6R6', R4, R5, R6’, R6, and 
R7 are hydrogen; and 9-substituted sancycline (Wherein R4 
is NR4'R4", R4’ and R4" are methyl; R5 and R7 are hydrogen 
and X is CR6R6v Wherein R6 and R6’ are hydrogen atoms). 
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[0109] In another embodiment, the invention pertains to 
tetracycline compounds of formula II: 

(II) 

[0110] Wherein: 

[0111] X is CHC(R13Y‘Y), CR6'R6, S, NR6, or O; 

[0112] R2, R4’, R4", R7’ and R7" are each hydrogen, 
alkyl, alkenyl, alkynyl, alkoXy, alkylthio, alkylsul? 
nyl, alkylsulfonyl, alkylamino, arylalkyl, aryl, het 
erocyclic, heteroaromatic or a prodrug moiety; 

[0113] R4 is NR4'R4", alkyl, alkenyl, alkynyl, aryl, 
hydroXyl, halogen, or hydrogen; 

[0114] R2’, R3, R10, R11 and R12 are each hydrogen or 
a pro-drug moiety; 

[0115] R5 is hydroxyl, hydrogen, thiol, alkanoyl, 
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, 
alkynyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfo 
nyl, alkylamino, arylalkyl, alkyl carbonyloXy, or aryl 
carbonyloXy; 

[0116] R6 and R6’ are independently hydrogen, meth 
ylene, absent, hydroXyl, halogen, thiol, alkyl, alk 
enyl, alkynyl, aryl, alkoXy, alkylthio, alkylsul?nyl, 
alkylsulfonyl, alkylamino, or an arylalkyl; 

[0117] R7 is NRTRT', alkyl, alkenyl, alkynyl, aryl, 
hydroXyl, halogen, or hydrogen; 

[0118] R8 is hydrogen, hydroXyl, halogen, thiol, 
alkyl, alkenyl, alkynyl, aryl, alkoXy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0119] R9 is —CH2NR9"‘R9b, or linked with R10 to 
form a furanyl ring; 

[0120] R9'‘) is hydrogen, alkyl, alkenyl, alkynyl, 
alkoXy, alkylthio, alkylsul?nyl, alkylsulfonyl, alky 
lamino, arylalkyl, aryl, heterocyclic, or heteroaro 
matic; 

[0121] R9b is alkoXycarbonyl, arylaminocarbonyl, or 
aryloXycarbonyl; 

[0122] R8 is hydrogen, hydroXyl, halogen, thiol, 
alkyl, alkenyl, alkynyl, aryl, alkoXy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0123] R13 is hydrogen, hydroXy, alkyl, alkenyl, alky 
nyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfonyl, 
alkylamino, or an arylalkyl; 

[0124] Y‘ and Y are each independently hydrogen, 
halogen, hydroXyl, cyano, sulfhydryl, amino, alkyl, 
alkenyl, alkynyl, alkoXy, alkylthio, alkylsul?nyl, 
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alkylsulfonyl, alkylamino, or an arylalkyl, and phar 
maceutically acceptable salts, esters and prodrugs 
thereof. 

[0125] In a further embodiment, R4 is NR4'R4"; X is 
CRGRG'; R7 is NRTRTI, R2’, R5, R6, R6’, R8, R9, R10, R11, and 
R12 are each hydrogen; and, R4’, R4", R7’, and R7" are each 
loWer alkyl. In another embodiment, R9'‘) is alkyl, alkenyl, or 
arylalkyl. Examples of R9b include alkoXycarbonyl, alkami 
nocarbonyl, aryloXycarbonyl, and arylaminocarbonyl. In 
another embodiment, R9'‘) and R9b are linked to form a 
heterocyle, e.g., a substituted or unsubstituted piperdinyl 
ring. In a further embodiment, the piperdinyl is substituted 
With one or more ?uorines or halogenated alkyl groups, e.g., 
at the 2, 3, 4, or 5 position. In another embodiment, the R9 
moiety is (4‘tri?uoromethyl-piperdin-1-yl) methyl, (4‘,4‘ 
di?uoro-piperdin-l-yl) methyl, or (4‘-?uoropiperdin-1-yl) 
methyl. 

[0126] In another embodiment, R4 is NR4'R4", R4’ and R4" 
are methyl, R5 is hydroXyl and X is CRGRG, Wherein R6 is 
methyl and R6’ is hydrogen, and R7 is hydrogen In another 
embodiment, R93 is alkyl, alkenyl, or arylalkyl. In a further 
embodiment, the piperdinyl is substituted With one or more 
?uorines or halogenated alkyl groups, e.g., at the 2, 3, 4, or 
5 position. In another embodiment, the R9 moiety is (4‘tri 
?uoromethyl-piperdin-l-yl) methyl, (4‘,4‘-di?uoro-piper 
din-l-yl) methyl, or (4‘-?uoropiperdin-1-yl) methyl. 

[0127] In another further embodiment, R98 is substituted 
alkyl. Examples include alkoXy substituted alkyl (e.g., 
—(CH2)2—O—CH3), alkenyl substituted alkyl (e.g., 
—CH2—CH=C(CH3)2, —CH2—C(CH3)=CHCH3, 
—CH2—CH=CH-phenyl, etc.), heterocyclic substituted 
alkyl (e.g., —CH2-furanyl, —CH2—CH=CH-furanyl, 
—CH2-pyridinyl, optionally substituted), cyano substituted 
alkyl (e.g., (CH2)2—CN, etc.), alkynyl substituted alkyl 
(e.g., —(CH2)2—C=CH, etc.), halogen substituted alkyl 
(e.g., (CH2)2—CF3, (CH2)3—CF3, —CH2—CF3, —CH2— 
CHZF, etc.), amido substituted alkyl (e.g., —CH2— 
C(=O)—N(CH3)2, —CH2—C(=O)—NH2, etc.), carbonyl 
substituted alkyl (e.g., CH2—C(=O)—CH3, —CH2— 
C(=O)—C(CH3)3, etc.), hydroXy substituted alkyl (e.g., 
(CH2—CH(OH)—CH3, —CH2—C(OH)(CH3)2, etc.), 
—CH2—C(=N—O—CH3)—CH3, cycloalkyl (e.g., ada 
mantyl, etc.). 
[0128] In another embodiment, R93 is substituted or 
unsubstituted benZyl. In a further embodiment, R93 is sub 
stituted With one or more ?uorines (e.g., at the 2, 3, 4, 5, or 
6 positions). 

[0129] In a further embodiment, R9b is hydrogen, substi 
tuted or unsubstituted alkyl (e.g., methyl, ethyl, —CH2— 
CH=CH-furanyl, —CH2—CH=C(CH3)2, —(CH2)3— 
CF3, —(CH2)2—CH2F, —CH2—CH2F, —(CH2 2—CF3, 
—CH2—CF3, etc.). 
[0130] In another further embodiment, R98 and R9b may be 
linked to form a pyrrolidinyl, piperaZinyl, piperidinyl, 
pyraZinyl, aZapanyl, thiomorpholinyl, morpholinyl, tetrahy 
droquinolinyl, or a decahydroquinolinyl ring. The ring 
maybe substituted With one or more ?uorines at the 2, 3, 4, 
or 5 position. The ring may also be substituted With one or 
more ?uorinated alkyl groups (e.g., CHZF, —CHF2, CF3, 
etc.), cyano groups, hydroXy groups, alkyl groups (e.g., 
methyl, ethyl, spiro-cycloheXyl, t-butyl, etc.), heterocyclic 
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(e.g., optionally substituted morpholinyl), thiol groups, 
alkoXy groups, alkyloXycarbonyl groups, carbonyl groups 
(optionally bonded directly to an atom in the ring), and 
eXocyclic and endocyclic double bonds. In one embodiment, 
the ring is substituted With a =CF2 group. The ring may also 
be linked to a —O—(CH2)2—O— group Which maybe 
attached to the pyrollidinyl or piperidinyl ring through one 
carbons or through tWo adjacent carbons. 

[0131] When R9 is linked to R10 to form a furanyl ring, the 
ring can be further subsituted, e.g., With phenyl or other 
substituents Which alloW the compound of the invention to 
perform its intended function. 

[0132] In a further embodiment, the tetracycline com 
pound is selected from the group consisting of: 

H3C CH H c CH \ / 3 3 / 3 
N \ 15 
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N 

[0133] and pharmaceutically acceptable salts, esters, and 
prodrugs thereof. 

[0134] 3. 7-Substituted Tetracycline Compounds 

[0135] In one embodiment, the invention pertains to novel 
7-substituted tetracycline compounds. 

[0136] The term “7-substituted tetracycline compounds” 
includes tetracycline compounds With substitution at the 7 
position. In one embodiment, the substitution at the 7-posi 
tion enhances the ability of the tetracycline compound to 
perform its intended function, e.g., treat tetracycline respon 
sive states. In an embodiment, the 7-substituted tetracycline 
compound is 7-substituted tetracycline (e.g., Wherein R4 is 
NR4'R4", R4’ and R4" are methyl, R5 is hydrogen and X is 
CR6R6', Wherein R6 is methyl and R6’ is hydroXy); 7-sub 
stituted doXycycline (e.g., Wherein R4 is NR4'R4", R4’ and 
R4" are methyl, R5 is hydroXyl and X is CRGRG', Wherein R6 
is methyl and R6’ is hydrogen); 7-substituted tetracycline 
compound, Wherein X is CRGRG, R4, R5, R6’, and R6 are 
hydrogen; or 7-substituted sancycline (Wherein R4 is 
NR4'R4", R4’ and R4" are methyl; R5 is hydrogen and X is 
CR6R6v Wherein R6 and R6’ are hydrogen atoms). 

[0137] The invention pertains, at least in part, to 7-sub 
stituted tetracycline compound of Formula III: 

(III) 

ORll 

[0138] Wherein: 

[0139] X is CHC(R13Y‘Y), CR6'R6, CECRGRG, s, 
NR6, or O; 

[0140] R2, R2’, R4’, and R4" are each independently 
hydrogen, alkyl, alkenyl, alkynyl, alkoXy, alkylthio, 
alkylsul?nyl, alkylsulfonyl, alkylamino, arylalkyl, 
aryl, heterocyclic, heteroaromatic or a prodrug moi 
ety; 
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[0141] R4 is NR4'R4", alkyl, alkenyl, alkynyl, aryl, 
hydroxyl, halogen, or hydrogen; 

[0142] R2’, R3, R10, R11 and R12 are each hydrogen or 
a pro-drug moiety; 

[0143] R5 is hydroxyl, hydrogen, thiol, alkanoyl, 
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, 
alkynyl, alkoxy, alkylthio, alkylsul?nyl, alkylsulfo 
nyl, alkylamino, arylalkyl, alkyl carbonyloxy, or aryl 
carbonyloxy; 

[0144] R6 and R6’ are each independently hydrogen, 
methylene, absent, hydroxyl, halogen, thiol, alkyl, 
alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkylsul? 
nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0145] R7 is substituted or unsubstituted pyraZolyl, 
furanyl, thiophenyl, or thiaZolyl; 

[0146] R8 is hydrogen, hydroxyl, halogen, thiol, 
alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkyl 
sul?nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0147] R9 is hydrogen; 

[0148] R13 is hydrogen, hydroxy, alkyl, alkenyl, alky 
nyl, alkoxy, alkylthio, alkylsul?nyl, alkylsulfonyl, 
alkylamino, or an arylalkyl; and 

[0149] Y‘ and Y are each independently hydrogen, halo 
gen, hydroxyl, cyano, sulfhydryl, amino, alkyl, alkenyl, 
alkynyl, alkoxy, alkylthio, alkylsul?nyl, alkylsulfonyl, alky 
lamino, or an arylalkyl, and pharmaceutically acceptable 
salts thereof. 

[0150] In a further embodiment, R4 is N4'R4"; X is 
CRGRG", R2, R2’, R5, R6, R6’, R8, R9, R10, R11, and R12 are 
each hydrogen; and, R4’, and R4 are each loWer alkyl, e.g., 
methyl. 
[0151] In one embodiment, the tetracycline compound is a 
doxycycline compound and R7 is substituted or unsubsti 
tuted aminomethyl (e.g., —CH2NR7"‘R7b). 
[0152] In one embodiment, R7 is substituted (e. g., N-alkyl 
substituted) or unsubstituted pyraZolyl. In another embodi 
ment, R7 is diethyl amino. In another, R7 is substituted 
amino methyl. In a further embodiment, the substituted 
aminomethyl is substituted With a pentyl group (e.g., 
—CH2—C(CH3)3), tWo methyl groups, or ?uorinated alkyl 
(e.g., ?uorinated propyl, e.g., —CH2—CH2—CF3). 

[0153] In another embodiment, R7 is substituted phenyl. In 
a further embodiment, R7 is phenyl substituted at the 5 
position (of the phenyl ring) With an alkyl substituted amino 
methyl group (e.g., (—CH2—N(CH3)2, —CH2—NH— 
CH(CH3)2, —CH2—N(CH3)—CH(CH3)2, —CH2—N-pip 
erdinyl), —CH2NH—CH3, —CH2—NH-cyclopropyl, 
CH2—NH-t-butyl, —CH2—N(CH3)-benZyl, —CH2— 
N(CH3)—CH2—CH=CH2, CH2—NH—(CH2)2—CF3, 
CH2—NH—CH2—C(=O)—NH2, or —CH2—NH-cyclo 
hexyl,). In a further embodiment, the piperdine may be 
substituted at its 4 position (e. g., With ?uorine, methyl, etc.). 

[0154] In another embodiment, When R7 is a phenyl sub 
stituted at the 5 position With an alkyl substituted amino 
methyl group, the phenyl may also be substituted With a 
?uorine (e.g., at the 2, 3, 4, or 6 position) or an alkoxy (e.g., 
methoxy group) at the 2, 3, 4, or 6 position. 
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[0155] In another embodiment, R7 is phenyl With a 2-po 
sition amino alkyl substituent. In a further embodiment, the 
substituent is dialkylaminomethyl (e.g., dimethylaminom 
ethyl, —CH2—N-piperaZinyl). In a further embodiment, the 
piperaZine is substituted With one or more ?uorine or methyl 
groups. In another further embodiment, the phenyl R7 is 
further substituted at the 3, 4, 5, or 6 position With a methoxy 
group. In another embodiment, the phenyl is linked to a 
methylene dioxy group through its 4 and 5 positions. 

[0156] In another embodiment, R7 is phenyl With a 4-po 
sition amino alkyl (e.g., aminomethyl) substituent. In a 
further embodiment, the aminoalkyl substituent is —CH2— 
NH—CH(CH3)2, —C(CH3)—NH—(CH2)2—CH2F, 
—CH2—NH—CH2-cyclohexenyl, —CH2—N-piperidinyl, 
—CH2—N(CH3)—CH2—CH=CH2, or —CH2—NH— 
(CH2)2—CF3)~ 
[0157] In another embodiment, R7 is phenyl substituted 
With a —C(=N—O—R)—R‘ group, Wherein R and R‘ are 
each alkyl. In a further embodiment, the substituent is at the 
4-position of the phenyl ring. In another embodiment, R7 is 
phenyl substituted at the 4-position With an alkoxyalkyl 
group (—CH2—O—CH3). In another embodiment, R7 is 
phenyl substituted With an alkylcarbonylamino group. 

[0158] In another embodiment, R7 is substituted furanyl. 
In a further embodiment, the furanyl is attached at the 
2-position of the furanyl ring. In a further embodiment, the 
furanyl is substituted With an amino alkyl, e.g., aminomethyl 
group at its 5-position. Examples of aminomethyl groups 
include: —CH2N(CH3)—CH2—C6H5, —CH2—N(CH3)— 
CH2—CH=CH2, —CH2—N(CH3)—CH(CH3)2, or 
—CH2—N-piperidinyl. In another embodiment, the furanyl 
is substituted at the 3-position, e.g., With an aminoalkyl 
substituent. Examples of such substituents include —CH2— 
N(CH3)2, —CH2—N-piperidinyl. 

[0159] In another embodiment, R7 is substituted furanyl 
attached at its 3-position. In a further embodiment, the 
furanyl is substituted With an aminoalkyl substituent. In 
another further embodiment, the aminoalkyl substituent is 
—CH2—N-piperaZinyl or —CH2—N—(CH3)2. 

[0160] In another embodiment, R7 is substituted or unsub 
stituted thiophenyl. In a further embodiment R7 is is substi 
tuted With an aminoalkyl moiety. In another further embodi 
ment, the aminoalkyl moiety is —CH2—N—(CH3)2. 

[0161] In another further embodiment, R7 is substituted 
pyridinyl. In a further embodiment, R7 is attached to the 
phenyl ring at its 3-position. In another further embodiment, 
it is substituted With a aminoalkyl moiety at its 5-position. 
Examples of aminoalkyl moieties include —CH2—N— 
(CH3)2, —CH2—N-piperidinyl, —CH2—N(CH3)—CH2— 
CH=CH2, or —CH2—N(CH3)—CH(CH3)2. 

[0162] In another further embodiment, R7 is alkylcarbo 
nylaminoalkyl. In another further embodiment, R7 is 
—CH2—NH—C(=O)—CH3. 
[0163] In another further embodiment, R7 is amino sub 
stituted alkenyl. In another further embodiment, R7 is 
—CH=CH—CH2—N(CH3)2 or —CH=CH—CH2—N-pi 
peridinyl. In another embodiment, R7 is amino substituted 
alkynyl (e.g., —CEC—CH2—N(CH3)—(CH2)2—CF3 or 
—CEC—(CH2 2—N-piperidinyl. 
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[0164] In another further embodiment, R7 is substituted 
—CH2—N-piperidiny1. In certain embodiments, the pip- _C0ntinued 
eridinyl is substituted With one or more ?uorines, e.g., at the 
4-position of the piperdine ring. 

[0165] In another embodiment, the R7 substitutuent is 
alkylaminocarbonyl. In a further embodiment, the substitu 
ent is —C(=O)—NH—(CH2)2—N(CH3)2. 

[0166] In another further embodiment, the R7 substituent 
is aminoalkylcarbonyl. In a further embodiment, the sub 
stituent is —C(=O)—CH2—N(CH3)2, —C(=O)—CH2— 
NH—(CH2)2—OCH3, —C(=O)—CH2—N-piperidiny1 
and —C(=O)—CH2—N-pyroI1idiny1. 

[0167] In another further embodiment, the R7 substituent 
is N-piperdinyl substituted alkyl. In a further embodiment, 
the R7 substituent is —(CH2)4—N-piperdinyI or 
—(CH2)2—N-piperdinyI. 
[0168] In another embodiment, the R7 substituted is 
—CH —NCH C=O—CH. OH O OH O O 

( 2)2 ( 3)2 or ( ) 3 H3C\ /CH3 
[0169] In another further embodiment, the R7 substituent 
is aminoalkyloxycarbonyl. Examples of aminoalkyloxycar 
bonyl substituents include C(=O)—O—(CH2)2—N-piper 
dinyl and —C(=O)—O—(CH2)2—N(CH3)2. 

[0170] In a further embodiment, the compounds of the 
invention are: 

NH; 

NH2 
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