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Extrapolation of Bewirinat Normalized IC50 values to 100% Human Serum 

Human Serum Concentration (%) 
Bevirimat IC50 extrapolation to 100% human serum = 22,558 nM (2,310-fold change) 

Figure 3 
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Extrapolation of Compound BNormalized IC50 values to 100% Human Serum 
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Compound B IC50 extrapolation to 100% human serum = 82.0 nM (17-fold change) 
Figure 4 
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Extrapolation of Compound 51 Normalized IC50 values to 100% Human Serum 
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Human Serum Concentration (%) 
Compound 51 IC50 extrapolation to 100% human serum = 0.33 nM (0.5-fold change) 

Figure 5 
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DERVATIVES OF BETULIN 

CROSS REFERENCE TO RELATED PATENTS 
AND PATENT APPLICATIONS 

0001. This is a divisional application of U.S. Non-provi 
sional patent application Ser. No. 13/714,627, filed on Dec. 
14, 2012 and claims the benefit of U.S. Provisional Patent 
Application No. 61/576,448, filed on Dec. 16, 2011, which 
are both hereby incorporated by reference in their entireties. 

FIELD OF THE INVENTION 

0002 The present invention relates to compounds, phar 
maceutical compositions, and methods of use thereof for (i) 
inhibiting HIV replication in a subject infected with HIV, or 
(ii) treating a subject infected with HIV, by administering 
Such compounds. 

BACKGROUND OF THE INVENTION 

0003 Human immunodeficiency virus type 1 (HIV-1) 
leads to the contraction of acquired immune deficiency dis 
ease (AIDS). The number of cases of HIV continues to rise, 
and currently over twenty-five million individuals worldwide 
suffer from the virus. Presently, long-term suppression of 
viral replication with antiretroviral drugs is the only option 
for treating HIV-1 infection. Indeed, the U.S. Food and Drug 
Administration has approved twenty-five drugs over six dif 
ferent inhibitor classes, which have been shown to greatly 
increase patient survival and quality of life. However, addi 
tional therapies are still required because of undesirable drug 
drug interactions; drug-food interactions; non-adherence to 
therapy; and drug resistance due to mutation of the enzyme 
target. 
0004 Currently, almost all HIV positive patients are 
treated with therapeutic regimens of antiretroviral drug com 
binations termed, highly active antiretroviral therapy 
(“HAART). However, HAART therapies are often complex 
because a combination of different drugs must be adminis 
tered often daily to the patient to avoid the rapid emergence of 
drug-resistant HIV-1 variants. Despite the positive impact of 
HAART on patient Survival, drug resistance can still occur. 
The emergence of multidrug-resistant HIV-1 isolates has seri 
ous clinical consequences and must be Suppressed with a new 
drug regimen, known as Salvage therapy. 
0005. Current guidelines recommend that salvage therapy 
includes at least two, and preferably three, fully active drugs. 
Typically, first-line therapies combine three to four drugs 
targeting the viral enzymes reverse transcriptase and pro 
tease. One option for salvage therapy is to administer differ 
ent combinations of drugs from the same mechanistic class 
that remain active against the resistant isolates. However, the 
options for this approach are often limited, as resistant muta 
tions frequently confer broad cross-resistance to different 
drugs in the same class. Alternative therapeutic strategies 
have recently become available with the development of 
fusion, entry, and integrase inhibitors. However, resistance to 
all three new drug classes has already been reported both in 
the lab and in patients. Sustained successful treatment of 
HIV-1-infected patients with antiretroviral drugs will there 
fore require the continued development of new and improved 
drugs with new targets and mechanisms of action. 
0006 Presently, long-term suppression of viral replication 
with antiretroviral drugs is the only option for treating HIV-1 
infection. To date, a number of approved drugs have been 
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shown to greatly increase patient Survival. However, thera 
peutic regimens known as highly active antiretroviral therapy 
(HAART) are often complex because a combination of dif 
ferent drugs must be administered to the patient to avoid the 
rapid emergence of drug-resistant HIV-1 variants. Despite the 
positive impact of HAART on patient survival, drug resis 
tance can still occur. 

0007. The HIV Gag polyprotein precursor (Prš5Gag), 
which is composed of four protein domains—matrix (MA), 
capsid (CA), nucleocapsid (NC) and p6—and two spacer 
peptides, SP1 and SP2, represents a new therapeutic target. 
Although the cleavage of the Gag polyprotein plays a central 
role in the progression of infectious virus particle production, 
to date, no antiretroviral drug has been approved for this 
mechanism. 

0008. In most cell types, assembly occurs at the plasma 
membrane, and the MA domain of Gag mediates membrane 
binding. Assembly is completed by budding of the immature 
particle from the cell. Concomitant with particle release, the 
virally encoded PR cleaves Gag into the four mature protein 
domains, MA, CA, NC and p6, and the two spacer peptides, 
SP1 and SP2. Gag-Pol is also cleaved by PR, liberating the 
viral enzymes PR, RT and IN. Gag proteolytic processing 
induces a morphological rearrangement within the particle, 
known as maturation. Maturation converts the immature, 
donut-shaped particle to the mature virion, which contains a 
condensed conical core composed of a CA shell surrounding 
the viral RNA genome in a complex with NC and the viral 
enzymes RT and IN. Maturation prepares the virus for infec 
tion of a new cell and is absolutely essential for particle 
infectivity. 

0009 Bevirimat (PA-457) is a maturation inhibitor that 
inhibits the final step in the processing of Gag, the conversion 
of capsid-SP1 (p23) to capsid, which is required for the for 
mation of infectious viral particles. Bevirimat has activity 
against ART-resistant and wild-type HIV, and has shown Syn 
ergy with antiretrovirals from all classes. Bevirimat reduced 
HIV viral load by a mean of 1.3 logo/mL in patients who 
achieved trough levels of >=20 ug/mL and who did not have 
any of the key baseline Gag polymorphisms at Q369, V370 or 
T371. However, Bevirimat users with Gag polymorphisms at 
Q369, V370 or T371 demonstrated significantly lower load 
reductions than patients without Gag polymorphisms at these 
sites. 

0010. Other examples of maturation inhibitors can be 
found in PCT Patent Application No. WO2011/100308, 
“Derivatives of Betulin': PCT Patent Application No. PCT/ 
US2012/024288, “Novel Anti-HIV Compounds and Meth 
ods of Use Thereof; Chinese PCT Application No. PCT/ 
CN2011/001302, “Carbonyl Derivatives of Betulin': 
Chinese PCT Application No. PCT/CN2011/001303, “Meth 
ylene Derivatives of Betulin': Chinese PCT Application Nos. 
PCT/CN2011/002105 and PCT/CN2011/002159, “Prope 
noate Derivatives of Betulin'. Maturation inhibitors in the 
prior art leave open gaps in the areas of polymorphism cov 
erage whereby potency against a broad range of clinically 
relevant gag sequences is extremely important, along with 
overall potency including the clinically relevant protein 
adjusted antiviral activity that will be required for robust 
efficacy in long term durability trials. To date, no maturation 
inhibitor has achieved an optimal balance of these properties. 
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0011. It would therefore be an advance in the art to dis 
cover alternative compounds that are an effective balance of 
the aforementioned properties for the prevention and/or treat 
ment of HIV infections. 

SUMMARY OF THE INVENTION 

0012. In accordance with one embodiment of the present 
invention, there is provided a compound of Formula I: 

(I) 

or a pharmaceutically acceptable salt thereof, wherein: 
0013 A is 

O R 14 R15 O 

us X R-O (Q) (Q), 

0014 L and L are independently selected from a bond or 
66 

0015 each instance of Q is independently selected from 

0017 R is selected from the group consisting of hydro 
gen, (C-C2)alkyl, -C(O)R. —CH2—O-(C-C)alkyl, 
2-tetrahydro-2H-pyran, and 

W is selected from a bond or O: 

R 14 R15 O 

pi 

O 

- X.y. 
I0018 R is selected from the group consisting of H, 
(C-C2)alkyl, -(C-C)alkyl-OR. -(C-C)alkyl-O- 
(C-C)alkyl, -C(O)R, -(CH2)NR'R', and -(CH),N" 
(R), wherein when W is O, R' and R can optionally be 
taken together with the O and N to which they are respectively 
joined to form a 4 to 8 membered heterocyclyl ring, wherein 
the heterocyclyl ring may be optionally substituted by one to 
two R' groups; 
0019 R is selected from the group consisting of hydro 
gen, (C-C)alkyl, - NR'R, OR, 
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wherein: 
0020 X is a monocyclic or bicyclic (C-C)aryl, 
0021 Y is selected from a monocyclic or bicyclic (C- 
Co)heterocyclyl or monocylic or bicyclic (C-C)het 
eroaryl, each having one to three heteroatoms selected 
from S, N or O, and 

0022 Z is a monocyclic or bicyclic (C-C)cycloalkyl: 
(0023 R and Rican optionally be taken together with the 
nitrogen and L to which they are respectively joined to form 
a 4 to 8 membered heterocyclyl ring, wherein the heterocyclyl 
ring may be optionally substituted by one to two R' groups; 
(0024) R' is selected from the group consisting of Hand 
(C-C)alkyl, 
I0025 R is selected from the group consisting of H, 
(C-C)alkyl, -R,-(CH)NR'R', and -(CH), OR7. 
0026 R and R are independently selected from the 
group consisting of —H, (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, haloalkyl, Y. —(CH)NR'R''. —C(O)OH, 
and —C(O)NH, wherein the Rand R' groups can option 
ally be taken together with the carbon to which they are joined 
to form a 3 to 8 membered cycloalkyl ring, and wherein the 
cycloalkyl ring may be optionally Substituted by one to three 
R' groups; 
I0027 R7 and Rare independently selected from the group 
consisting of H. (C-C)alkyl, (C-C)cycloalkyl, -O-aryl 
(R), -NR'R'', C(O)CH, wherein R7 and R can 
optionally be taken together with the nitrogen to which they 
are joined to form a 4 to 8 membered heterocyclyl or het 
eroaryl ring containing one to three heteroatoms selected 
from —NR , -O-, -S-, -S(O)—, or -SO , 
wherein the heterocyclyl or heteroaryl ring may be optionally 
substituted by one to three R'' groups; 
0028 R is halo: 
0029) R' is N(R'); 
0030) R'', R', and R'' are independently selected from 
the group consisting of oxo, hydroxyl, halo, (C-C)alkoxy, 
R(R) -OR(R), nitro, -SO.R., (C-C)alkyl, 
COR, RYR, CO(OR, and CO(OR, 

wherein any two R', R' or R' groups can optionally join to 
form a 3 to 8 membered cycloalkyl, aryl, heterocyclyl or 
heteroaryl ring, wherein the heterocyclyl or heteroaryl ring 
may contain one to three heteroatoms selected from 
NR , O—, S—, S(O)—, or —SO , and 

wherein the cycloalkyl, aryl, heterocyclyl or heteroaryl ring 
may be optionally substituted by one to three R' groups; 
0031) R'' and R'' are independently selected from the 
group consisting of —H, (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, —C(R), , —OIC(R), , oxo, 
hydroxyl, halo, -C(O)R’, R', and CO(O)R’, wherein 
R'' and R' can optionally be taken together with the carbon 
to which they are joined to form a 3 to 8 membered cycloalkyl 
ring or 4 to 8 membered heterocyclyl ring containing one to 
three heteroatoms selected from —NR , —O , —S , 
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—S(O)—, or —SO , wherein the cycloalkyl ring or het 
erocyclyl ring may be optionally substituted by one to three 
R" groups; 
0032) R' is independently selected from the group con 
sisting of —H, halo, oxo, hydroxyl, (C-C)alkyl, (C-C) 
alkoxy, (C-Cs)cycloalkyl, -R(R) g OR(R) g N(R) 

—(CH)-heterocyclyl, —C(O)CH, —C(O)NH2. —R 
(R) —OR(R), nitro, -SO.R, C(O)R', and –CO 
(O)R: 
0033 m and n in each instance are independently 0,1,2,3, 
or 4: 
0034 p is independently 0, 1, 2, 3, or 4; and 
0035 rand q in each instance are independently 0, 1, 2, 3, 
or 4. 
0036. In a second aspect, the present invention relates to a 
pharmaceutical composition comprising a) the compound of 
Formula I or Formula II or a pharmaceutically acceptable salt 
the thereof, and b) a pharmaceutically acceptable excipient. 
0037. In a third aspect, the present invention is a method of 
treating an HIV infection comprising administering to a Sub 
ject suffering therefrom a compound of Formula I or Formula 
II, or a pharmaceutically acceptable salt thereof. 
0038 Compounds of the present invention are useful for 
the treatment of subjects with an HIV infection or for the 
treatment of Subjects at risk of acquiring an HIV infection. 

BRIEF DESCRIPTION OF THE FIGURES 

0039 FIG. 1 shows a bar graph representing a comparison 
between Bevirimat and compound 51 of their relative ability 
to inhibit HIV reverse transcriptase activity across a broad 
panel of HIV-1 isolates. 
0040 FIG. 2 shows a bar graph representing a comparison 
between compound 51 and compound C of their relative 
ability to inhibit HIV reverse transcriptase activity across a 
broad panel of HIV-1 isolates. 
0041 FIG. 3 shows a line graph representing an extrapo 
lation of Bevirimat normalized ICs values to 100% human 
S. 

0042 FIG. 4 shows a line graph representing an extrapo 
lation of compound B normalized ICso values to 100% human 
S. 

0043 FIG. 5 shows a line graph representing an extrapo 
lation of compound 51 normalized ICs values to 100% 
human serum. 

DETAILED DESCRIPTION OF 
REPRESENTATIVE EMBODIMENTS 

0044) Throughout this application, references are made to 
various embodiments relating to compounds, compositions, 
and methods. The various embodiments described are meant 
to provide a variety of illustrative examples and should not be 
construed as descriptions of alternative species. Rather it 
should be noted that the descriptions of various embodiments 
provided herein may be of overlapping scope. The embodi 
ments discussed herein are merely illustrative and are not 
meant to limit the scope of the present invention. 
0045. It is to be understood that the terminology used 
herein is for the purpose of describing particular embodi 
ments only and is not intended to limit the scope of the present 
invention. In this specification and in the claims that follow, 
reference will be made to a number of terms that shall be 
defined to have the following meanings. 
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0046. As used herein unless otherwise specified, “alkyl 
refers to a monovalent saturated aliphatic hydrocarbyl group 
having from 1 to 14 carbonatoms and, in Some embodiments, 
from 1 to 6 carbon atoms. “(C-C)alkyl” refers to alkyl 
groups having from X to y carbon atoms. The term “alkyl 
includes, by way of example, linear and branched hydrocar 
byl groups such as methyl (CH ), ethyl (CHCH ), 
n-propyl (CHCH2CH2—), isopropyl ((CH3)2CH ), n-bu 
tyl (CHCHCHCH ), isobutyl ((CH),CHCH ), sec 
butyl ((CH)(CH-CH2)CH ), t-butyl ((CH)C ), n-pentyl 
(CHCHCHCHCH ), and neopentyl ((CH),CCH ). 
0047. “Alkylene' or “alkylene' refers to divalent saturated 
aliphatic hydrocarbyl groups having from 1 to 10 carbon 
atoms and, in Some embodiments, from 1 to 6 carbon atoms. 
“(C-C)alkylene' refers to alkylene groups having from u to 
V carbon atoms. The alkylene groups include branched and 
straight chain hydrocarbyl groups. For example, "(C-C) 
alkylene' is meant to include methylene, ethylene, propylene, 
2-methypropylene, dimethylethylene, pentylene, and so 
forth. As such, the term “propylene' could be exemplified by 
the following structure: 

- - - 
Likewise, the term "dimethylbutylene' could be exemplified 
by any of the following three structures or more: 

p, or 

Furthermore, the term “(C-C)alkylene' is meant to include 
Such branched chain hydrocarbyl groups as cyclopropylm 
ethylene, which could be exemplified by the following struc 
ture: 

XX 
0048 “Alkenyl refers to a linear or branched hydrocarbyl 
group having from 2 to 10 carbonatoms and in Some embodi 
ments from 2 to 6 carbon atoms or 2 to 4 carbon atoms and 
having at least 1 site of vinyl unsaturation (>C=C-). For 
example, (C-C)alkenyl refers to alkenyl groups having from 
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X to y carbon atoms and is meant to include for example, 
ethenyl, propenyl, isopropylene, 1,3-butadienyl, and the like. 
0049 Alkynyl refers to a linear monovalent hydrocar 
bon radical or a branched monovalent hydrocarbon radical 
containing at least one triple bond. The term “alkynyl' is also 
meant to include those hydrocarbyl groups having one triple 
bond and one double bond. For example, (C-C)alkynyl is 
meant to include ethynyl, propynyl, and the like. 
0050 “Alkoxy” refers to the group – O-alkyl wherein 
alkyl is defined herein. Alkoxy includes, by way of example, 
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, t-butoxy, 
sec-butoxy, and n-pentoxy. 
0051 “Acyl” refers to the groups H C(O) , alkyl-C 
(O)—, alkenyl-C(O)—, alkynyl-C(O)—, cycloalkyl-C 
(O)—, aryl-C(O)—, heteroaryl-C(O)—, and heterocyclic-C 
(O)—. Acyl includes the “acetyl group CHC(O)—. 
0052 “Acylamino” refers to the groups - NRC(O) 
alkyl, -NRC(O)cycloalkyl, -NRC(O)alkenyl, 
NRC(O)alkynyl, - NRC(O)aryl, - NRC(O)het 

eroaryl, and NRC(O)heterocyclic, wherein R is hydro 
gen or alkyl. 
0053 Acyloxy' refers to the groups alkyl-C(O)O , alk 
enyl-C(O)O—, alkynyl-C(O)O—, aryl-C(O)O , 
cycloalkyl-C(O)O—, heteroaryl-C(O)O—, and heterocy 
clic-C(O)O—. 
0054 “Amino” refers to the group - NR'R'' where R' 
and R’ are independently selected from hydrogen, alkyl, 
alkenyl, alkynyl, aryl, cycloalkyl, heteroaryl, heterocyclic, 
—SO-alkyl, -SO-alkenyl, -SO-cycloalkyl, -SO 
aryl, -SO-heteroaryl, and —SO-heterocyclic, and 
wherein R and R' are optionally joined together with the 
nitrogen bound thereto to form a heterocyclic group. When 
R’ is hydrogen and R’ is alkyl, the amino group is some 
times referred to herein as alkylamino. When RandR are 
alkyl, the amino group is sometimes referred to herein as 
dialkylamino. When referring to a monosubstituted amino, it 
is meant that either R' or R’ is hydrogen but not both. When 
referring to a disubstituted amino, it is meant that neither R' 
nor R’ are hydrogen. 
0055) “Hydroxyamino” refers to the group - NHOH. 
0056 “Alkoxyamino” refers to the group - NHO-alkyl 
wherein alkyl is defined herein. 
0057 “Aminocarbonyl refers to the group –C(O) 
NRR7 where Rand R7 are independently selected from 
hydrogen, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, het 
eroaryl, heterocyclic, hydroxy, alkoxy, amino, and acy 
lamino, and where RandR are optionally joined together 
with the nitrogen bound thereto to form a heterocyclic group. 
0058 Aryl refers to an aromatic group of from 6 to 14 
carbon atoms and no ring heteroatoms and having a single 
ring (e.g., phenyl) or multiple condensed (fused) rings (e.g., 
naphthyl or anthryl). For multiple ring systems, including 
fused, bridged, and spiro ring systems having aromatic and 
non-aromatic rings that have no ring heteroatoms, the term 
Aryl or 'Ar' applies when the point of attachment is at an 
aromatic carbonatom (e.g., 5.6.7.8 tetrahydronaphthalene-2- 
y1 is an aryl group as its point of attachment is at the 2-position 
of the aromatic phenyl ring). 
0059) “AUC” refers to the area under the plot of plasma 
concentration of drug (not logarithm of the concentration) 
against time after drug administration. 
0060 “ECso refers to the concentration of a drug that 
gives half-maximal response. 
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0061 “ICso refers to the half-maximal inhibitory concen 
tration of a drug. 
0062 Sometimes, it is also converted to the plCso scale 
(-log ICso), in which higher values indicate exponentially 
greater potency. 

0063 “Clade' refers to a hypothetical construct based on 
experimental data. Clades are found using multiple (some 
times hundreds) of traits from a number of species (or speci 
mens) and analyzing them statistically to find the most likely 
phylogenetic tree for the group. 
0064 “Cyano” or “nitrile” refers to the group –CN. 
0065 “Cycloalkyl refers to a saturated or partially satu 
rated cyclic group of from 3 to 14 carbon atoms and no ring 
heteroatoms and having a single ring or multiple rings includ 
ing fused, bridged, and spiro ring systems. For multiple ring 
systems having aromatic and non-aromatic rings that have no 
ring heteroatoms, the term “cycloalkyl applies when the 
point of attachment is at a non-aromatic carbon atom (e.g. 
5,6,7,8-tetrahydronaphthalene-5-yl). The term “Cycloalkyl 
includes cycloalkenyl groups, such as cyclohexenyl. 
Examples of cycloalkyl groups include, for instance, ada 
mantyl, cyclopropyl, cyclobutyl, cyclohexyl, cyclopentyl, 
cyclooctyl, cyclopentenyl, and cyclohexenyl. Examples of 
cycloalkyl groups that include multiple bicycloalkyl ring sys 
tems are bicyclohexyl, bicyclopentyl, bicyclooctyl, and the 
like. Two Such bicycloalkyl multiple ring structures are exem 
plified and named below: 

, and 
bicyclohexyl bicyclohexyl 

0.066 “(C-C)cycloalkyl refers to cycloalkyl groups 
having u to V carbon atoms. 
0067 “Spiro cycloalkyl refers to a 3 to 10 member cyclic 
Substituent formed by replacement of two hydrogen atoms at 
a common carbon atom in a cyclic ring structure or in an 
alkylene group having 2 to 9 carbonatoms, as exemplified by 
the following structure wherein the group shown here 
attached to bonds marked with wavy lines is substituted with 
a spiro cycloalkyl group: 

0068 “Fused cycloalkyl” refers to a 3 to 10 member cyclic 
substituent formed by the replacement of two hydrogen 
atoms at different carbon atoms in a cycloalkyl ring structure, 
as exemplified by the following structure wherein the 
cycloalkyl group shown here contains bonds marked with 
wavy lines which are bonded to carbon atoms that are substi 
tuted with a fused cycloalkyl group: 
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0069. “Carboxy” or “carboxyl refers interchangeably to 
the groups OH, 

O , OH, 

OH 

0070 "Halo' or “halogen” refers to fluoro, chloro, bromo, 
and iodo. 
0071 "Haloalkyl refers to substitution of an alkyl group 
with 1 to 3 halo groups (e.g., bifluoromethyl or trifluorom 
ethyl). 
0072 "Haloalkoxy” refers to substitution of alkoxy 
groups with 1 to 5 (e.g. when the alkoxy group has at least 2 
carbon atoms) or in some embodiments 1 to 3 halo groups 
(e.g. trifluoromethoxy). 
0073 "Human Serum Protein Shift Assay” refers to an 
HIV assay using a Luciferase Reporter to determine percent 
inhibition plCs. The HIV assay makes use of a two-cell 
co-culture system. In this assay, an infected cell line J4HxB2 
and an indicator cell line HOS (delta LTR--luciferase) are 
co-cultured in the presence and absence of compound. The 
assay is designed to find inhibitors that prevent the infection 
of HOS cells by the J4HxB2 cell line. The assay can detect 
inhibitors of any stage of the HIV infection cycle. 
0074) “Hydroxy” or “hydroxyl refers to the group –OH. 
0075) “Heteroaryl” refers to an aromatic group of from 1 
to 14 carbon atoms and 1 to 6 heteroatoms selected from 
oxygen, nitrogen, and Sulfur and includes single ring (e.g. 
imidazolyl) and multiple ring systems (e.g. benzimidazol-2- 
y1 and benzimidazol-6-yl). For multiple ring systems, includ 
ing fused, bridged, and spiro ring systems having aromatic 
and non-aromatic rings, the term "heteroaryl” applies if there 
is at least one ring heteroatom and the point of attachment is 
at an atom of an aromatic ring (e.g. 1,2,3,4-tetrahydroquino 
lin-6-yl and 5,6,7,8-tetrahydroquinolin-3-yl). In some 
embodiments, the nitrogen and/or the Sulfur ring atom(s) of 
the heteroaryl group are optionally oxidized to provide for the 
N-oxide (N->O), sulfinyl, or sulfonyl moieties. More specifi 
cally the term heteroaryl includes, but is not limited to, 
pyridyl, furanyl, thienyl, thiazolyl, isothiazolyl, triazolyl, 
imidazolyl, imidazolinyl, isoxazolyl pyrrolyl pyrazolyl, 
pyridazinyl, pyrimidinyl, purinyl, phthalazyl, naphthylpry 
idyl, benzofuranyl, tetrahydrobenzofuranyl, isobenzofura 
nyl, benzothiazolyl, benzoisothiazolyl, benzotriazolyl, 
indolyl, isoindolyl, indolizinyl, dihydroindolyl, indazolyl, 
indolinyl, benzoxazolyl, quinolyl, isoquinolyl, quinolizyl. 
quianazolyl, quinoxalyl, tetrahydroquinolinyl, isoquinolyl, 
quinazolinonyl, benzimidazolyl, benzisoxazolyl, benzothie 
nyl, benzopyridazinyl, pteridinyl, carbazolyl, carbolinyl, 
phenanthridinyl, acridinyl, phenanthrolinyl, phenazinyl, phe 
noxazinyl, phenothiazinyl, and phthalimidyl. 
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(0076) “Heterocyclic” or “heterocycle” or "heterocy 
cloalkyl or "heterocyclyl refers to a saturated or partially 
saturated cyclic group having from 1 to 14 carbon atoms and 
from 1 to 6 heteroatoms selected from nitrogen, Sulfur, phos 
phorus or oxygen and includes single ring and multiple ring 
systems including fused, bridged, and spiro ring systems. For 
multiple ring systems having aromatic and/or non-aromatic 
rings, the terms "heterocyclic”, “heterocycle”, “heterocy 
cloalkyl, or "heterocyclyl apply when there is at least one 
ring heteroatom and the point of attachment is at an atom of a 
non-aromatic ring (e.g. 1,2,3,4-tetrahydroquinoline-3-yl, 5.6, 
7,8-tetrahydroquinoline-6-yl, and decahydroquinolin-6-yl). 
In one embodiment, the nitrogen, phosphorus and/or Sulfur 
atom(s) of the heterocyclic group are optionally oxidized to 
provide for the N-oxide, phosphinane oxide, sulfinyl, sulfo 
nyl moieties. More specifically the heterocyclyl includes, but 
is not limited to, tetrahydropyranyl, piperidinyl, piperazinyl, 
3-pyrrolidinyl, 2-pyrrolidon-1-yl, morpholinyl, and pyrro 
lidinyl. A prefix indicating the number of carbon atoms (e.g., 
C-C) refers to the total number of carbon atoms in the 
portion of the heterocyclyl group exclusive of the number of 
heteroatoms. 
0077. Examples of heterocycle and heteroaryl groups 
include, but are not limited to, aZetidine, pyrrole, imidazole, 
pyrazole, pyridine, pyrazine, pyrimidine, pyridazine, pyri 
done, indolizine, isoindole, indole, dihydroindole, indazole, 
purine, quinolizine, isoquinoline, quinoline, phthalazine, 
naphthylpyridine, quinoxaline, quinazoline, cinnoline, pteri 
dine, carbazole, carboline, phenanthridine, acridine, phenan 
throline, isothiazole, phenazine, isoxazole, phenoxazine, 
phenothiazine, imidazolidine, imidazoline, piperidine, pip 
erazine, indoline, phthalimide, 1.2.3,4-tetrahydroisoquino 
line, 4,5,6,7-tetrahydrobenzobthiophene, thiazole, thiazoli 
dine, thiophene, benzobthiophene, morpholine, 
thiomorpholine (also referred to as thiamorpholine), piperi 
dine, pyrrolidine, and tetrahydrofuranyl. 
(0078 “Fused heterocyclic” or “fused heterocycle” refer to 
a 3 to 10 member cyclic substituent formed by the replace 
ment of two hydrogen atoms at different carbon atoms in a 
cycloalkyl ring structure, as exemplified by the following 
structure wherein the cycloalkyl group shown here contains 
bonds marked with wavy lines which are bonded to carbon 
atoms that are substituted with a fused heterocyclic group: 

s 
l * 

(0079. “Compound”, “compounds”, “chemical entity”, 
and “chemical entities” as used herein refers to a compound 
encompassed by the generic formulae disclosed herein, any 
Subgenus of those generic formulae, and any forms of the 
compounds within the generic and Subgeneric formulae, 
including the racemates, Stereoisomers, and tautomers of the 
compound or compounds. 
0080. The term "heteroatom' means nitrogen, oxygen, or 
Sulfur and includes any oxidized form of nitrogen, Such as 
N(O) {N' O} and sulfur such as S(O) and S(O), and the 
quaternized form of any basic nitrogen. 
I0081 “Oxazolidinone' refers to a 5-membered heterocy 
clic ring containing one nitrogen and one oxygen as heteroa 



US 2014/0357643 A1 

toms and also contains two carbons and is Substituted at one 
of the two carbons by a carbonyl group as exemplified by any 
of the following structures, wherein the oxazolidinonegroups 
shown here are bonded to a parent molecule, which is indi 
cated by a wavy line in the bond to the parent molecule: 

I0082 “Oxo” refers to a (—O) group. 
I0083. “Polymorphism” refers to when two or more clearly 
different phenotypes exist in the same population of a species 
where the occurrence of more than one form or morph. In 
order to be classified as such, morphs must occupy the same 
habitat at the same time and belong to a panmictic population 
(one with random mating). 
0084) “Protein binding refers to the binding of a drug to 
proteins in blood plasma, tissue membranes, red blood cells 
and other components of blood. 
I0085 “Protein shift” refers to determining a binding shift 
by comparing the ECso values determined in the absence and 
presence of human serum. 
I0086) “QVT refers to the amino acids at positions 369, 
370, and 371, respectively in the Sp1 fragment of HIV-1 Gag. 
0087. “Racemates’ refers to a mixture of enantiomers. In 
an embodiment of the invention, the compounds of Formula 
I, or pharmaceutically acceptable salts thereof, are enantio 
merically enriched with one enantiomer wherein all of the 
chiral carbons referred to are in one configuration. In general, 
reference to an enantiomerically enriched compound or salt, 
is meant to indicate that the specified enantiomer will com 
prise more than 50% by weight of the total weight of all 
enantiomers of the compound or salt. 
I0088. “Solvate” or “solvates” of a compound refer to those 
compounds, as defined above, which are bound to a stoichio 
metric or non-stoichiometric amount of a solvent. Solvates of 
a compound includes Solvates of all forms of the compound. 
In certain embodiments, solvents are volatile, non-toxic, and/ 
or acceptable for administration to humans in trace amounts. 
Suitable solvates include water. 
0089 “Stereoisomer or “stereoisomers' refer to com 
pounds that differ in the chirality of one or more stereo 
centers. Stereoisomers include enantiomers and diastere 
OS. 

0090 “Tautomer refer to alternate forms of a compound 
that differ in the position of a proton, such as enol-keto and 
imine-enamine tautomers, or the tautomeric forms of het 
eroaryl groups containing a ring atom attached to both a ring 
—NH-moiety and a ring =N-moiety such as pyrazoles, 
imidazoles, benzimidazoles, triazoles, and tetrazoles. 
0091. The term atropisomer refers to a stereoisomer 
resulting from an axis of asymmetry. This can result from 
restricted rotation about a single bond where the rotational 
barrier is high enough to allow differentiation of the isomeric 
species up to and including complete isolation of stable non 
interconverting diastereomer or enantiomeric species. One 
skilled in the art will recognize that upon installing a non 
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symmetrical R to core, the formation of atropisomers is 
possible. In addition, once a second chiral center is installed 
in a given molecule containing an atropisomer, the two chiral 
elements taken together can create diastereomeric and enan 
tiomeric stereochemical species. Depending upon the Substi 
tution about the Cx axis, interconversion between the atropi 
Somers may or may not be possible and may depend on 
temperature. In some instances, the atropisomers may inter 
convert rapidly at room temperature and not resolve under 
ambient conditions. Other situations may allow for resolution 
and isolation but interconversion can occur over a period of 
seconds to hours or even days or months such that optical 
purity is degraded measurably over time. Yet other species 
may be completely restricted from interconversion under 
ambient and/or elevated temperatures such that resolution 
and isolation is possible and yields stable species. When 
known, the resolved atropisomers were named using the heli 
cal nomenclature. For this designation, only the two ligands 
of highest priority in front and behind the axis are considered. 
When the turn priority from the front ligand 1 to the rear 
ligand 1 is clockwise, the configuration is P, if counterclock 
wise it is M. 
0092 “Pharmaceutically acceptable salt” refers to phar 
maceutically acceptable salts derived from a variety of 
organic and inorganic counter ions well known in the art and 
include, by way of example only, sodium, potassium, cal 
cium, magnesium, ammonium, and tetraalkylammonium, 
and when the molecule contains a basic functionality, salts of 
organic or inorganic acids, such as hydrochloride, hydrobro 
mide, tartrate, mesylate, acetate, maleate, and oxalate. Suit 
able salts include those described in P. Heinrich Stahl, Cam 
ille G. Wermuth (Eds.), Handbook of Pharmaceutical Salts 
Properties, Selection, and Use: 2002. 
(0093. “Patient” or “subject” refers to mammals and 
includes humans and non-human mammals. 
0094 "Treating or “treatment of a disease in a patient 
refers to 1) preventing the disease from occurring in a patient 
that is predisposed or does not yet display symptoms of the 
disease; 2) inhibiting the disease or arresting its development; 
or 3) ameliorating or causing regression of the disease. 
0.095 Wherever dashed lines occur adjacent to single 
bonds denoted by solid lines, then the dashed line represents 
an optional double bond at that position. Likewise, wherever 
dashed circles appear within ring structures denoted by Solid 
lines or solid circles, then the dashed circles represent one to 
three optional double bonds arranged according to their 
proper Valence taking into account whether the ring has any 
optional Substitutions around the ring as will be known by one 
of skill in the art. For example, the dashed line in the structure 
below could either indicate a double bond at that position or 
a single bond at that position: 

0096. Similarly, ring Abelow could be a cyclohexyl ring 
without any double bonds or it could also be a phenyl ring 
having three double bonds arranged in any position that still 
depicts the proper Valence for a phenyl ring. Likewise, in ring 
B below, any of X-X could be selected from: C, CH, or CH, 
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N, or NH, and the dashed circle means that ring B could be a 
cyclohexyl or phenyl ring or a N-containing heterocycle with 
no double bonds or a N-containing heteroaryl ring with one to 
three double bonds arranged in any position that still depicts 
the proper Valence: 

XXI 

0097. Where specific compounds or generic formulas are 
drawn that have aromatic rings, such as aryl or heteroaryl 
rings, then it will understood by one of still in the art that the 
particular aromatic location of any double bonds are a blend 
of equivalent positions even if they are drawn in different 
locations from compound to compound or from formula to 
formula. For example, in the two pyridine rings (A and B) 
below, the double bonds are drawn in different locations, 
however, they are known to be the same structure and com 
pound: 

A 

N 

% 
B 

21 

N 

0098. The present invention includes compounds as well 
as their pharmaceutically acceptable salts. Accordingly, the 
word 'or' in the context of “a compound or a pharmaceuti 
cally acceptable salt thereof is understood to refer to either: 
1) a compound alone or a compound and a pharmaceutically 
acceptable salt thereof (alternative), or 2) a compound and a 
pharmaceutically acceptable salt thereof (in combination). 
0099. Unless indicated otherwise, the nomenclature of 
substituents that are not explicitly defined herein are arrived 
at by naming the terminal portion of the functionality fol 
lowed by the adjacent functionality toward the point of 
attachment. For example, the substituent “arylalkyloxycarbo 
nyl refers to the group (aryl)-(alkyl)-O C(O)—. In a term 
such as “ C(R)', it should be understood that the two R' 
groups can be the same, or they can be different if R is 
defined as having more than one possible identity. In addition, 
certain substituents are drawn as —R'R'', where the '-' indi 
cates a bond adjacent to the parent molecule and R' being the 
terminal portion of the functionality. Similarly, it is under 
stood that the above definitions are not intended to include 
impermissible Substitution patterns (e.g., methyl Substituted 
with 5 fluoro groups). Such impermissible substitution pat 
terns are well known to the skilled artisan. 

0100. As recited above, Bevirimat is a yet unapproved 
anti-HIV drug derived from a betulinic acid-like compound, 
first isolated from Syzygium claviflorum, a Chinese herb. It is 
believed to inhibit HIV by a novel mechanism, so-called 
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maturation inhibition. Like protease inhibitors, Bevirimat 
and other maturation inhibitors interfere with protease pro 
cessing of newly translated HIV polyprotein precursor, called 
gag. Gag is an essential structural protein of the HIV virus. 
Gag undergoes a chain of interactions both with itself and 
with other cellular and viral factors to accomplish the assem 
bly of infectious virus particles. 
0101 However, naturally occurring polymorphisms in 
HIV are present in some infected individuals, thus lowering 
the anti-HIV efficacy of some currently considered therapies. 
Indeed, studies have shown that presence of a number of 
single nucleotide polymorphisms in the Capsid/SP1 spacer 
protein (CA/SP1) cleavage site has resulted in clinical resis 
tance in HIV patients to Bevirimat. Likewise, mutations in the 
glutamine-valine-threonine (QVT) motif of the SP1 peptide 
are also known to cause Bevirimat resistance in HIV infected 
patients. Mutations in the QVT motif of the SP1 peptide are 
the primary predictors of failure to respond to Bevirimat and 
the effect of these mutations has been repeatedly demon 
strated. These problems eventually led to the cessation of 
clinical development of Bevirimat. See Knapp, D., et al., J. 
Clin. Microbiol. 49(1): 201-208 (2011). 

Bevirimat: 

01.02 

O 

mX O 
O 

Bevirimat's Clinical Problems: 

0.103 Polymorphism issues & weak potency. 
0.104 MT4 antiviral assay NL4-3 strain ECso 223 nM. 
0105 MT4 antiviral assay NL4-3 strain with V370A 

site directed mutant polymorphism ECso-6062 nM. 
0106. In assay fold shift with human serum 157 fold. 
See Table 6. 

0.107 C target-20 ug/mL*. 
0108) >40% of clade B patients have QVT polymor 
phisms. 

0109) See McCallister, et al., XVII International Drug 
Resistance Workshop, June 10-14, 2008, Sitges, Spain. 
Conference poster “HIV-1 Gag Polymorphisms Deter 
mine Treatment Response to Bevirimat (PA-457). 

0110. After the above HIV clinical problems with Beviri 
mat were reported, several new HIV active maturation inhibi 
tor compounds were discovered. For example, certain matu 
ration inhibitor compounds (hereinafter, compounds “A”. 
“B” and “C”, as shown below) have been described in PCT 
Published Application No. WO2011/100308 and PCT Appli 
cation Serial No. PCT/CN2011/001302. In addition, the 
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present application also describes compounds 51 and 56. 
among others, as detailed throughout. The present application 
describes compounds that are novel over the compounds 
described in PCT Published Application No. WO2011/ 
100308 and PCT Application Serial No. PCT/CN2011/ 
001302. In addition, certain compounds described herein 
show unexpectedly Superior properties over the compounds 
(“A”, “B”, and “C”) described in PCT Published Application 
No. WO2011/100308 and PCT Application Serial No. PCT/ 
CN2O11 FOO13O2. 
0111. One difference between the compounds described 
in those two references and the compounds of the present 
application is that both of those references have compounds 
requiring a carbonyl group at a position where, instead, the 
present application describes compounds that cannot have a 
carbonyl at the same position. By way of example only, this 
carbonyl versus non-carbonyl difference is highlighted by the 
arrows indicated directly below. The generic structures of 
Formulas (I) and (II) bear this out within the present applica 
tion because when W is oxygen, there can only be a single 
bond between the adjacent carbon and the W. In sum, there 
can be no double bond between W and its adjacent carbon so 
as to form a carbonyl in the Formulas of the present applica 
tion. 

HO 

Dec. 4, 2014 

-continued 

C. 

O112 
covered to unexpectedly improve many of the properties that 
are involved with creating an efficacious drug for the preven 
tion and/or treatment of viral diseases, such as HIV. One or 
more of Such properties of certain compounds described 
within the present application, include, but are not limited to, 
improving the HIV virus polymorphism coverage, improving 
the in vitro potency (ECso), reducing the projected clinical 
human AUC target, potentially reducing any toxicity window 
by lowering the required dosage to be efficacious, and reduc 
ing the impact of protein binding and/or serum shift upon the 
projected clinical AUC target. 
0113 Such improvements to the pharmacokinetics and 
projected clinical use of certain compounds described herein 
are described in more detail within Examples 84-89 below. 

Indeed, this structural difference has now been dis 

Compound A: 

0114 
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Compound B: 
0115 

HO 

Compound C: (Example 17-19 from PCT Published Appli 
cation No. WO/2011/10038) 

C 
HO 

Compound 51: (Example 18 Herein) 
0116 

C 
HO 
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Compound 56: (Example 19 Herein) 
0117 

O 

HO 

O 

0118. In accordance with one embodiment of the present 
invention, there is provided a compound having the structure 
of Formula I: 

(I) 

CH3 

or a pharmaceutically acceptable salt thereof, wherein: 
0119) A is 

O R 14 R15 O 

ul X. R-O (Q), (Q), 

0120 L and L are independently selected from a bond or 
|C(R'R'') 
0121 each instance of Q is independently selected from 
—CH2—, or—C(=O)—: 
0.122 W is selected from a bond or O: 
(0123 R' is selected from the group consisting of H, 
(C-C)alkyl, -C(O)R. —CH2—O-(C-C)alkyl, 2-tet 
rahydro-2H-pyran, and 

O 

--> 
O R14 R15 

(Q), (Q) 
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I0124 R is selected from the group consisting of H, 
(C-C2)alkyl, -(C-C)alkyl-OR. -(C-C)alkyl-O- 
(C-C)alkyl, -C(O)R,-(CH)NR'R', and -(CH),N' 
(R), wherein when W is O, R' and R can optionally be 
taken together with the O and N to which they are respectively 
joined to form a 4 to 8 membered heterocyclyl ring, wherein 
the heterocyclyl ring may be optionally substituted by one to 
two R' groups; 
I0125 R is selected from the group consisting of H, 
(C-C)alkyl, - NR'R, OR, 

wherein: 
0.126 X is a monocyclic or bicyclic (C-C)aryl, 
0.127 Y is selected from a monocyclic or bicyclic (C- 
Co)heterocyclyl or monocylic or bicyclic (C-C)het 
eroaryl, each having one to three heteroatoms selected 
from S, N or O, and 

0.128 Z is a monocyclic or bicyclic (C-C)cycloalkyl: 
I0129 Rand R can optionally be taken together with the 
nitrogen and L to which they are respectively joined to form 
a 4 to 8 membered heterocyclyl ring, wherein the heterocyclyl 
ring may be optionally substituted by one to two R' groups; 
I0130) R' is selected from the group consisting of Hand 
(C-C)alkyl: 
I0131) R' is selected from the group consisting of H, 
(C-C)alkyl, -R,-(CH)NR'R', and -(CH), OR7. 
(0132 R and R are independently selected from the 
group consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, haloalkyl, Y. —(CH2)NR'R''. C(O)OH, 
and —C(O)NH2, wherein the Rand R groups can option 
ally be taken together with the carbon to which they are joined 
to form a 3 to 8 membered cycloalkyl ring, and wherein the 
cycloalkyl ring may be optionally Substituted by one to three 
R' groups; 
I0133) R' and Rare independently selected from the group 
consisting of H. (C-C)alkyl, (C-C)cycloalkyl, -O-aryl 
(R), -NR'R'', C(O)CH, wherein R7 and R can 
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optionally be taken together with the nitrogen to which they 
are joined to form a 4 to 8 membered heterocyclyl or het 
eroaryl ring containing one to three heteroatoms selected 
from —NR , -O-, -S-, -S(O)—, or -SO , 
wherein the heterocyclyl or heteroaryl ring may be optionally 
substituted by one to three R' groups: 
0134 R is halo: 
0135) R' is N(R'); 
0.136 R'', R', and R'' are independently selected from 
the group consisting of oxo, hydroxyl, halo, (C-C)alkoxy, 
R(R) —OR(R), nitro, -SO.R., (C-C)alkyl, 
COR, RYR, CO(O)R, and CO(OR, 

wherein any two R', R' or R' groups can optionally join to 
form a 3 to 8 membered cycloalkyl, aryl, heterocyclyl or 
heteroaryl ring, wherein the heterocyclyl or heteroaryl ring 
may contain one to three heteroatoms selected from 
NR , O—, S—, S(O)—, or —SO , and 

wherein the cycloalkyl, aryl, heterocyclyl or heteroaryl ring 
may be optionally substituted by one to three R' groups; 
0137 R'' and R' are independently selected from the 
group consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, —C(R), , —OC(R), , oxo, 
hydroxyl, halo, -C(O)R’, R', and CO(O)R’, wherein 
R'' and R' can optionally be taken together with the carbon 
to which they are joined to form a 3 to 8 membered cycloalkyl 
ring or 4 to 8 membered heterocyclyl ring containing one to 
three heteroatoms selected from NR , —O , —S , 
—S(O)—, or —SO , wherein the cycloalkyl ring or het 
erocyclyl ring may be optionally substituted by one to three 
R" groups; 
I0138) R' is independently selected from the group con 
sisting of —H, halo, oxo, hydroxyl, (C-C)alkyl, (C-C) 
alkoxy, (C-Cs)cycloalkyl, -R(R) g OR(R) g N(R) 
2, —(CH),-heterocycle.—C(O)CH, C(O)NH2. R(R) 

OR (R). nitro, -SOR. -C(O)R', and – CO(O) 
0139 m and n in each instance are independently 0,1,2,3, 
or 4: 
0140 p is independently 0, 1, 2, 3, or 4; and 
0141 rand q in each instance are independently 0, 1, 2, 3, 
or 4. 

0142. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I: 

(I) 
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or a pharmaceutically acceptable salt thereof, wherein: 
0.143 A is 

R14 R15 O O 

- X. A 
10144) L, and L2 are C(R'R''); 
0145 each Q is independently selected from —CH2—, or 
—C(=O)—: 
0146 W is selected from a bond or O: 
I0147 R' is selected from the group consisting of H, 
(C-C)alkyl, -C(O)R, and 

R14 R15 O O 

- Xy 
10148 R is selected from the group consisting of H, 
(C-C)alkyl, -(C-C)alkyl-OR,-(C-C)alkyl-O-(C- 
C.)alkyl, -C(O)R,-(CH), NR7R, and -(CH), N*(R) 
39 

I0149 R is selected from the group consisting of hydro 
gen, (C-C)alkyl, NR'R, OR, 

, - (R), (R'), and - r - - - - )n 
- (R), i Z 31 p 

wherein: 
0150 X is a monocyclic or bicyclic (C-C)aryl, 
0151 Y is selected from a monocyclic or bicyclic (C- 
Co)heterocyclyl or monocylic or bicyclic (C-C)het 
eroaryl, each having one to three heteroatoms selected 
from S, N or O, and 

0152 Z is a monocyclic or bicyclic (C-C)cycloalkyl: 
I0153 R is selected from the group consisting of Hand 
(C-C)alkyl, 
I0154 R is selected from the group consisting of (C-C) 
alkyl, -(CH), NR7R, and -(CH), OR; 
(O155 R and R are independently selected from the 
group consisting of —H, (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, haloalkyl, -(CH2)NR'R'', —C(O)OH, and 
—C(O)NH, wherein the RandR'groups can optionally be 
taken together with the carbon to which they are joined to 
form a 3 to 8 membered cycloalkyl ring, and wherein the 
cycloalkyl ring may be optionally Substituted by one to three 
R' groups; 
I0156 R7 and Rare independently selected from the group 
consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
NR'R'', and C(O)CH: 

O157 R’ is halo: 
0158 R' is N(R'); 
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0159 R'', R', and R' are independently selected from 
the group consisting of oxo, hydroxyl, halo, (C-C)alkoxy, 
R(R) —OR(R), nitro, S.O.R., (C-C)alkyl, 
COR, RYR, CO(O)R, and CO(O)R; 

(0160 R'' and R' are independently selected from the 
group consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, —C(R), , —OC(R), , oxo, 
hydroxyl, halo, C(O)R’, R', and CO(O)R’; 
(0161) R' is independently selected from the group con 
sisting of —H, Oxo, halo, hydroxyl, (C-C)alkyl, (C-C) 
alkoxy, (C-Cs)cycloalkyl, -R(R) g OR(R) g N(R) 
—(CH)-heterocycle.—C(O)OH.—C(O)NH-R(R) 
ORR). nitro, -SO.R. —C(O)R', and -CO(O) 

0162 m and n in each instance are independently 0,1,2,3, 
or 4: 

0163 p is independently 0, 1, 2, 3, or 4; and 
0164 rand q in each instance are independently 0, 1, 2, 3, 
or 4. 

0165. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I: 

(I) 

or a pharmaceutically acceptable salt thereof, wherein: 
(0166 A is 

HO 

(0167 
(0168 

(0169 
0170 
(0171 R is selected from the group consisting of H, 
(C-C)alkyl, -(C-C)alkyl-OR,-(C-C)alkyl-O-(C- 
C.)alkyl, -C(O)R, and -(CH2)NR'R''. 

L and L are both (-CH2—); 
Q is —C(=O)—; 
W is O: 
R" is —H: 
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(0172 R is selected from the group consisting of H, 
(C-C)alkyl, - NR'R, OR, 

- (R), , , - (R'), and r" -R"). 
a 

wherein: 

0173 
0.174 Y is selected from a monocyclic or bicyclic (C- 
Co)heterocyclyl or monocylic or bicyclic (C-C)het 
eroaryl, each having one to three heteroatoms selected 
from S, N or O, and 

0175 
(0176) R' is selected from the group consisting of Hand 
(C-C)alkyl: 
(0177 R is selected from the group consisting of (C-C) 
alkyl, -(CH), NR7R, and -(CH), OR7: 
(0178 R and R are independently selected from the 
group consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, haloalkyl, -(CH2)NR'R''. —C(O)CH, and 
- C(O)NH; 

X is a monocyclic or bicyclic (C-C)aryl. 

Z is a monocyclic or bicyclic (C-C)cycloalkyl: 

(0179 R7 and Rare independently selected from the group 
consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
NR'R'', and C(O)CH: 

0180 R is halo: 
0181) R' is N(R'); 
0182 R'', R', and R' are independently selected from 
the group consisting of oxo, hydroxyl, halo, (C-C)alkoxy, 
R(R)f —OR(R), nitro, S.O.R., (C-C)alkyl, 
C(O)R', RYR, CO(O)R, and CO(O)R; 

0183 R'' and R' are independently selected from the 
group consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, —C(R), , —OIC(R), , oxo, 
hydroxyl, halo, C(O)R’, R', and – CO(O)R’; 
(0184) R' is independently selected from the group con 
sisting of —H. Oxo, halo, hydroxyl, (C-C)alkyl, (C-C) 
alkoxy, (C-Cs)cycloalkyl, -R(R) g OR(R) g N(R) 
2, —(CH),-heterocyclyl, -C(O)OH, -C(O)NH2, —R 
(R) —OR(R), nitro, -SO.R.—C(O)R', and –CO 
(O)R; 
0185 

0186. 
0187. 
3. 

0188 In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I: 

mand n in each instance are independently 0, 1, or 2; 
p is independently 0, 1, or 2; and 
rand q in each instance are independently 0, 1, 2, or 
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(I) 

CH3 

or a pharmaceutically acceptable salt thereof, wherein: 
(0189 A is 

O 

HO 

O s 

0.190 L and L are both (—CH2—); 
(0191 Q is C(=O)–: 
0192 W is O: 
0193 R' is H: 
(0194 R is selected from the group consisting of H, 
(C-C)alkyl, -C(O)R, and -(CH)NR'R'': 
0.195 R is 

w 

, (R), 
X 31 

wherein X is a monocyclic or bicyclic (C-C)aryl; 
(0196) R' is selected from the group consisting of Hand 
(C-C)alkyl: 
(0197) R is selected from the group consisting of (C-C) 
alkyl, -(CH), NR7R, and -(CH), OR; 
(0198 R is selected from the group consisting of H, 
(C-C)alkyl, (C-C)cycloalkyl, (C-C)alkoxy, haloalkyl, 
-(CH), NR7R, C(O)OH, and –C(O)NH; 
(0199 RandRare independently selected from the group 
consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
NR'R'', and C(O)CH: 

0200 R is halo: 
0201) R' is N(R'); 
(0202) R'', R', and R' are independently selected from 
the group consisting of oxo, hydroxyl, halo, (C-C)alkoxy, 
R(R) —OR(R), nitro, -SO.R., (C-C)alkyl, COR, COOR and COOR. 

0203 R'' and R' are independently selected from the 
group consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, —C(R), , —OC(R), , oxo, 
hydroxyl, halo, C(O)R’, R', and CO(O)R’; 
(0204) R' is independently selected from the group con 
sisting of —H, Oxo, halo, hydroxyl, (C-C)alkyl, (C-C) 
alkoxy, (C-Cs)cycloalkyl, -R(R) g OR(R) g N(R) 

13 
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2, —(CH),-heterocyclyl, -C(O)OH, -C(O)NH2, —R 
(R) —OR(R), nitro, -SO.R. —C(O)R', and –CO 
(O)R; 
0205 
0206 
0207 
3. 

0208. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I: 

mand n in each instance are independently 0, 1, or 2; 
p is independently 0, 1, or 2; and 
rand q in each instance are independently 0, 1, 2, or 

(I) 

CH3 

or a pharmaceutically acceptable salt thereof, wherein: 
0209. A is 

HO 

0210 
0211 
0212 
0213 
0214 
0215 

L and L are both (-CH-); 
Q is —C(=O)—; 
W is O: 
R" is —H: 
R° is (CH), NR7R; 
R is 

, - (R), : x 1 
1 

wherein X is phenyl: 
(0216) R' and Rare independently selected from the group 
consisting of —H and methyl; 
0217 R is selected from the group consisting of chloro, 
bromo, and fluoro; 
(0218. R'' is selected from the group consisting of chloro, 
bromo, and fluoro; 
0219 m is 0, 1, or 2; and 
0220 r is 1, 2, or 3. 
0221. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula II: 
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(II) 

or a pharmaceutically acceptable salt thereof, wherein: 
0222 A is 

O R 14 R15 O 

- X. O (Q) (Q), 

0223 L and L are independently selected from a bond or 
(C(R'R''); 
0224 each instance of Q is independently selected from 
—CH2—, or —C(=O)—; 
0225 W is selected from a bond or O: 
0226) R' is selected from the group consisting of H, 
(C-C2)alkyl, -C(O)R. —CH2—O—(C-C)alkyl, 2-tet 
rahydro-2H-pyran, and 

O 

--- 
R 14 R15 O 

(Q), (Q) 

0227 R’ is selected from the group consisting of H, 
(C-C2)alkyl, -(C-C)alkyl-OR. -(C-C)alkyl-O- 
(C-C)alkyl, -C(O)R. —(CH)NR'R', and -(CH),N' 
(R), wherein when W is O. R' and R can optionally be 
taken together with the O and N to which they are respectively 
joined to form a 4 to 8 membered heterocyclyl ring, wherein 
the heterocyclyl ring may be optionally substituted by one to 
two R' groups; 
0228 R is selected from the group consisting of hydro 
gen, (C-C)alkyl, - NR'R, OR, 

(R'), and ---, (R'), ---, 
x 1 Y 31 

w 

Y (R'), 
w 
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wherein: 
0229 X is a monocyclic or bicyclic (C-C)aryl, 
0230 Y is selected from a monocyclic or bicyclic (C- 
Co)heterocyclyl or monocylic or bicyclic (C-C)het 
eroaryl, each having one to three heteroatoms selected 
from S, N or O, and 

0231 Z is a monocyclic or bicyclic (C-C)cycloalkyl: 
0232 R and Rican optionally be taken together with the 
nitrogen and L to which they are respectively joined to form 
a 4 to 8 membered heterocyclyl ring, wherein the heterocyclyl 
ring may be optionally substituted by one to two R' groups: 
0233 R is selected from the group consisting of Hand 
(C-C)alkyl, 
0234 R is selected from the group consisting of H, 
(C-C)alkyl, -R,-(CH)NR'R', and -(CH), OR7. 
0235 R and R are independently selected from the 
group consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, haloalkyl, Y. —(CH2)NR'R''. —C(O)OH, 
and —C(O)NH, wherein the Rand R' groups can option 
ally be taken together with the carbon to which they are joined 
to form a 3 to 8 membered cycloalkyl ring, and wherein the 
cycloalkyl ring may be optionally Substituted by one to three 
R' groups; 
0236 R7 and Rare independently selected from the group 
consisting of H. (C-C)alkyl, (C-C)cycloalkyl, -O-aryl 
(R), -NR'R'', C(O)CH, wherein R7 and R can 
optionally be taken together with the nitrogen to which they 
are joined to form a 4 to 8 membered heterocyclyl or het 
eroaryl ring containing one to three heteroatoms selected 
from NR , O. , S: , S(O) , or - SO , 
wherein the heterocyclyl or heteroaryl ring may be optionally 
substituted by one to three R'' groups; 
0237 R’ is halo: 
0238) R' is N(R'); 
0239 R'', R', and R' are independently selected from 
the group consisting of oxo, hydroxyl, halo, (C-C)alkoxy, 
R(R), OR(R) nitro, —SO.R., (C-C)alkyl, 
C(OR, RYR, CO(OR, and CO(OR, 

wherein any two R', R' or R' groups can optionally join to 
form a 3 to 8 membered cycloalkyl, aryl, heterocyclyl or 
heteroaryl ring, wherein the heterocyclyl or heteroaryl ring 
may contain one to three heteroatoms selected from 
NR , —O-, -S-, -S(O)—, or -SO. , and 

wherein the cycloalkyl, aryl, heterocyclyl or heteroaryl ring 
may be optionally substituted by one to three R' groups: 
0240 R'' and R'' are independently selected from the 
group consisting of —H, (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, —C(R), , —OC(R)--. Oxo, 
hydroxyl, halo, -C(O)R’, R', and CO(O)R’, wherein 
R'' and R' can optionally be taken together with the carbon 
to which they are joined to form a 3 to 8 membered cycloalkyl 
ring or 4 to 8 membered heterocyclyl ring containing one to 
three heteroatoms selected from —NR , —O , —S , 
—S(O)—, or —SO , wherein the cycloalkyl ring or het 
erocyclyl ring may be optionally substituted by one to three 
R' groups; 
0241) R' is independently selected from the group con 
sisting of —H, halo, oxo, hydroxyl, (C-C)alkyl, (C-C) 
alkoxy, (C-C)cycloalkyl, R(R) OR(R) N(R) 
,-(CH)-heterocycle.—C(O)OH,-C(O)NH-R(R) 

OR(R) nitro, -SO.R. —C(O)R', and –CO(O) 
0242 m and n in each instance are independently 0, 1,2,3, 
or 4: 
0243 p is independently 0, 1, 2, 3, or 4; and 
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0244 rand q in each instance are independently 0, 1, 2, 3, 
or 4. 

0245. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula II: 

(II) 

or a pharmaceutically acceptable salt thereof, wherein: 
0246 A is 

R 14 R15 O 

pi 

O 

- Xy 
0247 L and L are C(R'R'') g 
0248 each Q is independently selected from —CH2—, or 
—C(=O)—: 
0249 W is selected from a bond or O: 
(0250) R' is selected from the group consisting of H, 
C-C)alkyl, -C(O)R', and (C-C)alky (O) 

R 14 R15 O 

pi 

O 

- Xy 
(0251 R is selected from the group consisting of H, 
(C-C)alkyl, -(C-C)alkyl-OR,-(C-C)alkyl-O-(C- 
C.)alkyl, -C(O)R. —(CH), NR7R, and -(CH),N'(R) 
33 

0252 R is selected from the group consisting of H, 
(C-C)alkyl, - NR'R''. -OR, 

, (R'), and i y 1 
1 w 

, (R), : x 1 
w 

, - (R'), { z 1 
w 
W a W 
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wherein: 
0253 X is a monocyclic or bicyclic (C-C)aryl, 
0254 Y is selected from a monocyclic or bicyclic (C- 
Co)heterocyclyl or monocylic or bicyclic (C-C)het 
eroaryl, each having one to three heteroatoms selected 
from S, N or O, and 

0255 Z is a monocyclic or bicyclic (C-C)cycloalkyl: 
(0256 R is selected from the group consisting of Hand 
(C-C)alkyl, 
0257 R is selected from the group consisting of (C-C) 
alkyl, -(CH), NR7R, and -(CH), OR; 
(0258 R and R are independently selected from the 
group consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, haloalkyl, -(CH2)NR'R'', —C(O)OH, and 
—C(O)NH2, wherein the RandR" groups can optionally be 
taken together with the carbon to which they are joined to 
form a 3 to 8 membered cycloalkyl ring, and wherein the 
cycloalkyl ring may be optionally Substituted by one to three 
R' groups; 
(0259 RandRare independently selected from the group 
consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
NR'R'', and C(O)CH: 

0260 R is halo: 
10261) R' is N(R'); 
0262 R'', R', and R' are independently selected from 
the group consisting of oxo, hydroxyl, halo, (C-C)alkoxy, 
R(R), OR(R) nitro, —SO.R., (C-C)alkyl, 
C(OR, RYR, CO(O)R, and CO(OR; 

0263 R'' and R' are independently selected from the 
group consisting of —H, (C-C)alkyl, (C-Cs)cycloalkyl, 
(C-C)alkoxy, —C(R), , —OC(R), , oxo, 
hydroxyl, halo, C(O)R’, R', and CO(O)R’; 
0264) R' is independently selected from the group con 
sisting of —H, Oxo, halo, hydroxyl, (C-C)alkyl, (C-C) 
alkoxy, (C-Cs)cycloalkyl, -R(R) g OR(R) g N(R) 
—(CH),-heterocycle.—C(O)OH.—C(O)NH2. R(R) 
OR (R), nitro, -SOR. -C(O)R', and -CO(O) 

0265 m and n in each instance are independently 0,1,2,3, 
or 4: 
0266 p is independently 0, 1, 2, 3, or 4; and 
0267 rand q in each instance are independently 0, 1, 2, 3, 
or 4. 
0268. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula II: 

(II) 
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or a pharmaceutically acceptable salt thereof, wherein: 
0269 A is 

O 

HO 

O s 

0270 L and L are both (—CH2—); 
(0271 Q is C(=O)–: 
0272 W is O: 
0273 R' is H: 
0274 R is selected from the group consisting of H, 
(C-C)alkyl, -C(O)R, and -(CH)NR'R'': 
0275 R is 

, , (R), : x 1 

wherein X is a monocyclic or bicyclic (C-C)aryl; 
0276 R is selected from the group consisting of Hand 
(C-C)alkyl, 
(0277 R is selected from the group consisting of (C-C) 
alkyl, -(CH), NR7R, and -(CH), OR; 
0278 R is selected from the group consisting of H, 
(C-C)alkyl, (C-C)cycloalkyl, (C-C)alkoxy, haloalkyl, 
-(CH), NR7R, C(O)OH, and –C(O)NH; 
(0279 RandRare independently selected from the group 
consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
NR'R'', and C(O)CH: 

0280 R is halo: 
(0281) R' is N(R'); 
0282) R'', R', and R' are independently selected from 
the group consisting of oxo, hydroxyl, halo, (C-C)alkoxy, 
R(R)f OR(R) nitro, SOR". (C-C)alkyl, 
C(O)R'', CO(O)R", and CO(O)R; 

(0283 R'' and R' are independently selected from the 
group consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, —C(R), , —OC(R), , oxo, 
hydroxyl, halo, C(O)R’, R', and CO(O)R’; 
0284) R' is independently selected from the group con 
sisting of —H, Oxo, halo, hydroxyl, (C-C)alkyl, (C-C) 
alkoxy, (C-C)cycloalkyl, R(R) OR(R) N(R) 
,-(CH)-heterocycle.—C(O)OH,-C(O)NH-R(R) 

OR (R), nitro, -SO.R. —C(O)R', and -CO(O) 

0285 
0286 
0287 
3. 

mand n in eachinstance are independently 0, 1, or 2; 
p is independently 0, 1, or 2; and 
rand q in each instance are independently 0, 1, 2, or 
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0288. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula II: 

(II) 

or a pharmaceutically acceptable salt thereof, wherein: 
0289 A is 

HO 

0290 

0291 
0292 

0293 
0294 

0295) 

L and L are both (-CH-); 
Q is —C(=O)—; 
W is O: 

R" is —H: 
R is (CH.)NR'R''. 
R is 

---, (R'), x 1 
v 1 

wherein X is phenyl: 
0296 R7 and Rare independently selected from the group 
consisting of —H and methyl; 
0297 R’ is selected from the group consisting of chloro, 
bromo, and fluoro; 
0298 R'' is selected from the group consisting of chloro, 
bromo, and fluoro; 

0299 
0300 
0301 In accordance with another embodiment of the 
present invention, there is provided a compound of Formula 
II: 

m is 0, 1, or 2; and 
r is 1, 2, or 3. 
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Formula II 

(II) 

0302 or a pharmaceutically acceptable salt thereof, 
wherein: 
0303 A is 

O R14 R15 O 

- X: a 
0304 L and L are independently selected from a bond or 
|C(R'R'') 
0305 Q is selected from —CH2—, or –C(=O)–: 
0306 W is selected from a bond or oxygen; 
0307) R' is selected from the group consisting of H, 

O O 

- X. 
0308 R is selected from the group consisting of H, 
(C-C)alkyl, -C alkyl-OH, -C alkyl-O-C alkyl, 
—C(O)R, and -(CH), NR7R, C(O)R, wherein when 
W is oxygen, R' and R can optionally be taken together with 
the oxygen and nitrogen to which they are respectively joined 
to form a 4 to 8 membered heterocyclyl ring, wherein the 
heterocyclyl ring may be optionally substituted by one to two 
R'' groups; 
0309 R is selected from the group consisting of hydro 
gen, (C-C)alkyl, - NR'R, OR, 

, - (R), , , (R'), and - - - - - )n 

R14 R 15 

- (R), i Z 31 p 
w 

17 
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wherein: 
0310 X is a monocyclic or bicyclic (C-C)aryl, 
0311 Y is selected from a monocyclic or bicyclic (C- 
Co)heterocyclyl or monocylic or bicyclic (C-C)het 
eroaryl, each having one to three heteroatoms selected 
from S, N or O, and 

0312 Z is a monocyclic or bicyclic (C-C)cycloalkyl: 
0313 Rand R can optionally be taken together with the 
nitrogen and L to which they are respectively joined to form 
a 4 to 8 membered heterocyclyl ring, wherein the heterocyclyl 
ring may be optionally substituted by one to two R' groups: 
0314) R' is selected from Hand (C-C)alkyl: 
0315 R is selected from (C-C)alkyl, -R, -(CH) 
NR7R, or -(CH), OR; 
0316) R' and R" are independently —H, (C-C)alkyl, 
(C-C)cycloalkyl, (C-C)alkoxy, haloalkyl, - Y. —(CH) 
NR7R, C(O)OH, C(O)NH, wherein the R and R' 
groups can optionally be taken together with the carbon to 
which they are joined to form a 3 to 8 membered cycloalkyl 
ring, wherein the cycloalkyl ring may be optionally Substi 
tuted by one to three R'' groups; 
0317 R and Rare independently selected from the group 
consisting of H., (C-C)alkyl, (C-C)cycloalkyl, -Q-aryl 
(R), -NR'R'', C(O)CH, wherein R7 and R can 
optionally be taken together with the nitrogen to which they 
are joined to form a 4 to 8 membered heterocyclyl or het 
eroaryl ring containing one to three heteroatoms selected 
from —NR , -O-, -S-, -S(O)—, or -SO , 
wherein the heterocyclyl or heteroaryl ring may be optionally 
substituted by one to three R'' groups; 
0318 R is halo: 
0319) R' is N(R'); 
0320 R'', R', and R' are independently selected from 
the group consisting of oxo, hydroxyl, halo, (C-C)alkoxy, 
R(R), OR(R) nitro, —SO.R., (C-C)alkyl, 
C(OR, - RYR, and CO(O)R, wherein any two R. 

R' or R'' groups can optionally join to form a 3 to 8 mem 
bered cycloalkyl, aryl, heterocyclyl or heteroaryl ring, 
wherein the heterocyclyl or heteroaryl ring may contain one 
to three heteroatoms selected from NR , —O ,—S , 
—S(O)—, or —SO , and wherein the cycloalkyl, aryl. 
heterocyclyl or heteroaryl ring may be optionally substituted 
by one to three R' groups: 
0321) R'' and R' are independently selected from the 
group consisting of —H., (C-C)alkyl, (C-C)cycloalkyl, 
(C-C)alkoxy, —C(R), , —OC(R), , oxo, 
hydroxyl, halo, -C(O)R’, R', and CO(O)R’, wherein 
R'' and R' can optionally be taken together with the carbon 
to which they are joined to form a 3 to 8 membered cycloalkyl 
ring or 4 to 8 membered heterocyclyl ring containing one to 
three heteroatoms selected from NR , —O , —S , 
—S(O)—, or —SO , wherein the cycloalkyl ring or het 
erocyclyl ring may be optionally substituted by one to three 
R' groups; 
10322) R' is independently selected from the group con 
sisting of halo, oxo, hydroxyl, (C-C)alkyl, (C-C)alkoxy, 
(C-Cs)cycloalkyl, -R(R) g OR(R) g -N(R), 
—(CH)-heterocyclyl, -C(O)CH, -C(O)NH, -R(R) 

OR (R'), nitro, -SOR. -C(O)R', and -CO(O) 
R"; 
0323 m and n in each instance are independently 0,1,2,3, 
or 4: 
0324 p is independently 0, 1, 2, 3, or 4; and 
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0325 rand q in each instance are independently 0, 1, 2, 3, 
or 4. 

0326 In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein Land L. 
are both C(RR) g 
0327. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein Land L. 
are both —CH2—. 
0328. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein q is 
independently 1, 2, or 3. 
0329. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein q is 1. 
0330. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein W is O. 
0331. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein W is a 
bond. 

0332. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein when W 
is a bond, then R' is H. 
0333. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein when W 
is O, then R' is H. 
0334. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein Q, in the 
A group is absent and Q, in the A group is —CH2— and the 
Q in the Formula I structure is —C(=O)—. 
0335. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R' is 
—H. 

0336. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R is 

0337. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R is 
(dimethylamino)ethyl. 
0338. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein r is 
independently 0, 1, 2, or 3. 
0339. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein r is 2. 
0340. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R is 
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0341. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein X is a 
monocyclic (C-C)aryl. 
0342. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein X is 
phenyl. 
0343. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R is 
—H. 
0344. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein m is 0 or 
1. 
(0345. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein m is 0. 
0346. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein m is 1. 
0347 In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein n is 1. 
0348. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R and 
R" are both - H. 
0349. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein RandR 
are both (C-C)alkyl. 
0350. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R is 
methyl. 
0351. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R is 
methyl. 
0352. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein RandR 
are both methyl. 
0353. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R'' is 
halo. 
0354. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R'' is 
selected from chloro, bromo, or fluoro. 
0355. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R'' is 
chloro. 
0356. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R'' is 
absent. 
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0357. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R'' and 
R" are both (C-C)alkyl. 
0358. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein R'' and 
R" are both methyl. 
0359. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein A is 

O 

HO 

0360. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein A is 

O O 

HO 

HO 

HO 
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0361. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein A is 

HO 

0362. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
structure of Formula I or Formula II above, wherein A is 

0363. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
Structure: 

N 

OH N 
1N 

or a pharmaceutically acceptable salt thereof. 
0364. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
Structure: 

or a pharmaceutically acceptable salt thereof. 
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0365. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
Structure: 

O 

N 

O OH 

HO X- 1N 
O 

or a pharmaceutically acceptable salt thereof. 
0366. In accordance with another embodiment of the 
present invention, there is provided a compound having the 
Structure: 

HO 

or a pharmaceutically acceptable salt thereof. 
0367. In a further embodiment of the present invention, 
there is provided a pharmaceutical composition comprising a 
compound of Formula I or Formula II, or a pharmaceutically 
acceptable salt thereof, and a pharmaceutically acceptable 
excipient. 
0368. In a further embodiment of the present invention, 
there is provided a method of treating HIV comprising admin 
istering to a patient Suffering therefrom an effective amount 
of a compound of Formula I or Formula II, or a pharmaceu 
tically acceptable salt thereof. 
0369. In a further embodiment of the present invention, 
there is provided a pharmaceutical composition comprising a 
compound of Formula I or Formula II, or a pharmaceutically 
acceptable salt thereof, and a pharmaceutically acceptable 
excipient. 
0370. In a further embodiment of the present invention, 
there is provided a pharmaceutical composition comprising a 
compound of Formula I or Formula II, or a pharmaceutically 
acceptable salt thereof, and a pharmaceutically acceptable 
excipient, wherein the compound is present in an amorphous 
form. 

0371. In a further embodiment of the present invention, 
there is provided a pharmaceutical composition comprising a 
compound of Formula I or Formula II, or a pharmaceutically 
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Cl, 

Cl, 

acceptable salt thereof, and a pharmaceutically acceptable 
excipient, wherein the composition is in a tablet form. 
0372. In a further embodiment of the present invention, 
there is provided a pharmaceutical composition comprising a 
compound of Formula I or Formula II, or a pharmaceutically 
acceptable salt thereof, and a pharmaceutically acceptable 
excipient, wherein the compound is present as a spray dried 
dispersion. 
0373) In a further embodiment of the present invention, 
there is provided a method of treating an HIV infection in a 
Subject comprising administering to the Subject a compound 
of Formula I or Formula II, or a pharmaceutically acceptable 
salt thereof. In certain embodiments, the Subject is a mammal, 
and in other embodiments, the Subject is a human. 
0374. In a further embodiment of the present invention, 
there is provided a method of treating an HIV infection in a 
Subject comprising administering to the Subject a pharmaceu 
tical composition comprising a compound of Formula I or 
Formula II, or a pharmaceutically acceptable salt thereof, and 
a pharmaceutically acceptable excipient. 
0375. In a further embodiment of the present invention, 
there is provided a method of preventing an HIV infection in 
a subject at risk for developing an HIV infection, comprising 
administering to the Subject a compound of Formula I or 
Formula II, or a pharmaceutically acceptable salt thereof. 
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0376. In a further embodiment of the present invention, 
there is provided a method of preventing an HIV infection in 
a Subject at risk for developing an HIV infection, comprising 
administering to the Subject a pharmaceutical composition 
comprising a compound of Formula I or Formula II, or a 
pharmaceutically acceptable salt thereof, and a pharmaceuti 
cally acceptable excipient. 
0377. In still other embodiments, the present invention 
also provides the use of a compound or salt as defined in any 
of Formula I or Formula II in the manufacture of a medica 
ment for use in the treatment of an HIV infection in a human. 

0378. Furthermore, the compounds of the invention can 
exist in particular geometric or stereoisomeric forms. The 
invention contemplates all such compounds, including cis 
and trans-isomers, (-)- and (+)-enantiomers, (R)- and (S)- 
enantiomers, diastereomers, (D)-isomers, (L)-isomers, the 
racemic mixtures thereof, and other mixtures thereof. Such as 
enantiomerically or diastereomerically enriched mixtures, as 
falling within the scope of the invention. Additional asym 
metric carbon atoms can be present in a Substituent such as an 
alkyl group. All Such isomers, as well as mixtures thereof, are 
intended to be included in this invention. 

0379 Optically active (R)- and (S)-isomers and d and 1 
isomers can be prepared using chiral synthons or chiral 
reagents, or resolved using conventional techniques. If, for 
instance, a particular enantiomer of a compound of the 
present invention is desired, it can be prepared by asymmetric 
synthesis, or by derivatization with a chiral auxiliary, where 
the resulting diastereomeric mixture is separated and the aux 
iliary group cleaved to provide the pure desired enantiomers. 
Alternatively, where the molecule contains a basic functional 
group. Such as an amino group, or an acidic functional group. 
Such as a carboxyl group, diastereomeric salts can be formed 
with an appropriate optically active acid or base, followed by 
resolution of the diastereomers thus formed by fractional 
crystallization or chromatographic means known in the art, 
and Subsequent recovery of the pure enantiomers. In addition, 
separation of enantiomers and diastereomers is frequently 
accomplished using chromatography employing chiral, sta 
tionary phases, optionally in combination with chemical 
derivatization (e.g., formation of carbamates from amines). 
0380. In another embodiment of the invention, there is 
provided a compound of Formula I or Formula II, wherein the 
compound or salt of the compound is used in the manufacture 
of a medicament for use in the treatment of a viral infection in 
a human. 

0381. In another embodiment of the invention, there is 
provided a pharmaceutical composition comprising a phar 
maceutically acceptable diluent and a therapeutically effec 
tive amount of a compound as defined in Formula I. 
0382. In one embodiment, the pharmaceutical formulation 
containing a compound of Formula I or Formula II or a salt 
thereof is a formulation adapted for parenteral administra 
tion. In another embodiment, the formulation is a long-acting 
parenteral formulation. In a further embodiment, the formu 
lation is a nano-particle formulation. 
0383. The compounds of the present invention and their 
salts, Solvates, or other pharmaceutically acceptable deriva 
tives thereof, may be employed alone or in combination with 
other therapeutic agents. Therefore, in other embodiments, 
the methods of treating and/or preventing an HIV infection in 
a subject may in addition to administration of a compound of 
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Formula I or Formula II further comprise administration of 
one or more additional pharmaceutical agents active against 
HIV. 

0384. In such embodiments, the one or more additional 
agents active against HIV is selected from the group consist 
ing of zidovudine, didanosine, lamivudine, Zalcitabine, aba 
cavir, stavudine, adefovir, adefovir dipivoxil, fozivudine, 
todoxil, emitricitabine, alovudine, amdoxovir, elvucitabine, 
nevirapine, delavirdine, efavirenz, loviride, immunocal, olt 
ipraz, capravirine, lersivirine, GSK2248761, TMC-278, 
TMC-125, etravirine, saquinavir, ritonavir, indinavir, nelfi 
navir, amprenavir, fosamprenavir, brecanavir, darunavir, ata 
Zanavir, tipranavir, palinavir, lasinavir, enfuVirtide, T-20. 
T-1249, PRO-542, PRO-140, TNX-355, BMS-806, BMS 
663068 and BMS-626529, 5-Helix, raltegravir, elvitegravir, 
GSK1349572, GSK1265744, vicriviroc (Sch-C), Sch-D, 
TAK779, maraviroc, TAK449, didanosine, tenofovir, lopi 
navir, and darunavir. 
0385 As such, the compounds of the present invention and 
any other pharmaceutically active agent(s) may be adminis 
tered together or separately and, when administered sepa 
rately, administration may occur simultaneously or sequen 
tially, in any order. The amounts of the compounds of the 
present invention and the other pharmaceutically active agent 
(s) and the relative timings of administration will be selected 
in order to achieve the desired combined therapeutic effect. 
The administration in combination of a compound of the 
present invention and salts, Solvates, or other pharmaceuti 
cally acceptable derivatives thereof with other treatment 
agents may be in combination by administration concomi 
tantly in: (1) a unitary pharmaceutical composition including 
both compounds; or (2) separate pharmaceutical composi 
tions each including one of the compounds. Alternatively, the 
combination may be administered separately in a sequential 
manner wherein one treatmentagent is administered first and 
the other second or vice versa. Such sequential administration 
may be close in time or remote in time. The amounts of the 
compound(s) of Formula I or Formula II or salts thereof and 
the other pharmaceutically active agent(s) and the relative 
timings of administration will be selected in order to achieve 
the desired combined therapeutic effect. 
0386. In addition, the compounds of the present invention 
may be used in combination with one or more other agents 
useful in the prevention or treatment of HIV. 
0387 Examples of such agents include: 
0388 Nucleotide reverse transcriptase inhibitors such as 
Zidovudine, didanosine, lamivudine, Zalcitabine, abacavir, 
stavudine, adefovir, adefovir dipivoxil, fozivudine, todoxil, 
emitricitabine, alovudine, amdoxovir, elvucitabine, and simi 
lar agents; 
0389. Non-nucleotide reverse transcriptase inhibitors (in 
cluding an agent having anti-oxidation activity Such as immu 
nocal, oltipraz, etc.) Such as nevirapine, delavirdine, 
efavirenz, loviride, immunocal, oltipraz, capravirine, lersivir 
ine, GSK2248761, TMC-278, TMC-125, etravirine, and 
similar agents; 
0390 Protease inhibitors such as saquinavir, ritonavir, 
indinavir, nelfinavir, amprenavir, fosamprenavir, brecanavir, 
darunavir, atazanavir, tipranavir, palinavir, lasinavir, and 
similar agents; 
0391 Entry, attachment and fusion inhibitors such as 
enfuvirtide (T-20), T-1249, PRO-542, PRO-140, TNX-355, 
BMS-806, BMS-663068 and BMS-626529, 5-Helix and 
similar agents; 
0392 Inteqrase inhibitors such as raltegravir, elvitegravir, 
GSK1349572, GSK1265744 and similar agents: 
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0393 Maturation inhibitors such as PA-344 and PA-457, 
and similar agents; and 
0394 CXCR and/or CCR inhibitors such as vicriviroc 
(Sch-C), Sch-D, TAK779, maraviroc (UK 427,857), 
TAK449, as well as those disclosed in WO 02/74769, PCT/ 
US03/39644, PCT/US03/39975, PCT/US03/396.19, PCT/ 
US03/39618, PCT/US03/39740, and PCT/US03/39732, and 
similar agents. 
0395. Further examples where the compounds of the 
present invention may be used in combination with one or 
more agents useful in the prevention or treatment of HIV are 

22 

found in Table 1. 

TABLE 1. 

Brand 
FDA Approval Name Generic Name Manufacturer 

Nucleoside Reverse Transcriptase Inhibitors (NRTIs) 

987 Retrovir zidovudine, GlaxoSmithKline 
azidothymidine, 
AZT, ZDV 

991 Videx didanosine, Bristol-Myers 
dideoxyinosine, Squibb 
didI 

992 Hivid Zalcitabine, Roche 
dideoxycytidine, Pharmaceuticals 
didC 

994 Zerit stavudine, d4T Bristol-Myers 
Squibb 

995 Epivir amivudine, 3TC GlaxoSmithKline 
997 Combivir lamivudine + GlaxoSmithKline 

zidovudine 
998 Ziagen abacavir Sulfate, GlaxoSmithKline 

ABC 
2OOO Triziwir abacavir + GlaxoSmithKline 

amivudine + 
zidovudine 

2OOO Videx EC enteric coated Bristol-Myers 
didanosine, ddI Squibb 
EC 

2001 Wiread enofovir Gilead Sciences 
disoproxil 
umarate, TDF 

2003 Emtriva emtricitabine, FTC Gilead Sciences 
2004 Epzicom abacavir + GlaxoSmithKline 

amivudine 
2004 Truvada emtricitabine + Gilead Sciences 

enofovir 
disoproxil 
lunarate 

Non-Nucleosides Reverse Transcriptase Inhibitors (NNRTIs) 

1996 Viramune nevirapine, NVP Boehringer 
Ingelheim 

1997 Rescriptor delavirdine, DLV Pfizer 
1998 Sustiva efavirenz, EFV Bristol-Myers 

Squibb 
2008 Intellence etravirine Tibotec 

Therapeutics 
Protease Inhibitors (PIs) 

1995 Invirase saquinavir Roche 
mesylate, SQV Pharmaceuticals 

1996 Norwir ritonavir, RTV Abbott 
Laboratories 

1996 Crixivan indinavir, IDV Merck 
1997 Viracept nelfinavir Pfizer 

mesylate, NFV 
1997 Fortovase saquinavir (no Roche 

longer marketed) Pharmaceuticals 
1999 Agenerase amprenavir, APV GlaxoSmithKline 
2OOO Kaletra lopinavir + Abbott 

ritonavir, Laboratories 
LPVRTV 
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TABLE 1-continued 

Brand 
FDA Approval Name Generic Name Manufacturer 

2003 ReyataZ atazanavir Sulfate, Bristol-Myers 
ATV Squibb 

2003 Lexiva foSamprenavir GlaxoSmithKline 
calcium, FOS 
APV 

2005 Aptivus tripranavir, TPV Boehringer 
ngelheim 

2006 Prezista darunavir Tibotec 
Therapeutics 

Fusion Inhibitors 

2003 Fuzeon Enfluvirtide, T-20 Roche 
Pharmaceuticals 
& Trimeris 

Entry Inhibitors 

2007 Selzentry maraviroc Pfizer 
Integrase Inhibitors 

2007 Isentress raltegravir Merck 

0396 The scope of combinations of compounds of this 
invention with HIV agents is not limited to those mentioned 
above, but includes in principle any combination with any 
pharmaceutical composition useful for the treatment of HIV. 
As noted, in Such combinations the compounds of the present 
invention and other HIV agents may be administered sepa 
rately or in conjunction. In addition, one agent may be prior 
to, concurrent to, or subsequent to the administration of other 
agent(s). 
0397. The present invention may be used in combination 
with one or more agents useful as pharmacological enhancers 
as well as with or without additional compounds for the 
prevention or treatment of HIV. Examples of such pharmaco 
logical enhancers (or pharmakinetic boosters) include, but are 
not limited to, ritonavir, GS-9350, and SPI-452. 
0398 Ritonavir is 10-hydroxy-2-methyl-5-(1-methy 
ethyl)-1-12-(1-methylethyl)-4-thiazolyl)-3,6-dioxo-8, 11 
bis(phenylmethyl)-2,4,7,12-tetraazatridecan-13-oic acid, 
5-thiazolylmethyl ester, 5S-(5S*,8R*,10R*,11R*) and is 
available from Abbott Laboratories of Abbott park, Illinois, as 
Norvir. Ritonavir is an HIV protease inhibitor indicated with 
other antiretroviral agents for the treatment of HIV infection. 
Ritonavir also inhibits P450 mediated drug metabolism as 
well as the P-gycoprotein (Pgp) cell transport system, thereby 
resulting in increased concentrations of active compound 
within the organism. 
0399. GS-9350 is a compound being developed by Gilead 
Sciences of Foster City Calif. as a pharmacological enhancer. 
0400 SPI-452 is a compound being developed by Sequoia 
Pharmaceuticals of Gaithersburg, Md., as a pharmacological 
enhancer. 

04.01. In one embodiment of the present invention, a com 
pound of Formula I or Formula II is used in combination with 
ritonavir. In one embodiment, the combination is an oral fixed 
dose combination. In another embodiment, the compound of 
Formula I or Formula II is formulated as a long acting 
parenteral injection and ritonavir is formulated as an oral 
composition. In one embodiment, is a kit containing the com 
pound of Formula I or Formula II formulated as a long acting 
parenteral injection and ritonavir formulated as an oral com 
position. In another embodiment, the compound of Formula I 
or Formula II is formulated as a long acting parenteral injec 
tion and ritonavir is formulated as an injectable composition. 
In one embodiment, is a kit containing the compound of 
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Formula I or Formula II formulated as along acting parenteral 
injection and ritonavir formulated as an injectable composi 
tion. 
0402. In another embodiment of the present invention, a 
compound of Formula I or Formula II is used in combination 
with GS-93.50. In one embodiment, the combination is an oral 
fixed dose combination. In another embodiment, the com 
pound of Formula I or Formula II is formulated as a long 
acting parenteral injection and GS-9350 is formulated as an 
oral composition. In one embodiment, there is provided a kit 
containing the compound of Formula I or Formula II formu 
lated as a long acting parenteral injection and GS-9350 for 
mulated as an oral composition. In another embodiment, the 
compound of Formula I or Formula II is formulated as a long 
acting parenteral injection and GS-9350 is formulated as an 
injectable composition. In one embodiment, is a kit contain 
ing the compound of Formula I or Formula II is formulated as 
a long acting parenteral injection and GS-9350 formulated as 
an injectable composition. 
0403. In one embodiment of the present invention, a com 
pound of Formula I or Formula II is used in combination with 
SPI-452. In one embodiment, the combination is an oral fixed 
dose combination. In another embodiment, the compound of 
Formula I or Formula II is formulated as a long acting 
parenteral injection and SPI-452 is formulated as an oral 
composition. In one embodiment, there is provided a kit 
containing the compound of Formula I or Formula II formu 
lated as a long acting parenteral injection and SPI-452 for 
mulated as an oral composition. In another embodiment, the 
compound of Formula I or Formula II is formulated as a long 
acting parenteral injection and SPI-452 is formulated as an 
injectable composition. In one embodiment, there is provided 
a kit containing the compound of Formula I or Formula II 
formulated as a long acting parenteral injection and SPI-452 
formulated as an injectable composition. 
04.04. In one embodiment of the present invention, a com 
pound of Formula I or Formula II is used in combination with 
compounds which are found in previously filed PCT/ 
CN2011/0013021, which is hereinincorporated by reference. 
04.05 The above other therapeutic agents, when employed 
in combination with the chemical entities described herein, 
may be used, for example, in those amounts indicated in the 

Exam 
ple 

Parent Structure 
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Physicians’ Desk Reference (PDR) or as otherwise deter 
mined by one of ordinary skill in the art. 
0406. In another embodiment of the invention, there is 
provided a method for treating a viral infection in a mammal 
mediated at least in part by a virus in the retrovirus family of 
viruses which method comprises administering to a mammal, 
that has been diagnosed with said viral infection or is at risk 
of developing said viral infection, a compound of Formula I 
or Formula II. 
0407. In another embodiment of the invention, there is 
provided a method for treating a viral infection in a mammal 
mediated at least in part by a virus in the retrovirus family of 
viruses which method comprises administering to a mammal, 
that has been diagnosed with said viral infection or is at risk 
of developing said viral infection, a compound of Formula I 
or Formula II, wherein said virus is an HIV virus. In some 
embodiments, the HIV virus is the HIV-1 virus. 
0408. In another embodiment of the invention, there is 
provided a method for treating a viral infection in a mammal 
mediated at least in part by a virus in the retrovirus family of 
viruses which method comprises administering to a mammal, 
that has been diagnosed with said viral infection or is at risk 
of developing said viral infection, a compound of Formula I 
or Formula II, further comprising administration of a thera 
peutically effective amount of one or more agents active 
against an HIV virus. 
04.09. In another embodiment of the invention, there is 
provided a method for treating a viral infection in a mammal 
mediated at least in part by a virus in the retrovirus family of 
viruses which method comprises administering to a mammal, 
that has been diagnosed with said viral infection or is at risk 
of developing said viral infection, a compound of Formula I 
or Formula II, further comprising administration of a thera 
peutically effective amount of one or more agents active 
against the HIV virus, wherein said agent active against HIV 
virus is selected from Nucleotide reverse transcriptase inhibi 
tors; Non-nucleotide reverse transcriptase inhibitors; Pro 
tease inhibitors: Entry, attachment and fusion inhibitors: Inte 
grase inhibitors; Maturation inhibitors; CXCR4 inhibitors: 
and CCR5 inhibitors. 
0410. In further embodiments, the compound of the 
present invention, or a pharmaceutically acceptable salt 
thereof, is chosen from the compounds set forth in Table 2. 

TABLE 2 

Chemical Name 

4-(1R)-1- 
(1R,2R,5R1OS, 
13R,14R,17S, 
19R)-17-(3- 
carboxy-3,3- 
dimethyl 
propanoyl)oxy 
12,1418,18 
pentamethyl-7- 
OXO-8-(propan 
2-yl)pentacyclo 
11.8.0.0 {2,10}.0 
{5,9}.0{14,19} 
henicos-8- 
en-5-yl)-2- 
{(4-chlorophenyl) 
methylamino 
ethoxy-2,2- 
dimethyl-4- 
Oxobutanoic acid 
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0411. The compounds of Table 2 were synthesized accord 
ing to the Synthetic Methods, General Schemes, and the 
Examples described below. 
0412. In certain embodiments, the compound(s) of the 
present invention, or a pharmaceutically acceptable salt 
thereof, is chosen from the compounds set forth in Table 2. 

Synthetic Methods 

0413. The methods of synthesis for the provided chemical 
entities employ readily available starting materials using the 
following general methods and procedures. It will be appre 
ciated that where typical or preferred process conditions (i.e., 
reaction temperatures, times, mole ratios of reactants, Sol 
vents, pressures, etc.) are given; other process conditions can 
also be used unless otherwise stated. Optimum reaction con 
ditions may vary with the particular reactants or solvent used, 
but such conditions can be determined by one skilled in the art 
by routine optimization procedures. 
0414. Additionally, the methods of this invention may 
employ protecting groups which prevent certain functional 
groups from undergoing undesired reactions. Suitable pro 
tecting groups for various functional groups as well as Suit 
able conditions for protecting and deprotecting particular 
functional groups are well known in the art. For example, 
numerous protecting groups are described in T. W. Greene 
and G. M. Wuts, Protecting Groups in Organic Synthesis, 
Third Edition, Wiley, New York, 1999, and references cited 
therein. 

0415. Furthermore, the provided chemical entities may 
contain one or more chiral centers and Such compounds can 
be prepared or isolated as pure Stereoisomers, i.e., as indi 
vidual enantiomers or diastereomers, or as stereoisomer-en 
riched mixtures. All Such stereoisomers (and enriched mix 
tures) are included within the scope of this specification, 
unless otherwise indicated. Pure stereoisomers (or enriched 
mixtures) may be prepared using, for example, optically 
active starting materials or stereoselective reagents well 
known in the art. Alternatively, racemic mixtures of Such 
compounds can be separated using, for example, chiral col 
umn chromatography, chiral resolving agents and the like. 
0416) The starting materials for the following reactions 
are generally known compounds or can be prepared by known 
procedures or obvious modifications thereof. For example, 
many of the starting materials are available from commercial 
suppliers such as Aldrich Chemical Co. (Milwaukee, Wis., 
USA), Bachem (Torrance, Calif., USA), Ernka-Chemce or 
Sigma (St. Louis, Mo., USA). Others may be prepared by 
procedures, or obvious modifications thereof, described in 
standard reference texts such as Fieser and Fieser’s Reagents 
for Organic Synthesis, Volumes 1-15 (John Wiley and Sons, 
1991), Rodd's Chemistry of Carbon Compounds, Volumes 
1-5 and Supplementals (Elsevier Science Publishers, 1989), 
Organic Reactions, Volumes 1-40 (John Wiley and Sons, 
1991), March's Advanced Organic Chemistry, (John Wiley 
and Sons, 4th Edition), and Larock’s Comprehensive Organic 
Transformations (VCH Publishers Inc., 1989). 
0417. Unless specified to the contrary, the reactions 
described herein take place at atmospheric pressure, gener 
ally within a temperature range from -78° C. to 200° C. 
Further, except as employed in the Examples or as otherwise 
specified, reaction times and conditions are intended to be 
approximate, e.g., taking place at about atmospheric pressure 
within a temperature range of about -78°C. to about 110°C. 
over a period of about 1 to about 24 hours; reactions left to run 
overnight average a period of about 16 hours. 
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0418. The terms “solvent,” “organic solvent,” and “inert 
solvent each mean a solventinert under the conditions of the 
reaction being described in conjunction therewith, including, 
for example, benzene, toluene, acetonitrile, tetrahydrofuranyl 
(“THF), dimethylformamide (“DMF'), chloroform, meth 
ylene chloride (or dichloromethane), diethyl ether, methanol, 
N-methylpyrrolidone (“NMP”), pyridine and the like. 
0419 Isolation and purification of the chemical entities 
and intermediates described hereincan be effected, if desired, 
by any Suitable separation or purification procedure Such as, 
for example, filtration, extraction, crystallization, column 
chromatography, thin-layer chromatography or thick-layer 
chromatography, or a combination of these procedures. Spe 
cific illustrations of Suitable separation and isolation proce 
dures can be had by reference to the examples herein below. 
However, other equivalent separation or isolation procedures 
can also be used. 
0420 When desired, the (R)- and (S)-isomers may be 
resolved by methods known to those skilled in the art, for 
example by formation of diastereoisomeric salts or com 
plexes which may be separated, for example, by crystalliza 
tion; via formation of diastereoisomeric derivatives which 
may be separated, for example, by crystallization, gas-liquid 
or liquid chromatography; selective reaction of one enanti 
omer with an enantiomer-specific reagent, for example enzy 
matic oxidation or reduction, followed by separation of the 
modified and unmodified enantiomers; or gas-liquid or liquid 
chromatography in a chiral environment, for example on a 
chiral Support, such as silica with a bound chiral ligand or in 
the presence of a chiral solvent. Alternatively, a specific enan 
tiomer may be synthesized by asymmetric synthesis using 
optically active reagents, Substrates, catalysts or solvents, or 
by converting one enantiomer to the other by asymmetric 
transformation. 

EXAMPLES 

0421. The following examples serve to more fully 
describe the manner of making and using the above-described 
invention. It is understood that these examples in no way 
serve to limit the true scope of the invention, but rather are 
presented for illustrative purposes. In the examples below and 
the synthetic schemes above, the following abbreviations 
have the following meanings. If an abbreviation is not 
defined, it has its generally accepted meaning. 

0422 aq. aqueous 
0423 uL-microliters 
0424 uM=micromolar 
0425 NMR=nuclear magnetic resonance 
0426 boc=tert-butoxycarbonyl 
0427 br=broad 
0428 Cbz-benzyloxycarbonyl 
0429 d=doublet 
0430 8-chemical shift 
0431 °C. degrees celcius 
0432 DCM=dichloromethane 
0433 dd=doublet of doublets 
0434) DMEM-Dulbeco's Modified Eagle's Medium 
0435 DMF=N,N-dimethylformamide 
0436 DMSO-dimethylsulfoxide 
0437. EtOAc-ethyl acetate 
0438 g gram 
0439 h or hr hours 
0440 HCV-hepatitus C virus 
0441 HPLC-high performance liquid chromatography 
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0442. HZ-hertz 
0443 IU=International Units 
0444 ICso inhibitory concentration at 50% inhibition 
0445 J-coupling constant (given in Hz, unless other 
wise indicated) 

0446 m multiplet 
0447 M=molar 
0448 M+H"-parent mass spectrum peak plus H" 
0449 mg-milligram 
0450 min-minutes 
0451 mL milliliter 
0452 mM=millimolar 
0453 mmol=millimole 
0454 MS-mass spectrum 
0455 nm nanomolar 
0456 ppm parts per million 
0457 q.S.-sufficient amount 
0458 S-singlet 
0459 RT-room temperature 
0460 sat.=Saturated 
0461 t-triplet 
0462 TFA=trifluoroacetic acid 

Equipment Description 

0463 'HNMR spectra were recorded on a Bruker Avance 
III 400 spectrometer. Chemical shifts are expressed in parts 
per million (ppm, 8 units). Coupling constants are in units of 
hertz (Hz). Splitting patterns describe apparent multiplicities 
and are designated as S (singlet), d (doublet), t (triplet), q 
(quartet), quint (quintet), m (multiplet), br (broad). 
0464. The analytical low-resolution mass spectra (MS) 
were recorded on Agilent 1200 HPLC/6110 or Agilent 1200 
HPLC/6130 using a SunFire C18, 4.6x50mm, 3.5 um using 
a gradient elution method. 
0465 Solvent A: 0.01% trifluoroacetic acid (TFA) in 
water; 
0466 Solvent B: 0.01% TFA in acetonitrile; 
0467 Constant A for 1.2 min followed by 5%-95% or 
20%-95% B over 4 min. 

Schemes and Experimental Procedures 
0468. The following schemes and procedures illustrate 
how compounds of the present invention can be prepared. The 
specific solvents and reaction conditions referred to are also 
illustrative and are not intended to be limiting. Compounds 
not described are either commercially available or are readily 
prepared by one skilled in the art using available starting 
materials. The Examples disclosed herein are for illustrative 
purposes only and are not intended to limit the scope of the 
invention. All examples exhibited LHIVICs values between 
1 LM and 1 nM using the assay disclosed herein. 
0469 For several of the examples the stereochemistry of 
the C28 secondary alcohol when present was not definitively 
confirmed as to its absolute configuration. Unless stated oth 
erwise, the compounds exemplified in the present application 
were isolated as optically pure Stereoisomers and initially 
assigned to a configuration as drawn. There is the possibility 
that some of these may be listed as the opposite stereochem 
istry at that single C28 position as shown. This in no way is 
meant to limit the scope of the invention or utility of the 
compounds of Formula I. Additional examples contained 
within were determined to have the shown configuration by 
spectroscopic methods well known to those skilled in the art 
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including, but not limited to, 1D and 2D NMR methods, 
vibrational circular dichroism and X-ray crystallography. 
These examples and the methods to make both diastereomers 
should serve to clearly exemplify the pure stereoisomers of 
both R and S configuration at the C28 position are readily 
obtained, separated and characterized and any remaining 
undefined examples could be readily confirmed by similar 
methods well known to one skilled in the art. 

0470 Synthesis of Aldehyde Intermediate 6. 

Et3N, 
DCM 
Step A 

HBr, AcOH 
-as 

Toluene, 
AcOH, 
Ac2O 
Step B 

OAc 

AcO 

Na2Cr2O7, 
NaOAc 

Toluene, 
AcOH, 
Ac2O 
Step C 

  



US 2014/0357643 A1 

-continued 

KOH 

Toluene, 
EtOH 
Step D 

PCC 

DCM, 
silica gel 
Step E 

Step A: Intermediate 2 

((1R,3aS.5aR,5bR,7aR.9S.11aR,11bR.13aR,13bR)- 
9-Acetoxy-5a.5b,8,8,11a-pentamethyl-1-(prop-1-en 
2-yl)icosahydro-1H-cyclopentaachrysen-3a-yl) 

methyl acetate 

0471 To a solution of the intermediate 1 (20 g, 45.2 
mmol), 4-dimethylaminopyridine (DMAP, 1.66 g. 13.6 
mmol), and EtN (63 mL, 136 mmol) in CHCl (DCM, 100 
mL) at room temperature was added acetic anhydride (Ac2O, 
17.1 mL, 113 mmol). After it was heated at reflux overnight, 
and cooled down to room temperature, the reaction was 
quenched with water (50 mL). The organic phase was then 
washed with water (50 mLx2) and dried over sodium sulfate. 
After removing most of the organic solvent under reduced 
pressure, anhydrous ethanol (50 mL) was added and the 
resulting precipitates were collected by filtration as a white 
solid (intermediate 2, 20 g, 84%). "H NMR (400 MHz, 
CDC1) 6 ppm 4.69 (1H, m), 4.59 (1H, m), 4.51-4.43 (1H, m), 
4.25 (1H, d, J=11.2 Hz), 3.85 (1H, d, J=10.8 Hz), 2.49-2.40 
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(1H, m), 2.07 (3H, s), 2.04 (3H, s), 1.98-0.77 (42H, m). 
LC/MS: m/z calculated 526.4. found 527.7 (M+1)+. 

Step B: Intermediate 3 

((3aS.5aR,5bR,7aR.9S.11aR.11bR.13aS)-9-acetoxy 
1-isopropyl-5a,5b,8,8,11a-pentamethyl-3.3a.4.5.5a, 
5b,6,7,7a,8,9,10,11,11a, 11b, 12,13,13a-octadecahy 
dro-2H-cyclopentaachrysen-3a-yl)methyl acetate 

0472 HBr in acetic acid (40 mL, 33%) was added to a 
suspension of the intermediate 2 (20g, 38 mmol) in toluene 
(40 mL), AcO (40 mL), and acetic acid (AcOH, 40 mL) 
previously heated at 105°C. The reaction mixture was stirred 
and heated at this temperature for 1.5 h. After cooling down, 
Sodium acetate (24 g) was added and the resulting reaction 
mixture was evaporated to dryness. The pale brownish resi 
due was taken up in DCM (200 mL) and the organic phase 
was washed with water (100 mLX3), dried over sodium sul 
fate, and evaporated to dryness under reduced pressure to 
provide a residue, which was then recrystallized from ethanol 
(EtOH, 95%) and DCM, to afford the intermediate 3 (13.8 g. 
69%) as a white solid. "H NMR (400 MHz, CDC1) 8 ppm 
4.50-446 (1H, m), 4.02 (1H, d. J=10.8 Hz), 3.98 (1H, d, 
J=10.8 Hz), 3.18-3.10 (1H, m), 2.43-2.40 (1H, m), 2.26-2.22 
(2H, m), 2.04 (3H, s), 2.05 (3H, s), 2.00-1.95 (1H, m), 1.90 
1.85 (1H, m), 1.77-0.83 (39H, m). LC/MS: m/z calculated 
526.4. found 549.2 (M+Na)+. 

Step C: Intermediate 4 

((3aR.5aR,5bR,7aR.9S.11aR,11bR.13aS)-9-Ac 
etoxy-1-isopropyl-5a.5b,8,8,11a-pentamethyl-2-oxo 
3.3a,4,5,5a,5b,6,7,7a,8,9,10,11,11a, 11b, 12,13,13a 
octadecahydro-2H-cyclopentalachrysen-3a-yl) 

methyl acetate 

0473. A mixture of the intermediate 3 (7g, 13.29 mmol), 
sodium acetate (NaOAc, 6.21 g, 76 mmol) and sodium 
dichromate dihydrate (4.75 g, 15.95 mmol) in anhydrous 
toluene (90 mL), AcOH (119 mL), and AcO (29 mL) was 
stirred at 60° C. overnight. After cooling down, the reaction 
mixture was partitioned between water (150 mL) and ethyl 
acetate (EtOAc, 250 mL). The organic phase was washed 
successively with: water (100 mL), a saturated solution of 
sodium carbonate (100 mLx2) and brine (100 mLX2), then 
dried over sodium sulfate, and concentrated under reduced 
pressure to afford a sticky oil. The sticky oil was triturated 
with MeOH (250 mL) and the precipitates were collected to 
give the intermediate 4 (6g, 11.1 mmol, 83%) as a white solid. 
H NMR (400 MHz, CDC1) 8 ppm 4.52-4.46 (1H, m), 4.33 
(1H, d, J=10.8 Hz), 4.06 (1H, d, J=11.2 Hz), 3.21-3.16 (1H, 
m), 2.86 (1H, dd, J=12.8, 3.2 Hz), 2.42-2.36 (1H, m), 2.05 
(3H, s), 2.00 (3H, s), 1.94-0.84 (40H, m). LC/MS: m/z cal 
culated 540.4. found 563.3 (M+Na)+. 

Step D: Intermediate 5 

(3aR,5aR.5bR,7aR.9S.11aR,11bR.13aS)-3a-(Hy 
droxymethyl)-1-isopropyl-5a,5b,8,8,11a-pentam 

ethyl-2-oxo-3,3a.4.5.5a.5b,6,7,7a,8,9,10,11,11a, 11b, 
12,13,13a-octadecahydro-2H-cyclopentaachrysen 

9-yl acetate. 

0474. A mixture of the intermediate 4 (7 g. 12.94 mmol) 
and potassium hydroxide (KOH, 0.872 g, 15.5 mmol) in 
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EtOH (200 mL) and toluene (200 mL) was stirred vigorously 
at room temperature for 1 h. The reaction mixture was neu 
tralized with aqueous HC1 (1N) to pH 7 and evaporated to 
dryness. The obtained residue was taken up in water and a 
Small amount of acetone. The precipitates were collected and 
then washed with water and dried in vacuo to obtain the 
intermediate 5 (6.0 g, 93%) as a white solid. LC/MS: m/z. 
calculated 498.4. found 499.3 (M+1)+. 
0475 Step E: Intermediate 6 (3aR,5aR.5bR,7aR.9S.11aR, 
11bR.13aS)-3a-Formyl-1-isopropyl-5a.5b,8,8,11a-pentam 
ethyl-2-oxo-3.3a,4,5,5a5b,6,7,7a,8,9,10,11,11a, 11b, 12,13. 
13a-octadecahydro-2H-cyclopentaachrysen-9-yl acetate 
0476. To a solution of the intermediate 5 (5.1 g, 10.23 
mmol) in DCM (300 mL) at room temperature were added 
pyridinium chlorochromate (PCC, 6.61 g, 30.7 mmol), and 
silica gel (6.6 g). The reaction mixture was stirred at room 
temperature for 1 h. After the reaction was quenched with 
water, the organic phase was washed with Saturated sodium 
bicarbonate solution (100 mL), dried over sodium sulfate, and 
evaporated under reduced pressure to provide a crude prod 
uct, which was purified by column chromatography on silica 
gel (EtOAc:PE=1:10 to 1:5) to provide the intermediate 6 (4.2 
g, 83%) as a white solid. LC/MS: m/z calculated 496.4. found 
497.2 (M+1)+. 
0477 Synthesis of the oxo-butanoate intermediate 10 was 
accomplished according to the following procedures. 

O 

EtOH 
O -e- 

50° C. 
Step A 

O 
7 

O 

O 'BuOH, H2SO4 
-e- 

HO DCM 
Step B 

O 

8 

O 

> ON- - - O DCM 

O 

9 

O 

> OH 
O 

O 

10 

Step A: Intermediate 8 

4-Ethoxy-2,2-dimethyl-4-oxobutanoic acid 
0478 A solution of 3,3-dimethyl-dihydrofuran-2,5-dione 
7 (25 g, 195 mmol) in anhydrous EtOH (150 mL) was stirred 

Dec. 4, 2014 

at 50° C. overnight. After cooling down to room temperature, 
the solvent was removed under reduced pressure with a rotary 
evaporator and the residue was triturated with hexane at -50° 
C. to afford the intermediate 8 (25 g, 133 mmol, 67.9%) as a 
white solid. "H NMR (400 MHz, CDC1) 8 ppm 4.13-4.18 
(2H, q, J=7.2 Hz), 2.62 (2H, s), 1.28 (6H, s), 1.32-1.25 (3H, t, 
J=7.6 Hz). LC/MS: m/z calculated 174.1. found 173.1 
(M-1)-. 

Step B: Intermediate 9 

1-Tert-butyl 4-ethyl 2,2-dimethylsuccinate 

0479. To a mixture of the intermediate 8 (20g, 109 mmol), 
magnesium sulfate (52.5g, 436 mmol), and tert-butanol (60 
mL) in DCM (480 mL) was added to sulfuric acid (8.72 mL, 
164 mmol). After stirring at room temperature overnight, the 
reaction mixture was poured into Saturated sodium bicarbon 
ate solution (300 mL) and water (300 mL). DCM was added 
to extract the desired product, and the organic phase was 
washed with brine, dried, and concentrated to afford the inter 
mediate 9 (19 g, 83 mmol, 80%) as a colorless oil. "H NMR 
(400 MHz, CDC1) 8 ppm 4.02-4.08 (2H, q, J–7.2 Hz), 2.46 
(2H, s), 1.07 (9H, s), 1.14-1.20 (9H, m). LC/MS: m/z calcu 
lated 230.2. found 253.1 (M+Na)+. 

Step C: Intermediate 10 

4-(Tert-butoxy)-3.3-dimethyl-4-oxobutanoic acid 

0480. To a solution of the intermediate 9 (10g, 41.3 mmol) 
in EtOH (200 mL) was added to potassium hydroxide (12.86 
g, 206 mmol) in water (100 mL) at room temperature. The 
reaction mixture was stirred at room temperature for 2 h. The 
pH of the reaction mixture was adjusted to 3-4 by 1N HC1. 
The resulting solution was extracted with ether (300 mL), and 
the ether phase was dried and concentrated to afford a crude 
product, which was re-crystallized from hexane at -10°C. to 
afford the intermediate 10 (4 g. 19.78 mmol, 47.9%) as a 
white solid. "H NMR (400 MHz, CDC1) 8 ppm 2.58 (2H, s), 
1.43 (9H, s), 1.25 (6H, s). LC/MS: m/z calculated 202.1. 
found 201.1 (M-1). 
0481 
19. 

Synthesis of Diastereomeric Intermediates 18 and 

AcO 
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-continued -continued 

NiCl, 
NaBH4 BOCO 
MeOHA 
THF EtN 

11 

Et3N, MgSO4 

NaBH4, BOCO O COH 
C 10 

14 18 
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-continued 

C 

19 

Step A: Intermediate 11 

(3aR,5aR,5bR,7aR.9S.11aR,11bR.13aS)-3a-(1-Hy 
droxy-2-nitroethyl)-1-isopropyl-5a.5b,8,8,11a-pen 
tamethyl-2-oxo-3,3a.4.5.5a.5b,6,7,7a,8,9,10,11,11a, 

11b, 12,13,13a-octadecahydro-2H-cyclopentala 
chrysen-9-yl acetate 

0482 To a mixture of (3b)-21.28-dioxolup-18-en-3-yl 
acetate (6) (25 g, 50.3 mmol) and nitromethane (150 ml, 2782 
mmol) stirred at room temp was added to triethylamine (75 
ml. 538 mmol) in one charge. The reaction mixture was 
stirred at rt overnight. The reaction mixture was concentrated 
and washed with petroleum ether/EtOAc (2:1, 100 mL) to 
give the product of (24g, 43.0 mmol. 85% yield) as a white 
solid. LC/MS: m/z calculated 557.4. found 558.2 (M+1)". 

Step B: Intermediate 12 

(3aR.5aR,5bR,7aR.9S.11aR,11bR.13aS)-3a-(2- 
Amino-1-hydroxyethyl)-1-isopropyl-5a.5b,8,8,11a 
pentamethyl-2-oxo-3,3a.4.5.5a.5b,6,7,7a,8,9,10,11. 
11a, 11b, 12,13,13a-octadecahydro-2H-cyclopentaa 

chrysen-9-yl acetate 

0483 To a solution of 11 (15.0g, 26.9 mmol) in methanol 
(300 mL) was added NiC1.6H2O (9.59 g, 40.3 mmol) at -5° 
C. and was slowly added sodium borohydride (10.17 g. 269 
mmol) at 5-10°C. (internal temp). The reaction mixture was 
stirred at -5°C. (bath temp) for 30 min. The mixture was then 
quenched with saturated NHCl (200 mL), diluted with 
EtOAc (1500 mL), then stirred at rt overnight. And the 
organic layer was washed with saturated HCl (50 mL), water 
(800 mL), brine (800 mL) and was dried over MgSO, filtered 
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and concentrated to afford a solid, which was washed with 
petroleum ether to give the 12 (14g, 24.40 mmol, 91% yield) 
as a white Solid. LC/MS: m/z calculated 527.4. found 528.3 

(M+1)". 

Step C: Intermediate 13 

(3aR.5aR.5bR,7aR.9S.11aR.11bR.13aS)-3a-(2- 
((Tert-butoxycarbonyl) (4-chlorobenzyl)amino)-1- 
hydroxyethyl)-1-isopropyl-5a,5b,8,8,11a-pentam 

ethyl-2-oxo-3,3a.4.5.5a.5b,6,7,7a,8,9,10,11,11a, 11b, 
12,13,13a-octadecahydro-2H-cyclopentaachrysen 

9-yl acetate 

0484. To a solution of 12 (8g, 14.58 mmol), triethylamine 
(0.813 ml, 5.83 mmol) and MgSO (2.63 g, 21.87 mmol) in 
methanol (225 ml) stirred at rt was added 4-chlorobenzalde 
hyde (2.056 ml, 17.50 mmol). The reaction mixture was 
stirred at rt for 2 h, then cooled to -5° C. and NaBH was 
added in small portions during 10 min and stirred for 30 min. 
Following this, BocO(4.06 ml, 17.50 mmol) was added. The 
reaction was warmed to rt. and stirred for 1 h. The reaction 

mixture was poured into ice water (300 ml) and the solids 
were collected and dried to give 13 (7 g, 8.56 mmol, 58.7% 
yield) as a white foam. LC/MS: m/z calculated 751.5. found 
774.3 (M+Na)". 

Step D: Intermediate 14 

(3aR.5aR.5bR,7aR.9S.11aR,1bR.13aS)-3a-(2-((Tert 
butoxycarbonyl) (4-chlorobenzyl)amino) acetyl)-1- 
isopropyl-5a.5b,8,8,11a-pentamethyl-2-oxo-3,3a,4,5, 

5a5b,6,7,7a,8,9,10,11,11a, 11b,12,13,13a 
octadecahydro-2H-cyclopentalachrysen-9-yl acetate 

0485 To a mixture of 13 (25 g, 29.9 mmol) in dichlo 
romethane (200 mL), was added PCC (50g, 232 mmol) and 
silica gel 50 g. This mixture was stirred at rt overnight. The 
solids were removed by filtration to obtain black solution, 
which was concentrated and purified by silica gel column 
chromatography eluting with hex/EtOAc (10:1) to afford the 
14 (20g, 23.99 mmol, 80% yield) as a white solid. LC/MS: 
m/z calculated 749.4. found 772.2 (M+Na)". 

Step E: Intermediate 15 

(3aR.5aR.5bR,7aR.9S.11aR.11bR.13aS)-3a-(2-((4- 
Chlorobenzyl)amino)acetyl)-9-hydroxy-1-isopropyl 
5a.5b,8,8,11a-pentamethyl-3.3a,4,5,5a,5b,6,7,7a,8,9, 

10, 11.11a, 11b, 12,13,13a-octadecahydro-2H 
cyclopentaachrysen-2-one 

0486 To a solution of 14 in 1,4-dioxane (200 mL) and 
methanol (200 mL) stirred at rt was added con HCl (100 mL) 
in one charge. The reaction mixture was stirred overnight at 
45° C. The reaction mixture was concentrated and washed 
with acetone to give 15 (12.5g, 17.45 mmol, 87% yield) as a 
white foam. LC/MS: m/z calculated 607.38. found 608.0 

(M+1)". 
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MeOH 

HO 
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HO 
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18 

TFA 

23 

C 

HO 
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0498. To a solution of 23 (115 mg, 0.107 mmol) in DCM 
(5 mL) was added TFA (2.5 mL, 0.107 mmol). The reaction 
mixture was stirred at rt for 2 h and evaporated in vacuo to 
afford crude product. This material was then washed with 
satd. sodium bicarbonate solution, water and brine. The 
organics were filtered and concentrated to give the 24 (89 mg, 
0.023 mmol. 21.17% yield) as a white solid. "H NMR (400 
MHz, CHLOROFORM-d) & 7.40 (s, 4H), 5.97-5.65 (m. 1H), 
4.93-3.75 (m, 3H), 3.59-3.27 (m, 1H), 3.27-2.92 (m, 3H), 
2.83-2.11 (m, 5H), 1.98-0.59 (m, 52H) LC/MS: m/z calcu 
lated 865.5. found 866.4 (M+1)". 

Example 4 

Compound 25 11 

((3-Carboxy-3-methylbutanoyl)oxy)-1-isopropyl-5a, 
5b,8,8,11a-pentamethyl-2-oxo-3.3a,4,5,5a.5b,6,7,7a, 

8,9,10,11,11a, 11b, 12,13,13a-octadecahydro-2H 
cyclopentalachrysen-3a-yl)-2-((4-chlorobenzyl) 
(2-(dimethylamino)ethyl)amino)ethoxy)-2,2-dim 

ethyl-4-OXobutanoic acid NaBH4 

EtOH, THF 0499 

25 

26 

0500. To a solution of 2-(dimethylamino)acetaldehyde 
(325 mg, 2.63 mmol) in methanol (5 ml) and DCE (50 ml) 
was added 24 (228 mg, 0.263 mmol) and triethylamine (0.110 
ml, 0.789 mmol). The reaction mixture was stirred at rt for 3 
h. The reaction was cooled to 0°C., and sodium cyanoboro 
hydride (24.80 mg, 0.395 mmol) was added and resultant 
mixture was stirred overnight. The reaction was filtered and 
the filter cake was washed with DCM. The filtrate was con 
centrated under reduced pressure and the residue was purified 
by preparative-HPLC to give the title compound 25 as a TFA 
salt (76 mg, 0.065 mmol. 24.78% yield) as a white solid. "H 
NMR (400 MHz, CHLOROFORM-d) & 7.38-7.30 (m, 2H), 
7.30-7.19 (m, 2H), 5.82-5.69 (m, 1H), 4.53-4.44 (m, 1H), 
4.05-3.89 (m, 1H), 3.70-3.54 (m. 1H), 3.41-2.51 (m, 15H), 
2.45-2.12 (m, 2H), 1.97-0.65 (m, 54H); LC/MS: m/z calcu 
lated 936.6. found 937.4 (M+1)". 

NaBH4 
BOCO 
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Step A: Intermediate 26 
1-((3aR.5aR.5bR,7aR.9S.11aR.11bR.13aS)-9-Ac 

etoxy-1-isopropyl-5a.5b,8,8,11a-pentamethyl-2-oxo 
3.3a,4,5,5a,5b,6,7,7a,8,9,10,11,11a, 11b,12,13,13a 
octadecahydro-2H-cyclopentaachrysen-3a-yl)-2- 

nitroethyl acetate 
0502. To a solution of 11 (20 g, 35.9 mmol) in acetic 
anhydride (100 mL. 1065 mmol) was added 4-methylbenze 
nesulfonic acid (1.852 g, 10.76 mmol). The reaction mixture 
was stirred at rt overnight. EtOAc (50 ml) and NaHCO aq. 
(100 ml) were added. The organic layer was separated, 
washed with water, brine, and dried(Na2SO). Removal of the 
solvent resulted in the crude product which was used directly 
in the next step. LC/MS: m/z calculated 599.4. found 600.3 
(M+1)". 

Step B: Intermediate 27 

pyl-5a,5b,8,8,11a-pentamethyl-3a-(2-nitroethyl)-2- 
oxo-3,3a,4,5,5a5b,6,7,7a,8,9,10,11,11a, 11b,12,13, 
13a-octadecahydro-2H-cyclopentalachrysen-9-yl 

acetate 

0503) To a solution of 26 (21 g, 35.0 mmol) in THF (30 
mL) and EtOH (80 mL) in an ice bath was added NaBH (5.30 
g, 140 mmol). The mixture was then kept at rt for about 1 h, 
diluted with ethyl acetate (200 mL) and extracted with aque 
ous 10% citric acid solution (150 mL), saturated aqueous 
NaHCO (150 mL), and brine (150 mL). The organic layer 
was dried (NaSO) and evaporated to give the crude product 
27 (19 g, 27.2 mmol. 78% yield). This was used directly for 
the next step. LC/MS: m/z calculated 541.4. found 542.3 
(M+1)". 

Step C: Intermediate 28 

pyl-5a,5b,8,8,11a-pentamethyl-2-oxo-3a-(2-oxoet 
hyl)-3.3a,4,5,5a.5b,6,7,7a,8,9,10,11,11a, 11b,12,13, 
13a-octadecahydro-2H-cyclopentalachrysen-9-yl 

acetate 

0504 To a stirred solution of 27 (10 g, 18.46 mmol) in 
acetone (90.00 mL) and methanol (90 mL) at -5°C. was 
added dropwise a solution of KOH (1.036 g. 18.46 mmol) in 
5 mL water, then followed by KMnO4 (1.896g, 12.00 mmol) 
and MgSO4 (1.666 g. 13.84 mmol) in 90 mL of water. The 
temperature was held below 0°C. for 1 h and for another 1 h 
at room temperature. The reaction mixture was diluted with 
DCM (100 mL), then filtered on CeliteTM and washed with 
DCM. The organic phase was concentrated, then extracted 
with DCM, to give the crude product 28 (5 g, 8.12 mmol. 
44.0% yield) which was used directly for the next step with 
out further purification. "H NMR (400 MHz, CHLORO 
FORM-d) 9.64 (s, 1H), 4.49 (dd, J=5.5, 11.0 Hz, 1H), 3.27 
3.06 (m, 1H), 2.87-2.76 (m, 1H), 2.76-2.64 (m, 1H), 2.64-2. 
54 (m. 1H), 2.45 (d. J=18.8 Hz, 1H), 2.20 (d. J=18.8 Hz, 1H), 
2.05 (s, 3H), 1.99-0.67 (m, 39H); LC/MS: m/z calculated 
510.4. found 533.3 (M+Na)". 

Step D: Intermediate 29 
(3aR.5aR,5bR,7aR.9S.11aR,11bR.13aS)-3a-(2- 
((Tert-butoxycarbonyl) (4-chlorobenzyl)amino) 

ethyl)-1-isopropyl-5a.5b,8,8,11a-pentamethyl-2-oxo 
3.3a,4,5,5a,5b,6,7,7a,8,9,10,11,11a, 11b,12,13,13a 

octadecahydro-2H-cyclopentalachrysen-9-yl acetate 
0505) To a solution of 28 (1.5g, 2.94 mmol), TEA (0.164 
ml, 1.175 mmol) and MgSO4 (0.530 g, 4.41 mmol) in metha 
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nol (15 ml) stirred at rt was added 4-chlorobenzylamine 
(0.487 ml. 4.11 mmol). The reaction mixture was stirred at 
20° C. for 2 h, then cooled to -5°C. and NaBH (0.167g, 4.41 
mmol) was added in Small portions during 10 min and stirred 
for 30 min. BOCO (0.750 ml, 3.23 mmol) was then added. 
The reaction was warmed tort and stirred for 1 h. The reaction 
mixture was poured into ice water (300 ml) and solids were 
collected and dried to give 29 (1.8 g. 2.106 mmol. 72%) as a 
white foam. This material was used without further purifica 
tion. LC/MS: m/z calculated 735.5. found 758.3 (M+Na)". 

Step E: Intermediate 30 
Tert-butyl 4-chlorobenzyl(2-((3aR.5aR.5bR,7aR.9S, 
11aR.11bR.13aS)-9-hydroxy-1-isopropyl-5a,5b,8.8, 
11 a-pentamethyl-2-oxo-3,3a,4,5,5a.5b,6,7,7a,8,9,10. 
11.11a, 11b, 12,13,13a-octadecahydro-2H-cyclopenta 

achrysen-3a-yl)ethyl)carbamate 
0506 To a solution of 29 (1.6 g. 2.173 mmol) in methanol 
(6 mL) and THF (6 mL), and water (6 mL) was added NaOH 
(5.21 g, 130 mmol). The reaction mixture was stirred at rt for 
1 h. Water and EtOAc were added upon completion and the 
layers separated. The organic layer was washed with water, 
brine, and dried (NaSO). Removal of the solvent gave 30 
(1.4g, 1.590 mmol, 73%) as a white solid. LC/MS: m/z 
calculated 693.5. found 716.3 (M+Na)". 

Step F: Intermediate 31 
4-((3aR.5aR.5bR,7aR.9S.11aR.11bR.13aS)-3a-(2- 
((Tert-butoxycarbonyl)(4-chlorobenzyl)amino) 

ethyl)-1-isopropyl-5a.5b,8,8,11a-pentamethyl-2-oxo 
3.3a,4,5,5a,5b,6,7,7a,8,9,10,11,11a, 11b, 12,13,13a 

octadecahydro-2H-cyclopentaachrysen-9-yl) 1-tert 
butyl 2,2-dimethylsuccinate 

(0507 To a solution of DMAP (0.862g, 7.06 mmol), EDC 
(1.932 g, 10.08 mmol) and 4-tert-butoxy-3,3-dimethyl-4-ox 
obutanoic acid (10) (1.631 g, 8.06 mmol) in DCM (60 mL) 
stirred at 20°C. for 30 min was added 30 (1.4g, 2.016 mmol). 
The reaction mixture was stirred at 20°C. for 1 h. The mixture 
was washed with Saturated ammonium chloride, water, and 
saturated NaHCO, water, and lastly brine. The organic layer 
was dried over NaSO, filtered and concentrated to give the 
crude product, which was purified by silica gel column elut 
ing with petrol ether/Ethyl acetate (4:1) to afford the product 
4-((3aR,5aR.5bR,7aR.9S.11aR.11bR.13aS)-3a-(2-((tert-bu 
toxycarbonyl)(4-chlorobenzyl)amino)ethyl)-1-isopropyl-5a, 
5b,8,8,11a-pentamethyl-2-oxo-3.3a.4.5.5a.5b,6,7,7a,8,9,10. 
11, 11a, 11b, 12,13,13a-octadecahydro-2H-cyclopentaa 
chrysen-9-yl) 1-tert-butyl 2,2-dimethylsuccinate (1.4 g. 
0.986 mmol, 49%) as a yellow solid. 

Step G: Compound 32 
4-(((3aR.5aR.5bR,7aR.9S.11aR.11bR.13aS)-3a-(2- 
((4-Chlorobenzyl)amino)ethyl)-1-isopropyl-5a.5b,8. 
8, 11 a-pentamethyl-2-oxo-3.3a.4.5.5a.5b,6,7,7a,8,9, 

10, 11.11a, 11b, 12,13,13a-octadecahydro-2H 
cyclopentaachrysen-9-yl)oxy)-2,2-dimethyl-4- 

oXobutanoic acid 

(0508 To a solution of 31 (1.4g, 1.593 mmol) in DCM (6 
mL) was added TFA (3 mL). The reaction mixture was stirred 
at 20° C. for 2 h and evaporated in vacuo to afford crude 
product which was purified by preparative-HPLC to give the 
title compound trifluoroacetic acid salt (1 g, 73%) as a white 
solid. "H NMR (400 MHz, METHANOL-d) &=7.57-7.42 
(m, 4H), 4.51 (dd, J=5.1, 11.2 Hz, 1H), 4.29-4.15 (m, 2H), 
3.30-3.18 (m. 1H), 2.98-2.69 (m, 3H), 2.62 (q, J=16.0 Hz, 
2H), 2.29 (d. J=19. 1 Hz, 1H), 2.17-0.79 (m, 48H); LC/MS: 
m/z calculated 721.5. found 722.3 (M+1)". 
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Example 9 

Compound 41 

4-(((3aR.5aR.5bR,7aR.9S.11aR,11bR.13aS)-3a-(2- 
((1-(4-chlorophenyl)cyclopropyl)amino)ethyl)-1- 

isopropyl-5a5b,8,8,11a-pentamethyl-2-oxo-3,3a,4,5, 
5a5b,6,7,7a,8,9,10,11,11a, 11b,12,13,13a 

octadecahydro-2H-cyclopentalachrysen-9-yl)oxy)- 
2,2-dimethyl-4-OXobutanoic acid 

0520 

0521. The title compound was made in a similar manner to 
Example 5, but as a TFA salt. The final step was performed 
according to the following procedure. To a solution of 4-(tert 
butoxy)-3,3-dimethyl-4-oxobutanoic acid (10) (0.988g, 4.89 
mmol), EDC (1.171 g, 6.11 mmol) and DMAP (0.522g, 4.28 
mmol) in DCM (12 mL) stirred at room temp was added 
tert-butyl (1-(4-chlorophenyl)cyclopropyl)(2-((3aR.5aR, 

HO 
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5bR,7aR.9S.11aR.11bR.13aS)-9-hydroxy-1-isopropyl-5a, 
5b,8,8,11a-pentamethyl-2-oxo-3.3a.4.5.5a.5b,6,7,7a,8,9,10. 
11, 11a, 11b, 12,13,13a-octadecahydro-2H-cyclopentaa 
chrysen-3a-yl)ethyl)carbamate (1.1 g, 1.221 mmol). The 
reaction mixture was stirred at rt for 2 h. Next, TFA (6 mL) 
was added to the reaction mixture. Then, the reaction Solution 
was stirred at rt for another 1.5 h, and the product was 
extracted with DCM (60 mL*3), and the combined organic 
phase was washed with brine (100 ml), dried over NaSO, 
concentrated and the residue was purified by recrystallization 

41 

from DCM and hexane (1:6) resulting in 800 mg of the TFA 
salt of 41 as white solid. "H NMR (400 MHz, METHANOL 
d) 8–7.64-7.44 (m, 4H), 4.50 (dd, J=5.1, 11.2 Hz, 1H), 
3.26-3.10 (m. 1H), 2.84-2.41 (m, 5H), 2.24-2.12 (m. 1H), 
2.12-0.78 (m, 52H); LC/MS: m/z calculated 747.5. found 
748.3 (M+1)". 

Sr.' | | 
NaBHCN 

C 

C 

42 
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0529. A mixture of 32 (150 mg, 0.208 mmol), TEA (210 
mg, 2.076 mmol) and DMAP (5 mg 0.042 mmol) in DCM (5 
ml) was stirred for 3 hours. Next, the mixture was quenched 
with water (50 ml). The organics were thenwashed with water 
(2x50 ml), dried over NaSO, and evaporated in vacuo to 
afford crude product. This was then purified by preparative 
HPLC to give 45 (65 mg, 0.085 mmol, 41%) as a white solid. 
Mixture of rotomers. "H NMR (400 MHz, METHANOL-d) 
&=7.49-7.18 (m, 4H), 4.80-4.42 (m, 3H), 3.27-2.81 (m, 4H), 
2.76-2.52 (m, 2H), 2.36-2.10 (m, 4H), 2.08-0.82 (m, 48H): 
LC/MS: m/z calculated 763.5. found 764.3 (M+1)". 

HO 

46 
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NaHCOs (400 mL*3) and the organic phase was dried over METHANOL-d) 8–7.47-729 (m, 4H), 4.48 (dd, J=5.8, 10.3 
NaSO, filtered and concentrated. The solids were washed HZ, 1H), 4.15-4.04 (m, 1H), 3.80 (d. J=13.8 Hz, 1H), 3.57 (d. 
with a mixture of EtOAc: petroleum ether (600 mL), and J=14.1 Hz, 1H), 3.21-2.82 (m, 5H), 2.72-2.41 (m, 9H), 2.37 
filtered followed by lyophilization to provide the final title 2.05 (m, 4H), 2.05-0.74 (m, 45H); LC/MS: m/z calculated 
compound 62 g as a white solid. "H NMR (400 MHz, 808.5. found 809.5 (M+1)". 

C 

NaBHCN 

C 

N 

O CO2H 

10 

DMAP, 
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-continued 

55 

TFA 
54 -> 

HO 

51 
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-continued 

O O O 
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THF 

16 

O OH 

61 
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yr 
He 

NaBHCN 

60 

  

  













US 2014/0357643 A1 Dec. 4, 2014 
89 

0570. The title compound was made in similar manner to 3H), 2.82-2.52 (m, 4H), 2.52-2.32 (m, 2H), 2.24 (d. J=12.9 
example 29. H NMR (500 MHz, METHANOL-d) 8–7.63- HZ, 1H), 2.09-0.77 (m, 45H); LC/MS: m/z calculated 751.5. 
7.38 (m, 4H), 4.56-4.25 (m, 4H), 3.25-3.14 (m, 1H), 2.99 (s. found 752.3 (M+1)". 

DMAP 

HO 

KOH, EtOH 
PhMe 

C -e- 

HO 
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HO 
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