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(57) ABSTRACT 

Substituted tetracycline compounds, methods of synthesis, 
and methods of use are discussed. Tetracyclines useful for 
treating tetracycline related disorders are also discussed. 
Intermediates useful for synthesizing other tetracycline com 
pounds are also included. 
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7-AND 9-CARBAMATE, UREA, THIOUREA, 
THIOCARBAMATE, AND 

HETEROARYL-AMNO SUBSTITUTED 
TETRACYCLINE COMPOUNDS 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 10/786,710, filed Feb. 24, 2004, which is a 
continuation application of U.S. application Ser. No. 09/823, 
884, filed Mar. 30, 2001, which claims the benefit of U.S. 
Provisional Application No. 60/280,367, filed Mar. 29, 2001; 
U.S. Provisional Application No. 60/193,972, filed Mar. 31, 
2000; and U.S. Provisional Application No. 60/193,879, filed 
Mar. 31, 2000. The entire contents of all of the aforemen 
tioned applications are hereby incorporated 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 micro 
organisms capable of producing bacteriocidal and/or bacte 
riostatic compositions. The first of these novel compounds 
was introduced in 1948 under the name chlortetracycline. 
Two years later, oxytetracycline became available. The elu 
cidation of the chemical structure of these compounds con 
firmed 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, with 
out the ring-attached methyl group present in earlier tetracy 
clines, was prepared in 1957 and became publicly available in 
1967. 

0003 Recently, research efforts have focused on develop 
ing 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 effective than the 
originally introduced tetracycline compounds. Examples 
include U.S. Pat. Nos. 3,957,980; 3,674,859; 2,980,584; 
2,990,331; 3,062,717; 3,557,280; 4,018,889; 4,024,272: 
4,126,680; 3.454,697; and 3,165,531. These patents are rep 
resentative of the range of pharmaceutically active tetracy 
cline and tetracycline analogue compositions. 
0004. Historically, soon after their initial development and 
introduction, the tetracyclines were found to be highly effec 
tive pharmacologically againstrickettsiae, a number of gram 
positive and gram-negative bacteria; and the agents respon 
sible for lymphogranuloma Venereum, inclusion 
conjunctivitis, 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 dis 
eases led directly to the emergence of resistance to these 
antibiotics even among highly susceptible bacterial species 
both commensal and pathogenic (e.g., pneumococci and Sal 
monella). The rise of tetracycline-resistant organisms has 
resulted in a general decline in use of tetracyclines and tetra 
cycline analogue compositions as antibiotics of choice. 
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SUMMARY OF THE INVENTION 

0005. The invention pertains, at least in part, to substituted 
tetracycline compounds of the formula (I): 

(I) 

wherein: 
0006 X is CHC(R'Y'Y), CRR, S, NR, or O: 
I0007 R’ is hydrogen, alkyl, alkynyl, alkoxy, alkylthio. 

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

I0008) R' and R' are each hydrogen, alkyl, alkenyl, 
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, 
alkylamino, arylalkyl, aryl, heterocyclic, heteroaro 
matic or a prodrug moiety; 

0009 R. R. R', R'' and R'' are each hydrogen or a 
pro-drug moiety; 

0010 R is hydrogen, hydroxyl, or a prodrug moiety; 
I0011) R', R', and Rare each independently hydrogen, 

alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkyl 
Sulfinyl, alkylsulfonyl, alkylamino, arylalkyl, or halo 
gen, 

0012 R is hydrogen, dialkylamino, heteroaryl-amino, 
or NR7°C(—W)WR7; 

I0013 R' is hydrogen, hydroxy, alkyl; alkenyl; alkynyl: 
alkoxy; alkylthio; alkylsulfinyl; alkylsulfonyl: alky 
lamino; or an arylalkyl; 

0.014 Y and Y are each independently hydrogen, halo 
gen, hydroxyl, cyano, Sulfhydryl, amino, alkyl, alkenyl, 
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, 
alkylamino, or arylalkyl; 

0.015 R is hydrogen, heteroaryl-amino, or NRC 
(—Z)ZR; 

0016 Z is CRR, NR, or O; 
0017 Z is O or S; 
0.018. R. R. R. R', and R are each indepen 
dently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, alky 
lthio, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, alkoxy 
carbonyl, arylcarbonyl, alkylamino, arylalkyl, aryl, 
heterocyclic, heteroaromatic, absent, or a prodrug moi 
ety, and RandR may be linked to form a ring: 

0019 W is CR7R7, NR7 or O: 
0020 W is O or S; and 
0021) R', R7, R7, R', and R7 are each indepen 
dently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, alky 
lthio, alkylsulfinyl, arylsulfonyl, alkoxycarbonyl, aryl 
carbonyl, alkylamino, arylalkyl, aryl, heterocyclic, 
heteroaromatic, absent, or a prodrug moiety, and R'' and 
R" may be linked to form a ring: 

0022 and pharmaceutically acceptable salts thereof, 
provided that R is not hydrogen when R is dialky 
lamino or hydrogen. 

0023 The invention also pertains, at least in part, to meth 
ods for treating a tetracycline responsive state in a Subject. 
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The method includes administering to the Subject a Substi 
tuted tetracycline compound of formula (I). 
0024. In another embodiment, the invention includes 
pharmaceutical compositions comprising a therapeutically 
effective amount of a substituted tetracycline compound of 
formula (I) and a pharmaceutically acceptable carrier. 
0025. In yet another embodiment, the invention pertains to 
a method for synthesizing 7- and/or 9-substituted tetracycline 
compounds. The method includes contacting a tetracycline 
compound with a nitrating agent, under conditions such that 
a nitro tetracycline compound is formed, contacting the nitro 
tetracycline compound with a hydrogenating agent, under 
conditions such that an amino tetracycline compound is 
formed, and contacting the amino tetracycline compound 
with an amino reactive substrate, such that a 9- or 7-substi 
tuted tetracycline compound is formed. 
0026. The invention also pertains, at least in part, to a 
method for synthesizing a 7- and/or 9-substituted tetracycline 
compound of formula (I), by contacting, a reactive interme 
diate with appropriate reagents under appropriate conditions, 
Such that a substituted tetracycline compound of formula (I) is 
formed. 

0027. The reactive intermediate, wherein said reactive 
intermediate is of the formula: 

(I) 

OR10 O OR 11 O O 

wherein: 

10028 X is CHC(R'Y'Y), CHR, S, NR, or O: 
(0029) R is hydrogen, alkyl, alkynyl, alkoxy, alkylthio, 

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

10030) R' and R' are each hydrogen, alkyl, alkenyl, 
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, 
alkylamino, arylalkyl, aryl, heterocyclic, heteroaro 
matic or a prodrug moiety; 

0031. R. R. R', R'' and R'' are each hydrogen or a 
pro-drug moiety; 

0032 
I0033 R' and R are each independently hydrogen, 

alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkyl 
Sulfinyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

I0034) R' is hydrogen, hydroxy, alkyl; alkenyl; alkynyl: 
alkoxy; alkylthio; alkylsulfinyl; alkylsulfonyl: alky 
lamino; or an arylalkyl; 

0035. Y'and Y are each independently hydrogen; halo 
gen; hydroxyl; cyano, Sulfhydryl; amino; alkyl; alkenyl: 
alkynyl; alkoxy; alkylthio; alkylsulfinyl; alkylsulfonyl: 
alkylamino; or an arylalkyl; 

10036) R' is hydrogen, dialkylamino, thiourea, diazo 
nium salt, thiocarboxamide, or nitro: 

I0037 R’ is hydrogen, thiourea, diazonium salt, thiocar 
boxamide, or nitro: 

R is hydrogen, hydroxyl, or a prodrug moiety; 
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and pharmaceutically acceptable salts thereof, provided that 
R is not hydrogen when R is hydrogen or dialkylamino. 

DETAILED DESCRIPTION OF THE INVENTION 

0038. The present invention pertains, at least in part, to 
novel 7- and 9-substituted tetracycline urea, thiourea, car 
bamate, thiocarbamate, amino-thiazolyl, and amino-het 
eroaryl compounds. These compounds can be used to treat 
numerous tetracycline compound-responsive states, such as 
bacterial infections and neoplasms, as well as other known 
applications for tetracycline compounds. Such as tetracycline 
efflux blockers and gene expression modulation. 
0039. In one embodiment, the invention includes 7- and 
9-substituted tetracycline compounds. Preferably, the substi 
tuted tetracycline compounds are of formula (I): 

(I) 

wherein: 
0040 X is CHC(R'Y'Y), CRR, S, NR, or O: 
0041) R' is hydrogen, alkyl, alkynyl, alkoxy, alkylthio. 
alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, aryl, 
heterocyclic, heteroaromatic or a prodrug moiety; 

I0042) R' and R' are each hydrogen, alkyl, alkenyl, 
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, 
alkylamino, arylalkyl, aryl, heterocyclic, heteroaro 
matic or a prodrug moiety; 

0043. R. R. R', R'' and R'' are each hydrogen or a 
pro-drug moiety; 

0044) R is hydrogen, hydroxyl, or a prodrug moiety; 
0045 R. R. and Rare each independently hydrogen, 
alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkyl 
Sulfinyl, alkylsulfonyl, alkylamino, arylalkyl, or halo 
gen, 

I0046) R' is hydrogen, dialkylamino, heteroaryl-amino, 
or NR7°C(—W)WR7; 

I0047 R' is hydrogen, hydroxy, alkyl; alkenyl; alkynyl: 
alkoxy; alkylthio; alkylsulfinyl; alkylsulfonyl: alky 
lamino; or an arylalkyl; 

0.048 Y and Y are each independently hydrogen, halo 
gen, hydroxyl, cyano, Sulfhydryl, amino, alkyl, alkenyl, 
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, 
alkylamino, or arylalkyl; 

0049 R is hydrogen, heteroaryl-amino, or NRC 
(—Z)ZR; 

0050 Z is CRR, NR, or O: 
0051 Z is O or S; 
0.052 R. R. R. R', and R are each indepen 
dently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, alky 
lthio, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, alkoxy 
carbonyl, arylcarbonyl, alkylamino, arylalkyl, aryl, 
heterocyclic, heteroaromatic, absent, or a prodrug moi 
ety, and RandR may be linked to form a ring: 

0053 W is CR7R7, NR7 or O: 
0054 W is O or S; and 
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0.055 R7, R7, R7, R7, and R7 are each indepen 
dently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, alky 
lthio, alkylsulfinyl, arylsulfonyl, alkoxycarbonyl, aryl 
carbonyl, alkylamino, arylalkyl, aryl, heterocyclic, 
heteroaromatic, absent, or a prodrug moiety, and R'' and 
R" may be linked to form a ring, and pharmaceutically 
acceptable salts thereof, provided that R is not hydro 
gen when R is dialkylamino or hydrogen. 

0056. The term “tetracycline compound includes many 
compounds with a similar ring structure to tetracycline. 
Examples of tetracycline compounds include: tetracycline, 
chlortetracycline, oxytetracycline, demeclocycline, meth 
acycline, sancycline, doxycycline, and minocycline. Other 
derivatives and analogues comprising a similar four ring 
structure are also included. Table 1 depicts tetracycline and 
several known tetracycline derivatives. In an embodiment, the 
term “unsubstituted tetracycline compounds, includes tetra 
cycline compounds wherein R7 is not NRC(=W)WR'nor 
heteroaryl-amino and wherein R is notheteroaryl-amino nor 
NRC( Z)ZR. 
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methyl; R is hydrogen, X is CRR, R and Rare hydrogen 
atoms). In a further embodiment, R may be a protected 
hydroxyl group, e.g., a prodrug moiety. Examples of prodrug 
moieties include, for example, acyl esters and propionic acid 
esters. In certain embodiments, the prodrug moiety is aroyl, 
alkanoyl, or alkaroyl and may or may not be cleaved in vivo 
to the hydroxyl group. In an embodiment, R. R. R. R', 
R'', and R'' are each hydrogen. In certain embodiments of 
the invention, the term Substituted tetracycline compounds 
includes tetracycline compounds wherein least one of R7 or 
R’ is heteroaryl-amino, NR7°C(=W)WR7, or NRC(=Z) 
ZR9. 
0058. The term “9-substituted tetracycline compounds' 
includes, in one embodiment, compounds wherein R is 
amino-heteroaryl or NRC(=Z)ZR'. In a further embodi 
ment, R is hydrogen. In another, Z is oxygen or sulfur. In an 
embodiment, Z is oxygen or NR’, wherein R’ is hydrogen. 
In another further embodiment, R* may behydrophobic. R' 
may also be alkyl, alkenyl (e.g., ethenyl, propenyl, butenyl, 

TABLE I 

H3C OH N(Me) 

OH 

O N CONH2 
OH 

OH O OH O 

Tetracycline 

HC OH PH N(Me) Cl H OH N(Me) CH2 OH N(Me) 

OH OH OH 

O N CONH. Y1, C CONH. Y1, N CONH2 
OH OH OH 

OH O OH O OH O OH O OH O OH O 

Oxytetracycline Demeclocycline Methacycline 

CH, OH N(Me) HC OH N(Me) N(Me) N(Me) 

OH OH OH 

O C CONH2 Y1, C CONH. Y1, N CONH 
OH OH OH 

OH O OH O OH O OH O OH O OH O 

Doxycycline 

0057 The term “substituted tetracycline compounds” 
includes tetracycline compounds with substitution at the 7- or 
9-position. In one embodiment, the substitution at the 7- or 
9-position enhances the ability of the substituted tetracycline 
compound to perform its intended function. In an embodi 
ment, the 9-substituted tetracycline compound is 9-substi 
tuted minocycline (e.g., wherein R* and Rare methyl, R is 
hydrogen, R7 is dimethyl amino, and X is CRR, wherein 
both R and R are hydrogen atoms): 7- or 9-substituted 
doxycycline (e.g., wherein R* and R' are methyl, R is 
hydroxyl, X is CRR, R is methyl and R is hydrogen); or 
a 7- or 9-substituted sancycline (wherein R* and R' are 

Chlorotetracycline Minocycline 

etc.), alkynyl, aryl(e.g., phenyl, heteroaryl, etc.), arylalkyl, or 
-multicyclic (e.g., polycyclic, e.g., Steroidyl, e.g., chlolester 
oidyl). 
0059. In one embodiment, R is substituted or unsubsti 
tuted alkyl (e.g., methyl, ethyl, t-butyl, n-butyl, i-butyl, or 
n-pentyll.) Examples of possible substituents include but are 
not limited to, alkyl, alkenyl, halogen, hydroxyl, alkoxy, alky 
lcarbonyloxy, alkyloxycarbonyl, arylcarbonyloxy, alkoxy 
carbonylamino, alkoxycarbonyloxy, aryloxycarbonyloxy, 
carboxylate, alkylcarbonyl, alkylaminoacarbonyl, arylalkyl 
aminocarbonyl, alkenylaminocarbonyl, alkylcarbonyl, aryl 
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carbonyl, 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. In certain embodiments, the Substituents are 
alkoxycarbonyl, amino, arylcarbonyl, halogen, hydroxy, 
alkylamino, alkoxy, or aryl. In certain embodiments, the Sub 
stituent is halogen (e.g., bromine, chlorine, iodine, fluorine). 
0060. In a further embodiment, R' includes at least one 
aryl group, e.g., heteroaryl, phenyl, naphthyl, fluorene, etc. 
Fluorene is a moiety of the formula: 

O) 
I0061. In one embodiment, R” is aryl, e.g., substituted or 
unsubstituted phenyl. Examples of substituents include, but 
are not limited to, alkyl (e.g., unsubstituted, e.g., methyl, 
ethyl, propyl, butyl, or Substituted, e.g., chloromethyl, dichlo 
romethyl, perchloromethyl, fluoromethyl, difluoromethyl, 
perfluoromethyl, etc.), alkenyl, alkynyl, aryl, alkoxy (e.g., 
methoxy, ethoxy, propoxy, etc.), aryloxy, alkylcarbonyl, aryl 
carbonyl, alkoxycarbonyl, aryloxycarbonyl, amido, halogen, 
nitro, azo, alkyl Sulfonyl, and arylsulfonyl. 
I0062) In another embodiment, R is amino-heteroaryl 
(e.g., -NH-heteroaryl, e.g., amino-thioazolyl). The thioa 
Zolyl substituent may be substituted with substituents such as 
phenyl rings. Scheme 3 below shows some representative 
Substituents of the thioazole ring. For example, in one 
embodiment, the thiazole can be substituted with a phenyl 
group, a biphenyl group, an adamantyl group, etc. The Sub 
stituents of the thiazole can also be further substituted, e.g., 
with an electron donating group, or an electron withdrawing 
group. Examples of electron withdrawing Substituents 
include aryl groups (e.g., phenyl), halogens (e.g., chlorine, 
bromine, or fluorine), alkoxy groups (e.g., methoxy, ethoxy), 
amines (e.g., secondary amines, such as, diethylamine, dim 
ethylamine unsubstituted amines, etc.), nitro groups, etc. In 
other embodiments, the thiazolyl ring is linked to the tetra 
cycline compound through an ether (—O—), alkyl, or other 
linkage which allows the Substituted tetracycline compound 
to perform its intended function. 
0063 For example, in one embodiment, R is substituted 
or unsubstituted heteroaryl-amino, e.g., thiazolyl amino. 
Examples of substituents of the heteroaryl include, but are not 
limited to, alkyl, alkenyl, halogen, hydroxyl, alkoxy, alkyl 
carbonyloxy, alkyloxycarbonyl, arylcarbonyloxy, alkoxycar 
bonylamino, alkoxycarbonyloxy, aryloxycarbonyloxy, car 
boxylate, alkylcarbonyl, alkylaminoacarbonyl, arylalkyl 
aminocarbonyl, alkenylaminocarbonyl, alkylcarbonyl, aryl 
carbonyl, aminoalkyl, arylalkylcarbonyl, alkenylcarbonyl, 
alkoxycarbonyl, silyl, aminocarbonyl, alkylthiocarbonyl, 
phosphate, aralkyl, phosphonato, phosphinato, cyano, amino, 
acylamino, amido, imino, Sulfhydryl, alkylthio. Sulfate, 
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arylthio, thiocarboxylate, alkylsulfinyl, Sulfonato, Sulfamoyl, 
Sulfonamido, nitro, cyano, azido, heterocyclyl alkylaryl, aryl 
and heteroaryl. 
0064. In certain embodiments, the substituents of the thia 
Zolyl include alkyl (e.g., methyl, ethyl, propyl, butyl, etc.), 
halogen (e.g., fluorine, bromine, chlorine, iodine, etc.), 
alkoxy (e.g., methoxy, propoxy, ethoxy, etc.), aryl (e.g., Sub 
stituted or unsubstituted phenyl or heteroaryl). 
0065. In an embodiment, the aryl thiazolyl substituent is 
substituted with one or more substituents. Examples of sub 
stituents include, but are not limited to, alkyl (e.g., methyl, 
ethyl, propyl, butyl, etc.), alkenyl, alkynyl, aryl, alkoxy, ary 
loxy, alkylcarbonyl, arylcarbonyl, amido, trifluoromethyl, 
halogen, nitro, azo, alkyl Sulfonyl, alkoxycarbonyl (e.g., 
methoxycarbonyl, ethoxycarbonyl, etc.), aryloxycarbonyl, 
and arylsulfonyl. 
0066. The term “7-substituted tetracycline compounds' 
includes tetracycline compounds with substitution at the 7 
position. Examples of tetracycline compounds which advan 
tageously may be substituted at the 7 position include tetra 
cycline, Sancycline, doxycycline, oxytetracycline, demeclo 
cycline, or methacycline. In an advantageous embodiment, 
R7 is NR7°C(=W)WR', wherein R7 may be hydrogen, W. 
may be oxygen or sulfur. R* may be hydrophobic. R' may 
also be alkyl, alkenyl (e.g., ethenyl, propenyl, butenyl, etc.), 
alkynyl, aryl (e.g., phenyl, heteroaryl, etc.), arylalkyl, het 
eroaromatic, or multicyclic (e.g., polycyclic, e.g., Steroidyl, 
e.g., chlolesteroidyl). R* may also include at least onephenyl 
group, e.g., naphthyl or fluorene. In a preferred embodiment, 
W is oxygen or NR', wherein R’ is hydrogen. 
I0067. In one embodiment, R' is substituted or unsubsti 
tuted alkyl (e.g., methyl, ethyl, t-butyl, n-butyl, i-butyl, or 
n-pentyll.) Examples of possible substituents include but are 
not limited to, alkyl, alkenyl, halogen, hydroxyl, alkoxy, alky 
lcarbonyloxy, alkyloxycarbonyl, arylcarbonyloxy, alkoxy 
carbonylamino, alkoxycarbonyloxy, aryloxycarbonyloxy, 
carboxylate, alkylcarbonyl, alkylaminoacarbonyl, arylalkyl 
aminocarbonyl, alkenylaminocarbonyl, alkylcarbonyl, aryl 
carbonyl, 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. In certain embodiments, the Substituents are 
alkoxycarbonyl, amino, arylcarbonyl, halogen, hydroxy, 
alkylamino, alkoxy, or aryl. In certain embodiments, the Sub 
stituent is halogen (e.g., bromine, chlorine, iodine, fluorine). 
In a further embodiment, R' includes at least one aryl group, 
e.g., heteroaryl, phenyl, naphthyl, fluorene, etc. 
I0068. In one embodiment, R7 is aryl, e.g., substituted or 
unsubstituted phenyl. Examples of substituents include, but 
are not limited to, alkyl (e.g., unsubstituted, e.g., methyl, 
ethyl, propyl, butyl, or Substituted, e.g., chloromethyl, dichlo 
romethyl, perchloromethyl, fluoromethyl, difluoromethyl, 
perfluoromethyl, etc.), alkenyl, alkynyl, aryl, alkoxy (e.g., 
methoxy, ethoxy, propoxy, etc.), aryloxy, alkylcarbonyl, aryl 
carbonyl, alkoxycarbonyl, aryloxycarbonyl, amido, halogen, 
nitro, azo, alkyl Sulfonyl, and arylsulfonyl. 
I0069. In another embodiment, R7 is amino-heteroaryl 
(e.g., -NH-heteroaryl, e.g., amino-thioazolyl). The thioa 
Zolyl substituent may be substituted with substituents such as 
phenyl rings. Scheme 3 below shows some representative 
Substituents of the thioazole ring. For example, in one 
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embodiment, the thiazole can be substituted with a phenyl 
group, a biphenyl group, an adamantyl group, etc. The Sub 
stituents of the thiazole can also be further substituted, e.g., 
with an electron donating group, or an electron withdrawing 
group. Examples of electron withdrawing Substituents 
include aryl groups (e.g., phenyl), halogens (e.g., chlorine, 
bromine, or fluorine), alkoxy groups (e.g., methoxy, ethoxy), 
amines (e.g., secondary amines, such as, diethylamine, dim 
ethylamine unsubstituted amines, etc.), nitro groups, etc. In 
other embodiments, the thiazolyl ring is linked to the tetra 
cycline compound through an ether (—O—), alkyl, or other 
linkage which allows the Substituted tetracycline compound 
to perform its intended function. 
0070 For example, in one embodiment, R7 is substituted 
or unsubstituted heteroaryl-amino, e.g., thiazolyl amino. 
Examples of substituents of the heteroaryl include, but are not 
limited to, alkyl, alkenyl, halogen, hydroxyl, alkoxy, alkyl 
carbonyloxy, alkyloxycarbonyl, arylcarbonyloxy, alkoxycar 
bonylamino, alkoxycarbonyloxy, aryloxycarbonyloxy, car 
boxylate, alkylcarbonyl, alkylaminoacarbonyl, arylalkyl 
aminocarbonyl, alkenylaminocarbonyl, alkylcarbonyl, aryl 
carbonyl, 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. 
(0071. In certain embodiments, the substituents of the thia 
Zolyl include alkyl (e.g., methyl, ethyl, propyl, butyl, etc.), 
halogen (e.g., fluorine, bromine, chlorine, iodine, etc.), 
alkoxy (e.g., methoxy, propoxy, ethoxy, etc.), aryl (e.g., Sub 
stituted or unsubstituted phenyl or heteroaryl). 
0072. In an embodiment, the aryl thiazolyl substituent is 
substituted with one or more substituents. Examples of sub 
stituents include, but are not limited to, alkyl (e.g., methyl, 
ethyl, propyl, butyl, etc.), alkenyl, alkynyl, aryl, alkoxy, ary 
loxy, alkylcarbonyl, arylcarbonyl, amido, trifluoromethyl, 
halogen, nitro, azo, alkyl Sulfonyl, alkoxycarbonyl (e.g., 
methoxycarbonyl, ethoxycarbonyl, etc.), aryloxycarbonyl, 
and arylsulfonyl. 
0073. In a further embodiment of the invention, R. R. 
R", R', and R' of the substituted tetracycline compounds 
are each hydrogenatoms. In another further embodiment, R' 
and Rare each alkyl, e.g., lower alkyl, and, advantageously, 
methyl. In another embodiment, X is CRR. Rand Rare 
selected from the group consisting of hydrogen, methyl, and 
hydroxy groups. 
0074. In another embodiment, the invention also pertains 
to compounds wherein both R and R7 are not hydrogen. 
These compounds may be referred to as 7- and 9-disubsti 
tuted compounds. The invention pertains to compounds with 
any combination of 7- and 9-substituents disclosed herein. 
0075 Examples of compounds of the invention include 
those disclosed in Table 2, in addition to the compounds listed 
below. The invention also pertains to pharmaceutically 
acceptable salts of any of these compounds as well as enan 
tiomers, and mixtures of the compounds. Examples of com 
pounds of the invention include, but are not limited to: 
0076 Doxycycline 9-carbamic acid 9H-fluoren-9-ylm 
ethyl ester; 

0077 (9-(Naphthyn-1-yl) doxycycline urea; 
0078 9-(3-Methyl-1-butyl) doxycycline urea: 
0079 9-Phenyl doxycycline urea: 
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0080 9-t-Butyl doxycycline urea; 
I0081 FMOC 9-amino doxycycline: 
I0082 9-(4-Chloro-2'-trifluoromethylphenyl) doxycy 

cline urea; 
I0083 9-(4-Fluorophenyl) doxycycline carbamate; 
I0084 9-(4-Methoxyphenyl) doxycycline carbamate; 
I0085 9-BOC amino doxycycline: 
I0086 9-(Phenylthiazolyl)amino doxycycline; 
I0087 9-(Ethylthiazolyl)amino doxycycline; 
I0088 (4-Fluorophenylthiazolyl)amino doxycycline; 
I0089 9-(4-Methoxyphenylthiazolyl)amino doxycycline; 
0090 9-(3'-Nitrophenylthiazolyl)amino doxycycline; 
0091 9-(4-Methyl, 5'-phenylthiazolyl) amino doxycy 
cline; 

0092 9-Neopentyl minocycline carbamate; 
0093 9-(Phenylthiazolyl)amino sancycline; 
0094. 9-(Adamantylthiazolyl)amino doxycycline: 
0.095 9-(Naphthyn-1-yl urea) Doxycycline 5-propanoic 
acid ester; 

0096 Doxycycline 9-Thiocarbamic acid 9H-fluoren-9-yl 
methyl ester; 

0097 (9-(Naphthyn-1-yl) doxycycline thiourea; 
0.098 9-(3-methyl-1-butyl) doxycycline, thiourea; 
(0099 9-Phenyl doxycycline thiourea; 
0100 9-t-Butyl doxycycline thiourea; 
0101 9-(4-Chloro-2'-trifluoromethylphenyl) doxycy 
cline thiourea; 

0102 9-(4-Fluorophenyl) doxycycline thiocarbamate; 
0103 9-(4-Methoxyphenyl) doxycycline thiocarbamate; 
0104 9-Neopentyl minocycline thiocarbamate; 
0105 9-(Naphthyn-1-yl) doxycycline thiourea 5-pro 
panoic acid ester; 

0106 Minocycline 9-carbamic acid 9H-fluoren-9-ylm 
ethyl ester; 

0107 (9-(Naphthyn-1-yl) minocycline urea; 
0.108 9-(3-Methyl-1-butyl) minocycline urea; 
0109) 9-Phenyl doxycycline urea: 
0110 9-t-Butyl minocycline urea; 
0111 FMOC 9-amino minocycline: 
0112 9-(4-Chloro-2'-trifluoromethylphenyl) minocy 
cline urea; 

0113 9-(4-Fluorophenyl) minocycline carbamate: 
0114 9-(4-Methoxyphenyl) minocycline carbamate; 
0115 9-BOC amino minocycline: 
0116 9-(Phenylthiazolyl)amino minocycline; 
0117 9-(Ethylthiazolyl)amino minocycline: 
0118 (4'-Fluorophenylthiazolyl)amino minocycline: 
0119 9-(4-Methoxyphenylthiazolyl)amino minocycline; 
I0120 9-9-(3'-Nitrophenylthiazolyl)amino minocycline; 
I0121 9-(4-Methyl, 5'-phenylthiazolyl) amino doxycy 

cline; 
0.122 9-Neopentyl doxycycline carbamate; 
I0123 9-(Phenylthiazolyl)amino minocycline; 
0.124 9-(Adamantylthiazolyl)amino minocycline; 
0.125 Minocycline 9-thiocarbamic acid 9H-fluoren-9-yl 
methyl ester; 

0.126 (9-(Naphthyn-1-yl) minocycline thiourea; 
I0127 9-(3'-Methyl-1-butyl) minocycline thiourea; 
I0128 9-Phenyl minocycline thiourea; 
I0129 9-t-Butyl minocycline thiourea; 
0.130 9-(4-Fluorophenyl) minocycline thiocarbamate; 
I0131 9-(4-Methoxyphenyl) minocycline thiocarbamate; 
I0132 9-Neopentyl doxycycline thiocarbamate; 
0.133 9-(2-Bromoethyl) doxycycline carbamate; 
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-continued -continued 

E H 

H H 

ON 0176 The invention includes methods for synthesizing 7 
2 and/or 9-substituted tetracycline compounds using reactive 

intermediates. Such as thioureas, thiocarboxyamides, and dia 
Zonium salts, advantageously, at the Rand/or Rposition of 
tetracycline compound of formula (I). In one embodiment, 
the invention pertains to methods of synthesizing 9- and/or 
7-substituted tetracycline compounds by contacting a reac 
tive intermediate with appropriate reagents under appropriate 
conditions, such that a 7- and/or 9-substituted tetracycline 
compound is formed. Examples of appropriate reagents and 
conditions are described in Schemes 1-3 and in Example 1. 
(0177. The term “reactive intermediates” includes species 
which are generated during the synthesis of the 7- and/or 
9-substituted tetracycline compounds of Formula (I). These 
intermediates may or may not be stable under reaction con 
ditions and may or may not be isolatable. However, one of 
skill in the art can appreciate that these reactive intermediates 

n1 

H 
can be used to generate other 7- and/or 9-substituted tetracy 
cline compounds. The term “reactive intermediates' includes 
all intermediates which are synthesized or can be synthesized 
using the methodology discussed herein. Examples of reac 
tive intermediates of the invention include 7- and/or 9-diazo 
nium salts, 7- and/or 9-thiocarboxyamates, 7- and/or 
9-anilino compounds, 7- and/or 9-amino tetracycline com 
pounds, 7- and/or 9-nitro tetracycline compounds, 7- and/or 
9-urea derivatives, 7- and/or 9-carbamate derivatives, etc. 
0.178 The language “appropriate conditions include con 
ditions known in the art and conditions described herein to 
convert the reactive intermediate to a 7- and/or 9-substituted 
tetracycline compound of formula (I) or another desired tet 
racycline compound. 
0179 The language “appropriate reagents’ include 
reagents known in the art and reagents described herein to 
convert the reactive intermediate to a tetracycline compound 
of formula (I) or another desired tetracycline compound. 
0180. In another embodiment, the invention includes 
methods of synthesizing 7- and/or 9-substituted tetracycline 
compounds outlined in the following schemes. Although in 
each scheme the reaction is shown for only one or two tetra 
cycline compounds, one of skill in the art will appreciate that 
similar reactions can be also be performed with other tetra 
cycline compounds. 
0181. In an embodiment, the invention pertains to a 
method for synthesizing 7- and/or 9-substituted tetracycline 
compounds by contacting an unsubstituted tetracycline com 
pound with a nitrating agent, to form a 7- and/or 9-nitro 
substituted tetracycline compound. The 7- and/or 9-nitro sub 
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stituted tetracycline compound is then hydrogenated with a 
hydrogenating agent to form a 7- and/or 9-amino Substituted 
tetracycline compound. The 7- and/or 9-amino substituted 
tetracycline compound is contacted with an amino reactive 
compound, thereby forming a 7- and/or 9-substituted tetra 
cycline compound. 
0182. The term “nitrating agent' includes compounds and 
chemicals which, under appropriate conditions, can introduce 
a nitro group (-NO) to a tetracycline compound. Advanta 
geous nitrating agents include, for example, NaNO. Other 
methods of nitration are known in the art and are also included 
(see, for example, March, Advanced Organic Chemistry, 
John Wiley & Sons:New York, 1992, p. 522-525, and refer 
ences cited therein). Advantageously, when the nitrating 
agent is NaNO, the reaction is conducted under acidic con 
ditions. 

0183 The term “hydrogenating agent' includes com 
pounds and chemicals which, under appropriate conditions, 
can convert a nitro group to an amino group (-NH2). 
Examples of preferred hydrogenating agents include H gas 
with a transition metal catalyst, advantageously, platinum. 
Other methods of converting nitro groups to amino groups are 
known in the art (see, for example March, Advanced Organic 
Chemistry, John Wiley & Sons:New York, 1992, p. 1216 
1217, and references cited therein). 
0184 The term “amino reactive compound includes 
compounds and molecules which can be reacted with the 7 
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and/or 9-amino tetracycline derivative to form a desired 7 
and/or 9-substituted tetracycline compound, or a precursor 
thereof. Examples of advantageous amino reactive com 
pounds for the formation of 9-substituted urea and carbamate 
tetracycline compounds include Substituted and unsubsti 
tuted isocyanates and chloroformates. Scheme 1 below 
depicts the synthesis for a 9-substituted doxycycline com 
pounds, but the methodology can be applied both to other 
tetracycline compounds and 7-substituted tetracycline com 
pound. The depicted method includes treating an unsubsti 
tuted tetracycline compound (1-1) with acid (e.g., HSO) 
and a nitrating agent (e.g., sodium or potassium nitrate) to 
form the reactive nitro substituted tetracycline intermediate 
(1-2). The reactive nitro substituted tetracycline intermediate 
can be reduced to the corresponding amine (1-3) by hydro 
genating reagents known in the art (e.g., hydrogen with metal 
catalysts, platinum oxide or the like) to produce the amino 
substituted tetracycline compound (1-3). The amino substi 
tuted tetracycline compound (1-3) can then be reacted in mild 
base with substituted isocyanates (1-4) to form mixed urea 
substituted tetracycline compounds (1-5). The amino substi 
tuted tetracycline compounds (1-3) can also be reacted with 
substituted or unsubstituted chloroformates (1-6) to form 
Substituted carbamates tetracycline compounds (1-7). Addi 
tionally, the amino Substituted tetracycline compounds (1-3) 
can be reacted with other species, such as the thioisocyanates 
(1-8), to form other desirable derivatives, such as the thio 
ureas (1-9). 

SCHEME 1: 

CH3 OH N(Me)2 CH3 OH N(Me) 
s : OH 

H2SO4 
-> 

NaNO NH 
2 

N ON N 

OH O OH O O OH O OH O O 

1-1 1-2 

per 

R 
CH, OH N(Me) A gHs gH N(Me) 
s s : OH OECEN OH 

O (1-4) 

ls NH NH2 2 
RHN N N HN N 

OH O OH O O OH O OH O O 

1-5 l 1-3 
RO C 

1-6 SECEN-R 

1-8 
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-continued 
CH3 OH N(Me)2 CH3 OH N(Me)2 

OH OH 
O S 

l NH2 R l NH2 RO N N NN N N 

OH O OH O O OH O OH O O 

1-7 1-9 

0185. The initial nitration of the tetracycline compound 
may produce a mixture of the 7- and 9-substituted isomers. -continued 
An ordinarily skilled artisan will be able to appreciate that the 
isomers can be separated by conventional methods after any 
of the reactions mentioned above. Techniques for separating 
isomers are well known in the art. For example, the amino 
Substituted tetracycline compounds (e.g., 1-3) can be sepa 
rated from other positional isomers by techniques known in 
the art, e.g., preparative HPLC on C18-reverse phase silica 
gel with a binary gradient system. The amino tetracycline 
compounds can also be prepared according to U.S. Pat. No. 
3.483.251 through a reductive alkylation of 7-(N,N'-dicar 
bobenzyloxyhydrazino) tetracyclines. Furthermore, other 7 
and/or 9-substituted tetracycline compounds can be synthe 
sized by reacting the amino intermediate with amino reactive 
substrate. 

0186 The reactive 7- and/or 9-amino substituted tetracy 
cline compounds are included as reactive intermediates. The 
amino Substituted tetracycline compounds can react with 
other chemical species such as isocyanate derivatives or 
isothiocyanate derivatives to produce 7- and/or 9-position 
ureas and thioureas (thiocarbocarboxyamides) as shown in 
Scheme 1. The 7- and/or 9-position urea and thiourea tetra 
cycline compounds are reactive intermediates and can be 
used in the synthesis of a wide variety of 7- and/or 9-substi 
tuted tetracycline compounds. For example, the 7- and/or 
9-position thioureas can be used to form amino-heterocyclic 
moieties by reactions shown in Scheme 2, below. 

SCHEME 2: 

Fmoc-NCS 
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-continued 

os-K) H 

H 

ON 

() () 
0187. For example, 9-amino substituted tetracycline com 
pound (2-1) can be reacted with Fmoc-NCS to produce a 
9-Fmoc thiourea substituted tetracycline compound (2-2). 
The Fmoc substituted thiourea substituted tetracycline com 
pound (2-2) can be deprotected using methods known in the 
art to form the 9-thiourea substituted tetracycline compound 
(2-3). The 9-thiourea substituted tetracycline compound (2-3) 
is a reactive intermediate, which can be reacted with C-ha 
loketones (2-4, e.g., Substituted or unsubstituted C-haloke 
tones, etc.), to produce 9-thiazolylamino Substituted tetracy 
cline compounds (2-5). 1 his methodology can also be used to 
form 7-position thiourea substituted tetracycline reactive 
intermediates as well as 7-position thiazolylamino tetracy 
cline compounds. 
0188 Thiourea tetracycline reactive intermediates also 
can be used as reactive intermediates in the synthesis of, for 
example, Spiro and fused cyclopentapyroZole and pyrimidine 
derivatives (Albar et al., J. Chem. Res., Synop., (2), 40-41 
(1997); pyridazinedione derivatives (Sharaf El-Din, Alexan 
dria J. Pharm. Sci., 11(1) 9-12 (1997)); benzothiazole acrylic 
acid derivatives (Kassem, et al., Pak J. Sci. Ind. Res. 38 
(11-12) 424-427 (1995)); thiazoline, aryazothioazole and 
pyrazole derivatives (Abdelhamid, A. Phosphorous, Sulfur, 
Silicon Related Elem. 119 (181-191) (1996)); pyrimidine 
derivatives (Fikry, J. Indian Chem. Soc., 73(12), 698-699 
(1996)); aminothiazole-carbonitrile derivatives (Shiono, JP 
95-331456); benzimidazole derivatives (Omar et al. Egypt. J. 
Pharm. Sci. 37(1-6), 609-620 (1996)); benzylthiazolidine 
derivatives (Morita et al., JP 95-200268): clonidine deriva 
tives (Pierce, et al. WO95/21818); pyrimidine derivatives 
(Nassar, et al. Egypt. J. Chem., 40(3) 239-247 (1997)); bicy 
clic derivatives (Zhu, et al. Hanneng Cailliao 5(4), 165-170 
(1997)); combinatorial libraries (Nefzi, et al. WO 98/19693); 
triazinoindole derivatives (Tomchin, et al. Khim.-Farm. Zh., 
31(3), 19-27 (1997); Tomchin et al., Khim.-Farm. Zh., 32(3) 
7-10 (1998)): aryl thio derivatives (Chikalia, et al. Proc. Nat. 
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Acad. Sci. India 68(A), I, 1998); and C-amino acid derivatives 
(Beyer, et al. Tetrahedron, 52(17) 6233-6240 (1996)). 

SCHEME3: 

H3C CH3 CH, Off YN1 
OH 

OOCO carboxylic acid --- 

anhydrous 
NH 

R9 N 2 HF 
OH 

OH O OH O O 

3-1 

O 

N HC CH ch, Yo NN1 
OH 

NH2 
R9 N 

OH 
OH O OH O O 

3-2 

HC CH CH, Oi YN1 
OH 

OOCO carboxylic acid Ho 

NH anhydrous 
R9 N 2 HF 

OH 
OH O OH O O 

3-3 

O 

*N HC CH ch, o' YN1 
OH 

C NH2 R9 N 
OH 

OH O OH O O 

3-4 

0189 As depicted in Scheme 3, 5-esters of 7- and/or 
9-substituted tetracycline compounds (3-1 and 3-3) can be 
formed by dissolving the 7- and/or 9-substituted tetracycline 
compounds in strong acid and adding the appropriate car 
boxylic acid. Examples of strong acids include anhydrous 
hydrogen fluoride, methanesulphonic acid, and trifluo 
romethanesulfonic acid. 

0190. The invention also pertains to a method for synthe 
sizing a 7- or 9-substituted tetracycline compound of formula 
(I), by contacting a reactive intermediate with appropriate 
reagents under appropriate conditions, such that a substituted 
tetracycline compound is formed. 
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(0191) The compound of formula (I) is: 

(I) 

wherein: 

(0192 X is CHC(R'Y'Y), CRR, S, NR, or O; 
(0193 R’ is hydrogen, alkyl, alkynyl, alkoxy, alkylthio, 

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

(0194 R and R' are each hydrogen, alkyl, alkenyl, 
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, 
alkylamino, arylalkyl, aryl, heterocyclic, heteroaro 
matic or a prodrug moiety; 

(0195 R. R. R', R'' and R'' are each hydrogen or a 
pro-drug moiety; 

(0196) 
(0197) R. R. and Rare each independently hydrogen, 

alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkyl 
Sulfinyl, alkylsulfonyl, alkylamino, arylalkyl, or halo 
gen, 

(0198 R7 is hydrogen, dialkylamino, heteroaryl-amino, 
or NR7°C(—W)WR7; 

(0199 R' is hydrogen, hydroxy, alkyl; alkenyl; alkynyl: 
alkoxy; alkylthio; alkylsulfinyl; alkylsulfonyl: alky 
lamino; or an arylalkyl; 

0200 Y and Y are each independently hydrogen; halo 
gen; hydroxyl; cyano, Sulfhydryl; amino; alkyl; alkenyl: 
alkynyl; alkoxy; alkylthio; alkylsulfinyl; alkylsulfonyl: 
alkylamino; or an arylalkyl; 

R is hydrogen, hydroxyl, or a prodrug moiety; 

0201 Rishydrogen, NRC(=Z)ZR'', or heteroaryl 
am1nO, 

0202 Z is CR'R'', NR, or O: 
0203 Z is O or S; 
0204 R. R. R. R', and R are each indepen 
dently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, alky 
lthio, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, alkoxy 
carbonyl, arylcarbonyl, alkylamino, arylalkyl, aryl, 
heterocyclic, heteroaromatic, absent, or a prodrug moi 
ety; 

0205 W is CR7R7, NR7 or O: 
0206 W is O or S; and 
0207 R7, R7, R7, R7, and R7 are each indepen 
dently hydrogen, alkyl, alkenyl, alkynyl, alkoxy, alky 
lthio, alkylsulfinyl, arylsulfonyl, alkoxycarbonyl, aryl 
carbonyl, alkylamino, arylalkyl, aryl, heterocyclic, 
heteroaromatic, absent, or a prodrug moiety; 

0208 and pharmaceutically acceptable salts thereof, 
provided that R is not hydrogen when R is dialky 
lamino or hydrogen. 

0209. In one embodiment, the reactive intermediate is a 7 
and/or 9-diazonium salt, a 7- and/or 9-nitro compound, a 7 
and/or 9-thiourea, or a 7- and/or 9-thiocarboxamide. 
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0210. The invention also pertains to reactive intermediates 
of the formula: 

(I) 

OR10 O OR 11 O O 

wherein: 

0211 X is CHC(R'Y'Y), CHR, S, NR, or O: 
0212 R is hydrogen, alkyl, alkynyl, alkoxy, alkylthio. 
alkylsulfinyl, alkylsulfonyl, alkylamino, arylalkyl, aryl, 
heterocyclic, heteroaromatic or a prodrug moiety; 

0213 R' and R' are each hydrogen, alkyl, alkenyl, 
alkynyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, 
alkylamino, arylalkyl, aryl, heterocyclic, heteroaro 
matic or a prodrug moiety; 

0214) R. R. R', R'' and R'' are each hydrogen or a 
pro-drug moiety; 

0215 R is hydrogen, hydroxyl, or a prodrug moiety; 
0216) R and R are each independently hydrogen, 
alkyl, alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkyl 
sulfinyl, alkylsulfonyl, alkylamino, or an arylalkyl: 

0217) R' is hydrogen, hydroxy, alkyl; alkenyl; alkynyl: 
alkoxy; alkylthio; alkylsulfinyl; alkylsulfonyl: alky 
lamino; or an arylalkyl; 

0218 Yand Y are each independently hydrogen; halo 
gen; hydroxyl; cyano, Sulfhydryl; amino; alkyl; alkenyl: 
alkynyl; alkoxy; alkylthio; alkylsulfinyl; alkylsulfonyl: 
alkylamino; or an arylalkyl; 

0219 R is hydrogen, thiourea, diazonium salt, thiocar 
boxamide, or nitro: 

0220 R7 is hydrogen, thiourea, dialkylamino, diazo 
nium salt, thiocarboxamide, or nitro; and pharmaceuti 
cally acceptable salts thereof, provided that R is not 
hydrogen when Rhydrogen or dialkylamino. 

(0221) In a further embodiment, R is hydrogen or dialky 
lamino, when R is thiourea, diazonium salt, thiocarboxam 
ide, or a nitro moiety. In another, R is hydrogen when R is 
thiourea, diazonium salt, thiocarboxamide, or a nitro moiety. 
0222 Unless specifically indicated, the chemical groups 
of the present invention may be substituted or unsubstituted. 
Further, unless specifically indicated, the chemical substitu 
ents may in turn be substituted or unsubstituted. In addition, 
multiple Substituents may be present on a chemical group or 
Substituent. Examples of Substituents include alkyl, alkenyl, 
alkynyl, halogen, hydroxyl, alkylcarbonyloxy, arylcarbony 
loxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxyl, 
alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbo 
nyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthio 
carbonyl, alkoxyl, formyl, trimethylsilyl, phosphate, phos 
phonato, phosphinato, cyano, amino (including alkyl amino, 
dialkylamino, arylamino, diarylamino, and alkylarylamino), 
acylamino (including alkylcarbonylamino, arylcarbony 
lamino, carbamoyl and ureido), amido, imino, Sulfhydryl, 
alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, 
Sulfonato, Sulfamoyl, Sulfonamido, nitro, trifluoromethyl, 
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cyano, azido, heterocyclyl alkylaryl, aromatic or heteroaro 
matic moieties, cholesterol, arylsulfonyl, azo, thiazolyl, ada 
mantyl, and phosphonyl. 
0223) The term “alkyl includes saturated aliphatic 
groups, including straight-chain alkyl groups, branched 
chain alkyl groups, cycloalkyl (alicyclic) groups, alkyl Sub 
stituted cycloalkyl groups, and cycloalkyl Substituted alkyl 
groups. The term alkyl further includes alkyl groups, which 
can further include oxygen, nitrogen, Sulfur or phosphorous 
atoms replacing one or more carbons of the hydrocarbon 
backbone, e.g., oxygen, nitrogen, Sulfur or phosphorous 
atoms. In an embodiment, a straight chain or branched chain 
alkyl has 10 or fewer carbon atoms in its backbone (e.g., 
C-C for straight chain, C-C for branched chain), and in 
another embodiment, 4 or fewer. Likewise, in certain embodi 
ments, cycloalkyls have from 4-7 carbon atoms in their ring 
structure, and may have 5 or 6 carbons in the ring structure. 
0224 Moreover, the term alkyl includes both “unsubsti 
tuted alkyls' and “substituted alkyls, the latter of which 
refers to alkyl moieties having Substituents replacing a hydro 
gen on one or more carbons of the hydrocarbon backbone. 
Such substituents can include, for example, halogen, 
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbo 
nyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, 
alkoxycarbonyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl, 
phosphate, phosphonato, phosphinato, cyano, amino (includ 
ing alkyl amino, dialkylamino, arylamino, diarylamino, and 
alkylarylamino), acylamino (including alkylcarbonylamino, 
arylcarbonylamino, carbamoyl and ureido), amidino, imino, 
sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, sul 
fonato, Sulfamoyl, Sulfonamido, nitro, trifluoromethyl, 
cyano, azido, heterocyclyl alkylaryl, or an aromatic or het 
eroaromatic moiety. Cycloalkyls can be further substituted, 
e.g., with the substituents described above. An “alkylaryl 
moiety is an alkyl Substituted with an aryl (e.g., phenylmethyl 
(benzyl)). 
0225. The term “aryl' includes aryl groups, including 5 
and 6-membered single-ring aromatic groups that may 
include from Zero to four heteroatoms, for example, benzene, 
pyrrole, furan, thiophene, imidazole, benzoxazole, ben 
Zothiazole, triazole, tetrazole, pyrazole, pyridine, pyrazine, 
pyridazine and pyrimidine, and the like. Aryl groups also 
include polycyclic fused aromatic groups such as naphthyl, 
quinolyl, indolyl, and the like. Those aryl groups having 
heteroatoms in the ring structure may also be referred to as 
“arylheterocycles”, “heteroaryls' 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, arylcarbony 
loxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, 
alkylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylthiocar 
bonyl, phosphate, phosphonato, phosphinato, cyano, amino 
(including alkyl amino, dialkylamino, arylamino, diary 
lamino, and alkylarylamino), acylamino (including alkylcar 
bonylamino, arylcarbonylamino, carbamoyl and ureido), 
amidino, imino, Sulfhydryl, alkylthio, arylthio, thiocarboxy 
late, Sulfates, Sulfonato, Sulfamoyl, Sulfonamido, nitro, trif 
luoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aro 
matic 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). 
0226. The terms “alkenyl' and “alkynyl include unsatur 
ated aliphatic groups analogous in length and possible Sub 
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stitution to the alkyls described above, but that contain at least 
one double or triple bond, respectively. 
0227. Unless the number of carbons is otherwise speci 
fied, “lower alkyl as used herein means an alkyl group, as 
defined above, but having from one to five carbon atoms in its 
backbone structure. Likewise, “lower alkenyl and “lower 
alkynyl have similar chain lengths. 
0228. The terms “alkoxyalkyl, "polyaminoalkyl and 
“thioalkoxyalkyl include alkyl groups, as described above, 
which further include oxygen, nitrogen or Sulfur atoms 
replacing one or more carbons of the hydrocarbon backbone, 
e.g., Oxygen, nitrogen or Sulfur atoms. 
0229. The terms “polycyclyl,”“multicycle” 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-adjacentatoms 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, alkoxycarbo 
nyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, 
alkoxycarbonyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl, 
phosphate, phosphonato, phosphinato, cyano, amino (includ 
ing alkyl amino, dialkylamino, arylamino, diarylamino, and 
alkylarylamino), acylamino (including alkylcarbonylamino, 
arylcarbonylamino, carbamoyl and ureido), amidino, imino, 
sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, sul 
fonato, Sulfamoyl, Sulfonamido, nitro, trifluoromethyl, 
cyano, azido, heterocyclyl, alkyl, alkylaryl, or an aromatic or 
heteroaromatic moiety. Examples of “multicyclic moieties 
include steroids, such as, for example, cholesterol. 
0230. The term "heteroatom’ as used herein means an 
atom of any element other than carbon or hydrogen. Preferred 
heteroatoms are nitrogen, oxygen, Sulfur and phosphorus. 
0231 Suitable alkanoyl groups include groups having 1 to 
about 4 or 5 carbonyl groups. Suitable aroyl groups include 
groups having one or more carbonyl groups as a Substituent to 
an aryl group Such as phenyl or other carbocyclic aryl. Suit 
able alkaroyl groups have one or more alkylcarbonyl groups 
as a Substituent to an aryl group Such as phenylacetyl and the 
like. Suitable carbocyclic aryl groups have 6 or more carbons 
Such as phenyl, naphthyl and the like. Suitable aryloyl groups 
are carbocyclic aryl groups that are substituted with one or 
more carbonyl groups, typically 1 or 2 carbonyl groups. 
0232 Prodrugs are compounds which are converted in 
vivo to active forms (see, e.g., R. B. Silverman, 1992, “The 
Organic Chemistry of Drug Design and Drug Action'. Aca 
demic Press. Chp. 8). Prodrugs can be used to alter the bio 
distribution (e.g., to allow compounds which would not typi 
cally enter the reactive site of the protease) or the 
pharmacokinetics for a particular compound. For example, a 
hydroxyl group, can be esterified, e.g., with a carboxylic acid 
group to yield an ester. When the ester is administered to a 
Subject, the ester is cleaved, enzymatically or non-enzymati 
cally, reductively or hydrolytically, to reveal the hydroxyl 
group. 
0233. The language “prodrug moiety' includes moieties 
which can be metabolized in vivo to yield an active com 
pound. For example, the term includes moieties which can 
modify certain functional groups of the Substituted tetracy 
cline compounds, such as, but not limited to, hydroxyl groups 
and amino groups. In an embodiment, the prodrugs moieties 
are metabolized in vivo by esterases or by other mechanisms 
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to hydroxyl groups, amino, amido or other groups which 
allow the substituted tetracycline compound to perform its 
intended function. Examples of prodrugs and their uses are 
well known in the art (See, e.g., Berge et al. (1977) “Pharma 
ceutical Salts'. J. Pharm. Sci. 66:1-19). Some prodrugs can 
be prepared in situ during the final isolation and purification 
of the compounds, or by separately reacting the purified com 
pound in its free acid form or hydroxyl with a suitable esteri 
fying agent. Hydroxyl groups, for example, can be converted 
into esters via treatment with a carboxylic acid (see, for 
example, Scheme 3). Examples of prodrug moieties include 
substituted and unsubstituted, branch or unbranched lower 
alkyl ester moieties, (e.g., propionic acid esters), lower alk 
enyl esters, di-lower alkyl-amino lower-alkyl esters (e.g., 
dimethylaminoethyl ester), acylamino lower alkyl esters 
(e.g., acetyloxymethyl ester), acyloxy lower alkyl esters (e.g., 
pivaloyoxymethyl ester), aryl esters (phenyl ester), aryl 
lower alkyl esters (e.g., benzyl ester), Substituted (e.g., with 
methyl, halo, or methoxy Substituents) aryl and aryl-lower 
alkyl esters, amides, lower-alkyl amides, di-lower alkyl 
amides, and hydroxy amides. Preferred prodrug moieties for 
hydroxyl groups are propionic acid esters and acyl esters. 
Amino or amido groups can be modified by methods known 
in the art to form Schiffbases and other prodrugs which may 
or may not be metabolized in vivo. 
0234. It will be noted that the structure of some of the 
compounds of this invention includes asymmetric carbon 
atoms. It is to be understood accordingly that the isomers 
arising from such asymmetry (e.g., all enantiomers and dias 
tereomers) are included within the scope of this invention, 
unless indicated otherwise. Such isomers can be obtained in 
Substantially pure form by classical separation techniques 
and by Stereochemically controlled synthesis. 
0235. The invention also features a method for treating a 
tetracycline compound responsive state in a subject, by 
administering to the Subject a Substituted tetracycline com 
pound of the invention. Preferably, an effective amount of the 
Substituted tetracycline compound is administered. In an 
embodiment, the substituted tetracycline compound is of for 
mula (I). The invention includes methods of treating a tetra 
cycline compound responsive state using any one of the com 
pounds described above or found in Table 2, below. 
0236. The term “subject' includes any animal or plant 
which is capable of being treated or may obtain some benefit 
from the administration of a substituted tetracycline com 
pound of the invention. The term also include animals (e.g., 
birds, reptiles, fish, mammals, (e.g., cows, pigs, sheep, 
horses, cows, dogs, cats, squirrels, bears, monkeys, chimpan 
Zees, gorillas, goats, ferrets, and, preferably, humans). The 
Subject may be currently Suffering from the tetracycline com 
pound responsive state or may be at risk of suffering from the 
tetracycline compound responsive state. In an embodiment, 
the Subject may be immunocompromised, e.g., Suffering 
from AIDS, undergoing or recovering from chemotherapy, or 
have an immune disorder. 
0237. The language “tetracycline compound responsive 
state' includes state which can be treated, prevented, or oth 
erwise ameliorated by the administration of a substituted 
tetracycline compound of the invention. Tetracycline com 
pound responsive states include bacterial infections (includ 
ing those which are resistant to other tetracycline com 
pounds), cancer, diabetes, and other states for which 
tetracycline compounds have been found to be active (see, for 
example, U.S. Pat. Nos. 5,789,395; 5,834,450; and 5,532, 
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227). Compounds of the invention can be used to prevent or 
control important mammalian and Veterinary diseases such as 
diarrhea, urinary tract infections, infections of skin and skin 
structure, ear, nose and throat infections, wound infection, 
mastitis and the like. In addition, methods for treating neo 
plasms using tetracycline compounds of the invention are 
also included (van der Bozert et al., Cancer Res., 48:6686 
6690 (1988)). 
0238 Bacterial infections may becaused by a wide variety 
of gram positive and gram negative bacteria. The compounds 
of the invention are useful as antibiotics against organisms 
which are resistant to other tetracycline compounds. The 
antibiotic activity of the tetracycline compounds of the inven 
tion may be determined using the method discussed in 
Example 2, or by using the in vitro standard broth dilution 
method described in Waitz, J. A., National Commission for 
Clinical Laboratory Standards, Document M7-A2, Vol. 10, 
no. 8, pp. 13-20, 2' edition, Villanova, Pa. (1990). 
0239. The tetracycline compounds may also be used to 
treat infections traditionally treated with tetracycline com 
pounds such as, for example, rickettsiae; a number of gram 
positive and gram-negative bacteria; and the agents respon 
sible for lymphogranuloma Venereum, inclusion 
conjunctivitis, psittacosis. The Substituted tetracycline com 
pounds may be used to treat infections of pneumococci, Sal 
monella, E. coli, S. aureus, E. hirae or E. faecalis. In one 
embodiment, the Substituted tetracycline compound is used to 
treat a bacterial infection that is resistant to other unsubsti 
tuted tetracycline antibiotic compounds (e.g., tetracycline 
compounds Such as doxycycline, minocycline, sancycline, or 
tetracycline). In another embodiment, the substituted tetracy 
cline compounds of the invention are less cytotoxic to the 
Subject as compared to unsubstituted tetracycline com 
pounds, such that the Substituted tetracycline compounds 
may be given at a higher dosage with out being fatal or 
excessively toxic to the subject. The substituted tetracycline 
compound of the invention may be administered with a phar 
maceutically acceptable carrier. 
0240 Examples of compounds of the invention which 
may advantageously be used in the methods of the invention 
include Substituted tetracycline compounds of formula (I), as 
well as compounds described in Table 2. Examples of com 
pounds of the invention include: 
0241 Doxycycline 9-carbamic acid 9H-fluoren-9-ylm 
ethyl ester; 

0242 (9-(Naphthyn-1-yl) doxycycline urea; 
0243 9-(3-Methyl-1-butyl) doxycycline urea; 
0244 9-Phenyl doxycycline urea; 
0245 9-t-Butyl doxycycline urea; 
0246 FMOC 9-amino doxycycline: 
0247 9-(4-Chloro-2'-trifluoromethylphenyl) doxycy 
cline urea; 

0248 9-(4-Fluorophenyl) doxycycline carbamate; 
0249 9-(4-Methoxyphenyl) doxycycline carbamate; 
(0250 9-BOC amino doxycycline: 
0251 9-(Phenylthiazolyl)amino doxycycline; 
0252 9-(Ethylthiazolyl)amino doxycycline; 
0253 (4-Fluorophenylthiazolyl)amino doxycycline; 
0254 9-(4-Methoxyphenylthiazolyl)amino doxycycline; 
0255 9-(3'-Nitrophenylthiazolyl)amino doxycycline; 
0256 9-(4-Methyl, 5'-phenylthiazolyl) amino doxycy 
cline; 

0257 9-Neopentyl minocycline carbamate; 
0258 9-(Phenylthiazolyl)amino sancycline; 
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0259 9-(Adamantylthiazolyl)amino doxycycline; 
0260 9-(Naphthyn-1-yl urea) Doxycycline 5-propanoic 
acid ester; 

0261 Doxycycline 9-Thiocarbamic acid 9H-fluoren-9-yl 
methyl ester; 

0262 (9-(Naphthyn-1-yl) doxycycline thiourea; 
0263 9-(3-methyl-1-butyl) doxycycline thiourea; 
0264 9-Phenyl doxycycline thiourea; 
0265 9-t-Butyl doxycycline thiourea; 
0266 9-(4'-Chloro-2'-trifluoromethylphenyl) doxycy 
cline thiourea; 

0267 9-(4'-Fluorophenyl) doxycycline thiocarbamate; 
0268 9-(4-Methoxyphenyl) doxycycline thiocarbamate; 
0269 9-Neopentyl minocycline thiocarbamate; 
0270 9-(Naphthyn-1-yl) doxycycline thiourea 5-pro 
panoic acid ester; 

0271 Minocycline 9-carbamic acid 9H-fluoren-9-ylm 
ethyl ester; 

0272 (9-(Naphthyn-1-yl) minocycline urea; 
0273 9-(3-Methyl-1-butyl) minocycline urea; 
0274 9-Phenyl doxycycline urea; 
(0275 9-t-Butyl minocycline urea: 
(0276 FMOC 9-amino minocycline; 
0277 9-(4'-Chloro-2'-trifluoromethylphenyl) minocy 
cline urea; 

0278 9-(4'-Fluorophenyl) minocycline carbamate; 
0279 9-(4-Methoxyphenyl) minocycline carbamate; 
0280 9-BOC amino minocycline; 
0281 9-(Phenylthiazolyl)amino minocycline; 
0282 9-(Ethylthiazolyl)amino minocycline: 
0283 (4'-Fluorophenylthiazolyl)amino minocycline: 
0284 9-(4-Methoxyphenylthiazolyl)amino minocycline; 
0285 9-9-(3'-Nitrophenylthiazolyl)amino minocycline; 
0286 9-(4-Methyl, 5'-phenylthiazolyl) amino doxycy 
cline; 

0287 9-Neopentyl doxycycline carbamate; 
0288 9-(Phenylthiazolyl)amino minocycline; 
0289 9-(Adamantylthiazolyl)amino minocycline; 
0290 Minocycline 9-thiocarbamic acid 9H-fluoren-9-yl 
methyl ester; 

0291 (9-(Naphthyn-1-yl) minocycline thiourea; 
0292 9-(3'-Methyl-1-butyl) minocycline thiourea; 
0293 9-Phenyl minocycline thiourea: 
0294 9-t-Butyl minocycline thiourea; 
0295 9-(4'-Fluorophenyl) minocycline thiocarbamate; 
0296. 9-(4-Methoxyphenyl) minocycline thiocarbamate; 
0297 9-Neopentyl doxycycline thiocarbamate; 
0298 9-(2'-Bromoethyl) doxycycline carbamate; 
0299 9-(n-Pentyl) minocycline carbamate; 
0300 9-(4-Benzoylbenzoyl)amino doxycycline; 
0301 7-(3'-Nitrophenylthiazolyl)amino sancycline; 
0302 9-(3'-Ethoxycarbonylthiazolyl)amino doxycycline; 
0303 7-(4-Methylphenyl) sancycline carbamate; 
0304 9-(4-Trifluoromethoxyphenyl) minocycline urea; 
0305 9-(3',5'-diperfluorophenyl) minocycline thiourea; 
0306 9-Prop-2-enyl minocycline carbamate; 
0307 9-(4'-Chloro. 2'-nitrophenyl) minocycline urea; 
0308 9-Ethyl minocycline carbamate; 
0309 9-n-Butyl minocycline carbamate; 
0310 9-n-But-3-enyl minocycline carbamate; 
0311 Doxycycline 7-carbamic acid 7H-fluoren-7-ylm 
ethyl ester; 

0312 7-(Naphthyn-1-yl) doxycycline urea; 
0313 7-(3-Methyl-1-butyl) doxycycline urea; 
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0314. 7-Phenyl doxycycline urea; 
0315 7-t-Butyl doxycycline urea; 
0316 7-Fmoc amino doxycycline; 
0317 7-(4-Chloro-2-trifluoromethylphenyl) doxycycline 
urea; 

0318 7-(4-Fluorophenyl) doxycycline carbamate; 
0319 7-(4-Methoxyphenyl) doxycycline carbamate; 
0320 7-BOC amino doxycycline: 
0321 7-(3'Phenylthiazolyl)amino doxycycline: 
0322 7-(3'-Ethylthiazolyl)amino doxycycline; 
0323 7-(4"-Fluorophenylthiazolyl)amino doxycycline; 
0324 7-(4"-Methoxyphenylthiazolyl) amino doxycy 
cline; 

0325 7-(Phenylthiazolylamino)-sancycline: 
0326 7-(3'-Nitrophenylthiazolyl)amino doxycycline; 
0327 7-(4-Methyl, 5'-phenylthiazolyl) amino doxycy 
cline; 

0328 7-(Adamantylthiazolyl)amino doxycycline: 
0329. Doxycycline 7-thiocarbamic acid 7H-fluoren-7-yl 
methyl ester; 

0330 7-(Naphthyn-1-yl) doxycycline thiourea; 
0331 7-(3-Methyl-1-butyl) doxycycline thiourea; 
0332 7-Phenyl amino doxycycline thiourea; 
0333 7-t-butyl amino doxycycline thiourea; 
0334 7-(4-Chloro-2'-trifluoromethylphenyl) doxycy 
cline thiourea; 

0335 7-(4-Fluorophenyl) doxycycline thiocarbamate; 
0336 7-(4-Methoxyphenyl) doxycycline thiocarbamate; 
0337 7-(Naphthyn-1-yl) doxycycline urea 5-propanoic 
acid ester; 

0338 7-(Naphthyn-1-yl) doxycycline thiourea 5-pro 
panoic acid ester; 

0339 9-i-Butyl minocycline carbamate, and pharmaceu 
tically acceptable salts and prodrugs thereof. 

0340. The language “effective amount of the substituted 
tetracycline compound is that amount necessary or Sufficient 
to treat or prevent a tetracycline compound responsive state. 
The effective amount can vary depending on Such factors as 
the size and weight of the subject, the type of illness, or the 
particular substituted tetracycline compound. For example, 
the choice of the substituted 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 Substituted tetracycline compound without undue experi 
mentation. 
0341 The invention also pertains to methods of treatment 
against microorganism infections and associated diseases. 
The methods include administration of an effective amount of 
one or more Substituted tetracycline compounds to a Subject. 
The Subject can be either a plant or, advantageously, an ani 
mal, e.g., a mammal, e.g., a human. 
0342. In the therapeutic methods of the invention, one or 
more Substituted 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 inor 
ganic 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. 
0343. In one embodiment, the invention pertains to phar 
maceutical compositions which comprise one or more Sub 
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stituted tetracycline compounds of the invention, as described 
above. The invention pertains to pharmaceutical composi 
tions which comprise any of the Substituted tetracycline com 
pounds described in this application. For example, the inven 
tion pertains to pharmaceutical compositions which comprise 
substituted tetracycline compounds of both Formula (I) and 
Table 2. Other examples of substituted tetracycline com 
pounds of the invention which may be included in the phar 
maceutical compositions of the invention include, but are not 
limited to: 
0344 Doxycycline 9-carbamic acid 9H-fluoren-9-ylm 
ethyl ester; 

0345 (9-(Naphthyn-1-yl) doxycycline urea; 
0346 9-(3-Methyl-1-butyl) doxycycline urea; 
(0347 9-Phenyl doxycycline urea: 
0348 94-Butyl doxycycline urea; 
(0349 FMOC 9-amino doxycycline: 
0350 9-(4'-Chloro-2'-trifluoromethylphenyl) 
cline urea; 

0351 9-(4'-Fluorophenyl) doxycycline carbamate; 
0352 9-(4-Methoxyphenyl) doxycycline carbamate; 
0353 9-BOC amino doxycycline: 
0354 9-(Phenylthiazolyl)amino doxycycline; 
0355 9-(Ethylthiazolyl)amino doxycycline: 
0356 (4-Fluorophenylthiazolyl)amino doxycycline; 
0357 9-(4-Methoxyphenylthiazolyl)amino doxycycline; 
0358 9-(3'-Nitrophenylthiazolyl)amino doxycycline; 
0359 9-(4-Methyl, 5'-phenylthiazolyl) amino doxycy 
cline; 

0360 
0361 

doxycy 

9-Neopentyl minocycline carbamate; 
9-(Phenylthiazolyl)amino sancycline; 

0362 9-(Adamantylthiazolyl)amino doxycycline; 
0363 9-(Naphthyn-1-yl urea) Doxycycline 5-propanoic 
acid ester; 

0364 Doxycycline 9-Thiocarbamic acid 9H-fluoren-9-yl 
methyl ester; 

0365 (9-(Naphthyn-1-yl) doxycycline thiourea; 
0366 9-(3-methyl-1-butyl) doxycycline thiourea; 
0367 9-Phenyl doxycycline thiourea; 
0368 9-t-Butyl doxycycline thiourea; 
0369 9-(4'-Chloro-2'-trifluoromethylphenyl) 
cline thiourea; 

0370 9-(4'-Fluorophenyl) doxycycline thiocarbamate; 
0371 9-(4-Methoxyphenyl) doxycycline thiocarbamate; 
0372 9-Neopentyl minocycline thiocarbamate; 
0373 9-(Naphthyn-1-yl) doxycycline thiourea 5-pro 
panoic acid ester; 

0374 Minocycline 9-carbamic acid 9H-fluoren-9-ylm 
ethyl ester; 

0375 (9-(Naphthyn-1-yl) minocycline urea; 
0376 9-(3-Methyl-1-butyl) minocycline urea; 
0377 9-Phenyl doxycycline urea: 
0378 9-t-Butyl minocycline urea: 
0379 FMOC 9-amino minocycline; 
0380 9-(4'-Chloro-2'-trifluoromethylphenyl) 
cline urea; 

0381 9-(4'-Fluorophenyl) minocycline carbamate; 
0382 9-(4-Methoxyphenyl) minocycline carbamate; 
0383 9-BOC amino minocycline: 
0384 9-(Phenylthiazolyl)amino minocycline; 
0385 9-(Ethylthiazolyl)amino minocycline: 
0386 (4'-Fluorophenylthiazolyl)amino minocycline: 
0387 9-(4-Methoxyphenylthiazolyl)amino minocycline; 
0388 9-9-(3'-Nitrophenylthiazolyl)amino minocycline; 

doxycy 

minocy 
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0389) 
cline; 

0390 
0391 

9-(4-Methyl, 5'-phenylthiazolyl) amino doxycy 

9-Neopentyl doxycycline carbamate: 
9-(Phenylthiazolyl)amino minocycline; 

0392 9-(Adamantylthiazolyl)amino minocycline; 
0393 Minocycline 9-thiocarbamic acid 9H-fluoren-9-yl 
methyl ester; 

0394 (9-(Naphthyn-1-yl) minocycline thiourea; 
0395 9-(3'-Methyl-1-butyl) minocycline thiourea: 
0396 9-Phenyl minocycline thiourea: 
0397 9-t-Butyl minocycline thiourea; 
0398 9-(4-Fluorophenyl) minocycline thiocarbamate; 
0399 9-(4-Methoxyphenyl) minocycline thiocarbamate; 
04.00 9-Neopentyl doxycycline thiocarbamate; 
04.01 9-(2-Bromoethyl) doxycycline carbamate; 
0402 9-(n-Pentyl) minocycline carbamate; 
0403 9-(4-Benzoylbenzoyl)amino doxycycline; 
0404 7-(3'-Nitrophenylthiazolyl)amino sancycline; 
04.05 9-(3'-Ethoxycarbonylthiazolyl)amino doxycycline; 
0406 7-(4-Methylphenyl) sancycline carbamate; 
04.07 9-(4-Trifluoromethoxyphenyl) minocycline urea; 
0408 9-(3',5'-diperfluorophenyl) minocycline thiourea; 
04.09 9-Prop-2-enyl minocycline carbamate; 
0410 9-(4-Chloro. 2'-nitrophenyl) minocycline urea; 
0411 9-Ethyl minocycline carbamate: 
0412 9-n-Butyl minocycline carbamate; 
0413 9-n-But-3-enyl minocycline carbamate; 
0414. Doxycycline 7-carbamic acid 7H-fluoren-7-ylm 
ethyl ester, 

0415 7-(Naphthyn-1-yl) doxycycline urea; 
0416 7-(3-Methyl-1-butyl) doxycycline urea; 
0417 7-Phenyl doxycycline urea: 
0418 7-t-Butyl doxycycline urea; 
0419 7-Fmoc amino doxycycline; 
0420 7-(4-Chloro-2-trifluoromethylphenyl) doxycycline 
urea; 

0421 
0422 
0423 
0424 
0425 
0426 
0427 
cline; 

0428 
0429 
0430 
cline; 

0431 7-(Adamantylthiazolyl)amino doxycycline: 
0432 Doxycycline 7-thiocarbamic acid 7H-fluoren-7-yl 
methyl ester; 

0433 7-(Naphthyn-1-yl) doxycycline thiourea; 
0434 7-(3-Methyl-1-butyl) doxycycline thiourea; 
0435 7-Phenyl amino doxycycline thiourea; 
0436 7-t-butyl amino doxycycline thiourea; 
0437 7-(4-Chloro-2'-trifluoromethylphenyl) 
cline thiourea; 

0438 7-(4-Fluorophenyl) doxycycline thiocarbamate; 
0439 7-(4-Methoxyphenyl) doxycycline thiocarbamate; 
0440 7-(Naphthyn-1-yl) doxycycline urea 5-propanoic 
acid ester; 

0441 7-(Naphthyn-1-yl) doxycycline thiourea 5-pro 
panoic acid ester; 

7-(4-Fluorophenyl) doxycycline carbamate; 
7-(4-Methoxyphenyl) doxycycline carbamate; 
7-BOC amino doxycycline: 
7-(3'Phenylthiazolyl)amino doxycycline: 
7-(3'-Ethylthiazolyl)amino doxycycline: 
7-(4"-Fluorophenylthiazolyl)amino doxycycline; 
7-(4"-Methoxyphenylthiazolyl) amino doxycy 

7-(Phenylthiazolylamino)-sancycline: 
7-(3'-Nitrophenylthiazolyl)amino doxycycline; 
7-(4-Methyl, 5'-phenylthiazolyl) amino doxycy 

doxycy 
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0442 9-i-Butyl minocycline carbamate, and pharmaceu 
tically acceptable salts and prodrugs thereof. 

0443 The language “pharmaceutically acceptable car 
rier includes Substances capable of being coadministered 
with the substituted tetracycline compound(s), and which 
allow the substituted tetracycline compound to perform its 
intended function, e.g., treat or prevent a tetracycline com 
pound responsive state. 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 par 
affin, perfume oil, fatty acid monoglycerides and diglycer 
ides, 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. 

0444 The substituted 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 pharma 
ceutically acceptable anions, such as the hydrochloride, 
hydrobromide, hydroiodide, nitrate, Sulfate, bisulfate, phos 
phate, acid phosphate, isonicotinate, acetate, lactate, salicy 
late, citrate, acid citrate, tartrate, pantothenate, bitartrate, 
ascorbate. Succinate, maleate, gentisinate, fumarate, glucon 
ate, glucaronate, saccharate, formate, benzoate, glutamate, 
methanesulfonate, ethanesulfonate, benzenesulfonate, 
p-toluenesulfonate 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 mammal, it is often desirable in practice to initially 
isolate a tetracycline compound of the invention from the 
reaction mixture as a pharmaceutically unacceptable salt and 
then simply convert the latter back to the free base compound 
by treatment with an alkaline reagent and Subsequently con 
vert the latter 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 com 
pound with a Substantially equivalent amount of the chosen 
mineral or organic acid in an aqueous solvent medium or in a 
Suitable organic solvent, such as methanol or ethanol. Upon 
careful evaporation of the solvent, the desired solid salt is 
readily obtained. 
0445. The substituted 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 substituted 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 cat 
ions (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. 
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The pharmaceutically acceptable base addition salts of tetra 
cycline 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 pre 
pared 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 substituted tetracycline 
compound of the invention may be mixed with an alkoxide of 
the desired metal and the solution Subsequently evaporated to 
dryness. 
0446. The preparation of other tetracycline compounds of 
the invention not specifically described in the foregoing 
experimental section can be accomplished using combina 
tions of the reactions described above that will be apparent to 
those skilled in the art. 

0447 The substituted tetracycline compounds of the 
invention and pharmaceutically acceptable 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 depend 
ing upon the species of the Subject being treated and its 
individual response to said medicament, as well as on the type 
of pharmaceutical formulation chosen and the time period 
and interval at which such administration is carried out. 

0448. The pharmaceutical compositions of the invention 
may be administered alone or in combination with other 
known compositions for treating tetracycline responsive 
states in 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 primates (chimpanzees, humans, gorillas). The language 
“in combination with a known composition is intended to 
include simultaneous administration of the composition of 
the invention and the known composition, administration of 
the composition of the invention first, followed by the known 
composition and administration of the known composition 
first, followed by the composition of the invention. Any of the 
therapeutically composition known in the art for treating 
tetracycline responsive states can be used in the methods of 
the invention. 

0449 The substituted 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 
advantageously in a wide variety of different dosage forms, 
i.e., they may be combined with various pharmaceutically 
acceptable inert carriers in the form of tablets, capsules, loZ 
enges, troches, hard candies, powders, sprays, creams, salves, 
Suppositories, jellies, gels, pastes, lotions, ointments, aque 
ous Suspensions, injectable solutions, elixirs, syrups, and the 
like. Such carriers include solid diluents or fillers, sterile 
aqueous media and various non-toxic 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. 
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0450 For oral administration, tablets containing various 
excipients such as 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. Addi 
tionally, lubricating agents such as magnesium Stearate, 
sodium lauryl sulfate and talc are often very useful for tablet 
ting 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 and/or elixirs are desired for oral administration, 
the active ingredient may be combined with various sweet 
ening 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 gly 
col, glycerin and various like combinations thereof. 
0451. For parenteral administration (including intraperi 
toneal, Subcutaneous, intravenous, intradermal or intramus 
cular injection), solutions of a Substituted tetracycline com 
pound of the present invention in either sesame or peanut oil 
or in aqueous propylene glycol may be employed. The aque 
ous solutions should be suitably buffered (preferably pH 
greater than 8) if necessary and the liquid diluent first ren 
dered isotonic. These aqueous solutions are Suitable for intra 
venous injection purposes. The oily solutions are Suitable for 
intraarticular, intramuscular and subcutaneous injection pur 
poses. The preparation of all these solutions under sterile 
conditions is readily accomplished by standard pharmaceuti 
cal techniques well known to those skilled in the art. For 
parenteral application, examples of Suitable preparations 
include solutions, preferably oily oraqueous solutions as well 
as Suspensions, emulsions, or implants, including Supposito 
ries. Substituted tetracycline compounds may be formulated 
insterile 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. 
0452. Additionally, it is also possible to administer the 
Substituted tetracycline compounds of the present invention 
topically when treating inflammatory conditions of the skin. 
Examples of methods oftopical administration include trans 
dermal, buccal or Sublingual application. For topical applica 
tions, therapeutic compounds can be suitably admixed in a 
pharmacologically inert topical carrier Such as a gel, an oint 
ment, a lotion or a cream. Such topical carriers include water, 
glycerol, alcohol, propylene glycol, fatty alcohols, triglycer 
ides, fatty acid esters, or mineral oils. Other possible topical 
carriers are liquid petrolatum, isopropylpalmitate, polyethyl 
ene glycol, ethanol 95%, polyoxyethylene monolaurate 5% in 
water, sodium lauryl sulfate 5% in water, and the like. In 
addition, materials such as anti-oxidants, humectants, viscos 
ity stabilizers and the like also may be added if desired. 
0453 For enteral application, particularly suitable are tab 

lets, dragees or capsules having talc and/or carbohydrate car 
rier 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 differ 
entially degradable coatings, e.g., by microencapsulation, 
multiple coatings, etc. 
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0454. 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, turkeys and the like; horses; and pets 
Such as dogs and cats. Also, the compounds of the invention 
may be used to treat non-animal Subjects, such as plants. 
0455. 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 administra 
tion 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 fore 
going guidelines. 
0456. In general, compounds of the invention for treat 
ment 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 recipi 
ent per day, preferably in the range of from 0.1 to 50 milli 
grams 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, are administered at appropriate intervals through 
the day, or other appropriate schedule. 
0457. It will also be understood that normal, convention 
ally known precautions will be taken regarding the adminis 
tration of tetracyclines generally to ensure their efficacy 
under normal use circumstances. Especially when employed 
for therapeutic treatment of humans and animals in vivo, the 
practitioner should take all sensible precautions to avoid con 
ventionally known contradictions and toxic effects. Thus, the 
conventionally recognized adverse reactions of gastrointesti 
nal distress and inflammations, the renal toxicity, hypersen 
sitivity reactions, changes in blood, and impairment of 
absorption through aluminum, calcium, and magnesium ions 
should be duly considered in the conventional manner. 

EXEMPLIFICATION OF THE INVENTION 

0458. The following example illustrates various methods 
of synthesizing 9- and 7-substituted tetracycline compounds 
in accordance with the invention. Other compounds of the 
invention can be synthesized using methods described herein 
and/or methods known in the art. 

Example 1 

Synthesis of 9-Amino-Substituted Tetracycline Com 
pounds 

0459. To an ice cold solution of doxycycline (2 g, 4.15 
mmol) in 30 ml of concentrated HSO, potassium nitrate 
(0.5 g; 1.2 eq) was added portion-wise. The reaction mixture 
was stirred for 1/2 hours. The acid solution was then added to 
~200 ml of ice water. The precipitated yellow material was 
filtered. The filtered material was dissolved in methanol. 
After the methanol was evaporated, the product was extracted 
with n-butanol. The organic phase was washed with Saturated 
NaHCOs twice and the solvent removed in vacuo. 
0460. The resulting product was dissolved in 50 ml of 
methanol and 1 ml of concentrated HCl and hydrogenated on 
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Pd/C to yield the 9- and 7-aminodoxycycline positional iso 
mers as an off-yellow solid. The isomers can be purified by 
HPLC and other techniques known in the art. 

9-Aminodoxycycline 

9-amino-6-O-deoxy-5-hydroxytetracycline 

0461) MS(M+H):460 "HNMR (CDOD): 8 7.62 (d. 1H, 
H-8); 7.14 (d. 1H, H-7); 4.42 (s, 1H, H-4); 3.6 (dd. 1H, H-5): 
2.98, 2.90 (each s, each 3H, NMe); 2.84 (d. 1H, H-4-a); 2.72 
(m. 1H, H-6); 2.59 (dd. 1H, H-5a); 1.51 (d. 3H, CH, C). 

General Synthesis of mixed urea of 9- or 
7-Amino-6-O-tetracycline compound 

0462. In one portion, 1.2 equivalents of an isocyanate was 
added to a solution of 9-amino tetracycline compound in 
DMF and two equivalents of diisopropylethylamine. The 
reaction mixture was stirred at room temperature for several 
hours (Usually 4 hours to overnight). The desired product was 
isolated by C18 reverse-phase column chromatography. The 
7-amino tetracycline compound urea can be synthesized 
using the similar methodology with the 7-amino tetracycline 
compound as the starting material. 
0463. The following compounds were made using the 
above procedure. 

Compound B 

9-Aminonaphthyl Doxycycline urea 

1-Napthyl, 9-amino-6-O-deoxy-5-hydroxy-tetracy 
cline mixed urea 

0464) 'HNMR (CDOD): 87.9 (d. 1H, H-8); 7.8-7.4 (m, 
7H, aryl); 6.9 (bd, 1H, H-7); 4.42 (s, 1H, H-4); 3.6 (d. 1H, 
H-5); 2.88, 2.77 (eachs, each3H, NMe); 2.84 (d. 1H, H-4-a); 
2.72 (m, 1H, H-6); 2.59 (dd. 1H, H-5a); 1.31 (d. 3H, CH 
C). MS(M+H): calc. 629.63; Found 629.16. 

Compound E 

9-Aminophenyl Doxycycline Urea 

Phenyl, 9-amino-O-deoxy-5-hydroxy-tetracycline 
mixed urea 

0465 HNMR (CDOD): 88.25 (d. 1H, H-8); 7.45 (d. 2H, 
aryl); 7.29 (m, 2H, aryl); 7.0 (d. 1H, aryl); 6.9 (d. 1H, H-7): 
4.25 (s, 1H, H-4); 3.6 (dd. 1H, H-5); 2.85 (bs, 6H, NMe): 
2.84 (d. 1H, H-4-a); 2.72 (m. 1H, H-6); 2.58 (dd. 1H, H-5a); 
1.54(d,3H, CH, C). MS(M+H): calc.579.57; Found 579. 
15. 

Compound F 

9-Amino-t-butyl doxycycline urea 

Tert-butyl, 9-amino-6-O-deoxy-5-hydroxy-tetracy 
cline mixed urea 

0466 HNMR (CDOD); 88.1 (d. 1H, H-8); 6.84 (d. 1H, 
H-7); 4.31 (s, 1H, H-4): 3.55 (dd. 1H, H-5); 2.91 (bs, 6H, 
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NMe); 2.71-2.57 (m, 3H, H-4-a, H-6, H-5a); 1.51 (d. 3H, 
CH. C.); 1.36 (s, 9H, tert butyl); MS(M+H): calc. 559.58: 
Found: 559.19. 

Compound I 

9-(4'-Chloro. 2'-trifluoromethylphenyl amino)-Doxy 
cycline urea 

4-Chloro, 2-trifluoromethylphenyl, 9-amino-6-O- 
deoxy-5-hydroxy-tetracycline mixed urea 

0467 'HNMR (CDOD): 88.28 (d. 1H, H-8); 7.89 (d. 1H, 
aryl); 7.66 (s, 1H, aryl); 7.58 (d. 1H, aryl); 6.93 (d. 1H, H-7): 
4.42 (s, 1H, H-4);3.56 (dd. 1H, H-5); 2.98 & 2.90 (eachs,3H, 
NMe); 2.84 (d. 2H, H-4-a); 2.72 (m. 1H, H-6); 2.56 (dd. 1H, 
H-5a); 1.52 (d. 3H, CH, C). MS(M+H): calc. 

Compound AJ 

9-(3,5-Bis(trifluoromethylphenyl)amino) Doxycy 
cline urea 

3,5-bis(trifluoromethyl phenyl), 9-amino-6-O-deoxy 
5-hydroxy-tetracycline mixed urea 

General Synthesis of Carbamates of 9- or 7-amino 
doxycycline 

0468. In a single portion, 1.2 equivalents of chloroformate 
was added to a solution of 9-aminodoxycycline in DMF in the 
presence of two equivalent of diisopropylethylamine. The 
reaction mixture was stirred at room temperature for several 
hours. The desired product was isolated by C18 reverse-phase 
column chromatography. The 7-amino tetracycline com 
pound carbamate can be synthesized using the similar meth 
odology with the 7-amino tetracycline compound as the start 
ing material. The following carbamates were synthesized 
using the general synthesis outlined above. 

Compound A 

FMOC-9-Amino Doxycycline 

N-Fluorenylmethyloxycarbonyl 9-amino-6-O-deoxy 
5-hydroxy-tetracycline 

0469 HNMR (CDOD) & 7.9 (bd, 1H, H-8), 7.69 (d. 2H, 
aryl); 7.56 (m, 2H, aryl); 7.29 (m, 4H, aryl); 6.8 (d. 1H, H-7): 
4.35 (d. 2H, CH,) 4.30 (s, 1H, H-4); 4.15 (m. 1H, CH); 3.5 
(dd. 1H, H-5); 2.85 (bd, 6H, NMe); 2.83 (d. 1H, H-4-a); 2.73 
(m. 1H, H-6a); 2.57 (dd. 1H, H-5a); 1.40 (d. 3H, CH, C). 
MS(M+H): calc. 682.69; Found: 682. 

Compound K 

9-(Fluorophenyl) Doxycycline Carbamate 

N-p-Fluorophenyloxycarbonyl 9-amino-6-O-deoxy 
5-hydroxy tetracycline 

0470 'HNMR (CDOD) 8: 7.92 (d. 1H, H-8); 7.11-6.98 
(m, 4H, aryl); 6.85 (d. 1H, H-7); 4.34 (s, 1H, H-4): 3.42 (dd. 
1H, H-5); 2.86 (bd, 6H, NMe); 2.83 (d. 1H, H-5a); 2.72 (m, 
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1H, H-6); 2.56 (dd. 1H, H-5a); 1.43 (d. 3H, CH, C). 
MS(M+H): calc. 598.55; Found: 598.50 

Compound L 
9-(4-Methoxyphenyl) Doxycycline Carbamate 
N-p-methoxyphenyloxycarbonyl 9-amino-6-O- 

deoxy-5-hydroxy tetracycline 

0471 'HNMR (CDOD): 8 7.92 (bd, 1H, H-8); 6.97 (d. 
2H, aryl); 6.82 (m,3H, H-7 and Aryl); 4.36 (s, 1H, H-4); 3.66 
(s.3H, OMe); 3.4 (d. 1H, H-5); 2.86 (bd, 6H, NMe); 2.83 (d. 
1H, H-4-a); 2.78 (m. 1H, H-6); 2.56 (dd. 1H, H-5a); 1.43 (d. 
3H, CH, C). MS(M+H): calc. 610.58: Found: 610.50. 

Compound M 

9-BOC-Amino Doxycycline 
N-tert-butyloxycarbonyl 9-amino-6-O-deoxy-5-hy 

droxy-tetracycline 

0472 HNMR (CDOD): 88.04 (d. 1H, H-8); 6.92 (d. 1H, 
H-7); 4.05 (s, 1H, H-4): 3.62 (dd. 1H, H-5); 2.82 (bs, 6H, 
NMe); 2.83 (d. 1H, H-4-a); 2.74 (m, 1H, H-6); 2.57 (dd. 1H, 
H-5a); 1.52 (bs, 12H, CH, C+tert-butyl); MS(M+H): calc. 
560.57; found: 560.16. 

Compound AP 
9-Neopentyl Minocycline Carbamate 

N-neopentyloxycarbonyl 9-amino-6-O-deoxy-5-hy 
droxy-tetracycline 

0473 "HNMR (CDOD): 8 7.9 (d. 1H, H-8); 6.9 (d. 1H, 
H-7); 4.36 (s, 1H, H-4): 3.77 (s.2H, neopentylCH); 3.6 (dd. 
1H, H-5); 2.88, 2.81 (bs, 6H, NMe); 2.84 (d. 1H, H-4-a); 
2.72 (m, 1H, H-6); 2.59 (dd. 1H, H-5a); 1.45 (d. 3H, CH 
C.); 0.89 (s, 9H, neopentyl CH). MS(M+H): calc. 587.63: 
Found: 587.5. 

Synthesis of 2-Aminothiazole Derivatives of 
Tetracycline Compounds 

0474 Fluorenylmethyloxycarbonyl chloride (1.80 g; 5 
mmol) was dissolved in 10 ml of ethyl acetate. This solution 
was added drop-wise to a suspension of potassium thiocyan 
ate (1.2 eq) in 10 ml of ethyl acetate at 0° and under nitrogen 
atmosphere. The reaction mixture was left stirring overnight. 
The reaction mixture was then filtered over celite pad to 
remove residual salts, and the ethyl acetate was removed in 
vacuo. The crude yellow material was used to synthesize the 
compounds below. 

Compound AT 

9-FMOC-amino Doxycycline thiocarboxamide 
3-(Fluorenylmethyloxycarbonyl)-1-(9-amino-6-O- 
deoxy-5-hydroxy tetracycline)-thiocarboxamide 

0475 To 300 mg (0.65 mmol) of 9-amino doxycycline in 
3 ml of DMF and in the presence of 227 ul (2 eq) of diiso 
propylethylamine, was added in one portion of 182 mg of 
fluorenylmethyloxy-carbonyl isothiocyanate in 1 ml of DMF. 
The reaction mixture was stirred at room temperature for 5 
hours. The desired product was isolated through C18 reverse 
phase column chromatography. 

20 
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0476 'HNMR (CDOD): 88.82 (d. 1H, H-8); 7.82 (d. 2H, 
aryl); 7.72 (d. 2H, aryl); 7.4 (m, 4H, aryl); 6.92 (d. 1H, H-7): 
4.56 (d. 2H, CH); 4.44 (s, 1, H-4); 4.30 (m, 1H, CH); 3.6 (dd. 
1H, H-5); 2.98 (bd, 6H, NMe); 2.84 (d. 1H, H-4-a); 2.73 (m, 
1H, H-6); 2.56 (dd. 1H, H-5a); 1.54 (d. 3H, CH, C). 
MS(M+H): calc. 741.78: Found: 741.28. 

6-O-deoxy-5-hydroxy-tetracycline thiourea 
0477 300 mg (0.405 mmol) of 3-(fluorenylmethyloxycar 
bonyl)-1-(9-amino-6-O-deoxy-5-hydroxy tetracycline)-thio 
carboxamide was deblocked in a solution of 2% piperidine, 
2% DBU in DMF at room temperature. The solvent was then 
evaporated in vacuo after acidification with concentrated 
HC1. The residue was dissolved in 1 ml of MeOH and added 
dropwise to 100 ml of cold ethyl acetate. The precipitated 
yellow solid was filtered and dried. "HNMR (CDOD); 87.90 
(d. 1H, H-8); 6.95 (d. 1H, H-7); 4.48 (s, 1H, H-4); 3.57 (dd. 
1H, H-5); 3.04, 2.92 (two s, each 3H, NMe); 2.84 (d. 1H, 
H-4-a); 2.7 (m. 1H, H-6); 2.6 (dd. 1H, H-5a); 1.54 (d. 3H, 
CH-C). MS(M+H): calc. 519.54; Found: 519.20. 

General Synthesis of 7- or 9-(2'-thiazolylamino) 
Tetracycline Compounds 

0478. In one portion, the appropriate C-bromo ketone was 
added to a tetracycline compound thiourea in a mixture of 
DMF/Dioxane (3:1) and an equivalent amount of diisopropy 
lethylamine. The reaction mixture was left stirring overnight. 
The thiazole product was isolated through C18 reverse-phase 
column chromatography. The following thiazole compounds 
were synthesized using the method described above. 

Compound N 
9-(4'-Phenylthiazolyl)-amino Doxycycline 

29(amino-6-O-deoxy-5-hydroxy tetracycline)-4- 
phenylthiazole 

0479 HNMR (CDOD): 88.25 (d. 1H, H-8); 7.8 (d. 2H, 
aryl); 7.45 (m,3H, aryl); 7.1 (s, 1H, vinyl); 7.09 (d. 1H, H-7): 
4.46 (s, 1H, H-4); 3.6 (dd. 1H, H-5); 2.91 & 2.88 (Two s, each 
3H, NMe); 2.84 (d. 1H, H-4-a); 2.7 (m. 1H, H-6); 2.57 (dd. 
1H, H-5a); 1.6 (d. 3H, CH, C). MS(M+H): calc. 619.66: 
Found: 619.19. 

Compound O 
9-(4-Ethyl thiazolyl)-amino Doxycycline 

29-(amino-6-O-deoxy-5-hydroxy tetracycline)-4- 
ethylthiazole 

0480 'HNMR (CDOD): 87.9 (d. 1H, H-8); 7.05 (d. 1H, 
H-7); 6.55 (s, 1H, vinyl); 4.46 (s, 1H, H-4): 3.57 (dd. 1H, 
H-5a); 2.96 (bs, 6H, NMe), 2.87 (d. 1H, H-4-a); 2.7 (m. 1H, 
H-6); 2.6 (m, 3H, H-5a and CH of the ethyl); 1.59 (d. 3H, 
CH. C.); 1.28 (d. 3H, CH of the ethyl); MS(M+H): calc. 
571.62: Found: 571.2. 

Compound Q 
9-(4-Methoxyphenylthiazolyl)-amino Doxycycline 
2(9-amino-6-O-deoxy-5-hydroxy tetracycline)-4- 

(4-methoxyphenyl) thiazole 

0481. HNMR (CDOD): 8 7.94 (d. 1H, 1H-8): 7.68 (d. 
2H, aryl); 7.10 (d. 1H, H-7); 7.06 (d. 2H, aryl; 4.49 (s, 1 H. 
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H-4); 3.86 (s.3H, OMe); 3.56 (dd. 1H, H-5); 3.0 & 2.94 (two 
s, each 3H, NMe); 2.87 (d. 1H, H-4-a); 2.73 (m, 1H, H-6): 
1.63 (d. 3H, CH, C). MS(M+H): calc. 649.68: Found: 
649.15. 

Compound R 
9-(3-Nitrophenylthiazolyl)-amino Doxycycline 

29-(amino-6-O-deoxy-5-hydroxy tetracycline)-4- 
(3-nitrophenyl) thiazole 

0482 HNMR (CDOD): 8 8.6 (m, 2H, aryl); 8.2 (d. 1H, 
H-8); 8.1 (d. 1H, aryl); 7.6 (m. 1H, aryl); 7.3 (s, 1H, vinyl); 6.9 
(d. 1H, H-7); 4.44 (s, 1H, H-4);3.57 (dd. 1H, H-5);3.0 & 2.91 
(two s, each 3H, NMe); 2.84 (s, 1H, H-4-a); 2.7 (m. 1H, 
H-6); 2.57 (dd. 1H, H-5a); 1.56 (d. 3H, CH, C). MS(M+ 
H): calc. 664.66: Found: 664.60. 

Compound S 
9-(4-Methyl-5-phenylthiazolyl)-amino Doxycycline 
29(amino-6-O-deoxy-5-hydroxy tetracycline)-4- 

phenyl-5-methylthiazole 

0483 'HNMR (CDOD): 8 7.98 (d. 1H, H-8); 7.6-7.4 (m, 
511, aryl); 7.05 (d. 1H, H-7); 4.46 (s, 1H, H-4): 3.57 (dd. 1H, 
H-5); 2.95 (bs, 6H, NMe); 2.87 (d. 1H, H-4-a); 2.7 (m. 1H, 
H-6); 2.6 (dd. 1H, H-5a); 2.36 (s, 3H, CH): 1.57 (d. 3H, 
CH-C). MS(M+H): calc. 633.68: Found: 633. 61. 

Compound U 
9-(N,N-Dimethyl Glycyl)-Doxycycline 

0484 NN-Dimethylglycine (1.2 mmol) is dissolved in 
DMF (5 mL) and O-Benzotriazol-1-yl-N,N,N',N'-tetram 
ethyluronium hexafluorophosphate (HBTU, 1.2 mmol) is 
added. The solution is then stirred for 5 minutes at room 
temperature. To this solution, 9-amino doxycycline (1 mmol) 
is added, followed by the addition of diisopropylethylamine 
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(DIEA, 1.2 mmol). The reaction is then stirred at room tem 
perature for 2 hours. The solvent, DMF, is removed under 
vacuum. The crude material is dissolved in 5 mL of MeOH 
and filtered using autovials and purified using preparative 
HPLC. The structure of the product is characterized using "H 
NMR, HPLC, and MS. 

Example 2 
In Vitro Minimum Inhibitory Concentration (MIC) 

Assay 
0485 The following assay was used to determine the effi 
cacy of tetracycline compounds against common bacteria (E. 
coli, S. aureus, E. hirae, and E. faecalis). 2 mg of each 
compound was dissolved in 100 ul of DMSO. The solution 
was then added to cation-adjusted Mueller Hinton broth 
(CAMHB), which resulted in a final compound concentration 
of 200 ug per ml. The tetracycline compound solutions were 
diluted to 50LL Volumes, with a test compound concentration 
of 0.098 ug/ml. Optical density (OD) determinations were 
made from fresh log-phase broth cultures of the test strains. 
Dilutions were made to achieve a final cell density of about 
5x10 CFU/ml. 
0486 50 ul of the cell suspensions were added to each well 
of the microtiter plates. The final cell density was approxi 
mately 5x10 CFU/ml. These plates were incubated at 35° C. 
in an ambient air incubator for approximately 18 hr. 
0487. The plates were read with a microplate reader and 
were visually inspected when necessary. The MIC is defined 
as the lowest concentration of the tetracycline compound that 
inhibits growth. In Table 2, * indicates good inhibition of the 
growth of a particular organism, ** indicates inhibition of 
growth at a lower concentration, and * * * indicates very good 
inhibition of growth. Certain substituted tetracycline com 
pounds of the invention had MIC's less than about 10 ug/ml. 
Other substituted tetracycline compounds of the invention 
had MIC's of less than about 5 g/mL, and still other com 
pounds had MIC's less than about 1 g/mL. 

TABLE 2 

S. E. E. E. 
ID STRUCTURE NAME attrelts hirae coli faecalis 

A. FMOC-9-amino ::::::::: ::::::::: : ::::::::: 

( ) N 

Doxycycline 

9-Naphth-1-yl :::::: :::::: :::::: ::::::::: 

doxycycline urea 
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TABLE 2-continued 

ID STRUCTURE NAME 

C 
sulfonyl) 

doxycycline 
le:8 

H 

9-valine 
doxycycline 

le:8 
g H S | | 

9-Cholesterol 
doxycycline 
carbamate 

dimethylpropyl 
doxycycline 

OH carbamate | 

AB 
carbamate 

9-Tolwl doxcycline 
OH N-1 y y 

| 

AC 
doxycycline 
9-Naphthyl 

OH N-1 pniny 
s thiourea | 

OH N 9-(-4'-chlorophenyl 
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S. E. E. E. 

attrelts hirae coli faecais 

:::::: : : :::::: 

:::::: :::::: :::::: :::::: 

:::::: :::::: : :::::: 
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TABLE 2-continued 

ID STRUCTURE NAME 

n1 9(4'- 
Chloromethyl 

phenyl) 

AD 

H 
C 

trifluoromethyl 
phenyl) 

doxycycline urea 
y 

C 

AF 9 (4-chloro,2- 
trifluoromethyl 

phenyl) 
minocycline urea 

AG 9-Naphthyl 
minocycline urea 

AH 9-Dansyl-phenyl 
doxycycline 
thiourea 

E "g N 

AI ne1 9-DABF-phenyl 
N doxycycline 

thiourea 

= OH), N1 
Nin H E H : N g 

doxycycline urea 

Chloromethyl, 2'- 

S. 
(iiietiS 

:::::: 

:::::: 

:::::: 

:::::: 
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hirae coli faecalis 
:::::: : :::::: 

:::::: :::::: :::::: 

::::::::: : ::::::::: 

:::::: :::::: :::::: 

:::::: ::::::::: : ::::::::: 
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TABLE 2-continued 

ID STRUCTURE 

AJ F 

F F E OH N1 

F 

F 
F 

AK 
E OH N1 

AL 
E OH N1 

H E H S 

AM 
OH N-1 

H E H E 

AN 
E OH N1 

AO 

NAME 

9(3,5-Bis 
(trifluoro 

methyl)phenyl 
doxycycline urea 

8-Chloro-9-N,N- 
Dimethylamino 

glycyl doxycycline 

9-Formylamino 
doxycycline 

9-Propenyl 
doxycycline 
carbamate 

9-Bromoethyl 
doxycycline 
carbamate 

9-Acetamide 
doxycycline 

S. 

(iiietiS 

:::::: 

:::::: 
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E. E. 

hirae 

: :::::: 

:::::: 

:::::: 

:::::: 

E. 

coli faecalis 

::::::::: 

::::::::: 

::::::::: 

:::::: 
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TABLE 2-continued 

ID STRUCTURE 

S. E. E. E. 

NAME 

AP 

attrelts hirae coli faecais 

9-(2,2'-dimethyl :::::: 
propyl) minocycline 

carbamate 

:::::: : :::::: 

AQ 9-Isopropenyl : 
N minocycline 

carbamate 

AR 9-(4-Benzoyl- :::::: 
benzoyl)amino 
doXcycline 

:::::: : :::::: 

AS 

AT 

9-BOC-amino 
minocycline 

3-FMOC-9-amino 
doxycycline 

thiourea 

:::::: :::::: : :::::: 

NT NT NT NT 
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ID 

AU 

STRUCTURE 

H 

29 

TABLE 2-continued 

AV 

H 

AW 

H 

NAME 

9-(Phenyl 
thiazolyl)amino 
doxycycline 

9(4-Diethyl 
aminophenyl 

thiazolyl)-amino 
doxycycline 

9(Biphenyl 
thiazolyl)amino 

doxycycline 

7-(3'-Nitro 
phenylthiazolyl) 
amino Sancycline 
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S. E. 

(iiietiS 

E. E. 

hirae coli faecalis 

::::::::: :::::: : :::::: 

:::::: ::::::::: : ::::::::: 
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TABLE 2-continued 

ID STRUCTURE NAME 

AY N1 9-(Ethoxy 
E gH N carbonylthiazolyl) 

amino doxycycline 

7-(4'-Methoxy 
phenyl) sancycline 

carbamate 

BA 7-(4-Methylphenyl) 
Sancycline Carbamate 

BB 9-(Naphth-1-yl) 
minocycline thiourea 

BC 9-(Phenyl) 
minocycline urea 

S. 

(iiietiS 

:::::: 

:::::: 

::::::::: 

:::::: 

:::::: 
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E. E. E. 

hirae coli faecalis 

:::::: 

:::::: 

::::::::: 

:::::: 

:::::: :::::: 

:::::: 

:::::: 

:::::: 

:::::: 
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TABLE 2-continued 

ID STRUCTURE NAME 

nitrophenyl)- 
minocycline urea 

nitrophenyl)- 
minocycline urea 

BM F N N1 N1 9-(3'-Fluorophenyl) 
minocycline urea 

BN N N1 N1 9-Phenyl minocycline 
thiocarbamate 

BO N1 N1 9-(4'-Bromophenyl)- 
N minocycline 

carbamate 
Br 

BP n1 N1 9-(4'-Chlorophenyl) 
N minocycline 

carbamate 
C 

S. 

(iiietiS 

:::::: 

:::::: 

:::::: 
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hirae coli faecalis 

:::::: : :::::: 

:::::: :::::: :::::: 

:::::: : :::::: 

: : : 

: : : 

: : : 
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TABLE 2-continued 

N 
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ID STRUCTURE 

BQ N1 N1 

BR 

BS 

BT N1 s 

BU 

BV N1 N 

EQUIVALENTS 
0488 Those skilled in the art will recognize, or be able to 
ascertain using no more than routine experimentation, numer 
ous 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. 

S. E. E. E. 
NAME attrelts hirae coli faecais 

9-(Ethyl)- ::::::::: :::::: :::::: :::::: 

minocycline 
carbamate 

9-(n-Butyl)- :::::: :::::: :::::: :::::: 

minocycline 
carbamate 

9- (Ethyl)- :::::: :::::: : : 

minocycline 
thiocarbamate 

9-(But-3-enyl) :::::: :::::: :::::: :::::: 

minocycline 
carbamate 

9-(Phenyl)- : : : : 

minocycline 
carbamate 

9-(Isobutyl)- :::::: :::::: :::::: :::::: 

minocycline 
carbamate 

The contents of all references, patents, and patent applica 
tions cited throughout this application are hereby incorpo 
rated by reference. The appropriate components, processes, 
and methods of those patents, applications and other docu 
ments may be selected for the present invention and embodi 
ments thereof. 
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What is claimed is: 
1. A compound, wherein said compound is of the formula: 

(I) 

O 

wherein: 
X is CHC(R'Y'Y), CRR, S, NR, or O; 
R is hydrogen, alkyl, alkynyl, alkoxy, alkylthio, alkylsulfi 

nyl, alkylsulfonyl, alkylamino, arylalkyl, aryl, heterocy 
clic, heteroaromatic or a prodrug moiety; 

R" and R' are each hydrogen, alkyl, alkenyl, alkynyl, 
alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alky 
lamino, arylalkyl, aryl, heterocyclic, heteroaromatic or a 
prodrug moiety; 

R. R. R', R'' and R'' are each hydrogen or a pro-drug 
moiety; 

R is hydrogen, hydroxyl, or a prodrug moiety; 
R. R. and R are each independently hydrogen, alkyl, 

alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkylsulfinyl, 
alkylsulfonyl, alkylamino, arylalkyl, or halogen; 

R is hydrogen; 
R" is hydrogen, hydroxy, alkyl; alkenyl; alkynyl; alkoxy; 

alkylthio; alkylsulfinyl; alkylsulfonyl; alkylamino: oran 
arylalkyl: 

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

R is hydrogen, or NRC(=Z)ZR': 
Z is O: 
Z is O or S: 
R" is unsubstituted C-Coalkyl, substituted alkyl, substi 

tuted or unsubstituted alkenyl, substituted or unsubsti 
tuted alkynyl, substituted or unsubstituted alkoxy, sub 
stituted or unsubstituted alkylthio, substituted or 
unsubstituted alkylsulfinyl, substituted or unsubstituted 
alkylsulfonyl, substituted or unsubstituted arylsulfonyl, 
substituted or unsubstituted alkoxycarbonyl, substituted 
or unsubstituted arylcarbonyl, substituted or unsubsti 
tuted alkylamino, substituted or unsubstituted arylalkyl, 
substituted or unsubstituted aryl, substituted or unsub 
stituted heterocyclic, substituted or unsubstituted het 
eroaromatic, wherein said substituted alkyl is substi 
tuted with halogen, amino, hydroxyl, alkoxy, 
alkylcarbonyloxy, alkyloxycarbonyl, arylcarbonyloxy, 
alkoxycarbonylamino, alkoxycarbonyloxy, aryloxycar 
bonyloxy, carboxylate, alkylcarbonyl, alkylaminoacar 
bonyl, arylalkylaminocarbonyl, alkenylaminocarbonyl, 
alkylcarbonyl, arylcarbonyl, aminoalkyl, arylalkylcar 
bonyl, alkenylcarbonyl, alkoxycarbonyl, silyl, ami 
nocarbonyl, alkylthiocarbonyl, phosphate, aralkyl, 
phosphonato, phosphinato, cyano, acylamino, amido, 
imino, Sulfhydryl, alkylthio. Sulfate, arylthio, thiocar 
boxylate, alkylsulfinyl, Sulfonato, Sulfamoyl, Sulfona 
mido, nitro, cyano, azido, heterocyclyl, alkylaryl, aryl or 
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heteroaryl; further wherein said substituted alkenyl, 
substituted alkynyl, substituted alkoxy, substituted alky 
lthio, substituted alkylsulfinyl, substituted alkylsulfo 
nyl, substituted arylsulfonyl, substituted alkoxycarbo 
nyl, Substituted arylcarbonyl, Substituted alkylamino, 
substituted arylalkyl, substituted aryl, substituted het 
erocyclic, or substituted heteroaromatic is substituted 
with halogen, amino, alkyl, alkenyl, alkynyl, hydroxyl, 
alkoxy, alkylcarbonyloxy, alkyloxycarbonyl, arylcarbo 
nyloxy, alkoxycarbonylamino, alkoxycarbonyloxy, ary 
loxycarbonyloxy, carboxylate, alkylcarbonyl, alkylami 
noacarbonyl, arylalkyl aminocarbonyl, 
alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, 
aminoalkyl, arylalkylcarbonyl, alkenylcarbonyl, 
alkoxycarbonyl, silyl, aminocarbonyl, alkylthiocarbo 
nyl, phosphate, aralkyl, phosphonato, phosphinato, 
cyano, acylamino, amido, imino, Sulfhydryl, alkylthio. 
sulfate, arylthio, thiocarboxylate, alkylsulfinyl, sul 
fonato, Sulfamoyl, Sulfonamido, nitro, cyano, azido, het 
erocyclyl alkylaryl, aryl or heteroaryl; 

R’ is hydrogen, alkyl, alkenyl, alkynyl, alkoxy, alkylthio. 
alkylsulfinyl, alkylsulfonyl, arylsulfonyl, alkoxycarbo 
nyl, arylcarbonyl, alkylamino, arylalkyl, aryl, heterocy 
clic or heteroaromatic; 

W' is O or S; and 
R", R', R', R'' and R' are each independently hydro 

gen, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylsulfi 
nyl, arylsulfonyl, alkoxycarbonyl, arylcarbonyl, alky 
lamino, arylalkyl, aryl, heterocyclic, heteroaromatic, 
absent, or a prodrug moiety, and R'' and R' may be 
linked to form a ring; 

ora pharmaceutically acceptable salt thereof, provided that 
R is not hydrogen when R is hydrogen. 

2. The compound of claim 1, wherein R. R. R. R. R', 
R', and R'' are each hydrogen. 

3. The compound of claim 2, wherein R* and R' are each 
alkyl. 

4. The compound of claim3, wherein R and Rare each 
methyl 

5. The compound of claim 4, wherein R is hydrogen. 
6. The compound of claim 5, wherein X is CH, and R is 

hydrogen. 
7. The compound of claim 5, wherein X is CH, and R7 is 

N(Me). 
8. The compound of claim 4, wherein R is hydroxyl or a 

prodrug moiety, and X is CHR'. 
9. The compound of claim 4, wherein Rishydroxyland R' 

is CH. 
10. The compound of claim 1, wherein R is NRC(=Z) 

ZR9. 
11. The compound of claim 10, wherein R is hydrogen. 
12. The compound of claim 10, wherein Z is oxygen. 
13. The compound of claim 10, wherein Z is sulfur. 
14. A pharmaceutical composition comprising a therapeu 

tically effective amount of a compound and a pharmaceuti 
cally acceptable carrier, wherein said compound is of the 
formula: 

  



US 2011/0092467 A1 

(I) 

wherein: 
X is CHC(R'Y'Y), CRR, S, NR, or O; 
R is hydrogen, alkyl, alkynyl, alkoxy, alkylthio, alkylsulfi 

nyl, alkylsulfonyl, alkylamino, arylalkyl, aryl, heterocy 
clic, heteroaromatic or a prodrug moiety; 

R" and R' are each hydrogen, alkyl, alkenyl, alkynyl, 
alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alky 
lamino, arylalkyl, aryl, heterocyclic, heteroaromatic or a 
prodrug moiety; 

R. R. R', R'' and R'' are each hydrogen or a pro-drug 
moiety; 

R is hydrogen, hydroxyl, or a prodrug moiety; 
R. R. and R are each independently hydrogen, alkyl, 

alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkylsulfinyl, 
alkylsulfonyl, alkylamino, arylalkyl, or halogen; 

R7 is hydrogen or NR7°C(=W)WR7: 
R is hydrogen; 
R" is hydrogen, hydroxy, alkyl; alkenyl; alkynyl; alkoxy; 

alkylthio; alkylsulfinyl; alkylsulfonyl; alkylamino: oran 
arylalkyl: 

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

R is hydrogen, or NRC(=Z)ZR; 
Z is O: 
Z is O or S: 
R’ is unsubstituted C-C alkyl, substituted alkyl, substi 

tuted or unsubstituted alkenyl, substituted or unsubsti 
tuted alkynyl, substituted or unsubstituted alkoxy, sub 
stituted or unsubstituted alkylthio, substituted or 
unsubstituted alkylsulfinyl, substituted or unsubstituted 
alkylsulfonyl, substituted or unsubstituted arylsulfonyl, 
substituted or unsubstituted alkoxycarbonyl, substituted 
or unsubstituted arylcarbonyl, substituted or unsubsti 
tuted alkylamino, substituted or unsubstituted arylalkyl, 
substituted or unsubstituted aryl, substituted or unsub 
stituted heterocyclic, substituted or unsubstituted het 
eroaromatic, wherein said substituted alkyl is substi 
tuted with halogen, amino, hydroxyl, alkoxy, 
alkylcarbonyloxy, alkyloxycarbonyl, arylcarbonyloxy, 
alkoxycarbonylamino, alkoxycarbonyloxy, aryloxycar 
bonyloxy, carboxylate, alkylcarbonyl, alkylaminoacar 
bonyl, arylalkylaminocarbonyl, alkenylaminocarbonyl, 
alkylcarbonyl, arylcarbonyl, aminoalkyl, arylalkylcar 
bonyl, alkenylcarbonyl, alkoxycarbonyl, silyl, ami 
nocarbonyl, alkylthiocarbonyl, phosphate, aralkyl, 
phosphonato, phosphinato, cyano, acylamino, amido, 
imino, Sulfhydryl, alkylthio. Sulfate, arylthio, thiocar 
boxylate, alkylsulfinyl, Sulfonato, Sulfamoyl, Sulfona 
mido, nitro, cyano, azido, heterocyclyl, alkylaryl, aryl or 
heteroaryl; further wherein said substituted alkenyl, 
substituted alkynyl, substituted alkoxy, substituted alky 
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lthio, substituted alkylsulfinyl, substituted alkylsulfo 
nyl, substituted arylsulfonyl, substituted alkoxycarbo 
nyl, Substituted arylcarbonyl, Substituted alkylamino, 
substituted arylalkyl, substituted aryl, substituted het 
erocyclic, or substituted heteroaromatic is substituted 
with halogen, amino, alkyl, alkenyl, alkynyl, hydroxyl, 
alkoxy, alkylcarbonyloxy, alkyloxycarbonyl, arylcarbo 
nyloxy, alkoxycarbonylamino, alkoxycarbonyloxy, ary 
loxycarbonyloxy, carboxylate, alkylcarbonyl, alkylami 
noacarbonyl, arylalkyl aminocarbonyl, 
alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, 
aminoalkyl, arylalkylcarbonyl, alkenylcarbonyl, 
alkoxycarbonyl, silyl, aminocarbonyl, alkylthiocarbo 
nyl, phosphate, aralkyl, phosphonato, phosphinato, 
cyano, acylamino, amido, imino, Sulfhydryl, alkylthio. 
sulfate, arylthio, thiocarboxylate, alkylsulfinyl, sul 
fonato, Sulfamoyl, Sulfonamido, nitro, cyano, azido, het 
erocyclyl alkylaryl, aryl or heteroaryl; 

R’ is hydrogen, alkyl, alkenyl, alkynyl, alkoxy, alkylthio. 
alkylsulfinyl, alkylsulfonyl, arylsulfonyl, alkoxycarbo 
nyl, arylcarbonyl, alkylamino, arylalkyl, aryl, heterocy 
clic or heteroaromatic; 

W' is O or S; and 
R7, R7, R7, R', and R7 are each independently hydro 

gen, alkyl, alkenyl, alkynyl, alkoxy, alkylthio, alkylsulfi 
nyl, arylsulfonyl, alkoxycarbonyl, arylcarbonyl, alky 
lamino, arylalkyl, aryl, heterocyclic, heteroaromatic, 
absent, or a prodrug moiety, and R'' and R' may be 
linked to form a ring; 

ora pharmaceutically acceptable salt thereof, provided that 
R is not hydrogen when R is hydrogen. 

15. A compound, wherein said compound is of the formula: 

(I) 

wherein: 
X is CHC(R'Y'Y), CRR, S, NR, or O: 
R is hydrogen, alkyl, alkynyl, alkoxy, alkylthio, alkylsulfi 

nyl, alkylsulfonyl, alkylamino, arylalkyl, aryl, heterocy 
clic, heteroaromatic or a prodrug moiety; 

R" and R' are each hydrogen, alkyl, alkenyl, alkynyl, 
alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alky 
lamino, arylalkyl, aryl, heterocyclic, heteroaromatic or a 
prodrug moiety; 

R. R. R', R'' and R'' are each hydrogen or a pro-drug 
moiety; 

R is hydrogen, hydroxyl, or a prodrug moiety; 
R. R', and R are each independently hydrogen, alkyl, 

alkenyl, alkynyl, aryl, alkoxy, alkylthio, alkylsulfinyl, 
alkylsulfonyl, alkylamino, arylalkyl, or halogen; 

R7 dialkylamino; 
R is hydrogen; 
R" is hydrogen, hydroxy, alkyl; alkenyl; alkynyl; alkoxy; 

alkylthio; alkylsulfinyl; alkylsulfonyl; alkylamino: oran 
arylalkyl: 
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Y' and Y are each independently hydrogen; halogen; 
hydroxyl, cyano, Sulfhydryl; amino; alkyl; alkenyl, 
alkynyl; alkoxy; alkylthio; alkylsulfinyl; alkylsulfonyl: 
alkylamino; or an arylalkyl; 

Z is O: 
Z is O or S: 
R" is unsubstituted or substituted alkyl, substituted or 

unsubstituted alkenyl, substituted or unsubstituted alky 
nyl, substituted or unsubstituted alkoxy, substituted or 
unsubstituted alkylthio, substituted or unsubstituted 
alkylsulfinyl, substituted or unsubstituted alkylsulfonyl, 
substituted or unsubstituted arylsulfonyl, substituted or 
unsubstituted alkoxycarbonyl, substituted or unsubsti 
tuted arylcarbonyl, substituted or unsubstituted alky 
lamino, substituted or unsubstituted arylalkyl, substi 
tuted or unsubstituted aryl, substituted or unsubstituted 
heterocyclic, substituted or unsubstituted heteroaro 
matic, wherein said substituted alkyl is substituted with 
halogen, hydroxyl, alkoxy, alkylcarbonyloxy, alkyloxy 
carbonyl, arylcarbonyloxy, alkoxycarbonylamino, 
alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, 
alkylcarbonyl, alkylaminoacarbonyl, arylalkyl ami 
nocarbonyl, alkenylaminocarbonyl, alkylcarbonyl, aryl 
carbonyl, aminoalkyl, arylalkylcarbonyl, alkenylcarbo 
nyl, alkoxycarbonyl, silyl, aminocarbonyl, 
alkylthiocarbonyl, phosphate, aralkyl, phosphonato, 
phosphinato, cyano, acylamino, amido, imino, Sulfhy 
dryl, alkylthio, sulfate, arylthio, thiocarboxylate, alkyl 
Sulfinyl, Sulfonato, Sulfamoyl, Sulfonamido, nitro, 
cyano, azido, heterocyclyl, alkylaryl, aryl or heteroaryl; 
further wherein said substituted alkenyl, substituted 
alkynyl, substituted alkoxy, substituted alkylthio, sub 
stituted alkylsulfinyl, substituted alkylsulfonyl, substi 
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tuted arylsulfonyl, substituted alkoxycarbonyl, substi 
tuted arylcarbonyl, substituted alkylamino, substituted 
arylalkyl, substituted aryl, substituted heterocyclic, or 
substituted heteroaromatic is substituted with halogen, 
amino, alkyl, alkenyl, alkynyl, hydroxyl, alkoxy, alkyl 
carbonyloxy, alkyloxycarbonyl, arylcarbonyloxy, 
alkoxycarbonylamino, alkoxycarbonyloxy, aryloxycar 
bonyloxy, carboxylate, alkylcarbonyl, alkylaminoacar 
bonyl, arylalkylaminocarbonyl, alkenylaminocarbonyl, 
alkylcarbonyl, arylcarbonyl, aminoalkyl, arylalkylcar 
bonyl, alkenylcarbonyl, alkoxycarbonyl, silyl, ami 
nocarbonyl, alkylthiocarbonyl, phosphate, aralkyl, 
phosphonato, phosphinato, cyano, acylamino, amido, 
imino, Sulfhydryl, alkylthio. Sulfate, arylthio, thiocar 
boxylate, alkylsulfinyl, Sulfonato, Sulfamoyl, Sulfona 
mido, nitro, cyano, azido, heterocyclyl, alkylaryl, aryl or 
heteroaryl; and 

R’ is hydrogen, alkyl, alkenyl, alkynyl, alkoxy, alkylthio. 
alkylsulfinyl, alkylsulfonyl, arylsulfonyl, alkoxycarbo 
nyl, arylcarbonyl, alkylamino, arylalkyl, aryl, heterocy 
clic or heteroaromatic; and pharmaceutically acceptable 
salts thereof. 

16. The compound of claim 15, wherein R. R. R. R. 
R', R'', and R'' are each hydrogen. 

17. The compound of claim 15, wherein RandR are each 
methyl 

18. The compound of claim 15, wherein R is hydrogen. 
19. The compound of claim 18, wherein R is NRC(=Z) 

ZR9. 
20. A pharmaceutical composition comprising a therapeu 

tically effective amount of a compound of claim 15 and a 
pharmaceutically acceptable carrier. 

c c c c c 


