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(57) ABSTRACT 

The present application provides for a compound of Formula 
IV, 

Formula IV 

A 

R O n13 R 
G3 G3 l N O R8-Y1 r y N y-R9 

O R2 R3 L3 O 
NA 

or a pharmaceutically acceptable salt, Solvate, and/or ester 
thereof, compositions containing such compounds, thera 
peutic methods that include the administration of Such 
compounds, and therapeutic methods and include the admin 
istration of Such compounds with at least one additional 
therapeutic agent. 
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MODULATORS OF PHARMACOKINETIC 
PROPERTIES OF THERAPEUTICS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application Ser. No. 60/903,228, entitled “Modulators of 
Pharmacokinetic Properties of Therapeutics', filed Feb. 23, 
2007, and U.S. Provisional Application Ser. No. 60/958,716, 
entitled “Modulators of Pharmacokinetic Properties of 
Therapeutics', filed Jul. 6, 2007. The contents of these 
provisional applications are herein incorporated by refer 
ence in their entirety for all purposes. 

FIELD OF THE INVENTION 

0002 This application relates generally to compounds 
and pharmaceutical compositions which modify, e.g., 
improve, the pharmacokinetics of a co-administered drug, 
and methods of modifying, e.g., improving, the pharmacoki 
netics of a drug by co-administration of the compounds with 
the drug. 

BACKGROUND OF THE INVENTION 

0003 Oxidative metabolism by cytochrome P450 
enzymes is one of the primary mechanisms of drug metabo 
lism. It can be difficult to maintain therapeutically effective 
blood plasma levels of drugs which are rapidly metabolized 
by cytochrome P450 enzymes. Accordingly, the blood 
plasma levels of drugs which are Susceptible to cytochrome 
P450 enzyme degradation can be maintained or enhanced by 
co-administration of cytochrome P450 inhibitors, thereby 
improving the pharmacokinetics of the drug. 

0004 While certain drugs are known to inhibit 
cytochrome P450 enzymes, more and/or improved inhibitors 
for cytochrome P450 monooxygenase are desirable. Particu 
larly, it would be desirable to have cytochrome P450 
monooxygenase inhibitors which do not have appreciable 
biological activity other than cytochrome P450 inhibition. 
Such inhibitors can be useful for minimizing undesirable 
biological activity, e.g., side effects. In addition, it would be 
desirable to have P450 monooxygenase inhibitors that lack 
significant or have a reduced level of protease inhibitor 
activity. Such inhibitors could be useful for enhancing the 
effectiveness of antiretroviral drugs, while minimizing the 
possibility of eliciting viral resistance, especially against 
protease inhibitors. 

SUMMARY OF THE INVENTION 

0005 One aspect of the present application is directed to 
compounds and pharmaceutical compositions which 
modify, e.g., improve, the pharmacokinetics of a co-admin 
istered drug, e.g., by inhibiting cytochrome P450 monooxy 
genase. 

0006. In one embodiment, the present application pro 
vides for compounds having a structure according to For 
mula IV. 
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Formula IV 

R O ns R 
G3 G3 l N O R8-Y1 y --> Yx-R9 

O R2 R3 L3 O 
NA 

0007 or a pharmaceutically acceptable salt, solvate, and/ 
or ester thereof, wherein, 

I0008 each L is independently an alkylene or substituted 
alkylene; 

0009 each A is independently an aryl or substituted aryl; 
(0010 X is heterocyclylalkyl: 
(0011 Y is heterocyclylalkyl or alkyl: 
(0012 G' and G' are independently CH or N, with the 
proviso that G' and G' are different; 

0013 G is NR7 or - O : 
(0014) R', R. R. and R7 are each independently selected 
from the group consisting of H, alkyl, Substituted alkyl, 
arylalkyl, and substituted arylalkyl; 

I0015 R is independently selected from the group con 
sisting of Substituted alkyl, alkoxyalkyl, hydroxyalkyl, 
trialkylsiloxyalkyl, heterocyclylalkyl, substituted hetero 
cyclylalkyl, aminoalkyl, Substituted aminoalkyl, -alky 
lene-N(R) C(O)-alkyl, -alkylene-NR C(O) N(R) 
, -alkylene-NR' C(=N-R) N(R) -alkylene-C 
(=N-R) N(R), -alkylene-C(O) OH, -alkylene-C 
(O)—Oalkyl, and -alkylene-C(O)—N(R): 

10016 R and Rare each one or more substituents inde 
pendently selected from the group consisting of H, alkyl, 
Substituted alkyl, halogen, and —CN: 

0017 each R" is independently selected from the group 
consisting of H, alkyl, and Substituted alkyl; 

(0018) R' is selected from the group consisting of H, alkyl, 
substituted alkyl, CN, and S(O)-alkyl; and 

0019 each R is independently selected from the group 
consisting of H, alkyl, Substituted alkyl, heterocyclyl. Sub 
stituted heterocyclyl. —S(O)-alkyl, -SO)-aryl, and Sub 
stituted —S(O)-aryl. 
0020. In another embodiment, the present application 
provides for a pharmaceutical composition comprising a 
compound of Formula I, and a pharmaceutically acceptable 
carrier or excipient. 
0021. In another embodiment, the present application 
provides for a pharmaceutical composition comprising a 
compound of Formula I, at least one additional therapeutic 
agent, and a pharmaceutically acceptable carrier or excipi 
ent. 

0022. In another embodiment, the present application 
provides for a method for improving the pharmacokinetics 
of a drug, comprising administering to a patient treated with 
said drug, a therapeutically effective amount of a compound 
of Formula I, or a pharmaceutically acceptable salt, Solvate, 
and/or ester thereof. 
0023. In another embodiment, the present application 
provides for a method for inhibiting cytochrome P450 
monooxygenase in a patient comprising administering to a 
patient in need thereof an amount of a compound of Formula 
I, or a pharmaceutically acceptable salt, Solvate, and/or ester 
thereof, effective to inhibit cytochrome P450 monooxy 
genase. 
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0024. In another embodiment, the present application 
provides for a method for treating a viral infection, e.g., HIV. 
comprising administering to a patient in need thereof a 
therapeutically effective amount of a compound of Formula 
I, or a pharmaceutically acceptable salt, Solvate, and/or ester 
thereof, in combination with a therapeutically effective 
amount of one or more additional therapeutic agents which 
are metabolized by cytochrome P450 monooxygenase, and 
are suitable for treating a viral infection, e.g., HIV. 
0025. In another embodiment, the present application 
provides for a combination pharmaceutical agent compris 
1ng: 
0026 a) a first pharmaceutical composition comprising a 
compound of Formula I, or a pharmaceutically acceptable 
salt, Solvate, and/or ester thereof, and 
0027 b) a second pharmaceutical composition compris 
ing at least one additional active agent which is metabolized 
by cytochrome P450 monooxygenase. 

DETAILED DESCRIPTION 

0028. Reference will now be made in detail to certain 
claims of the invention, examples of which are illustrated in 
the accompanying structures and formulas. While the inven 
tion will be described in conjunction with the enumerated 
claims, it will be understood that they are not intended to 
limit the invention to those claims. On the contrary, the 
invention is intended to cover all alternatives, modifications, 
and equivalents, which may be included within the scope of 
the present invention as defined by the claims. 
0029 All documents cited herein are each incorporated 
by reference in their entirety for all purposes. 

DEFINITIONS 

0030 Unless stated otherwise, the following terms and 
phrases as used herein are intended to have the following 
meanings: 
0031 When trade names are used herein, applicants 
intend to independently include the tradename product and 
the active pharmaceutical ingredient(s) of the tradename 
product. 
0032. As used herein, “a compound of the invention” or 
“a compound of formula (I) means a compound of formula 
(I) or a pharmaceutically acceptable salt, Solvate, ester or 
Stereoisomer thereof, or a physiologically functional deriva 
tive thereof. Similarly, with respect to isolatable intermedi 
ates, the phrase “a compound of formula (number) means 
a compound of that formula and pharmaceutically accept 
able salts, Solvates and physiologically functional deriva 
tives thereof. 
0033 “Alkyl is hydrocarbon containing normal, second 
ary, tertiary or cyclic carbon atoms. For example, an alkyl 
group can have 1 to 20 carbon atoms (i.e., C-C alkyl). 1 
to 10 carbon atoms (i.e., C-Co alkyl), or 1 to 6 carbon 
atoms (i.e., C-C alkyl). Examples of Suitable alkyl groups 
include, but are not limited to, methyl (Me, —CH), ethyl 
(Et, —CH2CH), 1-propyl (n-Pr, n-propyl. —CH2CHCH), 
2-propyl (i-Pr. i-propyl, -CH(CH)), 1-butyl (n-Bu, n-bu 
tyl, —CH2CHCH-CH-), 2-methyl-1-propyl (i-Bu, i-butyl, 
—CHCH(CH)), 2-butyl (s-Bu, s-butyl, -CH(CH) 
CHCH), 2-methyl-2-propyl (t-Bu, t-butyl, —C(CH)), 
1-pentyl (n-pentyl, —CH2CH2CH2CHCH), 2-pentyl 
(—CH(CH)CHCHCH), 3-pentyl ( CH(CH2CH)), 
2-methyl-2-butyl ( C(CH)2CHCH), 3-methyl-2-butyl 
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(-CH(CH)CH(CH)), 3-methyl-1-butyl ( CHCHCH 
(CH)), 2-methyl-1-butyl ( CHCH(CH)CHCH), 
1-hexyl ( CHCH2CH2CH2CHCH), 2-hexyl ( CH 
(CH)CHCHCHCH), 3-hexyl (-CH(CHCH.) 
(CHCHCH)), 2-methyl-2-pentyl (—C(CH) 
CHCHCH), 3-methyl-2-pentyl ( CH(CH)CH(CH) 
CHCH), 4-methyl-2-pentyl ( CH(CH)CH-CH(CH)), 
3-methyl-3-pentyl ( C(CH)(CHCH)), 2-methyl-3-pen 
tyl ( CH(CHCH)CH(CH)), 2,3-dimethyl-2-butyl ( C 
(CH)-CH(CH)), 3.3-dimethyl-2-butyl ( CH(CH)C 
(CH), and octyl (—(CH),CH). 
0034). “Alkoxy' means a group having the formula —O- 
alkyl, in which an alkyl group, as defined above, is attached 
to the parent molecule via an oxygenatom. The alkyl portion 
of an alkoxy group can have 1 to 20 carbon atoms (i.e., 
C-C alkoxy), 1 to 12 carbon atoms (i.e., C-C alkoxy). 
or 1 to 6 carbon atoms (i.e., C-C alkoxy). Examples of 
Suitable alkoxy groups include, but are not limited to, 
methoxy ( O CH or -OMe), ethoxy ( OCHCH or 
-OEt), t-butoxy ( O C(CH) or -OtBu) and the like. 
0035) “Haloalkyl is an alkyl group, as defined above, in 
which one or more hydrogen atoms of the alkyl group is 
replaced with a halogen atom. The alkyl portion of a 
haloalkyl group can have 1 to 20 carbon atoms (i.e., C-Co 
haloalkyl), 1 to 12 carbon atoms (i.e., C-C haloalkyl), or 
1 to 6 carbon atoms (i.e., C-C alkyl). Examples of suitable 
haloalkyl groups include, but are not limited to. —CF, 
—CHF, —CFH, —CHCF, and the like. 
0036 “Alkenyl is a hydrocarbon containing normal, 
secondary, tertiary or cyclic carbon atoms with at least one 
site of unsaturation, i.e. a carbon-carbon, sp' double bond. 
For example, an alkenyl group can have 2 to 20 carbon 
atoms (i.e., C-C alkenyl), 2 to 12 carbon atoms (i.e., 
C-C alkenyl), or 2 to 6 carbonatoms (i.e., C-C alkenyl). 
Examples of Suitable alkenyl groups include, but are not 
limited to, ethylene or vinyl ( CH=CH-), allyl 
(—CH-CH=CH-), cyclopentenyl ( C5H7), and 5-hexenyl 
(-CHCHCHCH-CH=CH-). 
0037 “Alkynyl is a hydrocarbon containing normal, 
secondary, tertiary or cyclic carbon atoms with at least one 
site of unsaturation, i.e. a carbon-carbon, sp triple bond. For 
example, an alkynyl group can have 2 to 20 carbon atoms 
(i.e., C-C alkynyl), 2 to 12 carbon atoms (i.e., C-C, 
alkyne), or 2 to 6 carbon atoms (i.e., C-C alkynyl). 
Examples of Suitable alkynyl groups include, but are not 
limited to, acetylenic ( C=CH), propargyl 
(-CHC=CH), and the like. 
0038 “Alkylene' refers to a saturated, branched or 
straight chain or cyclic hydrocarbon radical having two 
monovalent radical centers derived by the removal of two 
hydrogenatoms from the same or two different carbonatoms 
of a parent alkane. For example, an alkylene group can have 
1 to 20 carbon atoms, 1 to 10 carbonatoms, or 1 to 6 carbon 
atoms. Typical alkylene radicals include, but are not limited 
to, methylene (—CH2—), 1,1-ethyl (—CH(CH)—), 1.2- 
ethyl ( CHCH ), 1,1-propyl ( CH(CHCH)—), 1.2- 
propyl (—CH2CH(CH)—), 1,3-propyl 
(—CH2CHCH ), 1,4-butyl ( CHCH2CH2CH2—), and 
the like. 
0039) “Alkenylene' refers to an unsaturated, branched or 
straight chain or cyclic hydrocarbon radical having two 
monovalent radical centers derived by the removal of two 
hydrogenatoms from the same or two different carbonatoms 
of a parent alkene. For example, and alkenylene group can 
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have 1 to 20 carbon atoms, 1 to 10 carbon atoms, or 1 to 6 
carbon atoms. Typical alkenylene radicals include, but are 
not limited to, 1.2-ethylene ( CH=CH-). 
0040 “Alkynylene' refers to an unsaturated, branched or 
straight chain or cyclic hydrocarbon radical having two 
monovalent radical centers derived by the removal of two 
hydrogenatoms from the same or two different carbonatoms 
of a parent alkyne. For example, an alkynylene group can 
have 1 to 20 carbon atoms, 1 to 10 carbon atoms, or 1 to 6 
carbon atoms. Typical alkynylene radicals include, but are 
not limited to, acetylene (-C=C- ), propargyl 
(—CH2C=C ), and 4-pentynyl 
(-CHCHCHC=CH-). 
0041 “Amino” means an NH or a —NR group in 
which the “R” groups are independently H, alkyl, haloalkyl, 
hydroxylalkyl, carbocyclyl (substituted or unsubstituted, 
including Saturated or partially unsaturated cycloalkyl and 
aryl groups), heterocyclyl (Substituted or unsubstituted, 
including Saturated or unsaturated heterocycloalkyl and het 
eroaryl groups), arylalkyl (Substituted or unsubstituted) or 
arylalkyl (Substituted or unsubstituted) groups. Non-limiting 
examples of amino groups include —NH, -NH(alkyl). 
NH(haloalkyl). —NH(carbocyclyl), NH(heterocyclyl), 
—N(alkyl). —N(carbocyclyl) —N(heterocyclyl), 
—N(alkyl)(carbocyclyl), —N(alkyl)(heterocyclyl), 
—N(carbocyclyl)(heterocyclyl), etc., wherein alkyl, carbo 
cyclyl, and heterocyclyl can be substituted or unsubstituted 
and as defined and described herein. “Substituted” or “pro 
tected amino means an aminoalkyl as described and defined 
herein in which a H of the amino group is replaced with e.g., 
acyl groups, for example conventional amine protecting 
groups such as 9-Fluorenylmethyl carbamate (“Fmoc), 
t-Butyl carbamate (“Boc'), Benzyl carbamate (“Cbz'), 
acetyl, trifluoracetyl. —C(O)-amino, phthalimidyl, triph 
enylmethyl, p-Toluenesulfonyl (“Tosyl), methylsulfonyl 
(“mesyl), etc. 
0042 “Aminoalkyl means an acyclic alkyl radical in 
which one of the hydrogen atoms bonded to a carbon atom, 
typically a terminal or spa carbon atom, is replaced with an 
amino radical as defined and described herein. Non-limiting 
examples of aminoalkyl include —CH2—NH2, 
—CHCH NH, —CH2CHCH NH, 
—CHCHCHCH NH, —CHCH(CH) NH, 
—CHCH-CH(CH) NH, —CH NH(CH), 
—CHCH-NH(CH), —CHCHCH-NH(CH), 
—CHCHCHCH NH(CH), —CHCH(CH) NH 
(CH), —CHCH-CH(CH) NH(CH), —CH N(CH) 
2, —CH2CH2 N(CH), —CH2CH2CH2 N(CH), 
—CHCHCHCH N(CH), —CHCH(CH) N(CH) 
—CHCH-CH(CH) N(CH), —CH NH(CHCH), 

—CHCH NH(CHCH), - CHCHCH NH 
(CHCH), —CHCHCHCH-NH(CHCH), 
—CH-CH(CH) NH(CHCH), —CHCH-CH(CH)– 
NH(CHCH), —CH N(CHCH), —CHCH N 
(CH2CH), —CH2CHCH N(CH2CH), 
—CHCHCHCH N(CHCH), —CHCH(CH) N 
(CHCH), —CHCHCH(CH) N(CHCH), etc. 
“Substituted” or “protected aminoalkyl means an amino 
alkyl as described and defined herein in which the H of the 
amino group is replaced with e.g., acyl groups, for example 
conventional amine protecting groups such as 9-Fluorenyl 
methyl carbamate (“Fmoc), t-Butyl carbamate (“Boc'), 
Benzyl carbamate (“Cbz'), acetyl, —C(O)-amino, trifluo 
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racetyl, phthalimidyl, triphenylmethyl, p-Toluenesulfonyl 
(“Tosyl), methylsulfonyl (“mesyl”), etc. 
0043 “Aryl means an aromatic hydrocarbon radical 
derived by the removal of one hydrogen atom from a single 
carbon atom of a parent aromatic ring system. For example, 
an aryl group can have 6 to 20 carbon atoms, 6 to 14 carbon 
atoms, or 6 to 12 carbon atoms. Typical aryl groups include, 
but are not limited to, radicals derived from benzene (e.g., 
phenyl), Substituted benzene, naphthalene, anthracene, 
biphenyl, and the like. 
0044 "Arylalkyl refers to an acyclic alkyl radical in 
which one of the hydrogen atoms bonded to a carbon atom, 
typically a terminal or sp carbon atom, is replaced with an 
aryl radical. Typical arylalkyl groups include, but are not 
limited to, benzyl, 2-phenylethan-1-yl, naphthylmethyl, 
2-naphthylethan-1-yl, naphthobenzyl, 2-naphthophenyle 
than-1-yl and the like. The arylalkyl group can comprise 6 
to 20 carbon atoms, e.g., the alkyl moiety is 1 to 6 carbon 
atoms and the aryl moiety is 6 to 14 carbon atoms. 
0045 “Arylalkenyl refers to an acyclic alkenyl radical in 
which one of the hydrogen atoms bonded to a carbon atom, 
typically a terminal or sp carbon atom, but also an sp 
carbon atom, is replaced with an aryl radical. The aryl 
portion of the arylalkenyl can include, for example, any of 
the aryl groups disclosed herein, and the alkenyl portion of 
the arylalkenyl can include, for example, any of the alkenyl 
groups disclosed herein. The arylalkenyl group can com 
prise 6 to 20 carbon atoms, e.g., the alkenyl moiety is 1 to 
6 carbon atoms and the aryl moiety is 6 to 14 carbon atoms. 
0046 “Arylalkynyl refers to an acyclic alkynyl radical 
in which one of the hydrogen atoms bonded to a carbon 
atom, typically a terminal or sp carbon atom, but also an sp 
carbon atom, is replaced with an aryl radical. The aryl 
portion of the arylalkynyl can include, for example, any of 
the aryl groups disclosed herein, and the alkynyl portion of 
the arylalkynyl can include, for example, any of the alkynyl 
groups disclosed herein. The arylalkynyl group can com 
prise 6 to 20 carbon atoms, e.g., the alkynyl moiety is 1 to 
6 carbon atoms and the aryl moiety is 6 to 14 carbon atoms. 
0047. The term “substituted in reference to alkyl, alky 
lene, aryl, arylalkyl, heterocyclyl, heteroaryl, carbocyclyl, 
etc., for example, “substituted alkyl, “substituted alkylene'. 
“substituted aryl”, “substituted arylalkyl”, “substituted het 
erocyclyl', and “substituted carbocyclyl means alkyl, alky 
lene, aryl, arylalkyl, heterocyclyl carbocyclyl respectively, 
in which one or more hydrogen atoms are each indepen 
dently replaced with a non-hydrogen Substituent. Typical 
substituents include, but are not limited to, —X, —R, —OT, 
—O, OR, SR, S, NR - N“R =NR, CX, 
CN, OCN, SCN, N-C-O, NCS, NO, 

- NO =N - N - NHC(=O)R, NHS(=O),R, 
- C(=O)R, C(=O)NRR-S(=O), S(=O),OH, 
—S(=O).R, OS(=O),OR, -S(=O)NR, -S(=O)R, 
– OP(=O)(OR), -P(=O)(OR), -P(=O)(O), 
- P(=O)(OH), -P(O)(OR)(O), —C(=O)R, C(=O) 
OR, —C(=O)X, C(S)R, —C(O)OR, —C(O)O, C(S) 
OR, C(O)SR, C(S)SR, C(O)NRR, C(S)NRR, 
—C(=NR)NRR, where each X is independently a halogen: 
F, Cl, Br, or I; and each R is independently H, alkyl, aryl, 
arylalkyl, a heterocycle, or a protecting group or prodrug 
moiety. Alkylene, alkenylene, and alkynylene groups may 
also be similarly substituted. When the number of carbon 
atoms is designated for a Substituted group, the number of 
carbon atoms refers to the group, not the Substituent (unless 
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otherwise indicated). For example, a C. Substituted alkyl 
refers to a C alkyl, which can be substituted with groups 
having more the, e.g., 4 carbon atoms. 
0048. The term “prodrug as used herein refers to any 
compound that when administered to a biological system 
generates the drug Substance, i.e., active ingredient, as a 
result of spontaneous chemical reaction(s), enzyme cata 
lyzed chemical reaction(s), photolysis, and/or metabolic 
chemical reaction(s). A prodrug is thus a covalently modi 
fied analog or latent form of a therapeutically active com 
pound. 

0049. One skilled in the art will recognize that substitu 
ents and other moieties of the compounds of Formula I 
should be selected in order to provide a compound which is 
sufficiently stable to provide a pharmaceutically useful com 
pound which can be formulated into an acceptably stable 
pharmaceutical composition. Compounds of Formula I 
which have such stability are contemplated as falling within 
the scope of the present invention. 
0050 “Heteroalkyl refers to an alkyl group where one or 
more carbon atoms have been replaced with a heteroatom, 
such as, O, N, or S. For example, if the carbon atom of the 
alkyl group which is attached to the parent molecule is 
replaced with a heteroatom (e.g., O, N, or S) the resulting 
heteroalkyl groups are, respectively, an alkoxy group (e.g., 
—OCH, etc.), an amine (e.g., -NHCH. —N(CH), etc.). 
or a thioalkyl group (e.g. —SCH). If a non-terminal carbon 
atom of the alkyl group which is not attached to the parent 
molecule is replaced with a heteroatom (e.g., O, N, or S) the 
resulting heteroalkyl groups are, respectively, an alkyl ether 
(e.g., —CH2CH2—O-CH, etc.), an alkyl amine (e.g., 
—CH-NHCH, —CHN(CH), etc.), or a thioalkyl ether 
(e.g., —CH2—S-CH). If a terminal carbon atom of the 
alkyl group is replaced with a heteroatom (e.g., O, N, or S), 
the resulting heteroalkyl groups are, respectively, a hydroxy 
alkyl group (e.g., —CH2CH2—OH), an aminoalkyl group 
(e.g., —CH-NH), or an alkyl thiol group (e.g., 
—CHCH SH). A heteroalkyl group can have, for 
example, 1 to 20 carbon atoms, 1 to 10 carbon atoms, or 1 
to 6 carbon atoms. A C-C heteroalkyl group means a 
heteroalkyl group having 1 to 6 carbon atoms. 
0051) “Heterocycle” or “heterocyclyl as used herein 
includes by way of example and not limitation those het 
erocycles described in Paquette, Leo A.; Principles of Mod 
ern Heterocyclic Chemistry (W. A. Benjamin, New York, 
1968), particularly Chapters 1, 3, 4, 6, 7, and 9. The 
Chemistry of Heterocyclic Compounds, A Series of Mono 
graphs” (John Wiley & Sons, New York, 1950 to present), 
in particular Volumes 13, 14, 16, 19, and 28; and J. Am. 
Chem. Soc. (1960) 82:5566. In one specific embodiment of 
the invention "heterocycle' includes a “carbocycle” as 
defined herein, wherein one or more (e.g. 1, 2, 3, or 4) 
carbon atoms have been replaced with a heteroatom (e.g. O. 
N, or S). The terms “heterocycle” or “heterocyclyl includes 
saturated rings (i.e., heterocycloalkyls), partially unsaturated 
rings, and aromatic rings (i.e., heteroaromatic rings). Sub 
stituted heterocyclyls include, for example, heterocyclic 
rings substituted with any of the substituents disclosed 
herein including carbonyl groups. A non-limiting example of 
a carbonyl substituted heterocyclyl is: 
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0.052 Examples of heterocycles include by way of 
example and not limitation pyridyl, dihydroypyridyl, tetra 
hydropyridyl (piperidyl), thiazolyl, tetrahydrothiophenyl, 
sulfur oxidized tetrahydrothiophenyl, pyrimidinyl, furanyl, 
thienyl, pyrrolyl pyrazolyl, imidazolyl, tetrazolyl, benzo 
furanyl, thianaphthalenyl, indolyl, indolenyl, quinolinyl, 
isoquinolinyl, benzimidazolyl, piperidirtyl, 4-piperidonyl, 
pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl. 
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydro 
quinolinyl, octahydroisoquinolinyl, azocinyl, triazinyl, 
6H-1,2,5-thiadiazinyl, 2H,6H-1.5.2-dithiazinyl, thienyl, thi 
anthrenyl, pyranyl, isobenzofuranyl, chromenyl, Xanthenyl, 
phenoxathinyl, 2H-pyrrolyl, isothiazolyl, isoxazolyl pyrazi 
nyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, 1H-in 
dazoly, purinyl, 4H-quinolizinyl, phthalazinyl, naphthyridi 
nyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, 4aH 
carbazolyl, carbazolyl, B-carbolinyl, phenanthridinyl, 
acridinyl, pyrimidinyl, phenanthrolinyl, phenazinyl, phe 
nothiazinyl, furazanyl, phenoxazinyl, isochromanyl, chro 
manyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyra 
Zolinyl, piperazinyl, indolinyl, isoindolinyl, quinuclidinyl, 
morpholinyl, oxazolidinyl, benzotriazolyl, benzisoxazolyl, 
oXindolyl, benzoxazolinyl, isatinoyl, and bis-tetrahydrofura 
nyl: 

O 
öN/ 

0053. By way of example and not limitation, carbon 
bonded heterocycles are bonded at position 2, 3, 4, 5, or 6 
of a pyridine, position 3, 4, 5, or 6 of a pyridazine, position 
2, 4, 5, or 6 of a pyrimidine, position 2, 3, 5, or 6 of a 
pyrazine, position 2, 3, 4, or 5 of a furan, tetrahydrofuran, 
thiofuran, thiophene, pyrrole or tetrahydropyrrole, position 
2, 4, or 5 of an oxazole, imidazole or thiazole, position 3, 4, 
or 5 of an isoxazole, pyrazole, or isothiazole, position 2 or 
3 of an aziridine, position 2, 3, or 4 of an aZetidine, position 
2, 3, 4, 5, 6, 7, or 8 of a quinoline or position 1, 3, 4, 5, 6, 
7, or 8 of an isoquinoline. Still more typically, carbon 
bonded heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl, 
5-pyridyl, 6-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 
5-pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 
5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 
5-pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-thiazolyl, or 5-thi 
azolyl. 
0054 By way of example and not limitation, nitrogen 
bonded heterocycles are bonded at position 1 of an aziridine, 
aZetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-pyrroline, imi 
dazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyra 
Zole, pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine, pip 
erazine, indole, indoline, 1H-indazole, position 2 of a 
isoindole, or isoindoline, position 4 of a morpholine, and 
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position 9 of a carbazole, or B-carboline. Still more typically, 
nitrogen bonded heterocycles include 1-aziridyl, 1-azetedyl, 
1-pyrrolyl, 1-imidazolyl, 1-pyrazolyl, and 1-piperidinyl. 
0055) “Heterocyclylalkyl” refers to an acyclic alkyl radi 
cal in which one of the hydrogen atoms bonded to a carbon 
atom, typically a terminal or spa carbon atom, is replaced 
with a heterocyclyl radical (i.e., a heterocyclyl-alkylene 
moiety). Typical heterocyclyl alkyl groups include, but are 
not limited to heterocyclyl-CH , heterocyclyl-CH 
(CH)—, heterocyclyl-CHCH. , 2-(heterocyclyl)ethan-1- 
y1, and the like, wherein the "heterocyclyl portion includes 
any of the heterocyclyl groups described above, including 
those described in Principles of Modern Heterocyclic Chem 
istry. One skilled in the art will also understand that the 
heterocyclyl group can be attached to the alkyl portion of the 
heterocyclyl alkyl by means of a carbon-carbon bond or a 
carbon-heteroatom bond, with the proviso that the resulting 
group is chemically stable. The heterocyclylalkyl group 
comprises 2 to 20 carbon atoms, e.g., the alkyl portion of the 
heterocyclylalkyl group is 1 to 6 carbon atoms and the 
heterocyclyl moiety is 1 to 14 carbon atoms. Examples of 
heterocyclylalkyls include by way of example and not 
limitation 5-membered Sulfur, oxygen, and/or nitrogen con 
taining heterocycles Such as thiazolylmethyl, 2-thiazolyle 
than-1-yl, imidazolylmethyl, oxazolylmethyl, thiadiazolyl 
methyl, etc., 6-membered Sulfur, oxygen, and/or nitrogen 
containing heterocycles such as piperidinylmethyl, piperazi 
nylmethyl, morpholinylmethyl, pyridizylmethyl, pyridizyl 
methyl, pyrimidylmethyl, pyrazinylmethyl, etc. 
0056 “Heterocyclylalkenyl refers to an acyclic alkenyl 
radical in which one of the hydrogen atoms bonded to a 
carbon atom, typically a terminal or sp carbon atom, but 
also a sp carbon atom, is replaced with a heterocyclyl 
radical (i.e., a heterocyclyl-alkenylene-moiety). The hetero 
cyclyl portion of the heterocyclyl alkenyl group includes any 
of the heterocyclyl groups described herein, including those 
described in Principles of Modern Heterocyclic Chemistry, 
and the alkenyl portion of the heterocyclyl alkenyl group 
includes any of the alkenyl groups disclosed herein. One 
skilled in the art will also understand that the heterocyclyl 
group can be attached to the alkenyl portion of the hetero 
cyclyl alkenyl by means of a carbon-carbon bond or a 
carbon-heteroatom bond, with the proviso that the resulting 
group is chemically stable. The heterocyclylalkenyl group 
comprises 3 to 20 carbon atoms, e.g., the alkenyl portion of 
the heterocyclyl alkenyl group is 2 to 6 carbon atoms and the 
heterocyclyl moiety is 1 to 14 carbon atoms. 
0057. “Heterocyclylalkynyl refers to an acyclic alkynyl 
radical in which one of the hydrogen atoms bonded to a 
carbon atom, typically a terminal or sp carbon atom, but 
also an sp carbon atom, is replaced with a heterocyclyl 
radical (i.e., a heterocyclyl-alkynylene-moiety). The hetero 
cyclyl portion of the heterocyclyl alkynyl group includes 
any of the heterocyclyl groups described herein, including 
those described in Principles of Modern Heterocyclic Chem 
istry, and the alkynyl portion of the heterocyclyl alkynyl 
group includes any of the alkynyl groups disclosed herein. 
One skilled in the art will also understand that the hetero 
cyclyl group can be attached to the alkynyl portion of the 
heterocyclyl alkynyl by means of a carbon-carbon bond or 
a carbon-heteroatom bond, with the proviso that the result 
ing group is chemically stable. The heterocyclylalkynyl 
group comprises 3 to 20 carbon atoms, e.g., the alkynyl 
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portion of the heterocyclylalkynyl group is 2 to 6 carbon 
atoms and the heterocyclyl moiety is 1 to 14 carbon atoms. 
0058 “Heteroaryl” refers to an aromatic heterocyclyl 
having at least one heteroatom in the ring. Non-limiting 
examples of suitable heteroatoms which can be included in 
the aromatic ring include oxygen, Sulfur, and nitrogen. 
Non-limiting examples of heteroaryl rings include all of 
those listed in the definition of "heterocyclyl', including 
pyridinyl, pyrrolyl, oxazolyl, indolyl, isoindolyl, purinyl, 
furanyl, thienyl, benzofuranyl, benzothiophenyl, carbazolyl, 
imidazolyl, thiazolyl, isoxazolyl, pyrazolyl, isothiazolyl, 
quinolyl, isoquinolyl pyridaZyl, pyrimidyl, pyrazyl, etc. 
0059. “Carbocycle” or “carbocyclyl refers to a saturated 
(i.e., cycloalkyl), partially unsaturated (e.g., cycloakenyl, 
cycloalkadienyl, etc.) or aromatic ring having 3 to 7 carbon 
atoms as a monocycle, 7 to 12 carbon atoms as a bicycle, and 
up to about 20 carbon atoms as a polycycle. Monocyclic 
carbocycles have 3 to 6 ring atoms, still more typically 5 or 
6 ring atoms. Bicyclic carbocycles have 7 to 12 ring atoms, 
e.g., arranged as a bicyclo 4.5, 5.5, 5.6 or 6.6 system, 
or 9 or 10 ring atoms arranged as a bicyclo 5.6 or 6.6 
system, or spiro-fused rings. Non-limiting examples of 
monocyclic carbocycles include cyclopropyl, cyclobutyl, 
cyclopentyl, 1-cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cy 
clopent-3-enyl, cyclohexyl, 1-cyclohex-1-enyl, 1-cyclohex 
2-enyl, 1-cyclohex-3-enyl, and phenyl. Non-limiting 
examples of bicyclo carbocycles includes naphthyl. 
0060 “Arylheteroalkyl refers to a heteroalkyl as defined 
herein, in which a hydrogen atom (which may be attached 
either to a carbon atom or a heteroatom) has been replaced 
with an aryl group as defined herein. The aryl groups may be 
bonded to a carbon atom of the heteroalkyl group, or to a 
heteroatom of the heteroalkyl group, provided that the 
resulting arylheteroalkyl group provides a chemically stable 
moiety. For example, an arylheteroalkyl group can have the 
general formulae -alkylene-O-aryl, -alkylene-O-alkylene 
aryl, -alkylene-NH-aryl, -alkylene-NH-alkylene-aryl, -alky 
lene-S-aryl, -alkylene-S-alkylene-aryl, etc. In addition, any 
of the alkylene moieties in the general formulae above can 
be further substituted with any of the substituents defined or 
exemplified herein. 
0061 “Heteroarylalkyl refers to an alkyl group, as 
defined herein, in which a hydrogen atom has been replaced 
with a heteroaryl group as defined herein. Non-limiting 
examples of heteroaryl alkyl 
include —CH2-pyridinyl, —CH2-pyrrolyl, -CH2-oxazolyl, 
—CH-indolyl, —CH2-isoindolyl. —CH2-purinyl, -CH2 
furanyl, -CH2-thienyl, —CH-benzofuranyl. —CH-ben 
Zothiophenyl, —CH2-carbazolyl. —CH-imidazolyl, 
—CH-thiazolyl, -CH2-isoxazolyl. —CH-pyrazolyl, 
—CH2-isothiazolyl, -CH2-quinolyl. —CH2-isoquinolyl, 
—CH2-pyridaZyl. —CH2-pyrimidyl, -CH2-pyrazyl, -CH 
(CH)-pyridinyl, —CH(CH)-pyrrolyl, —CH(CH)-ox 
azolyl, —CH(CH3)-indolyl, —CH(CH)-isoindolyl, —CH 
(CH)-purinyl, -CH(CH)-furanyl, —CH(CH)-thienyl, 
—CH(CH-)-benzofuranyl, —CH(CH-)-benzothiophenyl, 
—CH(CH)-carbazolyl. —C H(CH)-imidazolyl, -CH 
(CH)-thiazolyl, —CH(CH)-isoxazolyl, —CH(CH)-pyra 
Zolyl, —CH(CH)-isothiazolyl, —CH(CH)-quinolyl, 
—CH(CH)-isoquinolyl, —CH(CH)-pyridazyl, —CH 
(CH)-pyrimidyl, —CH(CH)-pyrazyl, etc. 
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0062. The term “optionally substituted in reference to a 
particular moiety of the compound of Formula I (e.g., an 
optionally substituted aryl group) refers to a moiety having 
0, 1, 2, or more Substituents. 
0063 “Ac” means acetyl ( C(O)CH). 
0064 “AcO' means acetic anhydride. 
0065 “DCM” means dichloromethane (CHCl). 
0066 “DIBAL means diisobutylaluminum hydride. 
0067 “DMAP means dimethylaminopyridine. 
0068 “EDC’ means 1-(3-Dimethylaminopropyl)-3-eth 
ylcarbodiimide. 
0069) “Et” means ethyl. 
0070 “EtOAc” means ethylacetate. 
(0071. “HOBt” means N-hydroxybenzotriazole. 
0072 “Me” means methyl (-CH). 
0073. “MeOH means methanol. 
0074 “MeCN means acetonitrile. 
0075 “Pr” means propyl. 
0076 “i-Pr” means isopropyl (-CH(CH)). 
0077 “i-ProH' means isopropanol. 
0078 “rt’ means room temperature. 
0079. “TFA' means trifluoroacetic acid. 
0080 “THF means tetrahydrofuran. 
0081. The term “chiral refers to molecules which have 
the property of non-Superimposability of the mirror image 
partner, while the term “achiral” refers to molecules which 
are Superimposable on their mirror image partner. 
0082. The term “stereoisomers' refers to compounds 
which have identical chemical constitution, but differ with 
regard to the arrangement of the atoms or groups in space. 
0083 “Diastereomer refers to a stereoisomer with two 
or more centers of chirality and whose molecules are not 
mirror images of one another. Diastereomers have different 
physical properties, e.g., melting points, boiling points, 
spectral properties, and reactivities. Mixtures of diastereom 
ers may separate under high resolution analytical procedures 
Such as electrophoresis and chromatography. 
0084 “Enantiomers’ refer to two stereoisomers of a 
compound which are non-Superimposable mirror images of 
one another. 

0085 Stereochemical definitions and conventions used 
herein generally follow S. P. Parker, Ed., McGraw-Hill 
Dictionary of Chemical Terms (1984) McGraw-Hill Book 
Company, New York; and Eliel, E. and Wilen, S., Stereo 
chemistry of Organic Compounds (1994) John Wiley & 
Sons, Inc., New York. Many organic compounds exist in 
optically active forms, i.e., they have the ability to rotate the 
plane of plane-polarized light. In describing an optically 
active compound, the prefixes D and L or R and S are used 
to denote the absolute configuration of the molecule about 
its chiral center(s). The prefixes d and 1 or (+) and (-) are 
employed to designate the sign of rotation of plane-polarized 
light by the compound, with (-) or 1 meaning that the 
compound is levorotatory. A compound prefixed with (+) or 
d is dextrorotatory. For a given chemical structure, these 
Stereoisomers are identical except that they are mirror 
images of one another. A specific stereoisomer may also be 
referred to as an enantiomer, and a mixture of Such isomers 
is often called an enantiomeric mixture. A 50:50 mixture of 
enantiomers is referred to as a racemic mixture or a race 
mate, which may occur where there has been no stereose 
lection or stereospecificity in a chemical reaction or process. 
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The terms “racemic mixture' and “racemate” refer to an 
equimolar mixture of two enantiomeric species, devoid of 
optical activity. 

Protecting Groups 

I0086. In the context of the present invention, protecting 
groups include prodrug moieties and chemical protecting 
groups. 
I0087 Protecting groups are available, commonly known 
and used, and are optionally used to prevent side reactions 
with the protected group during synthetic procedures, i.e. 
routes or methods to prepare the compounds of the inven 
tion. For the most part the decision as to which groups to 
protect, when to do so, and the nature of the chemical 
protecting group “PG’ will be dependent upon the chemistry 
of the reaction to be protected against (e.g., acidic, basic, 
oxidative, reductive or other conditions) and the intended 
direction of the synthesis. The PG groups do not need to be, 
and generally are not, the same if the compound is Substi 
tuted with multiple PG. In general, PG will be used to 
protect functional groups such as carboxyl, hydroxyl, thio. 
or amino groups and to thus prevent side reactions or to 
otherwise facilitate the synthetic efficiency. The order of 
deprotection to yield free, deprotected groups is dependent 
upon the intended direction of the synthesis and the reaction 
conditions to be encountered, and may occur in any order as 
determined by the artisan. 
I0088 Various functional groups of the compounds of the 
invention may be protected. For example, protecting groups 
for —OH groups (whether hydroxyl, carboxylic acid, phos 
phonic acid, or other functions) include “ether- or ester 
forming groups. Ether- or ester-forming groups are capable 
of functioning as chemical protecting groups in the synthetic 
schemes set forth herein. However, some hydroxyl and thio 
protecting groups are neither ether- nor ester-forming 
groups, as will be understood by those skilled in the art, and 
are included with amides, discussed below. 
I0089. A very large number of hydroxyl protecting groups 
and amide-forming groups and corresponding chemical 
cleavage reactions are described in Protective Groups in 
Organic Synthesis, Theodora W. Greene and Peter G. M. 
Wuts (John Wiley & Sons, Inc., New York, 1999, ISBN 
0-471-16019-9) (“Greene'). See also Kocienski, Philip J.: 
Protecting Groups (Georg Thieme Verlag Stuttgart, New 
York, 1994), which is incorporated by reference in its 
entirety herein. In particular Chapter 1, Protecting Groups: 
An Overview, pages 1-20, Chapter 2, Hydroxyl Protecting 
Groups, pages 21-94, Chapter 3, Diol Protecting Groups, 
pages 95-117, Chapter 4, Carboxyl Protecting Groups, pages 
118-154, Chapter 5, Carbonyl Protecting Groups, pages 
155-184. For protecting groups for carboxylic acid, phos 
phonic acid, phosphonate, Sulfonic acid and other protecting 
groups for acids see Greene as set forth below. Such groups 
include by way of example and not limitation, esters, 
amides, hydrazides, and the like. 

Ether- and Ester-Forming Protecting Groups 

0090 Ester-forming groups include: (1) phosphonate 
ester-forming groups, such as phosphonamidate esters, 
phosphorothioate esters, phosphonate esters, and phosphon 
bis-amidates; (2) carboxyl ester-forming groups, and (3) 
Sulphur ester-forming groups, such as Sulphonate, Sulfate, 
and Sulfinate. 
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Metabolites of the Compounds of the Invention 
0091 Also falling within the scope of this invention are 
the in vivo metabolic products of the compounds described 
herein. Such products may result for example from the 
oxidation, reduction, hydrolysis, amidation, esterification 
and the like of the administered compound, primarily due to 
enzymatic processes. Accordingly, the invention includes 
compounds produced by a process comprising contacting a 
compound of this invention with a mammal for a period of 
time sufficient to yield a metabolic product thereof. Such 
products typically are identified by preparing a radiolabelled 
(e.g., C'' or H) compound of the invention, administering 
it parenterally in a detectable dose (e.g., greater than about 
0.5 mg/kg) to an animal Such as rat, mouse, guinea pig, 
monkey, or to man, allowing sufficient time for metabolism 
to occur (typically about 30 seconds to 30 hours) and 
isolating its conversion products from the urine, blood or 
other biological samples. These products are easily isolated 
since they are labeled (others are isolated by the use of 
antibodies capable of binding epitopes Surviving in the 
metabolite). The metabolite structures are determined in 
conventional fashion, e.g., by MS or NMR analysis. In 
general, analysis of metabolites is done in the same way as 
conventional drug metabolism studies well-known to those 
skilled in the art. The conversion products, so long as they 
are not otherwise found in Vivo, are useful in diagnostic 
assays for therapeutic dosing of the compounds of the 
invention even if they possess no anti-infective activity of 
their own. 

Compounds of Formula I 
0092. In one embodiment, the present application pro 
vides compounds according to Formula I, 

Formula I 

(L-Ar), 
A 

RI nL3 
2 2 L L N Z 

e-rix ror 2 D2 R3 R4 L3 O 
6 R. R. S. 

(L-Ar), 

0093 or a pharmaceutically acceptable salt, solvate, and/ 
or ester thereof, wherein, 

0094) L' is selected from the group consisting of C(R) 
2 3 C(O)—, S(O)—, N(R) C(O)—, and 
—O C(O)—: 

0095 L is a covalent bond, C(R) - or –C(O)–: 
I0096) each L is independently a covalent bond, an alky 

lene, or substituted alkylene; 
I0097 each L is independently selected from the group 

consisting of a covalent bond, alkylene, Substituted alky 
lene, —O—, —CH2—O—, and —NH-; 

0098 each A is independently selected from the group 
consisting of H, alkyl, Substituted alkyl, aryl, Substituted 
aryl, heterocyclyl, and substituted heterocyclyl, 

0099 with the proviso that when A is H. p is 0; 
0100 Z' and Z are each independently —O— or 

- N(R)–: 
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0101 Y and X are independently selected from the group 
consisting of heterocyclyl and heterocyclylalkyl, 

0102 each Ar is independently selected from the group 
consisting of aryl, Substituted aryl, heteroaryl, and Sub 
stituted heteroaryl; 

(0103 R', R, and R are each independently selected 
from the group consisting of H, alkyl, Substituted alkyl, 
arylalkyl, and substituted arylalkyl; 

I0104 each R is independently selected from the group 
consisting of H, alkyl, Substituted alkyl, alkoxyalkyl, 
hydroxyalkyl, arylheteroalkyl, substituted arylhet 
eroalkyl, arylalkyl, substituted arylalkyl, heterocyclylal 
kyl, substituted heterocyclylalkyl, aminoalkyl, substituted 
aminoalkyl, -alkylene-C(O)—OH, -alkylene-C(O)— 
Oalkyl, -alkylene-C(O)amino, -alkylene-C(O)-alkyl: 

0105 R and R are independently selected from the 
group consisting of H, alkyl, Substituted alkyl, and het 
eroalkyl: 

I0106) each R" is independently selected from the group 
consisting of H, alkyl, Substituted alkyl, heteroalkyl, 
carbocyclyl. Substituted carbocyclyl, heterocyclyl, and 
substituted heterocyclyl: 

I0107 R and Rare each one or more substituents inde 
pendently selected from the group consisting of H, alkyl, 
Substituted alkyl, halogen, aryl, Substituted aryl, hetero 
cyclyl, substituted heterocyclyl, and —CN: 

01.08 m is 1 or 2: 
0109 n is 0 or 1; and 
0110 each p is independently 0 or 1. 
0111. In another embodiment of the compounds of For 
mula I, n is 1. 
0112. In another embodiment of the compounds of For 
mula I, n is 0. 
0113. In another embodiment of the compounds of For 
mula I, n is 1 and L is —CH(R)—, wherein R is selected 
from the group consisting of H, alkyl, Substituted alkyl, and 
heteroalkyl. 
0114. In another embodiment of the compounds of For 
mula I, n is 1 and L is —CH2—, 
0.115. In another embodiment of the compounds of For 
mula I, n is 1 and L is —C(O)—. 
0116. In another embodiment of the compounds of For 
mula I, n is 1 and Y is heterocyclylalkyl. 
0117. In another embodiment of the compounds of For 
mula I, n is 1 and Y R is —CH2-(substituted heteroaryl). 
0118. In another embodiment of the compounds of For 
mula I, n is 1 and Y R is 

0119. In another embodiment of the compounds of For 
mula I, n is 1 and Y R is 
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wherein R is alkyl, for example 2-propyl. 
0120 In another embodiment of the compounds of For 
mula I, n is 1 and X is heterocyclylalkyl. 
0121. In another embodiment of the compounds of For 
mula I, n is 1 and X is —CH2-heteroaryl. 
0122. In another embodiment of the compounds of For 
mula I, n is 1 and X-R is 

0123. In another embodiment of the compounds of For 
mula I, n is 1 and X-R is 

C 
0.124. In another embodiment of the compounds of For 
mula I, n is 1 and Z' is N(R)—. 
0.125. In another embodiment of the compounds of For 
mula I, n is 1 and Z' is N(alkyl)- or N(carbocyclyl)-. 
0126. In another embodiment of the compounds of For 
mula I, n is 1 and Z' is N(CH4)— or N(cyclopropyl)-. 
0127. In another embodiment of the compounds of For 
mula I, n is 1 and Z' is NH-. 
0128. In another embodiment of the compounds of For 
mula I, n is 1 and each A is independently aryl or Substituted 
aryl. 
0129. In another embodiment of the compounds of For 
mula I, n is 1 and each A is phenyl. 
0130. In another embodiment of the compounds of For 
mula I, n is 1 and each A is phenyl and each p is 0. 
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I0131. In another embodiment of the compounds of For 
mula I, n is 1 and R is H, alkyl, substituted alkyl, or 
heteroalkyl. 
0.132. In another embodiment of the compounds of For 
mula I, n is 1 and R is 2-propyl, methyl, —CH2 O-benzyl, 
—CH(CH)(O-t-Bu), or -CH(CH)(OH). 
I0133. In another embodiment of the compounds of For 
mula I, L' is C(O) ; 
0.134 each A is independently aryl, substituted aryl, 
alkyl, or substituted alkyl; 
0135) R' is H or alkyl; 
10136 each R is independently H, alkyl, substituted 
alkyl, or heteroalkyl; 
0.137 R. R. R. and Rare each H: 
I0138 each R" is independently H, alkyl, or carbocyclyl: 
0.139 R is H or alkyl; 
O140 R is H; 
0141 X and Y are both heterocyclylalkyl: 
0.142 Z is -O-, and 
0143 p is 0. 
0144. In another embodiment of the compounds of For 
mula I, each A is phenyl: 

(0145) R' is H or CH: 
I0146 each R is H. methyl, ethyl, 2-propyl, —CH2— 

O-benzyl, -CH(CH) OH, or -CH(CH)(O-t-Bu); 
I0147 each R" is H. methyl or cyclopropyl: 
0148 R is H or 2-propyl: 
0149 X is 

and 
O150 Y is 

0151. In another embodiment, the compounds of Formula 
I have the following general Formula IA: 

Formula IA 
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0152. In another embodiment of the compounds of For 
mula IA, Z' is N(R)-. In a particular embodiment, R7 is 
H. In another particular embodiment, R is alkyl, for 
example any of the alkyl groups disclosed herein. In another 
particular embodiment, R is heteroalkyl, for example any of 
the heteroalkyl groups disclosed herein. In another particular 
embodiment, R is substituted or unsubstituted carbocyclyl, 
wherein for example, said carbocyclyl is any of the carbo 
cyclyl groups disclosed herein. In another particular 
embodiment, R is substituted or unsubstituted heterocyclyl, 
wherein for example, said heterocyclyl is any of the hetero 
cyclyl groups disclosed herein. 
0153. In another embodiment of the compounds of For 
mula IA, Z' is —O—. 
0154) In another embodiment of the compounds of For 
mula IA, L is C(R) , wherein each R is H. 
0155. In another embodiment of the compounds of For 
mula IA, L is C(R) , wherein each R is indepen 
dently H or alkyl, and said alkyl includes any alkyl disclosed 
herein. 

0156. In another embodiment of the compounds of For 
mula IA, L is C(R) , wherein one R is H and the 
other R is alkyl, wherein said alkyl includes any alkyl 
disclosed herein. 

0157. In another embodiment of the compounds of For 
mula IA, m is 1 and R is H. 
0158. In another embodiment of the compounds of For 
mula IA, m is 1 and R is alkyl, wherein said alkyl includes 
any alkyl disclosed herein. 
0159. In another embodiment of the compounds of For 
mula IA, m is 1 and R is i-propyl. 
0160. In another embodiment of the compounds of For 
mula IA, m is 1 and R is i-butyl. 
0161 In another embodiment of the compounds of For 
mula IA, m is 1 and R is ethyl. 
0162. In another embodiment of the compounds of For 
mula IA, m is 1 and R is methyl. 
0163. In another embodiment of the compounds of For 
mula IA, m is 2 and each R is independently selected from 
H and alkyl. 
0164. In another embodiment of the compounds of For 
mula IA, m is 2 and each R is H. 

s 

le 

r 
s 

r 
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0.165. In another embodiment, the compounds of Formula 
I have the following general Formula IB: 

Formula IB 

R9 
O s-x 

-----is-N-o-N/ 
/N-> Zl N S H 
s’{2N O 

0166 In another embodiment of the compounds of For 
mula IB, Z' is N(R)—. In a particular embodiment, R7 is 
H. In another particular embodiment, R is alkyl, for 
example any of the alkyl groups disclosed herein. In another 
particular embodiment, R is heteroalkyl, for example any of 
the heteroalkyl groups disclosed herein. In another particular 
embodiment, R is substituted or unsubstituted carbocyclyl, 
wherein for example, said carbocyclyl is any of the carbo 
cyclyl groups disclosed herein. In another particular 
embodiment, R7 is substituted or unsubstituted heterocyclyl, 
wherein for example, said heterocyclyl is any of the hetero 
cyclyl groups disclosed herein. 
0167. In another embodiment of the compounds of For 
mula IB, Z' is —O—. 
0.168. In another embodiment of the compounds of For 
mula IB, L is —C(R) , wherein each R is H. 
0169. In another embodiment of the compounds of For 
mula IB, L is C(R) , wherein each R is indepen 
dently H or alkyl, and said alkyl includes any alkyl disclosed 
herein. 
0170 In another embodiment of the compounds of For 
mula IB, L is C(R) , wherein one R is H and the 
other R is alkyl, wherein said alkyl includes any alkyl 
disclosed herein. 
0171 In another embodiment of the compounds of For 
mula IB, R and Rare both H. 
0172. In another embodiment of the compounds of For 
mula IB, R and Rare independently selected from H and 
alkyl, wherein said alkyl includes any alkyl disclosed herein. 
0173. In another embodiment, the compounds of Formula 
I have one of the following structures: 
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including stereoisomers or mixtures of stereoisomers 
thereof. One skilled in the art will recognize that stereoiso 
mers or mixtures of stereoisomers of the compounds of the 
present application include enantiomers, diastereomers, and 
other stereoisomers. For example, for: 

{l Ph. 

contemplated Stereoisomers include at least: 

as well as mixtures of two or more of these stereoisomers. 
0.174. In still another embodiment of the compounds of 
Formula I, L' is —C(R) , —C(O)-, -S(O-)-. 
N(R)-C(O)—, or - O C(O)-. When L is C(R) 
, each R is independently selected from the group 

consisting of H, alkyl, Substituted alkyl, and heteroalkyl, 
wherein alkyl, substituted alkyl, and heteroalkyl are as 
defined and exemplified herein. Non-limiting examples of 
—C(R) - include —CH2—, —CH(alkyl)-, -CH(substi 
tuted alkyl)-, —CH(heteroalkyl)-, -C(alkyl)-, —C(substi 
tuted alkyl)-, —C(heteroalkyl)-, —C(alkyl)(Substituted 
alkyl)-, —C(heteroalkyl)(substituted alkyl)-, and —C(alkyl) 
(heteroalkyl)-, wherein alkyl, substituted alkyl, and het 
eroalkyl are as defined and exemplified herein. When L' is 
—N(R)-C(O) , R is H, alkyl, substituted alkyl, het 
eroalkyl, carbocyclyl, substituted carbocyclyl, heterocyclyl, 
or substituted heterocyclyl, wherein alkyl, substituted alkyl, 
heteroalkyl, carbocyclyl, substituted carbocyclyl, heterocy 
clyl, or substituted heterocyclyl are as defined and exempli 
fied herein. 
0.175. In still another embodiment of the compounds of 
Formula I, L is C(R) - or - C(O)-. When L is 
—C(R) , each R is independently selected from H, 
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alkyl, substituted alkyl or heteroalkyl, where each alkyl, 
substituted alkyl, or heteroalkyl can include any of the alkyl, 
substituted alkyl, or heteroalkyl groups defined or disclosed 
herein. Non-limiting examples of —C(R) - include 

(CHCH-OH) , etc. 
0176). In still another embodiment of the compounds of 
Formula I, each L is independently a covalent bond, an 
alkylene or substituted alkylene. When any L is an alkylene, 
non-limiting examples of alkylene includes any of the 
alkylenes defined or disclosed herein. When any L is a 
Substituted alkylene, non-limiting examples of Substituted 
alkylene includes any of the substituted alkylenes defined or 
disclosed herein. For example, substituted alkylenes include 
alkylenes Substituted with one or more —OH group, alky 
lenes Substituted with one or more ether group, e.g., a 
—O—Bn group, alkylenes Substituted with one or more 
halogen, or alkylenes Substituted with combinations of two 
or more Substituents (e.g., -OH and halogen, halogen and 
ether, etc.). 
0177. In still another embodiment of the compounds of 
Formula I, each L is the same, i.e., each L is the same 
alkylene or Substituted alkylene group. 
0178. In still another embodiment of the compounds of 
Formula I, each L is different, i.e., one L is an alkylene and 
the other L is a substituted alkylene, one L is an alkylene 
and the other L is a different alkylene, or one L is a 
substituted alkylene, and the other L is a different substi 
tuted alkylene. 
0179. In still another embodiment of the compounds of 
Formula I, each L is independently selected from the group 
consisting of a covalent bond, alkylene, Substituted alkylene, 
O , —CH2—O , and NH-. When L' is alkylene, 

said alkylene includes any alkylene defined or exemplified 
herein. When L' is substituted alkylene, said substituent 
includes any alkylene defined or exemplified herein, substi 
tuted by one or more substituents as defined herein. 
0180. In still another embodiment of the compounds of 
Formula I, both L' groups are the same, i.e. both L' groups 
are a covalent bond, both are —O—, both are —CH2—O—, 
(wherein the CH group is attached to either the “A” moiety 
or the 'Ar' moiety of Formula I), both are a substituted or 
unsubstituted alkylene, or both are —NH-. 
0181. In still another embodiment of the compounds of 
Formula I, each L is different. For example, one L' is a 
covalent bond and the other L is —O , one L' is a covalent 
bond and the other L is —CH, O (wherein the CH 
group is attached to either the “A” moiety or the “Armoiety 
of Formula I), one L' is a covalent bond and the other L is 
NH , one L' is a O— and the other L' is —CH2— 

O—(wherein the CH group is attached to either the “A” 
moiety or the “Ar” moiety of Formula I), one L' is —O— 
and the other L' is NH , one L' is —CH2—O (wherein 
the CH group is attached to either the “A” moiety or the 
“Ar” moiety of Formula I) and the other L' is NH-, one 
L4 is a covalent bond and the other L is a substituted or 
unsubstituted alkylene, one L' is a substituted alkylene and 
the other L' is a unsubstituted alkylene, one L' is a substi 
tuted or unsubstituted alkene and the other L is —O—, one 
L' is a substituted or unsubstituted alkylene and the other L' 
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is —CH2—O—(wherein the CH group is attached to either 
the “A” moiety or the “Ar” moiety of Formula I), or one L' 
is substituted or unsubstituted alkylene and the other L is 
- NH . 

0182. In still another embodiment of the compounds of 
Formula I, each A is independently H, alkyl, substituted 
alkyl, aryl, substituted aryl, heterocyclyl, or substituted 
heterocyclyl, with the proviso that when A is H. p is 0. When 
any A is alkyl, said alkyl includes any alkyl defined or 
exemplified herein. When any A is substituted alkyl, said 
alkyl includes any alkyl defined or exemplified herein sub 
stituted with one or more of any substituent defined or 
exemplified herein. When any A is aryl, said aryl includes 
any aryl defined or exemplified herein. When any A is 
Substituted aryl, said aryl includes any aryl defined or 
exemplified herein substituted with one or more of any 
substituent defined or exemplified herein. When any A is 
heterocyclyl, said heterocyclyl includes any heterocyclyl 
defined or exemplified herein. When any A is substituted 
heterocyclyl, said heterocyclyl is any heterocyclyl defined or 
exemplified herein substituted with one or more of any 
substituent defined or exemplified herein. 
0183 In still another embodiment of the compounds of 
Formula I, each A is H and each p is 0. 
0184. In still another embodiment of the compounds of 
Formula I, each A is substituted or unsubstituted alkyl, 
wherein alkyl is any alkyl defined or exemplified herein, 
and, when present, the Substituents on said alkyl include one 
or more of any substituents defined or exemplified herein. 
0185. In still another embodiment of the compounds of 
Formula I, each A is substituted or unsubstituted aryl, 
wherein aryl is any aryl defined or exemplified herein, and, 
when present, the Substituents on said aryl include one or 
more of any substituents defined or exemplified herein. In a 
particular embodiment, A is phenyl. 
0186. In still another embodiment of the compounds of 
Formula I, each A is substituted or unsubstituted heterocy 
clyl, wherein heterocyclyl is any heterocyclyl defined or 
exemplified herein, and, when present, the Substituents on 
said heterocyclyl include one or more of any Substituents 
defined or exemplified herein. 
0187. In still another embodiment of the compounds of 
Formula I, one A is H and the other A is substituted or 
unsubstituted alkyl, wherein alkyl is any alkyl defined or 
exemplified herein, and, when present, the Substituent on 
said alkyl includes one or more of any substituent defined or 
exemplified herein. 
0188 In still another embodiment of the compounds of 
Formula I, one A is H and the other A is substituted or 
unsubstituted aryl, wherein aryl is any aryl defined or 
exemplified herein, and the Substituents on said aryl are any 
substituents defined and exemplified herein. In a particular 
embodiment, one A is phenyl. 
0189 In still another embodiment of the compounds of 
Formula I, one A is H and the other A is substituted or 
unsubstituted heterocyclyl, wherein heterocyclyl is any het 
erocyclyl defined or exemplified herein, and, when present, 
the substituents on said heterocyclyl include one or more of 
any substituent defined or exemplified herein. 
0190. In still another embodiment of the compounds of 
Formula I, one A is substituted or unsubstituted alkyl, and 
the other A is substituted or unsubstituted aryl, wherein alkyl 
and aryl are any alkyl or aryl defined or exemplified herein, 
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and, when present, the Substituents on said alkyl or aryl 
include one or more of any Substituents defined or exem 
plified herein. 
0191 In still another embodiment of the compounds of 
Formula I, one A is substituted or unsubstituted alkyl, and 
the other A is substituted or unsubstituted heterocyclyl, 
wherein alkyl and heterocyclyl are any alkyl or heterocyclyl 
defined or exemplified herein, and, when present, the sub 
stituents on said alkyl or heterocyclyl include one or more of 
any substituents defined or exemplified herein. 
0.192 In still another embodiment of the compounds of 
Formula I, one A is substituted or unsubstituted aryl, and the 
other A is substituted or unsubstituted heterocyclyl, wherein 
aryland heterocyclyl are any aryl or heterocyclyl defined or 
exemplified herein, and, when present, the Substituents on 
said aryl or heterocyclyl include one or more of any Sub 
stituents defined or exemplified herein. 
0193 In still another embodiment of the compounds of 
Formula I, Z' is - O - or - N(R)-. When Z' is 
N(R)—, R7 is H, alkyl, substituted alkyl, heteroalkyl, 

carbocyclyl, substituted carbocyclyl, heterocyclyl, or sub 
stituted heterocyclyl, wherein alkyl, substituted alkyl, het 
eroalkyl, carbocyclyl, substituted carbocyclyl, heterocyclyl, 
or substituted heterocyclyl are any alkyl, substituted alkyl, 
heteroalkyl, carbocyclyl, substituted carbocyclyl, heterocy 
clyl, or substituted heterocyclyl defined or exemplified 
herein. 

(0194 In still another embodiment of the compounds of 
Formula I, Z is - O - or - N(R)-. When Z is 
N(R)—, R7 is H, alkyl, substituted alkyl, heteroalkyl, 

carbocyclyl, substituted carbocyclyl, heterocyclyl, or sub 
stituted heterocyclyl, wherein alkyl, substituted alkyl, het 
eroalkyl, carbocyclyl, substituted carbocyclyl, heterocyclyl, 
or substituted heterocyclyl are any alkyl, substituted alkyl, 
heteroalkyl, carbocyclyl, substituted carbocyclyl, heterocy 
clyl, or substituted heterocyclyl defined or exemplified 
herein. 

0.195. In still another embodiment of the compounds of 
Formula I, Z' and Z are the same, e.g., Z' and Z are both 
-O-, or Z' and Z are both - N(R) , where R is H, 
alkyl, substituted alkyl, heteroalkyl, carbocyclyl, substituted 
carbocyclyl, heterocyclyl, or substituted heterocyclyl, 
wherein alkyl, substituted alkyl, heteroalkyl, carbocyclyl, 
substituted carbocyclyl, heterocyclyl, or substituted hetero 
cyclyl are any alkyl, Substituted alkyl, heteroalkyl, carbo 
cyclyl, substituted carbocyclyl, heterocyclyl, or substituted 
heterocyclyl defined or exemplified herein. 
0196. In still another embodiment of the compounds of 
Formula I, Z' and Z are different, e.g. Z' is —O— and Z 
is N(R)—, Z is N(R)—and Z is —O—, or Z' and 
Zare both - N(R)—but in Z' the R7 is different from the 
R7 in Z. When either Z of Z is N(R)-, R7 is H, alkyl, 
substituted alkyl, heteroalkyl, carbocyclyl, substituted car 
bocyclyl, heterocyclyl, or substituted heterocyclyl, wherein 
alkyl, substituted alkyl, heteroalkyl, carbocyclyl, substituted 
carbocyclyl, heterocyclyl, or substituted heterocyclyl are 
any alkyl, Substituted alkyl, heteroalkyl, carbocyclyl. Sub 
stituted carbocyclyl, heterocyclyl, or substituted heterocy 
clyl defined or exemplified herein. 
0.197 In still another embodiment of the compounds of 
Formula I, Y is heterocyclyl or heterocyclylalkyl, wherein 
heterocyclyl and heterocyclylalkyl are any heterocyclyl or 
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heterocyclylalkyl defined or exemplified herein. In a par 
ticular embodiment, Y is heterocyclylalkyl, e.g. thiazolylm 
ethyl ( CH-thiazolyl). 
0198 In still another embodiment of the compounds of 
Formula I, X is heterocyclyl or heterocyclylalkyl, wherein 
heterocyclyl and heterocyclylalkyl are any heterocyclyl or 
heterocyclylalkyl defined or exemplified herein. In a par 
ticular embodiment, X is heterocyclylalkyl, e.g. thiazolyl 
methyl. 
0199. In still another embodiment of the compounds of 
Formula I, X and Y are different, e.g., X and Y are different 
heterocyclyls, X and Y are different heterocyclylalkyls, X is 
heterocyclyl and Y is heterocyclylalkyl, or X is heterocy 
clylalkyl and Y is heterocyclyl, wherein heterocyclyl and 
heterocyclylalkyl are any heterocyclyl or heterocyclylalkyl 
defined or exemplified herein. 
0200. In still another embodiment of the compounds of 
Formula I, X and Y are the same. In a particular embodiment 
both X and Y are heterocyclylalkyls, e.g. thiazolylmethyl. 
0201 In still another embodiment of the compounds of 
Formula I, each Ar is aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl, wherein the aryl or heteroaryl are any 
aryl or heteroaryl defined or exemplified herein, and, when 
present, the substituents on the aryl or heteroaryl include one 
or more of any substituents defined or exemplified herein. 
0202 In still another embodiment of the compounds of 
Formula I, each Ar is the same, e.g., each Ar is an aryl Such 
as phenyl. 
0203. In still another embodiment of the compounds of 
Formula I, each Ar is different, e.g. one Ar is a substituted 
or unsubstituted aryl and the other Ar is a substituted or 
unsubstituted heteroaryl, each Ar is a different substituted or 
unsubstituted aryl, or each Ar is a different substituted or 
unsubstituted heteroaryl, wherein aryland heteroaryl are any 
aryl or heteroaryl defined or exemplified herein, and, when 
present, the substituents on the aryl or heteroaryl include one 
or more of any substituents defined or exemplified herein. 
0204. In still another embodiment of the compounds of 
Formula I, R, and Rare each independently H, alkyl, or 
substituted alkyl, wherein alkyl and substituted alkyl include 
any of the alkyl or substituted alkyls defined or disclosed 
herein. 

0205. In still another embodiment of the compounds of 
Formula I, R', R, and Rare each the same. In a particular 
embodiment R', R, and Rare each H. in another particular 
embodiment R', R, and Rare each alkyl, e.g. one of the 
alkyl groups defined or disclosed herein. 
0206. In still another embodiment of the compounds of 
Formula I, R', R, and R are each different. 
0207. In still another embodiment of the compounds of 
Formula I, one of R', R, and R is different from the other 
two groups. 
0208. In still another embodiment of the compounds of 
Formula I, n and mare both 1, and each R is independently 
H, alkyl, substituted alkyl, arylheteroalkyl, arylalkyl, or 
heterocyclylalkyl, wherein alkyl, substituted alkyl, arylhet 
eroalkyl, aryl alkyl, or heterocyclylalkyl is any alkyl, Sub 
stituted alkyl, arylheteroalkyl, arylalkyl, or heterocyclylal 
kyl defined or disclosed herein. 
0209. In still another embodiment of the compounds of 
Formula I, n and m are both 1, and R is H. 
0210. In still another embodiment of the compounds of 
Formula I, n is 1, m is 2, and R is H. 
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0211. In still another embodiment of the compounds of 
Formula I, n and m are both 1, and at least one R is alkyl. 
In a particular embodiment at least one R is methyl. In 
another particular embodiment at least one R is ethyl. In 
another particular embodiment at least one R is i-propyl. In 
another particular embodiment at least one R is t-butyl. In 
another particular embodiment, one R is H, and the other R 
is methyl. In another particular embodiment, one R is H. 
and the other R is ethyl. In another particular embodiment, 
one R is H, and the other R is i-propyl. In another 
particular embodiment, one R is H, and the other R is 
t-butyl. 
0212. In still another embodiment of the compounds of 
Formula I, n and m are both 1, and R is substituted alkyl. 
In a particular embodiment at least one R is —CH(CH)OH 
or -CH(CH)O(t-Bu) 
0213. In still another embodiment of the compounds of 
Formula I, n and m are both 1, and at least one R is 
arylheteroalkyl. In particular embodiment n and m are both 
1, and at least one R is selected from the group consisting 
of H. methyl, ethyl, benzyl-O CH i-propyl. —CH 
(CH)OBn, —CHCH(CH) O— tEu, -CH(CH)OH, 
- CH-OH, —CHOtBu, - CHCH-NH. 
—CHCH-NH P (where P is a protecting group such as 
Boc, Ac, methanesulfonyl, etc.), —CH2CH2-morpholine, 
—CHC(O)OH, -CHC(O)OtBu, and —CHC(O) NH. 
0214. In still another embodiment of the compounds of 
Formula I, n and m are both 1, and at least one R is 
arylheteroalkyl. In particular embodiment n and m are both 
1, one R is H and one R is selected from the group 
consisting of H. methyl, ethyl, benzyl-O-CH2—, i-propyl. 
—CH(CH)OBn, —CHCH(CH) O-tBu, -CH(CH) 
OH, —CHOH, —CHOtBu, - CHCH-NH. 
—CHCH-NH P (where P is a protecting group such as 
Boc, Ac, methanesulfonyl, etc.), —CH2CH2-morpholine, 
—CHC(O)OH, -CHC(O)OtBu, and —CHC(O) NH. 
0215. In still another embodiment of the compounds of 
Formula I, R is H. alkyl, substituted alkyl, and heteroalkyl, 
wherein alkyl, substituted alkyl, and heteroalkyl are any 
alkyl, substituted alkyl, or heteroalkyl defined or disclosed 
herein. A particular embodiment, R is H. 
0216. In still another embodiment of the compounds of 
Formula I, R is H. alkyl, substituted alkyl, and heteroalkyl, 
wherein alkyl, substituted alkyl, and heteroalkyl are any 
alkyl, substituted alkyl, or heteroalkyl defined or disclosed 
herein. A particular embodiment, R is H. 
0217. In still another embodiment of the compounds of 
Formula I, R and R are each one or more substituents 
independently selected from the group consisting of H, 
alkyl, Substituted alkyl, halogen, aryl, Substituted aryl, het 
erocyclyl, substituted heterocyclyl, and —CN, wherein 
when R or R are alkyl, substituted alkyl, halogen, aryl, 
substituted aryl, heterocyclyl, or substituted heterocyclyl, 
said alkyl, Substituted alkyl, halogen, aryl, Substituted aryl, 
heterocyclyl, or Substituted heterocyclyl are any Such groups 
defined or disclosed herein. 

0218. In still another embodiment of the compounds of 
Formula I, R and Rare the same. In a particular embodi 
ment R and Rare both H. 
0219. In still another embodiment of the compounds of 
Formula I, R and Rare different. In a particular embodi 
ment R is alkyl and R is H. in another particular embodi 
ment, R is i-propyl and R is H. 
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0220. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-aryl group, wherein said alkylene and aryl moi 
eties are any alkylene and aryl moieties defined or exem 
plified herein, optionally substituted on the alkylene and/or 
aryl with one or more of any substituents defined or exem 
plified herein. 
0221. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-aryl-alkylene-aryl group, wherein said alkylene 
and aryl moieties are any alkylene and aryl moieties defined 
or exemplified herein, optionally substituted on the alkylene 
and/or aryl with one or more of any substituents defined or 
exemplified herein. 
0222. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-aryl-alkylene-heteroaryl group, wherein said alky 
lene, aryl, and heteroaryl moieties are any alkylene, aryl, and 
heteroaryl moieties defined or exemplified herein, optionally 
substituted on the alkylene and/or aryl, and/or heteroaryl 
with one or more of any substituents defined or exemplified 
herein. 

0223) In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-heteroaryl-alkylene-heteroaryl group, wherein 
said alkylene and heteroaryl moieties are any alkylene and 
heteroaryl moieties defined or exemplified herein, optionally 
substituted on the alkylene and/or heteroaryl with one or 
more of any substituents defined or exemplified herein. 
0224. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heteroaryl-alkylene-aryl group, wherein said alky 
lene, aryl, and heteroaryl moieties are any alkylene, aryl, and 
heteroaryl moieties defined or exemplified herein, optionally 
substituted on the alkylene and/or aryl, and/or heteroaryl 
with one or more of any substituents defined or exemplified 
herein. 

0225. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-aryl-aryl group, wherein said alkylene and aryl 
moieties are any alkylene and aryl moieties defined or 
exemplified herein, optionally substituted on the alkylene 
and/or aryl with one or more of any substituents defined or 
exemplified herein. 
0226. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-aryl-O-aryl group, wherein said alkylene and aryl 
moieties are any alkylene and aryl moieties defined or 
exemplified herein, optionally substituted on the alkylene 
and/or aryl with one or more of any substituents defined or 
exemplified herein. 
0227. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-aryl-CH2-O-aryl group, wherein said alkylene 
and aryl moieties are any alkylene and aryl moieties defined 
or exemplified herein, optionally substituted on the alkylene 
and/or aryl with one or more of any substituents defined or 
exemplified herein. 
0228. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-aryl-OCH2-aryl group, wherein said alkylene and 
aryl moieties are any alkylene and aryl moieties defined or 
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exemplified herein, optionally substituted on the alkylene 
and/or aryl with one or more of any substituents defined or 
exemplified herein. 
0229. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-aryl-NH-aryl group, wherein said alkylene and 
aryl moieties are any alkylene and aryl moieties defined or 
exemplified herein, optionally substituted on the alkylene 
and/or aryl with one or more of any substituents defined or 
exemplified herein. 
0230. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-aryl-heterocyclyl group, wherein said alkylene, 
aryl, and heterocyclyl moieties are any alkylene, aryl, and 
heterocyclyl moieties defined or exemplified herein, option 
ally substituted on the alkylene and/or aryl and/or hetero 
cyclyl with one or more of any substituents defined or 
exemplified herein. 
0231. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-aryl-O-heterocyclyl group, wherein said alkylene, 
aryl, and heterocyclyl moieties are any alkylene, aryl, and 
heterocyclyl moieties defined or exemplified herein, option 
ally substituted on the alkylene and/or aryl and/or hetero 
cyclyl with one or more of any substituents defined or 
exemplified herein. 
0232. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-aryl-CH O-heterocyclyl group, wherein said 
alkylene, aryl, and heterocyclyl moieties are any alkylene, 
aryl, and heterocyclyl moieties defined or exemplified 
herein, optionally substituted on the alkylene and/or aryl 
and/or heterocyclyl with one or more of any substituents 
defined or exemplified herein. 
0233. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-aryl-OCH-heterocyclyl group, wherein said alky 
lene, aryl, and heterocyclyl moieties are any alkylene, aryl, 
and heterocyclyl moieties defined or exemplified herein, 
optionally substituted on the alkylene and/or aryl and/or 
heterocyclyl with one or more of any substituents defined or 
exemplified herein. 
0234. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-aryl-NH-heterocyclyl group, wherein said alky 
lene, aryl, and heterocyclyl moieties are any alkylene, aryl, 
and heterocyclyl moieties defined or exemplified herein, 
optionally substituted on the alkylene and/or aryl and/or 
heterocyclyl with one or more of any substituents defined or 
exemplified herein. 
0235. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-heterocyclyl-aryl group, wherein said alkylene, 
aryl, and heterocyclyl moieties are any alkylene, aryl, and 
heterocyclyl moieties defined or exemplified herein, option 
ally substituted on the alkylene and/or aryl and/or hetero 
cyclyl with one or more of any substituents defined or 
exemplified herein. 
0236. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heterocyclyl-O-aryl group, wherein said alkylene, 
aryl, and heterocyclyl moieties are any alkylene, aryl, and 
heterocyclyl moieties defined or exemplified herein, option 
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ally substituted on the alkylene and/or aryl and/or hetero 
cyclyl with one or more of any substituents defined or 
exemplified herein. 
0237. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heterocyclyl-CH2—O-aryl group, wherein said 
alkylene, aryl, and heterocyclyl moieties are any alkylene, 
aryl, and heterocyclyl moieties defined or exemplified 
herein, optionally substituted on the alkylene and/or aryl 
and/or heterocyclyl with one or more of any substituents 
defined or exemplified herein. 
0238. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heterocyclyl-OCH-aryl group, wherein said alky 
lene, aryl, and heterocyclyl moieties are any alkylene, aryl, 
and heterocyclyl moieties defined or exemplified herein, 
optionally substituted on the alkylene and/or aryl and/or 
heterocyclyl with one or more of any substituents defined or 
exemplified herein. 
0239. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-heterocyclyl-NH-aryl group, wherein said alky 
lene, aryl, and heterocyclyl moieties are any alkylene, aryl, 
and heterocyclyl moieties defined or exemplified herein, 
optionally substituted on the alkylene and/or aryl and/or 
heterocyclyl with one or more of any substituents defined or 
exemplified herein. 
0240. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heterocyclyl-heterocyclyl group, wherein said 
alkylene, aryl, and heterocyclyl moieties are any alkylene, 
aryl, and heterocyclyl moieties defined or exemplified 
herein, optionally substituted on the alkylene and/or aryl 
and/or heterocyclyl with one or more of any substituents 
defined or exemplified herein. 
0241. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heterocyclyl-O-heterocyclyl group, wherein said 
alkylene, aryl, and heterocyclyl moieties are any alkylene, 
aryl, and heterocyclyl moieties defined or exemplified 
herein, optionally substituted on the alkylene and/or aryl 
and/or heterocyclyl with one or more of any substituents 
defined or exemplified herein. 
0242. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heterocyclyl-CH2—O-heterocyclyl grOup, 
wherein said alkylene, aryl, and heterocyclyl moieties are 
any alkylene, aryl, and heterocyclyl moieties defined or 
exemplified herein, optionally substituted on the alkylene 
and/or aryl and/or heterocyclyl with one or more of any 
substituents defined or exemplified herein. 
0243 In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-heterocyclyl-OCH-heterocyclyl group, wherein 
said alkylene, aryl, and heterocyclyl moieties are any alky 
lene, aryl, and heterocyclyl moieties defined or exemplified 
herein, optionally substituted on the alkylene and/or aryl 
and/or heterocyclyl with one or more of any substituents 
defined or exemplified herein. 
0244. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heterocyclyl-NH-heterocyclyl group, wherein 
said alkylene, aryl, and heterocyclyl moieties are any alky 
lene, aryl, and heterocyclyl moieties defined or exemplified 
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herein, optionally substituted on the alkylene and/or aryl 
and/or heterocyclyl with one or more of any substituents 
defined or exemplified herein. 
0245. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-aryl-heteroaryl group, wherein said alkylene, aryl, 
and heteroaryl moieties are any alkylene, aryl, and het 
eroaryl moieties defined or exemplified herein, optionally 
substituted on the alkylene and/or aryl and/or heteroaryl 
with one or more of any substituents defined or exemplified 
herein. 
0246. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-aryl-O-heteroaryl group, wherein said alkylene, 
aryl, and heteroaryl moieties are any alkylene, aryl, and 
heteroaryl moieties defined or exemplified herein, optionally 
substituted on the alkylene and/or aryl and/or heteroaryl 
with one or more of any substituents defined or exemplified 
herein. 
0247. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-aryl-CH2—O-heteroaryl group, wherein said 
alkylene, aryl, and heteroaryl moieties are any alkylene, 
aryl, and heteroaryl moieties defined or exemplified herein, 
optionally substituted on the alkylene and/or aryl and/or 
heteroaryl with one or more of any substituents defined or 
exemplified herein. 
0248. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-aryl-OCH-heteroaryl group, wherein said alky 
lene, aryl, and heteroaryl moieties are any alkylene, aryl, and 
heteroaryl moieties defined or exemplified herein, optionally 
substituted on the alkylene and/or aryl and/or heteroaryl 
with one or more of any substituents defined or exemplified 
herein. 
0249. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-aryl-NH-heteroaryl group, wherein said alkylene, 
aryl, and heteroaryl moieties are any alkylene, aryl, and 
heteroaryl moieties defined or exemplified herein, optionally 
substituted on the alkylene and/or aryl and/or heteroaryl 
with one or more of any substituents defined or exemplified 
herein. 
0250 In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heteroaryl-aryl group, wherein said alkylene, aryl, 
and heteroaryl moieties are any alkylene, aryl, and het 
eroaryl moieties defined or exemplified herein, optionally 
substituted on the alkylene and/or aryl and/or heteroaryl 
with one or more of any substituents defined or exemplified 
herein. 
0251. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-heteroaryl-O-aryl group, wherein said alkylene, 
aryl, and heteroaryl moieties are any alkylene, aryl, and 
heteroaryl moieties defined or exemplified herein, optionally 
substituted on the alkylene and/or aryl and/or heteroaryl 
with one or more of any substituents defined or exemplified 
herein. 
0252. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heteroaryl-CH2—O-aryl group, wherein said 
alkylene, aryl, and heteroaryl moieties are any alkylene, 
aryl, and heteroaryl moieties defined or exemplified herein, 



US 2017/0158647 A1 

optionally substituted on the alkylene and/or aryl and/or 
heteroaryl with one or more of any substituents defined or 
exemplified herein. 
0253) In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-heteroaryl-OCH2-aryl group, wherein said alky 
lene, aryl, and heteroaryl moieties are any alkylene, aryl, and 
heteroaryl moieties defined or exemplified herein, optionally 
substituted on the alkylene and/or aryl and/or heteroaryl 
with one or more of any substituents defined or exemplified 
herein. 

0254. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
-alkylene-heteroaryl-NH-aryl group, wherein said alkylene, 
aryl, and heteroaryl moieties are any alkylene, aryl, and 
heteroaryl moieties defined or exemplified herein, optionally 
substituted on the alkylene and/or aryl and/or heteroaryl 
with one or more of any substituents defined or exemplified 
herein. 

0255. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heterocyclyl-heteroaryl group, wherein said alky 
lene, aryl, and heteroaryl moieties are any alkylene, aryl, and 
heteroaryl moieties defined or exemplified herein, optionally 
substituted on the alkylene and/or aryl and/or heteroaryl 
with one or more of any substituents defined or exemplified 
herein. 

0256 In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heterocyclyl-O-heteroaryl group, wherein said 
alkylene, aryl, and heteroaryl moieties are any alkylene, 
aryl, and heteroaryl moieties defined or exemplified herein, 
optionally substituted on the alkylene and/or aryl and/or 
heteroaryl with one or more of any substituents defined or 
exemplified herein. 
0257. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heterocyclyl-CH-O-heteroaryl group, wherein 
said alkylene, aryl, and heteroaryl moieties are any alkylene, 
aryl, and heteroaryl moieties defined or exemplified herein, 
optionally substituted on the alkylene and/or aryl and/or 
heteroaryl with one or more of any substituents defined or 
exemplified herein. 
0258. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heteroaryl-OCH-heteroaryl group, wherein said 
alkylene, aryl, and heteroaryl moieties are any alkylene, 
aryl, and heteroaryl moieties defined or exemplified herein, 
optionally substituted on the alkylene and/or aryl and/or 
heteroaryl with one or more of any substituents defined or 
exemplified herein. 
0259. In yet another embodiment of the compounds of 
Formula I, at least one of the -L -A-(L'-Ar), moieties is an 
-alkylene-heteroaryl-NH-heteroaryl group, wherein said 
alkylene, aryl, and heteroaryl moieties are any alkylene, 
aryl, and heteroaryl moieties defined or exemplified herein, 
optionally substituted on the alkylene and/or aryl and/or 
heteroaryl with one or more of any substituents defined or 
exemplified herein. 
0260. In yet another embodiment of the compounds of 
Formula I, at least one of the -L-A-(L-Ar), moieties is an 
alkyl group. 
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0261. In yet another embodiment of the compounds of 
Formula I, both of the -L-A-(L-Ar), moieties are alkyl 
groups, wherein the alkyl groups are the same or different. 
0262. In yet another embodiment of the compounds of 
Formula I, both -L-A-(L-Ar), moieties are -CH2-phenyl 
and X and Y are both —CH-heterocyclyl. 
0263. In yet another embodiment of the compounds of 
Formula I, both -L -A-(L'-Ar), moieties are —CH2-phenyl 
and Y is —CH2-heterocyclyl. 
0264. In yet another embodiment of the compounds of 
Formula I, both -L -A-(L'-Ar), moieties are —CH2-phenyl 
and X is —CH-heterocyclyl. 
0265. In yet another embodiment of the compounds of 
Formula I, both -L -A-(L'-Ar), moieties are —CH2-phenyl 
and Y is —CH2-thiazolyl. 
0266. In yet another embodiment of the compounds of 
Formula I, both -L -A-(L'-Ar), moieties are —CH2-phenyl 
and X is —CH-thiazolyl. 
0267 In yet another embodiment of the compounds of 
Formula I, both -L -A-(L'-Ar), moieties are —CH2-phenyl 
and X and Y are both —CH-thiazolyl. 
0268. In yet another embodiment of the compounds of 
Formula I, both -L -A-(L'-Ar), moieties are —CH2-phenyl, 
X and Y are both —CH-thiazolyl, and n and mare both 1. 
0269. In yet another embodiment of the compounds of 
Formula I, both -L -A-(L'-Ar), moieties are —CH2-phenyl, 
X and Y are both —CH-thiazolyl, n and m are both 1, and 
at least one R is a C-C alkyl. 
0270. In yet another embodiment of the compounds of 
Formula I, both -L-A-(L-Ar), moieties are CH-phenyl, 
X and Y are both —CH-thiazolyl, n and mare both 1, and 
at least one R is a C-C hydroxyalkyl. 
0271 In yet another embodiment of the compounds of 
Formula I, both -L -A-(L'-Ar), moieties are —CH2-phenyl, 
X and Y are both —CH-thiazolyl, n and m are both 1, and 
at least one R is a C-Clo alkoxyalkyl. 
0272. In yet another embodiment of the compounds of 
Formula I, both -L-A-(L-Ar), moieties are CH-phenyl, 
X and Y are both —CH-thiazolyl, n and mare both 1, and 
at least one R is a C7-Cia arylalkyloxyalkyl. 
0273. In yet another embodiment of the compounds of 
Formula I, both -L -A-(L'-Ar), moieties are —CH2-phenyl, 
X and Y are both —CH-thiazolyl, n and mare both 1, and 
at least one R is a C-C aminoalkyl. 
0274. In yet another embodiment of the compounds of 
Formula I, both -L -A-(L'-Ar), moieties are —CH2-phenyl, 
X and Y are both —CH-thiazolyl, n and mare both 1, and 
at least one R is a C-C aminoalkyl substituted on the 
nitrogen with an amine protecting group selected from acyl, 
alkylsulfonyl, arylsulfonyl, heterocyclylacyl, and benzyl. 
0275. In yet another embodiment of the compounds of 
Formula I, both -L-A-(L-Ar), moieties are CH-phenyl, 
X and Y are both —CH-thiazolyl, n and mare both 1, and 
at least one R is a substituted or unsubstituted heterocycly 
lalkyl. 
0276. In yet another embodiment of the compounds of 
Formula I, both -L -A-(L'-Ar), moieties are —CH2-phenyl, 
X and Y are both —CH-thiazolyl, n and mare both 1, and 
L is —CH2—, 
0277. In yet another embodiment of the compounds of 
Formula I, at least one -L-A-(L-Ar), moiety is CH 
phenyl-CH2-phenyl. 
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0278. In yet another embodiment of the compounds of 
Formula I, at least one -L-A-(L-Ar), moiety is —CH2— 
heteroaryl-CH2-phenyl. 
0279. In yet another embodiment of the compounds of 
Formula I, at least one -L -A-(L'-Ar), moiety is —CH2 
phenyl-CH-heteroaryl. 
0280. In yet another embodiment of the compounds of 
Formula I, at least one -L -A-(L'-Ar), moiety is —CH2— 
heteroaryl-CH-heteroaryl. 
0281. In yet another embodiment of the compounds of 
Formula I, X and Y are both heterocyclylalkyl. 
0282. In yet another embodiment of the compounds of 
Formula I, X and Y are both heteroarylalkyl. 
0283. In another embodiment of the compounds of For 
mula I, L' is C(O), R is H, and both -L-A-(L-Ar), 
groups are Substituted or unsubstituted benzyl. 
0284. In another embodiment of the compounds of For 
mula I, L' is C(O) , R is H, both -L-A-(L-Ar) groups 
are substituted or unsubstituted benzyl, and L is CH . 
0285. In another embodiment of the compounds of For 
mula I, L' is C(O) , R is H, both -L-A-(L-Ar) groups 
are substituted or unsubstituted benzyl, L is —CH, , and 
m and n are both 1. 
0286. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, and R' is H. 
0287. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R is H, and Z' is N(alkyl)-. 
0288. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H, and Z' is N(CH)—. 
0289. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R is H. Z' is N(alkyl)-, and Z is —O—. 
0290. In another embodiment of the compounds of For 
mula I, L' is C(O) , R is H, both -L-A-(L-Ar) groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(CH) , and Z is 
—O—. 

0291. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(alkyl)-, Z is —O , and 
Y is substituted or unsubstituted —CH-4-thiazole. 
0292. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(alkyl)-, Z is —O , and 
R Y is —CH-(2-alkyl-4-thiazole). 
0293. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(H) , Z is —O , and 
R Y is —CH-(2-iPr-4-thiazole). 
0294. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(alkyl)-, Z is O. , Y 
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is substituted or unsubstituted —CH-4-thiazole, and X is 
substituted or unsubstituted —CH-5-thiazole. 
0295. In another embodiment of the compounds of For 
mula I, L' is C(O) , R is H, both -L-A-(L-Ar) groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(alkyl)-, Z is —O Y 
is substituted or unsubstituted —CH-4-thiazole, and X is 
unsubstituted —CH-5-thiazole. 
0296. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(H) , Z is —O , 
R Y is —CH-(2-iPr-4-thiazole), and X is unsubstituted 
—CH-5-thiazole. 
0297. In another embodiment of the compounds of For 
mula I, each R is independently H or hydroxyalkyl. 
0298. In another embodiment of the compounds of For 
mula I, each R is independently H or heterocyclylalkyl. 
0299. In another embodiment of the compounds of For 
mula I, each R is independently H or -CH2-heterocyclyl, 
wherein said heterocyclyl is a 5- or 6-membered ring having 
at least one ring nitrogen atom. 
0300. In another embodiment of the compounds of For 
mula I, each R is independently H or —CH2-heterocyclyl, 
wherein said heterocyclyl is a 6-membered ring having at 
least one ring nitrogen atom. 
0301 In another embodiment of the compounds of For 
mula I, each R is independently H or -CH2-heterocyclyl, 
wherein said heterocyclyl is a 6-membered ring having at 
least one ring nitrogen atom, where the —CH2— moiety 
thereof is bonded to the ring nitrogen atom. 
0302) In another embodiment of the compounds of For 
mula I, each R is independently H or —CH-heterocyclyl, 
wherein said heterocyclyl is selected from the group con 
sisting of piperadyl, piperaZyl, and morpholinyl. 
0303. In another embodiment of the compounds of For 
mula I, each R is independently H or -CH2-heterocyclyl, 
wherein said heterocyclyl is selected from the group con 
sisting of piperadyl, piperaZyl, and morpholinyl, and the 
—CH2— moiety thereof is bonded to a ring nitrogen atom 
of the heterocyclyl. 
0304. In another embodiment of the compounds of For 
mula I, each R is independently H or aminoalkyl. 
0305. In another embodiment of the compounds of For 
mula I, each R is independently Horaminoalkyl substituted 
with an amine protecting group selected from the group 
consisting of acetyl, alkylsulfonyl, Boc, Cbz, and Fmoc. 
0306 In another embodiment of the compounds of For 
mula I, each R is independently H or ethylacetamide 
( CHCH-NHC(O)CH). 
0307. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(H) , Z is —O , 
R Y is —CH-(2-iPr-4-thiazole), X is unsubstituted 
—CH-5-thiazole, and R is independently H or hydroxy 
alkyl. 
0308. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(H) , Z is —O , 
R Y is —CH2-(2-iPr-4-thiazole), X is unsubstituted 
—CH-5-thiazole, and one R is H and the other R is 
hydroxyalkyl. 
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0309. In another embodiment of the compounds of For 
mula I, L' is C(O) , R is H, both -L-A-(L-Ar) groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(H) , Z is —O , 
R Y is —CH2-(2-iPr-4-thiazole), X is unsubstituted 
—CH-5-thiazole, and one R is H and the other R is 
hydroxymethyl. 
0310. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(H) , Z is —O , 
R Y is —CH-(2-iPr-4-thiazole), X is unsubstituted 
—CH-5-thiazole, and each R is independently H or 
—CH-heterocyclyl, wherein said heterocyclyl is a 5- or 
6-membered ring having at least one ring nitrogen atom. 
0311. In another embodiment of the compounds of For 
mula I, L' is C(O) , R is H, both -L-A-(L-Ar) groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(H) , Z is —O , 
R Y is —CH2-(2-iPr-4-thiazole), X is unsubstituted 
—CH-5-thiazole, and each R is independently H or 
—CH-heterocyclyl, wherein said heterocyclyl is selected 
from the group consisting of piperadyl, piperaZyl, and 
morpholinyl, and the —CH2— moiety thereof is bonded to 
a ring nitrogen atom of the heterocyclyl 
0312. In another embodiment of the compounds of For 
mula I, L' is C(O) , R is H, both -L-A-(L-Ar) groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R is H. Z' is N(H)—, Z is -O-, 
R Y is —CH-(2-iPr-4-thiazole), X is unsubstituted 
—CH-5-thiazole, and one R is H and the other R is 
—CH-heterocyclyl, wherein said heterocyclyl is selected 
from the group consisting of piperadyl, piperaZyl, and 
morpholinyl, and the —CH2— moiety thereof is bonded to 
a ring nitrogen atom of the heterocyclyl 
0313. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(H) , Z is —O , 
R Y is —CH-(2-iPr-4-thiazole), X is unsubstituted 
—CH-5-thiazole, and each R is independently Horamino 
alkyl Substituted with an amine protecting group selected 
from the group consisting of acetyl, alkylsulfonyl, Boc, Cbz, 
and Fmoc. 

0314. In another embodiment of the compounds of For 
mula I, L' is C(O) , R is H, both -L-A-(L-Ar) groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(H) , Z is —O , 
R Y is —CH2-(2-iPr-4-thiazole), X is unsubstituted 
—CH-5-thiazole, and one R is H and the other R is 
aminoalkyl Substituted with an amine protecting group 
selected from the group consisting of acetyl, alkylsulfonyl, 
Boc, Cbz, and Fmoc. 
0315. In another embodiment of the compounds of For 
mula I, L' is –C(O) , R is H, both -L -A-(L'-Ar), groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
and n are both 1, R' is H. Z' is N(H) , Z is —O , 
R Y is —CH-(2-iPr-4-thiazole), X is unsubstituted 
—CH-5-thiazole, and one R is H and the other R is 
ethylacetamide (-CHCH-NHC(O)CH). 
0316. In another embodiment of the compounds of For 
mula I, L' is C(O) , R is H, both -L-A-(L-Ar) groups 
are substituted or unsubstituted benzyl, L is —CH2—, m 
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and n are both 1, R' is H. Z' is N(alkyl)-, Z is —O , and 
Y is substituted or unsubstituted —CH2-thiazole. 
0317. In still another embodiment, the compounds of 
Formula I, or pharmaceutically acceptable salts, Solvates, 
esters, or stereoisomers thereof, have the structure shown in 
Formula IIA: 

Formula IIA 

O R13 R 15 O 
H 

1n l N ls 1N R11 N N N O R 16 
H H 

R12 O R 14 

wherein R'' and R'' are each independently heterocyclyl or 
substituted heterocyclyl; and R'', R', R', and Rare each 
independently H. —C alkyl or —C. Substituted alkyl. 
0318. In still another embodiment of the compounds of 
Formula IIA, R' is H. —C alkyl, -(CH2). 
1CR7ROR', (CH) CR7RNR'R'', (CH.) 
sCR7RNR7C(O) NROR2, -(CH),C(O)R’, 
—(CH), S(O)R’ or -(CH) R. R'' and R' are 
each independently H, C, alkyl or arylalkyl; R'' and R' 
are each independently H or -C, alkyl; R' is H. —Ca 
alkyl or arylalkyl; R” and R are each independently H, 
—C alkyl, -C(O)R’ or -S(O).R'"; or R'' and R', 
taken together with the nitrogen atom to which they are 
attached, form an unsubstituted or substituted 5-6 membered 
heterocyclyl ring containing 1-2 heteroatoms selected from 
the group consisting of N and O; R’ is H, C, alkyl, 
—OR' or - NR'R''; and R’ is an unsubstituted or 
substituted 5-6 membered heterocyclyl ring containing 1-2 
heteroatoms selected from the group consisting of N and O. 
0319. In still another embodiment of the compounds of 
Formula IIA, R' is (CH) CR'R''NR'R'', -(CH.) 
CR'7RNR7C(O) NR'R'', or (CH) R' 

wherein Rand R' form a 5-6 membered heterocyclyl ring 
containing 1-2 heteroatoms selected from the group consist 
ing of N and O or R is an unsubstituted or substituted 5-6 
membered heterocyclyl ring containing 1-2 heteroatoms 
selected from the group consisting of N and O, and the 5-6 
membered heterocyclyl ring is optionally substituted with a 
C-2 alkyl. 
0320 In still another embodiment of the compounds of 
Formula IIA, R' is —(CH) CR'R''OR''. In a particu 
lar embodiment, R' is a C-2 hydroxyalkyl or a C- alkoxy 
alkyl group. 
0321. In still another embodiment of the compounds of 
Formula IIA, R' is (CH) CR7RNR'R''. In a par 
ticular embodiment, R' is a Calkylene-NH group, 
Calkylene-NHP (wherein P is a protecting group Such as 
Boc, Fmoc, Cbz, Ac, trifluoroacetyl, toluenesulfony group, 
benzyl, etc.), or Calkylene-N(alkyl) group. 
0322. In still another embodiment of the compounds of 
Formula IIA, R' is (CH) CR7RNR'7O NR'R''. 
In a particular embodiment, R' is a Calkylene-C(O)NH 
group or Calkylene-C(O)N(alkyl) group. 
0323. In still another embodiment of the compounds of 
Formula IIA, R'', R', R', R', R', and R' are each 
independently selected from the groups shown in the Table, 
below: 
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-continued 

0324. In still another embodiment of the compounds of 
Formula IIA, R'' is substituted or unsubstituted heterocy 
clyl, R' is alkyl, R' is substituted or unsubstituted hetero 
cyclylalkyl, R'' and R' are each independently substituted 
or unsubstituted arylalkyl, and R' is substituted or unsub 
stituted heterocyclyl. 
0325 In still another embodiment of the compounds of 
Formula IIA, R' is substituted heterocyclyl, R' is alkyl, 
R" is unsubstituted heterocyclylalkyl, R'' and R' are both 
unsubstituted arylalkyl, and R' is unsubstituted heterocy 
clyl. 
0326 In still another embodiment of the compounds of 
Formula IIA, R'' is substituted or unsubstituted heterocy 
clyl, R' is alkyl, R' is hydroxyalkyl, R'' and Rare each 
independently substituted or unsubstituted arylalkyl, and 
R" is substituted or unsubstituted heterocyclyl. 
0327. In still another embodiment of the compounds of 
Formula IIA, R'' is substituted heterocyclyl, R' is alkyl, 

O R13 

0. l 
R Y& N N 

S H 
le N R12 

Jun. 8, 2017 

R15 R 16 

R" is hydroxyalkyl, R'' and R'' are both unsubstituted 
arylalkyl, and R' is unsubstituted heterocyclyl. 
0328. In still another embodiment of the compounds of 
Formula IIA, R' is substituted or unsubstituted heterocy 
clyl, R' is alkyl, R' is protected or unprotected aminoalkyl, 
R'' and R' are each independently substituted or unsubsti 
tuted arylalkyl, and R' is substituted or unsubstituted het 
erocyclyl. 
0329. In still another embodiment of the compounds of 
Formula IIA, R'' is substituted heterocyclyl, R' is alkyl, 
R" is protected aminoalkyl, R'' and R' are both unsubsti 
tuted arylalkyl, and R' is unsubstituted heterocyclyl. 
0330. In still another embodiment of the compounds of 
Formula IIA, R'' is substituted heterocyclyl, R' is alkyl, 
R" is acylated aminoalkyl, R'' and R' are both unsubsti 
tuted arylalkyl, and R' is unsubstituted heterocyclyl. 
0331. In another embodiment, the compounds of Formula 

I, or pharmaceutically acceptable salts, Solvates, Stereoiso 
mers and/or esters thereof, have the following structure IIB: 

Formula IIB 
R 15 O 

ls S 
N O 
H a. 

R 14 ŽSRio 
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R" and R'' are each independently Hor—C, alkyl; R' 
is H or -CH3; R' is H. —C, alkyl, -(CH2). 
1CR'7R'OR', (CH) CR7RNR'R'', (CH.) 
sCR7RNR7C(O)NR20R2, -(CH), C(O)R’, 
-(CH), S(O)R’ or -(CH) R. R'' and R'' are 
each independently H, C alkyl or arylalkyl, R'' and R' 
are each independently H or -Cls alkyl, R' is H. —Ca 
alkyl or arylalkyl; R” and R are each independently H, 
—C, alkyl, -C(O)R'7 or -S(O).R'7; or R and R', 
taken together with the nitrogen atom to which they are 
attached, form an unsubstituted or substituted 5-6 membered 
heterocyclyl ring containing 1-2 heteroatoms selected from 
the group consisting of N and O; R’ is H. —Calkyl, 
—OR' or -NR'R''; and R is an unsubstituted or 
substituted 5-6 membered heterocyclyl ring containing 1-2 
heteroatoms selected from the group consisting of N and O. 
0332. In still another embodiment of the compounds of 
Formula IIB, R is (CH) CR'R''NR'R'', -(CH.) 
CR7RNR7C(O) NR'R'', or (CH), R? 

wherein Rand R' form a 5-6 membered heterocyclyl ring 
containing 1-2 heteroatoms selected from the group consist 
ing of N and O or R is an unsubstituted or substituted 5-6 
membered heterocyclyl ring containing 1-2 heteroatoms 
selected from the group consisting of N and O, and the 5-6 
membered heterocyclyl ring is optionally substituted with a 
C-2 alkyl. 
0333. In another embodiment, the compounds of Formula 

I, or pharmaceutically acceptable salts, Solvates, Stereoiso 
mers and/or esters thereof, have the following structure IIC: 

Formula IIC 

wherein: R' is H, C, alkyl, -(CH2)CR'R''OR', 
(CH) CR7RNR'R'', (CH) CR7RNR7C 

(O)NR'R'', (CH), C(O)R’ or -(CH) R. R'7 
and R' are each independently H or C, alkyl; R' is H. 
—C, alkyl or arylalkyl; R and R are each indepen 
dently H, -C alkyl, -C(O)R’ or S(O).R'': or R' 
and R', taken together with the nitrogenatom to which they 
are attached, form a 5-6 membered heterocyclyl ring con 
taining 1-2 heteroatoms selected from the group consisting 
of N and O: R’ is H, Calkyl, OR' or NR'R'': 
and R is a 5-6 membered heterocyclyl ring containing 1-2 
heteroatoms selected from the group consisting of N and O. 
0334. In still another embodiment of the compounds of 
Formula IIC, R is (CH) CR'R''NR'R'', -(CH.) 
CR7RNR7C(O) NR'R'', or (CH), R? 

wherein Rand R' form a 5-6 membered heterocyclyl ring 
containing 1-2 heteroatoms selected from the group consist 
ing of N and O or R is an unsubstituted or substituted 5-6 
membered heterocyclyl ring containing 1-2 heteroatoms 
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selected from the group consisting of N and O, and the 5-6 
membered heterocyclyl ring is optionally substituted with a 
C-2 alkyl. 
0335. In still another embodiment of the compounds of 
Formula IIC, R' is (CH) CR7RNR'R''. In a par 
ticular embodiment, R' is a Calkylene-NH2 group, 
Calkylene-NHP (wherein P is a protecting group Such as 
Boc, Fmoc, Cbz, Ac, trifluoroacetyl, toluenesulfony group, 
benzyl, etc.), or Calkylene-N(alkyl) group. 
0336. In still another embodiment of the compounds of 
Formula IIC, R' is -(CH) CR7RNR7C(O)– 
NR'R''. In a particular embodiment, R' is a Calkylene 
C(O)NH2 group or Calkylene-C(O)N(alkyl) group. 
0337. In still another embodiment of the compounds of 
Formula IIC, R' is —CHOH, -CHCH-NHC(O)CH or 

CHCH-N O. 

0338. In another embodiment, the compounds of of the 
present invention, or pharmaceutically acceptable salts, Sol 
vates, stereoisomers and/or esters thereof, have the follow 
ing structure IID: 

Formula IID 

(L-Ar), 

n 5 
Z L Z2 

R8-Y1 N- NN 21 Y-R9 
O R2 R3 R4 L3 O 

(L-Ar), 

wherein, 
0339 L' is selected from the group consisting of C(R) 

2 , —C(O)-, -S(O-)-., -N (R)-C(O)—, and 
—O C(O)—: 

(0340 each L is independently a covalent bond, an alky 
lene, or substituted alkylene: 

(0341 each L is independently selected from the group 
consisting of a covalent bond, alkylene, Substituted alky 
lene, —O—, —CH2—O—, and —NH-; 

0342 each A is independently selected from the group 
consisting of H, alkyl, Substituted alkyl, aryl. Substituted 
aryl, heterocyclyl, and substituted heterocyclyl, 

0343 with the proviso that when A is H. p is 0; 
(0344 Z' and Z are each independently —O— or 
-N(R)–: 

0345 Y and X are independently selected from the group 
consisting of heterocyclyl and heterocyclylalkyl, 

0346 each Ar is independently selected from the group 
consisting of aryl, Substituted aryl, heteroaryl, and Sub 
stituted heteroaryl; 

(0347 R', R, and R are each independently selected 
from the group consisting of H, alkyl, Substituted alkyl, 
arylalkyl, and substituted arylalkyl; 
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(0348 R is independently selected from the group con 
sisting of H, alkyl, Substituted alkyl, alkoxyalkyl, 
hydroxyalkyl, arylheteroalkyl, substituted arylhet 
eroalkyl, arylalkyl, substituted arylalkyl, heterocyclylal 
kyl, substituted heterocyclylalkyl, aminoalkyl, substituted 
aminoalkyl, -alkylene-C(O)—OH, -alkylene-C(O)— 
Oalkyl, -alkylene-C(O)amino, -alkylene-C(O)-alkyl: 

0349 R and R are independently selected from the 
group consisting of H, alkyl, Substituted alkyl, and het 
eroalkyl; 

0350 each R7 is independently selected from the group 
consisting of H, alkyl, Substituted alkyl, heteroalkyl, 
carbocyclyl. Substituted carbocyclyl, heterocyclyl, and 
substituted heterocyclyl; 

0351) R' and Rare each one or more substituents inde 
pendently selected from the group consisting of H, alkyl, 
Substituted alkyl, halogen, aryl, Substituted aryl, hetero 
cyclyl, substituted heterocyclyl, and —CN; and 

0352 each p is independently 0 or 1. 
0353. In another embodiment of the compounds of For 
mula IID, L' is C(R) . 
0354. In another embodiment of the compounds of For 
mula IID, L' is —CH2—, 
0355. In another embodiment of the compounds of For 
mula IID, each L is alkylene. 
0356. In another embodiment of the compounds of For 
mula IID, each L is —CH2—, 
0357. In another embodiment of the compounds of For 
mula IID, each A is aryl or substituted aryl. 
0358. In another embodiment of the compounds of For 
mula IID, each A is phenyl or substituted phenyl. 
0359. In another embodiment of the compounds of For 
mula IID, X is heterocyclylalkyl. 
0360. In another embodiment of the compounds of For 
mula IID, X is thiazolylmethyl. 
0361. In another embodiment of the compounds of For 
mula IID. Y is heterocyclylalkyl. 
0362. In another embodiment of the compounds of For 
mula IID. Y is thiazolylmethyl. 
0363. In another embodiment of the compounds of For 
mula IID, Z' is N(R)-. 
0364. In another embodiment of the compounds of For 
mula IID, Z' is NH-. 
0365. In another embodiment of the compounds of For 
mula IID, Z' is N(alkyl)-. 
0366. In another embodiment of the compounds of For 
mula IID, Z' is N(CH)—. 
0367. In another embodiment of the compounds of For 
mula IID, Z is O—. 
0368. In another embodiment of the compounds of For 
mula IID, L' is C(R) and X and Y are heterocyclyl 
alkyl. 
0369. In another embodiment of the compounds of For 
mula IID, L' is —CH2—and X and Y are heterocyclylalkyl. 
0370. In another embodiment of the compounds of For 
mula IID, L' is —CH2— and X and Y are thiazolylmethyl. 
0371. In another embodiment of the compounds of For 
mula IID, L' is C(R) and Z' is N(R)-. 
0372. In another embodiment of the compounds of For 
mula IID, L' is —CH2— and Z' is N(R)—. 
0373) In another embodiment of the compounds of For 
mula IID, L' is —CH2— and Z' is NH-. 
0374. In another embodiment of the compounds of For 
mula IID, L' is —CH2— and Z' is N(alkyl)-. 
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0375. In another embodiment of the compounds of For 
mula IID, L' is —CH2— and Z' is N(CH)—. 
0376. In another embodiment of the compounds of For 
mula IID, L' is C(R) and Z is —O—. 
0377. In another embodiment of the compounds of For 
mula IID, each L is alkylene and each A is aryl or substi 
tuted aryl. 
0378. In another embodiment of the compounds of For 
mula IID, each L is —CH2— and each A is aryl or 
substituted aryl. 
0379. In another embodiment of the compounds of For 
mula IID, each L-A is benzyl or substituted benzyl. 
0380. In another embodiment of the compounds of For 
mula IID, X and Y are heterocyclylalkyl and Z' is 
- N(R)-. 
0381. In another embodiment of the compounds of For 
mula IID, X and Y are thiazolylmethyl and Z' is N(R)—. 
0382. In another embodiment of the compounds of For 
mula IID, X and Y are thiazolylmethyl and Z' is N(alkyl)-. 
0383. In another embodiment of the compounds of For 
mula IID, X and Y are thiazolylmethyl and Z' is 
- N(CH)—. 
0384. In another embodiment of the compounds of For 
mula IID, X and Y are thiazolylmethyl and Z' is NH-. 
0385. In another embodiment of the compounds of For 
mula IID, X and Y are heterocyclylalkyl and Z is - O -. 
0386. In another embodiment of the compounds of For 
mula IID, X and Y are thiazolylmethyl and Z is - O -. 
(0387. In another embodiment of the compounds of For 
mula IID, Z' is N(R)- and Z is —O—. 
0388. In another embodiment of the compounds of For 
mula IID, Z' is N(alkyl)- and Z is —O—. 
0389. In another embodiment of the compounds of For 
mula IID, Z' is N(CH)—and Z is —O . 
0390. In another embodiment of the compounds of For 
mula IID, Z' is NH- and Z is —O—. 
0391. In another embodiment of the compounds of For 
mula IID, L' is C(R). , X and Y are heterocyclylalkyl, 
and Z' is N(R)-. 
0392. In another embodiment of the compounds of For 
mula IID, L' is —CH2—, X and Y are heterocyclylalkyl, and 
Z' is N(R)-. 
0393. In another embodiment of the compounds of For 
mula IID, L' is —CH2—, X and Y are thiazolylmethyl, and 
Z' is N(R)-. 
0394. In another embodiment of the compounds of For 
mula IID, L' is —CH2—, X and Y are thiazolylmethyl, and 
Z' is N(alkyl)-. 
0395. In another embodiment of the compounds of For 
mula IID, L' is —CH2—, X and Y are thiazolylmethyl, and 
Z' is N(CH)–. 
0396. In another embodiment of the compounds of For 
mula IID, L' is —CH2—, X and Y are thiazolylmethyl, and 
Z' is NH-. 
0397. In another embodiment of the compounds of For 
mula IID, L' is C(R) : X and Y are heterocyclylalkyl: 
and Z is - O -. 
0398. In another embodiment of the compounds of For 
mula IID, L' is —CH. : X and Y are heterocyclylalkyl: 
and Z is - O -. 
0399. In another embodiment of the compounds of For 
mula IID, L' is —CH2 : X and Y are thiazolylmethyl; and 
Z is -O-. 
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0400. In another embodiment of the compounds of For 
mula IID, L' is C(R) ; each L is alkylene; each A is 
aryl or substituted aryl; X and Y are heterocyclylalkyl; Z is 
—N(R)—, and Z is —O—. 
04.01. In another embodiment of the compounds of For 
mula IID, L' is —CH ; each L-A is benzyl or substituted 
benzyl; X and Y are thiazolylmethyl; Z' is N(CH) ; and 
Z is -O-. 
0402. In another embodiment of the compounds of For 
mula IID, L' is —CH2—, each L-A is benzyl or substituted 
benzyl: Z' is N(CH.) : Z is —O : X is 

R9; 

and 
0403. Y is 

1 N us R8 N 

04.04. In another embodiment, the compounds of of the 
present invention, or pharmaceutically acceptable salts, Sol 
vates, stereoisomers and/or esters thereof, have the follow 
ing structure IV: 

A 

R O n3 i 
G3 G3 ls N O R8-Y1 y N Y-R9, 

O R2 R3 L3 O 
NA 

wherein, 
(0405 each L is independently an alkylene or substituted 

alkylene; 
04.06 each A is independently an aryl or substituted aryl; 
04.07 X is heterocyclylalkyl: 
0408. Y is heterocyclylalkyl or alkyl: 

NH 

O 

s 1. 
S H 

le N O 
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04.09 G' and G' are independently CH or N, with the 
proviso that G' and G' are different; 

0410) G is NR7 or -O-; 
0411) R', R. R. and Rare each independently selected 
from the group consisting of H, alkyl, Substituted alkyl, 
arylalkyl, and substituted arylalkyl; 

0412 R is independently selected from the group con 
sisting of Substituted alkyl, alkoxyalkyl, hydroxyalkyl, 
trialkylsiloxyalkyl, heterocyclylalkyl, substituted hetero 
cyclylalkyl, aminoalkyl, Substituted aminoalkyl, -alky 
lene-N(R) C(O)-alkyl, -alkylene-NR C(O) N(R) 
, -alkylene-NR C(=N-R) N(R) -alkylene-C 
(=N-R) N(R), -alkylene-C(O) OH, -alkylene-C 
(O)—Oalkyl, and -alkylene-C(O)—N(R): 

0413 R and R are each one or more substituents inde 
pendently selected from the group consisting of H, alkyl, 
Substituted alkyl, halogen, and —CN: 

0414 each R" is independently selected from the group 
consisting of H, alkyl, and Substituted alkyl; 

I0415I R' is selected from the group consisting of H, alkyl, 
substituted alkyl, CN, and —S(O)-alkyl; and 

0416 each R is independently selected from the group 
consisting of H, alkyl, Substituted alkyl, heterocyclyl, and 
—S(O)-alkyl. 
0417. In some embodiments of the compounds of For 
mula IV, each L is alkylene, for example any of those 
described herein, e.g. —CH2— and each A is phenyl. In a 
particular embodiment, both -L-A moieties are benzyl. 
0418. In some embodiments of the compounds of For 
mula IV. X and Y are both heteroaryl (for example, any 
heteroaryl described herein). In a particular embodiment, 
both X and Y are thiazolyl. 
0419. In some embodiments of the compounds of For 
mula IV. G' is CH, and G' is N. In a particular embodiment, 
G is N and R' is H. In another particular embodiment, G 
is N, R is H, and G is NR7. In yet another particular 
embodiment, G’ is N, R is H, and G is NCH. 
0420. In some embodiments of the compounds of For 
mula IV. R is substituted or unsubstituted aminoalkyl. In a 
particular embodiment, R is substituted or unsubstituted 
aminoalkyl, G is N and R' is H, and both X and Y are 
thiazolyl. In another particular embodiment, R is 
—CHCH NHR', wherein Rd is selected from the group 
consisting of H, haloalkyl, —C(O)—N(R'), —C(=N- 
R) N(R), hydroxyalkyl, -C(N(R).)=CHNO, 
—C(O)-alkyl, G’ is N and R' is H, and both X and Y are 
thiazolyl. In still another particular embodiment, R is 
—CHCH NH COO)-alkyl. 
0421. In specific embodiments, the compounds of For 
mula IV have the following structures: 

O 

Ph O 

l S 
N O r H ). 

Ph 
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/NCF, 
HN 

Ph 
O O 

H ls N ls S 
/N-> N N N 'O X S 
le N O M 

Ph N 

CN 

HN N1 
H 
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-continued 
ON 

NHAC 

O 

l y N N N 
O 

Ph S 

0422. In other embodiments, the compounds of Formula 
IV have the following general formula: 

Heterocyclyl 

O Ph 
H 

Releases N so S 
N H H X SN/ R7 O ?y 

Ph N 

wherein said “Heterocyclyl is substituted or unsubstituted. 
In a particular embodiment, said “Heterocyclyl is a substi 
tuted or unsubstituted heteroaryl, for example, and of the 
heteroaryls described herein. In other embodiments, said 
“Heterocyclyl is a substituted or unsubstituted heterocy 
cloalkyl, including any heterocycloalkyl described herein. In 
a particular embodiment, the heterocyclyl is unsubstituted 
morpholinyl. In a more specific particular embodiment, the 
heterocyclyl is unsubstituted morpholinyl and R is alkyl. 

l, 
O 

--- 1s, S \ | " irrty. 
Ph 

Jun. 8, 2017 
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0423. In other embodiments, the compounds of Formula 
IV have the following general formula: 

Ph 

i f 
N N N O 

R8-Y1 N Y-R9. 
O R3 O 

C O 

In a particular embodiment of the compounds of the above 
general formula, X and Y are both heteroarylalkyl. 
0424. In other specific embodiments, the compounds of 
Formula IV have the following structures: 

ty 
Ph. 

r. O Ph N 
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O 
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a 1, 
C F 3 

O 

a 1, 1. 
F F 

ar 
Ph 

c) 
a 1, 1. 
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Ph 

Ph 
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s ls, and 

(1. 1. ls, r 

0425. In other embodiments, the compounds of Formula 
IV have the following general formula: 

Q 
Ph 

O R O cr'? for A M. N. R. O Ph N 

0426 wherein Q is —OH or N(R). In a particular 
embodiment, Q is —OH. In another particular embodiment, 
Q is —N(R'). In yet another particular embodiment, Q is 
—NH-pyridyl, - NH-pyrrolyl, or - NH S(O)-alkyl. In 
other specific embodiments, the compounds of the above 
general formula have the following structures: 

OH 

O O Ph. 

ar H 1s S \ | " rty 
N 

Ph 
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e 
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O 

Os 
1 NNH 

Ph 
O O O 

H l N ls S /S^^ ) S 
le N O M 

Ph N 

0427. In other embodiments, the compounds of Formula 
IV have the following general formula: 

O M O 
R8 H 

As -- S 
SNM k H O H 

0428 wherein M is substituted or unsubstituted alkyl. In 
particular embodiments, M is a substituted alkyl, for 
example hydroxyalkyl, Substituted hydroxyalkyl, cyano 
alkyl, Substituted cyanoalkyl, and trialkylsiloxyalkyl. In 
other particular embodiments, the compounds of the above 
general formula have the following structures: 

CN Ph 
O O 

H ls N ls S 
/N.S. N 'O X S 
le N O / 

Ph 

N 
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OH Ph 

O O 

H 

S l, -- S { O X 
N Ph N , and 

OH Ph 
O O 

H 

^-r N stry { | " \ { 
Ph 

0429. In still other embodiments, the compounds of For- R Y is methyl. Specific particular embodiments of the 
mula IV have the following general formula: above general structure include the following structures: 

Ph Ph 
R8 O H O O O 

H A-sis-s-s-s-- n-s-s-s-s-s-s-N. r), N N N or ). NN ^ork S-N/ R7 O M H. H. H N and 
Ph N O 

Ph 

In particular embodiments, a compound of the above general 
formula has the following structure: 

O 

--N NH2 O 

or -o 
0430. In still other embodiments of the compounds of 
Formula IV. Y is alkyl. In particular embodiments, such O 
compounds have the following general formula: C D 

N 

O R2 Ph O Ph 
H 

r-issils -so S O H O S k H O H r X N-- N -- 
Ph N H H H N. N. 

O 
Ph 

In specific embodiments, R Y is alkyl, for example any 
alkyl described herein. In a particular embodiment, 

-continued 
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0431. In still yet another embodiment, the compounds of 
Formula I are named below in tabular format (Table 6) as 
compounds of general Formula II: 

Formula II 
X2 

T-Z-T2. 

0432 Compounds of general formula II are depicted as a 
“core' structure (Z) substituted with four moieties T1, T2, 
X1 and X2. The core structures Z are depicted in Table 1. 
The points of attachment of T1, T2, X1 and X2 are indicated 
on each of the core structures depicted in Table 1. Tables 2-5. 
respectively, show the structures of the T1, T2, X1 and X2 
moieties. The point of attachment of the core structure Z is 
indicated in each of the structures of T1, T2, X1 and X2. 
Each core structure Z in Table 1, and each substituent T1, 
T2, X1 and X2 and Tables 2-5 is represented by a “code' 
comprising a letter and a number. Each structure of a 
compound of Formula II can be designated in tabular form 
by combining the “code” representing each structural moiety 
using the following syntax: Z.T1.T2.X1.X2. Thus, for 
example, Z1.T1A.T2B.X1A.X2A represents the following 
Structure: 

Alk O Alk 
H H 

N. N N OS Het-Ak r N r Ak-Het 
O Alk Alk O 

0433. In the structures depicted in Tables 1-5, the term 
“Alk” means a substituted or unsubstituted alkyl, cycloalkyl, 
or alkylene group, wherein the terms “alkyl, "cycloalkyl, 
and “alkylene' are as defined herein. “Alk” means an alkyl 
or cycloalkyl group when depicted as monovalent, and an 
alkylene group when depicted as divalent. “Het' is a sub 
stituted or unsubstituted heterocyclyl or heterocyclylene 
group, wherein the term "heterocyclyl is as defined herein, 
and the term "heterocyclylene' means a heterocyclyl group 
as defined herein, in which a hydrogen atom has been 
replaced by an open Valence (in analogy to alkylene), 
thereby defining a divalent heterocyclyl. “Het' is a hetero 
cyclyl when depicted as monovalent, and heterocyclylene 
when depicted as divalent. 'Ar' is a substitute or unsubsti 
tuted aryl or arylene group, wherein the term “aryl is as 
defined herein, and the term “arylene' means an aryl group 
as defined herein, in which a hydrogen atom has been 
replaced by an open Valence (in analogy to alkylene), 
thereby defining a divalent aryl. 'Ar' is aryl when depicted 
as monovalent, and arylene when depicted as divalent. 
When substituted, “Alk”, “Het', and 'Ar' can be substituted 
with any of the substituents defined or exemplified herein. 
For example, substituents of “Alk' can include ether, halo 
gen, —OH, amide, amine, etc., Substituents of "Het can 
include alkyl, aryl, carbonyl, -OH, halogen, and Substitu 
ents of 'Ar' can include alkyl, aryl, -OH, halogen, etc., 
with the proviso that the resulting structure is chemically 
reasonable, and would provide compounds which are Sufi 
ciently stable for formulation in a pharmaceutically accept 
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able composition. When a structure or substructure shown in 
the tables below contains more than one “Alk”, “Het” or 
'Ar' group, these groups are independently selected and can 
be the same or different. So, for example, each of the “Alk' 
groups of Substructure T1A are independently selected and 
may be the same or different. 

TABLE 1. 

Core Structures 

Code Core Structure 

Z1 X1 

T T2 
NN 

H 

X2 O 

Z2 X1 k 
T1 N T2 

s 
Alk X2 O 

Z3 X1 

T1 T2 

s 
Alk X2 O 

Z4 X1 k 
T1 N T2 
NN 
H 

X2 O 

Z5 X1 Alk 

T1 T2 

s 
Alk X2 O 

Z6 X1 Alk k 
T1 N T2 
NN 

H 

X2 O 

TABLE 2 

T1 Structures 

Code T1 Structure 

T1A Alk O 

Het-Alk1 r 
O Alk 

T1B AIk O 

R. 
Het-Alk1 

O Alk 
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T1 Structures 

T1 Structure 

Alk 

TABLE 3 

T2 Structures 

T2 Structure 

k O 
N N Het-Alk1 r sy 

O Alk 

k O 
O N Het-Alk1 r y 

O Alk 
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List of Compound Structures of Formula II 

0434 In still another embodiment, selected compounds 
of Formula I are named below in tabular format (Table 12) 
as compounds of general Formula III (below): 

Formula III 

where 1, 2, 3, 4 and 5 are defined in Tables 7-11, below. Each 
compound is designated in tabular form by combining the 
“code” representing each structural moiety using the fol 
lowing syntax: 1.2.3.4.5. Thus, for example, 1 a.2a.3a.4a.5a 
represents the following structure: 
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the present invention has an inhibition activity against P450 
at a level equal to or better than the inhibition activity of a 
compound as represented by an ICs of less than about 2000 
nM, less than about 1500 nM, less than about 1000 nM, less 
than about 900 nM, less than about 800 nM, less than about 
700 nM, less than about 650 nM, less than about 600 nM, 
less than about 550 nM, less than about 500 nM, less than 
about 400 nM, less than about 350 nM, less than about 300 
nM, less than about 250 nM, less than about 200 nM, less 
than about 100 nM, or less than about 50 nM. 
0436. In still yet another embodiment, the compound of 
the present invention has an inhibition activity against an 
isozyme of P450, e.g., 3A in a range represented by ICso 
from about 2000 nM to about 100 nM, from about 1000 nM 
to about 100 nM, from about 900 nM to about 200 nM, from 
about 800 nM to about 300 nM, from about 700 nM to about 
200 nM, from about 600 nM to about 200 nM, from about 
500 nM to about 200 nM, from about 700 nM to about 300 
nM, from about 600 nM to about 300 nM, from about 700 
nM to about 400 nM, from about 600 nM to about 400 nM, 
from about 400 nM to about 100 nM, from about 300 nM to 
about 100 nM, or from about 600 nM to about 150 nM. 
0437. In still yet another embodiment, the compound of 
the present invention has an inhibition activity against P450 
at a level equal to or better than the inhibition activity of a 
compound as represented by an ICs of less than about 2000 
nM, less than about 1500 nM, less than about 1000 nM, less 
than about 900 nM, less than about 800 nM, less than about 
700 nM, less than about 650 nM, less than about 600 nM, 
less than about 550 nM, less than about 500 nM, less than 
about 400 nM, less than about 350 nM, less than about 300 
nM, less than about 250 nM, less than about 200 nM, less 
than about 100 nM, or less than about 50 nM, provided that 
Such compound also does not Substantially exhibit biologi 
cal activities other than its inhibition activity against P450. 
For example, the compound of the present invention can 
have a reduced or not significant activity of protease inhi 
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bition, including without any limitation a level of protease 
inhibition as represented by HIV ECso of greater than about 
1000 nM, greater than about 900 nM, greater than about 800 
nM. greater than about 700 nM, greater than about 600 nM, 
greater than about 500 nM, greater than about 400 nM, 
greater than about 300 nM, greater than about 200 nM, 
greater than about 100 nM, greater than about 50 nM, greater 
than about 40 nM, greater than about 30 nM, greater than 
about 20 nM, greater than about 10 nM, greater than about 
5 nM, or greater than about 1 nM. 
0438. In yet another embodiment, the compound of the 
present invention has an inhibition activity specifically 
against one or more isozymes of P450 including without 
limitation 1A2, 2B6, 2C8, 2C19, 209, 2D6, 2E1, and 3A4, 
5, 7, etc. 
0439. In yet another embodiment, the compound of the 
present invention has an inhibition activity specifically 
against an isozyme of P450 that is involved in metabolizing 
anti-viral drugs, e.g., indinavir, nelfinavir, ritonavir, saqui 
navir etc. 
0440. In still yet another embodiment, the compound of 
the present invention has an inhibition activity specifically 
against one or more isozymes of P450, but not the other(s). 
For example, the compound of the present invention can 
have an inhibition activity specifically against P4503A, but 
a reduced, insubstantial, or minimum inhibition activity 
against another isozyme of P450, e.g., P450 2C9. 

Pharmaceutical Formulations 

0441 The compounds of this invention are formulated 
with conventional carriers and excipients, which will be 
selected in accord with ordinary practice. Tablets will con 
tain excipients, glidants, fillers, binders and the like. Aque 
ous formulations are prepared in sterile form, and when 
intended for delivery by other than oral administration 
generally will be isotonic. All formulations will optionally 
contain excipients such as those set forth in the Handbook of 
Pharmaceutical Excipients (1986), herein incorporated by 
reference in its entirety. Excipients include ascorbic acid and 
other antioxidants, chelating agents such as EDTA, carbo 
hydrates such as dextrin, hydroxyalkylcellulose, hydroxy 
alkylmethylcellulose, stearic acid and the like. The pH of the 
formulations ranges from about 3 to about 11, but is ordi 
narily about 7 to 10. 
0442. While it is possible for the active ingredients to be 
administered alone it may be preferable to present them as 
pharmaceutical formulations. The formulations of the inven 
tion, both for veterinary and for human use, comprise at least 
one active ingredient, e.g. a compound of the present inven 
tion, together with one or more acceptable carriers and 
optionally other therapeutic ingredients. The carrier(s) must 
be “acceptable' in the sense of being compatible with the 
other ingredients of the formulation and physiologically 
innocuous to the recipient thereof. 
0443 The formulations include those suitable for the 
foregoing administration routes. The formulations may con 
veniently be presented in unit dosage form and may be 
prepared by any of the methods well known in the art of 
pharmacy. Techniques and formulations generally are found 
in Remington’s Pharmaceutical Sciences (Mack Publishing 
Co., Easton, Pa.), herein incorporated by reference in its 
entirety. Such methods include the step of bringing into 
association the active ingredient with the carrier which 
constitutes one or more accessory ingredients. In general the 
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formulations are prepared by uniformly and intimately 
bringing into association the active ingredient with liquid 
carriers or finely divided solid carriers or both, and then, if 
necessary, shaping the product. 
0444. Formulations of the present invention suitable for 
oral administration may be presented as discrete units such 
as capsules, cachets or tablets each containing a predeter 
mined amount of the active ingredient; as a powder or 
granules; as a solution or a Suspension in an aqueous or 
non-aqueous liquid; or as an oil-in-water liquid emulsion or 
a water-in-oil liquid emulsion. The active ingredient may 
also be administered as a bolus, electuary or paste. 
0445. A tablet is made by compression or molding, 
optionally with one or more accessory ingredients. Com 
pressed tablets may be prepared by compressing in a Suitable 
machine the active ingredient in a free-flowing form Such as 
a powder or granules, optionally mixed with a binder, 
lubricant, inert diluent, preservative, Surface active or dis 
persing agent. Molded tablets may be made by molding in 
a suitable machine a mixture of the powdered active ingre 
dient moistened with an inert liquid diluent. The tablets may 
optionally be coated or scored and optionally are formulated 
so as to provide slow or controlled release of the active 
ingredient. 
0446 For administration to the eye or other external 
tissues e.g., mouth and skin, the formulations are preferably 
applied as a topical ointment or cream containing the active 
ingredient(s) in an amount of for example, 0.075 to 20% 
w/w (including active ingredient(s) in a range between 0.1% 
and 20% in increments of 0.1% w/w such as 0.6% w/w, 
0.7% w/w, etc.), preferably 0.2 to 15% w/w and most 
preferably 0.5 to 10% w/w. When formulated in an ointment, 
the active ingredients may be employed with either a par 
aflinic or a water-miscible ointment base. Alternatively, the 
active ingredients may be formulated in a cream with an 
oil-in-water cream base. 

0447. If desired, the aqueous phase of the cream base 
may include, for example, at least 30% w/w of a polyhydric 
alcohol, i.e. an alcohol having two or more hydroxyl groups 
Such as propylene glycol, butane 1,3-diol, mannitol, Sorbitol, 
glycerol and polyethylene glycol (including PEG 400) and 
mixtures thereof. The topical formulations may desirably 
include a compound which enhances absorption or penetra 
tion of the active ingredient through the skin or other 
affected areas. Examples of such dermal penetration enhanc 
ers include dimethyl Sulphoxide and related analogs. 
0448. The oily phase of the emulsions of this invention 
may be constituted from known ingredients in a known 
manner. While the phase may comprise merely an emulsifier 
(otherwise known as an emulgent), it desirably comprises a 
mixture of at least one emulsifier with a fat or an oil or with 
both a fat and an oil. Preferably, a hydrophilic emulsifier is 
included together with a lipophilic emulsifier which acts as 
a stabilizer. It is also preferred to include both an oil and a 
fat. Together, the emulsifier(s) with or without stabilizer(s) 
make up the so-called emulsifying wax, and the wax 
together with the oil and fat make up the so-called emulsi 
fying ointment base which forms the oily dispersed phase of 
the cream formulations. 

0449 Emulgents and emulsion stabilizers suitable for use 
in the formulation of the invention include Tween R. 60, 
SpanR 80, cetostearyl alcohol, benzyl alcohol, myristyl 
alcohol, glyceryl mono-stearate and sodium lauryl Sulfate. 
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0450. The choice of suitable oils or fats for the formu 
lation is based on achieving the desired cosmetic properties. 
The cream should preferably be a non-greasy, non-staining 
and washable product with suitable consistency to avoid 
leakage from tubes or other containers. Straight or branched 
chain, mono- or dibasic alkyl esters such as di-isoadipate, 
isocetyl Stearate, propylene glycol diester of coconut fatty 
acids, isopropyl myristate, decyl oleate, isopropyl palmitate, 
butyl stearate, 2-ethylhexyl palmitate or a blend of branched 
chain esters known as Crodamol CAP may be used, the last 
three being preferred esters. These may be used alone or in 
combination depending on the properties required. Alterna 
tively, high melting point lipids such as white Soft paraffin 
and/or liquid paraffin or other mineral oils are used. 
0451 Pharmaceutical formulations according to the pres 
ent invention comprise one or more compounds of the 
invention together with one or more pharmaceutically 
acceptable carriers or excipients and optionally other thera 
peutic agents. Pharmaceutical formulations containing the 
active ingredient may be in any form suitable for the 
intended method of administration. When used for oral use 
for example, tablets, troches, lozenges, aqueous or oil Sus 
pensions, dispersible powders or granules, emulsions, hard 
or soft capsules, syrups or elixirs may be prepared. Com 
positions intended for oral use may be prepared according to 
any method known to the art for the manufacture of phar 
maceutical compositions and Such compositions may con 
tain one or more agents including Sweetening agents, fla 
Voring agents, coloring agents and preserving agents, in 
order to provide a palatable preparation. Tablets containing 
the active ingredient in admixture with non-toxic pharma 
ceutically acceptable excipient which are Suitable for manu 
facture of tablets are acceptable. These excipients may be, 
for example, inert diluents, such as calcium or sodium 
carbonate, lactose, lactose monohydrate, croScarmellose 
Sodium, povidone, calcium or sodium phosphate; granulat 
ing and disintegrating agents. Such as maize starch, or 
alginic acid; binding agents, such as cellulose, microcrys 
talline cellulose, starch, gelatin or acacia; and lubricating 
agents. Such as magnesium Stearate, Stearic acid or talc. 
Tablets may be uncoated or may be coated by known 
techniques including microencapsulation to delay disinte 
gration and adsorption in the gastrointestinal tract and 
thereby provide a Sustained action over a longer period. For 
example, a time delay material Such as glyceryl monoste 
arate or glyceryl distearate alone or with a wax may be 
employed. 
0452 Formulations for oral use may be also presented as 
hard gelatin capsules where the active ingredient is mixed 
with an inert Solid diluent, for example calcium phosphate or 
kaolin, or as Soft gelatin capsules wherein the active ingre 
dient is mixed with water or an oil medium, Such as peanut 
oil, liquid paraffin or olive oil. 
0453 Aqueous suspensions of the invention contain the 
active materials in admixture with excipients suitable for the 
manufacture of aqueous Suspensions. Such excipients 
include a Suspending agent, Such as Sodium carboxymeth 
ylcellulose, methylcellulose, hydroxypropyl methylcellu 
ose, sodium alginate, polyvinylpyrrolidone, gum tragacanth 
and gum acacia, and dispersing or wetting agents such as a 
naturally occurring phosphatide (e.g., lecithin), a condensa 
tion product of an alkylene oxide with a fatty acid (e.g., 
polyoxyethylene Stearate), a condensation product of ethyl 
ene oxide with a long chain aliphatic alcohol (e.g., hepta 
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decaethyleneoxycetanol), a condensation product of ethyl 
ene oxide with a partial ester derived from a fatty acid and 
a hexitol anhydride (e.g., polyoxyethylene Sorbitan 
monooleate). The aqueous Suspension may also contain one 
or more preservatives such as ethyl or n-propyl p-hydroxy 
benzoate, one or more coloring agents, one or more flavor 
ing agents and one or more Sweetening agents, such as 
Sucrose or saccharin. 
0454. Oil suspensions may be formulated by suspending 
the active ingredient in a vegetable oil. Such as arachis oil, 
olive oil, sesame oil or coconut oil, or in a mineral oil Such 
as liquid paraffin. The oral Suspensions may contain a 
thickening agent, such as beeswax, hard paraffin or cetyl 
alcohol. Sweetening agents, such as those set forth herein, 
and flavoring agents may be added to provide a palatable 
oral preparation. These compositions may be preserved by 
the addition of an antioxidant Such as ascorbic acid. 
0455 Dispersible powders and granules of the invention 
Suitable for preparation of an aqueous suspension by the 
addition of water provide the active ingredient in admixture 
with a dispersing or wetting agent, a Suspending agent, and 
one or more preservatives. Suitable dispersing or wetting 
agents and Suspending agents are exemplified by those 
disclosed above. Additional excipients, for example Sweet 
ening, flavoring and coloring agents, may also be present. 
0456. The pharmaceutical compositions of the invention 
may also be in the form of oil-in-water emulsions. The oily 
phase may be a vegetable oil. Such as olive oil or arachis oil, 
a mineral oil, such as liquid paraffin, or a mixture of these. 
Suitable emulsifying agents include naturally-occurring 
gums, such as gum acacia and gum tragacanth, naturally 
occurring phosphatides, such as soybean lecithin, esters or 
partial esters derived from fatty acids and hexitol anhy 
drides. Such as Sorbitan monooleate, and condensation prod 
ucts of these partial esters with ethylene oxide, such as 
polyoxyethylene Sorbitan monooleate. The emulsion may 
also contain Sweetening and flavoring agents. Syrups and 
elixirs may be formulated with Sweetening agents, such as 
glycerol, Sorbitol or Sucrose. Such formulations may also 
contain a demulcent, a preservative, a flavoring or a coloring 
agent. 
0457. The pharmaceutical compositions of the invention 
may be in the form of a sterile injectable preparation, Such 
as a sterile injectable aqueous or oleaginous Suspension. 
This Suspension may be formulated according to the known 
art using those Suitable dispersing or wetting agents and 
Suspending agents which have been mentioned herein. The 
sterile injectable preparation may also be a sterile injectable 
Solution or Suspension in a non-toxic parenterally acceptable 
diluent or solvent, such as a solution in 1,3-butane-diol or 
prepared as a lyophilized powder. Among the acceptable 
vehicles and solvents that may be employed are water, 
Ringer's Solution and isotonic sodium chloride solution. In 
addition, sterile fixed oils may conventionally be employed 
as a solvent or Suspending medium. For this purpose any 
bland fixed oil may be employed including synthetic mono 
or diglycerides. In addition, fatty acids such as oleic acid 
may likewise be used in the preparation of injectables. 
0458. The amount of active ingredient that may be com 
bined with the carrier material to produce a single dosage 
form will vary depending upon the host treated and the 
particular mode of administration. For example, a time 
release formulation intended for oral administration to 
humans may contain approximately 1 to 1000 mg of active 
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material compounded with an appropriate and convenient 
amount of carrier material which may vary from about 5 to 
about 95% of the total compositions (weight:weight). The 
pharmaceutical composition can be prepared to provide 
easily measurable amounts for administration. For example, 
an aqueous solution intended for intravenous infusion may 
contain from about 3 to 500 ug of the active ingredient per 
milliliter of solution in order that infusion of a suitable 
volume at a rate of about 30 mL/hr can occur. 
0459 Formulations suitable for administration to the eye 
include eye drops wherein the active ingredient is dissolved 
or Suspended in a Suitable carrier, especially an aqueous 
solvent for the active ingredient. The active ingredient is 
preferably present in Such formulations in a concentration of 
0.5 to 20%, advantageously 0.5 to 10% particularly about 
1.5% W/w. 
0460 Formulations suitable for topical administration in 
the mouth include lozenges comprising the active ingredient 
in a flavored basis, usually Sucrose and acacia or tragacanth; 
pastilles comprising the active ingredient in an inert basis 
Such as gelatin and glycerin, or Sucrose and acacia; and 
mouthwashes comprising the active ingredient in a Suitable 
liquid carrier. 
0461 Formulations for rectal administration may be pre 
sented as a Suppository with a suitable base comprising for 
example cocoa butter or a salicylate. 
0462 Formulations suitable for intrapulmonary or nasal 
administration have a particle size for example in the range 
of 0.1 to 500 um (including particle sizes in a range between 
0.1 and 500 um in increments such as 0.5 m, 1 um, 30 um, 
35 um, etc.), which is administered by rapid inhalation 
through the nasal passage or by inhalation through the 
mouth so as to reach the alveolar sacs. Suitable formulations 
include aqueous or oily solutions of the active ingredient. 
Formulations suitable for aerosol or dry powder adminis 
tration may be prepared according to conventional methods 
and may be delivered with other therapeutic agents such as 
compounds heretofore used in the treatment or prophylaxis 
of infections as described herein. 
0463 Formulations suitable for vaginal administration 
may be presented as pessaries, tampons, creams, gels, 
pastes, foams or spray formulations containing in addition to 
the active ingredient such carriers as are known in the art to 
be appropriate. 
0464 Formulations suitable for parenteral administration 
include aqueous and non-aqueous sterile injection solutions 
which may contain anti-oxidants, buffers, bacteriostats and 
solutes which render the formulation isotonic with the blood 
of the intended recipient; and aqueous and non-aqueous 
sterile Suspensions which may include Suspending agents 
and thickening agents. 
0465. The formulations are presented in unit-dose or 
multi-dose containers, for example sealed ampoules and 
vials, and may be stored in a freeze-dried (lyophilized) 
condition requiring only the addition of the sterile liquid 
carrier, for example water for injection, immediately prior to 
use. Extemporaneous injection Solutions and Suspensions 
are prepared from Sterile powders, granules and tablets of 
the kind previously described. Preferred unit dosage formu 
lations are those containing a daily dose or unit daily 
Sub-dose, as herein above recited, or an appropriate fraction 
thereof, of the active ingredient. 
0466 It should be understood that in addition to the 
ingredients provided by the present invention the formula 
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tions of this invention may include other agents conven 
tional in the art having regard to the type of formulation in 
question, for example those Suitable for oral administration 
may include flavoring agents. 
0467. The invention further provides veterinary compo 
sitions comprising at least one active ingredient, e.g., a 
compound of the present invention together with a veteri 
nary carrier. 
0468 Veterinary carriers are materials useful for the 
purpose of administering the composition and may be solid, 
liquid or gaseous materials which are otherwise inert or 
acceptable in the veterinary art and are compatible with the 
active ingredient. These veterinary compositions may be 
administered orally, parenterally or by any other desired 
rOute. 

0469 Compounds of the invention can also be formu 
lated to provide controlled release of the active ingredient to 
allow less frequent dosing or to improve the pharmacoki 
netic or toxicity profile of the active ingredient. Accordingly, 
the invention also provided compositions comprising one or 
more compounds of the invention formulated for Sustained 
or controlled release. 
0470 The effective dose of an active ingredient depends 
at least on the nature of the condition being treated, toxicity, 
whether the compound is being used prophylactically (lower 
doses) or against an active disease or condition, the method 
of delivery, and the pharmaceutical formulation, and will be 
determined by the clinician using conventional dose esca 
lation studies. The effective dose can be expected to be from 
about 0.0001 to about 100 mg/kg body weight per day. 
Typically, from about 0.01 to about 10 mg/kg body weight 
per day. More typically, from about 0.01 to about 5 mg/kg 
body weight per day. More typically, from about 0.05 to 
about 0.5 mg/kg body weight per day. For example, the daily 
candidate dose for an adult human of approximately 70 kg 
body weight will range from 1 mg to 1000 mg. or between 
5 mg and 500 mg, and may take the form of single or 
multiple doses. 
0471. In yet another embodiment, the present application 
discloses pharmaceutical compositions comprising a com 
pound of the present invention, or a pharmaceutically 
acceptable salt, Solvate, and/or ester thereof, and a pharma 
ceutically acceptable carrier or excipient. 
0472. In yet another embodiment, the present application 
discloses pharmaceutical compositions comprising a com 
pound of the present invention, or a pharmaceutically 
acceptable salt, Solvate, and/or ester thereof, in combination 
with at least one additional therapeutic agent, and a phar 
maceutically acceptable carrier or excipient. 
0473. According to the present invention, the therapeutic 
agent used in combination with the compound of the present 
invention can be any agent having a therapeutic effect when 
used in combination with the compound of the present 
invention. For example, the therapeutic agent used in com 
bination with the compound of the present invention can be 
any agent that is accessible to oxidative metabolism by 
cytochrome P450 enzymes, especially cytochrome P450 
monooxygenase, e.g., 1A2, 2B6, 2C8, 2C19, 2C9, 2D6, 
2E1, 3A4,5,7, etc. 
0474. In another example, the therapeutic agent used in 
combination with the compound of the present invention can 
be any anti-viral agent, e.g., anti-HIV, anti-HCV, etc., anti 
bacterial agent, anti-fungal agent, immuno-modulator, e.g., 
immunosuppressant, anti-neoplastic agent, chemotherapeu 
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tic agent, agents useful for treating cardiovascular condi 
tions, neurological conditions, etc. 
0475. In yet another example, the therapeutic agent used 
in combination with the compound of the present invention 
can be any proton pump inhibitor, anti-epileptics, NSAID, 
oral hypoglycemic agent, angiotensin II, Sulfonylureas, beta 
blocker, antidepressant, antipsychotics, or anesthetics, or a 
combination thereof. 
0476. In yet another example, the therapeutic agent used 
in combination with the compound of the present invention 
can be any 1) macrollide antibiotics, e.g., clarithromycin, 
erythromycin, tellithromycin, 2) anti-arrhythmics, e.g., qui 
nidine >3-OH, 3) benzodiazepines, e.g., alprazolam, 
diazepam >30H, midazolam, triazolam, 4) immune modu 
lators, e.g., cyclosporine, tacrolimus (FK506), 5) HIV anti 
virals, e.g., indinavir, nelfinavir, ritonavir, saquinavir. 6) 
prokinetic, e.g., cisapride, 7) antihistamines, e.g., astem 
izole, chlorpheniramine, terfenidine, 8) calcium channel 
blockers, e.g., amlodipine, diltiazem, felodipine, lercani 
dipine, nifedipine, nisoldipine, nitrendipine, Verapamil. 9) 
HMG CoA reductase inhibitors, e.g., atorvastatin, cerivas 
tatin, lovastatin, simvastatin, or 10) steroid 6beta-OH, e.g., 
estradiol, hydrocortisone, progesterone, testosterone. 
0477. In still yet another example, the therapeutic agent 
used in combination with the compound of the present 
invention can be any alfentanyl, aprepitant, aripiprazole, 
buspirone, cafergot, caffeine, TMU, cilostazol, cocaine, 
codeine-N-demethylation, dapsone, dextromethorphan, doc 
etaxel, domperidone, eplerenone, fentanyl, finasteride, 
gleevec, haloperidol, irinotecan, LAAM, lidocaine, metha 
done, nateglinide, ondansetron, pimozide, propranolol, que 
tiapine, quinine, Salmeterol, Sildenafil. Sirolimus, tamoxifen, 
taxol, terfenadine, traZodone, Vincristine, Zaleplon, or Zolpi 
dem or a combination thereof. 

0478. In one embodiment, the present application dis 
closes pharmaceutical compositions comprising a com 
pound of the present invention, or a pharmaceutically 
acceptable salt, Solvate, and/or ester thereof, in combination 
with at least one additional therapeutic agent selected from 
the group consisting of HIV protease inhibiting compounds, 
HIV non-nucleoside inhibitors of reverse transcriptase, HIV 
nucleoside inhibitors of reverse transcriptase, HIV nucleo 
tide inhibitors of reverse transcriptase, HIV integrase inhibi 
tors, non-nucleoside inhibitors of HCV, CCR5 inhibitors, 
and combinations thereof, and a pharmaceutically accept 
able carrier or excipient. 
0479. In another embodiment, the present application 
provides pharmaceutical compositions comprising a com 
pound of the present invention, or a pharmaceutically 
acceptable salt, Solvate, and/or ester thereof, in combination 
with at least one additional therapeutic agent selected from 
the group consisting of amprenavir, atazanavir, foSampre 
navir, indinavir, lopinavir, ritonavir, nelfinavir, saquinavir, 
tipranavir, brecanavir, darunavir, TMC-126, TMC-114, 
mozenavir (DMP-450), JE-2147 (AG1776), L-75.6423, 
RO0334649, KNI-272, DPC-681, DPC-684, GW640385X, 
DG17, PPL-100, DG35, AG 1859, capravirine, emivirine, 
delaviridine, efavirenz, nevirapine, (+) calanolide A, etra 
virine, GW5634, DPC-083, DPC-961, DPC-963, MIV-150, 
TMC-120, TMC-278 (rilpivirene), BILR 355 BS, VRX 
840773, UK-453061, RDEA806, Zidovudine, emitricitabine, 
didanosine, stavudine, Zalcitabine, lamivudine, abacavir, 
amdoxovir, elvucitabine, alovudine, MIV-210, Racivir 
(t-FTC), D-da-FC, phosphazide, fozivudine tidoxil, apric 
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itibine AVX754, amdoxovir, KP-1461, and fosalvudine 
tidoxil (formerly HDP 99.0003), tenofovir disoproxil fumar 
ate, adefovir dipivoxil, GS-9131, curcumin, derivatives of 
curcumin, chicoric acid, derivatives of chicoric acid, 3.5- 
dicaffeoylquinic acid, derivatives of 3,5-dicaffeoylquinic 
acid, aurintricarboxylic acid, derivatives of aurintricarbox 
ylic acid, caffeic acid phenethyl ester, derivatives of caffeic 
acid phenethyl ester, tyrphostin, derivatives of tyrphostin, 
quercetin, derivatives of quercetin, S-1360, Zintevir (AR 
177), L-870812, L-870810, MK-0518 (raltegravir), elvite 
gravir, BMS-538158, GSK364735C, BMS-707035, 
MK-2048, BA 011, enfuvirtide, sifuvirtide, FB006M, TRI 
1144, AMD-070, SPO1A, BMS-488043, Block Aide/CR, 
immunitin, benzimidazole derivatives, benzo-1,2,4-thiadi 
azine derivatives, phenylalanine derivatives, aplaviroc. 
Vicriviroc, and maraviroc. cyclosporine, FK-506, rapamy 
cin, taxol, taxotere, clarithromycin, A-77003, A-80987, 
MK-639, saquinavir, VX-478, AG1343, DMP-323, 
XM-450, BILA 2011 BS, BILA 1096 BS, BILA 2185 BS, 
BMS 186,318, LB71262, SC-52151, SC-629 (N,N-dimeth 
ylglycyl-N-(2-hydroxy-3-(((4-methoxyphenyl)sulphonyl) 
(2-methylpropyl)amino)-1-(phenylmethyl)propyl)-3- 
methyl-L-valinamide), KNI-272, CGP 53437, CGP 57813 
and U-103017 and a pharmaceutically acceptable carrier or 
excipient. 

0480. In still another embodiment, the present invention 
provides pharmaceutical compositions comprising a com 
pound of the present invention, or a pharmaceutically 
acceptable salt, solvate, and/or ester thereof, in combination 
with two or three additional therapeutic agents. For example, 
a compound of the present invention, or a pharmaceutically 
acceptable salt, Solvate, and/or ester thereof, is combined 
with two or three additional therapeutic agents selected from 
the classes of HIV protease inhibitors, HIV non-nucleoside 
inhibitors of reverse transcriptase, HIV nucleoside inhibitors 
of reverse transcriptase, HIV nucleotide inhibitors of reverse 
transcriptase, and HIV integrase inhibitors. The two or three 
additional therapeutic agents can be different therapeutic 
agents selected from the same class of therapeutic agents, or 
they can be selected from different classes of therapeutic 
agents. The compounds of the present invention in Such 
ternary or quaternary combinations can include any of the 
compounds of Formula I disclosed herein, for example a 
compounds of Formula IIA-D or Formula IV. In a particular 
embodiment, the pharmaceutical compositions of the pres 
ent invention comprises a compound of Formula IV, or a 
pharmaceutically acceptable salt, Solvate, and/or ester 
thereof, combined with two or three additional therapeutic 
agents selected from the classes of HIV protease inhibitors, 
HIV non-nucleoside inhibitors of reverse transcriptase, HIV 
nucleoside inhibitors of reverse transcriptase, HIV nucleo 
tide inhibitors of reverse transcriptase, and HIV integrase 
inhibitors. In a still more particular embodiment, the phar 
maceutical composition of the present invention comprises 
Example P, S, or X, or a pharmaceutically acceptable salt, 
solvate, and/or ester thereof, in combination with two or 
three additional therapeutic agents selected from the classes 
of HIV protease inhibitors, HIV non-nucleoside inhibitors of 
reverse transcriptase, HIV nucleoside inhibitors of reverse 
transcriptase, HIV nucleotide inhibitors of reverse tran 
Scriptase, and HIV integrase inhibitors. For example, Such 
combinations can comprise Example P, S, or X, or a phar 
maceutically acceptable salt, Solvate, and/or ester thereof in 
combination with two or three additional therapeutic agents 
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selected from the group consisting of tenofovir disoproxil 
fumarate, GS-9131, emitricitabine, elvitegravir, efavirenz, 
atazanavir, darunavir, raltegravir, and rilpivirine (or phar 
maceutically acceptable salts, Solvates, and/or esters 
thereof). 
0481 Specific embodiments of ternary combinations 
comprise, for example. Example P/tenofovir disoproxil 
fumarate/GS-9131, Example P/tenofovir disoproxil fumar 
ate/emtricitabine. Example P/tenofovir disoproxil fumarate/ 
elvitegravir. Example P/tenofovir disoproxil fumarate/ 
efavirenz, Example P/tenofovir disoproxil fumarate/ 
atazanavir. Example P/tenofovir disoproxil fumarate/ 
darunavir. Example P/tenofovir disoproxil fumarate/ 
raltegravir. Example P/tenofovir disoproxil fumarate/ 
rilpivirine. Example P/GS-9131 femtricitabine. Example 
P/GS-9131/elvitegravir. Example P/GS-9131/efavirenz, 
Example P/GS-9131/atazanavir. Example P/GS-9131/daru 
navir. Example P/GS-9131/raltegravir. Example P/GS-9131/ 
rilpivirine. Example Pfemtricitabine/elvitegravir. Example 
Pfemtricitabine/efavirenz, Example Pfemtricitabine/atazana 
vir. Example Pfemtricitabine/darunavir. Example Pfemtric 
itabine/raltegravir. Example Pfemtricitabine/rilpivirine, 
Example P/elvitegravir/efavirenz, Example P/elvitegravir/ 
atazanavir. Example P/elvitegravir/darunavir. Example 
P/elvitegravir/raltegravir. Example P/elvitegravir/rilpiv 
irine. Example Pfefavirenz/atazanavir. Example Pfefavirenz/ 
darunavir. Example Pfefavirenz/raltegravir. Example 
Pfefavirenz/rilpivirine. Example Platazanavir/darunavir, 
Example Platazanavir/raltegravir. Example Platazanavir/ril 
pivirine. Example P/darunavir/raltegravir. Example P/daru 
navir/rilpivirine. Example P/raltegravir/rilpivirine. Example 
S/tenofovir disoproxil fumarate/GS-9131. Example S/teno 
fovir disoproxil fumarate/emtricitabine. Example S/tenofo 
vir disoproxil fumarate/elvitegravir. Example S/tenofovir 
disoproxil fumaratefe?avrenz, Example S/tenofovir diso 
proxil fumaratefatazanavir. Example S/tenofovir disoproxil 
fumarate/darunavir. Example S/tenofovir disoproxil fumar 
ate/raltegravir. Example S/tenofovir disoproxil fumarate/ 
rilpivirine. Example S/GS-9131 femtricitabine. Example 
S/GS-9131/elvitegravir. Example S/GS-9131/efavirenz, 
Example S/GS-9131/atazanavir. Example S/GS-9131/daru 
navir. Example S/GS-9131/raltegravir. Example S/GS-9131/ 
rilpivirine. Example Sfemtricitabine/elvitegravir. Example 
S/emtricitabine/efavirenz, Example S/emtricitabinefatazana 
vir. Example Sfemtricitabine/darunavir. Example Sfemtric 
itabine/raltegravir. Example Sfemtricitabine/rilpivirine, 
Example S/elvitegravir/efavirenz, Example S/elvitegravir/ 
atazanavir, Example SfelVitegravir/darunavir, Example 
S/elvitegravir/raltegravir. Example Stelvitegravir/rilpiv 
irine. Example S/efavirenz/atazanavir. Example S/efavirenz/ 
darunavir. Example S/efavirenz/raltegravir. Example 
S/efavirenz/rilpivirine. Example S/atazanavir/darunavir, 
Example S/atazanavir/raltegravir. Example Sfatazanavir/ril 
pivirine. Example S/darunavir/raltegravir. Example S/daru 
navir/rilpivirine. Example S/raltegravir/rilpivirine. Example 
X/tenofovir disoproxil fumarate/GS-9131. Example X/teno 
fovir disoproxil fumarate/emtricitabine. Example X/tenofo 
vir disoproxil fumaratefelvitegravir. Example X/tenofovir 
disoproxil fumarate/efavirenz, Example X/tenofovir diso 
proxil fumarate/atazanavir. Example X/tenofovir disoproxil 
fumarate/darunavir. Example X/tenofovir disoproxil fumar 
ate/raltegravir. Example X/tenofovir disoproxil fumarate/ 
rilpivirine. Example X/GS-9131/emtricitabine. Example 
X/GS-9131/elvitegravir. Example X/GS-9131/efavirenz, 
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Example X/GS-913 1/atazanavir. Example X/GS-9131/daru 
navir. Example X/GS-9131/raltegravir. Example X/GS 
9131/rilpivirine. Example X/emtricitabine/elvitegravir, 
Example X/emtricitabine?efavirenz, Example X/emtricit 
abine/atazanavir. Example X/emtricitabine/darunavir, 
Example X/emtricitabine/raltegravir. Example X/emtricit 
abine/rilpivirine. Example X/elvitegravir/efavirenz, Example 
X/elvitegravir/atazanavir. Example X/elvitegravir/daruna 
vir. Example X/elvitegravir/raltegravir. Example X/elvite 
gravir/rilpivirine. Example X/efavrenz/atazanavir. Example 
X/efavirenz/darunavir. Example X/efavirenz/raltegravir, 
Example X/efavirenz/rilpivirine. Example X/atazanavir/ 
darunavir, Example X/atazanavir/raltegravir. Example 
X/atazanavir/rilpivirine. Example X/darunavir/raltegravir, 
Example X/darunavir/rilpivirine, and Example X/raltegra 
Vir/rilpivirine (including pharmaceutically acceptable salts, 
solvates, and/or esters of any of the above). 
0482 Specific embodiments of quaternary combinations 
comprise, for example, Example P/tenofovir disoproxil 
fumarate/GS-9131 femtricitabine. Example P/tenofovir diso 
proxil fumarate/GS-9131/elvitegravir. Example P/tenofovir 
disoproxil fumarate/GS-9131/efavirenz, Example P/tenofo 
vir disoproxil fumarate/GS-9131 fatazanavir. Example 
Pftenofovir disoproxil fumarate/GS-9131/darunavir, 
Example P/tenofovir disoproxil fumarate/GS-913 1/raltegra 
vir. Example P/tenofovir disoproxil fumarate/GS-913 1/ril 
pivirine. Example P/tenofovir disoproxil fumarate/emtricit 
abine/elvitegravir. Example P/tenofovir disoproxil fumarate/ 
emtricitabine?efavirenz, Example Pftenofovir disoproxil 
fumarate/emtricitabine?atazanavir. Example P/tenofovir 
disoproxil fumarate/emtricitabine/darunavir. Example 
P/tenofovir disoproxil fumarate/emtricitabine/raltegravir, 
Example P/tenofovir disoproxil fumarate/emtricitabine/ril 
pivirine. Example P/tenofovir disoproxil fumaratefelvitegra 
virtefavirenz, Example P/tenofovir disoproxil fumarate/ 
elvitegravir/atazanavir. Example P/tenofovir disoproxil 
fumarate/elvitegravir/darunavir. Example P/tenofovir diso 
proxil fumarate/elvitegravir/raltegravir. Example P/tenofo 
vir disoproxil fumarate/elvitegravir/rilpivirine. Example 
P/tenofovir disoproxil fumaratefe?avrenziatazanavir, 
Example P/tenofovir disoproxil fumaratefe?avrenz/daruna 
vir. Example P/tenofovir disoproxil fumarate/efavirenz/ralte 
gravir. Example P/tenofovir disoproxil fumaratefe?avrenz/ 
rilpivirine. Example P/tenofovir disoproxil fumarate/ 
atazanavir/darunavir. Example P/tenofovir disoproxil 
fumarate/atazanavir/raltegravir. Example P/tenofovir diso 
proxil fumarate/atazanavir/rilpivirine. Example P/tenofovir 
disoproxil fumarate/darunavir/raltegravir. Example P/teno 
fovir disoproxil fumarate/darunavir/rilpivirine. Example 
P/tenofovir disoproxil fumarate/raltegravir/rilpivirine, 
Example P/GS-9131 femtricitabine/elvitegravir. Example 
P/GS-9131/emtricitabine/efavirenz, Example P/GS-9131/ 
emtricitabine/atazanavir. Example P/GS-9131/emtricit 
abine/darunavir. Example P/GS-9131/emtricitabine/ralte 
gravir. Example P/GS-9131/emtricitabine/rilpivirine, 
Example P/GS-9131/elvitegravir/efavirenz, Example P/GS 
9131/elvitegravir/atazanavir. Example P/GS-9131/elvitegra 
vir/darunavir. Example P/GS-913 1/elvitegravir/raltegravir, 
Example P/GS-9131/elvitegravir/rilpivirine. Example 
P/GS-9131/efavirenz/atazanavir. Example P/GS-9131/ 
efavirenz/darunavir. Example P/GS-9131/efavirenz/raltegra 
vir. Example P/GS-9131/efavirenz/rilpivirine. Example 
P/GS-9131/atazanavir/darunavir. Example P/GS-9131/ata 
Zanavir/raltegravir. Example P/GS-9131/atazanavir/rilpiv 
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irine. Example P/GS-9131/darunavir/raltegravir. Example 
P/GS-9131/darunavir/rilpivirine. Example P/GS-9131/ralte 
gravir/rilpivirine. Example Pfemtricitabine/elvitegravir/ 
efavirenz, Example Pfemtricitabine/elvitegravir/atazanavir, 
Example Pfemtricitabine/elvitegravir/darunavir. Example 
Pfemtricitabine/elvitegravir/raltegravir. Example Pfemtricit 
abine/elvitegravir/rilpivirine. Example Pfemtricitabine/ 
efavirenz/atazanavir. Example Pfemtricitabinefe?avrenz/ 
darunavir. Example Pfemtricitabine?efavirenz/raltegravir, 
Example Pfemtricitabine/efavirenz/rilpivirine. Example 
Pfemtricitabine/atazanavir/darunavir. Example Pfemtricit 
abinefatazanavir/raltegravir. Example Pfemtricitabine/ataza 
navir/rilpivirine. Example Pfemtricitabine/darunavir/ralte 
gravir. Example Pfemtricitabine/darunavir/rilpivirine, 
Example Pfemtricitabine/raltegravir/rilpivirine. Example 
P/elvitegravir/efavirenz/atazanavir. Example P/elvitegravir/ 
efavirenz/darunavir. Example P/elvitegravir/efavirenz/ralte 
gravir. Example P/elvitegravir/efavirenz/rilpivirine. Example 
P/elvitegravir/atazanavir/darunavir. Example P/elvitegravir/ 
atazanavir/raltegravir, Example P/elvitegravir/atazanavir/ 
rilpivirine. Example P/elvitegravir/darunavir/raltegravir, 
Example P/elvitegravir/darunavir/rilpivirine. Example 
P/elvitegravir/raltegravir/rilpivirine. Example Pfefavirenz/ 
atazanavir/darunavir. Example Pfefavirenz/atazanavir/ralte 
gravir. Example Pfefavirenz/atazanavir/rilpivirine. Example 
Pfefavirenz/darunavir/raltegravir. Example Pfefavirenz/daru 
navir/rilpivirine. Example Pfefavirenz/raltegravir/rilpivirine, 
Example Pfatazanavir/darunavir/raltegravir. Example Pfata 
Zanavir/darunavir/rilpivirine. Example P/darunavir/raltegra 
vir/rilpivirine. Example S/tenofovir disoproxil fumarate/GS 
9131 femtricitabine. Example S/tenofovir disoproxil 
fumarate/GS-9131/elvitegravir. Example S/tenofovir diso 
proxil fumarate/GS-9131/efavirenz, Example S/tenofovir 
disoproxil fumarate/GS-9131/atazanavir. Example S/tenofo 
vir disoproxil fumarate/GS-9131/darunavir. Example 
S/tenofovir disoproxil fumarate/GS-9131/raltegravir, 
Example S/tenofovir disoproxil fumarate/GS-913 1/rilpiv 
irine. Example S/tenofovir disoproxil fumarate/emtricit 
abine/elvitegravir. Example S/tenofovir disoproxil fumarate/ 
emtricitabine/efavirenz, Example S/tenofovir disoproxil 
fumarate/emtricitabine?atazanavir. Example S/tenofovir 
disoproxil fumarate/emtricitabine/darunavir. Example 
S/tenofovir disoproxil fumarate/emtricitabine/raltegravir, 
Example S/tenofovir disoproxil fumarate/emtricitabine/ril 
pivirine. Example S/tenofovir disoproxil fumarate/elvitegra 
virtefavirenz, Example S/tenofovir disoproxil fumarate/ 
elvitegravir/atazanavir. Example S/tenofovir disoproxil 
fumarate/elvitegravir/darunavir. Example S/tenofovir diso 
proxil fumarate/elvitegravir/raltegravir. Example S/tenofo 
vir disoproxil fumarate/elvitegravir/rilpivirine. Example 
S/tenofovir disoproxil fumaratefe?avrenziatazanavir, 
Example S/tenofovir disoproxil fumarate? efavirenz/daruna 
vir. Example S/tenofovir disoproxil fumarate/efavirenz/ralte 
gravir. Example S/tenofovir disoproxil fumaratefe?avrenz/ 
rilpivirine. Example S/tenofovir disoproxil fumarate/ 
atazanavir/darunavir. Example S/tenofovir disoproxil 
fumarate/atazanavir/raltegravir. Example S/tenofovir diso 
proxil fumarate/atazanavir/rilpivirine. Example S/tenofovir 
disoproxil fumarate/darunavir/raltegravir. Example S/teno 
fovir disoproxil fumarate/darunavir/rilpivirine. Example 
S/tenofovir disoproxil fumarate/raltegravir/rilpivirine, 
Example S/GS-9131 femtricitabine/elvitegravir. Example 
S/GS-9131/emtricitabine/efavirenz, Example S/GS-9131/ 
emtricitabine/atazanavir. Example S/GS-9131 femtricit 
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abine/darunavir. Example S/GS-9131/emtricitabine/ralte 
gravir. Example S/GS-9131/emtricitabine/rilpivirine, 
Example S/GS-9131/elvitegravir/efavirenz, Example S/GS 
9131/elvitegravir/atazanavir. Example S/GS-9131/elvitegra 
vir/darunavir. Example S/GS-913 1/elvitegravir/raltegravir, 
Example S/GS-9131/elvitegravir/rilpivirine. Example 
S/GS-9131/efavirenziatazanavir. Example S/GS-9131/ 
efavirenz/darunavir. Example S/GS-9131/efavirenz/raltegra 
vir. Example S/GS-9131/efavirenz/rilpivirine. Example 
S/GS-913 1/atazanavir/darunavir. Example S/GS-9131 fata 
Zanavir/raltegravir. Example S/GS-9131/atazanavir/rilpiv 
irine. Example S/GS-9131/darunavir/raltegravir. Example 
S/GS-9131/darunavir/rilpivirine. Example S/GS-9131/ralte 
gravir/rilpivirine. Example S/emtricitabine/elvitegravir/ 
efavirenz, Example Sfemtricitabine/elvitegravir/atazanavir, 
Example S/emtricitabine/elvitegravir/darunavir. Example 
S/emtricitabine/elvitegravir/raltegravir. Example S/emtricit 
abine/elvitegravir/rilpivirine. Example Sfemtricitabine/ 
efavirenz/atazanavir. Example Sfemtricitabinefe?avrenz/ 
darunavir. Example Sfemtricitabine? efavirenz/raltegravir, 
Example Sfemtricitabine/efavirenz/rilpivirine. Example 
S/emtricitabinefatazanavir/darunavir. Example S/emtricit 
abinefatazanavir/raltegravir, Example Sfemtricitabinefataza 
navir/rilpivirine. Example S/emtricitabine/darunavir/ralte 
gravir. Example S/emtricitabine/darunavir/rilpivirine, 
Example Sfemtricitabine/raltegravir/rilpivirine. Example 
S/elvitegravir/efavirenz/atazanavir. Example S/elvitegravir/ 
efavirenz/darunavir. Example S/elvitegravir/efavirenz/ralte 
gravir. Example Stelvitegravir/efavirenz/rilpivirine. Example 
S/elvitegravir/atazanavir/darunavir. Example S/elvitegravir/ 
atazanavir/raltegravir, Example S/elvitegravir/atazanavir/ 
rilpivirine. Example S/elvitegravir/darunavir/raltegravir, 
Example S/elvitegravir/darunavir/rilpivirine. Example 
S/elvitegravir/raltegravir/rilpivirine. Example Stefavirenz/ 
atazanavir/darunavir. Example S/efavirenz/atazanavir/ralte 
gravir. Example Stefavirenz/atazanavir/rilpivirine. Example 
S/efavirenz/darunavir/raltegravir. Example S/efavirenz/daru 
navir/rilpivirine. Example Stefavirenz/raltegravir/rilpivirine, 
Example Sfatazanavir/darunavir/raltegravir. Example S/ata 
Zanavir/darunavir/rilpivirine. Example S/darunavir/raltegra 
vir/rilpivirine. Example X/tenofovir disoproxil fumarate/ 
GS-9131 femtricitabine. Example X/tenofovir disoproxil 
fumarate/GS-9131/elvitegravir. Example X/tenofovir diso 
proxil fumarate/GS-9131/efavirenz, Example X/tenofovir 
disoproxil fumarate/GS-9131 fatazanavir. Example X/teno 
fovir disoproxil fumarate/GS-9131/darunavir. Example 
X/tenofovir disoproxil fumarate/GS-913 1/raltegravir, 
Example X/tenofovir disoproxil fumarate/GS-913 1/rilpiv 
irine. Example X/tenofovir disoproxil fumarate/emtricit 
abine/elvitegravir. Example X/tenofovir disoproxil fumar 
ate/emtricitabinefe?avrenz, Example X/tenofovir disoproxil 
fumarate/emtricitabine?atazanavir. Example X/tenofovir 
disoproxil fumarate/emtricitabine/darunavir. Example 
X/tenofovir disoproxil fumarate/emtricitabine/raltegravir, 
Example X/tenofovir disoproxil fumarate/emtricitabine/ril 
pivirine. Example X/tenofovir disoproxil fumarate/elvite 
gravir/efavirenz, Example X/tenofovir disoproxil fumarate/ 
elvitegravir/atazanavir. Example X/tenofovir disoproxil 
fumarate/elvitegravir/darunavir. Example X/tenofovir diso 
proxil fumarate/elvitegravir/raltegravir. Example X/tenofo 
vir disoproxil fumarate/elvitegravir/rilpivirine. Example 
X/tenofovir disoproxil fumarate/efavirenz/atazanavir, 
Example X/tenofovir disoproxil fumaratefe?avrenz/daruna 
vir. Example X/tenofovir disoproxil fumaratefe?avrenz/ 
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raltegravir. Example X/tenofovir disoproxil fumarate/ 
efavirenz/rilpivirine. Example X/tenofovir disoproxil 
fumarate/atazanavir/darunavir. Example X/tenofovir diso 
proxil fumaratefatazanavir/raltegravir. Example X/tenofovir 
disoproxil fumarate/atazanavir/rilpivirine. Example X/teno 
fovir disoproxil fumarate/darunavir/raltegravir. Example 
X/tenofovir disoproxil fumarate/darunavir/rilpivirine, 
Example X/tenofovir disoproxil fumarate/raltegravir/rilpiv 
irine. Example X/GS-9131 femtricitabine/elvitegravir, 
Example X/GS-9131/emtricitabine/efavirenz, Example 
X/GS-9131/emtricitabine/atazanavir. Example X/GS-9131/ 
emtricitabine/darunavir. Example X/GS-9131 femtricitabine/ 
raltegravir. Example X/GS-9131 femtricitabine/rilpivirine, 
Example X/GS-9131/elvitegravir/efavirenz, Example X/GS 
9131/elvitegravir/atazanavir. Example X/GS-9131/elvite 
gravir/darunavir. Example X/GS-9131/elvitegravir/raltegra 
vir. Example X/GS-9131/elvitegravir/rilpivirine. Example 
X/GS-9131/efavirenziatazanavir. Example X/GS-9131/ 
efavirenz/darunavir. Example X/GS-9131/efavirenz/raltegra 
vir. Example X/GS-9131/efavirenz/rilpivirine. Example 
X/GS-913 1/atazanavir/darunavir. Example X/GS-913 1/ata 
Zanavir/raltegravir. Example X/GS-9131/atazanavir/rilpiv 
irine. Example X/GS-9131/darunavir/raltegravir. Example 
X/GS-9131/darunavir/rilpivirine. Example X/GS-9131/ 
raltegravir/rilpivirine. Example X/emtricitabine/elvitegra 
virtefavirenz, Example X/emtricitabine/elvitegravir/atazana 
vir, Example X/emtricitabine/elvitegravir/darunavir, 
Example X/emtricitabine/elvitegravir/raltegravir. Example 
X/emtricitabine/elvitegravir/rilpivirine. Example X/emtric 
itabine?efavirenz/atazanavir. Example X/emtricitabine/ 
efavirenz/darunavir. Example X/emtricitabinefe?avrenz/ 
raltegravir. Example X/emtricitabine?efavirenz/rilpivirine, 
Example X/emtricitabinefatazanavir/darunavir. Example 
X/emtricitabinefatazanavir/raltegravir. Example X/emtricit 
abinefatazanavir/rilpivirine. Example X/emtricitabine/daru 
navir/raltegravir. Example X/emtricitabine/darunavir/rilpiv 
irine. Example X/emtricitabine/raltegravir/rilpivirine, 
Example X/elvitegravir/efavirenz/atazanavir. Example 
X/elvitegravir/efavirenz/darunavir. Example X/elvitegravir/ 
efavirenz/raltegravir. Example X/elvitegravir/efavirenz/rilpi 
Virine, Example X/elvitegravir/atazanavir/darunavir, 
Example X/elvitegravir/atazanavir/raltegravir, Example 
X/elvitegravir/atazanavir/rilpivirine. Example X/elvitegra 
vir/darunavir/raltegravir. Example X/elvitegravir/darunavir/ 
rilpivirine. Example X/elvitegravir/raltegravir/rilpivirine, 
Example X/efavirenziatazanavir/darunavir, Example 
X/efavirenz/atazanavir/raltegravir. Example X/efavirenz/ata 
Zanavir/rilpivirine. Example X/efavirenz/darunavir/raltegra 
vir. Example X/efavirenz/darunavir/rilpivirine. Example 
X/efavirenz/raltegravir/rilpivirine. Example X/atazanavir/ 
darunavir/raltegravir, Example X/atazanavir/darunavir/rilpi 
virine, and Example X/darunavir/raltegravir/rilpivirine (in 
cluding pharmaceutically acceptable salts, Solvates, and/or 
esters of any of the above). 
0483. In yet another embodiment, the present application 
provides a combination pharmaceutical agent comprising: 
0484 a) a first pharmaceutical composition comprising a 
compound of the present invention, or a pharmaceutically 
acceptable salt, Solvate, or ester thereof, and 
0485 b) a second pharmaceutical composition compris 
ing at least one additional therapeutic agent selected from 
the group consisting of HIV protease inhibiting compounds, 
HIV non-nucleoside inhibitors of reverse transcriptase, HIV 
nucleoside inhibitors of reverse transcriptase, HIV nucleo 
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tide inhibitors of reverse transcriptase, HIV integrase inhibi 
tors, gp41 inhibitors, CXCR inhibitors, gp120 inhibitors, 
CCRs inhibitors, interferons, ribavirin analogs, NS3 pro 
tease inhibitors, alpha-glucosidase 1 inhibitors, hepatopro 
tectants, non-nucleoside inhibitors of HCV, and other drugs 
for treating HCV, and combinations thereof. 

Routes of Administration 

0486 One or more compounds of the invention (herein 
referred to as the active ingredients) are administered by any 
route appropriate to the condition to be treated. Suitable 
routes include oral, rectal, nasal, topical (including buccal 
and Sublingual), vaginal and parenteral (including Subcuta 
neous, intramuscular, intravenous, intradermal, intrathecal 
and epidural), and the like. It will be appreciated that the 
preferred route may vary with for example the condition of 
the recipient. An advantage of the compounds of this inven 
tion is that they are orally bioavailable and can be dosed 
orally. 

Combination Therapy 
0487. In one embodiment, the compounds of the present 
invention can be used alone, e.g., for inhibiting cytochrome 
P450 monooxygenase. In another embodiment, the com 
pounds of the present invention are used in combination 
with other active therapeutic ingredients or agents. Prefer 
ably, the other active therapeutic ingredients or agents are 
metabolized or accessible to the oxidative metabolism by 
cytochrome P450 enzymes, e.g., monooxygenase enzymes 
such as 1A2, 2B6, 2C8, 2C19, 2C9, 2D6, 2E1, 3A4,5,7, etc. 
0488 Combinations of the compounds of the present 
invention are typically selected based on the condition to be 
treated, cross-reactivities of ingredients and pharmaco-prop 
erties of the combination. For example, when treating an 
infection (e.g., HIV or HCV), the compositions of the 
invention are combined with anti-infective agents (such as 
those described herein). 
0489. In one embodiment, non-limiting examples of suit 
able combinations include combinations of one or more 
compounds of the present invention with one or more 
anti-viral agents, e.g., anti-HIV, anti-HCV, etc., anti-bacte 
rial agents, anti-fungal agents, immuno-modulators, e.g., 
immunosuppressant, anti-neoplastic agents, chemotherapeu 
tic agents, agents useful for treating cardiovascular condi 
tions, neurological conditions, etc. 
0490. In another embodiment, non-limiting examples of 
Suitable combinations include combinations of one or more 
compounds of the present invention with one or more proton 
pump inhibitors, anti-epileptics, NSAIDs, oral hypoglyce 
mic agents, angiotensin II, Sulfonylureas, beta blockers, 
antidepressants, antipsychotics, or anesthetics, or a combi 
nation thereof. 
0491. In yet another embodiment, non-limiting examples 
of Suitable combinations include combinations of one or 
more compounds of the present invention with one or more 
1) macrollide antibiotics, e.g., clarithromycin, erythromycin, 
telithromycin, 2) anti-arrhythmics, e.g., quinidine=>3-OH, 
3) benzodiazepines, e.g., alprazolam, diazepam >30H. 
midazolam, triazolam, 4) immune modulators, e.g., 
cyclosporine, tacrolimus (FK506), 5) HIV antivirals, e.g., 
indinavir, nelfinavir, ritonavir, saquinavir. 6) prokinetic, e.g., 
cisapride, 7) antihistamines, e.g., astemizole, chlorpheni 
ramine, terfenidine, 8) calcium channel blockers, e.g., amlo 
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dipine, diltiazem, felodipine, lercanidipine, nifedipine, 
nisoldipine, nitrendipine, Verapamil. 9). HMG CoA reductase 
inhibitors, e.g., atorvastatin, cerivastatin, lovastatin, simv 
astatin, or 10) steroid 6beta-OH, e.g., estradiol, hydrocorti 
Sone, progesterone, testosterone. 
0492. In still yet another embodiment, non-limiting 
examples of Suitable combinations include combinations of 
one or more compounds of the present invention with one or 
more compounds selected from the group consisting of 
alfentanyl, aprepitant, aripiprazole, buspirone, cafergot, 
caffeine=>TMU, cilostazol, cocaine, codeine-N-demethyl 
ation, dapsone, dextromethorphan, docetaxel, domperidone, 
eplerenone, fentanyl, finasteride, gleevec, haloperidol, iri 
notecan, LAAM, lidocaine, methadone, nateglinide, odane 
stron, pimozide, propranolol, quetiapine, quinine, salmet 
erol, Sildenafil. Sirolimus, tamoxifen, taxol, terfenadine, 
traZodone, Vincristine, Zaleplon, and Zolpidem or a combi 
nation thereof. 

0493. In still yet another embodiment, non-limiting 
examples of Suitable combinations include combinations of 
one or more compounds of the present invention with one or 
more HIV protease inhibiting compounds, HIV non-nucleo 
side inhibitors of reverse transcriptase, HIV nucleoside 
inhibitors of reverse transcriptase, HIV nucleotide inhibitors 
of reverse transcriptase, HIV integrase inhibitors, gp41 
inhibitors, CXCR4 inhibitors, gp120 inhibitors, CCR5 
inhibitors, and other drugs for treating HIV, interferons, 
ribavirin analogs, HCV NS3 protease inhibitors, alpha 
glucosidase 1 inhibitors, hepatoprotectants, nucleoside or 
nucleotide inhibitors of HCV, non-nucleoside inhibitors of 
HCV, and other drugs for treating HCV. 
0494 More specifically, one or more compounds of the 
present invention may be combined with one or more 
compounds selected from the group consisting of 1) ampre 
navir, atazanavir, fosamprenavir, indinavir, lopinavir, rito 
navir, nelfinavir, saquinavir, tipranavir, brecanavir, daruna 
vir, TMC-126, TMC-114, mozenavir (DMP-450), JE-2147 
(AG1776), L-756423, ROO334649, KNI-272, DPC-681, 
DPC-684, GW640385X, DG17, GS-8374, PPL-100, DG35, 
and AG 1859, 2) a HIV non-nucleoside inhibitor of reverse 
transcriptase, e.g., capravirine, emivirine, delaviridine, efa 
virenz, nevirapine, (+) calanolide A, etravirine, GW5634, 
DPC-083, DPC-961, DPC-963, MIV-150, and TMC-120, 
TMC-278 (rilpivirene), efavirenz, BILR 355 BS, VRX 
840773, UK-453061, and RDEA806, 3) a HIV nucleoside 
inhibitor of reverse transcriptase, e.g., Zidovudine, emitric 
itabine, didanosine, stavudine, Zalcitabine, lamivudine, aba 
cavir, amdoxovir, elvucitabine, alovudine, MIV-210, racivir 
(t-FTC), D-da-FC, emitricitabine, phosphazide, fozivudine 
tidoxil, apricitibine (AVX754), GS-7340, KP-1461, and 
fosalvudine tidoxil (formerly HDP 99.0003), 4) a HIV 
nucleotide inhibitor of reverse transcriptase, e.g., tenofovir 
disoproxil fumarate and adefovir dipivoxil, 5) a HIV inte 
grase inhibitor, e.g., curcumin, derivatives of curcumin, 
chicoric acid, derivatives of chicoric acid,3,5-dicaffeoylqui 
nic acid, derivatives of 3,5-dicaffeoylquinic acid, aurintri 
carboxylic acid, derivatives of aurintricarboxylic acid, caf 
feic acid phenethyl ester, derivatives of caffeic acid 
phenethyl ester, tyrphostin, derivatives of tyrphostin, quer 
cetin, derivatives of quercetin, S-1360, Zintevir (AR-177), 
L-870812, and L-870810, MK-0518 (raltegravir), elvitegra 
vir, BMS-538158, GSK364735C, BMS-707035, MK-2048, 
and BA 011, 6) a gp41 inhibitor, e.g., enfuvirtide, sifuvirtide, 
FB006M, and TRI-1144, 7) a CXCR4 inhibitor, e.g., AMD 
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070, 8) an entry inhibitor, e.g., SPO1A, 9) a gp120 inhibitor, 
e.g., BMS-488043 or Block Aide/CR, 10) a G6PD and 
NADH-oxidase inhibitor, e.g., immunitin, 11) a CCR5 
inhibitor, e.g., aplaviroc, vicriviroc, maraviroc. PRO-140, 
INCB15050, PF-232798 (Pfizer), and CCR5mAb004, 12) 
other drugs for treating HIV, e.g., BAS-100, SPI-452, REP 
9, SP-01A, TNX-355, DES6, ODN-93, ODN-112, VGV-1, 
PA-457 (bevirimat), Ampligen, HRG214, Cytolin, VGX 
410, KD-247, AMZ 0026, CYT 99007 A-221 HIV, DEBIO 
025, BAY 50-4798, MDX010 (ipilimumab), PBS 119, ALG 
889, and PA-1050040 (PA-040), 13) an interferon, e.g., 
pegylated riFN-alpha 2b, pegylated riFN-alpha 2a, rIFN 
alpha 2b, rIFN-alpha 2a, consensus IFN alpha (infergen), 
feron, reaferon, intermax alpha, r-IFN-beta, infergen--actim 
mune, IFN-omega with DUROS, albuferon, locteron, Albuf 
eron, Rebif, Oral interferon alpha, IFNalpha-2b XL, AVI 
005, PEG-Infergen, and Pegylated IFN-beta, 14) a ribavirin 
analog, e.g., rebetol, copegus, Viramidine (taribavirin), 15) a 
NS5b polymerase inhibitor, e.g., NM-283, valopicitabine, 
R1626, PSI-6130 (R1656), HCV-796, BILB 1941, XTL 
2125, MK-0608, NM-107, R7128 (R4048), VCH-759, 
PF-868554, and GSK625433, 16) A NS3 protease inhibitor, 
e.g., SCH-503034 (SCH-7), VX-950 (telaprevir), BILN 
2065, BMS-605339, and ITMN-191, 17) an alpha-glucosi 
dase 1 inhibitor, e.g., MX-3253 (celgosivir), UT-231B, 18) 
hepatoprotectants, e.g., IDN-6556, ME 3738, LB-84451, 
and Mito O. 19) a non-nucleoside inhibitor of HCV, e.g., 
benzimidazole derivatives, benzo-1,2,4-thiadiazine deriva 
tives, phenylalanine derivatives, A-831, GS-9190, and 
A-689; and 20) other drugs for treating HCV, e.g., Zadaxin, 
nitazoxanide (alinea), BIVN-401 (virostat), PYN-17 (al 
tirex), KPE02003002, actilon (CPG-10101), KRN-7000, 
civacir, GI-5005, ANA-975, XTL-6865, ANA 971, NOV 
205, tarvacin, EHC-18, NIM811, DEBIO-025, VGX-410C, 
EMZ-702, AVI 4065, Bavituximab, Oglufanide, and 
VX-497 (merimepodib). 
0495. It is also contemplated that the compounds of the 
present invention can be used with any other active thera 
peutic agent or ingredient which is appreciably metabolized 
by cytochrome P450 monooxygenase enzymes, e.g. 
cytochrome P450 monooxygenase 3A, thereby reducing the 
amount or rate at which the other active therapeutic agent or 
ingredient is metabolized, whereby the pharmacokinetics of 
the other active therapeutic agent or ingredient is improved. 
Such improvements can include elevating the blood plasma 
levels of the other therapeutic agent or ingredient or main 
taining a more therapeutically effective blood plasma level 
of the other therapeutic active agent or ingredient-compared 
to blood plasma levels of the other therapeutic agent or 
ingredient administered without the compound of the pres 
ent invention. 

0496. It is also possible to combine any compound of the 
invention with one or more other active therapeutic agents in 
a unitary dosage form for simultaneous or sequential admin 
istration to a patient. The combination therapy may be 
administered as a simultaneous or sequential regimen. When 
administered sequentially, the combination may be admin 
istered in two or more administrations. 

0497 Co-administration of a compound of the invention 
with one or more other active therapeutic agents generally 
refers to simultaneous or sequential administration of a 
compound of the invention and one or more other active 
therapeutic agents, such that therapeutically effective 
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amounts of the compound of the invention and one or more 
other active therapeutic agents are both present in the body 
of the patient. 
0498 Co-administration includes administration of unit 
dosages of the compounds of the invention before or after 
administration of unit dosages of one or more other active 
therapeutic agents, for example, administration of the com 
pounds of the invention within seconds, minutes, or hours of 
the administration of one or more other active therapeutic 
agents. For example, a unit dose of a compound of the 
invention can be administered first, followed within seconds 
or minutes by administration of a unit dose of one or more 
other active therapeutic agents. Alternatively, a unit dose of 
one or more other therapeutic agents can be administered 
first, followed by administration of a unit dose of a com 
pound of the invention within seconds or minutes. In some 
cases, it may be desirable to administer a unit dose of a 
compound of the invention first, followed, after a period of 
hours (e.g., 1-12 hours), by administration of a unit dose of 
one or more other active therapeutic agents. In other cases, 
it may be desirable to administer a unit dose of one or more 
other active therapeutic agents first, followed, after a period 
of hours (e.g., 1-12 hours), by administration of a unit dose 
of a compound of the invention. 
0499. The combination therapy may provide “synergy’ 
and “synergistic effect”, i.e. the effect achieved when the 
active ingredients used together is greater than the sum of 
the effects that results from using the compounds separately. 
A synergistic effect may be attained when the active ingre 
dients are: (1) co-formulated and administered or delivered 
simultaneously in a combined formulation; (2) delivered by 
alternation or in parallel as separate formulations; or (3) by 
some other regimen. When delivered in alternation therapy, 
a synergistic effect may be attained when the compounds are 
administered or delivered sequentially, e.g., in separate 
tablets, pills or capsules, or by different injections in separate 
Syringes. In general, during alternation therapy, an effective 
dosage of each active ingredient is administered sequen 
tially, i.e. serially, whereas in combination therapy, effective 
dosages of two or more active ingredients are administered 
together. 
0500. In yet another embodiment, the present application 
provides a method for improving the pharmacokinetics of a 
drug which is metabolized by cytochrome P450 monooxy 
genase, comprising administering to a patient treated with 
said drug, a therapeutically effective amount of a compound 
of the present invention, or a pharmaceutically acceptable 
salt, solvate, and/or ester thereof. 
0501. In yet another embodiment, the present application 
provides a method for improving the pharmacokinetics of a 
drug which is metabolized by cytochrome P450 monooxy 
genase, comprising administering to a patient treated with 
said drug, a therapeutically effective amount of a combina 
tion comprising said drug and a compound of the present 
invention, or a pharmaceutically acceptable salt, Solvate, 
and/or ester thereof. 

0502. In yet another embodiment, the present application 
provides a method for improving the pharmacokinetics of a 
drug which is metabolized by cytochrome P450 monooxy 
genase 3A, comprising administering to a patient treated 
with said drug, a therapeutically effective amount of a 
compound of the present invention, or a pharmaceutically 
acceptable salt, Solvate, and/or ester thereof. 
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0503. In yet another embodiment, the present application 
provides a method for increasing blood plasma levels of a 
drug which is metabolized by cytochrome P450 monooxy 
genase, comprising administering to a patient treated with 
said drug, a therapeutically effective amount of a compound 
of the present invention, or a pharmaceutically acceptable 
salt, solvate, and/or ester thereof. 
0504. In yet another embodiment, the present application 
provides a method for increasing blood plasma levels of a 
drug which is metabolized by cytochrome P450 monooxy 
genase, comprising administering to a patient treated with 
said drug, a therapeutically effective amount of a combina 
tion comprising said drug and a compound of the present 
invention, or a pharmaceutically acceptable salt, Solvate, 
and/or ester thereof. 
0505. In yet another embodiment, the present application 
provides a method for increasing blood plasma levels of a 
drug which is metabolized by cytochrome P450 monooxy 
genase 3A, comprising administering to a patient treated 
with said drug, a therapeutically effective amount of a 
compound of the present invention, or a pharmaceutically 
acceptable salt, Solvate, and/or ester thereof. 
0506. In yet another embodiment, the present application 
provides a method for increasing blood plasma levels of a 
drug which is metabolized by cytochrome P450 monooxy 
genase, comprising administering to a patient treated with 
said drug, a therapeutically effective amount of a compound 
of the present invention, or a pharmaceutically acceptable 
salt, solvate, and/or ester thereof, and wherein the amount of 
the compound of the present invention administered is 
effective to inhibit cytochrome P450 monooxygenase. 
0507. In yet another embodiment, the present application 
provides a method for inhibiting cytochrome P450 
monooxygenase in a patient comprising administering to a 
patient in need thereof an amount of a compound of the 
present invention, or a pharmaceutically acceptable salt, 
solvate, and/or ester thereof, effective to inhibit cytochrome 
P450 monooxygenase. 
0508. In yet another embodiment, the present application 
provides a method for inhibiting cytochrome P450 
monooxygenase 3A in a patient comprising administering to 
a patient in need thereof an amount of a compound of the 
present invention, or a pharmaceutically acceptable salt, 
solvate, and/or ester thereof, effective to inhibit cytochrome 
P450 monooxygenase 3A. 
0509. In yet another embodiment, the present application 
provides a method for inhibiting cytochrome P450 
monooxygenase comprising contacting cytochrome P450 
monooxygenase with an amount of a compound of the 
present invention, or a pharmaceutically acceptable salt, 
solvate, and/or ester thereof, effective to inhibit cytochrome 
P450 monooxygenase. 
0510. In yet another embodiment, the present application 
provides a method for inhibiting cytochrome P450 
monooxygenase 3A comprising contacting cytochrome 
P450 monooxygenase 3A with an amount of a compound of 
the present invention, or a pharmaceutically acceptable salt, 
solvate, and/or ester thereof, effective to inhibit cytochrome 
P450 monooxygenase 3A. 
0511. In yet another embodiment, the present application 
provides a method for treating an HIV infection comprising 
administering to a patient in need thereof a therapeutically 
effective amount of a compound of the present invention, or 
a pharmaceutically acceptable salt, Solvate, and/or ester 
thereof, in combination with a therapeutically effective 
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amount of one or more additional therapeutic agents selected 
from the group consisting of HIV protease inhibiting com 
pounds, HIV non-nucleoside inhibitors of reverse tran 
scriptase, HIV nucleoside inhibitors of reverse transcriptase, 
HIV nucleotide inhibitors of reverse transcriptase, HIV 
integrase inhibitors, and CCR5 inhibitors. 
0512. In yet another embodiment, the present application 
provides a method for treating an HIV infection comprising 
administering to a patient in need thereof a therapeutically 
effective amount of a compound of the present invention, or 
a pharmaceutically acceptable salt, Solvate, and/or ester 
thereof, in combination with a therapeutically effective 
amount of one or more additional therapeutic agents selected 
from the group consisting of amprenavir, atazanavir, fosam 
prenavir, indinavir, lopinavir, ritonavir, nelfinavir, saquina 
vir, tipranavir, brecanavir, darunavir, TMC-126, TMC-114, 
mozenavir (DMP-450), JE-2147 (AG1776), L-75.6423, 
RO0334649, KNI-272, DPC-681, DPC-684, and 
GW640385X, DG17, PPL-100, DG35, AG 1859, capra 
Virine, emivirine, delaviridine, efavirenz, nevirapine, (+) 
calanolide A, etravirine, GW5634, DPC-083, DPC-961, 
DPC-963, MIV-150, TMC-120, TMC-278 (rilpivirene), efa 
virenz, BILR 355 BS, VRX 840773, UK-453061, 
RDEA806, zidovudine, emtricitabine, didanosine, stavu 
dine, Zalcitabine, lamivudine, abacavir, amdoxovir, elvucit 
abine, alovudine, MIV-210, racivir (+-FTC), D-da-FC, 
emtricitabine, phosphazide, fozivudine tidoxil, apricitibine 
(AVX754), amdoxovir, KP-1461, fosalvudine tidoxil (for 
merly HDP 99.0003), tenofovir disoproxil fumarate, adefo 
Vir dipivoxil, curcumin, derivatives of curcumin, chicoric 
acid, derivatives of chicoric acid, 3,5-dicaffeoylquinic acid, 
derivatives of 3,5-dicaffeoylquinic acid, aurintricarboxylic 
acid, derivatives of aurintricarboxylic acid, caffeic acid 
phenethyl ester, derivatives of caffeic acid phenethyl ester, 
tyrphostin, derivatives of tyrphostin, quercetin, derivatives 
of quercetin, S-1360, Zintevir (AR-177), L-870812, 
L-870810, MK-0518 (raltegravir), elvitegravir, BMS 
538158, GSK364735C, BMS-707035, MK-2048, and BA 
011, enfuvirtide, sifuvirtide, FB006M, and TRI-1144, AMD 
070, an entry inhibitor, SP01A, BMS-488043, Block Aide/ 
CR, a G6PD and NADH-oxidase inhibitor, immunitin, apla 
Viroc, Vicriviroc, maraviroc, maraviroc, PRO-140, 
INCB15050, PF-232798 (Pfizer), CCR5mAb004, BAS-100, 
SPI-452, REP 9, SP-01A, TNX-355, DES6, ODN-93, ODN 
112, VGV-1, PA-457 (bevirimat), Ampligen, HRG214, 
Cytolin, VGX-410, KD-247, AMZ 0026, CYT 99007 A-221 
HIV, DEBIO-025, BAY 50-4798, MDX010 (ipilimumab), 
PBS 119, ALG 889, and PA-1050040 (PA-040). 
0513. In yet another embodiment, the present application 
provides a method for treating an HCV infection comprising 
administering to a patient in need thereof a therapeutically 
effective amount of a compound of the present invention, or 
a pharmaceutically acceptable salt, Solvate, and/or ester 
thereof, in combination with a therapeutically effective 
amount of one or more additional therapeutic agents selected 
from the group consisting of pegylated rFN-alpha 2b, 
pegylated rIFN-alpha 2a, rIFN-alpha 2b, rIFN-alpha 2a, 
consensus IFN alpha (infergen), feron, reaferon, intermax 
alpha, r-IFN-beta, infergen--actimmune, IFN-omega with 
DUROS, locteron, albuferon, rebif, Oral interferon alpha, 
IFNalpha-2b XL, AVI-005, PEG-Infergen, and pegylated 
IFN-beta, rebetol, copegus, viramidine (taribavirin), 
NM-283, valopicitabine, R1626, PSI-6130 (R1656), HCV 
796, BILB 1941, XTL-2125, MK-0608, NM-107, R7128 
(R4048), VCH-759, PF-868554, GSK625433, SCH-503034 
(SCH-7), VX-950 (telaprevir), BILN-2065, BMS-605339, 
ITMN-191, MX-3253 (celgosivir), UT-231B, IDN-6556, 
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ME 3738, LB-84451, MitoG, benzimidazole derivatives, 
benzo-1,2,4-thiadiazine derivatives, phenylalanine deriva 
tives, A-831, A-689, Zadaxin, nitazoxanide (alinea), BIVN 
401 (virostat), PYN-17 (altirex), KPE02003002, actilon 
(CPG-10101), KRN-7000, civacir, GI-5005, ANA-975, 
XTL-6865, ANA 971, NOV-205, tarvacin, EHC-18, 
NIM811, DEBIO-025, VGX-410C, EMZ-702, AVI 4065, 
Bavituximab, Oglufanide, and VX-497 (merimepodlib). 
0514. In still yet another embodiment, the present appli 
cation provides for the use of a compound of the present 
invention, or a pharmaceutically acceptable salt, Solvate, 
and/or ester thereof, for the preparation of a medicament for 
inhibiting cytochrome P450 monooxygenase in a patient. 
0515. In still yet another embodiment, the present appli 
cation provides for the use of a compound of the present 
invention, or a pharmaceutically acceptable salt, Solvate, 
and/or ester thereof, for the preparation of a medicament for 
treating an HIV infection. 

0516. In still yet another embodiment, the present appli 
cation provides for the use of a compound of the present 
invention, or a pharmaceutically acceptable salt, Solvate, 
and/or ester thereof, for the preparation of a medicament for 
increasing blood plasma levels of the drug which is metabo 
lized by cytochrome P450 monooxygenase. 
0517. In still yet another embodiment, the present appli 
cation provides for the use of a compound of the present 
invention, or a pharmaceutically acceptable salt, Solvate, 
and/or ester thereof, for the preparation of a medicament for 
improving the pharmacokinetics of a drug which is metabo 
lized by cytochrome P450 monooxygenase. 

EXAMPLES 

Preparation of Example A 

0518 

Scheme 1 

Ph 
O Y O 

N 

N Ynks r O OH Np, % 
1 

S 

2\l 2\, 1s 75o C. 
S. \-/ 

Ph 
O Y O 

N 

N Ynks O S H H O r 

N 

2 

SHAAIBN115° C. 

Ph 

N sn1n 1\ 1. r > 
Example A 
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Compound 2 
0519. To a solution of Compound 1 (ritonavir) (1.8g, 2.5 
mmol) in 1,2-dichloroethane (15 mL) was added 1,1'-thio 
carbonyldiimidazole (890 mg, 5.0 mmol). The mixture was 
heated at 75° C. for 6 hours and cooled to 25° C. Evapo 
ration under reduced pressure gave a white solid. Purifica 
tion by flash column chromatography (stationary phase: 
silica gel; eluent: EtOAc) gave Compound 2 (1.6 g). m/z. 
831.1 (M+H)". 

Example A 
0520. To the refluxing solution of tributyltin hydride 
(0.78 mL, 2.9 mmol) in toluene (130 mL) was added a 
solution of Compound 2 (1.6 g. 1.9 mmol) and 2,2'-azobi 
sisobutyronitrile (31 mg, 0.19 mmol) in toluene (30 mL) 
over 30 minutes. The mixture was heated at 115° C. for 6 
hours and cooled to 25° C. Toluene was removed under 
reduced pressure. Purification by flash column chromatog 
raphy (stationary phase: silica gel; eluent: hexane/EtOAc=1/ 
10) gave Example A (560 mg). m/z: 705.2 (M+H). 
'H-NMR (CDC1) & 8.79 (1H, s), 7.82 (1H, s), 7.26-7.05 
(10H, m), 6.98 (1H, s), 6.28 (1H, m), 6.03 (1H, m), 5.27 (1H, 
m), 5.23 (2H, s), 4.45-4.22 (2H, m), 4.17 (1H, m), 3.98 (1H, 
m), 3.75 (1H, m), 3.25 (1H, m), 2.91 (3H, s), 2.67 (4H, m), 
2.36 (1H, m), 1.6-1.2 (10H, m), 0.85 (6H, m). 

Preparation of Example B 

0521 

Scheme 2 

Ph 
N 

OH 
S Np, 

1 

Example B 

Example B 

0522 To a solution of Compound 1 (ritonavir) (98 mg, 
0.136 mmol) in dichloromethane (4 mL) was added Dess 
Martin periodinane (61 mg, 0.143 mmol). The mixture was 
stirred at room temperature for 6 hours. The mixture was 
then partitioned between dichloromethane and brine, the 
dichloromethane layer was separated, dried and evaporated 
to dryness. Purification with CombiFlashR) (stationary 
phase: silica gel; eluent: 40-80% EtOAc/Hexane gradient) 
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gave Example B as a white solid. Example B was further 
purified by trituration with MeOH/hexane to give 83 mg of 
a white solid, m/z. 719 (M+H)". 

Preparation of Example C 
0523 

Scheme 3 

HCI 

N Cl I 
( -- 
S 

3 

I. cyclopropylamine, MeCN, rt 

Compound 3 
0524 Compound 3 was prepared according to the pro 
cedures of J. Med. Chem. 1998, 41, 602, herein incorporated 
by reference in its entirety for all purposes. 

---, rt 
Compound 4 

0525. A flask was charged with cyclopropylamine (8.2 
mL, 117.8 mmol) at room temperature. A solution of Com 
pound 3 (1 g, 4.71 mmol) in Mecn (8.5 mL) was added 
dropwise over 5 min. to produce a clear yellow solution that 
was allowed to stand at room temperature overnight. Vola 
tiles were removed in vacuo, and the resulting residue was 
purified via silica gel chromatography (gradient elution, 0 to 
50% EtOAc/hexane) to afford 0.65 g (70%) of 4 as a yellow 
liquid (LC/MS m/z 197 (M+H)"; 218 (M+Na)"). 
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II, rt, DCM; III, 1M LiOH, THF/HO 

IV. EDC, HOBt, DDPEA,THF 
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Compound 5 

0526 Compound 5 was purchased from Aldrich or alter 
natively prepared according to the procedures of J. Org. 
Chem. 1994, 59, 1937, herein incorporated by reference in 
its entirety for all purposes. 

Compound 6 

0527 To a solution of Compound 4 in DCM (3 mL) at 
room temperature was added 5 (0.1 mL, 0.695 mmol). The 
resulting clear Solution was allowed to stand at room tem 
perature for 2 h. The solvent was removed in vacuo, and the 
residue was chromatographed directly using silica gel chro 
matography (gradient elution, 0 to 50% EtOAc/hexane) to 
produce 0.218 g (89%) of 6 (LC/MS m/z. 354 (M+H)"; 729 
(2M--Na)") as a colorless glass. 

Compound 7 

0528 Compound 6 was taken up in THF (5 mL) at room 
temperature, and LiOH (1 M in HO) was added. The 
resulting reaction mixture was then stirred vigorously for 1.5 
h. The reaction mixture was acidified with 1M HCl to a pH 
of 3 (monitored using pH test strips). The acidified reaction 
mixture was then extracted several times with EtOAc. The 

combined organic phases were washed with brine, dried 
over anhydrous Na2SO4, and concentrated in vacuo to 
produce 0.20 g (quantitative yield) of 7 (LC/MS m/z 340 
(M+H)) as a colorless film. This material was used without 
further purification. 

Scheme 5 

Example C 
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Example C Example C as a fluffy white solid. (H-NMR (300 MHz, 
CDC1,) & 8.79 (s, 1H); 7.82 (s, 1H): 727-7.02 (m, 10H): 

(0529 Compounds 7 (0.034g, 0.100 mmol) and 8. (0.034 6.81 (s, 1H); 5.97 (brd, J–8.7 Hz, 1H); 5.76(brd, J–72 Hz, 
g, 0.083 mmol) were diluted in THF (2 mL) at room 1H); 5.21 (dt, J–7.5, 12.6 Hz, 2H), 5.02, brid, J–8.4 Hz, 1H); 
temperature. To the resulting solution were added N,N- 4.58 (s. 2H); 4.16 (m, 1H); 3.99 (brt, J=6.6 Hz, 1H); 3.79 
diisopropylethylamine (0.022 mL, 0.125 mmol), EDC (m. 1H); 3.27 (pent, J=6.6 Hz, 1H); 2.85-2.50 (m, 3H); 2.23 
(0.018 mL, 0.099 mmol) and HOBt (0.013 g, 0.099 mmol). (m. 1H); 1.82 (brs, 2H); 1.60- 1.22 (m, 4H); 1.36 (d. J=6.6 
The solution was then allowed to stand overnight at room Hz, 6H): 0.91 (d. J=6.6 Hz, 3H): 0.90-0.7 (m, 4H); 0.80 (d. 
temperature. The solvent was removed in vacuo and the J=6.6 Hz, 3H); LC/MS m/z 731 (M)). 
residue was taken up in Mecn (0.5 mL) and passed through 
an Acrodisc LC13 PVDF filter (0.45 uM) prior to purifica- Preparation of Examples D-I 
tion by preparatory HPLC to afford 0.043 g (71%) of 0530 

Scheme 6 
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Compound 9 
0531 Compound 9 was prepared according to the pro 
cedures of J. Med Chem. 1998, 41, 602. 

Compound 10 
0532. The structures of Compound 10 were prepared 
according to the procedures of J. Med. Chem. 1998, 41, 602. 

Compound 11 

0533. The structures of Compound 11 were purchased 
from Aldrich or prepared according to the procedures of J. 
Org. Chem. 1994, 59, 1937. 

Compound 12 

0534 Method 1: To a solution of Compound 9 (0.8 
mmol) in THF (2 mL) was added a carbamate of Compound 
10 (0.6 mmol), followed by DMAP (16 mg) and triethyl 
amine (0.25 mL). The resulting mixture was heated at 70° C. 
for two hours and diluted with EtOAc. The organic phase 
was separated, and washed sequentially with Saturated aque 
ous Na2CO, water, and brine, then concentrated under 
reduced pressure. Purification of the residue by flash column 
chromatography (silica gel, 1/1-1/3 hexanes/EtOAc gradi 
ent) gave compounds of Structure 12. 
0535 Method 2: To a solution of Compound 9 (2.4 
mmol) in CH2Cl (2 mL) was added an isocyanate of 
Compound 11 (2 mmol). The resulting mixture was stirred 
for 4 hours and concentrated. Purification of the residue by 
flash column chromatography (silica gel, hexane/EtOAC 
1/1-1/3) gave structures of Compound 12. 

Compound 13 

0536 To a solution of structures of Compound 12 (1.8 
mmol) in dioxane (8 mL) and water (8 mL) was added 
Sodium hydroxide (3.6 mmol). The resulting reaction mix 
ture was stirred for 1 hour and acidified with HCl in dioxane 
(3.6 mmol). The reaction mixture was extracted with EtOAc 
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and the organic phase was dried with anhydrous MgSO4. 
Concentration of the dried organic phase gave structures of 
Compound 13. 

Scheme 7 

ON NO 

Ol O O ls -- 
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ON 
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16 

I. EtNDCM 

Compound 16 
0537. To a solution of Compound 15 (obtained commer 
cially from Molekula) (17 mmol) in DCM (40 mL) was 
added Compound 14 (19 mmol), followed by triethylamine 
(26 mmol). The resulting reaction mixture was stirred for 12 
hour and concentrated under reduced pressure. The reaction 
mixture was diluted with EtOAc and washed sequentially 
with saturated aqueous NaCO, water, and brine. The 
solvent was removed under reduced pressure. Purification of 
the residue by flash column chromatography (silica gel. 
eluent: hexanes/EtOAc=1/1) gave Compound 16 (4.7 g). 

Ph Ph 

1 1. 

PetN-r-N Boc --- PetNu-r-N -e- 2NS-1-N-1N -- 1n N 1N NHBOc NH2 

Ph 
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continued 

HN 1so - W - N-1-1-sh / 
p1 

8 

O R "n O 
H S 

r N-1/ X o s N - Np, 
Examples: 
D: R = H 

E: R = CH3 
F: R = CHCH 
G: R = CH2OBn 
H: R = CH(O-t-Bu)CH 
I: R = CH(OH)CH 

I. a. n-BuLif-78° C.; b. i-BuAl(OMe); II. a. Ac2Opyridine; b. Na-Hg/MeOHTHF: III. Na/NH37-33 C.; 
IV. a. H2.10%Pd/C; b. TFADCM; V. 16.EtN: VI. acid of structure 13/EDCHOBt 

Compound 17 
0538 Compound 17 was prepared according to the pro 
cedures of Tetrahedron 1997, 53,4769, herein incorporated 
by reference in its entirety for all purposes. 

Compound 18 
0539 Compound 18 was prepared according to the pro 
cedures of J. Org. Chem. 1987, 52, 3759, herein incorpo 
rated by reference in its entirety for all purposes. 

Compound 19 

0540 A suspension of Compound 18 (7.4 mmol) in THF 
(200 mL) was heated under reflux until a clear solution was 
obtained. The solution was cooled to -78° C. and n-butyl 
lithium (14.8 mmol) was added dropwise to provide a 
solution of the dianion of sulfone 18. 

(0541. To a DIBAL-H solution (7.8 mmol) at 0°C. was 
added a solution of MeOH (7.8 mmol) in THF (5 mL). The 
mixture was stirred for 5 minutes and cooled to -78° C. A 
solution of Compound 17 (6.6 mmol) in THF (5 mL) was 
added to the above DIBAL-H/MeOH solution, and the 
resulting reaction mixture was stirred for another 5 minutes. 
The resulting solution of aldehyde complexes was trans 
ferred to solution of the dianion of sulfone 18. The resulting 
mixture was stirred at -78°C. for 30 minutes, quenched with 
an aqueous solution of NHCl, and warmed to 25°C. The 
mixture was then extracted with EtOAc, and concentrated to 
give Compound 19 as a mixture of diastereomers. (m/z. 
737.3 (M+Na)". 

Example 20 

(0542. To a solution of Compound 19 in DCM (20 mL) 
was added AcO (1.5 mL), followed by pyridine (3 mL). The 
resulting mixture was stirred for 12 hours and concentrated. 
The concentrate was dissolved in MeOH (30 mL) and 

cooled to 0°C. NaH2PO (4.9 g) was added to the solution, 
followed by freshly prepared Na-Hg (6%, 6 g). The resulting 
mixture was warmed to 25° C. and stirred for 12 hours. 
Water (50 mL) was then added, and the mixture was filtered 
and concentrated. The concentrate was diluted with EtOAc 
and washed with brine. The organic phase was concentrated. 
Purification by flash column chromatography (silica gel. 
eluent: hexanes/EtOAc=10/1) gave Compound 20 (1.4 g). 

Compound 21 
0543. To liquid ammonia (25 mL) at -33°C. was added 
a solution of Compound 20 (1.4 g) in THF (2.5 mL). Sodium 
was slowly added until the blue color of the solution 
persisted. The resulting mixture was stirred for 1 hour. Solid 
NHCl (6 g) was then added slowly, the mixture was 
warmed to 25°C., and the ammonia was evaporated. The 
mixture was diluted with EtOAc, and washed sequentially 
with water and brine. The solvent was removed under 
reduced pressure. Purification of the resulting residue by 
flash column chromatography (silica gel, eluent: hexanes/ 
EtOAc=5/1) gave Compound 21 (1.15 g). 

Compound 22 
(0544. A mixture of Compound 21 (1.15g) and 10% Pd/C 
(160 mg) in MeCH (20 mL) was hydrogenated for 12 hours. 
CELITE was added and the resulting mixture was stirred for 
5 minutes. The mixture was then filtered and concentrated to 
give an intermediate (1 g). The intermediate (700 mg) was 
dissolved in DCM (20 mL) and TFA (4 mL), and the 
resulting mixture was stirred for 4 hours, then concentrated 
under reduced pressure. The concentrated mixture was 
diluted with EtOAc, and washed sequentially with saturated 
aqueous NaCO, water, and brine. Concentration of the 
washed EtOAc mixture gave Compound 22 (420 mg). 

Compound 8 
0545. To a solution of Compound 22 (1.57 mmol) in 
CHCN (16 mL) was added Compound 16 (1.57 mmol), 
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followed by diisopropylethylamine (3.14 mmol). The result 
ing mixture was stirred for 12 hours. The mixture was then 
diluted with EtOAc, and washed sequentially with saturated 
aqueous NaCO, water and brine. Purification by reverse 
phase HPLC (Phenomenex SynergiR) Comb-HTS column, 
eluent: 25%-100% CHCN in water) gave Compound 8 (460 
mg). 

Example D 
(0546) To the solution of Compound 13a (R—H; 0.08 
mmol) and Compound 8 (0.06 mmol) in THF (1 mL) were 
added HOBt (15 mg), EDC (26 mg), and disopropylethyl 
amine (0.25 mL). The mixture was stirred for 12 hours and 
concentrated. Purification by reverse phase HPLC (Phenom 
enex SynergiR) Comb-HTS column, eluent: 25%-100% 
CHCN in water) gave Example D (27 mg). m/z 663.1 
(M+H)". H-NMR (CDC1,) & 8.79 (1H, s), 7.83 (1H, s), 
7.25-7.04 (10H, m), 6.98 (1H, s), 6.25 (1H, m), 5.25 (3H, 
m), 4.40 (2H, s), 4.12 (1H, m), 3.8 (3H, m), 3.22 (1H, m), 
2.95 (3H, s), 2.70 (4H, m), 1.60 (4H, m), 1.26 (6H, d, J=7 
Hz). 

Example E 
0547 Example E was prepared following the procedure 
for Example D (30 mg), except that Compound 13b was 
used instead of Compound 13.a. m/z 677.1 (M+H)". 

Example F 
0548 Compound F was prepared following the proce 
dure for Example D (40 mg), except that Compound 13c was 
used instead of Compound 13.a. m/z 691.2 (M--H)". 
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(10H, m), 6.98 (1H, s), 6.35 (1H, m), 6.23 (1H, m), 5.24 (2H, 
s), 5.12 (1H, m), 4.34 (2H, s), 4.10 (2H, m), 3.78 (1H, m), 
3.23 (1H, m), 2.90 (3H, s), 2.68 (4H, m), 1.90 (2H, m), 
1.7-1.4 (4H, m), 1.36 (6H, d, J=7.0 Hz), 0.90 (3H, t, =7.3 
Hz) 

Example G 

0549. Example G was prepared following the procedure 
for Example D (84 mg), except that Compound 13d was 
used instead of Compound 13.a. m/z. 783.2 (M+H)". 

Example H 

0550 Example H was prepared following the procedure 
for Example D (90 mg), except that Compound 13e was 
used instead of Compound 13.a. m/z. 763.2 (M+H)". 

Example I 

0551 Example H (24 mg) was dissolved in TFA (2 mL) 
and the mixture was stirred for 12 hours, then concentrated. 
Purification by reverse phase HPLC (Phenomenex SynergiR) 
Comb-HTS column, eluent: 25%-100% CHCN in water) 
gave Example I (14 mg), m/z. 707.2 (M+H)". "H-NMR 
(CDC1) & 8.82 (1H, s), 7.85 (1H, s), 7.26-7.04 (10H, m), 7.0 
(1H, s), 5.25 (2H, s), 4.86 (1H, m), 4.56 (1H, m), 4.37 (2H, 
m), 4.13 (1H, m), 4.06 (1H, m), 3.86 (1H, m), 3.32 (1H, m), 
2.99 (3H, s), 2.8-2.6 (4H, m), 1.6-1.4 (4H, m), 1.37 (6H, m), 
1.15 (3H, m). 

Preparation of Example J 

'H-NMR (CDC1) & 8.80 (1H, s), 7.83 (1H, s), 7.25-7.06 0552) 

Scheme 9 

-" O O O 

s S ls 2NS-1-N-1 n ls N ~us NH r X r N OH 
N RN 

p1 
8 23 

Ph 

I.EDCHOBt 

Example J 
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Example J 
0553 Compound 23 was prepared following the proce 
dure for Compound 13, with the exception that methyl 
3-isocyanatopropionate was used instead of Compound 11. 
0554 Example J was prepared following the procedure 
for Example D (37 mg), except that Compound 23 was used 
instead of Compound 13.a. m/z 677.2 (M+H)". 

Preparation of Example K 

Jun. 8, 2017 

followed by triphenylphosphine (1.06 g. 4.0 mmol). The 
mixture was stirred for 12 hours. Solvents were removed and 

the mixture was dried to give Compound 3b, which was used 
for next step without further purification. 

Compound 3c 

0558 To a solution of triphosgene (110 mg, 0.37 mmol) 
in CHCl (2 mL) at 0°C. was added a solution of Com 

0555 pound 3b (1 mmol) and iPrNEt (0.38 mL, 2.2 mmol) in 

Scheme 10 

^^a I ^^s. II ^^s, III -- -as- -- 

RN RN RN 

3 3a 3b 

O 

ull love is OMe - He 

^^ N H FN O 

3c 
Ph 

E O 

"N-1/ NH O X 
E N 

O p1 

l OH 8 e 
^^ N V H RN O 

3d 
Ph 

O N O 

1. NaN/DMF; II. PPh3 H2O. III.a. C13COCOOCC1; b.HC1 NH2CHiPr0OEt; 
IV. a. NaOH: b. HC1; V. EDC/HOBt compound 8 

Example K 

Compound 3a 
0556 Compound 5a was prepared following the litera 
ture procedure of Synthesis 823, 1976, herein incorporated 
by reference in its entirety for all purposes. 

Compound 3b 
0557. To the solution of Compound 3a (700 mg, 3.9 
mmol) in THF (10 mL) was added water (69 uL, 3.9 mmol), 

CHCl (3.5 mL) over 30 minutes period. The mixture was 
stirred for 30 minutes, and a solution of amino N-methyl 
leucine methyl ester HCl salt (182 mg, 1 mmol) and iPrNEt, 
(0.34 mL, 2.2 mmol) in CHCl (2 mL) was added. The 
mixture was stirred for 12 hours, and diluted with EtOAc. 
The solution was washed with sat. NaCO (2x), water (2x), 
and brine, and dried over Na2SO4. Concentration and puri 
fication with silica gel flash column gave Compound 5c (300 
mg). 
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Compound 3d 

0559 
dure for Compound 13, with the exception that Compound 

Compound 3d was prepared following the proce 

3c was used instead of Compound 12. 

Example K 

0560 
for Example D (7 mg), except that Compound 3d was used 
instead of Compound 13a, m/z. 705.2 (M+H)". H-NMR 
(CDC1) & 8.8 (1H, m), 7.86 (1H, s), 7.26-6.8 (11H, m), 6.10 
(1H, m), 5.5-5.10 (4H, m), 4.46 (2H, m), 4.2-3.75 (3H, m), 
3.25 (1H, m), 2.82/2.4 (3H), 2.8-2.5 (4H, m), 2.17 (1H, m), 
1.7-1.2 (10H, m), 0.8 (6H, m). 

Example K was prepared following the procedure 

Preparation of Example L 

0561 

Scheme 11 

- Ph ON O 

HN O S 2 n-n-nnn, ory 
S N p1 

16 
22 

Phas O 
N -os-N-N-N.1 / . \ n- Nu-1-1 n (n-yr-sury 

O NPh 
Example L 

I. EtsN 

Example L 

0562. To a solution of Compound 22 (1.57 mmol) in 
CHCN (16 mL) was added Compound 16 (3.14 mmol), 
followed by triethylamine (4.71 mmol). The resulting mix 
ture was stirred for 12 hours. The reaction mixture was 

diluted with EtOAc and washed sequentially with saturated 
aqueous NaCO, water, and brine. The solvent was 
removed under reduced pressure. Purification of the residue 
by flash column chromatography (silica gel, eluent: hexanes/ 
EtOAc=1/1) gave Example L (460 mg). m/z. 551.2 (M--H). 
(CDC1) & 8.81 (2H, s), 7.85 (2H, s), 7.26-7.0 (10H, m), 5.24 
(4H, s), 4.50 (2H, m), 3.87 (2H, m), 2.73 (4H, m), 1.4-1.2 
(4H, m). 
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Alternate Preparation of Compound 22 

0563 

Scheme 12 

27 

22 

I, TCDITHF/65° C.; II, P(OEt)/160° C.; III, 10%Pd/Ci-ProHEtOAc 

Compound 25 

0564 Compound 25 was prepared following the litera 
ture procedure described in J. Org. Chem. 1996, 61, 444 
(herein incorporated by reference in its entirety), except that 
the L-isomer was prepared instead of the D-isomer. 

Compound 26 

0565. A mixture of Compound 25 (7.4 g) and 1,1'- 
thiocarbonyldiimidaxole (4.5 g) in THF (260 mL) was 
heated at 65° C. for 54 hours. Solvent was removed from the 
mixture under reduced pressure. Purification by flash col 
umn chromatography (silica gel, hexanes/EtOAc=1/1) gave 
Compound 26 (7.33 g). 

Compound 27 

0566. The mixture of Compound 26 (7.3 g) and triethyl 
phosphite (100 mL) was heated at 160° C. for 4 hours. 
Excess reagents were removed under reduced pressure. 
Purification by flash column chromatography (silica gel. 
hexanes/EtOAc=3/1) gave Compound 27 (5 g). 
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Compound 22 

0567 A mixture of Compound 27 (250mg) in i-PrCH/ 
EtOAc (5 mL/5 mL) was hydrogenated for 14 hours in the 
presence of 10% Pd/C (75 mg). CELITE was added to the 
mixture, and the mixture was stirred for 5 minutes. Filtration 
and evaporation of solvents gave Compound 22 (116 mg). 
0568. The skilled practitioner will recognize that the 
procedure outlined in Scheme 12 can be used to prepare a 
variety of 1,4-substituted 1,4-diamines analogous to Com 
pound 22. For example, an amine-protected 2,3-dihydroxy 
1,4-diamine analogous to Compound 25 can be prepared: 

Analogs of Compound 25 

(L-Ar), 
- A 

OH L3 
H 

P-N 
N-P 
H 

L3 OH 

r 
(L'-Ar), 

0569 wherein L, A, Ar, and Pare as defined herein, and 
protecting group “P” is any amine protecting group 
described in described in Protective Groups in Organic 
Synthesis, Theodora W. Greene and Peter G. M. Wuts (John 
Wiley & Sons, Inc., New York, 1999, ISBN 0-471-16019-9). 
which is herein incorporated by reference in its entirety for 
all purposes. The analogs of Compound 25 can then be 
transformed, according to the methods outlined in Scheme 
12, to form analogs of Compound 26: 

Analogs of Compound 26 
(L-Ar): 

S 

O - 
H 

P-N SP N-P H 
L3 O 

(L-Ar), 

0570 analogs of Compound 27: 

(L-Ar). 

- 
P 

N N-P 
H 

L3 

r 
(L-Ar) 

Analogs of Compound 27 

96 
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and 

0571 analogs of Compound 22: 

(L-Ar). 
A 

(L-Ar), 
Analogs of Compound 22 

Preparation of Examples M and N 

0572 

Scheme 13 

O 

or- --> 
O RN 

28 

O 

ls OH 
^^ N H 
FN 

29 

I. a. LiOH, THF/H2O, 25°C.; b. HC1 

Compound 29 

0573 Compound 28 was prepared using a procedure 
similar to that used to prepare Compound 6 (described in 
Scheme 4) except that Compound 9 was used instead of 
Compound 4. 
(0574) To a solution of Compound 28 (0.757 g, 2.31 
mmol) in THF (9 mL) at room temperature was added 
freshly prepared 1M LiOH (4.6 mL, 4.6 mmol). After 1.5 h, 
1 M HCl (7 mL, 7 mmol) was added and the reaction 
mixture extracted thoroughly with EtOAc (5x15 mL). The 
combined organic layers were dried over anhydrous NaSO 
and the volatiles removed in vacuo to afford 0.677 g (93%) 
of Compound 29 as a colorless glassy solid (LC/MS m/z. 
314.0 (M--H)") that was used in the following procedures 
without further purification. 
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-continued 
Scheme 14 Ph 

HN N-1NoH - I - HN 

38 

I. a. PhCHO, MeOH; b. NaBH4; c. BocO, THF/H2O. II. PyroSO, 
EtN, DMSO 0°C. III. n-BuLi, MeOAl(i-Bu)2, THF, -78°C. IV. a. Ac2O, 
pyr, CH2Cl2, b. 6% NaHg, Na2HPO, MeOH. V.H.2, 10% Pd/C, MeOH. 
VI. NaNH, THF, -35°C., VII.20% TFADCM. 

Compound 30 
0575 Compound 30 was purchased from Aldrich Chemi 
cal Co., and used without further purification. 

Compound 31 

(0576. To a solution of Compound 30 (8.25 g, 80 mmol) 
in MeOH (50 mL), was added benzaldehyde (8.1 mL, 80 
mmol) and the resulting solution was allowed to stir at room 
temperature. After 2 h, the reaction mixture was cooled to 0° 
C. and NaBH (3.33 g, 88 mmol) was added in portions. 
After allowing the reaction mixture to warm to room tem 
perature over 2 h, glacial acetic acid (2 mL) was added. The 
resulting viscous solution was concentrated in vacuo. EtOAc 
and H2O (50 mL each) were added and the aqueous phase 

E SOPh was extracted with EtOAc. The combined organic phases 
were washed with saturated NaHCO, brine, and concen 

r trated in vacuo. The resulting material was taken up in THF 
(25 mL) and HO (25 mL) at room temperature and BocO 
(15.1 g, 69.2 mmol) was added to produce an opaque 

-Ph Suspension that was stirred vigorously for 2 h at room 
temperature. THF was removed in vacuo, and the aqueous 

-N S. V layer was extracted with EtOAc. The combined organic 
NHBoc --> layers were washed with brine and dried over anhydrous 

i MgSO and concentrated in vacuo. Chromatography on 
r SiO, (3/1 Hex/EtOAC) afforded 18.5 g (79%) of Compound 

34 

31 as a colorless oil (LC/MS m/z 293.9 (M+H)". 

35 Compound 32 

Boc 1 0577 Compound 31 (5.95 g, 20.3 mmol) and EtN (9.9 
mL, 71 mmol) were diluted in DMSO (65 mL) and allowed 

-N1\-1N VI to age at room temperature for 30 min before cooling to 0° 
Bn NHBoc C. Pyridine0SO was added in one portion and the reaction 

mixture was maintained at 5°C. to prevent freezing. After 45 
min, the reaction mixture was poured into icewater and 
extracted with EtOAc. The combined organic layers were 
washed with saturated NaHCO, HO, and dried over anhy 
drous MgSO prior to concentration in vacuo (bath tempera 

-Ph ture 25°C.) to produce 4.39 g (74%) of Compound 32 as a 
E clear, yellow colored oil that was used without further 

BocN purification. 'H-NMR (CDC1,300 MHz) & (major rotamer) 
N-1\1YNHBe VII- 9.36 (brs, 1H); 5.01 (d. J=15 Hz, 1H); 4.12 (d. J=15 Hz, 

E 1H); 3.45 (m. 1H); 2.04-1.88 (m, 1H); 1.80-1.58 (m. 1H): 
1.54-1.20 (m, 2H); 1.47 (s, 9H): 0.91 (t, J–7.2 Hz, 3H). 
(minor rotamer) 9.46 (brs, 1H); 4.71 (d. J–15 Hz, 1H); 4.20 
(d. J=15 Hz, 1H): 3.78 (m. 1H); 2.04-1.88 (m. 1H); 1.80 

37 1.58 (m, 1H); 1.54-1.20 (m, 2H); 1.47 (s.9H): 0.91 (t, J=7.2 
Hz, 3H) 
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Compound 34 
0578. A suspension of Compound 33 (6.23g, 16.6 mmol) 
in THF (500 mL) was heated under reflux until a homoge 
neous solution was obtained. The solution was cooled to 
-78° C. and 1.6M n-BuLi (19.7 mL, 31.5 mmol) was 
introduced to produce a clear yellow solution. Meanwhile, 
DIBAL-OMe was prepared by dilution of DIBAL-H (1M in 
hexanes, 18.1 mL, 18.1 mmol) in THF (8 mL) and cooling 
to 0°C. prior to addition of MeOH (0.73 mL, 18.1 mmol). 
This solution was allowed to age while Compound 32 (4.39 
g, 15.1 mmol) was diluted in THF (15 mL) and cooled to 
-78° C. The DIBAL-OMe solution was cannulated to the 
solution of Compound 32 and allowed to age for 5 min prior 
to cannulation to the Sulfur dianion solution. The resulting 
clear yellow solution was allowed to age at -78°C. for 1 h. 
The reaction was quenched by addition of saturated NHCl 
(100 mL) at -78° C. and allowed to warm to room tem 
perature. Water was added until all precipitated solids were 
dissolved and the layers separated. The THF layer was 
concentrated in vacuo while the aqueous layer was extracted 
with EtOAc. The recombined organic layers were washed 
with brine, and the resulting emulsion was treated with solid 
NaOH until homogeneous bilayers resulted. The aqueous 
layer was extracted with EtOAc and the combined organics 
dried over anhydrous Na2SO4. Concentration in vacuo pro 
duced 9.57 g (95%) of Compound 34 as an amorphous white 
solid (LC/MS m/z: 689.3 (M+Na)") that was used in the 
following procedures without further purification. 

Compound 35 
0579 Crude Compound 34 was suspended in CHC1 (65 
mL) followed by addition of pyridine (6.7 mL, 83 mmol) 
and acetic anhydride (3.5 mL, 36.5 mmol). The resulting 
Solution was allowed to age at room temperature overnight. 
MeOH (6 mL) was added and after 10 min, the reaction was 
poured into brine. Addition of water produced a bilayer that 
was separated and the aqueous phase was repeatedly 
extracted with CHC1. The combined organic layers were 
dried over anhydrous MgSO and concentrated in vacuo to 
produce 8.95 g (88%) of a white solid that was immediately 
taken up in MeCH (100 mL). NaHPO (11.4g, 80.3 mmol) 
was added and the resulting slurry was cooled to 0°C. prior 
to addition of Na-Hg (6%, 14.5 g., 37.8 mmol) in portions. 
After aging at room temperature overnight, H2O (30 mL) 
was added and the reaction was filtered through a celite pad. 

Jun. 8, 2017 

MeOH was removed in vacuo and the aqueous residue was 
extracted with EtOAc. The combined organic layers were 
washed with brine, dried over anhydrous MgSO and con 
centrated in vacuo to a yellow oil that was purified by 
chromatography on SiO (0-15% EtOAc/hexanes) to afford 
2.1.4 g (34%) of Compound 35 as a colorless oil (LC/MS 
m/z: 531.2 (M+Na)"). 

Compound 36 

0580 Compound 35 (1.73 g, 3.4 mmol) was diluted in 
MeOH (7.5 mL) and 10% Pd/C (0.36 g., 0.34 mmol) was 
added. The atmosphere was replaced with a H. balloon and 
the reaction mixture allowed to age at room temperature. 
After 2 h, the reaction mixture was filtered through a pad of 
celite, the filtrate was washed several times with MeOH, and 
the combined organic layers were concentrated in vacuo to 
afford 1.45 g (83%) of Compound 36 as a colorless oil 
(LC/MS m/z. 533.2 (M+Na)") that was used in the following 
procedures without further purification. 

Compound 37 

0581 Compound 36 (0.528g, 1.03 mmol) was diluted in 
THF (3 mL) and added to liquefied ammonia (approx. 20 
mL) at -35° C. Small pieces of Na were added until a blue 
color persisted. After 1.5 h, solid NHCl was added in 
portions until the remaining Na was destroyed and the 
ammonia was allowed to escape at ambient temperature. 
Water and EtOAc (20 mL each) were added, and the aqueous 
layer was extracted with EtOAc. The combined organic 
layers were washed with brine, dried over NaSO and 
concentrated in vacuo to afford 0.395 g (91%) of Compound 
37 as an amorphous white solid that was used without 
further purification in the following procedures (LC/MS 
m/z: 421.1 (M+H)"; 443.2 (M+Na)"). 

Compound 38 

0582 Compound 37 (0.362 g, 0.86.1 mmol) was diluted 
in CHCl (3.2 mL). Trifluoroacetic acid (0.8 mL) was added 
and the clear Solution was allowed to age overnight. Fol 
lowing concentration in vacuo, the residue was azeotroped 
with toluene several times to remove residual TFA. 0.382 g 
(99%) of the bis-trifluoroacetate salt of Compound 38 was 
collected as a colorless oil that was used without further 
purification (LC/MS m/z.: 221.1 (M+H)"). 

Scheme 15 

Ph Ph 
41 Y O 

HNS-1a-N I NH-2TFA - > 

38 39 
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-continued 

O Phn O O ls O 

J.I. S.-l J.I. S.-l N n1n 1 S N n1n 1 S 

Ph 

Example M Example N 
I. carbonate 16, DIPEA, MeCN; II. acid 29, EDC, HOBt, DIPEA,THF 

Compounds 39 and 40 

0583 Compound 38 (0.382 g, 0.852 mmol) was diluted 
in MeCN (10 mL) and N,N-diisopropylethylamine (0.60 
mL, 3.41 mmol) was added, followed by a solution of 
Compound 16 in MeCN (1.5 mL). The clear, yellow solution 
was allowed to age at room temperature for 4 h and the 
volatiles were removed in vacuo. The residue was taken up 
in a 3/1 CHCl/IPA (V/V, 13 mL) and treated with saturated 
NaCO (3 mL). The resulting suspension was diluted with 
H2O (3 mL), and the aqueous phase thoroughly extracted 
with 3/1 CHCl/IPA. The combined organic layers were 
dried over a 3/2 (w/w) mixture of anhydrous NaSO/ 
anhydrous NaCOs and concentrated in vacuo. Chromatog 
raphy on SiO, (0-20% MeOH/CHCl) afforded 0.043 g 
(14%) of Compound 39 as a colorless film (LC/MS m/z: 
362. 1 (M+H)") and 0.105 g (34%) of Compound 40 as a 
colorless film (LC/MS m/z. 362.1 (M+H)"). 

Example M 

0584) A flask was charged with Compound 39 (0.048 g. 
0.133 mmol) and Compound 29 was added as a 0.2 M 
solution in THF (0.8 mL, 0.160 mmol). THF (1 mL) was 
added, followed by DIPEA (0.026 mL, 0.145 mmol), HOBt 
(0.022 g, 0.160 mmol) and finally EDC (0.028 mL, 0.160 
mmol). The clear, colorless solution was allowed to age 
overnight. Volatiles were removed in vacuo and the residue 
chromatographed on SiO2 (0-20% MeOH/CHCl). Frac 
tions containing the desired compound were concentrated in 
vacuo and submitted to preparatory LC/MS purification to 
afford 0.018 g (20%) of Example M as a colorless film 
LC/MS m/z: 657.2 (M+H)"; "H-NMR (CDC1, 300 MHz) & 
8.95 (s, 1H); 7.88 (brs, 1H): 7.27-7.04 (m, 5H); 7.04 (s, 1H): 
6.60-6.20 (m, 2H); 5.22 (m, 2H); 5.12 (d. J=9.3 Hz, 1H): 
4.50 (m, 2H); 4.01 (brs, 1H); 3.83 (m, 2H); 3.38 (m, 1H): 
3.10-2.94 (m, 3H); 2.74 (m, 2H); 2.23 (m. 1H); 1.64-1.15 
(m, 8H); 1.40 (d. J=6.9 Hz, 6H): 0.96 (m, 6H): 0.83 (t, J=6.9 
Hz, 3H). 

Example N 

0585 Example N was prepared using procedures similar 
to those used to prepare Example M, using the following 
reagents: Compound 40 (0.055 g, 0.152 mmol); Compound 
29 (0.92 mL of 0.2 MTHF solution, 0.183 mmol); THF (1 
mL); DIPEA (0.040 mL, 0.228 mmol): HOBt (0.025 g, 
0.182 mmol): EDC (0.032 mL, 0.182 mmol). 0.087 g (87%) 
of Example N was isolated as a colorless film (LC/MS m/z: 
657.2 (M+H)"; "H-NMR CDC1, 300 MHz) & 8.84 (s, 1H): 
7.86 (s, 1H): 7.27-7.04 (m, 5H); 7.04 (s, 1H); 6.28 (brs, 1H): 
6.12 (bris, 1H); 5.25 (m, 2H); 5.11 (d. J=9.0 Hz, 1H): 
4.62-4.32 (m, 2H); 4.19 (m, 1H); 4.01 (brs, 1H); 3.53 (m, 

1H); 3.10-2.90 (m, 3H); 2.72 (d. J=6.0 Hz, 2H); 2.29 (m, 
1H); 1.65-1.18 (m, 8H); 1.39 (d. J=6.9 Hz, 6H); 1.00-0.78 
(m, 9H). 

Preparation of Examples 0 and P 
0586 

Scheme 16 

Ph 

II 
-e- 

NHCbz 

42 
Ph 

CbzHN - I - 
N NHCbz 

Ph 

43 
Ph 

HN 
NH2 

Ph 

44 

I, TCDITHF/65° C.; II, P(OEt)/160° C.; III. H., 10% Pd/C. 

Compound 41 
0587 Compound 41 was prepared following the proce 
dure described in J. Org. Chem. 1996, 61, 444-450. 

Compound 42 
0588 A mixture of Compound 41 (1.73 g, 3 mmol) and 
1,1-thiocarbonyldiimidazole (1.14 g. 6.1 mmol) in THF (60 

  




















































































































































































