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10-SUBSTITUTED TETRACYCLINES AND METHODS OF USE THEREOF

Related Application
| This application is claims priority to U.S. Provisional Patent Application Serial

No. 60/816,066, filed on June 23, 2006 and to U.S. Provisional Patent Application Serial
No 60/701,730, entitled “10 Substituted Tetracyclines and Methods of Use Thereof,”
filed on July 21, 2005; the entire contents of each of which are hereby incorporated
herein by reference. :

Background of the Invention
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 bacteriocidal and/or bactertostatic
compositions. The first of these novel compounds was mtroduced in 1948 under the
name chlortetracycline. Two years later, oxytetracycline became available. The
elucidation of the chemical structure of these compounds confirmed 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 i 1957 and became publicly
available in 1967; and minocycline was in use by 1972.

Recently, research etforts have focused on developing new tetracycline antibiotic
compositions effective under varying therapeutic conditions and routes of
administration. New tetracycline analogues have also been investigated which may
prove to be equal to or more eitective than the originally introduced tetracycline
compounds. Examples include U.S. Patent 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 patents are representative of the range of pharmaceutically active
tetracycline and tetracycline analogue compositions.

Historically, soon after their imitial 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 conjunctivitis, and psittacosis. Hence,
tetracyclines became known as "broad spectrum” antibiotics. With the subsequent
establishment of their i vitro antimicrobial activity, effectiveness 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 miunor illnesses and diseases led directly to the emergence of resistance

to these antibiotics even among highly susceptible bacterial species both commensal and
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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.

More recently, tetracycline compounds have also been found useful against a
wide variety of disorders not necessarily related to antibacterial activity. Examples of
such disorders include, for example, cancer, inflammatory disorders (e.g., arthritis),viral
infections, neurological disorders, aortic or vascular aneurysms, ischemia, stroke,
chronic lung disorders, bone mass disorders and diabetes.

Summary of the Invention
In one embodiment, the invention pertains, at least in part, to 10-substituted

tetracycline compounds. In a further embodiment, the invention pertains to compounds
of formula (I):

R7 R5 R5' R4 R4'

NR?R?Z

R12
R10 o OR""- O 0 (1)

wherein

X is CHC(R’Y’Y), C=CR"Y, CR®R?, S, NR®, or O;

R*,R*, R™, and R™ are each independently hydrogen, alkyl, alkenyl,
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, aryl,
heterocyclic, heteroaromatic or a prodrug moiety;

R®, R'" and R'? are each are each independently hydrogen, alkyl, alkenyl,
aryl, alkynyl, aralkyl, acetyl, alkylcarbonyl, alkenylcarbonyl, arylcarbonyl,
alkynylcarbonyl, alkyloxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbonyl,
aryloxycarbonyl, alkylaminocarbonyl, alkenylaminocarbonyl, alkynylaminocarbonyl,
arylaminocarbonyl, alkylthiocarbonyl, alkenylthiocarbonyl, alkynylthiocarbonyl,
arylthiocarbonyl, alkyloxythiocarbonyl, alkenyloxythiocarbonyl,
alkynyloxythiocarbonyl, aryloxythiocarbonyl, alkylaminothiocarbonyl,
alkenylaminothiocarbonyl, alkynylaminothiocarbonyl, arylaminothiocarbonyl,
alkylthiothiocarbonyl, alkenylthiothiocarbonyl, alkynylthiothiocarbonyl, or
arylthiothiocarbonyl;

R* and R are each independently NR*™R™, alkyl, alkenyl, alkynyl,
hydroxyl, halogen, or hydrogen,; |

R> and R® are each independently hydroxyl, hydrogen, thiol, alkanoyl,
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, |
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alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, alkyl carbonyloxy, or aryl
carbonyloxy;

R°and R® are each independently hydrogen, methylene, absent,
hydroxyl, halogen, thiol, alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkylsulfinyl,
alkylsulfonyl, alkylamino, or an arylalkyl;

R’ is hydrogen, alkyl, alkenyl, alkynyl, halogen, hydroxyl,
alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate,
phosphonato, phosphinato, cyano, amino, acyl, acylamino, amidino, imino, sulthydryl,
alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, arylsulfinyl, alkylsulfonyl,
arylsulfonyl, sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido,
alkylaryl, aryl, a heterocyclic moiety or —(CHg)o-g(NR7°)o-1C(=W’)WR7a;

R® is hydrogen, hydroxyl, halogen, thiol, nitro, alkyl, alkenyl, alkynyl,
aryl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, amino, arylalkenyl,
arylalkynyl, acyl, aminoalkyl, heterocyclic, thionitroso, or
~(CHz)o3(NR™)o.1C(=E”)ER™; |

R’ is hydrogen, hydroxyl, halogen, thiol, nitro, alkyl, alkenyl, alkynyl,
aryl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, arylalkyl, amido, carboxylate,
aminocarbonyl, arylalkenyl, arylalkynyl, acyl, aminoalkyl, heterocyclic, thionitroso, or
—(CH2)0-3(NR™)0.1C(=Z")ZR™;

R is hydro gen, alkyl, alkenyl, alkynyl, halogen, alkylcarbonyloxy,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, arylaminocarbonyl, alkylthiocarbonyl, arylthiocarbonyl;
phosphate, phosphonato, phosphinato, cyano, amino, acylamino, amidino, imino,
sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, arylsulfinyl,
alkylsulfonyl, arylsulfonyl, sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl,
cyano, azido, alkylaryl, aryl or a heterocyclic moiety;

R™ R R, R™ R’ R R® R®™ R R¥ R® R¥ R® R% R R
R”®, and R™ are each independently hydrogen, acyl, alkyl, alkenyl, alkynyl, alkoxy,
alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, aryl, heterocyclic,
heteroaromatic or a prodrug moiety;

R is hydrogen, hydroxy, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, aryl,
alkylsulfinyl, alkylsulfonyl, alkylamino, or an arylalkyl;
| E is CR*R®, S, NR® or O;

E’is O, NR%, or S;

W is CR™“R’, S, NR"" or O;
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W’ is O, NR", or S;

Y’ and Y are each independently hydrogen, halogen, hydroxyl, cyano,
sulthydryl, amino, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,
alkylamino, or an arylalkyl;

Z is CR™R™, S, NR™ or O;

Z’1s0,S, or NR”, and pharmaceutically acceptable salts, prodrugs,
esters and enantiomers thereof.

In another embodiment, the invention pertains, at least in part, to tetracycline

compounds of formula (;I):
R

RE RYRY RA

8
R | /x\
NR?R?
J \
K—O O OR™ O 0O (ID)

wherein :

X is CHC(R’Y’Y), C=CR"Y, CR°R®, S, NR®, or O;

R* R*, R* and R™ are each independently hydrogen, alkyl, alkenyl,
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, aryl,
heterocyclic, heteroaromatic or a prodrug moiety;

R>, R and R are each are each independently hydrogen, alkyl, alkenyl,
aryl, alkynyl, aralkyl, acetyl, alkylcarbonyl, alkenylcarbonyl, arylcarbonyl,
alkynylcarbonyl, alkyloxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbonyl,
aryloxycarbonyl, alkylaminocarbonyl, alkenylaminocarbonyl, alkynylaminocarbonyl,
arylaminocarbonyl, alkylthiocarbonyl, alkenylthiocarbonyl, alkynylthiocarbonyl,
arylthiocarbonyl, alkyloxythiocarbonyl, alkenyloxythiocarbonyl,

alkynyloxythiocarbonyl, aryloxythiocarbonyl, alkylaminothiocarbonyl,

alkenylaminothiocarbonyl, alkynylaminothiocarbonyl, arylaminothiocarbonyl,
alkylthiothiocarbonyl, alkenylthiothiocarbonyl, alkynylthiothiocarbonyl, or
arylthiothiocarbonyl,;

R* and R* are each independently NR*R™, alkyl, alkenyl, alkynyl,
hydroxyl, halogen, or hydrogen;

R’ and R’ are each indep endently hydroxyl, hydrogen, thiol, alkanoyl,
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, alkynyl, alkoxy, alkylthio,
alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, alkyl carbonyloxy, or aryl

carbonyloxy;
R®and R® are each independently hydrogen, methylene, absent,

hydroxyl, halogen, thiol, alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkylsulfinyl,
alkylsulfonyl, alkylamino, or an arylalkyl; |
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R’ is hydrogen, alkyl, alkenyl, alkynyl, halogen, alkylcarbonylbxy,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, arylaminocarbonyl, alkylthiocarbonyl, arylthiocarbonyl;
phosphate, phosphonato, phosphinato, cyano, amino, acylamino, amidino, imino,
sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, arylsulfinyl,
alkylsulfonyl, arylsulfonyl, sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl,
cyano, azido, alkylaryl, aryl, a heterocyclic moiety, or —(CH2)0-3(1\1R7C)o-1C(==W’)WR7a;

R® is hydrogen, hydroxyl, halogen, thiol, nitro, alkyl, alkenyl, alkynyl,
aryl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, amino, arylalkenyl,
arylalkynyl, acyl, aminoalkyl, heterocyclic, thionitroso, or
~(CHz)o-3(NR )01 C(=E")ER™;

R R™ R R7d R R”. R® R® R R R% R¥ are each
independently hydrogen, acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylsulfinyl,
alkylsulfonyl, alkylamino, arylalkyl, aryl, heterocyclic, heteroaromatic or a prodrug
moiety;

R" is hydrogen, hydroxy, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, arvl,
alkylsulfinyl, alkylsulfonyl, alkylamino, or an arylalkyl;

Jis CR?"*R*'®, O, S, or NR*';

K is CR**R*®, 0, S, or NR**

R*'® R*'® R*'C R*® R* R*™ are each independently hydrogen,
hydroxyl, alkyl, alkenyl, alkynyl, aryl, arylalkyl, amido, alkylamino, amino, arylamino,
alkylcarbonyl, arylcarbonyl, alkylaminocarbonyl, alkoxy, alkoxycarbonyl,
alkylcarbonyl, alkyloxycarbonyl, arylcarbonyloxy, aryloxy, phosphate, phosphonato,
phosphinato, cyano, acylamino, amidino, imino, sulfhydryl, thiol, alkylthiol, arylthiol, ,
thiocarboxylate, sulfates, alkylsulfinyl, arylsulfinyl, alkylsulfonyl, arylsulfonyl,
sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl,
alkylsilyl, arylsilyl, or absent;

Q is a double bond when J is CR*"*R*'®, K is CR***R**" and R*'® and R**®

are absent;

Q is a double bond when J is NR*!¢, K is CR***R**® and R*'® and R**® are
absent;

Q is a double bond when J is CR*'*R?*!®, K is NR**°, and R*'® and R**° are
absent;

Q is a single bond when J is CR*'*R?!® O, S, or NR?*'¢, K is CR***R**®, O,
S, or NR**® and R*2 R21b, R*'®, R* Rzzb, R** are each independently hydrogen,
hydroxyl, alkyl, alkenyl, alkynyl, aryl, arylalkyl, amido, alkylamino, amino, arylamino,
alkylcarbonyl, arylcarbonyl, alkylaminocarbonyl, alkoxy, alkoxycarbonyl,

-5
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alkylcarbonyl, alkyloxycarbonyl, arylcarbonyloxy, aryloxy, phosphate, phosphonato,
phosphinato, cyano, acylamino, amidino, imino, sulfhydryl, thiol, alkylthiol, arylthiol, ,
thiocarboxylate, sulfates, alkylsulfinyl, arylsulfinyl, alkylsulfonyl, arylsulfonyl,
sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl,
alkylsilyl, or arylsilyl;

E is CR¥R®*, S, NR*® or O:;

E’ is O, NR™, or S;

W is CR™R’, S, NR"® or O;

W’ 1s O, NR", or S:;

Y’ and Y are each independently hydrogen, halogen, hydroxyl, cyano,
sulfhydryl, amino, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,
alkylamino, or an arylalkyl; and pharmaceutically acceptable salts, prodrugs, esters and
enantiomers thereof.

In yet another embodiment, the invention pertains, at least in part, to tetracycline

compounds of formula (III):

R7 R5 RS’ R4 R4’

RS ‘ X OR3

N / e

X I ] l NR?R?

G X = -
| OR'?
3 O O OR" O O

N M/ (IH)

wherein

X is CHC(R'*Y’Y), C=CR"Y, CR°R®, S, NR®, or O;

R? R%,R*™ and R™ are each independently hydrogen, alkyl, alkenyl,
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, aryl,
heterocyclic, heteroaromatic or a prodrug moiety;

R’ R! and R are each are each independently hydrogen, alkyl, alkenyl,
aryl, alkynyl, aralkyl, acetyl, alkylcarbonyl, alkenylcarbonyl, arylcarbonyl,
alkynylcarbonyl, alkyloxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbonyl,
aryloxycarbonyl, alkylaminocarbonyl, alkenylaminocarbonyl, alkynylaminocarbonyl,
arylaminocarbonyl, alkylthiocarbonyl, alkenylthiocarbonyl, alkynylthiocarbonyl,
arylthiocarbonyl, alkyloxythiocarbonyl, alkenyloxythiocarbonyl,
alkynyloxythiocarbonyl, aryloxythiocarbonyl, alkylaminothiocarbonyl,
alkenylaminothiocarbonyl, alkynylaminothiocarbonyl, arylaminothiocarbonyl,
alkylthiothiocarbonyl, alkenylthiothiocarbonyl, alkynylthiothiocarbonyl, or
arylthiothiocarbonyl; |

R* and R* are each independently NR**R™, alkyl, alkenyl, alkynyl,
hydroxyl, halogen, or hydrogen;

-6 -
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R’ and R’ are each indep endently hydroxyl, hydrogen, thiol, alkanoyl,
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, alkynyl, alkoxy, alkylthio,
alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, alkyl carbonyloxy, or aryl
carbonyloxy;

R®and R® are each independently hydrogen, methylene, absent,
hydroxyl, halogen, thiol, alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkylsulfinyl,
alkylsulfonyl, alkylamino, or an arylalkyl;

R’ is hydrogen, hydroxyl, halogen, thiol, nitro, alkyl, alkenyl, alkynyl,
aryl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, arylalkyl, amino, arylalkenyl,
arylalkynyl, acyl, aminoalkyl, heterocyclic, thionitroso, or
~(CHz)0-3(NR )01 C(=W*)WR';

R® is hydrogen, hydroxyl, halogen, thiol, nitro, alkyl, alkenyl, alkynyl,
aryl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, amino, arylalkenyl,
arylalkynyl, acyl, aminoalkyl, heterocyclic, thionitroso, or
~(CH2)0-3(NR**)0.1C(=E")ER™;

R™ R™ R” R7 R R”" R® R® R%® R™ R® R¥ are each
independently hydrogen, acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylsulfinyl,
alkylsulfonyl, alkylamino, arylalkyl, aryl, heterocyclic, heteroaromatic or a prodrug
moiety;

R" is hydrogen, hydroxy, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, aryl,
alkylsulfinyl, alkylsulfonyl, alkylamino, or an arylalkyl;

G is CR*R*" 0, S, or NR**:

L is CR*R*®, O, S, or NR**;

M is CR**R*" C=T, O, S, or NR>®:

Tis O, S or NR*¢,

R R2P R R4 p24b p2éc p2sa p2H p2se p25d 4o ench
independently hydrogen, hydroxyl, alkyl, alkenyl, alkynyl, aryl, arylalkyl, amido,
alkylamino, amino, arylamino, alkylcarbonyl, arylcarbonyl, alkylaminocarbonyl, alkoxy,
alkoxycarbonyl, alkylcarbonyl, alkyloxycarbonyl, arylcarbonyloxy, aryloxy, phosphate,
phosphonato, phosphinato, cyano, acylamino, amidino, imino, sulfhydryl, thiol,
alkylthiol, arylthiol, , thiocarboxylate, sulfates, alkylsulfinyl, arylsulfinyl, alkylsulfonyl,
arylsulfonyl, sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido,
heterocyclyl, alkylsilyl, or arylsilyl;

E is CR*R", S, NR® or O;

E’ is O, NR¥, or S;

W is CR™R’%, S, NR"® or O;

W’ is O, NR", or S;
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Y’ and Y are each independently hydrogen, halogen, hydroxyl, cyano,
sulfhydryl, amino, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylsultinyl, alkylsulfonyl,
alkylamino, or an arylalkyl; and pharmaceutically acceptable salts, esters, prodrugs, and
enantiomers thereof. |

In another embodiment, the invention pertains, at least in part, to tetracycline

compounds of formula (IV):

R79
'm/ N\
R R RrFrRrR R
B X oS
| | .
N Xy i ..
@12
. R° O OR'" O O (IV)

wherein

X is CHC(R®Y’Y), C=CR'®Y, CR°R®, S, NR®, or O;

R? R*, R* and R* are each independently hydrogen, alkyl, alkenyl,
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, aryl,
heterocyclic, heteroaromatic or a prodrug moiety;

R>, R!! and R are each are each independently hydrogen, alkyl, alkenyl,
aryl, alkynyl, aralkyl, acetyl, alkylcarbonyl, alkenylcarbonyl, arylcarbonyl,
alkynylcarbonyl, alkyloxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbonyl,
aryloxycarbonyl, alkylaminocarbonyl, alkenylaminocarbonyl, alkynylaminocarbonyl,
arylaminocarbonyl, alkylthiocarbonyl, alkenylthiocarbonyl, alkynylthiocarbonyl,
arylthiocarbonyl, alkyloxythiocarbonyl, alkenyloxythiocarbonyi,
alkynyloxythiocarbonyl, aryloxythiocarbonyl, alkylaminothiocarbonyl,
alkenylaminothiocarbonyl, alkynylaminothiocarbonyl, arylaminothiocarbonyl,
alkylthiothiocarbonyl, alkenylthiothiocarbonyl, alkynylthiothiocarbonyl, or
arylthiothiocarbonyl; l

R* and R* are each independently NR*™R™, alkyl, alkenyl, alkynyl,
hydroxyl, halogen, or hydrogen; |

R’ and R® are each independently hydroxyl, hydrogen, thiol, alkanoyl,
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, alkynyl, alkoxy, alkylthio,
alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, alkyl carbonyloxy, or aryl
carbonyloxy;

R®and R® are each independently hydrogen, methylene, absent,
hydroxyl, halogen, thiol, alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkylsulfinyl,
alkylsulfonyl, alkylamino, or an arylalkyl;
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R’® and R™ are each independently hydrogen, alkyl, alkenyl, aryl,
alkynyl, aralkyl, acetyl, alkylcarbonyl, alkenylcarbonyl, arylcarbonyl, alkynylcarbonyl,
alkyloxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbonyl, aryloxycarbonyl,
alkylaminocarbonyl, alkenylaminocarbonyl, alkynylaminocarbonyl, arylaminocarbonyl,
alkylthiocarbonyl, alkenylthiocarbonyl, alkynylthiocarbonyl, arylthiocarbonyl,
alkyloxythiocarbonyl, alkenyloxythiocarbonyl, alkynyloxythiocarbonyl,
aryloxythiocarbonyl, alkylaminothiocarbonyl, alkenylaminothiocarbonyl,
alkynylaminothiocarbonyl, arylaminothiocarbonyl, alkylthiothiocarbonyl,
alkenylthiothiocarbonyl, alkynylthiothiocarbonyl, arylthiothiocarbony, or R’® and R™
are linked together to form a ring;

R® is hydrogen, hydroxyl, halogen, thiol, nitro, alkyl, alkenyl, alkynyl,
aryl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, amino, arylalkenyl,
arylalkynyl, acyl, aminoalkyl, heterocyclic, thionitroso, or
~(CH2)o.3(NR*)0.;C(=E’)ER™, .

E is CR¥R®, S, NR™ or O;

E’is O, NR", or S;

R’ is hydrogen, hydroxyl, halogen, thiol, nitro, alkyl, alkenyl, alkynyl,
aryl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, arylalkyl, amido, carboxylate,
aminocarbonyl, arylalkenyl, arylalkynyl, acyl, aminoalkyl, heterocyclic, thionmtroso, or —
(CHa)0.sNR™C(=Z’)ZR™; |

Z is CR™R”, S, NR™ or O;

7’150, S, or NRgf;

R% R® R R R® R R™ R%® R®,R% R and R* are each
independently hydrogen, acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylsulfinyl,
alkylsulfonyl, alkylamino, arylalkyl, aryl, heterocyclic, heteroaromatic or a prodrug
moiety;

R is hydrogen;

R is hydrogen, hydroxy, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, aryl,
alkylsulfinyl, alkylsulfonyl, alkylamino, or an arylalkyl;

Y’ and Y are each independently hydrogen, halogen, hydroxyl, cyano,
sulthydryl, amino, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,
alkylamino, or an arylalkyl;

and pharmaceutically acceptable salts, esters, prodrugs, and enantiomers
thereof.
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In another embodiment, the invention pertains, at least in part, to tetracycline
compounds of formula (V):

. /il
Y
RI0

wherein

X is CHC(R'®*Y’Y), C=CR"Y, CR®R®, S, NR®, or O;

R? R* R*™ and R™ are each independently hydrogen, alkyl, alkenyl,
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, aryl,
heterocyclic, heteroaromatic or a prodrug moiety;

R3 R!! and R'* are each are each independently hydrogen, alkyl, alkenyl,
aryl, alkynyl, aralkyl, acetyl, alkylcarbonyl, alkenylcarbonyl, arylcarbonyl,
alkynylcarbonyl, alkyloxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbonyl,
aryloxycarbonyl, alkylaminocarbonyl, alkenylaminocarbonyl, alkynylaminocarbonyl,
arylaminocarbonyl, alkylthiocarbonyl, alkenylthiocarbonyl, alkynylthiocarbonyi,
arylthiocarbonyl, alkyloxythiocarbonyl, alkenyloxythiocarbonyl,
alkynyloxythiocarbonyl, aryloxythiocarbonyl, alkylaminothiocarbonyl,
alkenylaminothiocarbonyl, alkynylaminothiocarbonyl, arylaminothiocarbonyli,
alkylthiothiocarbonyl, alkenylthiothiocarbonyl, alkynylthiothiocarbonyl, or
arylthiothiocarbonyl;

R* and R* are each independently NR*¥R™® alkyl, alkenyl, alkynyl,
hydroxyl, halogen, or hydrogen,

R’ and R> are each independently hydroxyl, hydrogen, thiol, alkanoyl,
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, alkynyl, alkoxy, alkylthio,
alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, alkyl carbonyloxy, or aryl
carbonyloxy;

R®and R® are each independently hydrogen, methylene, absent,
hydroxyl, halogen, thiol, alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkylsulfinyl,
alkylsulfonyl, alkylamino, or an arylalkyl;

R is a substituted or unsubstituted heterocycle selected from the group
consisting of thiophene, pyrrole, 1,3-oxazole, 1,3-thiazole, 1,3,4-oxadiazole, 1,3,4-
thiadiazole, 1,2,3-oxadiazole, 1,2,3-thiadiazole, 1H-1,2,3-tr1azole, 1sothiazole, 1,2,4-
oxadiazole, 1,2.4-thiadiazole, 1,2,3,4-oxatriazole, 1,2,3,4-thiatriazole, 1H-1,2,3,4-
tetraazole, 1,2,3,5-oxatriazole, 1,2,3,5-thiatriazole, furan, imidazol-1-yl, imidazol-4-yl,
1,2.4-triazol-4-y1, 1,2,4-triazol-5-yl, isoxazol-3-yl, isoxazol-5-yl, pyrazol-3-yl, pyrazol-
5-y1, thiolane, pyrrolidine, tetrahydrofuran, 4,5-dihydrothiophene, 2-pyrroline, 4,5-
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dihydrofuran, pyridazine, pyrimidine, pyrazine, 1,2,3-triazine, 1,2,4-tr1azine, 1,2,4-
triazine, 1,3,5-triazine, pyridine, 2H-3,4,5,6-tetrahydropyran, thiane, 1,2-
diazaperhydroine, 1,3-diazaperhydroine, piperazine, 1,3-oxazaperhydroine, morpholine,
1,3-thiazaperhydroine, 1,4-thiazaperhydroine, piperidine, 2H-3,4-dihydropyran, 2,3-
dihydro-4H-thiin, 1,4,5,6-tetrahydropyridine, 2H-5,6-dihydropyran, 2,3-dihydro-6H-
thiin, 1,2,5,6-tetrahydropyridine, 3,4,5,6-tetrahydropyridine, 4H-pyran, 4H-thin, 1,4~
dihydropyridine, 1,4-dithiane, 1,4-dioxane, 1,4-oxathiane, 1,2-oxazolidine, 1,2-
thiazolidine, pyrazolidine, 1,3-oxazolidine, 1,3-thiazolidine, imidazolidine, 1,2,4-
oxadiazolidine, 1,3,4-oxadiazolidine, 1,2,4-thiadiazolidine, 1,3,4-thiadiazolidine, 1,2,4-
triazolidine, 2-imidazoline, 3-imidazoline, 2-pyrazoline, 4-imidazoline, 2,3-
dihydroisothiazole, 4,5-dihydroisoxazole, 4,5-dihydroisothiazole, 2,5-dihydroisoxazole,
2,5-dihydroisothiazole, 2,3-dihydroisoxazole, 4,5-dihydrooxazole, 2,3-dihydrooxazole,
2,5-dihydrooxazole, 4,5-dihydrothiazole, 2,3-dihydrothiazole, 2,5-dihydrothiazole,
1,3,4-oxathiazolidine, 1,4,2-oxathiazolidine, 2,3-dihydro-1H-[1,2,3]triazole, 2,5-
dihydro-lH-[1,2,3]triazole, 4,5-dihydro-1H-[1,2,3]triazole, 2,3-dihydro-1H-
[1,2,4]triazole, 4,5-dihydro-1H-[1,2,4]triazole, 2,3-dihydro-[1,2,4]oxadiazole, 2,5-
dihydro-[1,2,4]oxadiazole, 4,5-dihydro-[1,2,4]thiadiazole, 2,3-dihydro-[1,2,4|thidiazole,
2,5-dihydro-[1,2,4]thiadiazole, 4,5-dihydro-[1,2,4]thiadiazole, 2,5-dihydro-
[1,2,4]oxadiazole, 2,3-dihydro-[1,2,4]oxadiazole, 4,5-dihydro-[1,2,4]oxadiazole, 2,5-
dihydro-[1,2,4]thiadiazole, 2,3-dihydro-[1,2,4]thiadiazole, 4,5-dihydro-
[1,2,4]thiadiazole, 2,3-dihydro-[1,3,4]oxadiazole, 2,3-dihydro-[1,3,4 [thiadiazole,
[1,4,2]oxathiazole, [1,3,4]oxathiazole, 1,3,5-triazaperhydroine, 1,2,4-triazaperhydroine,
1,4,2-dithiazaperhydroine, 1,4,2-dioxazaperhydroine, 1,3,5-oxadiazaperhydroine, 1,2,5-
oxadiazaperhydroine, 1,3,4-thiadiazaperhydroine, 1,3,5-thiadiazaperhydroine, 1,2,5-
thiadiazaperhydroine, 1,3,4-oxadiazaperhydroine, 1,4,3-oxathiazaperhydroine, 1,4,2-
oxathiazaperhydroine, 1,4,5,6-tetrahydropyridazine, 1,2,3,4-tetrahydropyridazine,
1,2,3,6-tetrahydropyridazine, 1,2,5,6-tetrahydropyrimidine, 1,2,3,4-
tetrahydropyrimidine, 1,4,5,6-tetrahydropyrimidine, 1,2,3,6-tetrahydropyrazine, 1,2,3,4-
tetrahydropyrazine, 5,6-dihydro-4H-[1,2]oxazine, 5,6-dihydro-2H-[1,2|oxazine, 3,6-
dihydro-2H-[1,2]oxazine, 3,4-dihydro-2H-[1,2]oxazine, 5,6-dihydro-4H-{1,2]thiazine,
5,6-dihydro-2H-[1,2]thiazine, 3,6-dihydro-2H-[1,2]thiazine, 3,4-dihydro-2H-
[1,2]thiazine, 5,6-dihydro-2H-[1,3]oxazine, 5,6-dihydro-4H-[1,3]oxazine, 3,6-dihydro-
2H-[1,3]oxazine, 3,4-dihydro-2H-[1,3]oxazine, 3,6-dihydro-2H-[1,4]oxazine, 3,4-
dihydro-2H-[1,4]oxazine, 5,6-dihydro-2H-[ 1,3]thiazine, 5,6-dihydro-4H-| 1,3 |thiazine,
3,6-dihydro-2H-[1,3]thiazine, 3,4-dihydro-2H-[1,3|thiazine, 3,6-dihydro-2H-
[1,4]thiazine, 3,4-dihydro-2H-[1,4]thiazine, 1,2,3,6-tetrahydro-[1,2,4]triazine, 1,2,3,4-
tetrahydro-[1,2,4|tniazine, 1,2,3,4-tetrahydro-[1,3,5]triazine, 2,3,4,5-tetrahydro-
[1,2,4]triazine, 1,4,5,6-tetrahydro-[1,2,4]triazine, 5,6-dihydro-[1,4,2]dioxazine, 5,6-
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dihydro-[1,4,2]dioxazine, 5,6-dihydro-[1,4,2]dithiazine, 2,3-dihydro-[1,4,2]dioxazine,
3,4-dihydro-2H-[1,3,4]oxadiazine, 3,6-dihydro-2H-[1,3,4]oxadiazine, 3,4-dihydro-2H-
[1,3,5]oxadiazine, 3,6-dihydro-2H-[1,3,5]oxadiazine, 5,6-dihydro-2H-[1,2,5]oxadiazine,
J,0-dihydro-4H-[1,2,5]oxad1iazine, 3,4-dihydro-2H-[1,3,4]thiadiazine, 3,6-dihydro-2H-

5 [1,3,4]thiadiazine, 3,4-dihydro-2H-[1,3,5]thiadiazine, 3,6-dihydro-2H-[1,3,5]thiadiazine,
5,60-dihydro-2H-[1,2,5]thiadiazine, 5,6-dihydro-4H-[1,2,5]thiadiazine, 5,6-dihydro-2H-
[1,2,3]oxadiazine, 3,6-dihydro-2H-{1,2,5]oxadiazine, 5,6-dihydro-4H-[1,3,4]oxadiazine,
3,4-dihydro-2H-[1,2,5]oxadiazine, 5,6-dihydro-2H-[1,2,3]thiadiazine, 3,6-dihydro-2H-
[1,2,5]thiadiazine, 5,6-dihydro-4H-[1,3,4][thiadiazine, 3,4-dihydro-2H-[1,2,5]thiadiazine,

10 5,6-dihydro-[1,4,3]oxathiazine, 5,6-dihydro-[1,4,2]oxathiazine, 2,3-dihydro-
[1,4,3]oxathiazine, 2,3-dihydro-[1,4,2]oxathiazine, 4,5-dihydropyridine, 1,6-
dihydropyridine, 5,6-dihydropyridine, 2H-pyran, 2H-thiin, 3,6-dihydropyridine, 2,3-
dihydropyridazine, 2,5-dihydropyridazine, 4,5-dihydropyridazine, 1,2-

. dihydropyridazine, 2,3-dihydropyrimidine, 2,5-dihydropyrimidine, 5,6-

15 dihydropyrimidine, 3,6-dihydropyrimidine, 4,5-dihydropyrazine, 5,6-dihydropyrazine,
3,6-dihydropyrazine, 4,5-dihydropyrazine, 1,4-dihydropyrazine, 1,4-dithiin, 1,4-dioxin,
2H-1,2-oxazine, 6H-1,2-oxazine, 4H-1,2-oxazine, 2H-1,3-oxazine, 4H-1,3-oxazine, 6H- .
1,3-oxazine, 2H-1,4-oxazine, 4H-1,4-oxazine, 2H-1,3-thiazine, 2H-1,4-thiazine, 4H-1,2-

- thiazmne, 6H-1,3-thiazine, 4H-1,4-thiazine, 2H-1,2-thiazine, 6H;1,2-thiazine, 1,4-

20  oxathiin, 2H,5H-1,2,3-triazih¢, 1H,4H-1,2,3-tr1azine, 4,5-dihydro-1,2,3-triazine, 1H,6H-
1,2,3-triazine, 1,2~dihydro-1,2;3-triazine, 2,3-dihydro-1,2,4-triazine, 3H,6H-1,2.4-
triazine, 1H,6H-1,2,4-triazine, 3,4-dihydro-1,2,4-triazine, 1H,4H-1,2,4-triazine, 5,6-
dihydro-1,2,4-triazine, 4,5-dihydro-1,2,4-triazine, 2H,5H-1,2,4-triazine, 1,2-dihydro-

1,2,4-triazine, 1H,4H-1,3,5-triazine, 1,2-dihydro-1,3,5-triazine, 1,4,2-dithiazine, 1,4,2-

25 dioxazine, 2H-1,3,4-oxadiazine, 2H-1,3,5-oxadiazine, 6H-1,2,5-oxadiazine, 4H-1,3,4-

' oxadiazine, 4H-1,3,5-oxadiazine, 4H-1,2,5-oxadiazine, 2H-1,3,5-thiadiazine, 6H-1,2,5-
thiadiazine, 4H-1,3,4-thiadiazine, 4H-1,3,5-thiadiazine, 4H-1,2,5-thiadiazine, 2H-1,3.4-
thiadiazine, 6H-1,3,4-thiadiazine, 6H-1,3,4-oxadiazine and 1,4,2-oxathiazine, wherein
the heterocycle 1s optionally vicinally fused with a saturated or unsaturated 5-, 6- or 7-

30 membered ring containing 0, 1 or 2 atoms independently selected from N, O and S;

R® is hydrogen, hydroxyl, halogen, thiol, nitro, alkyl, alkenyl, alkynyl,
aryl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, amino, arylalkenyl,
arylalkynyl, acyl, aminoalkyl, heterocyclic, thionitroso, or
~(CH2)o.3(NR™)o-1 C(=E")ER™;

35 E is CR*R*, S, NR® or O;

E’is O, NR*, or S:
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R’ is hydrogen, hydroxyl, halogen, thiol, nitro, alkyl, alkenyl, alkynyl,
aryl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, arylalkyl, amido, carboxylate,
aminocarbonyl, arylalkenyl, arylalkynyl, acyl, aminoalkyl, heterocyclic, thionitroso, or —
(CH2)o3(NR™)01 C(=Z")ZR™;

Z is CR™R™, S, NR™ or O;

2’180, S, or NR!:

R R® R¥ R34 R3 R¥ R™ R, R, R R, and R™ are each
independently hydrogen, acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylsulfinyl,
alkylsulfonyl, alkylamino, arylalkyl, aryl, heterocyclic, heteroaromatic or a prodrug
moiety;

R'? is hydrogen;

R is hydrogen, hydroxy, alkyl, alkenyl, alkynyl, alkoxy,; alkylthio, aryl,
alkylsulfinyl, alkylsulfonyl, alkylamino, or an arylalkyl;

Y’ and Y are each independently hydrogen, halogen, hydroxyl, cyano,

- sulfhydryl, amino, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,
“alkylamino, or an arylalkyl; and pharmaceutically acceptable salts, prodrugs, esters and

enantiomers thereof.

The invention also includes, for example, method for treating a tetracycline
responsive state in a subject. The methods include administering to a subject an
effective amount of a tetracycline compound of the invention (e.g., a compound of any
one of formula I, IT, ITL, IV, V, or otherwise described herein).

The invention also pertains, at least in part, to pharmaceutical compositions
which comprise an effective amount of a tetracycline compound of the invention (e.g., a
tetracycline compound of formula I, IT, III, IV, V or otherwise described herein) and a

pharmaceutically acceptable carrier.

Detailed Description of the Invention
1. 10-Substituted Tetracycline Compounds

The invention pertains, at least in part, to novel 10-substituted derivatives of
tetracyclines.

The term "tetracycline compound” includes many compounds with a similar ring
structure to tetracycline. Examples of tetracycline compounds include: tetracycline,
oxytetracycline, chlortetracycline, demeclocycline, doxycycline, chelocardin,
minocycline, rolitetracycline, lymecycline, sancycline, methacycline, apicycline,
clomocycline, guamecycline, meglucycline, mepylcycline, penimepicycline,
pipacycline, etamocycline, and penimocycline. Other derivatives and analogues
comprising a similar four ring structure are also included. Table 1 depicts tetracycline

and several known tetracycline derivatives. The tetracycline compounds may be
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unsubstituted at any position or further substituted, for example, atthe 1,2, 3,4, 5, 6, 7,
8,9, 12 or 13 position of the ring. The C10 position on each of the tetracycline
compounds shown in Table 1 is indicated by an arrow.

TABLE I

Tetracycline
CH, OH

N(M 82)
OH

Methacycline

Doxycycline

Other tetracycline compounds which may be modified using the methods of the
invention include, but are not limited to, 6-demethyl-6-deoxy-4-
dedimethylaminotetracycline; tetracyclino-pyrazole; 7-chloro-4-
dedimethylaminotetracycline; 4-hydroxy-4-dedimethylaminotetracycline; 12a-deoxy-4-
dedimethylaminotetracycline; 5-hydroxy-6a-deoxy-4-dedimethylaminotetracycline; 4-
dedimethylamino-12a-deoxyanhydrotetracycline; 7-dimethylamino-6-demethyl-6-
deoxy-4-dedimethylaminotetracycline; tetracyclinonitrile; 4-0x0-4-
dedimethylaminotetracycline 4,6-hemiketal; 4-oxo-11a Cl-4-
dedimethylaminotetracycline-4,6-hemiketal; 5a,6-anhydro-4-hydrazon-4-
dedimethylamino tetracycline; 4-hydroxyimino-4-dedimethylamino tetracyclines; 4-
hydroxyimino-4-dedimethylamino 5a,6-anhydrotetracyclines; 4-amino-4-
dedimethylamino-5a, 6 anhydrotetracycline; 4-methylamino-4-dedimethylamino
tetracycline; 4-hydrazono-11a-chloro-6-deoxy-6-demethyl-6-methylene-4-
dedimethylamino tetracycline; tetracycline quaternary ammonium compounds;
anhydrotetracycline betaines; 4-hydroxy-6-methyl pretetramides; 4-keto tetracyclines; 5-
keto tetracyclines; 5a, 11a dehydro tetracyclines; 11a C1-6, 12 hemiketal tetracyclines;
11a Cl-6-methylene tetracyclines; 6, 13 diol tetracyclines; 6-benzylthiomethylene
tetracyclines; 7, 11a —dichloro-6-fluoro-methyl-6-deoxy tetracyclines; 6-fluoro (o.)-6-
demethyl-6-deoxy tetracyclines; 6-fluoro (3)-6-demethyl-6-deoxy tetracyclines; 6-o
acetoxy-6-demethyl tetracyclines; 6-f acetoxy-6-demethyl tetracyclines; 7, 13-
epithiotetracyclines; oxytetracyclines; pyrazolotetracyclines; 11a halogens ot

tetracyclines; 12a formyl and other esters of tetracyclines; 5, 12a esters of tetracyclines;
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10, 12a- diesters of tetracyclines; isotetracycline; 12-a-deoxyanhydro tetracyclines; 6-
demethyl-12a-deoxy-7-chloroanhydrotetracyclines; B-nortetracyclines; 7-methoxy-6-
demethyl-6-deoxytetracyclines; 6-demethyl-6-deoxy-5a-epitetracyclines; 8-hydroxy-6-
demethyl-6-deoxy tetracyclines; monardene; chromocycline; 5a methyl-6-demethyl-6-
deoxy tetracyclines; 6-oxa tetracyclines, and 6 thia tetracyclines. Other examples of
tetracycline compounds which may be used to form dehydrotetracycline compounds of
the invention include those described in U.S. Published Application 200400024281,
incorporated herein by reference.

The term “10-substituted tetracycline compounds” includes tetracycline
compounds which contain a substituent other than a hydroxy at the C10 position. In an
embodiment, the 10-substituted tetracycline compound is 10-substituted tetracycline
(e.g., wherein R* is NR*R™:; R* and R are methyl, R* R’ and R> are hydrogen and
X is CR®R?, wherein R® is methyl and R® is hydroxy); 10-substituted doxycychine (e.g.,
wherein R* is NR**R*: R* and R* are methyl, R is hydroxyl, R* and R’ are hydrogen,
and X is CR®R®’, wherein R® is methyl and R® is hydrogen); 10-substituted minocycline
(wherein R* is NR*?R*: R* and R* are methyl; R*, R, and R are hydrogen and X is
CR°R® wherein R® and R® are hydrogen atoms, and R’ is dimethylamino); or 10-
substituted sancycline (wherein R* is NR*¥R™: R* and R™ are methyl; R*, R>,and R’
are hydrogen and X is CR°R® wherein R® and R® are hydrogen atoms. In one
embodiment, R* and R* are each hydrogen or the oxygen of a carbonyl group.

In one embodiment, the 10-substituted tetracycline compounds do not include 4-
dimethylamino-3,12,12a-trihydroxy-1,11-dioxo-10-propoxy-1,4,4a,5,5a,6,11,12a-~
octahydro-naphthacene-2-carboxylic acid amide; 10-butoxy-4-dimethylamino-3,12,12a-
trihydroxy-1,11-dioxo-1 ,4,4a,:5,5a,6,1 1,12a-octahydro-naphthacene-2-carboxylic acid
amide; 10-butoxy-4,7-bis-dimethylamino-3,12,12a-trihydroxy-1,11-dioxo-
1,4,4a,5,5a,6,11,12-octahydro-naphthacene-2-carboxylic acid amide; 3,10-bis-
benzyloxy-4,7-bis-dimethylamino-12,12a-dihydroxy-1,11-dioxo-1,4,4a,5,5a,6,11,12a-
octahydro-naphthacene-2-carboxylic acid amide; 10-butyloxy-4-dimethylamino-3,12-
12a-trihydroxy-1,11-dioxo-7-(4-trifluoromethyl-phenyl)-1,4,4a,5,5a,6,11,12a-
octahydro-naphthacene-carboxylic acid; benzenesulfonic acid 9-cyano-7-
dimethylamino-8,10a,11-trihydroxy-10,12-dioxo0-5,53,6,6a,7,10,10a,12-octahydro-
naphthacen-1-yl ester; 10-butoxy-4-dimethylamino-7-(4-dimethylamino-phenyl)-
3,12,12a-trihydroxy-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-
carboxylic acid amide; 4-dimethylamino-3,12,12a-trihydroxy-10-(3-hydroxy-propoxy)-
1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide; 10-
butoxy-4-dimethylamino-3,5,12,12a-tetrahydroxy-6-methyl-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide; 3,10-bis-allyloxy-
4-dimethylamino-12,12a-dihydroxy-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-
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naphthacene-2-carboxylic acid amide; 3,10-bis-benzyloxy-4-dimethylamino-12,12a-
dihydroxy-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid
amide; or 10-butoxy-4-dimethylamino-3,12,12a-trihydroxy-7-iodo-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide.

In one embodiment, the invention pertains, in least} in part, to tetracycline

compounds of formula (I):

R7 R5 Rﬁ' R4 R4'
RS X OR3
Z N7 N
| | V=Y A
. N N .s NRZR
OR12
RIO 0O oR" 0O 0 (I)

wherein

X is CHC(R”Y’Y), C=CR"Y, CR°R", S, NR®, or O;

R*, R*, R™ and R™ are each independently hydrogen, alkyl, alkenyl,
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, aryl,
heterocyclic, heteroaromatic or a prodrug moiety;

R°, R' and R are each are each independently hydrogen, alkyl, alkenyl,
aryl, alkynyl, aralkyl, acetyl, alkylcarbonyl, alkenylcarbonyl, arylcarbonyl,
alkynylcarbonyl, alkyloxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbonyl,
aryloxycarbonyl, alkylaminocarbonyl, alkenylaminocarbonyl, alkynylaminocarbonyl,
arylaminocarbonyl, alkylthiocarbonyl, alkenylthiocarbonyl, alkynylthiocarbonyl,
arylthiocarbonyl, alkyloxythiocarbonyl, alkenyloxythiocarbonyl,
alkynyloxythiocarbonyl, aryloxythiocarbonyl, alkylaminothiocarbonyl,
alkenylamino‘thjocarbonyl, alkynylaminothiocarbonyl, arylaminothiocarbonyl,
alkylthiothiocarbonyl, alkenylthiothiocarbonyl, alkynylthiothiocarbonyl, or
arylthiothiocarbonyl; _

R* and R* are each independently NR*R™, alkyl, alkenyl, alkynyl,
hydroxyl, halogen, or hydrogen;

R’ and R° are each independently hydroxyl, hydrogen, thiol, alkanoyl,
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, alkynyl, alkoky, alkylthio,
alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, alkyl carbonyloxy, or aryl
carbonyloxy;

R®and R® are each independently hydrogen, methylene, absent,
hydroxyl, halogen, thiol, alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkylsulfinyl,
alkylsulfonyl, alkylamino, or an arylalkyl;

R’ is hydrogen, alkyl, alkenyl, alkynyl, halogen, hydroxyl,
alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl,
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alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate,
phosphonato, phosphinato, cyano, amino, acyl, acylamino, amidino, imino, sulthydryl,
alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, arylsulfinyl, alkylsulfonyl,
arylsulfonyl, sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido,
alkylaryl, aryl, a heterocyclic moiety or —(CH2)0-3(NR7C)0-1C(=W’)WR7a;

R® is hydrogen, hydroxyl, halogen, thiol, nitro, alkyl, alkenyl, alkynyl,
aryl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, amino, arylalkenyl,
arylalkynyl, acyl, aminoalkyl, heterocyclic, thionitroso, or
~(CHz)o3(NR*)o.1C(=E")ER™;

R’ is hydrogen, hydroxyl, halogen, thiol, nitro, alkyl, alkenyl, alkynyl,
aryl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, arylalkyl, amido, carboxylate,
aminocarbonyl, arylalkenyl, arylalkynyl, acyl, aminoalkyl, heterocyclic, thionitroso, or —
(CHz)o-s(NR™)01C(=Z")ZR™;

R' is hydrogen, alkyl, alkenyl, alkynyl, halogen, alkylcarbonyloxy,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminoéarbonyl,
dialkylaminocarbonyl, arylaminocarbonyl, alkylthiocarbonyl, arylthiocarbonyl;
phosphate, phosphonato, phosphinato, cyano, amino, acylamino, amidino, imino,
sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, arylsultinyl,
alkylsulfonyl, arylsulfonyl, sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl,
cyano, azido, alkylaryl, aryl or a heterocyclic moiety;

R’ R R’ R R, R R® R® R% R% R¥ RY R% R R*, R% R* and

R’ are each independently hydrogen, acyl, alkyl, alkenyl, alkynyl, alkoxy, alkylthio,

alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, aryl, heterocyclic, heteroaromatic or
a prodrug moiety;

R" is hydrogen, hydroxy, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, aryl,
alkylsulfinyl, alkylsulfonyl, alkylamino, or an arylalkyl;

E is CR*R®, S, NR* or O;

E’is O, NR%, or S;

W is CR"®R’¢, S, NR'® or O;

W’ 1s O, NR”, or S;

Y’ and Y are each independently hydrogen, halogen, hydroxyl, cyano,
sulfhydryl, amino, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,
alkylamino, or an arylalkyl;

7 is CRR”®, S, NR”® or O;

Z’ 18 O, S, or NRgf, and pharmaceutically acceptable salts, esters and
enantiomers thereof.

In one embodiment, the compound of formula () is not 10-deoxysancychine.
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In another embodiment, the invention pertains, in least 1n part, to tetracycline

compounds of formula (;I):

R R5 RS' R4 R4'
RS X OR3
| ‘ NR2R?
J X = "
\x(Q) OR
K—0 0 OR™ O 0 (ID)

wherein

X is CHC(RY’Y), C=CRY, CR°R?, S, NR®, or O;

RZ, R¥, R* and R*® are each independently hydrogen, alkyl, alkenyl,
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, aryl,
heterocyclic, heteroaromatic or a prodrug moiety; |

R3 R!! and R are each are each independently hydro gen, alkyl, alkenyl,
aryl, alkynyl, aralkyl, acetyl, alkylcarbonyl, alkenylcarbonyl, arylcarbonyl,
é,]kynylc arbonyl, alkyloxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbonyl,
aryloxycarbonyl, alkylaminocarbonyl, alkenylaminocarbonyl, alkynylaminocarbonyl,
arylaminocarbonyl, alkylthiocarbonyl, alkenylthiocarbonyl, alkynylthiocarbonyl,
arylthiocarbonyl, alkyloxythiocarbonyl, alkenyloxythiocarbonyl,
alkynyloxythiocarbonyl, aryloxythiocarbonyl, alkylaminothiocarbonyl,
alkenylaminothiocarbonyl, alkynylaminothiocarbonyl, arylaminothiocarbonyl,
alkylthiothiocarbonyl, alkenylthiothiocarbonyl, alkynylthiothiocarbonyl, or
arylthiothiocarbonyl;

R* and R* are each independently NR*¥R™, alkyl, alkenyl, alkynyl,
hydroxyl, halogen, or hydrogen;

R’ and R® are each independently hydroxyl, hydrogen, thiol, alkanoyl,
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, alkynyl, alkoxy, alkylthio,
alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, alkyl carbonyloxy, or aryl
carbonyloxy;

R®and R® are each independently hydrogen, methylene, absent,
hydroxyl, halogen, thiol, alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkylsulfinyl,
alkylsulfonyl, alkylamino, or an arylalkyl; |

R’ is hydrogen, alkyl, alkenyl, alkynyl, halogen, alkylcarbonyloxy,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,

dialkylaminocarbonyl, arylaminocarbonyl, alkylthiocarbonyl, arylthiocarbonyl;

- phosphate, phosphonato, phosphinato, cyano, amino, acylamino, amidino, 1mino,

sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, arylsulfinyl,
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