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COMBINATION PHARMACEUTICAL 
COMPOSITIONS AND USES THEREOF 

CROSS-REFERENCE 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/482.568, filed on May 4, 2011, 
which is incorporated herein by reference in its entirety for all 
purposes. 

BACKGROUND OF THE INVENTION 

0002 Eukaryotic cell division proceeds through a highly 
regulated cell cycle comprising consecutive phases beginning 
with a phase termed G1, and followed by phases termed S 
(DNA synthesis), G2 and M (Mitosis). Disruption of the cell 
cycle or cell cycle control can result in cellular abnormalities 
or disease states such as cancer, which arise from multiple 
genetic changes that transform growth-limited cells to highly 
invasive cells that are unresponsive to normal control of 
growth. Transition of normal cells to cancer cells can arise 
through loss of correct function in DNA replication and DNA 
repair mechanisms. Normal dividing cells are subject to a 
number of control mechanisms, known as cell-cycle check 
points, which maintain genomic integrity by arresting or 
inducing destruction of aberrant cells. Investigation of cell 
cycle progression and control is consequently of significant 
interest in designing anticancer drugs (Flatt, P. M. and Pieten 
pol, J. A. Drug Metab. Rev., (2000), 32(3-4), 283-305; Buola 
mwini, J. K. Current Pharmaceutical Design, (2000), 6,379 
392). 
0003 Cell cycle progression is tightly regulated by 
defined temporal and spatial expression, localization and 
destruction of a number of cell cycle regulators, which exhibit 
highly dynamic behaviour during the cell cycle (Pines, J., 
Nature Cell Biology, (1999), 1, E73-E79). For example, at 
specific cell cycle stages some proteins translocate from the 
nucleus to the cytoplasm, or vice versa, and some are rapidly 
degraded (Kohn, Molecular Biology of the Cell (1999), 10. 
2703-2734). 
0004. Many cancer cells carry abnormalities in G1 check 
point-related proteins such as p53, Rb, MDM-2, p 16 INK4 
and p19 ARF (Levine (1997) Cell, 88:323). Alternatively, 
mutations can cause overexpression and/or over-activation of 
oncogene products, e.g., Ras, MDM-2 and cyclin D, which 
reduce the stringency of G1 checkpoint. In addition to these 
mutations, excessive growth factor signaling can be caused 
by the overexpression of growth factors and can reduce the 
stringency of G1 checkpoint. Together with loss-of-function 
and gain-of-function mutations, continuous activation by 
growth factor receptors or downstream signal-transducing 
molecules can cause cell transformation by overriding the G1 
checkpoint. A disrupted or abrogated G1 checkpoint contrib 
utes to higher mutation rates and the many mutations 
observed in cancer cells. As a result, many cancer cells 
depend on G2 checkpoint for survival against excessive DNA 
damage (O'Connor and Fan (1996) Prog. Cell Cycle Res., 
2:165). 
0005. The G2 cell cycle checkpoint restricts the onset of 
mitosis until DNA replication and repair are complete. Mal 
function of the G2 checkpoint would allow premature onset 
of mitosis prior to the completion of DNA replication and 
repair, producing daughter cells lacking a Substantial portion 
of the genomic DNA or harboring mutations. Functions of the 
G2 checkpoint includes detecting DNA damage and genera 
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tion of signal that can lead to cell cycle arrest when DNA 
damage is detected. The mechanism that promotes the cell 
cycle G2 arrest after DNA damage is believed to be conserved 
among species from yeast to human. 
0006 Kinases play a central role in cell cycle regulation. 
Defects in various components of signal transduction path 
ways have been found to account for a vast number of dis 
eases, including numerous forms of cancer, inflammatory 
disorders, metabolic disorders, vascular and neuronal dis 
eases (Gaestel et al. Current Medicinal Chemistry (2007) 
14:2214-2234). In recent years, kinases that are associated 
with oncogenic signaling pathways have emerged as impor 
tant drug targets in the treatment of various diseases including 
many types of cancers. 
0007. The mammalian target of rapamycin (mTOR), also 
known as mechanistic target of rapamycin, is a serine/threo 
nine protein kinase that regulates cell growth, translational 
control, angiogenesis and/or cell Survival. mTOR is encoded 
by the FK506 binding protein 12-rapamycin associated pro 
tein 1 (FRAP1) gene. mTOR is the catalytic subunit of two 
complexes, mTORC1 and mTORC2. mTORC1 is composed 
of mTOR, regulatory associated protein of mTOR (Raptor), 
mammalian LST8/G-protein B-subunit like protein (mLST8/ 
G|BL), PRAS40, and DEPTOR. mTOR Complex 2 
(mTORC2) is composed of mTOR, rapamycin-insensitive 
companion of mTOR (Rictor), GBL, and mammalian stress 
activated protein kinase interacting protein 1 (mSIN1). 
0008. Apart from their subunits, mTORC1 and mTORC2 
are distinguished by their differential sensitivities to rapamy 
cin and its analogs (also known as rapalogs). Rapamycin 
binds to and allosterically inhibits mTORC1, but mTORC2 is 
generally rapamycin-insensitive. As a result of this rapamy 
cin-insensitive mTOR signaling mediated by mTORC2, can 
cer cells treated with rapamycin analogs usually display only 
partial inhibition of mTOR signaling, which can lead to 
enhanced Survival and resistance to rapamycin treatment. 
Typically, mTOR inhibitors Suppress cell-cycle progression 
in the G1 phase. 
0009 Paclitaxel is a cytotoxic chemotherapeutic used as 
an anti-tumor agent in the treatment of carcinomas of the 
ovary, breast, lung and in the treatment AIDS related Karpo 
si's sarcoma. Originally derived from the western yew, Taxus 
brevifolia, paclitaxel has been used to treat breast cancer by 
pre-operatively administering the drug systemically. At the 
molecular level, paclitaxel exerts an antitumor activity 
through its ability to promote apoptosis (programmed cell 
death) by inducing the assembly of microtubules from tubulin 
dimers and preventing microtubules from depolymerization. 
The stabilized microtubules inhibit normal dynamic reorga 
nization of the microtubule network that is essential for vital 
interphase and mitotic functions. In addition paclitaxel 
induces abnormal arrays or “bundles” of microtubules 
throughout the cell cycle and multiple asters of microtubules 
during mitosis. As a result, paclitaxel increases the fraction of 
cells in G2 or M phase. 
0010 Although impressive success has been achieved 
using this approach, some tumors either do not respond or 
become resistant to treatment with paclitaxel. Moreover, a 
significant number of cases do not result in a clinically satis 
factory outcome either because the tumors are not reduced or 
because the side effects require that paclitaxel dosing be 
discontinued. 
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SUMMARY OF THE INVENTION 

0011. The present invention addresses the need for 
improved treatments to a wide variety of diseases associated 
with dysregulation of kinases. In one aspect, the invention 
provides a method of treating a proliferative disorder includ 
ing but not limited to cancer. In some embodiments, the 
method comprises administering to a subject a first agent 
followed by administering to said subject an mTOR inhibitor, 
wherein said first agent suppresses progression of one or 
more cell-cycle phases after G1 phase. In some embodiments, 
the first agent is administered before any effective amount of 
mTor inhibitor is administered to said subject. In some 
embodiments, the first agent suppresses progression of one or 
more cell cycle phases selected from the group consisting of 
G2, M. and G2/M transition. In some embodiments, the first 
agent is administered at two or more different times before 
administering the mTOR inhibitor. In some embodiments, the 
method further comprises administering the first agent one or 
more times after administering the mTOR inhibitor, such as 
weekly for at least two weeks, each of the first agent admin 
istrations being optionally followed by administering the 
mTOR inhibitor. In some embodiments, the first agent is a 
tubulin modulator, such as an agent that binds to polymerized 
tubulin, and including but not limited to paclitaxel or an 
analogue thereof. In some embodiments, the first agent and 
the mTOR inhibitor yield a synergistic effect in treating the 
proliferative disorder. In some embodiments, the first agent 
and/or the mTOR inhibitor is administered in an individually 
Sub-therapeutic amount. In some embodiments, the prolifera 
tive disorder is a neoplastic condition, including but not lim 
ited to NSCLC, head and neck squamous cell carcinoma, 
pancreatic cancer, breast cancer, ovarian cancer, Kaposi's 
Sarcoma, renal cell carcinoma, prostate cancer, neuoendo 
crine cancer, colorectal cancer, and endometrial cancer. In 
some embodiments, the mTOR inhibitor is administered 
more than 6, 12, 18, 24, 30, 36, 42, or 48 hours after said first 
agent; or more than 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, or 14 
days after said first agent. In some embodiments, the first 
agent and/or the mTOR inhibitor are administered parenter 
ally, orally, intraperitoneally, intravenously, intraarterially, 
transdermally, intramuscularly, liposomally, via local deliv 
ery by catheter or stent, subcutaneously, intraadiposally, or 
intrathecally. 
0012. In another aspect, the invention provides a pharma 
ceutical composition. In some embodiments, the pharmaceu 
tical composition comprises a combination of an amount of a 
first agent and an amount of an mTOR inhibitor, wherein (i) 
said first agent suppresses progression of one or more cell 
cycle phases after G1 phase, and (ii) said pharmaceutical 
composition is formulated to release said mTOR inhibitor 
after releasing said first agent. In some embodiments, said 
combination comprises a synergistically effective amount of 
said first agent and said mTOR inhibitor. In some embodi 
ments, the one or more cell-cycle phases after G1 phase is 
selected from the group consisting of G2, M, and G2/M 
transition. In some embodiments, the pharmaceutical com 
position is formulated in an oral dosage or in a drug eluting 
stent. In some embodiments, the first agent and/or the mTOR 
inhibitor are present in an individually sub-therapeutic 
amount. In some embodiments, the first agent is a tubulin 
modulator, such as an agent that binds to polymerized tubulin, 
and including but not limited to paclitaxel or an analogue 
thereof. 
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0013. In some embodiments, the mTor inhibitor in the 
methods and compositions of the invention inhibits mTORC1 
selectively. For example, the mTor inhibitor inhibits 
mTORC1 with an IC50 value of about 1000 nM or less, 500 
nM or less, 100 nM or less, 50 nM or less, 10 nM or less, as 
ascertained in an in vitro kinase assay. In some embodiments, 
the mTor inhibitor is rapamycin oran analogue of rapamycin. 
In other embodiments, the mTor inhibitor is sirolimus (rapa 
mycin), deforolimus (AP23573, MK-8669), everolimus 
(RAD-001), temsirolimus (CCI-779), Zotarolimus (ABT 
578), or biolimus A9 (umirolimus). 
I0014) In some embodiments of the methods and compo 
sitions of the invention, the mTOR inhibitor binds to and 
directly inhibits both mTORC1 and mTORC2. For example, 
the mTOR inhibitor inhibits both mTORC1 and mTORC2 
with an IC50 value of about 500 nM or less, 400 nM or less, 
300 nM or less, 200 nM or less, 100 nM or less, 50 nM or less, 
10 nM or less, or 1 nM or less, as ascertained in an in vitro 
kinase assay. In another embodiment, the mTOR inhibitor 
inhibits both mTORC1 and mTORC2 with an IC50 value of 
about 10 nM or less as ascertained in an in vitro kinase assay, 
and the mTOR inhibitor is substantially inactive against one 
or more types I PI3-kinases selected from the group consist 
ing of PI3-kinase C. PI3-kinase f, PI3-kinase Y, and PI3 
kinase 8. Alternatively, the mTOR inhibitor inhibits both 
mTORC1 and mTORC2 with an IC50 value of about 100 nM 
or less as ascertained in an in vitro kinase assay, and the IC50 
value is at least 2, 5 or 10 times less than its IC50 value against 
all other type IPI3-kinases selected from the group consisting 
of PI3-kinase C. PI3-kinase?, PI3-kinasey, and PI3-kinase 8. 
I0015. In some embodiments of the methods and compo 
sitions of the invention, the mTOR inhibitor is a compound of 
Formula I: 

Formula I 
32 R3 R 

NN1 

(0016 or a pharmaceutically acceptable salt thereof, 
wherein: 
10017 X is N or C-E, X is N or C, X is N or C, X is 
C-R or N, Xs is N or C-E", X is C or N, and X, is C or N: 
and wherein no more than two nitrogen ring atoms are adja 
Cent, 
0018 R is H. -L-Coalkyl, -L-C-scycloalkyl, -L-C- 
loalkyl-C-scycloalkyl, -L-aryl, -L-heteroaryl, -L-Coalky 
laryl, -L-Coalkylhetaryl, -L-Coalkylheterocylyl, -L-C- 
loalkenyl, -L-Coalkynyl, -L-Coalkenyl-C-scycloalkyl, 
-L-C-oalkynyl-C-scycloalkyl, -L-heteroalkyl, -L-het 
eroalkylaryl, -L-heteroalkylheteroaryl, -L-heteroalkyl-het 
erocylyl, -L-heteroalkyl-C-scycloalkyl, -L-aralkyl, -L-het 
eroaralkyl, or -L-heterocyclyl, each of which is unsubstituted 
or is substituted by one or more independent R: 

(0020 E' and E are independently -(W), R', 
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hetaryl group, wherein each of said aryl, heteroalkyl, hetero 
cyclyl, or hetaryl group is unsubstituted or is substituted with 
one or more halo. —OH, - Coalkyl, -CF, —O-aryl, 
—OCF, —OC-alkyl, -NH2, —N(Coalkyl)(C. 
loalkyl), -NH(Coalkyl), -NH(aryl), -NR'R''. 
—C(O)(Coalkyl). —C(O)(Coalkyl-aryl), —C(O)(aryl), 
—CO Coalkyl, —CO Coalkylaryl, -CO-aryl, 
—C(=O)N(Coalkyl)(Coalkyl). C(=O)NH(C. 
loalkyl), C(=O)NR'R'', C(=O)NH, OCF, 
—O(Coalkyl). —O-aryl, - N(aryl)(Coalkyl). —NO, 
—CN. —S(O) Coalkyl. —S(O) Coalkylaryl. 
—S(O) aryl, -SON(aryl), —SON(Coalkyl)(C- 
loalkyl), -SONHCC alkyl) or -SONRR: 
0030 R and R in NR'R'', C(=O)NR'R'', or 
—SO.NR'R'', are taken together with the nitrogenatom to 
which they are attached to form a 3-10 membered saturated or 
unsaturated ring; wherein said ring is independently unsub 
stituted or is substituted by one or more - NR'R'', 
hydroxyl, halogen, oxo, aryl, hetaryl, Calkyl, or O-aryl, 
and wherein said 3-10 membered saturated or unsaturated 
ring independently contains 0, 1, or 2 more heteroatoms in 
addition to the nitrogen atom; 
0031 each of R7 and R is independently hydrogen, 
Coalkyl, Coalkenyl, aryl, heteroaryl, heterocyclyl or 
Cocycloalkyl, each of which except for hydrogen is unsub 
stituted or is substituted by one or more independent R: 
0032 R is halo, OR, SH, NH, NRR, 
NRR, COR, COaryl, C(=O)NR'R'', 

C(=O)NR'R, NO. —CN, -S(O) Coalkyl, 
—S(O) aryl, -SONRR, -SONR'R''. Coalkyl, 
Coalkenyl, Coalkynyl: aryl-Coalkyl, aryl-Coalk 
enyl, aryl-Coalkynyl, hetaryl-Coalkyl, hetaryl-Coalk 
enyl, hetaryl-Coalkynyl, wherein each of said alkyl, alk 
enyl, alkynyl, aryl, heteroalkyl, heterocyclyl, or hetaryl group 
is unsubstituted or is substituted with one or more indepen 
dent halo, cyano, nitro. —OCoalkyl, Coalkyl, Coalk 
enyl, Coalkynyl, haloCoalkyl, haloCoalkenyl, haloC 
loalkynyl, -COOH, C(=O)NR'R'', C(=O) 
NRR35, SONRR35, SONRR32, NR3 R32, or 
NR'R'; and 

0033 R is H, halo, OR, SH, NH, NRR, 
NRR, COR, COaryl, C(=O)NR'R'', 

C(=O)NR'R, NO. —CN, -S(O) Coalkyl, 
—S(O) aryl, -SONRR, -SONR'R''. Coalkyl, 
Coalkenyl, Coalkynyl: aryl-Coalkyl, aryl-Coalk 
enyl, aryl-Coalkynyl, hetaryl-Coalkyl, hetaryl-Coalk 
enyl, hetaryl-Coalkynyl, wherein each of said alkyl, alk 
enyl, alkynyl, aryl, heteroalkyl, heterocyclyl, or hetaryl group 
is unsubstituted or is substituted with one or more indepen 
dent halo, cyano, nitro. —OCoalkyl, Coalkyl, Coalk 
enyl, Coalkynyl, haloCoalkyl, haloCoalkenyl, haloC 
loalkynyl, -COOH, C(=O)NR'R'', C(=O) 
NRR35, SONRR35, SONRR32, NRR32, or 

NR34R35. 

INCORPORATION BY REFERENCE 

0034 All publications, patents, and patent applications 
mentioned in this specification are herein incorporated by 
reference to the same extent as if each individual publication, 
patent, or patent application was specifically and individually 
indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035. The novel features of the invention are set forth with 
particularity in the appended claims. A better understanding 
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of the features and advantages of the present invention will be 
obtained by reference to the following detailed description 
that sets forth illustrative embodiments, in which the prin 
ciples of the invention are utilized, and the accompanying 
drawings of which: 
0036 FIG. 1 is a schematic illustration of signaling path 
ways activated in human cancer. 
0037 FIG. 2 shows a synergistic effect of a treatment 
according to the methods of the invention on tumor growth in 
mice, with the right graph showing a magnified view of the 
left graph. 
0038 FIG. 3 shows a synergistic effect of a treatment 
according to the methods of the invention on tumor growth in 
mice, with the right graph showing a magnified view of the 
left graph. 
0039 FIG. 4 shows A) an illustration of the distinct sig 
naling pathways mediated by mTORC1 and mTORC2 and B) 
a western blot depicting sensitivity of mTORC1-dependent 
NRDG1 phosphorylation to Compound B, but not rapamy 
C1. 

0040 FIG. 5 shows a Western blot depicting differential 
inhibition of Akt phosphorylation at serine 473 overthreonine 
308 by Compound B (top panel), and a comparison of Akt 
phosphorylation inhibition for Pan-PI3K inhibitor versus 
Compound B. 
0041 FIG. 6A shows a Western blot depicting induction of 
pS6 by paclitaxel which is inhibited by addition of Compound 
B. FIG. 6B shows induction of cleaved PARP by Compound 
B in combination with paclitaxel. 
0042 FIG. 7A shows the effect of Compound Band Taxol 
on proliferation of AN3-CA cells. FIG. 7B shows synergistic 
effect of a treatment according to the methods of the invention 
on tumor growth, as displayed by a combination index study 
in Hec-1A and AN-3CA cells. 
0043 FIG. 8 shows cell cycle population study indicating 
that the combination of Compound B with paclitaxel induces 
increased sub G0/G1 population over the use of either agent 
alone. 
0044 FIG. 9A shows partial inhibition of the growth of 
HEC59 (paclitaxel resistant cell line) cells by paclitaxel, but 
substantially higher inhibition by Compound B. FIG. 9B 
shows the effects of combining Compound B with paclitaxel 
in HEC59 cells. 
0045 FIG. 10 shows alleviation of paclitaxel-induced 
ploidy by use of a combination of Compound B and pacli 
taxel. 
0046 FIG. 11 shows a synergistic effect of a treatment 
according to the methods of the invention on tumor regression 
and tumor growth in mice. 
0047 FIG. 12A shows a synergistic effect of a treatment 
according to the methods of the invention as evidenced by 
delayed tumor regrowth in mice upon discontinuation of 
treatment (Hec-1A). FIG.12B shows prevention of activation 
of PI3K/AKT/mTor pathways in tumor lysates by a combi 
nation of Compound B and paclitaxel. 
0048 FIG. 13 shows a synergistic effect of a treatment 
according to the methods of the invention as evidenced by 
enhanced tumor growth inhibition in a paclitaxel-resistant 
endometrial tumor model in mice (HEC59). 

DETAILED DESCRIPTION OF THE INVENTION 

0049. Several aspects of the invention are described below 
with reference to example applications for illustration. It 
should be understood that numerous specific details, relation 
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ships, and methods are set forth to provide a full understand 
ing of the invention. One having ordinary skill in the relevant 
art, however, will readily recognize that the invention can be 
practiced without one or more of the specific details or with 
other methods. Unless stated otherwise, the present invention 
is not limited by the illustrated ordering of acts or events, as 
Some acts may occur in different orders and/or concurrently 
with other acts or events. Furthermore, not all illustrated acts 
or events are required to implement a methodology in accor 
dance with the present invention. 
0050. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a”, “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
Furthermore, to the extent that the terms “including, 
“includes”, “having”, “has”, “with', or variants thereof are 
used in either the detailed description and/or the claims, such 
terms are intended to be inclusive in a manner similar to the 
term "comprising. 
0051. The term “about” or “approximately” means within 
an acceptable error range for the particular value as deter 
mined by one of ordinary skill in the art, which will depend in 
part on how the value is measured or determined, i.e., the 
limitations of the measurement system. For example, “about 
can mean within 1 or more than 1 Standard deviation, per the 
practice in the art. Alternatively, “about can mean a range of 
up to 20%, up to 10%, up to 5%, or up to 1% of a given value. 
Alternatively, particularly with respect to biological systems 
or processes, the term can mean within an order of magnitude, 
preferably within 5-fold, and more preferably within 2-fold, 
of a value. Where particular values are described in the appli 
cation and claims, unless otherwise stated the term “about 
meaning within an acceptable error range for the particular 
value should be assumed. 
0052 “Treatment”, “treating”, “palliating and “amelio 
rating, as used herein, are used interchangeably. These terms 
refer to an approach for obtaining beneficial or desired results 
including but not limited to therapeutic benefit and/or a pro 
phylactic benefit. By therapeutic benefit is meant eradication 
or amelioration of the underlying disorder being treated. 
Also, a therapeutic benefit is achieved with the eradication or 
amelioration of one or more of the physiological symptoms 
associated with the underlying disorder Such that an improve 
ment is observed in the patient, notwithstanding that the 
patient may still be afflicted with the underlying disorder. For 
prophylactic benefit, the compositions may be administered 
to a patient at risk of developing a particular disease, or to a 
patient reporting one or more of the physiological symptoms 
of a disease, even though a diagnosis of this disease may not 
have been made. 

0053 As used herein, the term “neoplastic condition' 
refers to the presence of cells possessing abnormal growth 
characteristics, such as uncontrolled proliferation, immortal 
ity, metastatic potential, rapid growth and proliferation rate, 
perturbed oncogenic signaling, and certain characteristic 
morphological features. This includes but is not limited to the 
growth of: (1) benign or malignant cells (e.g., tumor cells) 
that correlates with overexpression of a tyrosine or serine/ 
threonine kinase; (2) benign or malignant cells (e.g., tumor 
cells) that correlates with abnormally high level of tyrosine or 
serine/threonine kinase activity. Exemplary tyrosine kinases 
implicated in a neoplastic condition include but are not lim 
ited to receptor tyrosine kinases such as epidermal growth 
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factor receptors (EGF receptor), platelet derived growth fac 
tor (PDGF) receptors, and cyotsolic tyrosine kinases such as 
Src and abl kinase. Non-limiting serien/threonine kinases 
implicated in neoplastic condition include but are not limited 
to raf and mek. 
0054) The term “effective amount” or “therapeutically 
effective amount” refers to that amount of an inhibitor 
described herein that is sufficient to effect the intended appli 
cation including but not limited to disease treatment, as 
defined below. The therapeutically effective amount may vary 
depending upon the intended application (in vitro or in vivo), 
or the Subject and disease condition being treated, e.g., the 
weight and age of the Subject, the severity of the disease 
condition, the manner of administration and the like, which 
can readily be determined by one of ordinary skill in the art. 
The term also applies to a dose that will induce a particular 
response in target cells, e.g., reduction of proliferation or 
downregulation of activity of a target protein. The specific 
dose will vary depending on the particular compounds cho 
sen, the dosing regimen to be followed, whether it is admin 
istered in combination with other compounds, timing of 
administration, the tissue to which it is administered, and the 
physical delivery system in which it is carried. 
0055. A “sub-therapeutic amount of an agent or therapy 

is an amount less than the effective amount for that agent or 
therapy, but when combined with an effective or sub-thera 
peutic amount of another agent or therapy can produce a 
result desired by the physician, due to, for example, Synergy 
in the resulting efficacious effects, or reduced side effects. 
0056. A “synergistically effective therapeutic amount’ or 
“synergistically effective amount of an agent ortherapy is an 
amount which, when combined with an effective or sub 
therapeutic amount of another agent or therapy, produces a 
greater effect than when either of the two agents are used 
alone. In some embodiments, a synergistically effective 
therapeutic amount of an agent or therapy produces a greater 
effect when used in combination than the additive effects of 
each of the two agents or therapies when used alone. 
0057. As used herein, “agent' or “biologically active 
agent” refers to a biological, pharmaceutical, or chemical 
compound or other moiety. Non-limiting examples include 
simple or complex organic or inorganic molecule, a peptide, 
a protein, an oligonucleotide, an antibody, an antibody deriva 
tive, antibody fragment, a vitamin derivative, a carbohydrate, 
a toxin, or a chemotherapeutic compound. Various com 
pounds can be synthesized, for example, Small molecules and 
oligomers (e.g., oligopeptides and oligonucleotides), and 
synthetic organic compounds based on various core struc 
tures. In addition, various natural sources can provide com 
pounds for Screening, Such as plant or animal extracts, and the 
like. A skilled artisan can readily recognize that there is no 
limit as to the structural nature of the agents of the present 
invention. 

0058. The term “agonist’ as used herein refers to a com 
pound having the ability to initiate or enhance a biological 
function of a target protein, whether by inhibiting the activity 
or expression of the target protein. Accordingly, the term 
“agonist' is defined in the context of the biological role of the 
target polypeptide. While preferred agonists herein specifi 
cally interact with (e.g., bind to) the target, compounds that 
initiate or enhance a biological activity of the target polypep 
tide by interacting with other members of the signal transduc 
tion pathway of which the target polypeptide is a member are 
also specifically included within this definition. 
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0059. The terms “antagonist” and “inhibitor” are used 
interchangeably, and they refer to a compound having the 
ability to inhibit a biological function of a target protein, 
whether by inhibiting the activity or expression of the target 
protein. Accordingly, the terms “antagonist' and “inhibitors’ 
are defined in the context of the biological role of the target 
protein. While preferred antagonists herein specifically inter 
act with (e.g., bind to) the target, compounds that inhibit a 
biological activity of the target protein by interacting with 
other members of the signal transduction pathway of which 
the target protein is a member are also specifically included 
within this definition. A preferred biological activity inhibited 
by an antagonist is associated with the development, growth, 
or spread of a tumor, or an undesired immune response as 
manifested in autoimmune disease. 
0060. The phrase “mTOR inhibitor that binds to and 
directly inhibits both mTORC1 and mTORC2 kinases” refers 
to an mTOR inhibitor that interacts with and reduces the 
kinase activity of both mTORC1 and mTORC2 complexes. 
0061 An “anti-cancer agent”, “anti-tumor agent” or “che 
motherapeutic agent” refers to any agent useful in the treat 
ment of a neoplastic condition. One class of anti-cancer 
agents comprises chemotherapeutic agents. “Chemotherapy' 
means the administration of one or more chemotherapeutic 
drugs and/or other agents to a cancer patient by various meth 
ods, including intravenous, oral, intramuscular, intraperito 
neal, intravesical, Subcutaneous, transdermal, buccal, or inha 
lation or in the form of a Suppository. 
0062. The term "cell proliferation” refers to a phenom 
enon by which the cell number has changed as a result of 
division. This term also encompasses cell growth by which 
the cell morphology has changed (e.g., increased in size) 
consistent with a proliferative signal. 
0063. The terms “co-administration.” “administered in 
combination with and their grammatical equivalents, 
encompass administration of two or more agents to an animal 
so that both agents and/or their metabolites are present in the 
animal at the same time. Co-administration includes simul 
taneous administration in separate compositions, administra 
tion at different times in separate compositions, or adminis 
tration in a composition in which both agents are present. 
Co-administered agents may be in the same formulation. 
Co-administered agents may also be in different formula 
tions. 
0064. A “therapeutic effect as used herein, encompasses 
a therapeutic benefit and/or a prophylactic benefit as 
described above. A prophylactic effect includes delaying or 
eliminating the appearance of a disease or condition, delaying 
or eliminating the onset of symptoms of a disease or condi 
tion, slowing, halting, or reversing the progression of a dis 
ease or condition, or any combination thereof. 
0065. The term “pharmaceutically acceptable salt” refers 
to salts derived from a variety of organic and inorganic 
counter ions well known in the art. Pharmaceutically accept 
able acid addition salts can be formed with inorganic acids 
and organic acids. Inorganic acids from which salts can be 
derived include, for example, hydrochloric acid, hydrobro 
mic acid, Sulfuric acid, nitric acid, phosphoric acid, and the 
like. Organic acids from which salts can be derived include, 
for example, acetic acid, propionic acid, glycolic acid, pyru 
Vic acid, oxalic acid, maleic acid, malonic acid, Succinic acid, 
fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic 
acid, mandelic acid, methanesulfonic acid, ethanesulfonic 
acid, p-toluenesulfonic acid, Salicylic acid, and the like. Phar 
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maceutically acceptable base addition salts can be formed 
withinorganic and organic bases. Inorganic bases from which 
salts can be derived include, for example, Sodium, potassium, 
lithium, ammonium, calcium, magnesium, iron, Zinc, copper, 
manganese, aluminum, and the like. Organic bases from 
which salts can be derived include, for example, primary, 
secondary, and tertiary amines, Substituted amines including 
naturally occurring Substituted amines, cyclic amines, basic 
ion exchange resins, and the like, specifically such as isopro 
pylamine, trimethylamine, diethylamine, triethylamine, 
tripropylamine, and ethanolamine. In some embodiments, the 
pharmaceutically acceptable base addition salt is chosen from 
ammonium, potassium, Sodium, calcium, and magnesium 
salts. 
0.066 “Pharmaceutically acceptable carrier' or “pharma 
ceutically acceptable excipient' includes any and all solvents, 
dispersion media, coatings, antibacterial and antifungal 
agents, isotonic and absorption delaying agents and the like. 
The use of such media and agents for pharmaceutically active 
Substances is well known in the art. Except insofar as any 
conventional media or agent is incompatible with the active 
ingredient, its use in the therapeutic compositions of the 
invention is contemplated. Supplementary active ingredients 
can also be incorporated into the compositions. 
0067 “Signal transduction' is a process during which 
stimulatory or inhibitory signals are transmitted into and 
within a cell to elicit an intracellular response. A modulator of 
a signal transduction pathway refers to a compound that 
modulates the activity of one or more cellular proteins 
mapped to the same specific signal transduction pathway. A 
modulator may augment (agonist) or Suppress (antagonist) 
the activity of a signaling molecule. 
0068. The term “selective inhibition” or “selectively 
inhibit as applied to a biologically active agent refers to the 
agent's ability to selectively reduce the target signaling activ 
ity as compared to off-target signaling activity, via direct or 
interact interaction with the target. 
0069. “Subject” refers to an animal, such as a mammal, for 
example a human. The methods described herein can be use 
ful in both human therapeutics, pre-clinical, and Veterinary 
applications. In some embodiments, the Subject is a mammal, 
and in Some embodiments, the Subject is human. 
(0070. The term “in vivo” refers to an event that takes place 
in a subjects body. 
(0071. The term “in vitro refers to an event that takes 
places outside of a subject’s body. For example, an in vitro 
assay encompasses any assay run outside of a Subject assay. In 
vitro assays encompass cell-based assays in which cells alive 
or dead are employed. In vitro assays also encompass a cell 
free assay in which no intact cells are employed. 
0072 Unless otherwise stated, the connections of com 
pound name moieties are at the rightmost recited moiety. That 
is, the Substituent name starts with a terminal moiety, contin 
ues with any linking moieties, and ends with the linking 
moiety. For example, heteroarylthio C alkyl has a het 
eroaryl group connected through a thio Sulfur to a C alkyl 
radical that connects to the chemical species bearing the 
substituent. This condition does not apply where a formula 
such as, for example “-L-C-alkyl-C-scycloalkyl is rep 
resented. In Such case, the terminal group is a C-scycloalkyl 
group attached to a linking Coalkyl moiety which is 
attached to an element L, which is itself connected to the 
chemical species bearing the Substituent. 
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0073. “Alkyl refers to a straight or branched hydrocarbon 
chain radical consisting solely of carbon and hydrogenatoms, 
containing no unsaturation, having from one to ten carbon 
atoms (e.g., C-C alkyl). Whenever it appears herein, a 
numerical range such as “1 to 10” refers to each integer in the 
given range; e.g., “1 to 10 carbon atoms” means that the alkyl 
group may consist of 1 carbonatom, 2 carbonatoms, 3 carbon 
atoms, etc., up to and including 10 carbonatoms, although the 
present definition also covers the occurrence of the term 
“alkyl where no numerical range is designated. In some 
embodiments, it is a C-C alkyl group. Typical alkyl groups 
include, but are in no way limited to, methyl, ethyl, propyl. 
isopropyl. n-butyl, iso-butyl, sec-butyl isobutyl, tertiary 
butyl, pentyl, isopentyl, neopentyl, hexyl, Septyl, octyl, 
nonyl, decyl, and the like. The alkyl is attached to the rest of 
the molecule by a single bond, for example, methyl (Me), 
ethyl (Et), n-propyl, 1-methylethyl (iso-propyl), n-butyl, 
n-pentyl, 1,1-dimethylethyl (t-butyl), 3-methylhexyl, 2-me 
thylhexyl, and the like. Unless stated otherwise specifically in 
the specification, an alkyl group is optionally Substituted by 
one or more of substituents which independently are: alkyl, 
heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, 
aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, 
cyano, trifluoromethyl, trifluoromethoxy, nitro, trimethylsi 
lanyl, -OR. - SR", —OC(O) R, N(R), C(O)R’, 
C(O)CR, OC(O)N(R), C(O)N(R), N(R)C 

(O)OR, N(R)C(O)R", N(R)C(O)N(R), N(R)C 
(NR)N(R) - N(R)S(O).R" (where t is 1 or 2), —S(O) 
OR" (where t is 1 or 2), S(O)N(R) (where t is 1 or 2), or 
PO.(R), where each R" is independently hydrogen, alkyl, 
fluoroalkyl, carbocyclyl carbocyclylalkyl, aryl, aralkyl, het 
erocycloalkyl, heterocycloalkylalkyl, heteroaryl or het 
eroarylalkyl. 
0074 The term “halo” or “halogen” refers to fluoro, 
chloro, bromo, or iodo. 
0075. The term “haloalkyl refers to an alkyl group sub 
stituted with one or more halo groups, for example chlorom 
ethyl, 2-bromoethyl, 3-iodopropyl, trifluoromethyl, perfluo 
ropropyl, 8-chlorononyl, and the like. 
0076 Acyl refers to the groups (alkyl)-C(O) , (aryl)- 
C(O) , (heteroaryl)-C(O) , (heteroalkyl)-C(O)—, and 
(heterocycloalkyl)-C(O)—, wherein the group is attached to 
the parent structure through the carbonyl functionality. In 
some embodiments, it is a C-C acyl radical which refers to 
the total number of chain or ring atoms of the alkyl, aryl, 
heteroaryl or heterocycloalkyl portion of the acyloxy group 
plus the carbonyl carbon of acyl, i.e three other ring or chain 
atoms plus carbonyl. If the R radical is heteroaryl or hetero 
cycloalkyl, the hetero ring or chain atoms contribute to the 
total number of chain or ring atoms. Unless stated otherwise 
specifically in the specification, the “R” of an acyloxy group 
is optionally substituted by one or more substituents which 
independently are: alkyl, heteroalkyl, alkenyl, alkynyl, 
cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, het 
eroarylalkyl, hydroxy, halo, cyano, trifluoromethyl, trifluo 
romethoxy, nitro, trimethylsilanyl. —OR', SR, —OC(O)— 
R", N(R), C(O)R, C(O)OR, OC(O)N(R), 
-C(O)N(R), N(R)C(O)OR, N(R)C(O)R.", 
N(R)C(O)N(R), N(R)C(NR)N(R), N(R)S(O) 

R (where t is 1 or 2), S(O),OR (where t is 1 or 2), 
—S(O)N(R) (wheretis 1 or 2), or PO.(R), where each R' 
is independently hydrogen, alkyl, fluoroalkyl, carbocyclyl, 
carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocy 
cloalkylalkyl, heteroaryl or heteroarylalkyl. 
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0077 “Cycloalkyl refers to a monocyclic or polycyclic 
radical that contains only carbon and hydrogen, and may be 
saturated, or partially unsaturated. Cycloalkyl groups include 
groups having from 3 to 10 ring atoms (i.e., C.-Co 
cycloalkyl). Whenever it appears herein, a numerical range 
Such as “3 to 10” refers to each integer in the given range; e.g., 
“3 to 10 carbon atoms” means that the cycloalkyl group may 
consist of 3 carbonatoms, etc., up to and including 10 carbon 
atoms. In some embodiments, it is a C-C cycloalkyl radical. 
In some embodiments, it is a C-C cycloalkyl radical. Illus 
trative examples of cycloalkyl groups include, but are not 
limited to the following moieties: cyclopropyl, cyclobutyl, 
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, 
cycloSeptyl, cyclooctyl, cyclononyl, cyclodecyl, norbornyl, 
and the like. Unless stated otherwise specifically in the speci 
fication, a cycloalkyl group is optionally Substituted by one or 
more substituents which independently are: alkyl, het 
eroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, 
arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano, 
trifluoromethyl, trifluoromethoxy, nitro, trimethylsilanyl, 
OR, SR, OC(O) R', N(R), C(O)R", 
C(O)CR, OC(O)N(R), C(O)N(R), N(R)C 

(O)OR, N(R)C(O)R, N(R)C(O)N(R), N(R)C(N- 
R")N(R) - N(R)S(O).R" (where t is 1 or 2), S(O),OR 
(where t is 1 or 2), —S(O)N(R) (where t is 1 or 2), or 
PO.(R), where each R" is independently hydrogen, alkyl, 
fluoroalkyl, carbocyclyl carbocyclylalkyl, aryl, aralkyl, het 
erocycloalkyl, heterocycloalkylalkyl, heteroaryl or het 
eroarylalkyl. 
0078. The term "Coalkyl-C-cycloalkyl is used to 
describe an alkyl group, branched or straight chain and con 
taining 1 to 10 carbon atoms, attached to a linking cycloalkyl 
group which contains 3 to 8 carbons, such as for example, 
2-methyl cyclopropyl, and the like. Either portion of the moi 
ety is unsubstituted or substituted. 
(0079. The term “bicycloalkyl refers to a structure con 
sisting of two cycloalkyl moieties, unsubstituted or Substi 
tuted, that have two or more atoms in common. If the 
cycloalkyl moieties have exactly two atoms in common they 
are said to be “fused’. Examples include, but are not limited 
to, bicyclo[3.1.0 hexyl, perhydronaphthyl, and the like. If the 
cycloalkyl moieties have more than two atoms in common 
they are said to be “bridged’. Examples include, but are not 
limited to, bicyclo[3.2.1]heptyl (“norbornyl), bicyclo[2.2.2 
octyl, and the like. 
0080. As used herein, the term "heteroatom’ or “ring het 
eroatom' is meant to include oxygen (O), nitrogen (N), Sulfur 
(S), phosphorus (P), and silicon (Si). 
I0081) “Heteroalkyl, "heteroalkenyl' and “heteroalky 
nyl' include optionally substituted alkyl, alkenyl and alkynyl 
radicals and which have one or more skeletal chain atoms 
selected from an atom other than carbon, e.g., oxygen, nitro 
gen, Sulfur, phosphorus or combinations thereof. A numerical 
range may be given, e.g., C-C heteroalkyl which refers to 
the chain length in total, which in this example is 4 atoms 
long. For example, a —CHOCH2CH radical is referred to as 
a “C” heteroalkyl, which includes the heteroatom center in 
the atom chain length description. 
I0082 Connection to the rest of the molecule may be 
through either a heteroatom or a carbon in the heteroalkyl 
chain. A heteroalkyl group may be substituted with one or 
more substituents which independently are: alkyl, het 
eroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, 
arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano, 
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nitro, oxo, thioxo, trimethylsilanyl. —OR', SR', —OC 
(O) R, N(R), C(O)R, C(O)OR, C(O)N(R), 
N(R)C(O)OR, N(R)C(O)R, N(R)S(O).R. 

(where t is 1 or 2), S(O),OR" (where t is 1 or 2), S(O)N 
(R) (where t is 1 or 2), or PO(R), where each R is 
independently hydrogen, alkyl, fluoroalkyl, carbocyclyl, car 
bocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocy 
cloalkylalkyl, heteroaryl or heteroarylalkyl. 
I0083. The term “heteroalkylaryl” refers to a heteroalkyl 
group as defined above which is attached to an aryl group, and 
may be attached at a terminal point or through a branched 
portion of the heteroalkyl, for example, an benzyloxymethyl 
moiety. Either portion of the moiety is unsubstituted or sub 
stituted. 
I0084. The term “heteroalkylheteroaryl” refers likewise to 
a heteroalkyl group which is attached to a heteroaryl moiety, 
for example, an ethoxymethylpyridyl group. Either portion of 
the moiety is unsubstituted or substituted. 
I0085. The term “heteroalkyl-heterocyclyl refers to a het 
eroalkyl group as defined above, which is attached to a het 
erocyclic group, for example, 4(3-aminopropyl)-N-piperazi 
nyl. Either portion of the moiety is unsubstituted or 
substituted. 
I0086. The term "heteroalkyl-C-scycloalkyl refers to a 
heteroalkyl group as defined above, which is attached to a 
cyclic alkyl containing 3 to 8 carbons, for example, 1-ami 
nobutyl-4-cyclohexyl. Either portion of the moiety is unsub 
stituted or substituted. 
I0087. The term "heterobicycloalkyl” refers to a bicy 
cloalkyl structure, which is unsubstituted or substituted, in 
which at least one carbon atom is replaced with a heteroatom 
independently selected from oxygen, nitrogen, and Sulfur. 
0088. The term "heterospiroalkyl refers to a spiroalkyl 
structure, which is unsubstituted or substituted, in which at 
least one carbon atom is replaced with a heteroatom indepen 
dently selected from oxygen, nitrogen, and Sulfur. 
0089. An "alkene' moiety refers to a group consisting of at 
least two carbon atoms and at least one carbon-carbon double 
bond, and an “alkyne' moiety refers to a group consisting of 
at least two carbonatoms and at least one carbon-carbon triple 
bond. The alkyl moiety, whether saturated or unsaturated, 
may be branched, straight chain, or cyclic. 
0090 Alkenyl refers to a straight or branched hydrocar 
bon chain radical group consisting solely of carbon and 
hydrogen atoms, containing at least one double bond, and 
having from two to ten carbon atoms (i.e., C.-Coalkenyl). 
Whenever it appears herein, a numerical range Such as “2 to 
10' refers to each integer in the given range; e.g., “2 to 10 
carbon atoms” means that the alkenyl group may consist of 2 
carbon atoms, 3 carbon atoms, etc., up to and including 10 
carbon atoms. In certain embodiments, an alkenyl comprises 
two to eight carbon atoms. In other embodiments, an alkenyl 
comprises two to five carbonatoms (e.g., C-C alkenyl). The 
alkenyl is attached to the rest of the molecule by a single bond, 
for example, ethenyl (i.e., vinyl), prop-1-enyl (i.e., allyl), 
but-1-enyl, pent-1-enyl, penta-1,4-dienyl, and the like. 
Unless Stated otherwise specifically in the specification, an 
alkenyl group is optionally substituted by one or more Sub 
stituents which independently are: alkyl, heteroalkyl, alkenyl, 
alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, het 
eroaryl, heteroarylalkyl, hydroxy, halo, cyano, trifluorom 
ethyl, trifluoromethoxy, nitro, trimethylsilanyl. —OR, 
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N(R)C(O)R, N(R)C(O)N(R), N(R)C(NR)N(R) 
- N(R)S(O)R’ (wheret is 1 or 2), S(O)OR" (wheretis 

1 or 2), —S(O)N(R) (where t is 1 or 2), or PO(R), where 
each R" is independently hydrogen, alkyl, fluoroalkyl, car 
bocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, 
heterocycloalkylalkyl, heteroaryl or heteroarylalkyl. 
0091. The term “Coalkenyl-heteroalkyl refers to a 
group having an alkenyl moiety, containing 2 to 10 carbon 
atoms and is branched or straight chain, which is attached to 
a linking heteroalkyl group, Such as, for example, allyloxy, 
and the like. Either portion of the moiety is unsubstituted or 
substituted. 
0092. The term “Co alkynyl-heteroalkyl refers to a 
group having an alkynyl moiety, which is unsubstituted or 
Substituted, containing 2 to 10 carbon atoms and is branched 
or straight chain, which is attached to a linking heteroalkyl 
group, such as, for example, 4-but-1-ynoxy, and the like. 
Either portion of the moiety is unsubstituted or substituted. 
0093. The term “haloalkenyl refers to an alkenyl group 
Substituted with one or more halo groups. 
0094. Unless otherwise specified, the term “cycloalkenyl 
refers to a cyclic aliphatic 3 to 8 membered ring structure, 
optionally substituted with alkyl, hydroxy and halo, having 1 
or 2 ethylenic bonds Such as methylcyclopropenyl, trifluo 
romethylcyclopropenyl, cyclopentenyl, cyclohexenyl, 1,4- 
cyclohexadienyl, and the like. 
0.095 Alkynyl refers to a straight or branched hydrocar 
bon chain radical group consisting Solely of carbon and 
hydrogen atoms, containing at least one triple bond, having 
from two to ten carbon atoms (i.e., C.-Co alkynyl). When 
ever it appears herein, a numerical range Such as “2 to 10” 
refers to each integer in the given range; e.g., “2 to 10 carbon 
atoms” means that the alkynyl group may consist of 2 carbon 
atoms, 3 carbon atoms, etc., up to and including 10 carbon 
atoms. In certain embodiments, an alkynyl comprises two to 
eight carbonatoms. In other embodiments, an alkynyl has two 
to five carbon atoms (e.g., C-C alkynyl). The alkynyl is 
attached to the rest of the molecule by a single bond, for 
example, ethynyl, propynyl, butynyl, pentynyl, hexynyl, and 
the like. Unless stated otherwise specifically in the specifica 
tion, an alkynyl group is optionally substituted by one or more 
substituents which independently are: alkyl, heteroalkyl, alk 
enyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, hydroxy, halo, cyano, trifluorom 
ethyl, trifluoromethoxy, nitro, trimethylsilanyl, —OR', SR, 
OC(O) R, N(R), C(O)R, C(O)CR, OC(O) 

N(R), C(O)N(R), N(R)C(O)CR, N(R)C(O)R", 
N(R)C(O)N(R), N(R)C(NR)N(R), N(R)S(O) 

R" (where t is 1 or 2), S(O),OR" (where t is 1 or 2), 
—S(O)N(R), (where t is 1 or 2), or PO.(R), where each R' 
is independently hydrogen, alkyl, fluoroalkyl, carbocyclyl, 
carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocy 
cloalkylalkyl, heteroaryl or heteroarylalkyl. 
0096. The term Co alkynyl-Cs cycloalkyl refers to a 
group containing an alkynyl group, containing 2 to 10 car 
bons and branched or straight chain, which is attached to a 
linking cycloalkyl group containing 3 to 8 carbons, such as, 
for example 3-prop-3-ynyl-cyclopent-1yl, and the like. Either 
portion of the moiety is unsubstituted or substituted. 
0097. The term “haloalkynyl refers to an alkynyl group 
Substituted with one or more independent halo groups. 
(0098 “Amino” or “amine” refers to a N(R), radical 
group, where each R" is independently hydrogen, alkyl, fluo 
roalkyl, carbocyclyl carbocyclylalkyl, aryl, aralkyl, hetero 
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cycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroaryla 
lkyl, unless stated otherwise specifically in the specification. 
Whena —N(R) group has two Rother than hydrogen they 
can be combined with the nitrogen atom to form a 4-, 5-, 6-, 
or 7-membered ring. For example, —N(R') is meant to 
include, but not be limited to, 1-pyrrolidinyl and 4-morpholi 
nyl. Unless stated otherwise specifically in the specification, 
an amino group is optionally Substituted by one or more 
substituents which independently are: alkyl, heteroalkyl, alk 
enyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, hydroxy, halo, cyano, trifluorom 
ethyl, trifluoromethoxy, nitro, trimethylsilanyl. —OR, 

SR", OC(O) R, N(R), C(O)R", C(O)OR", 
OC(O)N(R), C(O)N(R), N(R)C(O)CR", 
N(R)C(O)R, N(R)C(O)N(R), N(R)C(NR)N 

(R) - N(R)S(O).R" (where t is 1 or 2), S(O),OR 
(where t is 1 or 2), —S(O)N(R) (where t is 1 or 2), or 
PO.(R), where each R" is independently hydrogen, alkyl, 
fluoroalkyl, carbocyclyl carbocyclylalkyl, aryl, aralkyl, het 
erocycloalkyl, heterocycloalkylalkyl, heteroaryl or het 
eroarylalkyl and each of these moieties may be optionally 
substituted as defined herein. 

0099 “Amide' or “amido” refers to a chemical moiety 
with formula –C(O)N(R), or -NHC(O)R, where R is 
selected from the group consisting of hydrogen, alkyl, 
cycloalkyl, aryl, heteroaryl (bonded through a ring carbon) 
and heteroalicyclic (bonded through a ring carbon), each of 
which moiety may itself be optionally substituted. In some 
embodiments it is a C-C amido or amide radical, which 
includes the amide carbonyl in the total number of carbons in 
the radical. The R of N(R) of the amide may optionally 
be taken together with the nitrogen to which it is attached to 
form a 4-, 5-, 6-, or 7-membered ring. Unless stated otherwise 
specifically in the specification, an amido group is optionally 
substituted independently by one or more of the substituents 
as described herein for alkyl, cycloalkyl, aryl, heteroaryl, or 
heterocycloalkyl. An amide may bean amino acidora peptide 
molecule attached to a compound of Formula (I), thereby 
forming a prodrug. Any amine, hydroxy, or carboxyl side 
chain on the compounds described herein can be amidified. 
The procedures and specific groups to make such amides are 
known to those of skill in the art and can readily be found in 
reference sources such as Greene and Wuts, Protective 
Groups in Organic Synthesis, 3" Ed., John Wiley & Sons, 
New York, N.Y., 1999, which is incorporated herein by ref 
erence in its entirety. 
0100 Aromatic' or “aryl refers to an aromatic radical 
with six to ten ring atoms (e.g., Co-Co aromatic or Co-Co 
aryl) which has at least one ring having a conjugated pi 
electron system which is carbocyclic (e.g., phenyl, fluorenyl, 
and naphthyl). Bivalent radicals formed from substituted ben 
Zene derivatives and having the free Valences at ring atoms are 
named as Substituted phenylene radicals. Bivalent radicals 
derived from univalent polycyclic hydrocarbon radicals 
whose names end in “-yl” by removal of one hydrogen atom 
from the carbon atom with the free valence are named by 
adding "-idene' to the name of the corresponding univalent 
radical, e.g., a naphthyl group with two points of attachment 
is termed naphthylidene. Whenever it appears herein, a 
numerical range such as “6 to 10” refers to each integer in the 
given range; e.g., “6 to 10 ring atoms” means that the aryl 
group may consist of 6 ring atoms, 7 ring atoms, etc., up to and 
including 10 ring atoms. The term includes monocyclic or 
fused-ring polycyclic (i.e., rings which share adjacent pairs of 
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ring atoms) groups. Unless Stated otherwise specifically in the 
specification, an aryl moiety is optionally Substituted by one 
or more substituents which are independently: alkyl, het 
eroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, 
arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano, 
trifluoromethyl, trifluoromethoxy, nitro, trimethylsilanyl, 
OR, SR, OC(O) R', N(R), C(O)R.", 
C(O)CR, OC(O)N(R), C(O)N(R), N(R)C 

(O)OR, N(R)C(O)R, N(R)C(O)N(R), N(R)C(N- 
R")N(R) - N(R)S(O).R" (where t is 1 or 2), S(O),OR 
(where t is 1 or 2), —S(O)N(R) (where t is 1 or 2), or 
PO.(R), where each R" is independently hydrogen, alkyl, 
fluoroalkyl, carbocyclyl carbocyclylalkyl, aryl, aralkyl, het 
erocycloalkyl, heterocycloalkylalkyl, heteroaryl or het 
eroarylalkyl. 
(0.101) “Heteroaryl” or, alternatively, “heteroaromatic” 
refers to a 5- to 18-membered aromatic radical (e.g., Cs-C 
heteroaryl) that includes one or more ring heteroatoms 
selected from nitrogen, oxygen and Sulfur, and which may be 
a monocyclic, bicyclic, tricyclic or tetracyclic ring system. 
Whenever it appears herein, a numerical range Such as “5 to 
18” refers to each integer in the given range; e.g., “5 to 18 ring 
atoms” means that the heteroaryl group may consist of 5 ring 
atoms, 6 ring atoms, etc., up to and including 18 ring atoms. 
Bivalent radicals derived from univalent heteroaryl radicals 
whose names end in “-yl” by removal of one hydrogen atom 
from the atom with the free valence are named by adding 
"-idene' to the name of the corresponding univalent radical, 
e.g., a pyridyl group with two points of attachment is a 
pyridylidene. An N-containing "heteroaromatic' or “het 
eroaryl moiety refers to an aromatic group in which at least 
one of the skeletal atoms of the ring is a nitrogen atom. The 
polycyclic heteroaryl group may be fused or non-fused. The 
heteroatom(s) in the heteroaryl radical is optionally oxidized. 
One or more nitrogen atoms, if present, are optionally quat 
ernized. The heteroaryl is attached to the rest of the molecule 
through any atom of the ring(s). Examples of heteroaryls 
include, but are not limited to, azepinyl, acridinyl, benzimi 
dazolyl, benzindolyl, 1,3-benzodioxolyl, benzofuranyl, ben 
Zooxazolyl, benzodthiazolyl, benzothiadiazolyl, benzob. 
1,4-dioxepinyl, benzob 14oxazinyl, 1,4-benzodioxanyl. 
benzonaphthofuranyl, benzoxazolyl, benzodioxolyl, benzo 
dioxinyl, benzoxazolylbenzopyranyl, benzopyranonyl, ben 
Zofuranyl, benzofuranonyl, benzofurazanyl, benzothiazolyl, 
benzothienyl (benzothiophenyl), benzothieno3,2-dipyrim 
idinyl, benzotriazolyl, benzo 4.6imidazol-2-alpyridinyl, 
carbazolyl, cinnolinyl, cyclopentadpyrimidinyl, 6,7-dihy 
dro-5H-cyclopenta4,5thieno 2,3-dipyrimidinyl, 5,6-dihy 
drobenzohquinazolinyl, 5,6-dihydrobenzohcinnolinyl, 
6,7-dihydro-5H-benzo 6,7cyclohepta 1.2-cpyridazinyl, 
dibenzofuranyl, dibenzothiophenyl, furanyl, furazanyl, fura 
nonyl, furo3.2-cpyridinyl, 5,6,7,8,9,10-hexahydrocy 
clooctadpyrimidinyl, 5,6,7,8,9,10-hexahydrocyclooctad 
pyridazinyl, 5,6,7,8,9,10-hexahydrocyclooctadpyridinyl, 
isothiazolyl, imidazolyl, indazolyl, indolyl, indazolyl, isoin 
dolyl, indolinyl, isoindolinyl, isoquinolyl, indolizinyl, isox 
azolyl, 5.8-methano-5,6,7,8-tetrahydroquinazolinyl, naph 
thyridinyl, 1.6-naphthyridinonyl, oxadiazolyl, 
2-oxoazepinyl, oxazolyl, oxiranyl, 5.6,6a,7,8,9,10,10a-oc 
tahydrobenzohlquinazolinyl, 1-phenyl-1H-pyrrolyl, phena 
Zinyl, phenothiazinyl, phenoxazinyl, phthalazinyl, pteridinyl, 
purinyl, pyranyl, pyrrolyl pyrazolyl pyrazolo 3,4-dipyrim 
idinyl, pyridinyl, pyrido3.2-dpyrimidinyl, pyrido3,4-dpy 
rimidinyl, pyrazinyl, pyrimidinyl, pyridazinyl, pyrrolyl, 
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quinazolinyl, quinoxalinyl, quinolinyl, isoquinolinyl, tet 
rahydroquinolinyl, 5,6,7,8-tetrahydroquinazolinyl, 5,6,7,8- 
tetrahydrobenzo 4,5thieno 2,3-dipyrimidinyl, 6,7,8,9-tet 
rahydro-5H-cyclohepta4,5thieno2,3-dipyrimidinyl, 5.6.7. 
8-tetrahydropyrido4.5-cpyridazinyl, thiazolyl, 
thiadiazolyl, thiapyranyl, triazolyl, tetrazolyl, triazinyl, 
thieno2,3-dipyrimidinyl, thieno3,2-dpyrimidinyl, thieno 
2,3-cpridinyl, and thiophenyl (i.e. thienyl). Unless stated 
otherwise specifically in the specification, a heteraryl moiety 
is optionally substituted by one or more substituents which 
are independently: alkyl, heteroalkyl, alkenyl, alkynyl, 
cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, het 
eroarylalkyl, hydroxy, halo, cyano, nitro, oxo, thioxo, trim 
ethylsilanyl, OR, SR, OC(O) R, N(R), 

C(O)R’, C(O)OR, C(O)N(R), N(R)C(O)CR", 
-N(R)C(O)R’, N(R)S(O).R" (where t is 1 or 2), —S(O) 
OR" (where t is 1 or 2), S(O)N(R) (where t is 1 or 2), or 
PO.(R), where each R" is independently hydrogen, alkyl, 
fluoroalkyl, carbocyclyl carbocyclylalkyl, aryl, aralkyl, het 
erocycloalkyl, heterocycloalkylalkyl, heteroaryl or het 
eroarylalkyl. 
0102) The terms “aryl-alkyl”, “arylalkyl and “aralkyl 
are used to describe a group wherein the alkyl chain can be 
branched or straight chain forming a linking portion with the 
terminal aryl, as defined above, of the aryl-alkyl moiety. 
Examples of aryl-alkyl groups include, but are not limited to, 
optionally Substituted benzyl, phenethyl, phenpropyl and 
phenbutyl such as 4-chlorobenzyl, 2,4-dibromobenzyl, 2-me 
thylbenzyl, 2-(3-fluorophenyl)ethyl 2-(4-methylphenyl) 
ethyl, 2-(4-(trifluoromethyl)phenyl)ethyl, 2-(2-methoxyphe 
nyl)ethyl, 2-(3-nitrophenyl)ethyl, 2-(2,4-dichlorophenyl) 
ethyl, 2-(3,5-dimethoxyphenyl)ethyl 3-phenylpropyl, 3-(3- 
chlorophenyl)propyl, 3-(2-methylphenyl)propyl, 3-(4- 
methoxyphenyl)propyl. 3-(4-(trifluoromethyl)phenyl) 
propyl, 3-(2,4-dichlorophenyl)propyl, 4-phenylbutyl, 4-(4- 
chlorophenyl)butyl, 4-(2-methylphenyl)butyl, 4-(2,4- 
dichlorophenyl)butyl, 4-(2-methoxphenyl)butyl, and 
10-phenyldecyl. Either portion of the moiety is unsubstituted 
or substituted. 
(0103) The term “Coalkylaryl” as used herein refers to an 
alkyl group, as defined above, containing 1 to 10 carbon 
atoms, branched or unbranched, wherein the aryl group 
replaces one hydrogen on the alkyl group, for example, 
3-phenylpropyl. Either portion of the moiety is unsubstituted 
or substituted. 
0104. The term Co alkyl monocycloaryl refers to a 
group containing a terminal alkyl group, branched or straight 
chain and containing 2 to 10 atoms attached to a linking aryl 
group which has only one ring, Such as for example, 2-phenyl 
ethyl. Either portion of the moiety is unsubstituted or substi 
tuted. 
0105. The term “Co alkyl bicycloaryl” refers to a group 
containing a terminal alkyl group, branched or straight chain 
and containing 2 to 10 atoms attached to a linking aryl group 
which is bicyclic, such as for example, 2-(1-naphthyl)-ethyl. 
Either portion of the moiety is unsubstituted or substituted. 
0106 The terms “aryl-cycloalkyl and “arylcycloalkyl 
are used to describe a group wherein the terminal aryl group 
is attached to a cycloalkyl group, for example phenylcyclo 
penty1 and the like. Either portion of the moiety is unsubsti 
tuted or substituted. 
0107 The terms "heteroaryl-C-scycloalkyl and “het 
eroaryl-C-scycloalkyl are used to describe a group wherein 
the terminal heteroaryl group is attached to a cycloalkyl 
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group, which contains 3 to 8 carbons, for example pyrid-2- 
yl-cyclopenty1 and the like. Either portion of the moiety is 
unsubstituted or substituted. 
0108. The term "heteroaryl-heteroalkyl refers to a group 
wherein the terminal heteroaryl group is attached to a linking 
heteroalkyl group, Such as for example, pyrid-2-yl methyl 
enoxy, and the like. Either portion of the moiety is unsubsti 
tuted or substituted. 
0109. The terms “aryl-alkenyl”, “arylalkenyland “aralk 
enyl are used to describe a group wherein the alkenyl chain 
can be branched or straight chain forming a linking portion of 
the aralkenyl moiety with the terminal aryl portion, as defined 
above, for example styryl (2-phenylvinyl), phenpropenyl, and 
the like. Either portion of the moiety is unsubstituted or 
substituted. 
I0110. The term “aryl-Coalkenyl” means an arylalkenyl 
as described above wherein the alkenyl moiety contains 2 to 
10 carbon atoms Such as for example, Styryl (2-phenylvinyl), 
and the like. Either portion of the moiety is unsubstituted or 
substituted. 
I0111. The term "Coalkenyl-aryl” is used to describe a 
group wherein the terminal alkenyl group, which contains 2 
to 10 carbon atoms and can be branched or straight chain, is 
attached to the aryl moiety which forms the linking portion of 
the alkenyl-aryl moiety, such as for example, 3-propenyl 
naphth-1-yl, and the like. Either portion of the moiety is 
unsubstituted or substituted. 
0112 The terms “aryl-alkynyl', 'arylalkynyl and 
“aralkynyl are used to describe a group wherein the alkynyl 
chain can be branched or straight chain forming a linking 
portion of the aryl-alkynyl moiety with the terminal aryl 
portion, as defined above, for example 3-phenyl-1-propynyl, 
and the like. Either portion of the moiety is unsubstituted or 
substituted. 
0113. The term “aryl-Coalkynyl' means an arylalkynyl 
as described above wherein the alkynyl moiety contains two 
to ten carbons, such as, for example3-phenyl-1-propynyl, and 
the like. Either portion of the moiety is unsubstituted or 
substituted. 
0114. The term "Coalkynyl-aryl' means a group con 
taining an alkynyl moiety attached to an aryl linking group, 
both as defined above, wherein the alkynyl moiety contains 
two to ten carbons, such as, for example 3-propynyl-naphth 
1-yl. Either portion of the moiety is unsubstituted or substi 
tuted. 
0115 The terms “aryl-oxy”, “aryloxy” and “aroxy” are 
used to describe a terminal aryl group attached to a linking 
oxygen atom. Typical aryl-oxy groups include phenoxy, 3,4- 
dichlorophenoxy, and the like. Either portion of the moiety is 
unsubstituted or substituted. 
0116. The terms “aryl-oxyalkyl”, “aryloxyalkyl and 
“aroxyalkyl are used to describe a group wherein an alkyl 
group is substituted with a terminal aryl-oxy group, for 
example pentafluorophenoxymethyl and the like. Either por 
tion of the moiety is unsubstituted or substituted. 
0117 The term “Coalkoxy-Coalkyl refers to a group 
wherein an alkoxy group, containing 1 to 10 carbon atoms 
and an oxygenatom within the branching or straight chain, is 
attached to a linking alkyl group, branched or straight chain 
which contains 1 to 10 carbon atoms, such as, for example 
methoxypropyl, and the like. Either portion of the moiety is 
unsubstituted or substituted. 
0118. The term “Coalkoxy-Coalkenyl refers to a 
group wherein an alkoxy group, containing 1 to 10 carbon 
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atoms and an oxygen atom within the branching or straight 
chain, is attached to a linking alkenyl group, branched or 
straight chain which contains 1 to 10 carbon atoms, such as, 
for example 3-methoxybut-2-en-1-yl, and the like. Either por 
tion of the moiety is unsubstituted or substituted. 
0119 The term “Coalkoxy-Coalkynyl refers to a 
group wherein an alkoxy group, containing 1 to 10 carbon 
atoms and an oxygen atom within the branching or straight 
chain, is attached to a linking alkynyl group, branched or 
straight chain which contains 1 to 10 carbon atoms, such as, 
for example 3-methoxybut-2-in-1-yl, and the like. Either por 
tion of the moiety is unsubstituted or substituted. 
0120. The term "heterocycloalkenyl refers to a cycloalk 
enyl structure, which is unsubstituted or substituted in which 
at least one carbon atom is replaced with a heteroatom 
selected from oxygen, nitrogen, and Sulfur. 
0121 The terms "heteroaryl-oxy”, “heteroaryl-oxy”, 
"heteroaryloxy”, “heteroaryloxy”, “hetaroxy' and "heteroar 
oxy are used to describe a terminal heteroaryl group, which 
is unsubstituted or Substituted, attached to a linking oxygen 
atom. Typical heteroaryl-oxy groups include 4,6-dimethoxy 
pyrimidin-2-yloxy and the like. 
0122) The terms "heteroarylalkyl, "heteroarylalkyl, 
"heteroaryl-alkyl, "heteroaryl-alkyl”, “hetaralkyl and “het 
eroaralkyl are used to describe a group wherein the alkyl 
chain can be branched or straight chain forming a linking 
portion of the heteroaralkyl moiety with the terminal het 
eroaryl portion, as defined above, for example 3-furylmethyl, 
thenyl, furfuryl, and the like. Either portion of the moiety is 
unsubstituted or substituted. 
(0123. The term "heteroaryl-Coalkyl” is used to describe 
a heteroaryl alkyl group as described above where the alkyl 
group contains 1 to 10 carbon atoms. Either portion of the 
moiety is unsubstituted or substituted. 
0.124. The term “Coalkyl-heteroaryl is used to describe 
a alkyl attached to a hetary group as described above where 
the alkyl group contains 1 to 10 carbon atoms. Either portion 
of the moiety is unsubstituted or substituted. 
(0.125. The terms “heteroarylalkenyl, "heteroarylalk 
enyl', "heteroaryl-alkenyl', "heteroaryl-alkenyl', 'hetaralk 
enyl' and "heteroaralkenyl' are used to describe a heteroary 
lalkenyl group wherein the alkenyl chain can be branched or 
straight chain forming a linking portion of the heteroaralkenyl 
moiety with the terminal heteroaryl portion, as defined above, 
for example 3-(4-pyridyl)-1-propenyl. Either portion of the 
moiety is unsubstituted or substituted. 
0126 The term "heteroaryl-Coalkenyl group is used to 
describe a group as described above wherein the alkenyl 
group contains 2 to 10 carbon atoms. Either portion of the 
moiety is unsubstituted or substituted. 
0127. The term “Coalkenyl-heteroaryl is used to 
describe a group containing an alkenyl group, which is 
branched or straight chain and contains 2 to 10 carbon atoms, 
and is attached to a linking heteroaryl group, Such as, for 
example 2-styryl-4-pyridyl, and the like. Either portion of the 
moiety is unsubstituted or substituted. 
0128. The terms "heteroarylalkynyl, "heteroarylalky 
nyl', "heteroaryl-alkynyl', "heteroaryl-alkynyl', “hetaralky 
nyl' and "heteroaralkynyl are used to describe a group 
wherein the alkynyl chain can be branched or straight chain 
forming a linking portion of the heteroaralkynyl moiety with 
the heteroaryl portion, as defined above, for example 4-(2- 
thienyl)-1-butynyl, and the like. Either portion of the moiety 
is unsubstituted or substituted. 
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I0129. The term "heteroaryl-Coalkynyl is used to 
describe a heteroarylalkynyl group as described above 
wherein the alkynyl group contains 2 to 10 carbon atoms. 
Either portion of the moiety is unsubstituted or substituted. 
0.130. The term “Coalkynyl-heteroaryl is used to 
describe a group containing an alkynyl group which contains 
2 to 10 carbonatoms and is branched or straight chain, which 
is attached to a linking heteroaryl group Such as, for example, 
4(but-1-ynyl) thien-2-yl, and the like. Either portion of the 
moiety is unsubstituted or substituted. 
I0131 The term "heterocyclyl refers to a four-, five-, six-, 
or seven-membered ring containing one, two, three or four 
heteroaroms independently selected from nitrogen, oxygen 
and sulfur. The four-membered ring has zero double bonds, 
the five-membered ring has zero to two double bonds, and the 
siz- and seven-membered rings have Zero to three double 
bonds. The term "heterocyclyl also includes bicyclic groups 
in which the heterocyclyl ring is fused to another monocyclic 
heterocyclyl group, or a four- to Se-membered aromatic or 
nonaromatic carbocyclic ring. The heterocyclyl group can be 
attached to the parent molecular moiety through any carbon 
atom or nitrogen atom in the group. 
I0132) “Heterocycloalkyl refers to a stable 3- to 18-mem 
bered non-aromatic ring radical that comprises two to twelve 
carbon atoms and from one to six heteroatoms selected from 
nitrogen, oxygen and Sulfur. Whenever it appears herein, a 
numerical range such as “3 to 18” refers to each integer in the 
given range; e.g., “3 to 18 ring atoms” means that the hetero 
cycloalkyl group may consist of 3 ring atoms, 4 ring atoms, 
etc., up to and including 18 ring atoms. In some embodiments, 
it is a Cs-Coheterocycloalkyl. In some embodiments, it is a 
Ca-Coheterocycloalkyl. In some embodiments, it is a C-Co 
heterocycloalkyl. Unless stated otherwise specifically in the 
specification, the heterocycloalkyl radical is a monocyclic, 
bicyclic, tricyclic or tetracyclic ring system, which may 
include fused or bridged ring systems. The heteroatoms in the 
heterocycloalkyl radical may be optionally oxidized. One or 
more nitrogen atoms, if present, are optionally quaternized. 
The heterocycloalkyl radical is partially or fully saturated. 
The heterocycloalkyl may be attached to the rest of the mol 
ecule through any atom of the ring(s). Examples of Such 
heterocycloalkyl radicals include, but are not limited to, diox 
olanyl, thienyl 1.3dithianyl, decahydroisoquinolyl, imida 
Zolinyl, imidazolidinyl, isothiazolidinyl, isoxazolidinyl, mor 
pholinyl, octahydroindolyl, octahydroisoindolyl, 
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 
oxazolidinyl, piperidinyl, piperazinyl, 4-piperidonyl, pyrro 
lidinyl, pyrazolidinyl, quinuclidinyl, thiazolidinyl, tetrahy 
drofuryl, trithianyl, tetrahydropyranyl, thiomorpholinyl, thia 
morpholinyl, 1-oxo-thiomorpholinyl, and 1,1-dioxo 
thiomorpholinyl. Unless stated otherwise specifically in the 
specification, a heterocycloalkyl moiety is optionally substi 
tuted by one or more substituents which independently are: 
alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocy 
cloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, 
halo, cyano, nitro, oxo, thioxo, trimethylsilanyl, —OR', SR, 
OC(O) R', N(R), C(O)R, C(O)OR, C(O) 

N(R), N(R)C(O)OR, N(R)C(O)R, N(R)S(O) 
R (where t is 1 or 2), —S(O),OR (where t is 1 or 2), 
—S(O)N(R) (wheretis 1 or 2), or PO.(R), where each R' 
is independently hydrogen, alkyl, fluoroalkyl, carbocyclyl, 
carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heteroaryl 
or heteroarylalkyl. 
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0133) “Heterocycloalkyl also includes bicyclic ring sys 
tems wherein one non-aromatic ring, usually with 3 to 7 ring 
atoms, contains at least 2 carbon atoms in addition to 1-3 
heteroatoms independently selected from oxygen, Sulfur, and 
nitrogen, as well as combinations comprising at least one of 
the foregoing heteroatoms; and the other ring, usually with 3 
to 7 ring atoms, optionally contains 1-3 heteroatoms indepen 
dently selected from oxygen, Sulfur, and nitrogen and is not 
aromatic. 
0134) The terms "heterocyclylalkyl, "heterocyclyl 
alkyl, "heticyclylalkyl, and “hetcyclyl-alkyl are used to 
describe a group wherein the alkyl chain can be branched or 
straight chain forming a linking portion of the heterocyclyla 
lkyl moiety with the terminal heterocyclyl portion, as defined 
above, for example 3-piperidinylmethyl and the like. The 
term "heterocycloalkylene' refers to the divalent derivative of 
heterocycloalkyl. 
0135 The term “Coalkyl-heterocycyl refers to a group 
as defined above where the alkyl moiety contains 1 to 10 
carbonatoms. Either portion of the moiety is unsubstituted or 
substituted. 
I0136. The term "heterocycyl-Coalkyl” refers to a group 
containing a terminal heterocyclic group attached to a linking 
alkyl group which contains 1 to 10 carbons and is branched or 
straight chain, such as, for example, 4-morpholinyl ethyl, and 
the like. Either portion of the moiety is unsubstituted or 
substituted. 
0137 The terms “heterocyclylalkenyl', “heterocyclyl 
alkenyl”, “hetcyclylalkenyl” and “hetcyclyl-alkenyl” are 
used to describe a group wherein the alkenyl chain can be 
branched or straight chain forming a linking portion of the 
heterocyclylalkenyl moiety with the terminal heterocyclyl 
portion, as defined above, for example 2-morpholinyl-1-pro 
penyl and the like. The term "heterocycloalkenylene' refers 
to the divalent derivative of heterocyclylalkenyl. Either por 
tion of the moiety is unsubstituted or substituted. 
0.138. The term "heterocycyl-Co alkenyl refers to a 
group as defined above where the alkenyl group contains 2 to 
10 carbonatoms and is branched or straight chain, such as, for 
example, 4-(N-piperazinyl)-but-2-en-1-yl, and the like. 
Either portion of the moiety is unsubstituted or substituted. 
0.139. The terms “heterocyclylalkynyl', "heterocyclyl 
alkynyl', “heticyclylalkynyl' and “heticyclyl-alkynyl are 
used to describe a group wherein the alkynyl chain can be 
branched or straight chain forming a linking portion of the 
heterocyclylalkynyl moiety with the terminal heterocyclyl 
portion, as defined above, for example 2-pyrrolidinyl-1-bu 
tynyl and the like. Either portion of the moiety is unsubsti 
tuted or substituted. 

0140. The term "heterocycyl-Co alkynyl refers to a 
group as defined above where the alkynyl group contains 2 to 
10 carbonatoms and is branched or straight chain, such as, for 
example, 4-(N-piperazinyl)-but-2-yn-1-yl, and the like. 
0141. The term “aryl-heterocycyl” refers to a group con 
taining a terminal aryl group attached to a linking heterocy 
clic group. Such as for example, N4-(4-phenyl)-piperazinyl, 
and the like. Either portion of the moiety is unsubstituted or 
substituted. 
0142. The term "heteroaryl-heterocycyl” refers to a group 
containing a terminal heteroaryl group attached to a linking 
heterocyclic group, such as for example, N4-(4-pyridyl)-pip 
erazinyl, and the like. Either portion of the moiety is unsub 
stituted or substituted. 

Dec. 4, 2014 

0143. The term "carboxylalkyl refers to a terminal car 
boxyl ( COOH) group attached to branched or straight 
chain alkyl groups as defined above. 
0144. The term “carboxylalkenyl refers to a terminal car 
boxyl ( COOH) group attached to branched or straight 
chain alkenyl groups as defined above. 
0145 The term “carboxylalkynyl refers to a terminal car 
boxyl ( COOH) group attached to branched or straight 
chain alkynyl groups as defined above. 
0146 The term “carboxylcycloalkyl refers to a terminal 
carboxyl (-COOH) group attached to a cyclic aliphatic ring 
structure as defined above. 
0147 The term “carboxylcycloalkenyl refers to a termi 
nal carboxyl ( COOH) group attached to a cyclic aliphatic 
ring structure having ethylenic bonds as defined above. 
0.148. The terms “cycloalkylalkyl and “cycloalkyl-alkyl 
refer to a terminal cycloalkyl group as defined above attached 
to an alkyl group, for example cyclopropylmethyl, cyclo 
hexylethyl, and the like. Either portion of the moiety is unsub 
stituted or substituted. 
014.9 The terms “cycloalkylalkenyl' and “cycloalkyl-alk 
enyl refer to a terminal cycloalkyl group as defined above 
attached to an alkenyl group, for example cyclohexylvinyl, 
cycloheptylallyl, and the like. Either portion of the moiety is 
unsubstituted or substituted. 
0150. The terms “cycloalkylalkynyl' and “cycloalkyl 
alkynyl refer to a terminal cycloalkyl group as defined above 
attached to an alkynyl group, for example cyclopropylprop 
argyl, 4-cyclopentyl-2-butynyl, and the like. Either portion of 
the moiety is unsubstituted or substituted. 
0151. The terms “cycloalkenylalkyl and “cycloalkenyl 
alkyl refer to a terminal cycloalkenyl group as defined above 
attached to an alkyl group, for example 2-(cyclopenten-1-yl) 
ethyl and the like. Either portion of the moiety is unsubsti 
tuted or substituted. 
0152 The terms “cycloalkenylalkenyl and “cycloalk 
enyl-alkenyl refer to terminal a cycloalkenyl group as 
defined above attached to an alkenyl group, for example 
1-(cyclohexen-3-yl)allyl and the like. 
0153. The terms “cycloalkenylalkynyl and “cycloalk 
enyl-alkynyl refer to terminal a cycloalkenyl group as 
defined above attached to an alkynyl group, for example 
1-(cyclohexen-3-yl)propargyl and the like. Either portion of 
the moiety is unsubstituted or substituted. 
0154 The term “alkoxy' refers to the group —O-alkyl, 
including from 1 to 8 carbon atoms of a straight, branched, 
cyclic configuration and combinations thereofattached to the 
parent structure through an oxygen. Examples include meth 
oxy, ethoxy, propoxy, isopropoxy, cyclopropyloxy, cyclo 
hexyloxy and the like. “Lower alkoxy' refers to alkoxy 
groups containing one to six carbons. In some embodiments, 
C-C alkyl, is an alkyl group which encompasses both 
straight and branched chain alkyls of from 1 to 4 carbon 
atOmS. 

0155 The term “haloalkoxy' refers to an alkoxy group 
Substituted with one or more halo groups, for example chlo 
romethoxy, trifluoromethoxy, difluoromethoxy, perfluor 
oisobutoxy, and the like. 
0156 The term “alkoxyalkoxyalkyl refers to an alkyl 
group Substituted with an alkoxy moiety which is in turn is 
Substituted with a second alkoxy moiety, for example meth 
oxymethoxymethyl, isopropoxymethoxyethyl, and the like. 
This moiety is substituted with further substituents or not 
substituted with other substituents. 
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(O157. The term “alkylthio” includes both branched and 
straight chain alkyl groups attached to a linking Sulfur atom, 
for example methylthio and the like. 
0158. The term “alkoxyalkyl refers to an alkyl group 
Substituted with an alkoxy group, for example isopropoxym 
ethyl and the like. Either portion of the moiety is unsubsti 
tuted or substituted. 
0159. The term “alkoxyalkenyl refers to an alkenyl group 
Substituted with an alkoxy group, for example 3-methoxyal 
lyl and the like. Either portion of the moiety is unsubstituted 
or substituted. 
0160 The term “alkoxyalkynyl refers to an alkynyl group 
Substituted with analkoxy group, for example 3-methoxypro 
pargyl and the like. Either portion of the moiety is unsubsti 
tuted or substituted. 
0161 The term “CoalkenylC-scycloalkyl refers to an 
alkenyl group as defined above substituted with a three to 
eight membered cycloalkyl group, for example, 4-(cyclopro 
pyl)-2-butenyl and the like. Either portion of the moiety is 
unsubstituted or substituted. 
(0162 The term "CoalkynylC cycloalkyl” refers to an 
alkynyl group as defined above substituted with a three to 
eight membered cycloalkyl group, for example, 4-(cyclopro 
pyl)-2-butynyl and the like. Either portion of the moiety is 
unsubstituted or substituted. 
(0163 The term "heterocyclyl-Coalkyl” refers to a het 
erocyclic group as defined above Substituted with an alkyl 
group as defined above having 1 to 10 carbons, for example, 
4-(N-methyl)-piperazinyl, and the like. Either portion of the 
moiety is unsubstituted or substituted. 
(0164. The term "heterocyclyl-Coalkenyl refers to a 
heterocyclic group as defined above, Substituted with an alk 
enyl group as defined above, having 2 to 10 carbons, for 
example, 4-(N-allyl) piperazinyl, and the like. Moieties 
wherein the heterocyclic group is Substituted on a carbon 
atom with an alkenyl group are also included. Either portion 
of the moiety is unsubstituted or substituted. 
(0165. The term "heterocyclyl-Coalkynyl” refers to a 
heterocyclic group as defined above, Substituted with an alky 
nyl group as defined above, having 2 to 10 carbons, for 
example, 4-(N-propargyl)piperazinyl, and the like. Moieties 
wherein the heterocyclic group is Substituted on a carbon 
atom with an alkenyl group are also included. Either portion 
of the moiety is unsubstituted or substituted. 
0166 The term “oxo' refers to an oxygen that is double 
bonded to a carbon atom. One in the art understands that an 
“oxo' requires a second bond from the atom to which the oxo 
is attached. 
0167 Accordingly, it is understood that oxo cannot be 
Substituted onto an aryl or heteroaryl ring, unless it forms part 
of the aromatic system as a tautomer. 
0168 The term "oligomer refers to a low-molecular 
weight polymer, whose number average molecular weight is 
typically less than about 5000 g/mol, and whose degree of 
polymerization (average number of monomer units perchain) 
is greater than one and typically equal to or less than about 50. 
(0169. “Sulfonamidyl” or “sulfonamido” refers to a 
—S(=O), NR'R' radical, where each R' is selected inde 
pendently from the group consisting of hydrogen, alkyl, 
cycloalkyl, aryl, heteroaryl (bonded through a ring carbon) 
and heteroalicyclic (bonded through a ring carbon). The R' 
groups in NR'R' of the —S(=O) NR'R' radical may be 
taken together with the nitrogen to which it is attached to form 
a 4-, 5-, 6-, or 7-membered ring. A Sulfonamido group is 
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optionally substituted by one or more of the substituents 
described for alkyl, cycloalkyl, aryl, heteroaryl respectively. 
0170 Compounds described can contain one or more 
asymmetric centers and may thus give rise to diastereomers 
and optical isomers. The present invention includes all Such 
possible diastereomers as well as their racemic mixtures, their 
Substantially pure resolved enantiomers, all possible geomet 
ric isomers, and pharmaceutically acceptable salts thereof. 
Compounds may be shown without a definitive stereochem 
istry at certain positions. The present invention includes all 
Stereoisomers of the disclosed compounds and pharmaceuti 
cally acceptable salts thereof. Further, mixtures of stereoiso 
mers as well as isolated specific stereoisomers are also 
included. During the course of the synthetic procedures used 
to prepare such compounds, or in using racemization or 
epimerization procedures known to those skilled in the art, 
the products of Such procedures can be a mixture of stereoi 
SOCS. 

0171 The present invention includes all manner of rota 
mers and conformationally restricted states of an inhibitor of 
the invention. 
0172 Substituents for alkyl, heteroalkyl, cycloalkyl, het 
erocycloalkyl monovalent and divalent derivative radicals 
(including those groups often referred to as alkylene, alkenyl, 
heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocy 
cloalkyl, cycloalkenyl, and heterocycloalkenyl) can be one or 
more of a variety of groups selected from, but not limited to: 
alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocy 
cloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, -OR', 
—O, —NR', —N OR', NR'R", SR', -halogen, 
- SiR'R"R", OC(O)R', C(O)R, COR, C(O) 
NR'R", OC(O)NR'R", NR"C(O)R', NR C(O) 
NR"R", NR"C(O)OR, NR C(NR'R")—NR", S(O) 
R', S(O).R', S(O)NR'R", NRSOR, CN and 
—NO in a number ranging from Zero to (2m'+1), where m' is 
the total number of carbon atoms in such radical. R', R", R" 
and R" each preferably independently refer to hydrogen, 
substituted or unsubstituted heteroalkyl, substituted or 
unsubstituted cycloalkyl, substituted or unsubstituted hetero 
cycloalkyl, Substituted or unsubstituted aryl (e.g., aryl Substi 
tuted with 1-3 halogens), substituted or unsubstituted alkyl, 
alkoxy or thioalkoxy groups, or arylalkyl groups. When an 
inhibitor of the invention includes more than one R group, for 
example, each of the R groups is independently selected as are 
each R', R", R" and R" groups when more than one of these 
groups is present. 
(0173 When R' and R" or R" and R" are attached to the 
same nitrogen atom, they can be combined with the nitrogen 
atom to form a 4-, 5-, 6-, or 7-membered ring. For example, 
—NR'R'" is meant to include, but not be limited to, 1-pyrro 
lidinyl, 4 piperazinyl, and 4-morpholinyl. From the above 
discussion of substituents, one of skill in the art will under 
stand that the term “alkyl is meant to include groups includ 
ing carbon atoms bound to groups other than hydrogen 
groups, such as haloalkyl (e.g., —CF and —CHCF) and 
acyl (e.g., —C(O)CH, —C(O)CF, —C(O)CHOCH, and 
the like). 
0.174 Similar to the substituents described for alkyl radi 
cals above, exemplary Substituents for aryl and heteroaryl 
groups (as well as their divalent derivatives) are varied and are 
selected from, for example: halogen, alkyl, heteroalkyl, alk 
enyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, —OR', NR'R''. —SR', -halo 
gen, SiR'R"R", OC(O)R', C(O)R', COR', C(O) 
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NR'R", OC(O)NR'R", NR"C(O)R', NR C(O) 
NR"R", NR"C(O)OR', NR C(NR'R"R") NR", 
NR C(NR'R")—NR", S(O)R', S(O).R', S(O) 

NR'R", NRSOR', CN and - NO, R', N, -CH 
(Ph), fluoro(C-C)alkoxo, and fluoro(C-C)alkyl, in a 
number ranging from Zero to the total number of open 
valences on aromatic ring system; and where R', R", R" and 
R" are preferably independently selected from hydrogen, 
substituted or unsubstituted alkyl, substituted or unsubsti 
tuted heteroalkyl, substituted or unsubstituted cycloalkyl, 
substituted or unsubstituted heterocycloalkyl, substituted or 
unsubstituted aryl and substituted or unsubstituted het 
eroaryl. When an inhibitor of the invention includes more 
than one R group, for example, each of the R groups is 
independently selected as are each R', R", R" and R" groups 
when more than one of these groups is present. 
(0175. As used herein, 0-2 in the context of S(O)o 
are integers of 0, 1, and 2. 
0176 Two of the substituents on adjacent atoms of aryl or 
heteroaryl ring may optionally form a ring of the formula 
-T-C(O) (CRR), U , wherein T and U are indepen 
dently —NR— —O—, —CRR'— or a single bond, and q is 
an integer of from 0 to 3. Alternatively, two of the substituents 
on adjacentatoms of aryl or heteroaryl ring may optionally be 
replaced with a substituent of the formula -A-(CH), B . 
wherein A and B are independently —CRR' , —O—, 
NR— —S —S(O)— —S(O) —S(O)NR' or a 

single bond, and ris an integer of from 1 to 4. One of the single 
bonds of the new ring so formed may optionally be replaced 
with a double bond. Alternatively, two of the substituents on 
adjacent atoms of aryl or heteroaryl ring may optionally be 
replaced with a substituent of the formula—(CRR) X' 
(C"R") , where s and dare independently integers of from 
0 to 3, and X is —O— —NR' ... —S —S(O)— —S(O) 

, or—S(O)NR' . The substituents R. R', R" and R" are 
preferably independently selected from hydrogen, substi 
tuted or unsubstituted alkyl, substituted or unsubstituted 
cycloalkyl, substituted or unsubstituted heterocycloalkyl, 
substituted or unsubstituted aryl, and substituted or unsubsti 
tuted heteroaryl. 
0177. Unless otherwise stated, structures depicted herein 
are also meant to include compounds which differ only in the 
presence of one or more isotopically enriched atoms. For 
example, compounds having the present structures except for 
the replacement of a hydrogen by a deuterium or tritium, or 
the replacement of a carbon by 'C- or ''C-enriched carbon 
are within the scope of this invention. 
0.178 The compounds of the present invention may also 
contain unnatural proportions of atomic isotopes at one or 
more of atoms that constitute Such compounds. For example, 
the compounds may be radiolabeled with radioactive iso 
topes, such as for example tritium (H), iodine-125 ('I) or 
carbon-14 (''C). All isotopic variations of the compounds of 
the present invention, whether radioactive or not, are encom 
passed within the scope of the present invention. 
0179 Methods 
0180. In one aspect, the present invention provides a 
method for treating a proliferative disorder in a subject by 
administering to a Subject a first agent followed by adminis 
tering to said subject an mTOR inhibitor, wherein said first 
agent Suppresses progression of one or more cell-cycle 
phases after G1 phase. In some embodiments, the one or more 
cell-cycle phases after G1 phase is selected from the group 
consisting of G2 phase, Mphase, and G2/M transition phase. 
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In general, administration of the first agent precedes the first 
administration of an mTOR inhibitor as part of a therapeutic 
regimen. In some embodiments, administering the first agent 
followed by administering the mTOR inhibitor yields a syn 
ergistic effect. The synergistic effect may be a therapeutic 
effect that is greater than either agent used alone in compa 
rable amounts under comparable conditions. The Synergistic 
effect may be a therapeutic effect that is greater than results 
expected by adding the effects of each agent alone. In some 
embodiments, the synergistic effect is a therapeutic effect that 
is greater than the effect of administering the agents simulta 
neously, or in the reverse order. This method may encompass 
delivery of a composition comprising both an mTOR inhibi 
tor and a first agent, wherein the mTOR inhibitor is substan 
tially released from the composition in an active form at a 
laterpoint intime than the release of the first agent in an active 
form. 
0181. As used herein, a therapeutically effective amount 
of a combination of a first agent and an mTOR inhibitor 
administered in the order disclosed herein refers to a combi 
nation of a first agent and an mTOR inhibitor, wherein the 
combination is sufficient to effect the intended application 
including but not limited to disease treatment, as defined 
herein. Encompassed in this Subject method is the use of a 
therapeutically effective amount of a first agent and/or an 
mTOR inhibitor incombination to effect such treatment. Also 
contemplated in the Subject methods is the use of a Sub 
therapeutic amount of a first agent and/oran mTOR inhibitor 
in the combination for treating an intended disease condition. 
The individual components of the combination, though 
present in Sub-therapeutic amounts, synergistically yield an 
efficacious effect and/or reduced a side effect in an intended 
application. 
0182. The amount of the first agent and the mTOR inhibi 
tor administered in the order disclosed herein may vary 
depending upon the intended application (in vitro or in vivo), 
or the Subject and disease condition being treated, e.g., the 
weight and age of the Subject, the severity of the disease 
condition, the manner of administration and the like, which 
can readily be determined by one of ordinary skill in the art. 

Exemplary First Agents 

0183 The first agent suitable for use in the subject meth 
ods can be selected from a variety types of molecules. For 
example, the first agent can be a biological or chemical com 
pound Such as a simple or complex organic or inorganic 
molecule, peptide, peptide mimetic, protein (e.g. antibody), 
liposome, or a polynucleotide (e.g. Small interfering RNA, 
microRNA, anti-sense, aptamer, ribozyme, or triple helix). 
Some exemplary classes of chemical compounds Suitable for 
use in the subject methods are detailed in the sections below. 
The first agent for use in the present invention can be any first 
agent known in the art to Suppress progression of one or more 
cell cycle-phases after G1 phase. Preferably, the first agent 
does not suppress progression of G1 phase. In some embodi 
ments, the first agent preferentially or specifically suppresses 
progression of a single cell-cycle phase or phase transition 
after G 1. Phases of the cell cycle subsequent to G1 include S 
(i.e. synthesis), G2, and M (i.e. mitosis) phases, as well as 
transitions between each of the phases (i.e. G1/S transition, 
S/G2 transition, and G2/M transition). Mphases further com 
prises progression through prophase, metaphase, anaphase, 
telephase, and concludes with cytokinesis. A first agent of the 
present invention may suppress one or more cell cycle phase 



US 2014/0357651 A1 

after Gl, in any combination. Suppression by a first agent 
may be specific to cells associated with a proliferative disor 
der (e.g. cancer, whether benign or malignant), or may affect 
both disease-associated and non-disease-associated (e.g. nor 
mal) cells. In some embodiments, a first agent is specific to 
dividing cells. In general, Suppression of progression of a 
phase of the cell cycle is evidenced by the accumulation of 
cells in the Suppressed phase in a treated population of cells 
with respect to a control population of untreated cells. In 
general, Suppression of a phase transition in the cell cycle is 
evidenced by the accumulation of cells in the phase immedi 
ately before the transition (e.g. accumulation in late G2 phase 
for a suppressor of the G2/M transition) with respect to a 
control population of untreated cells. In some embodiments, 
a cell-cycle phase Suppressor Suppresses cell-cycle progres 
sion in at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, 95%, 99%, or more of treated cells relative to a 
control population of untreated cells. 
0184 Suppression of one or more cell-cycle phases may 
be routinely determined by any method known in the art, for 
known and new agents. For example, cell cycle status for cell 
populations may be determined by flow cytometry using fluo 
rescent dyes which stain the DNA content of cell nuclei 
(Barlogie, B. et al, Cancer Res., (1983), 43(9), 3982-97). 
Flow cytometry yields quantitative information on the DNA 
content of cells and hence allows determination of the relative 
numbers of cells in the G1, S and G2/M phases of the cell 
cycle. Since the DNA content of cell nuclei varies through the 
cell cycle in a reasonably predictable fashion, i.e., cells in G2 
or M have twice the DNA content of cells in G1, and cells 
undergoing DNA synthesis in S phase have an intermediate 
amount of DNA, it is possible to monitor the relative distri 
bution of cells between different phases of the cell cycle. As 
a further example, EP 798386 describes a method for the 
analysis of the cell cycle of cell Sub-populations present in 
heterogeneous cell samples. This method uses sequential 
incubation of the sample with fluorescently labelled mono 
clonal antibodies to identify specific cell types and a fluoro 
chrome that specifically binds to nucleic acids. Hauser & 
Bauer (Plant and Soil, (2000), 226, 1-10) used f-glucu 
ronidase (GUS) to study cell division in a plant meristem and 
Brandeis & Hunt (EMBO J., (1996), 15, 5280-5289) used 
chloramphenical acetyl transferase (CAT) fusion proteins to 
study variations in cyclin levels, and U.S. Pat. No. 6,048,693 
describes a method for screening for compounds affecting 
cell cycle regulatory proteins, wherein expression of a 
reporter gene is linked to control elements that are acted on by 
cyclins or other cell cycle control proteins. In this method, 
temporal expression of a reporter gene product is driven in a 
cell cycle specific fashion and compounds acting on one or 
more cell cycle control components may increase or decrease 
expression levels. Jones etal (Nat. Biotech., (2004), 23, 306 
312) describe a fluorescent biosensor of mitosis based on a 
plasma membrane targeting signal and an SV40 large T anti 
gen NLS fused to EYFP. Throughout the cell cycle the 
reporter resides in the nucleus but translocates to the plasma 
membrane during mitosis, between nuclear envelope break 
down and re-formation. WO 03/031 612 describes DNA 
reporter constructs and methods for determining the cell 
cycle position of living mammalian cells by means of cell 
cycle phase-specific expression control elements and destruc 
tion control elements. Further examples of methods known in 
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the art for determining the cell-cycle effect of agents, includ 
ing the use of reporters and markers, are described in U.S. Pat. 
No. 7,612,189. 
0185. In some embodiments, the first agent comprises one 
or more tubulin modulator (e.g. an anti-microtubule or anti 
mitotic agent). Tubulin modulators include any agent capable 
of modulating the function of tubulin within a cell, such as 
inhibiting polymerization, inhibiting depolymerization, and 
otherwise disrupting an activity of function of microtubules. 
Tubulin modulators include phase specific agents active 
against the microtubules of tumor cells during Mor the mito 
sis phase of the cell cycle. Examples of anti-microtubule 
agents include, but are not limited to, diterpenoids and Vinca 
alkaloids. Diterpenoids, which are derived from natural 
Sources, are phase specific anti-cancer agents that operate at 
the G/M phases of the cell cycle. It is believed that the 
diterpenoids stabilize the B-tubulin subunit of the microtu 
bules, by binding with this protein. Disassembly of the pro 
tein appears then to be inhibited with mitosis being arrested 
and cell death following. Examples of diterpenoids include, 
but are not limited to, paclitaxel and its analog docetaxel. 
Paclitaxel, 53.20-epoxy-1.2O.47 B.10B, 13C-hexa-hydrox 
ytax-11-en-9-one 4,10-diacetate 2-benzoate 13-ester with 
(2R,3S) N-benzoyl-3-phenylisoserine, is a natural diter 
pene product isolated from the Pacific yew tree Taxus brevi 
folia and is commercially available as an injectable solution 
TAXOL(R). It is a member of the taxane family of terpenes. 
One mechanism for its activity relates to paclitaxel’s capacity 
to bind tubulin, thereby inhibiting cancer cell growth. Pacli 
taxel has been approved for clinical use in the treatment of 
refractory ovarian cancer in the United States and for the 
treatment of breast cancer. It is a potential candidate for 
treatment of neoplasms in the skin and head and neck carci 
nomas. The compound also shows potential for the treatment 
of polycystic kidney disease, lung cancer and malaria. Treat 
ment of Subjects with paclitaxel results in bone marrow Sup 
pression (multiple cell lineages, Ignoff, R. J. et. al., Cancer 
Chemotherapy Pocket Guide, 1998) related to the duration of 
dosing above a threshold concentration (50 nM) (Kearns, C. 
M. et. al., Seminars in Oncology, 3(6) p. 16-23, 1995). Doc 
etaxel, (2R.3S)-N-carboxy-3-phenylisoserine, N-tert-butyl 
ester, 13-ester with 5 B-20-epoxy-1.2C,4,7B...10B, 13C 
hexahydroxytax-1-1-en-9-one 4-acetate 2-benzoate, trihy 
drate; is commercially available as an injectable solution as 
TAXOTERER). Docetaxel is indicated for the treatment of 
breast cancer. Docetaxel is a semisynthetic derivative of 
paclitaxel q.v., prepared using a natural precursor, 
10-deacetyl-baccatin III, extracted from the needle of the 
European Yew tree. The dose limiting toxicity of docetaxel is 
neutropenia. 
0186. In some embodiments, the first agent comprises one 
or more Vinca alkaloids, which include phase specific anti 
neoplastic agents derived from the periwinkle plant. Vinca 
alkaloids act at the M phase (mitosis) of the cell cycle by 
binding specifically to tubulin. Consequently, the bound tubu 
lin molecule is unable to polymerize into microtubules. Mito 
sis is believed to be arrested in metaphase with cell death 
following. Examples of Vinca alkaloids include, but are not 
limited to, vinblastine, Vincristine, and vinorelbine. Vinblas 
tine, Vincaleukoblastine Sulfate, is commercially available as 
VELBANR) as an injectable solution. Although it has pos 
sible indication as a second line therapy of various solid 
tumors, it is primarily indicated in the treatment of testicular 
cancer and various lymphomas including Hodgkin’s Disease, 
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and lymphocytic and histiocytic lymphomas. Myelosuppres 
sion is the dose limiting side effect of vinblastine. Vincristine, 
Vincaleukoblastine, 22-oxo-. Sulfate, is commercially avail 
able as ONCOVINR) as an injectable solution. Vincristine is 
indicated for the treatment of acute leukemias and has also 
found use in treatment regimens for Hodgkin’s and non 
Hodgkin’s malignant lymphomas. Alopecia and neurologic 
effects are the most common side effect of Vincristine and to 
a lesser extent myeloSupression and gastrointestinal mucosi 
tis effects occur. Vinorelbine, 3',4'-didehydro-4'-deoxy-C- 
norvincaleukoblastine R—(R*R*)-2,3-dihydroxybutane 
dioate (1:2)(salt), commercially available as an injectable 
solution of vinorelbine tartrate (NAVELEBINE(R), is a semi 
synthetic Vinca alkaloid. Vinorelbine is indicated as a single 
agent or in combination with other chemotherapeutic agents, 
Such as cisplatin, in the treatment of various solid tumors, 
particularly non-small cell lung, advanced breast, and hor 
mone refractory prostate cancers. Myelosuppression is the 
most common dose limiting side effect of vinorelbine. 
0187. In some embodiments, the first agent comprises one 
or more topoisomerase II inhibitors, which include, but are 
not limited to, epipodophyllotoxins. Epipodophyllotoxins are 
phase specific anti-neoplastic agents derived from the man 
drake plant. Epipodophyllotoxins typically affect cells in the 
S and G2 phases of the cell cycle by forming a ternary com 
plex with topoisomerase II and DNA causing DNA strand 
breaks. The strand breaks accumulate and cell death follows. 
Examples of epipodophyllotoxins include, but are not limited 
to, etoposide and teniposide. Etoposide, 4'-demethyl-epi 
podophyllotoxin 94.6-0-(R)-ethylidene-3-D-glucopyrano 
side, is commercially available as an injectable solution or 
capsules as VePESID(R) and is commonly known as VP-16. 
Etoposide is indicated as a single agent or in combination 
with other chemotherapy agents in the treatment of testicular 
and non-Small cell lung cancers. Myelosuppression is the 
most common side effect of etoposide. The incidence of 
leucopenia tends to be more severe than thrombocytopenia. 
Teniposide, 4'-demethyl-epipodophyllotoxin 94.6-0-(R)- 
thenylidene-3-D-glucopyranoside, is commercially avail 
able as an injectable solution as VUMONR) and is commonly 
known as VM-26. Teniposide is indicated as a single agent or 
in combination with other chemotherapy agents in the treat 
ment of acute leukemia in children. Myelosuppression is the 
most common dose limiting side effect ofteniposide. Teni 
poside can induce both leucopenia and thrombocytopenia. 
Other topoisomerase II inhibitors include epirubicin, idaru 
bicin, memorubicin, mitoxantrone, and losoxantrone. 
0188 In some embodiments, the first agent comprises one 
or more antimetabolite neoplastic agents, which include 
phase specific anti-neoplastic agents that act at S phase (DNA 
synthesis) of the cell cycle by inhibiting DNA synthesis or by 
inhibiting purine or pyrimidine base synthesis and thereby 
limiting DNA synthesis. Consequently, S phase does not pro 
ceed and cell death follows. Examples of antimetabolite anti 
neoplastic agents include, but are not limited to, fluorouracil, 
methotrexate, cytarabine, mercaptopurine, thioguanine, and 
gemcitabine. 5-fluorouracil, 5-fluoro-2,4-(1H.3H) pyrim 
idinedione, is commercially available as fluorouracil. Admin 
istration of 5-fluorouracil leads to inhibition of thymidylate 
synthesis and is also incorporated into both RNA and DNA. 
The result typically is cell death. 5-fluorouracilis indicated as 
a single agent or in combination with other chemotherapy 
agents in the treatment of carcinomas of the breast, colon, 
rectum, Stomach and pancreas. Myelosuppression and 
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mucositis are dose limiting side effects of 5-fluorouracil. 
Other fluoropyrimidine analogs include 5-fluoro deoxyuri 
dine (floxuridine) and 5-fluorodeoxyuridine monophosphate. 
Cytarabine, 4-amino-1-f-D-arabinofuranosyl-2(1H)-pyri 
midinone, is commercially available as CYTOSAR-UR and 
is commonly known as Ara-C. It is believed that cytarabine 
exhibits cell phase specificity at S-phase by inhibiting DNA 
chain elongation by terminal incorporation of cytarabine into 
the growing DNA chain. Cytarabine is indicated as a single 
agent or in combination with other chemotherapy agents in 
the treatment of acute leukemia. Other cytidine analogs 
include 5-azacytidine and 2,2'-difluorodeoxycytidine (gem 
citabine). Cytarabine induces leucopenia, thrombocytopenia, 
and mucositis. Mercaptopurine, 1,7-dihydro-6H-purine-6- 
thione monohydrate, is commercially available as PURI 
NETHOLOR. Mercaptopurine exhibits cell phase specificity at 
S-phase by inhibiting DNA synthesis by an as of yet unspeci 
fied mechanism. Mercaptopurine is indicated as a single 
agent or in combination with other chemotherapy agents in 
the treatment of acute leukemia. Myelosuppression and gas 
trointestinal mucositis are expected side effects of mercap 
topurine at high doses. A useful mercaptopurine analog is 
azathioprine. Thioguanine, 2-amino-1,7-dihydro-6H-purine 
6-thione, is commercially available as TABLOIDR). Thiogua 
nine exhibits cell phase specificity at S-phase by inhibiting 
DNA synthesis by an as of yet unspecified mechanism. 
Thioguanine is indicated as a single agent or in combination 
with other chemotherapy agents in the treatment of acute 
leukemia. Myelosuppression, including leucopenia, thromb 
ocytopenia, and anemia, is the most common dose limiting 
side effect of thioguanine administration. However, gas 
trointestinal side effects occur and can be dose limiting. Other 
purine analogs include pentostatin, erythrohydroxynonylad 
enine, fludarabine phosphate, and cladribine. Gemcitabine, 
2'-deoxy-2,2'-difluorocytidine monohydrochloride (B-iso 
mer), is commercially available as GEMZAR(R). Gemcitabine 
exhibits cell phase specificity at S-phase and by blocking 
progression of cells through the G1/S boundary. Gemcitabine 
is indicated in combination with cisplatin in the treatment of 
locally advanced non-Small cell lung cancer and alone in the 
treatment of locally advanced pancreatic cancer. MyeloSup 
pression, including leucopenia, thrombocytopenia, and ane 
mia, is the most common dose limiting side effect of gemcit 
abine administration. Methotrexate, N-4-(2,4-diamino-6- 
pteridinyl)methylmethylaminobenzoyl-L-glutamic acid, 
is commercially available as methotrexate sodium. Methotr 
exate exhibits cell phase effects specifically at S-phase by 
inhibiting DNA synthesis, repair and/or replication through 
the inhibition of dyhydrofolic acid reductase which is 
required for synthesis of purine nucleotides and thymidylate. 
Methotrexate is indicated as a single agent or in combination 
with other chemotherapy agents in the treatment of chorio 
carcinoma, meningeal leukemia, non-Hodgkin’s lymphoma, 
and carcinomas of the breast, head, neck, ovary and bladder. 
Myelosuppression (leucopenia, thrombocytopenia, and ane 
mia) and mucositis are expected side effect of methotrexate 
administration. 

0189 In some embodiments, the first agent comprises one 
or more topoisomerase I inhibitors, which include camptoth 
ecins such as camptothecin and camptothecinderivatives, and 
typically function by Suppressing the cell cycle during S 
and/or G2 phases. Camptothecin cytotoxic activity is 
believed to be related to its Topoisomerase I inhibitory activ 
ity. Examples of camptothecins include, but are not limited to 
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irinotecan and topotecan. Irinotecan HCl, (4S)-4,11-diethyl 
4-hydroxy-9-(4-piperidinopiperidino) carbonyloxy)-1H 
pyrano.3',4',6,7 indolizino 1,2-biquinoline-3,14(4H,12H)- 
dione hydrochloride, is commercially available as the 
injectable solution CAMPTOSAR(R). Irinotecan is a deriva 
tive of camptothecin which binds, along with its active 
metabolite SN-38, to the topoisomerase I-DNA complex. It is 
believed that cytotoxicity occurs as a result of irreparable 
double strand breaks caused by interaction of the topoi 
somerase I:DNA.irinotecan or SN-38 ternary complex with 
replication enzymes. Irinotecan is indicated for treatment of 
metastatic cancer of the colon or rectum. The dose limiting 
side effects ofirinotecan HCl are myelosuppression, includ 
ing neutropenia, and GI effects, including diarrhea. Topote 
can HCl, (S)-10-(dimethylamino)methyl-4-ethyl-4,9-dihy 
droxy-1H-pyrano.3',4',6,7-indolizino 1,2-bduinoline-3, 
14-(4H,12H)-dione monohydrochloride, is commercially 
available as the injectable solution HYCAMTINR). Topote 
can is a derivative of camptothecin which binds to the topoi 
Somerase I-DNA complex and prevents religation of singles 
Strand breaks caused by Topoisomerase I in response to tor 
sional strain of the DNA molecule. Topotecan is indicated for 
second line treatment of metastatic carcinoma of the ovary 
and Small cell lung cancer. The dose limiting side effect of 
topotecan HCl is myelosuppression, primarily neutropenia. 
0190. Other examples of cell cycle-specific agents that 
Suppress progression of cell-cycle phases after G1 phase are 
known in the art, and include, without limitation, bleomycin, 
hydroxyurea, and vindesine. Also useful as first agents are 
any chemotherapeutic compounds described herein that are 
known to Suppress a cell-cycle phase after Gl, or may be 
determined to Suppress a cell-cycle phase after G1 using any 
method known in the art, including cell-cycle determination 
methods described and referenced herein. 

Exemplary mTor Inhibitor Compounds 
0191 An mTOR inhibitor for use in the present invention 
can be any mTOR inhibitor that is known in the art, and can 
include any chemical entity that, upon administration to a 
patient, results in inhibition of mTOR in the patient. An 
mTOR inhibitor can inhibit mTOR by any biochemical 
mechanism, including competition at the ATP binding site, 
competition elsewhere at the catalytic site of mTOR kinase, 
non-competitive inhibition, irreversible inhibition (e.g. cova 
lent protein modification), or modulation of the interactions 
of other protein subunits or binding proteins with mTOR 
kinase in a way that results in inhibition of mTOR kinase 
activity (e.g. modulation of the interaction of mTOR with 
FKBP12, G|BL (mLST8), RAPTOR (mKOG1), or RICTOR 
(mAVO3)). Specific examples of mTOR inhibitors include: 
rapamycin; other rapamycin macrollides, or rapamycin ana 
logues, derivatives or prodrugs; RAD001 (also known as 
Everolimus, RAD001 is an alkylated rapamycin (40-O-(2- 
hydroxyethyl)-rapamycin), disclosed in U.S. Pat. No. 5,665, 
772; Novartis); CCI-779 (also known as Temsirolimus, CCI 
779 is an ester of rapamycin (42-ester with 3-hydroxy-2- 
hydroxymethyl-2-methylpropionic acid), disclosed in U.S. 
Pat. No. 5,362,718; Wyeth); AP23573 or AP23841 (Ariad 
Pharmaceuticals); ABT-578 (40-epi-(tetrazolyl)-rapamycin; 
Abbott Laboratories); KU-0059475 (Kudus Pharmaceuti 
cals); and TAFA-93 (a rapamycin prodrug; Isotechnika). 
Examples of rapamycin analogs and derivatives known in the 
art include those compounds described in U.S. Pat. Nos. 
6,329,386; 6,200,985; 6,117,863; 6,015,815; 6,015,809: 
6,004,973; 5,985,890; 5,955.457; 5,922,730; 5,912,253; 
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5,780.462; 5,665,772; 5,637,590: 5,567,709; 5,563,145; 
5,559,122; 5,559,120; 5,559,119, 5,559,112: 5,550,133; 
5,541,192: 5,541,191; 5,532,355; 5,530,121 : 5,530,007; 
5,525,610; 5,521, 194; 5,519,031: 5,516,780; 5,508,399; 
5,508,290: 5,508,286; 5,508,285; 5,504291; 5,504,204; 
5,491231; 5,489,680; 5,489,595; 5,488,054; 5,486,524: 
5,486,523: 5,486,522; 5,484.791; 5,484,790; 5,480,989: 
5,480,988: 5,463,048; 5,446,048; 5.434,260; 5,411,967: 
5,391,730; 5,389,639; 5,385,910; 5,385,909; 5,385,908: 
5,378,836; 5,378,696; 5,373,014: 5,362,718; 5,358,944; 
5,346,893; 5,344,833; 5,302,584: 5,262,424; 5,262,423; 
5,260.300: 5,260,299; 5,233,036; 5,221,740: 5,221,670; 
5,202,332; 5,194,447; 5,177.203; 5,169,851; 5,164,399; 
5,162.333; 5,151,413; 5,138,051; 5,130,307; 5,120,842; 
5,120,727; 5,120,726; 5,120,725; 5,118,678; 5,118,677; 
5,100,883; 5,023,264; 5,023,263; and 5,023,262; all of which 
are incorporated herein by reference. Rapamycin derivatives 
are also disclosed for example in WO 94/09010, WO 
95/16691, WO 96/41807, or WO99/15530, which are incor 
porated herein by reference. Such analogs and derivatives 
include 32-deoxorapamycin, 16-pent-2-ynyloxy-32-deoxo 
rapamycin, 16-pent-2-ynyloxy-32 (S or R)-dihydro-rapamy 
cin, 16-pent-2-ynyloxy-32 (S or R)-dihydro-40-O-(2-hy 
droxyethyl)-rapamycin, 40-0-(2-hydroxyethyl)-rapamycin, 
32-deoxorapamycin and 16-pent-2-ynyloxy-32(S)-dihydro 
rapamycin. Rapamycin derivatives may also include the so 
called rapalogs, e.g. as disclosed in WO 98/02441 and WO 
01/14387 (e.g. AP23573, AP23464, AP23675 or AP23841). 
Further examples of a rapamycin derivative are those dis 
closed under the name biolimus-7 or biolimus-9 (BIOLIMUS 
A9TM) (Biosensors International, Singapore). Any of the 
above rapamycin analogs or derivatives may be readily pre 
pared by procedures as described in the above references. 
0.192 Additional examples of mTOR inhibitors useful in 
the invention described herein include those disclosed and 
claimed in U.S. Pat. No. 7,700,594 and in U.S. Pat. No. 
7,651,687, a series of compounds that inhibit mTOR by bind 
ing to and directly inhibiting both mTORC1 and mTORC2 
kinases. Similar results can be obtained with any compound 
that inhibits mTOR by binding to and directly inhibiting both 
mTORC1 and mTORC2 kinases, such as those whose struc 
tures are disclosed herein. Additional Such compounds can 
readily be identified by determining their ability to inhibit 
both mTORC1 and mTORC2 kinase activities using immu 
noprecipitation-kinase assays with antibodies specific to 
either the raptor or rictor proteins of the mTORC1 and 
mTORC2 complexes (for an example of Such assays, see 
Jacinto, E. et al. (2004) Nature Cell Biol. 6(11): 1122-1128). 
Also useful in the invention described herein are mTOR 
inhibitors that are dual PI3K/mTOR kinase inhibitors, such as 
for example the compound PI-103 as described in Fan, Q-W 
et al (2006) Cancer Cell 9:341-349 and Knight, Z. A. et al. 
(2006) Cell 125:733-747. 
0193 In some embodiments, the capacity of an mTOR 
inhibitor to inhibit mTOR is expressed in terms of an IC50 
value. As used herein, the term “IC50 refers to the half 
maximal inhibitory concentration of an inhibitor in inhibiting 
biological or biochemical function. This quantitative measure 
indicates how much of a particular inhibitor is needed to 
inhibit a given biological process (or component of a process, 
i.e. an enzyme, cell, cell receptor or microorganism) by half. 
In other words, it is the half maximal (50%) inhibitory con 
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centration (IC) of a substance (50% IC, or IC50). EC50 refers 
to the plasma concentration required for obtaining 50% of a 
maximum effect in vivo. 
0194 Determination of IC50 can be made by determining 
and constructing a dose-response curve and examining the 
effect of different concentrations of an inhibitor on reversing 
agonist activity. In vitro assays that are useful in making these 
determinations are referred to as “in vitro kinase assays.” 
0.195. In some embodiments, an in vitro kinase assay 
includes the use of labeled ATP as phosphodonor, and follow 
ing the kinase reaction the Substrate peptide is captured on an 
appropriate filter. Unreacted labeled ATP and metabolites are 
resolved from the radioactive peptide substrate by various 
techniques, such as involving trichloroacetic acid precipita 
tion and extensive washing. Addition of several positively 
charged residues allows capture on phosphocellulose paper 
followed by washing. Radioactivity incorporated into the 
Substrate peptide is detected by Scintillation counting. This 
assay is relatively simple, reasonably sensitive, and the pep 
tide Substrate can be adjusted both in terms of sequence and 
concentration to meet the assay requirements. Other exem 
plary kinase assays are detailed in U.S. Pat. No. 5,759.787 
and U.S. application Ser. No. 12/728,926, both of which are 
incorporated herein by reference. 
(0196. The mTOR inhibitor utilized in the subject methods 
is typically highly selective for the target molecule. In one 
aspect, the mTOR inhibitor binds to and directly inhibits both 
mTORC1 and mTORC2. Such ability can be ascertained 
using any method known in the art or described herein. For 
example, inhibition of mTorC1 and/or mTorC2 activity can 
be determined by a reduction in signal transduction of the 
PI3K/Akt/mTor pathway. A wide variety of readouts can be 
utilized to establish a reduction of the output of such signaling 
pathway. Some non-limiting exemplary readouts include (1) 
a decrease in phosphorylation of Akt at residues, including 
but not limited to S473 and T308; (2) a decrease in activation 
of Akt as evidenced by a reduction of phosphorylation of Akt 
substrates including but not limited to FoxO1/O3a T24/32. 
GSK3C/BS21/9, and TSC2 T1462; (3) a decrease in phos 
phorylation of signaling molecules downstream of mTor, 
including but not limited to ribosomal S6 S240/244, 70S6K 
T389, and 4EBP1 T37/46; (4) inhibition of proliferation of 
cells including but not limited to normal or neoplastic cells, 
mouse embryonic fibroblasts, leukemic blast cells, cancer 
stem cells, and cells that mediate autoimmune reactions; (5) 
induction of apoptosis of cells or cell cycle arrest (e.g. accu 
mulation of cells in G1 phase); (6) reduction of cell chemot 
axis; and (7) an increase in binding of 4EBP1 to eIF4E. 
0.197 mTOR exists in two types of complexes, mTorC1 
containing the raptor Subunit and mTorC2 containing rictor. 
As known in the art, “rictor” refers to a cell growth regulatory 
protein having human gene locus 5p13.1. These complexes 
are regulated differently and have a different spectrum of 
substrates. For instance, mTorC1 phosphorylates S6 kinase 
(S6K) and 4EBP1, promoting increased translation and ribo 
Some biogenesis to facilitate cell growth and cell cycle pro 
gression. S6K also acts in a feedback pathway to attenuate 
PI3K/Akt activation. Thus, inhibition of mTorC1 (e.g. by a 
biologically active agent as discussed herein) results in acti 
vation of 4EBP1, resulting in inhibition of (e.g. a decrease in) 
RNA translation. 

0198 mTorC2 is generally insensitive to rapamycin and 
selective inhibitors and is thought to modulate growth factor 
signaling by phosphorylating the C-terminal hydrophobic 
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motif of Some AGC kinases such as Akt. In many cellular 
contexts, mTorC2 is required for phosphorylation of the S473 
site of Akt. Thus, mTorC1 activity is partly controlled by Akt 
whereas Akt itself is partly controlled by mTorC2. 
(0199 Growth factor stimulation of PI3K causes activation 
of Akt by phosphorylation at the two key sites, S473 and 
T308. It has been reported that full activation of Akt requires 
phosphorylation of both S473 and T308 Active. Akt promotes 
cell Survival and proliferation in many ways including Sup 
pressingapoptosis, promoting glucose uptake, and modifying 
cellular metabolism. Of the two phosphorylation sites on Akt, 
activation loop phosphorylation at T308, mediated by PDK1, 
is believed to be indispensable for kinase activity, while 
hydrophobic motif phosphorylation at S473 enhances Akt 
kinase activity. 
0200 Inhibition of Akt phosphorylation can be deter 
mined using any methods known in the art or described 
herein. Representative assays include but are not limited to 
immunoblotting and immunoprecipitation with antibodies 
Such as anti-phosphotyrosine antibodies that recognize the 
specific phosphorylated proteins. Cell-based ELISA kit 
quantifies the amount of activated (phosphorylated at S473) 
Akt relative to total Akt protein is also available (SuperArray 
Biosciences). 
0201 Selective mTor inhibition may also be determined 
by expression levels of the mTor genes, its downstream sig 
naling genes (for example by RT-PCR), or expression levels 
of the proteins (for example by immunocytochemistry, 
immunohistochemistry, Western blots) as compared to other 
PI3-kinases or protein kinases. 
0202 Cell-based assays for establishing selective inhibi 
tion of mTorC1 and/or mTorC2 can take a variety of formats. 
This generally will depend on the biological activity and/or 
the signal transduction readout that is under investigation. For 
example, the ability of the agent to inhibit mTorC1 and/or 
mTorC2 to phosphorylate downstream substrate(s) can be 
determined by various types ofkinase assays known in the art. 
Representative assays include but are not limited to immuno 
blotting and immunoprecipitation with antibodies such as 
anti-phosphotyrosine, anti-phosphoserine or anti-phospho 
threonine antibodies that recognize phosphorylated proteins. 
Alternatively, antibodies that specifically recognize a particu 
lar phosphorylated form of a kinase Substrate (e.g. anti-phos 
pho AKT S473 or anti-phospho AKT T308) can be used. In 
addition, kinase activity can be detected by high throughput 
chemiluminescent assays such as AlphaScreenTM (available 
from Perkin Elmer) and eTag TM assay (Chan-Hui, et al. 
(2003) Clinical Immunology 1 11: 162-174). In another 
aspect, single cell assays Such as flow cytometry as described 
in the phosflow experiment can be used to measure phospho 
rylation of multiple downstream mTOR substrates in mixed 
cell populations. 
0203 One advantage of the immunoblotting and phosflow 
methods is that the phosphorylation of multiple kinase sub 
strates can be measured simultaneously. This provides the 
advantage that efficacy and selectivity can be measured at the 
same time. For example, cells may be contacted with an 
mTOR inhibitor at various concentrations and the phospho 
rylation levels of substrates of both mTOR and other kinases 
can be measured. In one aspect, a large number of kinase 
Substrates are assayed in what is termed a “comprehensive 
kinase survey.” Selective mTOR inhibitors are expected to 
inhibit phosphorylation of mTOR substrates without inhibit 
ing phosphorylation of the Substrates of other kinases. Alter 
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natively, selective mTOR inhibitors may inhibit phosphory 
lation of Substrates of other kinases through anticipated or 
unanticipated mechanisms such as feedback loops or redun 
dancy. 
0204 Effect of inhibition of mTorC1 and/or mTorC2 can 
be established by cell colony formation assay or other forms 
of cell proliferation assay. A wide range of cell proliferation 
assays are available in the art, and many of which are avail 
able as kits. Non-limiting examples of cell proliferation 
assays include testing for tritiated thymidine uptake assays, 
BrdU (5'-bromo-2'-deoxyuridine) uptake (kit marketed by 
Calibochem), MTS uptake (kit marketed by Promega), MTT 
uptake (kit marketed by Cayman Chemical), CyOUANT(R) 
dye uptake (marketed by Invitrogen). 
0205 Apoptosis and cell cycle arrest analysis can be per 
formed with any methods exemplified herein as well other 
methods known in the art. Many different methods have been 
devised to detect apoptosis. Exemplary assays include but are 
not limited to the TUNEL (TdT-mediated dUTP Nick-End 
Labeling) analysis, ISEL (in situ end labeling), and DNA 
laddering analysis for the detection of fragmentation of DNA 
in populations of cells or in individual cells, Annexin-V 
analysis that measures alterations in plasma membranes, 
detection of apoptosis related proteins such p53 and Fas. 
0206. A cell-based assay typically proceeds with exposing 
the target cells (e.g., in a culture medium) to a test compound 
which is a potential mTorC1 and/or mTorC2 selective inhibi 
tor, and then assaying for readout under investigation. 
Depending on the nature of the candidate mTor inhibitors, 
they can directly be added to the cells or in conjunction with 
carriers. For instance, when the agent is nucleic acid, it can be 
added to the cell culture by methods well known in the art, 
which include without limitation calcium phosphate precipi 
tation, microinjection or electroporation. Alternatively, the 
nucleic acid can be incorporated into an expression or inser 
tion vector for incorporation into the cells. Vectors that con 
tain both a promoter and a cloning site into which a poly 
nucleotide can be operatively linked are well known in the art. 
Such vectors are capable of transcribing RNA in vitro or in 
Vivo, and are commercially available from sources such as 
Stratagene (La Jolla, Calif.) and Promega Biotech (Madison, 
Wis.). In order to optimize expression and/or in vitro tran 
Scription, it may be necessary to remove, add or alter 5' and/or 
3' untranslated portions of the clones to eliminate extra, 
potential inappropriate alternative translation initiation 
codons or other sequences that may interfere with or reduce 
expression, either at the level of transcription or translation. 
Alternatively, consensus ribosome binding sites can be 
inserted immediately 5' of the start codon to enhance expres 
Sion. Examples of vectors are viruses, such as baculovirus and 
retrovirus, bacteriophage, adenovirus, adeno-associated 
virus, cosmid, plasmid, fungal vectors and other recombina 
tion vehicles typically used in the art which have been 
described for expression in a variety of eukaryotic and 
prokaryotic hosts, and may be used for genetherapy as well as 
for simple protein expression. Among these are several non 
viral vectors, including DNA/liposome complexes, and tar 
geted viral protein DNA complexes. To enhance delivery to a 
cell, the nucleic acid or proteins of this invention can be 
conjugated to antibodies or binding fragments thereof which 
bind cell Surface antigens. Liposomes that also comprise a 
targeting antibody or fragment thereof can be used in the 
methods of this invention. Other biologically acceptable car 
riers can be utilized, including those described in, for 
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example, REMINGTON'S PHARMACEUTICAL SCI 
ENCES, 19th Ed. (2000), in conjunction with the subject 
compounds. Additional methods for cell-based assays for 
determining effects of agents on cell-cycle progression are 
described in U.S. Pat. No. 7,612,189, incorporated herein by 
reference. 

0207. In practicing the subject methods, any cells that 
express PI3-kinase C. mTorC1, mTorC2 and/or Akt can be 
target cells. Non-limiting examples of specific cell types 
whose proliferation can be inhibited include fibroblast, cells 
of skeletal tissue (bone and cartilage), cells of epithelial tis 
Sues (e.g. liver, lung, breast, skin, bladder and kidney), car 
diac and Smooth muscle cells, neural cells (glia and neu 
rones), endocrine cells (adrenal, pituitary, pancreatic islet 
cells), melanocytes, and many different types of haemopoi 
etic cells (e.g., cells of B-cell or T-cell lineage, and their 
corresponding stem cells, lymphoblasts). Also of interest are 
cells exhibiting a neoplastic propensity or phenotype. Of 
particular interest is the type of cells that differentially 
expresses (over-expresses or under-expresses) a disease 
causing gene. The types of diseases involving abnormal func 
tioning of genes include but are not limited to autoimmune 
diseases, cancer, obesity, hypertension, diabetes, neuronal 
and/or muscular degenerative diseases, cardiac diseases, 
endocrine disorders, and any combinations thereof. 
0208. In some embodiments, the mTOR inhibitor inhibits 
both mTORC1 and mTORC2 with an IC50 value of about 1 
nM, 2nM, 5 nM, 7nM, 10 nM, 20 nM, 30 nM, 40 nM, 50 nM, 
60 nM, 70 nM, 80 nM, 90 nM, 100 nM, 120 nM, 140 nM, 150 
nM, 160 nM, 170 nM, 180 nM, 190 nM, 200 nM, 225 nM, 250 
nM, 275 nM,300 nM, 325 nM, 350 nM, 375 nM,400 nM,425 
nM,450 nM,475 nM, 500 nM,550 nM, 600 nM, 650 nM, 700 
nM, 750 nM, 800 nM, 850 nM, 900 nM, 950 nM, 1 uM, 1.2 
uM, 1.3 uM, 1.4LM, 1.5 LM, 1.6LM, 1.7M, 1.8LM, 1.9 M. 
2uM,5uM, 10uM, 15uM, 20 M, 25uM, 30 uM, 40 uM, 50 
uM, 60 uM, 70 uM, 80 uM,90 uM, 100 uM,200 uM,300tuM, 
400 uM, or 500 uM or less as ascertained in an in vitro kinase 
assay, and said IC50 value is at least 2, 3, 4, 5, 6, 7, 8, 9, 10. 
15, 20, 25, 30, 35, 40, 45, 50, 100, or 1000 times less than its 
IC50 value against all other type I PI3-kinases selected from 
the group consisting of PI3-kinase C. PI3-kinase f3, PI3-ki 
nase Y, and PI3-kinase 6. For example, the mTOR inhibitor 
inhibits both mTORC1 and mTORC2 with an IC50 value of 
about 200, 100, 75, 50, 25, 10, 5, 1 or 0.5 nM or less as 
ascertained in an in vitro kinase assay. In one instance, the 
mTOR inhibitor inhibits both mTORC1 and mTORC2 with 
an IC50 value of about 100 nM or less as ascertained in an in 
vitro kinase assay. As another example, the mTOR inhibitor 
inhibits both mTORC1 and mTORC2 with an IC50 value of 
about 10 nM or less as ascertained in an in vitro kinase assay. 
0209. In some embodiments, the present invention pro 
vides the use of an mTOR inhibitor, wherein the mTOR 
inhibitor directly binds to and inhibits both mTORC1 and 
mTORC2 with an IC50 value of about or less than a prede 
termined value, as ascertained in an in vitro kinase assay. In 
some embodiments, the mTOR inhibitor inhibits both 
mTORC1 and mTORC2 with an IC50 value of about 1 nM or 
less, 2 nM or less, 5 nM or less, 7 nM or less, 10 nM or less, 
20 nM or less, 30 nM or less, 40 nM or less, 50 nM or less, 60 
nM or less, 70 nM or less, 80 nM or less, 90 nM or less, 100 
nM or less, 120 nM or less, 140 nM or less, 150 nM or less, 
160 nM or less, 170 nM or less, 180 nM or less, 190 nM or 
less, 200 nM or less, 225 nM or less, 250 nM or less, 275 nM 
or less, 300 nM or less, 325 nM or less, 350 nM or less, 375 
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nM or less, 400 nM or less, 425 nM or less, 450 nM or less, 
475 nM or less, 500 nM or less, 550 nM or less, 600 nM or 
less, 650 nM or less, 700 nM or less, 750 nM or less, 800 nM 
or less, 850 nM or less, 900 nM or less, 950 nM or less, 1 uM 
or less, 1.2 uM or less, 1.3 uM or less, 1.4LM or less, 1.5uM 
or less, 1.6 uM or less, 1.7 LM or less, 1.8 LM or less, 1.9 LM 
or less, 2 uM or less, 5 uM or less, 10 uM or less, 15uM or 
less, 20 uM or less, 25 uM or less, 30 uM or less, 40 uM or 
less, 50 uM or less, 60 uM or less, 70 uM or less, 80 LM or 
less, 90 uM or less, 100 uM or less, 200 uM or less, 300 uM 
or less, 400 uM or less, or 500 uM or less. 
0210. In some embodiments, the mTOR inhibitor inhibits 
both mTORC1 and mTORC2 with an IC50 value of about 1 
nM or less, 2 nM or less, 5 nM or less, 7 nM or less, 10 nM or 
less, 20 nM or less, 30 nM or less, 40 nM or less, 50 nM or 
less, 60 nM or less, 70 nM or less, 80 nM or less, 90 nM or 
less, 100 nM or less, 120 nM or less, 140 nM or less, 150 nM 
or less, 160 nM or less, 170 nM or less, 180 nM or less, 190 
nM or less, 200 nM or less, 225 nM or less, 250 nM or less, 
275 nM or less, 300 nM or less, 325 nM or less, 350 nM or 
less, 375 nM or less, 400 nM or less, 425 nM or less, 450 nM 
or less, 475 nM or less, 500 nM or less, 550 nM or less, 600 
nM or less, 650 nM or less, 700 nM or less, 750 nM or less, 
800 nM or less, 850 nM or less, 900 nM or less, 950 nM or 
less, 1 uM or less, 1.2 uM or less, 1.3 uM or less, 1.4LM or 
less, 1.5 LM or less, 1.6 uM or less, 1.7 LM or less, 1.8 LM or 
less, 1.9 LM or less, 2 uM or less, 5uM or less, 10uM or less, 
15uMorless, 20LM or less, 25uMorless, 30 uM or less, 40 
uMorless, 50 uMorless, 60 uMorless, 70 uMorless, 80 uM 
or less, 90 Morless, 100 uMorless, 200uMorless,300 uM 
or less, 400 uM or less, or 500 uM or less, and the mTOR 
inhibitor is substantially inactive against one or more types I 
PI3-kinases selected from the group consisting of PI3-kinase 
C. PI3-kinase 3, PI3-kinase Y, and PI3-kinase 8. In some 
embodiments, the mTOR inhibitor inhibits both mTORC1 
and mTORC2 with an IC50 value of about 10 nM or less as 
ascertained in an in vitro kinase assay, and the mTOR inhibi 
tor is Substantially inactive against one or more types I PI3 
kinases selected from the group consisting of PI3-kinase C. 
PI3-kinase B, PI3-kinase Y, and PI3-kinase 8. 
0211. As used herein, the terms “substantially inactive' 
refers to an inhibitor that inhibits the activity of its target by 
less than approximately 1%. 5%, 10%, 15% or 20% of its 
maximal activity in the absence of the inhibitor, as deter 
mined by an in vitro enzymatic assay (e.g. in vitro kinase 
assay). 
0212. In other embodiments, the mTOR inhibitor inhibits 
both mTORC1 and mTORC2 with an IC50 value of about 
1000, 500, 100, 75, 50, 25, 10, 5, 1, or 0.5 nM or less as 
ascertained in an in vitro kinase assay, and said IC50 value is 
at least 2, 5, 10, 15, 20, 50, 100 or 100 times less than its IC50 
value against all other type I PI3-kinases selected from the 
group consisting of PI3-kinase C. PI3-kinase B, PI3-kinase Y. 
and PI3-kinase 6. For example, the mTOR inhibitor inhibits 
both mTORC1 and mTORC2 with an IC50 value of about 100 
nM or less as ascertained in an in vitro kinase assay, and said 
IC50 value is at least 5 times less than its IC50 value against 
all other type IPI3-kinases selected from the group consisting 
of PI3-kinase C. PI3-kinase?, PI3-kinasey, and PI3-kinase 6. 
0213. In some embodiments, the mTOR inhibitor inhibits 
both mTORC1 and mTORC2 with an IC50 value of about 100 
nM or less as ascertained in an in vitro kinase assay, and said 
IC50 value is at least 5 times less than its IC50 value against 
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all other type IPI3-kinases selected from the group consisting 
of PI3-kinase C. PI3-kinase?, PI3-kinasey, and PI3-kinase 6. 
0214. In some embodiments, the mTOR inhibitor utilized 
in the subject methods inhibits one of mTORC1 and 
mTORC2 selectively with an IC50 value of about 1000, 500, 
100, 75, 50, 25, 10, 5, 1, or 0.5 nM or less as ascertained in an 
in vitro kinase. For example, an mTOR inhibitor utilized in 
the subject methods inhibits mTORC1 selectively with an 
IC50 value of about 1000, 500, 100, 75,50, 25, 10, 5, 1, or 0.5 
nM or less as ascertained in an in vitro kinase assay. For 
example, rapamycin and rapamycin derivatives or analogues 
have been shown to primarily inhibit mTORC1 and not 
mTORC2. Suitable mTORC1 inhibitor compounds include, 
for example, sirolimus (rapamycin), deforolimus (AP23573, 
MK-8669), everolimus (RAD-001), temsirolimus (CCI 
779), Zotarolimus (ABT-578), and biolimus A9 (umirolimus). 
0215 mTOR inhibitors suitable for use in the subject 
methods can be selected from a variety types of molecules. 
For example, an inhibitor can be biological or chemical com 
pound Such as a simple or complex organic or inorganic 
molecule, peptide, peptide mimetic, protein (e.g. antibody), 
liposome, or a polynucleotide (e.g. Small interfering RNA, 
microRNA, anti-sense, aptamer, ribozyme, or triple helix). 
Some exemplary classes of chemical compounds Suitable for 
use in the subject methods are detailed in the sections below. 
0216. The advantages of selective inhibition of a cellular 
target as a way of treating a disease condition mediated by 
Such target are manifold. Because healthy cells depend on the 
signaling pathways that are activated in cancers for Survival, 
inhibition of these pathways during cancer treatment can 
cause harmful side effects. In order for a method of treating 
cancer to be successful without causing excessive damage to 
healthy cells, a very high degree of specificity in targeting the 
aberrant signaling component or components is desirable. 
Moreover, cancer cells may depend on overactive signaling 
for their Survival (known as the oncogene addiction hypoth 
esis). In this way, cancer cells are frequently observed to 
adapt to drug inhibition of an aberrant signaling component 
by selecting for mutations in the same pathway that overcome 
the effect of the drug. Therefore, cancer therapies may be 
more Successful in overcoming the problem of drug resis 
tance if they target a signaling pathway as a whole, or target 
more than one component within a signaling pathway. 
0217. Some signaling pathways that contain mTOR are 
illustrated in FIG. 1. One major downstream effector of 
mTOR signaling is the Akt serine/threonine kinase. Akt pos 
sesses a protein domain known as a PH domain, or Pleckstrin 
Homology domain, which binds to phosphoinositides with 
high affinity. In the case of the PH domain of Akt, it binds 
either PIP3 (phosphatidylinositol (3,4,5)-trisphosphate, 
PtdIns(3,4,5)P3) or PIP2 (phosphatidylinositol (3,4)-bispho 
sphate, PtdIns(3,4)P2). PI3K phosphorylates PIP2 in 
response to signals from chemical messengers, such as ligand 
binding to G protein-coupled receptors or receptor tyrosine 
kinases. Phosphorylation by PI3K converts PIP2 to PIP3, 
recruiting Akt to the cell membrane where it is phosphory 
lated at serine 473 (S473) by mTORC2. Phosphorylation of 
Akt at another site, threonine 308 (T308), is not directly 
dependent on mTORC2, but requires PI3K activity. There 
fore, PI3K activity towards Akt can be isolated from mTOR 
activity by examining Akt threonine 308 phosphorylation 
status in cells lacking mTORC2 activity. 
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-continued 
Formula M1-B 

wherein W. W., and W, are independently N or C R. W. 
and Wo are independently N. R. O. or S; W and Ws are 
independently N or C R. W.s and Wo are independently N 
or C R; and W is C or N, provided no more than two N 
and/or N. Rare adjacent and no two O or S are adjacent. 
0240. In some embodiments of the invention, the M moi 
ety of Formula M1-A is a moiety of Formula M1-A1, For 
mula M1-A2, Formula M1-A3, or Formula M1-A4: 

Formula M1-A1 
R N W 

n W 
M 5 

4Nw. 
R5 

Formula M1-A2 
R5 

5 
R W 

W 
M 5 
W6 

R5 
Formula M1-A3 

R s W4 

X-R 
2 W6 

R5 
Formula M1-A4 

R5 

5 
R W4 

X-R 
W6 

R5 

wherein W is N-R, O, or S; W is Nor C R and W is N 
or C R. 
0241. Some nonlimiting examples of the M moiety of 
Formula M1-A include: 

-R 
s" ); R5 ( 4. N N 
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-continued 

s g 
YS g 

wherein Ris—(W), R or R; each k is independently 0 
or 1, n is 0,1,2, or 3, and —(W) RandR areas defined 
above. 

0242. In other embodiments of the invention, the M moi 
ety of Formula M1-B is a moiety of Formula M1-B1. Formula 
M1-B2, Formula M1-B3, or Formula M1-B4: 

R2 
1 (W ); 

Formula M1-B1 
R N W8 N Wy 

Ws 
2 W10 

R5 
Formula M1-B2 

R5 

5 
R W8 

W 

W. 
W10 

R5 
Formula M1-B3 

5 

R N W8 

X-R 
21 W10 

R5 

Formula M1-B4 
R5 

5 
R W8 

X-R 
W10 

R5 

wherein W is N-R, O, or S. Ws is Nor C R. and W is 
Nor C R. 
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0243 Some nonlimiting examples of the M moiety of 
Formula M1-B include: 

1. R2 
N (W2), 

Sr 
g S 

1 R2 
N (W2), 

Sr (R)n N/ g 
1. R2 

wherein R is —(W), R or R; k is 0 or 1, n is 0, 1, 2, or 
3, and —(W), Rand Rare as defined above. 
0244. The invention also provides compounds whereinM 

is a moiety having a structure of Formula M1-C or Formula 
M1-D: 

Formula M1-C 

W11 "w 
& i. 14 W. w2. 

Formula M1-D 

Wis-Wi2. M W13 

W 2W14 
Wis 

wherein W. W. W. and Wis are independently N or 
C. R. W. and Wils are independently N. R.O, or S. We 
and W, are independently N or C R. provided no more 
than two Nare adjacent. 

0245. In other embodiments of the invention, the M moi 
ety of Formula M1-C or Formula M1-D is a moiety of For 
mula M1-C1 or Formula M1-D1: 
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Formula M1-D1 
R5 

5 
W18 R 
M 

W17 
M 

R5 

R5 

Formula M1-C1 
R5 

5 
W11 R 

W. R5. 

R5 

wherein W and Wis are N-R, O, or S; and W and W, 
are N or C R. 

0246. Some nonlimiting examples of the M moiety of 
Formula M1-C and Formula M1-D include: 

N 
HR's 
2 

N 
HR's 
2 

wherein R is —(W), R or R; k is 0 or 1, and —(W), 
R and Rare as defined above. 

0247 The invention also provides compounds whereinM 
is a moiety having a structure of Formula M1-E: 

Formula M1-E 
X13 

I 
Y 

wherein X1, X2, Xs, X, Xs, X, and X17 are indepen 
dently N, or C R. provided that no more than two Nare 
adjacent. 

0248. In some embodiments of the invention, the M moi 
ety having a structure of Formula M1-E, is a moiety having a 
structure of Formula M1-E1, M1-E2, M1-E3, M1-E4, 
M1-E5, M1-E6, M1-E7, or M1-E8: 

X14, 
X15 

2X16 
X7 
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Formula M1-E1 
R N N R5 

n N 
21 2N 

R5 R5 
Formula M1-E2 

R N N R5 
n N 

2N21 R5 

R5 R5 
Formula M1-E3 

Formula M1-E4 

Formula M1-E5 

Formula M1-E6 
R5 

R N R5 

C N R5 

R5 
Formula M1-E7 

R5 

N R5 
N1 N n 

4N4\s 
R5 
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-continued 
Formula M1-E8 

R5 

N R5 
N1 N n 

21N2 R5 

R5 R5 

0249. In some embodiments of the invention, the M moi 
ety having a structure of Formula M1-E, is a moiety having a 
Structure: 

R X13 X14 R5. 
sas s 
2 2X16 

R5 R5 

0250) Some nonlimiting examples of the M moiety of 
Formula M1-E include: 

wherein R is —(W), R or R; k is 0 or 1, n is 0, 1, 2, or 
3, and —(W), R or R are as defined above. In some 
embodiments, k is 0, and R is R. 
(0251. In some embodiments, R is hydrogen, unsubsti 
tuted or substituted C-Coalkyl (which includes but is not 
limited to —CH, —CH2CHs, n-propyl, isopropyl. n-butyl, 
tert-butyl, sec-butyl, pentyl, hexyl, and heptyl), or unsubsti 
tuted or substituted C-C cycloalkyl (which includes but is 
not limited to cyclopropyl, cyclobutyl, cyclopentyl, and 
cyclohexyl). In other embodiments, R is monocyclic or 
bicyclic aryl, wherein the Raryl is unsubstituted or substi 
tuted. Some examples of aryl include but are not limited to 
phenyl, naphthyl or fluorenyl. In some other embodiments, 
R is unsubstituted or substituted heteroaryl, including but 
not limited to monocyclic and bicyclic heteroaryl. Monocy 
clic heteroaryl R includes but is not limited to pyrrolyl, 
thienyl, furyl, pyridinyl, pyranyl, imidazolyl, thiazolyl pyra 
zolyl, and oxazolyl. Bicyclic heteroaryl R includes but is 
not limited to benzothiophenyl, benzofuryl, indolyl, quinoli 
nyl, isoquinolinyl, benzimidazolyl, benzoxazolyl, benzothia 
Zolyl, quinazolinyl, azaindolyl pyrazolopyrimidinyl, and 
purinyl. Additionally, R may be alkylcycloalkyl (including 
but not limited to cyclopropylethyl, cyclopentylethyl, and 
cyclobutylpropyl), -alkylaryl (including but not limited to 
benzyl, phenylethyl, and phenylnaphthyl), -alkylhetaryl (in 
cluding but not limited to pyridinylmethyl, pyrrolylethyl, and 
imidazolylpropyl), or -alkylheterocyclyl (non-limiting 
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examples are morpholinylmethyl, 1-piperazinylmethyl, and 
azetidinylpropyl). For each of alkylcycloalkyl, alkylaryl, 
alkylhetaryl, or -alkylheterocyclyl, the moiety is connected to 
M through the alkyl portion of the moiety In other embodi 
ments, R is unsubstituted or substituted C-Coalkenyl (in 
cluding but not limited to alkenyl such as, for example, vinyl, 
allyl, 1-methyl propen-1-yl, butenyl, or pentenyl) or unsub 
stituted or substituted alkynyl (including but not limited to 
unsubstituted or substituted C-Coalkynyl such as acetyle 
nyl, propargyl, butynyl, or pentynyl). 
0252. Further embodiments provide R wherein R is 
alkenylaryl, alkenylheteroaryl, alkenylheteroalkyl, or alk 
enylheterocycleyl, wherein each of alkenyl, aryl, heteroaryl, 
heteroalkyl, and heterocyclyl is as described herein and 
wherein the alkenylaryl, alkenylhetaryl, alkenylheteroalkyl, 
or alkenylheterocycloyl moiety is attached to M through the 
alkenyl. Some nonlimiting examples in include styryl, 3-py 
ridinylallyl, 2-methoxyethoxyvinyl, and 3-morpholinlylallyl 
In other embodiments, R is -alkynylaryl, -alkynylhetaryl, 
-alkynylheteroalkyl, -alkynylheterocylyl, -alkynylcy 
cloalkyl, or -alkynylC-scycloalkenyl, wherein each of alky 
nyl, aryl, heteroaryl, heteroalkyl, and heterocyclyl is as 
described herein and wherein the alkynylaryl, alkynylhetaryl, 
alkynylheteroalkyl, or alkynylheterocyclcyl moiety is 
attached to M through the alkynyl. Alternatively, R is 
-alkoxyalkyl, -alkoxyalkenyl, or -alkoxyalkynyl, wherein 
each of alkoxy, alkyl, alkenyl, and alkynyl is as described 
herein and wherein the -alkoxyalkyl, -alkoxyalkenyl, or 
-alkoxyalkynyl moiety is attached to M through the alkoxy. 
In yet other embodiments, R is -heterocyclylalkyl, -hetero 
cyclylalkenyl, or -heterocyclylalkynyl, wherein the heterocy 
clyl alkyl, alkenyl, or alkynyl is as described herein and 
wherein the -heterocyclylalkyl, -heterocyclylalkenyl, or -het 
erocyclylalkynyl is attached to to M through the heterocyclyl 
portion of the moiety. Further, R may be aryl-alkenyl, aryl 
alkynyl, or aryl-heterocyclyl, wherein the aryl, alkenyl, alky 
nyl, or heterocyclyl is as described herein and wherein the 
aryl-alkenyl, aryl-alkynyl, or aryl-heterocyclyl moiety is 
attached to M through the aryl portion of the moiety. In some 
other embodiments, R is heteroaryl-alkyl, heteroaryl-alk 
enyl, heteroaryl-alkynyl, heteroaryl-cycloalkyl, heteroaryl 
-heteroalkyl, or heteroaryl -heterocyclyl, wherein each of 
heteroaryl, alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, 
and heterocyclyl is as described herein and wherein the het 
eroaryl-alkyl, heteroaryl-alkenyl, heteroaryl -alkynyl, het 
eroaryl-cycloalkyl, heteroaryl -heteroalkyl, or heteroaryl 
-heterocyclyl moiety is attached to M through the heteroaryl 
portion of the moiety. 
0253 For each of the aryl or heteroaryl moieties forming 
part or all of R, the aryl or heteroaryl is unsubstituted or is 
substituted with one or more independent halo, -OH,-R', 
CF, OCF, OR, NR'R'', NR'R'', C(O) 

R, COR1, C(O)NR'R'', C(O)NNRR, 
—NO, –CN, —S(O)2R, SONRR, 
SONRRS, NRC(O)R, NRC(O)OR, 

NRC(=O)NRRR, RS(O).R, C(-S)OR, 
C(O)SR, NRC( NR)NRR, NRC 

( NR2)OR3, NRC( NR2)SR, OC(O)OR, 
OC(=O)NR'R'', OC(=O)SR', SC(=O)CR', 

- P(O)OROR, or SC(=O)NR'R' substituents. 
Additionally, each of the alkyl, cycloalkyl, heterocyclyl, or 
heteroalkyl moieties forming part of all of R is unsubsti 
tuted or substituted with one or more halo, OH, -R', 
CF, OCF, OR, O-aryl, NR'R'', 
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NRR, C(O)R, COR, C(O)NNRR, 
or –C(=O)NR' substituents. 
0254. In other embodiments, R is is W. R. In some 
embodiments, R is —OR, including but not limited to 
Oalkyl (including but not limited to methoxy or ethoxy), 
—Oaryl (including but not limited to phenoxy), —O-het 
eroaryl (including but not limited to pyridinoxy) and —O- 
heterocycloxy (including but not limited to 4-N-piperidi 
noxy). In some embodiments R is NR'R' (including but 
not limited to anilinyl, diethylamino, and 4-N-piperidiny 
lamino. Inyet other embodiments Ris S(O)2R, includ 
ing but not limited to phenylsulfonyl and pyridinylsulfonyl. 
The invention also provides compounds wherein R is 
—C(O) (including but not limited to acetyl, benzoyl, and 
pyridinoyl) or C(O)O R (including but not limited to 
carboxyethyl, and carboxybenzyl). In other embodiments, R 
is C(O)N(R)R (including but not limited to C(O)NH 
(cyclopropyl) and C(O)N(Me)(phenyl)) or -CH(R)N(R7) 
R (including but not limited to —CH2 NH-pyrrolidinyl, 
CH NHcyclopropyl, and CH-anilinyl). Alternatively, R 
is N(R)C(O)R (including but not linited to NHC(O) 
phenyl, -NHC(O)cyclopentyl, and to —NHC(O)piperidi 
nyl) or N(R)S(O).R (including but not limited to 
—NHS(O)phenyl, - NHS(O)piperazinyl, and NHS(O) 
methyl. Additionally, R is N(R)S(O) R, -CH(R)N 
(C(O)OR7)R, CH(R7)N(C(O)R7)R, CH(R)N 
(SOR7)R., CH(R)N(R7)R., CH(R)C(O)N(R7)R’, 
CH(R)N(R7)C(O) R, CH(R)N(R7)S(O) R, or 
CH(R)N(R7)S(O).R. 

0255 Alternatively, R is R. R. is halo, OH, NO, 
CF. - OCF, or CN. In some otherembodiments, R is 

—R, OR (including but not limited to methoxy, ethoxy, 
and butoxy) —C(O)R (non-limiting examples include 
acetyl, propionyl, and pentanoyl), or -CO.R' (including 
but not limited to carboxymethyl, carboxyethyl and carbox 
ypropyl). In further embodiments, R is NR'R'', 
C(=O)NR'R', SONR'R'', or S(O).R. In 

other embodiments, R is NR'R' or SONRR, 
wherein RR are taken together with the nitrogen to which 
RR are attached to form a cyclic moiety. The cyclic moi 
ety so formed may be unsubstituted or substituted, wherein 
the Substituents are selected from the group consisting of 
alkyl, —C(O)alkyl, - S(O) alkyl, and —S(O)aryl. 
Examples include but are not limited to morpholinyl, piper 
azinyl, or -SO-(4-N-methyl-piperazin-1-yl. Additionally, 
R is NRC(O)R, NRC(O)OR, NRC 
(O)NR'R'', - RS(O)R’, C(—S)OR, 
C(O)SR, NRC( NR)NRR, NRC 

( NR2)OR3, NRC( NR2)SR-3, OC(O)OR, 
OC(=O)NR'R'', C(=O)NNRR, OC(=O) 

SR', SC(=O)CR, P(O)OROR, or SC(=O) 
NR'R''. In yet another embodiment, R is O-aryl, 
including but not limited to phenoxy, and naphthyloxy. 
0256 The invention further provides a compound which is 
an mTor inhibitor, wherein the compound has the Formula 
I-A: 

Formula I-A 
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-continued 
Formula I-B2 

or a pharmaceutically acceptable salt thereof. 
0278. In various embodiments of Formula I-B1, X is N 
and X is N. In other embodiments, X is C-E' and X is N. In 
yet other embodiments, X is NH and X is C. In further 
embodiments, X is CH-E' and X is C. 
(0279. In various embodiments of Formula I-B2, X is N 
and X is C. In further embodiments, X is C-E' and X is C. 
(0280. In various embodiments, X is C (W), R, 
where j is 0. 
(0281. In another embodiment, X is CH. In yet another 
embodiment, X is C-halogen, where halogen is Cl, F, Br, or 
I. 

(0282. In various embodiments of X, it is C (W), R. 
In various embodiments of X,j is 1, and W' is —O . In 
various embodiments of X, j is 1, and W' is NR7 . In 
various embodiments of X, j is 1, and W' is NH-. In 
various embodiments of X,j is 1, and W' is S(O), . In 
various embodiments of X, j is 1, and W' is —C(O)—. In 
various embodiments of Xij is 1, and W' is C(O)N(R)—. 
In various embodiments of X,j is 1, and W' is N(R)C 
(O) . In various embodiments ofX,jis 1, and W' is N(R) 
S(O)—. In various embodiments of X, j is 1, and W' is 
—N(R)S(O) . In various embodiments ofX,j is 1, and W. 
is C(O)O-. In various embodiments of X,j is 1, and W' is 
CH(R)N(C(O)OR)-. In various embodiments of X,j is 1, 
and W' is -CH(R)N(C(O)R)-. In various embodiments 
of X, j is 1, and W' is —CH(R7)N(SOR)-. In various 
embodiments of X,j is 1, and W' is -CH(R)N(R)-. In 
various embodiments of X,j is 1, and W' is —CH(R)C(O) 
N(R)-. In various embodiments of X, j is 1, and W' is 
—CH(R)N(R)C(O)—. In various embodiments of X,j is 
1, and W' is -CH(R)N(R)S(O)-. In various embodi 
ments of X,j is 1, and W' is —CH(R)N(R)S(O), . 
(0283. In another embodiment, X is CH. In yet another 
embodiment, X is CH-halogen, where halogen is CL, F, Br, 
or I. 

0284. In another embodiment, X is N. 
0285. In various embodiments, X is N. In other embodi 
ments, X is C. 
(0286. In various embodiments, E is —(W), R, where 
j is 0. 
0287. In another embodiment, E is CH. In yet another 
embodiment, E is C-halogen, where halogen is C1, F, Br, or 
I. 

0288 Invarious embodiments of E, it is—(W), R. In 
various embodiments of Ejis 1, and W' is - O - Invarious 
embodiments of E, j is 1, and W' is NR7 . In various 
embodiments of E, j is 1, and W' is NH-. In various 
embodiments of E.j is 1, and W' is S(O) . In various 
embodiments of E, j is 1, and W' is C(O)—. In various 
embodiments of E, j is 1, and W' is –C(O)N(R)-. In 
various embodiments of E.j is 1, and W' is N(R)C(O)—. 
In various embodiments of E, j is 1, and W' is N(R)S 
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(O)—. In various embodiments of E, j is 1, and W' is 
N(R)S(O) . In various embodiments of E, j is 1, and 

W' is C(O)O . In various embodiments of E.j is 1, and 
W' is CH(R)N(C(O)OR)-. In various embodiments of E, 
j is 1, and W' is -CH(R)N(C(O)R)-. In various embodi 
ments of E, j is 1, and W' is -CH(R7)N(SOR)-. In 
various embodiments of E, j is 1, and W' is —CH(R)N 
(R)-. In various embodiments of E, j is 1, and W' is 
—CH(R)C(O)N(R)-. In various embodiments of Ejis 1, 
and W' is -CH(R)N(R)C(O)-. In various embodiments 
of E, j is 1, and W' is -CH(R)N(R)S(O) . In various 
embodiments of E, j is 1, and W' is -CH(R)N(R)S(O) 
2 

0289. In various embodiments when M is a moiety of 
Formula M1-F1, M is benzoxazolyl substituted with —(W) 

R. In some embodiments, M is a benzoxazolyl Substi 
tuted at the 2-position with —(W), R. In some embodi 
ments, M is either a 5-benzoxazolyl or a 6-benzoxazolyl 
moiety, optionally substituted at the 2-position with —(W) 

R. Exemplary Formula M1-F1M moieties include but f 

are not limited to the following: 

1 (W4), 

0290. In various embodiments when M is a moiety of 
Formula M1-F2, Formula M1-F2 is an aza-substituted ben 
ZOxazolyl moiety having a structure of one of the following 
formulae: 
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-continued 
Formula I-D2 

R2 
A 

(W2) 

X 
v 
R 

JOO 
or a pharmaceutically acceptable salt thereof. 
0311. In some embodiments of Formula I-D1, X is N and 
X is N. In other embodiments, X is C-E' and X is N. In yet 
other embodiments, X is NH and X is C. In further embodi 
ments, X is CH-E' and X is C. 
0312. In several embodiments of Formula I-D2, X is N 
and X is C. In further embodiments, X is C-E' and X is C. 
(0313) In various embodiments, X is C (W), R, 
where j is 0. 
0314. In another embodiment, X is CH. In yet another 
embodiment, X is C-halogen, where halogen is Cl, F, Br, or 
I. 

(0.315) In various embodiments of X, it is C—(W), R. 
In various embodiments of X,j is 1, and W' is —O . In 
various embodiments of X, j is 1, and W' is NR7 . In 
various embodiments of X, j is 1, and W' is NH-. In 
various embodiments of X,j is 1, and W' is S(O), . In 
various embodiments of X, j is 1, and W' is C(O)—. In 
various embodiments of Xij is 1, and W' is C(O)N(R)—. 
In various embodiments of X,j is 1, and W' is N(R)C 
(O) . In various embodiments ofX,jis 1, and W' is N(R) 
S(O)—. In various embodiments of X, j is 1, and W' is 
—N(R)S(O) . In various embodiments of X,j is 1, and W. 
is C(O)O-. In various embodiments of X,j is 1, and W' is 
CH(R)N(C(O)OR)-. In various embodiments of X,j is 1, 
and W' is -CH(R)N(C(O)R)-. In various embodiments 
of X, j is 1, and W' is —CH(R7)N(SOR)-. In various 
embodiments of X,j is 1, and W' is -CH(R)N(R)-. In 
various embodiments of X,j is 1, and W' is —CH(R)C(O) 
N(R)-. In various embodiments of X, j is 1, and W' is 
—CH(R)N(R)C(O)—. In various embodiments of X,j is 
1, and W' is -CH(R)N(R)S(O)-. In various embodi 
ments of X,j is 1, and W' is —CH(R)N(R)S(O), . 
0316. In various embodiments, X is CH (W), R, 
where j is 0. 
0317. In another embodiment, X is CH. In yet another 
embodiment, X is CH-halogen, where halogenis C1, F, Br, or 
I. 

0318. In various embodiments of X, it is CH-(W), 
R". In various embodiments of X,j is 1, and W' is —O . In 
various embodiments of X,j is 1, and W' is NR -. In 
various embodiments of X, j is 1, and W' is NH-. In 
various embodiments of Xij is 1, and W' is —S(O)o.2 -. In 
various embodiments of X, j is 1, and W' is C(O)—. In 
various embodiments of Xij is 1, and W' is C(O)N(R)—. 
In various embodiments of X,j is 1, and W' is N(R)C 
(O)—. In various embodiments of X,j is 1, and W' is N(R7) 
S(O)—. In various embodiments of X, j is 1, and W' is 
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- N(R)S(O) . In various embodiments ofX,j is 1, and W. 
is C(O)C) . In various embodiments of X,j is 1, and W' is 
CH(R)N(C(O)OR)-. In various embodiments of X,j is 1, 
and W' is -CH(R)N(C(O)R)-. In various embodiments 
of X, j is 1, and W' is —CH(R7)N(SOR)-. In various 
embodiments of X,j is 1, and W' is —CH(R)N(R)-. In 
various embodiments of X,j is 1, and W' is —CH(R)C(O) 
N(R)-. In various embodiments of X, j is 1, and W' is 
—CH(R)N(R)C(O)—. In various embodiments of X,j is 
1, and W' is CH(R)N(R)S(O)-. In various embodi 
ments of X,j is 1, and W' is -CH(R)N(R)S(O), . 
0319 

0320 In various embodiments, X is N. In other embodi 
ments, X is C. 
0321) In various embodiments, E is —(W), R, where 

j is 0. 
10322. In another embodiment, E is CH. In yet another 
embodiment, E is C-halogen, where halogen is C1, F, Br, or 
I. 

(0323. In various embodiments of E, it is —(W).R. In 
various embodiments of Ejis 1, and W' is —O . Invarious 
embodiments of E, j is 1, and W' is NR -. In various 
embodiments of E, j is 1, and W is NH-. In various 
embodiments of E.j is 1, and W' is S(O) . In various 
embodiments of E, j is 1, and W' is C(O)—. In various 
embodiments of E, j is 1, and W' is C(O)N(R)-. In 
various embodiments of E.j is 1, and W' is N(R)C(O)—. 
In various embodiments of E, j is 1, and W' is N(R)S 
(O)—. In various embodiments of E, j is 1, and W' is 
N(R)S(O) . In various embodiments of E, j is 1, and 

W' is C(O)O . In various embodiments of E.j is 1, and 
W' is CH(R)N(C(O)OR)-. In various embodiments of E, 
j is 1, and W' is -CH(R)N(C(O)R)-. In various embodi 
ments of E, j is 1, and W' is -CH(R7)N(SOR)-. In 
various embodiments of E, j is 1, and W' is —CH(R)N 
(R)-. In various embodiments of E, j is 1, and W' is 
—CH(R)C(O)N(R)-. In various embodiments of Ejis 1, 
and W' is -CH(R)N(R)C(O)-. In various embodiments 
of E, j is 1, and W' is -CH(R)N(R)S(O) . In various 
embodiments of E, j is 1, and W' is -CH(R)N(R)S(O) 
2 

0324. In various embodiments, k is 0. In other embodi 
ments, k is 1 and W is —O—. In another embodiment, k is 1 
and W is NR7 . In yet another embodiment of k is 1, and 
W is S(O) . In another embodiment of k is 1 and W 
is C(O)—. In a further embodiment, k is 1 and W is 
—C(O)N(R)-. In another embodiment, k is 1, and W is 
N(R)C(O)—. In another embodiment, k is 1 and W is 

- N(R)C(O)N(R)-. In yet another embodiment, k is 1 and 
W° is N(R)S(O)—. In still yet another embodiment, k is 1 
and W is N(R)S(O), . In a further embodiment, k is 1 
and W is C(O)O—. In another embodiment, k is 1 and W 
is CH(R)N(C(O)OR)-. In another embodiment, k is 1 
and Wis-CH(R)N(C(O)R)-. In another embodiment, k 
is 1 and W is -CH(R7)N(SOR)-. In a further embodi 
ment, k is 1 and W° is CH(R)N(R)-. In another embodi 
ment, k is 1 and Wis-CH(R)C(O)N(R)-. In yet another 
embodiment, k is 1 and W' is -CH(R)N(R)C(O)-. In 
another embodiment, k is 1 and W is -CH(R)N(R)S 
(O)—. In yet another embodiment, k is 1 and Wis —CH(R7) 
N(R)S(O), . 

In another embodiment, X is N. 
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-continued 
Formula I-E2 

N 

( )X 
NS // 

or a pharmaceutically acceptable salt thereof. 
0344) In some embodiments of Formula I-E1, X is Nand 
X is N. In other embodiments, X is C-E' and X is N. In yet 
other embodiments, X is NH and X is C. In further embodi 
ments, X is CH-E' and X is C. 
0345. In several embodiments of Formula I-E2, X is N 
and X is C. In further embodiments, X is C-E' and X is C. 
0346. In various embodiments, X is C (W).R. where 

is 0. 
0347 In another embodiment, X is CH. In yet another 
embodiment, X is C-halogen, where halogen is Cl, F, Br, or 
I. 
0348. In various embodiments of X, it is C (W).R. In 
various embodiments of X, j is 1, and W' is —O . In 
various embodiments of X,j is 1, and W' is NR -. In 
various embodiments of X, j is 1, and W' is NH-. In 
various embodiments of X,j is 1, and W' is S(O), . In 
various embodiments of X, j is 1, and W' is C(O)—. In 
various embodiments of Xij is 1, and W' is C(O)N(R)—. 
In various embodiments of X,j is 1, and W' is N(R)C 
(O)—. In various embodiments of X,j is 1, and W' is N(R7) 
S(O)—. In various embodiments of X, j is 1, and W, is 
—N(R)S(O) . In various embodiments of X,j is 1, and W. 
is C(O)O-. In various embodiments of X,j is 1, and W' is 
CH(R)N(C(O)OR)-. In various embodiments of X,j is 1, 
and W' is -CH(R)N(C(O)R)-. In various embodiments 
of X, j is 1, and W' is —CH(R)N(SOR)-. In various 
embodiments of X,j is 1, and W' is CH(R)N(R)-. In 
various embodiments of X,j is 1, and W' is —CH(R)C(O) 
N(R)-. In various embodiments of X, j is 1, and W' is 
—CH(R)N(R)C(O)—. In various embodiments of X,j is 
1, and W' is —CH(R)N(R)S(O)-. In various embodi 
ments of X,j is 1, and W' is -CH(R)N(R)S(O), . 
0349. In another embodiment, X is N. 
0350. In various embodiments, X is N. In other embodi 
ments, X is C. 
(0351. In various embodiments, E is —(W), R, where 
j is 0. 
0352. In another embodiment, E is CH. In yet another 
embodiment, E is C-halogen, where halogen is C1, F, Br, or 
I. 

(0353. In various embodiments of E, it is —(W), R. In 
various embodiments of Ejis 1, and W' is - O - Invarious 
embodiments of E, j is 1, and W' is NR -. In various 
embodiments of E, j is 1, and W is NH-. In various 
embodiments of E.j is 1, and W' is S(O) . In various 
embodiments of E, j is 1, and W' is C(O)—. In various 
embodiments of E, j is 1, and W' is –C(O)N(R)-. In 
various embodiments of E.j is 1, and W' is N(R)C(O)—. 
In various embodiments of E, j is 1, and W' is N(R)S 
(O) . In various embodiments of E, j is 1, and W' is 
—N(R)S(O) . In various embodiments of E, j is 1, and 
W' is C(O)O . In various embodiments of E.j is 1, and 
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W' is CH(R)N(C(O)CR)-. In various embodiments of E, 
j is 1, and W' is CH(R)N(C(O)R)-. In various embodi 
ments of E, j is 1, and W' is -CH(R)N(SOR)-. In 
various embodiments of E, j is 1, and W' is —CH(R)N 
(R)-. In various embodiments of E, j is 1, and W' is 
—CH(R)C(O)N(R)-. In various embodiments of E.j is 1, 
and W' is -CH(R)N(R)C(O)-. In various embodiments 
of E, j is 1, and W' is -CH(R)N(R)S(O) . In various 
embodiments of E, j is 1, and W' is -CH(R)N(R)S(O) 
2 

0354. In various embodiments when M is a moiety of 
Formula I-E1, M is benzoxazolyl substituted with —(W) 

R. In some embodiments, M is a benzoxazolyl moiety, 
Substituted at the 2-position with —(W) R-. In some 
embodiments, M is either a 5-benzoxazolyl or a 6-benzox 
azolyl moiety, optionally Substituted with —(W) R. 
Exemplary Formula I-E1M moieties include but are not lim 
ited to the following: 

-R): 
s" ): 

R5-4 A N 

-R2 (W4), 
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-continued 
R2 
w 2) (W-) 

ONN N 

/ N - R2, and ), (W2), N 
R-(- 
5 21 X 

0355. In various embodiments when M is a moiety of 
Formula I-E2, Formula I-E2 is an aza-substituted benzox 
azolyl moiety having a structure of one of the following 
formulae: 

O 2: O 2: - (W2), - (W2), 
N N 

Rs Rs 
Nt1 N a 2 

0356. Exemplary Formula I-E2 M moieties include but 
are not limited to the following: 
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-continued 
-R2. 

W2), 

0357. In various embodiments of M, k is 0. In other 
embodiments of M, k is 1 and W is —O—. In another 
embodiment of M, k is 1 and W is NR7 . In yet another 
embodiment of M, k is 1 and W is —S(O) . In another 
embodiment of M, k is 1 and W is C(O)—. In a further 
embodiment of M, k is 1 and W is C(O)N(R)-. In 
another embodiment of M, k is 1 and W is N(R)C(O)—. 
In another embodiment, k is 1 and W' is N(R)C(O)N 
(R)-. In yet another embodiment of M, k is 1 and W is 
- N(R)S(O)—. In still yet another embodiment of M, k is 1 
and Wis N(R)S(O), . In a further embodiment of M, k 
is 1 and W is C(O)O—. In another embodiment of M, kis 
1 and W is CH(R)N(C(O)OR)-. In another embodi 
ment of M, k is 1 and W is CH(R)N(C(O)R)-. In 
another embodiment of M, k is 1 and W' is —CH(R)N 
(SOR)—. In a further embodiment of M, k is 1 and W° is 
—CH(R)N(R)-. In another embodiment of M, k is 1 and 
Wis-CH(R)C(O)N(R)-. In yet another embodiment of 
M, k is 1 and W' is -CH(R)N(R)C(O)-. In another 
embodiment of M, k is 1 and W’ is CH(R)N(R)S(O)-. 
In yet another embodiment of M, k is 1 and W is —CH(R7) 
N(R)S(O), . 
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0358. Additional embodiments of compounds of Formula 
I, including I-A, I-B, I-C, I-D, I-E and others are described 
below. 

0359. In various embodiments of compounds of Formula 
I, L is absent. In another embodiment, L is —(C=O)—. In 
another embodiment, L is C(=O)C)—. In a further embodi 
ment, L is —C(=O)NR'—. In yet another embodiment, L 
is —S—. In one embodiment, L is —S(O)—. In another 
embodiment, L is —S(O) . In yet another embodiment, L 
is S(O)NR'—. In another embodiment, L is NR—. 
0360. In various embodiments of compounds of Formula 

I, R is -L-C-alkyl, which is unsubstituted. In another 
embodiment, R is -L-Coalkyl, which is substituted by one 
or more independent R. In yet another embodiment, R is 
-L-unsubstituted Coalkyl, where L is absent. In another 
embodiment, R is -L-Coalkyl, which is substituted by one 
or more independent R, and L is absent. 
0361. In various embodiments of compounds of Formula 

I, R is -L-C-scycloalkyl, which is unsubstituted. In another 
embodiment, R is L-C-scycloalkyl, which is substituted by 
one or more independent R. In yet another embodiment, R. 
is -L-C-scycloalkyl, which is unsubstituted, and L is absent. 
In a further embodiment, R is -L-C-scycloalkyl which is 
substituted by one or more independent R, and L is absent. 
0362. In various embodiments of compounds of Formula 

I, R is H. 
0363. In various embodiments of compounds of Formula 

I, R is -L-aryl, which is unsubstituted. In another embodi 
ment, R is -L-aryl, which is substituted by one or more 
independent R. In another embodiment, R is -L-aryl which 
is unsubstituted, and L is absent. In yet another embodiment, 
Ris-L-aryl, which is substituted by one or more independent 
R, and L is absent. 
0364. In various embodiments of compounds of Formula 

I, R is -L-heteroaryl, which is unsubstituted. In another 
embodiment, R is -L-heteroaryl, which is substituted by one 
or more independent R. In a further embodiment, R is -L- 
heteroaryl which is unsubstituted and L is absent. In yet 
another embodiment, R is -L-heteroaryl, which is substi 
tuted by one or more independent R, and L is absent. 
0365. In various embodiments of compounds of Formula 

I, R is -L-Coalkyl-C-scycloalkyl, which is unsubstituted. 
In another embodiment, R is -L-Coalkyl-C-scycloalkyl, 
which is substituted by one or more independent R. In a 
further embodiment, R is -L-Coalkyl-C scycloalkyl 
which is unsubstituted and L is absent. In yet another embodi 
ment, R is -L-Coalkyl-C scycloalkyl, which is Substi 
tuted by one or more independent R, and L is absent. 
0366. In various embodiments of compounds of Formula 

I, R is -L-Coalkylaryl, which is unsubstituted. In another 
embodiment, R is -L-Coalkylaryl, which is Substituted by 
one or more independent R. In a further embodiment, R is 
-L-Coalkylaryl which is unsubstituted and L is absent. In 
yet another embodiment, R is -L-C-alkylaryl, which is 
substituted by one or more independent R, where L is absent. 
0367. In various embodiments of compounds of Formula 

I, R is -L-Coalkylheteroaryl, which is unsubstituted. In 
another embodiment, R is -L-Coalkylheteroaryl, which is 
substituted by one or more independent R. In a further 
embodiment, R, is -L-Coalkylheteroaryl which is unsub 
stituted and L is absent. In yet another embodiment, R, is 
-L-Coalkylheteroaryl, which is Substituted by one or more 
independent R, where L is absent. 
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0368. In various embodiments of compounds of Formula 
I, R is -L-Coalkylheterocyclyl, which is unsubstituted. In 
another embodiment, R is -L-Coalkylheterocyclyl, which 
is substituted by one or more independent R. In a further 
embodiment, R, is-L-Coalkylheterocyclyl which is unsub 
stituted and L is absent. In yet another embodiment, R, is 
-L-Coalkylheterocyclyl, which is Substituted by one or 
more independent R, where L is absent. 
0369. In various embodiments of compounds of Formula 

I, R is -L-Coalkenyl, which is unsubstituted. In another 
embodiment, R, is -L-Coalkenyl which is substituted by 
one or more independent R. In a further embodiment, R, is 
-L-Coalkenyl which is unsubstituted and L is absent. In yet 
another embodiment, R is -L-Coalkenyl, which is Substi 
tuted by one or more independent R, where L is absent. 
0370. In various embodiments of compounds of Formula 

I, R is -L-Coalkynyl, which is unsubstituted. In another 
embodiment, R, is -L-Coalkynyl which is Substituted by 
one or more independent R. In a further embodiment, R, is 
-L-C-alkynyl which is unsubstituted and L is absent. In yet 
another embodiment, R is -L-C-alkynyl, which is substi 
tuted by one or more independent R, where L is absent. 
0371. In various embodiments of compounds of Formula 

I, R is -L-Coalkenyl-C-scycloalkyl, which is unsubsti 
tuted. In another embodiment, R, is -L-Coalkenyl-C-scy 
cloalkyl which is substituted by one or more independent R. 
In a further embodiment, R, is -L-Coalkenyl-C-scy 
cloalkyl which is unsubstituted and L is absent. In yet another 
embodiment, R, is -L-Coalkenyl-C-scycloalkyl, which is 
substituted by one or more independent R, where L is absent. 
0372. In various embodiments of compounds of Formula 

I, R is -L-Coalkynyl-C-scycloalkyl, which is unsubsti 
tuted. In another embodiment, R, is -L-C-alkynyl-C-scy 
cloalkyl which is substituted by one or more independent R. 
In a further embodiment, R, is -L-C-alkynyl-C-scy 
cloalkyl which is unsubstituted and L is absent. In yet another 
embodiment, R is -L-Coalkynyl-C scycloalkyl, which is 
substituted by one or more independent R, where L is absent. 
0373) In various embodiments of compounds of Formula 

I, R is -L-Coalkynyl-C scycloalkyl, which is unsubsti 
tuted. In another embodiment, R, is -L-Coalkynyl-C-scy 
cloalkyl which is substituted by one or more independent R. 
In a further embodiment, R, is -L-C-alkynyl-C-scy 
cloalkyl which is unsubstituted and L is absent. In yet another 
embodiment, R is -L-C-alkynyl-C scycloalkyl, which is 
substituted by one or more independent R, where L is absent. 
0374. In various embodiments of compounds of Formula 

I, R is -L-heteroalkyl, which is unsubstituted. In another 
embodiment, R is -L-heteroalkyl which is substituted by one 
or more independent R. In a further embodiment, R is -L- 
heteroalkyl which is unsubstituted and L is absent. In yet 
another embodiment, R is -L-heteroalkyl, which is substi 
tuted by one or more independent R, where L is absent. 
0375. In various embodiments of compounds of Formula 

I, R is -L-heteroalkylaryl, which is unsubstituted. In another 
embodiment, R is -L-heteroalkylaryl which is substituted by 
one or more independent R. In a further embodiment, R is 
-L-heteroalkylaryl which is unsubstituted and L is absent. In 
yet another embodiment, R is -L-heteroalkylaryl, which is 
substituted by one or more independent R, where L is absent. 
0376. In various embodiments of compounds of Formula 

I, R is -L-heteroalkylheteroaryl, which is unsubstituted. In 
another embodiment, R is -L-heteroalkylheteroaryl, which 
is substituted by one or more independent R. In a further 
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embodiment, R is -L-heteroalkylheteroaryl which is unsub- -continued 
stituted and L is absent. In yet another embodiment, R is 
-L-heteroalkylheteroaryl, which is substituted by one or more 
independent R, where L is absent. 

III 

NH 

0377. In various embodiments of compounds of Formula, 
R is -L-heteroalkyl-heterocyclyl, which is unsubstituted. In 
another embodiment, R is -L-heteroalkyl-heterocyclyl, 
which is substituted by one or more independent R. In a HO HO 
further embodiment, Ris-L-heteroalkyl-heterocyclyl which 
is unsubstituted, and L is absent. In yet another embodiment, 
Ris-L-heteroalkyl-heterocyclyl, which is substituted by one 
or more independent R, where L is absent. 
0378. In In various embodiments of compounds of For 
mula I, R is -L-heteroalkyl-C scycloalkyl, which is unsub 
stituted. In another embodiment, Ris-L-heteroalkyl-C-scy 
cloalkyl, which is substituted by one or more independent R. 
In a further embodiment, R is -L-heteroalkyl-C scycloalkyl 
which is unsubstituted and L is absent. In yet another embodi 
ment, R is -L-heteroalkyl-C-scycloalkyl, which is substi 
tuted by one or more independent R, where L is absent. 
0379. In various embodiments of compounds of Formula H 

I, R is -L-aralkyl, which is unsubstituted. In another embodi 
ment, R is -L-aralkyl, which is Substituted by one or more 
independent R. In a further embodiment, R is -L-aralkyl 
which is unsubstituted. In yet another embodiment, R is 
-L-aralkyl, which is substituted by one or more independent 
R, where L is absent. 
0380. In various embodiments of compounds of Formula 

I, R is -L-heteroaralkyl, which is unsubstituted. In another 
embodiment, R is -L-heteroaralkyl, which is substituted by 
one or more independent R. In a further embodiment, R is 
-L-heteroaralkyl which is unsubstituted and L is absent. In yet 
another embodiment, R is -L-heteroaralkyl, which is substi- \ 
tuted by one or more independent R, where L is absent. 
0381. In various embodiments of compounds of Formula N NH 

H I, R is -L-heterocyclyl, which is unsubstituted. In another 
embodiment, R is -L-heterocyclyl, which is substituted by 
one or more independent R. In a further embodiment, R is 
-L-heterocyclyl which is unsubstituted and L is absent. In yet 
another embodiment, R is -L-heterocyclyl, which is substi 
tuted by one or more independent R, where L is absent. 
0382. In various embodiments of compounds of Formula N OH 

I, R is a substituent as shown below: NH C D 
O 

* ^ ^- * ^- 
CH 

2. OH CONHMe NHAC 

NH2 rNH2 
N 
Me 

. . . . . C. NN NN 
NH OH OMe -N 

O 
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2 

NNOMe O 

D-----. N 

% --- 
4-53, 
r 2, N \ N s 
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-continued 

x < x. 
0383. In various embodiments of compounds of Formula 

I, R is hydrogen. In another embodiment, R is halogen. In 
another embodiment, R is OH. In another embodiment, R 
is R. In another embodiment, R is —CF. In another 
embodiment, R is OCF. In another embodiment, R is 
—OR". In another embodiment, R is NR'R''. In 
another embodiment, R is NR'R''. In another embodi 
ment, R is —C(O)R. In another embodiment, R is 
—COR. In another embodiment, R is —C(=O) 
NR'R''. In another embodiment, R is C(=O)NR'R''. 
In another embodiment, R is NO. In another embodi 
ment, Ris-CN. In another embodiment, R is S(O).R. 
In another embodiment, R is - SONR'R''. In another 
embodiment, R is -SONR'R''. In another embodiment, 
R is NRC(=O)R. In another embodiment, R is 
- NRC(=O)CR. In another embodiment, R is 
NRC(=O)NR'R''. In another embodiment, R is 

- NR'S(O), R. In another embodiment, R is C(=S) 
OR. In another embodiment, R is C(=O)SR. In 
another embodiment, R is NRC(—R)NR'R''. In 
another embodiment, R is NRC(=NR)OR. In 
another embodiment, R is NRC(=NR)SR. In 
another embodiment, R is OC(=O)CR. In another 
embodiment, R is OC(=O)NR'R''. In another embodi 
ment, R is —OC(=O)SR. In another embodiment, R is 
—SC(=O)CR. In another embodiment, R is -P(O) 
OR OR*. In another embodiment, R is - SC(=O) 
NR'R''. In another embodiment, R is monocyclic aryl. In 
another embodiment, R is bicyclic aryl. In another embodi 
ment, R is substituted monocyclic aryl. In another embodi 
ment, R is heteroaryl. In another embodiment, R is 
Calkyl. In another embodiment, R is Coalkyl. In 
another embodiment, R is Cascycloalkyl. In another 
embodiment, R is Cascycloalkyl-Coalkyl. In another 
embodiment, R is Coalkyl-C-scycloalkyl. In another 
embodiment, R is Coalkyl-monocyclic aryl. In another 
embodiment, R is Coalkyl-monocyclic aryl. In another 
embodiment, R is monocyclic aryl-Coalkyl. In another 
embodiment, R is Coalkyl-bicyclicaryl. In another 
embodiment, R is bicyclicaryl-Coalkyl. In another 
embodiment, R is —Coalkylheteroaryl. In another 
embodiment, R is —Coalkylheterocyclyl. In another 
embodiment, R is —Coalkenyl. In another embodiment, 
R is —Coalkynyl. In another embodiment, R is Coalk 
enylaryl. In another embodiment, R is Coalkenylhet 
eroaryl. In another embodiment, R is Coalkenylhet 
eroalkyl. In another embodiment, R2 is 
Coalkenylheterocyclcyl. In another embodiment, R is 
—Coalkynylaryl. In another embodiment, R is —C. 
1oalkynylheteroaryl. In another embodiment, R is C. 
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1oalkynylheteroalkyl. In another embodiment, R is C 
loalkynylheterocyclyl. In another embodiment, R is —C. 
loalkynylCs-scycloalkyl. In another embodiment, Ris-C2 
loalkynylClscycloalkenyl. In another embodiment, R is 
—Coalkoxy-Coalkyl. In another embodiment, R is 
—Coalkoxy-Coalkenyl. In another embodiment, R is 
—Coalkoxy-Coalkynyl. In another embodiment, R is 
-heterocyclyl Coalkyl. In another embodiment, R is het 
erocyclylCoalkenyl. In another embodiment, R is hetero 
cyclylCoalkynyl. In another embodiment, R is aryl-C- 
loalkyl. In another embodiment, R is aryl-Coalkyl. In 
another embodiment, R is aryl-Coalkenyl. In another 
embodiment, R is aryl-Coalkynyl. In another embodi 
ment, R is aryl-heterocyclyl. In another embodiment, R is 
heteroaryl-Coalkyl. In another embodiment, R is het 
eroaryl-Coalkenyl. In another embodiment, R is het 
eroaryl-Coalkynyl. In another embodiment, R is het 
eroaryl-C-scycloalkyl. In another embodiment, R is 
heteroaryl-heteroalkyl. In another embodiment, R is het 
eroaryl-heterocyclyl. 

0384. In various embodiments of compounds of Formula 
I, when R is bicyclic aryl, monocyclic aryl, heteroaryl, 
Coalkyl, C-scycloalkyl, heterocyclyl, heteroalkyl, 
Coalkenyl, Coalkynyl, monocyclic aryl-Coalkyl, het 
erocyclyl Coalkyl, or C-scycloalkyl-Coalkyl, it is 
unsubstituted. In various embodiments, when R is bicyclic 
aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scycloalkyl, 
heterocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, mono 
cyclic aryl-Coalkyl, heterocyclyl Coalkyl, or C-scy 
cloalkyl-Coalkyl, it is substituted with one or more inde 
pendent halo. In another embodiment, when R is bicyclic 
aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scycloalkyl, 
heterocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, mono 
cyclic aryl-Coalkyl, heterocyclyl Coalkyl, or Cascy 
cloalkyl-Coalkyl, it is substituted with one or more inde 
pendent –OH. In another embodiment, when R is bicyclic 
aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scycloalkyl, 
heterocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, mono 
cyclic aryl-Coalkyl, heterocyclyl Coalkyl, or C-scy 
cloalkyl-Coalkyl, it is substituted with one or more inde 
pendent—R'. In another embodiment, when R is bicyclic 
aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scycloalkyl, 
heterocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, mono 
cyclic aryl-Coalkyl, heterocyclyl Coalkyl, or C-scy 
cloalkyl-Coalkyl, it is substituted with one or more inde 
pendent—CF. In another embodiment, when R is bicyclic 
aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scycloalkyl, 
heterocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, mono 
cyclic aryl-Coalkyl, heterocyclyl Coalkyl, or Cascy 
cloalkyl-Coalkyl, it is substituted with one or more inde 
pendent —OCF. In another embodiment, when R is bicyclic 
aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scycloalkyl, 
heterocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, mono 
cyclic aryl-C-10alkyl, heterocyclyl Coalkyl, or C-scy 
cloalkyl-Coalkyl, it is substituted with one or more inde 
pendent—OR. In another embodiment, when R is bicyclic 
aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scycloalkyl, 
heterocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, mono 
cyclic aryl-Coalkyl, heterocyclyl Coalkyl, or Cascy 
cloalkyl-Coalkyl, it is substituted with one or more inde 
pendent - NR'R''. In another embodiment, when R is 
bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scy 
cloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, Coalky 
nyl, monocyclic aryl-Coalkyl, heterocyclyl Coalkyl, or 
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C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent - NR'R''. In another embodiment, when R is 
bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scy 
cloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, Coalky 
nyl, monocyclic aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent—C(O)R. In another embodiment, when R is 
bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scy 
cloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, Coalky 
nyl, monocyclic aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent—CO.R. In another embodiment, when R is 
bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scy 
cloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, Coalky 
nyl, monocyclic aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent –C(=O)NR'R''. In another embodiment, 
when R is bicyclic aryl, monocyclic aryl, heteroaryl, 
Coalkyl, C-scycloalkyl, heterocyclyl, heteroalkyl, 
Coalkenyl, Coalkynyl, monocyclic aryl-Coalkyl, het 
erocyclyl Coalkyl, or C-scycloalkyl-Coalkyl, it is Sub 
stituted with one or more independent–C(=O)NR'R''. In 
another embodiment, when R is bicyclic aryl, monocyclic 
aryl, heteroaryl, Coalkyl, C-scycloalkyl, heterocyclyl, 
heteroalkyl, Coalkenyl, Coalkynyl, monocyclic aryl-C- 
loalkyl, heterocyclyl Coalkyl, or Cscycloalkyl-C- 
loalkyl, it is substituted with one or more independent - NO. 
In another embodiment, when R is bicyclic aryl, monocyclic 
aryl, heteroaryl, Coalkyl, C-scycloalkyl, heterocyclyl, 
heteroalkyl, Coalkenyl, Coalkynyl, monocyclic aryl-C- 
loalkyl, heterocyclyl Coalkyl, or Cscycloalkyl-C- 
loalkyl, it is substituted with one or more independent—CN. 
In another embodiment, when R is bicyclic aryl, monocyclic 
aryl, heteroaryl, Coalkyl, C-scycloalkyl, heterocyclyl, 
heteroalkyl, Coalkenyl, Coalkynyl, monocyclic aryl-C2 
loalkyl, heterocyclyl Coalkyl, or Cscycloalkyl-C- 
loalkyl, it is substituted with one or more independent—S(O) 
oR". In another embodiment, when R is bicyclic aryl, 
monocyclic aryl, heteroaryl, Coalkyl, C-scycloalkyl, het 
erocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, monocy 
clic aryl-Coalkyl, heterocyclyl Coalkyl, or Cascy 
cloalkyl-Coalkyl, it is Substituted with one or more 
independent—SO.NR'R''. In another embodiment, when 
R is bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, 
C-scycloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, 
Coalkynyl, monocyclic aryl-Coalkyl, heterocyclyl 
Coalkyl, or Cscycloalkyl-Coalkyl, it is Substituted with 
one or more independent—SO.NR'R''. In anotherembodi 
ment, when R is bicyclic aryl, monocyclic aryl, heteroaryl, 
Coalkyl, C-scycloalkyl, heterocyclyl, heteroalkyl, 
Coalkenyl, Coalkynyl, monocyclic aryl-Coalkyl, het 
erocyclyl Coalkyl, or C-scycloalkyl-Coalkyl, it is Sub 
stituted with one or more independent NRC(=O)R’. In 
another embodiment, when R is bicyclic aryl, monocyclic 
aryl, heteroaryl, Coalkyl, C-scycloalkyl, heterocyclyl, 
heteroalkyl, Coalkenyl, Coalkynyl, monocyclic aryl-C2 
loalkyl, heterocyclyl Coalkyl, or Cscycloalkyl-C- 
loalkyl, it is substituted with one or more independent 
- NRC(=O)CR. In another embodiment, when R is 
bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scy 
cloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, Coalky 
nyl, monocyclic aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent - NRC(=O)NR'R''. In another embodi 
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ment, when R is bicyclic aryl, monocyclic aryl, heteroaryl, 
Coalkyl, C-scycloalkyl, heterocyclyl, heteroalkyl, 
Coalkenyl, Coalkynyl, monocyclic aryl-Coalkyl, het 
erocyclyl Coalkyl, or Cscycloalkyl-Coalkyl, it is Sub 
stituted with one or more independent —NRS(O)R’. In 
another embodiment, when R is bicyclic aryl, monocyclic 
aryl, heteroaryl, Coalkyl, C-scycloalkyl, heterocyclyl, 
heteroalkyl, Coalkenyl, Coalkynyl, monocyclic aryl-C2 
loalkyl, heterocyclyl Coalkyl, or C-scycloalkyl-C- 
loalkyl, it is substituted with one or more independent 
—C(=S)OR". In another embodiment, when R is bicyclic 
aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scycloalkyl, 
heterocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, mono 
cyclic aryl-Coalkyl, heterocyclyl Coalkyl, or Cascy 
cloalkyl-Coalkyl, it is substituted with one or more inde 
pendent—C(=O)SR. In another embodiment, when R is 
bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scy 
cloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, Coalky 
nyl, monocyclic aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent NRC(=NR)NR'R''. In another 
embodiment, when R is bicyclic aryl, monocyclic aryl, het 
eroaryl, Coalkyl, C-scycloalkyl, heterocyclyl, het 
eroalkyl, Coalkenyl, C2-oalkynyl, monocyclic aryl-C2 
loalkyl, heterocyclyl Coalkyl, or C-cycloalkyl-C- 
loalkyl, it is substituted with one or more independent, 
- NRC(=NR')OR. In another embodiment, when R is 
bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scy 
cloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, Coalky 
nyl, monocyclic aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent - NRC(—NR')SR. In another embodi 
ment, when R is bicyclic aryl, monocyclic aryl, heteroaryl, 
Coalkyl, C-scycloalkyl, heterocyclyl, heteroalkyl, 
Coalkenyl, Coalkynyl, monocyclic aryl-Coalkyl, het 
erocyclyl Coalkyl, or Cscycloalkyl-Coalkyl, it is Sub 
stituted with one or more independent —OC(=O)CR. In 
another embodiment, when R is bicyclic aryl, monocyclic 
aryl, heteroaryl, Coalkyl, C-scycloalkyl, heterocyclyl, 
heteroalkyl, Coalkenyl, Coalkynyl, monocyclic aryl-C2 
loalkyl, heterocyclyl Coalkyl, or C-scycloalkyl-C- 
loalkyl, it is substituted with one or more independent —OC 
(=O)NR'R''. In another embodiment, when R is bicyclic 
aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scycloalkyl, 
heterocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, mono 
cyclic aryl-Coalkyl, heterocyclyl Coalkyl, or C-scy 
cloalkyl-Coalkyl, it is substituted with one or more inde 
pendent —OC(=O)SR. In another embodiment, when R 
is bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, 
C-scycloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, 
Coalkynyl, monocyclic aryl-Coalkyl, heterocyclyl 
Coalkyl, or Cscycloalkyl-Coalkyl, it is Substituted with 
one or more independent - SC(=O)CR''. In another 
embodiment, when R is bicyclic aryl, monocyclic aryl, het 
eroaryl, Coalkyl, C-scycloalkyl, heterocyclyl, het 
eroalkyl, Coalkenyl, C2-oalkynyl, monocyclic aryl-C2 
loalkyl, heterocyclyl Coalkyl, or C-scycloalkyl-C- 
loalkyl, it is substituted with one or more independent—P(O) 
OR OR*. In another embodiment, when R is bicyclic aryl, 
monocyclic aryl, heteroaryl, Coalkyl, C-scycloalkyl, het 
erocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, monocy 
clic aryl-Coalkyl, heterocyclyl Coalkyl, or Cascy 
cloalkyl-Coalkyl, it is Substituted with one or more 
independent - SC(=O)NR'R''. In another embodiment, 
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when R is bicyclic aryl, monocyclic aryl, heteroaryl, 
Coalkyl, C-scycloalkyl, heterocyclyl, heteroalkyl, 
Coalkenyl, Coalkynyl, monocyclic aryl-Coalkyl, het 
erocyclyl Coalkyl, or C-scycloalkyl-Coalkyl, it is sub 
stituted with one or more independent alkyl. In another 
embodiment, when R is bicyclic aryl, monocyclic aryl, het 
eroaryl, Coalkyl, C-scycloalkyl, heterocyclyl, het 
eroalkyl, Coalkenyl, Coalkynyl, monocyclic aryl-C2 
loalkyl, heterocyclyl Coalkyl, or Cscycloalkyl-C- 
loalkyl, it is substituted with one or more independent 
heteroalkyl. In another embodiment, when R is bicyclic aryl, 
monocyclic aryl, heteroaryl, Coalkyl, C-scycloalkyl, het 
erocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, monocy 
clic aryl-Coalkyl, heterocyclyl Coalkyl, or C-scy 
cloalkyl-Coalkyl, it is Substituted with one or more 
independent alkenyl. In another embodiment, when R is 
bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scy 
cloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, Coalky 
nyl, monocyclic aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent alkynyl. In another embodiment, when R is 
bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scy 
cloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, Coalky 
nyl, monocyclic aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent cycloalkyl. In another embodiment, when R is 
bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, C-scy 
cloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, Coalky 
nyl, monocyclic aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent heterocycloalkyl. In another embodiment, when 
R is bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, 
C-scycloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, 
Coalkynyl, monocyclic aryl-Coalkyl, heterocyclyl 
Coalkyl, or Cscycloalkyl-Coalkyl, it is substituted with 
one or more independentaryl. In another embodiment, when 
R is bicyclic aryl, monocyclic aryl, heteroaryl, Coalkyl, 
C-scycloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, 
Coalkynyl, monocyclic aryl-Coalkyl, heterocyclyl 
Coalkyl, or Cscycloalkyl-Coalkyl, it is Substituted with 
one or more independent arylalkyl. In another embodiment, 
when R is bicyclic aryl, monocyclic aryl, heteroaryl, 
Coalkyl, C-scycloalkyl, heterocyclyl, heteroalkyl, 
Coalkenyl, Coalkynyl, monocyclic aryl-Coalkyl, het 
erocyclyl Coalkyl, or C-scycloalkyl-Coalkyl, it is Sub 
stituted with one or more independent heteroaryl. In another 
embodiment, when R is bicyclic aryl, monocyclic aryl, het 
eroaryl, Coalkyl, C-scycloalkyl, heterocyclyl, het 
eroalkyl, Coalkenyl, Coalkynyl, monocyclic aryl-C- 
loalkyl, heterocyclyl Coalkyl, or Cscycloalkyl-C- 
loalkyl, it is substituted with one or more independent 
heteroarylalkyl. 

0385. In various embodiments of compounds of Formula 
I, R is hydrogen. In another embodiment, R is halogen. In 
another embodiment, Ris-OH. In another embodiment, R 
is R. In another embodiment, R is —CF. In another 
embodiment, R is OCF. In another embodiment, R is 
—OR". In another embodiment, R is NR'R''. In 
another embodiment, R is NR'R''. In another embodi 
ment, R is —C(O)R. In another embodiment, R is 
—CO.R. In another embodiment, R is C(=O) 
NR'R''. In another embodiment, R is C(=O)NR'R''. 
In another embodiment, R is NO. In another embodi 
ment, Ris-CN. In another embodiment, Ris-S(O).R. 
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In another embodiment, R is -SO2NR'R''. In another 
embodiment, R is -SONR'R''. In another embodiment, 
R is NRC(=O)R’. In another embodiment, R is 
- NRC(=O)CR. In another embodiment, R is 
-NRC(=O)NR'R''. In another embodiment, R is 
-NRS(O)R’. In another embodiment, R is C(=S) 
OR". In another embodiment, R is C(=O)SR. In 
another embodiment, R is NRC(=NR)NR'R''. In 
another embodiment, R is NRC(—NR)OR. In 
another embodiment, R is NRC(=NR)SR. In 
another embodiment, R is OC(=O)CR. In another 
embodiment, R is OC(=O)NR'R''. In another embodi 
ment, R is OC(=O)SR. In another embodiment, R is 
—SC(=O)CR''. In another embodiment, R is -P(O) 
OR OR*. In another embodiment, R is - SC(=O) 
NR'R''. In another embodiment, R is aryl. In another 
embodiment, R is heteroaryl. In another embodiment, R is 
Calkyl. In another embodiment, R is Coalkyl. In 
another embodiment, R is Cascycloalkyl. In another 
embodiment, R is Cascycloalkyl-Coalkyl. In another 
embodiment, Ris-Coalkyl-Cascycloalkyl. In another 
embodiment, R is Coalkyl-monocyclic aryl. In another 
embodiment, R is monocyclic aryl-Coalkyl. In another 
embodiment, R is Coalkyl-bicyclicaryl. In another 
embodiment, R is bicyclicaryl-Coalkyl. In another 
embodiment, R is Coalkylheteroaryl. In another embodi 
ment, R is Coalkylheterocyclyl. In another embodiment, 
R is Coalkenyl. In another embodiment, R is Coalky 
nyl. In another embodiment, R is Coalkenylaryl. In 
another embodiment, R is Coalkenylheteroaryl. In another 
embodiment, R is Coalkenylheteroalkyl. In another 
embodiment, R is Coalkenylheterocyclicyl. In another 
embodiment, R is —Coalkynylaryl. In another embodi 
ment, R is —Coalkynylheteroaryl. In another embodi 
ment, R is —Coalkynylheteroalkyl. In another embodi 
ment, R is Coalkynylheterocyclyl. In another 
embodiment, R is —CoalkynylClscycloalkyl. In another 
embodiment, R is CoalkynylCascycloalkenyl. In another 
embodiment, R is —Coalkoxy-Coalkyl. In another 
embodiment, R is Coalkoxy-Coalkenyl. In another 
embodiment, R is —Coalkoxy-Coalkynyl. In another 
embodiment, R is heterocyclyl-Coalkyl. In another 
embodiment, R is -heterocyclylCoalkenyl. In another 
embodiment, R is heterocyclyl-Coalkynyl. In another 
embodiment, R is aryl-Coalkyl. In another embodiment, 
R is aryl-Coalkenyl. In another embodiment, R is aryl 
Coalkynyl. In another embodiment, R is aryl-heterocy 
clyl. In another embodiment, R is heteroaryl-Coalkyl. In 
another embodiment, R is heteroaryl-Coalkenyl. In 
another embodiment, R is heteroaryl-Coalkynyl. In 
another embodiment, R is heteroaryl-Clscycloalkyl. In 
another embodiment, R is heteroaryl-heteroalkyl. In another 
embodiment, R is heteroaryl-heterocyclyl. 
0386. In various embodiments of compounds of Formula 

I, when R is aryl, heteroaryl, Coalkyl, C-scycloalkyl, 
C-scycloalkyl-Coalkyl, heterocyclyl, heterocyclyl 
Coalkyl, or heteroalkyl, it is unsubstituted. In another 
embodiment, when R is aryl, heteroaryl, Coalkyl, Cscy 
cloalkyl, C-scycloalkyl-Coalkyl, heterocyclyl, heterocy 
clyl Coalkyl, or heteroalkyl, it is substituted with one or 
more independent halo. In another embodiment, when R is 
aryl, heteroaryl, Coalkyl, Cascycloalkyl, Cascycloalkyl 
Coalkyl, heterocyclyl, heterocyclyl Coalkyl, or het 
eroalkyl, it is substituted with one or more independent 
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—OH. In another embodiment, when R is aryl, heteroaryl, 
Coalkyl, C-scycloalkyl, Cscycloalkyl-Coalkyl, het 
erocyclyl, heterocyclyl Coalkyl, or heteroalkyl, it is Substi 
tuted with one or more independent - R. In another 
embodiment, when R is aryl, heteroaryl, Coalkyl, Cscy 
cloalkyl, C-scycloalkyl-Coalkyl, heterocyclyl, heterocy 
clyl Coalkyl, or heteroalkyl, it is Substituted with one or 
more independent—CF. In another embodiment, when R is 
aryl, heteroaryl, Coalkyl, Cascycloalkyl, Cascycloalkyl 
Coalkyl, heterocyclyl, heterocyclyl Coalkyl, or het 
eroalkyl, it is substituted with one or more independent 
—OCF. In another embodiment, when R is aryl, heteroaryl, 
Coalkyl, C-scycloalkyl, Cscycloalkyl-Coalkyl, het 
erocyclyl, heterocyclyl Coalkyl, or heteroalkyl, it is Substi 
tuted with one or more independent —OR". In another 
embodiment, when R is aryl, heteroaryl, Coalkyl, C-scy 
cloalkyl, C-scycloalkyl-Coalkyl, heterocyclyl, heterocy 
clyl Coalkyl, or heteroalkyl, it is substituted with one or 
more independent NR'R''. In another embodiment, when 
R is aryl, heteroaryl, Coalkyl, Cscycloalkyl, Cscy 
cloalkyl-Coalkyl, heterocyclyl, heterocyclyl Coalkyl, or 
heteroalkyl, it is substituted with one or more independent 
- NR'R''. In another embodiment, when R is aryl, het 
eroaryl, Coalkyl, Cascycloalkyl, Cascycloalkyl-C- 
loalkyl, heterocyclyl, heterocyclyl Coalkyl, or heteroalkyl, 
it is substituted with one or more independent—C(O)R. In 
another embodiment, when R is aryl, heteroaryl, Coalkyl, 
C-scycloalkyl, C-scycloalkyl-Coalkyl, heterocyclyl, het 
erocyclyl Coalkyl, or heteroalkyl, it is substituted with one 
or more independent —COR. In another embodiment, 
when R is aryl, heteroaryl, Coalkyl, Cascycloalkyl, 
C-scycloalkyl-Coalkyl, heterocyclyl, heterocyclyl 
Coalkyl, or heteroalkyl, it is Substituted with one or more 
independent –C(=O)NR'R''. In another embodiment, 
when R is aryl, heteroaryl, Coalkyl, cycloalkyl, heterocy 
clyl, heteroalkyl, Coalkenyl, Coalkynyl, aryl-Coalkyl, 
heterocyclyl Coalkyl, or Cscycloalkyl-Coalkyl, it is 
substituted with one or more independent–C(=O)NR'R''. 
In another embodiment, when R is aryl, heteroaryl, 
Coalkyl, Cascycloalkyl, Cascycloalkyl-Coalkyl, het 
erocyclyl, heterocyclyl Coalkyl, or heteroalkyl, it is Substi 
tuted with one or more independent —NO. In another 
embodiment, when R is aryl, heteroaryl, Coalkyl, Cascy 
cloalkyl, C-scycloalkyl-Coalkyl, heterocyclyl, heterocy 
clyl Coalkyl, or heteroalkyl, it is Substituted with one or 
more independent—CN. In another embodiment, when R is 
aryl, heteroaryl, Coalkyl, Cascycloalkyl, Cascycloalkyl 
Coalkyl, heterocyclyl, heterocyclyl Coalkyl, or het 
eroalkyl, it is substituted with one or more independent 
—S(O).R. In another embodiment, when R is aryl, het 
eroaryl, Coalkyl, C-scycloalkyl, C-scycloalkyl-C- 
loalkyl, heterocyclyl, heterocyclyl Coalkyl, or heteroalkyl, 
it is substituted with one or more independent 
—SONR'R''. In another embodiment, when R is aryl, 
heteroaryl, Coalkyl, Cascycloalkyl, C-scycloalkyl-C- 
loalkyl, heterocyclyl, heterocyclyl Coalkyl, or heteroalkyl, 
it is substituted with one or more independent 
—SONR'R''. In another embodiment, when R is aryl, 
heteroaryl, Coalkyl, cycloalkyl, heterocyclyl, heteroalkyl, 
Coalkenyl, Coalkynyl, aryl-Coalkyl, heterocyclyl 
Coalkyl, or Cscycloalkyl-Coalkyl, it is Substituted with 
one or more independent NRC(=O)R. In another 
embodiment, when R is aryl, heteroaryl, Coalkyl, 
cycloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, 
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Coalkynyl, aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent - NRC(=O)CR. In another embodiment, 
when R is aryl, heteroaryl, Coalkyl, cycloalkyl, heterocy 
clyl, heteroalkyl, Coalkenyl, Coalkynyl, aryl-Coalkyl, 
heterocyclyl Coalkyl, or Cscycloalkyl-Coalkyl, it is 
substituted with one or more independent NRC(=O) 
NRR. In another embodiment, when R is aryl, heteroaryl, 
Coalkyl, cycloalkyl, heterocyclyl, heteroalkyl, Coalk 
enyl, Coalkynyl, aryl-Coalkyl, heterocyclyl Coalkyl, 
or Cscycloalkyl-Coalkyl, it is substituted with one or 
more independent - NRS(O)2Rf. In another embodi 
ment, when R is aryl, heteroaryl, Coalkyl, cycloalkyl, 
heterocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, aryl 
Coalkyl, heterocyclyl Coalkyl, or Cascycloalkyl-C- 
loalkyl, it is substituted with one or more independent 
—C(=S)OR". In another embodiment, when R is aryl, 
heteroaryl, Coalkyl, cycloalkyl, heterocyclyl, heteroalkyl, 
Coalkenyl, Coalkynyl, aryl-Coalkyl, heterocyclyl 
Coalkyl, or Cscycloalkyl-Coalkyl, it is Substituted with 
one or more independent—C(=O)SR. In another embodi 
ment, when R is aryl, heteroaryl, Coalkyl, C-scycloalkyl, 
C-scycloalkyl-Coalkyl, heterocyclyl, heterocyclyl 
Coalkyl, or heteroalkyl, it is Substituted with one or more 
independent NRC(=NR)NR'R''. In another 
embodiment, when R is aryl, heteroaryl, Coalkyl, 
cycloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, 
Coalkynyl, aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent, NRC(=NR)OR. In another embodi 
ment, when R is aryl, heteroaryl, Coalkyl, cycloalkyl, 
heterocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, aryl 
Coalkyl, heterocyclyl Coalkyl, or Cascycloalkyl-C- 
loalkyl, it is substituted with one or more independent 
- NRC(=NR')SR. In another embodiment, when R is 
aryl, heteroaryl, Coalkyl, cycloalkyl, heterocyclyl, het 
eroalkyl, Coalkenyl, Coalkynyl, aryl-Coalkyl, hetero 
cyclyl Coalkyl, or Cscycloalkyl-Coalkyl, it is Substi 
tuted with one or more independent —OC(=O)CR. In 
another embodiment, when R is aryl, heteroaryl, Coalkyl, 
cycloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, 
Coalkynyl, aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent –OC(=O)NR'R''. In another embodiment, 
when R is aryl, heteroaryl, Coalkyl, cycloalkyl, heterocy 
clyl, heteroalkyl, Coalkenyl, Coalkynyl, aryl-Coalkyl, 
heterocyclyl Coalkyl, or Cscycloalkyl-Coalkyl, it is 
substituted with one or more independent —OC(=O)SR'. 
In another embodiment, when R is aryl, heteroaryl, 
Coalkyl, cycloalkyl, heterocyclyl, heteroalkyl, Coalk 
enyl, Coalkynyl, aryl-Coalkyl, heterocyclyl Coalkyl, 
or Cscycloalkyl-Coalkyl, it is substituted with one or 
more independent—SC(=O)CR'. In another embodiment, 
when R is aryl, heteroaryl, Coalkyl, Cscycloalkyl, 
C-scycloalkyl-Coalkyl, heterocyclyl, heterocyclyl 
Coalkyl, or heteroalkyl, it is substituted with one or more 
independent -P(O)OROR. In another embodiment, 
when R is aryl, heteroaryl, Coalkyl, cycloalkyl, heterocy 
clyl, heteroalkyl, Coalkenyl, Coalkynyl, aryl-Coalkyl, 
heterocyclyl Coalkyl, or Cscycloalkyl-Coalkyl, it is 
substituted with one or more independent —SC(=O) 
NR3|R32. 

0387. In various embodiments of compounds of Formula 
I, R is hydrogen. In another embodiment, R is halogen. In 
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another embodiment, Ris-OH. In another embodiment, R' 
is R. In another embodiment, R is —CF. In another 
embodiment, R is OCF. In another embodiment, R is 
—OR". In another embodiment, R is NR'R''. In 
another embodiment, R is NR'R''. In another embodi 
ment, R is —C(O)R. In another embodiment, R is 
—COR. In another embodiment, R is —C(=O) 
NR'R''. In another embodiment, R is C(=O)NR'R''. 
In another embodiment, R is NO. In another embodi 
ment, Ris-CN. In another embodiment, Ris-S(O).R. 
In another embodiment, R is - SONR'R''. In another 
embodiment, R is -SONR'R''. In another embodiment, 
R" is NRC(=O)R’. In another embodiment, R is 
- NRC(=O)CR. In another embodiment, R is 
NRC(=O)NR'R''. In another embodiment, R is 

- NR'S(O), R. In another embodiment, R is C(=S) 
OR. In another embodiment, R is C(=O)SR. In 
another embodiment, R is NRC(—R 2)NR'R''. In 
another embodiment, R is NRC(=NR)OR. In 
another embodiment, R is NRC(=NR)SR. In 
another embodiment, R is OC(=O)CR. In another 
embodiment, R is OC(=O)NR'R''. In another embodi 
ment, R is —OC(=O)SR. In another embodiment, R is 
—SC(=O)CR. In another embodiment, R is -P(O) 
OR OR*. In another embodiment, R is - SC(=O) 
NR'R''. In another embodiment, R is aryl. In another 
embodiment, R is heteroaryl. In another embodiment, R is 
Calkyl. In another embodiment, R is Coalkyl. In 
another embodiment, R is Cascycloalkyl. In another 
embodiment, R is Coalkyl-C-scycloalkyl. In another 
embodiment, R is Coalkylaryl. In another embodiment, 
R" is Coalkylheteroaryl. In another embodiment, R is 
Coalkylheterocyclyl. In another embodiment, R is 
Coalkenyl. In another embodiment, R is Coalkynyl. In 
another embodiment, R is Coalkynyl-C scycloalkyl. R' 
is Coalkenyl-Cascycloalkyl. In another embodiment, Ris 
Coalkenylaryl. In another embodiment, R is Coalkenyl 
heteroaryl. In another embodiment, R is Coalkenylhet 
eroalkyl. In another embodiment, R is Coalkenylhetero 
cyclicyl. In another embodiment, R is —Coalkynylaryl. In 
another embodiment, R is Coalkynylheteroaryl. In 
another embodiment, R is Coalkynylheteroalkyl. In 
another embodiment, R is Coalkynylheterocyclyl. In 
another embodiment, R is CoalkynylClscycloalkyl. In 
another embodiment, R is heterocyclyl Coalkyl. In 
another embodiment, R is heterocyclylCoalkenyl. In 
another embodiment, R is heterocyclyl-Coalkynyl. In 
another embodiment, R is aryl-Coalkyl. In another 
embodiment, R is aryl-Coalkenyl. In another embodi 
ment, R is aryl-Coalkynyl. In another embodiment, R is 
aryl-heterocyclyl. In another embodiment, R is heteroaryl 
Coalkyl. In another embodiment, R is heteroaryl-C- 
1oalkenyl. In another embodiment, R is heteroaryl-C- 
loalkynyl. In another embodiment, R is Cascycloalkyl-C- 
loalkyl. In another embodiment, R is Cascycloalkyl-C- 
loalkenyl. In another embodiment, R is Cascycloalkyl-C- 
loalkynyl. 

0388. In various embodiments of compounds of Formula 
I, when R is aryl, heteroaryl, Coalkyl, Cascycloalkyl, 
C-scycloalkyl-Coalkyl, heterocyclyl, heterocyclyl 
Coalkyl, or heteroalkyl, it is unsubstituted. In another 
embodiment, when R is aryl, heteroaryl, Coalkyl, Cascy 
cloalkyl, C-scycloalkyl-Coalkyl, heterocyclyl, heterocy 
clyl Coalkyl, or heteroalkyl, it is Substituted with one or 
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more independent halo. In another embodiment, when R is 
aryl, heteroaryl, Coalkyl, C-scycloalkyl, C-scycloalkyl 
Coalkyl, heterocyclyl, heterocyclyl Coalkyl, or het 
eroalkyl, it is substituted with one or more independent 
—OH. In another embodiment, when R is aryl, heteroaryl, 
Coalkyl, Cascycloalkyl, Cascycloalkyl-Coalkyl, het 
erocyclyl, heterocyclyl Coalkyl, or heteroalkyl, it is Substi 
tuted with one or more independent —R. In another 
embodiment, when R is aryl, heteroaryl, Coalkyl, Cascy 
cloalkyl, C-scycloalkyl-Coalkyl, heterocyclyl, heterocy 
clyl Coalkyl, or heteroalkyl, it is Substituted with one or 
more independent—CF. In another embodiment, when Ris 
aryl, heteroaryl, Coalkyl, C-scycloalkyl, C-scycloalkyl 
Coalkyl, heterocyclyl, heterocyclyl Coalkyl, or het 
eroalkyl, it is substituted with one or more independent 
—OCF. In another embodiment, when R is aryl, heteroaryl, 
Coalkyl, Cascycloalkyl, Cascycloalkyl-Coalkyl, het 
erocyclyl, heterocyclyl Coalkyl, or heteroalkyl, it is substi 
tuted with one or more independent —OR". In another 
embodiment, when R is aryl, heteroaryl, Coalkyl, Cscy 
cloalkyl, C-scycloalkyl-Coalkyl, heterocyclyl, heterocy 
clyl Coalkyl, or heteroalkyl, it is Substituted with one or 
more independent NR'R''. In another embodiment, when 
R" is aryl, heteroaryl, Coalkyl, Cascycloalkyl, Casey 
cloalkyl-Coalkyl, heterocyclyl, heterocyclyl Coalkyl, or 
heteroalkyl, it is substituted with one or more independent 
—NR'R''. In another embodiment, when R is aryl, het 
eroaryl, Coalkyl, Cascycloalkyl, Cascycloalkyl-C- 
loalkyl, heterocyclyl, heterocyclyl Coalkyl, or heteroalkyl, 
it is substituted with one or more independent—C(O)R. In 
another embodiment, when R is aryl, heteroaryl, Coalkyl, 
C-scycloalkyl, C-scycloalkyl-Coalkyl, heterocyclyl, het 
erocyclyl Coalkyl, or heteroalkyl, it is Substituted with one 
or more independent —CO.R. In another embodiment, 
when R is aryl, heteroaryl, Coalkyl, C-scycloalkyl, 
C-scycloalkyl-Coalkyl, heterocyclyl, heterocyclyl 
Coalkyl, or heteroalkyl, it is substituted with one or more 
independent –C(=O)NR'R''. In another embodiment, 
when R is aryl, heteroaryl, Coalkyl, cycloalkyl, heterocy 
clyl, heteroalkyl, Coalkenyl, Coalkynyl, aryl-Coalkyl, 
heterocyclyl Coalkyl, or Cscycloalkyl-Coalkyl, it is 
substituted with one or more independent —C(=O) 
NR'R''. In another embodiment, when R is aryl, het 
eroaryl, Coalkyl, C-scycloalkyl, C-scycloalkyl-C- 
loalkyl, heterocyclyl, heterocyclyl Coalkyl, or heteroalkyl, 
it is substituted with one or more independent - NO. In 
another embodiment, when R is aryl, heteroaryl, Coalkyl, 
C-scycloalkyl, C-scycloalkyl-Coalkyl, heterocyclyl, het 
erocyclyl Coalkyl, or heteroalkyl, it is Substituted with one 
or more independent—CN. In another embodiment, when R' 
is aryl, heteroaryl, Coalkyl, C-scycloalkyl, C-scy 
cloalkyl-Coalkyl, heterocyclyl, heterocyclyl Coalkyl, or 
heteroalkyl, it is substituted with one or more independent 
—S(O).R. In another embodiment, when R is aryl, het 
eroaryl, Coalkyl, Cascycloalkyl, Cascycloalkyl-C- 
loalkyl, heterocyclyl, heterocyclyl Coalkyl, or heteroalkyl, 
it is substituted with one or more independent 
—SONR'R''. In another embodiment, when R is aryl, 
heteroaryl, Coalkyl, Cascycloalkyl, C-scycloalkyl-C- 
loalkyl, heterocyclyl, heterocyclyl Coalkyl, or heteroalkyl, 
it is substituted with one or more independent 
—SONR'R''. In another embodiment, when R is aryl, 
heteroaryl, Coalkyl, cycloalkyl, heterocyclyl, heteroalkyl, 
Coalkenyl, Coalkynyl, aryl-Coalkyl, heterocyclyl 
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Coalkyl, or Cscycloalkyl-Coalkyl, it is Substituted with 
one or more independent NRC(=O)R’. In another 
embodiment, when R is aryl, heteroaryl, Coalkyl, 
cycloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, 
Coalkynyl, aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent - NRC(=O)CR. In another embodiment, 
when R is aryl, heteroaryl, Coalkyl, cycloalkyl, heterocy 
clyl, heteroalkyl, Coalkenyl, Coalkynyl, aryl-Coalkyl, 
heterocyclyl Coalkyl, or Cscycloalkyl-Coalkyl, it is 
substituted with one or more independent NRC(=O) 
NR'R''. In another embodiment, when R is aryl, het 
eroaryl, Coalkyl, cycloalkyl, heterocyclyl, heteroalkyl, 
Coalkenyl, Coalkynyl, aryl-Coalkyl, heterocyclyl 
Coalkyl, or Cscycloalkyl-Coalkyl, it is Substituted with 
one or more independent NRS(O)R’. In another 
embodiment, when R is aryl, heteroaryl, Coalkyl, 
cycloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, 
Coalkynyl, aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent —C(=S)OR". In another embodiment, when 
R" is aryl, heteroaryl, Coalkyl, cycloalkyl, heterocyclyl, 
heteroalkyl, Coalkenyl, Coalkynyl, aryl-Coalkyl, het 
erocyclyl Coalkyl, or C-scycloalkyl-Coalkyl, it is Sub 
stituted with one or more independent —C(=O)SR. In 
another embodiment, when R is aryl, heteroaryl, Coalkyl, 
C-scycloalkyl, C-scycloalkyl-Coalkyl, heterocyclyl, het 
erocyclyl Coalkyl, or heteroalkyl, it is substituted with one 
or more independent–NRC(=NR)NR'R''. In another 
embodiment, when R is aryl, heteroaryl, Coalkyl, 
cycloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, 
Coalkynyl, aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent, NRC(=NR)OR. In another embodi 
ment, when R is aryl, heteroaryl, Coalkyl, cycloalkyl, 
heterocyclyl, heteroalkyl, Coalkenyl, Coalkynyl, aryl 
Coalkyl, heterocyclyl Coalkyl, or Cascycloalkyl-C- 
loalkyl, it is substituted with one or more independent 
- NRC(=NR')SR. In another embodiment, when R is 
aryl, heteroaryl, Coalkyl, cycloalkyl, heterocyclyl, het 
eroalkyl, Coalkenyl, Coalkynyl, aryl-Coalkyl, hetero 
cyclyl Coalkyl, or Cscycloalkyl-Coalkyl, it is Substi 
tuted with one or more independent —OC(=O)CR. In 
another embodiment, when R is aryl, heteroaryl, Coalkyl, 
cycloalkyl, heterocyclyl, heteroalkyl, Coalkenyl, 
Coalkynyl, aryl-Coalkyl, heterocyclyl Coalkyl, or 
C-scycloalkyl-Coalkyl, it is substituted with one or more 
independent –OC(=O)NR'R''. In another embodiment, 
when R is aryl, heteroaryl, Coalkyl, cycloalkyl, heterocy 
clyl, heteroalkyl, Coalkenyl, Coalkynyl, aryl-Coalkyl, 
heterocyclyl Coalkyl, or Cscycloalkyl-Coalkyl, it is 
substituted with one or more independent —OC(=O)SR. 
In another embodiment, when R is aryl, heteroaryl, 
Coalkyl, cycloalkyl, heterocyclyl, heteroalkyl, Coalk 
enyl, Coalkynyl, aryl-Coalkyl, heterocyclyl Coalkyl, 
or C-scycloalkyl-Coalkyl, it is substituted with one or 
more independent—SC(=O)CR'. In another embodiment, 
when R is aryl, heteroaryl, Coalkyl, Cascycloalkyl, 
C-scycloalkyl-Coalkyl, heterocyclyl, heterocyclyl 
Coalkyl, or heteroalkyl, it is Substituted with one or more 
independent -P(O)OR'OR*. In another embodiment, 
when R is aryl, heteroaryl, Coalkyl, cycloalkyl, heterocy 
clyl, heteroalkyl, Coalkenyl, Coalkynyl, aryl-Coalkyl, 
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heterocyclyl Coalkyl, or Cscycloalkyl-Coalkyl, it is 
substituted with one or more independent —SC(=O) 
NR3|R32. 

0389. In various embodiments of compounds of Formula 
I, R is hydrogen. In another embodiment, R is halogen. In 
another embodiment, Ris—OH. In another embodiment, R 
is R. In another embodiment, R is CF. In another 
embodiment, R is OCF. In another embodiment, R is 
—OR". In another embodiment, R is NR'R''. In 
another embodiment, R is NR'R''. In another embodi 
ment, R is C(O)R. In another embodiment, R is 
—CO.R. In another embodiment, R is C(=O) 
NR'R''. In another embodiment, R is C(=O)NR'R''. 
In another embodiment, R is NO. In another embodi 
ment, R is —CN. In another embodiment, R is S(O). 
2R'. In another embodiment, R is - SONR'R''. In 
another embodiment, R is -SO2NR'R''. In another 
embodiment, R is NRC(=O)R’. In another embodi 
ment, R is NRC(=O)CR. In another embodiment, R 
is NRC(=O)NR'R''. In another embodiment, R is 
-NRS(O)R’. In another embodiment, R is C(=S) 
OR". In another embodiment, R is C(=O)SR. In 
another embodiment, R is NRC(=NR)NR'R''. In 
another embodiment, R is NRC(=NR)OR. In 
another embodiment, R is NRC(=NR)SR. In 
another embodiment, R is —OC(=O)CR. In another 
embodiment, R is OC(=O)NR'R''. In another embodi 
ment, R is OC(=O)SR. In another embodiment, R is 
—SC(=O)CR. In another embodiment, R is -P(O) 
OR OR. In another embodiment, R is or - SC(=O) 
NR3|R32. 

0390. In various embodiments of compounds of Formula 
I, R is hydrogen. In another embodiment, R is unsubstituted 
Coalkyl. In another embodiment, R is unsubstituted 
Coalkenyl. In another embodiment, R is unsubstituted 
aryl. In another embodiment, R7 is unsubstituted heteroaryl. 
In another embodiment, R is unsubstituted heterocyclyl. In 
another embodiment, R is unsubstituted Cocycloalkyl. In 
another embodiment, R7 is Coalkyl substituted by one or 
more independent R. In another embodiment, R is Coalk 
enyl substituted by one or more independent R. In another 
embodiment, R is aryl substituted by one or more indepen 
dent R. In another embodiment, R is heteroaryl substituted 
by one or more independent R. In another embodiment, R is 
heterocycyl substituted by one or more independent R. In 
another embodiment, R is Cocycloalkyl Substituted by one 
or more independent R. 
0391. In various embodiments of compounds of Formula 

I, R is hydrogen. In another embodiment, R is unsubstituted 
Coalkyl. In another embodiment, R is unsubstituted 
Coalkenyl. In another embodiment, R is unsubstituted 
aryl. In another embodiment, R is unsubstituted heteroaryl. 
In another embodiment, R is unsubstituted heterocyclyl. In 
another embodiment, R is unsubstituted Cocycloalkyl. In 
another embodiment, R is Coalkyl substituted by one or 
more independent R. In another embodiment, R is Coalk 
enyl substituted by one or more independent R. In another 
embodiment, R is aryl substituted by one or more indepen 
dent R. In another embodiment, R is heteroaryl substituted 
by one or more independent R. In another embodiment, R is 
heterocyclyl substituted by one or more independent R. In 
another embodiment, R is Cocycloalkyl substituted by one 
or more independent R. 
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0392. In various embodiments of compounds of Formula 
I, Rishalo. In another embodiment, Ris—OR. In another 
embodiment, Ris—SH. In another embodiment, R is NH2. 
In another embodiment, Ris-NR'R''. In another embodi 
ment, R is NR'R''. In another embodiment, R is 
—CO.R. In another embodiment, R is CO-aryl. In 
another embodiment, R is C(=O)NR'R''. In another 
embodiment, R is C(=O)NR'R''. In anotherembodiment, 
R is NO. In another embodiment, Ris-CN. In another 
embodiment, R is —S(O). Coalkyl. In another embodi 
ment, R is S(O)-aryl. In another embodiment, R is 
—SONR'R''. In another embodiment, R is 
—SONR'R''. In another embodiment, R is Coalkyl. In 
another embodiment, R is Coalkenyl. In another embodi 
ment, R is Coalkynyl. In another embodiment, R is 
unsubstituted aryl-Coalkyl. In another embodiment, R is 
unsubstituted aryl-Coalkenyl. In another embodiment, R 
is unsubstituted aryl-Coalkynyl. In another embodiment, 
R is unsubstituted heteroaryl-Coalkyl. In another embodi 
ment, R is unsubstituted heteroaryl-Coalkenyl. In another 
embodiment, R is aryl-Coalkyl, aryl-Coalkenyl, aryl 
Coalkynyl, heteroaryl-Coalkyl, or heteroaryl-Coalk 
enyl substituted by one or more independent halo. In another 
embodiment, R is aryl-Coalkyl, aryl-Coalkenyl, aryl 
Coalkynyl, heteroaryl-Coalkyl, or heteroaryl-Coalk 
enyl Substituted by one or more independent cyano. In 
another embodiment, R is aryl-Coalkyl, aryl-Coalk 
enyl, aryl-Coalkynyl, heteroaryl-Coalkyl, or heteroaryl 
Coalkenyl substituted by one or more independent nitro. In 
another embodiment, R is aryl-Coalkyl, aryl-Coalk 
enyl, aryl-Coalkynyl, heteroaryl-Coalkyl, or heteroaryl 
Coalkenyl substituted by one or more independent—OC. 
loalkyl. In another embodiment, R is aryl-Coalkyl, aryl 
Coalkenyl, aryl-Coalkynyl, heteroaryl-Coalkyl, or 
heteroaryl-Coalkenyl Substituted by one or more indepen 
dent —Coalkyl. In another embodiment, R is aryl-C. 
loalkyl, aryl-Coalkenyl, aryl-Coalkynyl, heteroaryl-C- 
loalkyl, or heteroaryl-Coalkenyl Substituted by one or more 
independent —Coalkenyl. In another embodiment, R is 
aryl-Coalkyl, aryl-Coalkenyl, aryl-Coalkynyl, het 
eroaryl-Coalkyl, or heteroaryl-Coalkenyl Substituted by 
one or more independent—Coalkynyl. In another embodi 
ment, R is aryl-Coalkyl, aryl-Coalkenyl, aryl-C- 
loalkynyl, heteroaryl-Coalkyl, or heteroaryl-Coalkenyl 
Substituted by one or more independent -(halo)Coalkyl. In 
another embodiment, R is aryl-Coalkyl, aryl-Coalk 
enyl, aryl-Coalkynyl, heteroaryl-Coalkyl, or heteroaryl 
Coalkenyl Substituted by one or more independent -(halo) 
Coalkenyl. In another embodiment, R is aryl-Coalkyl, 
aryl-Coalkenyl, aryl-Coalkynyl, heteroaryl-Coalkyl, 
or heteroaryl-Coalkenyl substituted by one or more inde 
pendent -(halo)Coalkynyl. In another embodiment, R is 
aryl-Coalkyl, aryl-Coalkenyl, aryl-Coalkynyl, het 
eroaryl-Coalkyl, or heteroaryl-Coalkenyl Substituted by 
one or more independent—COOH. In another embodiment, 
R is aryl-Coalkyl, aryl-Coalkenyl, aryl-Coalkynyl, 
heteroaryl-Coalkyl, or heteroaryl-Coalkenyl Substituted 
by one or more independent - C(=O)NR'R''. In another 
embodiment, R is aryl-Coalkyl, aryl-Coalkenyl, aryl 
Coalkynyl, heteroaryl-Coalkyl, or heteroaryl-Coalk 
enyl substituted by one or more independent —C(=O) 
NR'R''. In another embodiment, Risaryl-Coalkyl, aryl 
Coalkenyl, aryl-Coalkynyl, heteroaryl-Coalkyl, or 
heteroaryl-Coalkenyl Substituted by one or more indepen 
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dent–SONR'R''. In another embodiment, R is aryl-C. 
loalkyl, aryl-Coalkenyl, aryl-Coalkynyl, heteroaryl-C- 
loalkyl, or heteroaryl-Coalkenyl Substituted by one or more 
independent–SONR'R''. In another embodiment, R is 
aryl-Coalkyl, aryl-Coalkenyl, aryl-Coalkynyl, het 
eroaryl-Coalkyl, or heteroaryl-Coalkenyl Substituted by 
one or more independent NR'R''. In another embodi 
ment, R is aryl-Coalkyl, aryl-Coalkenyl, aryl-C- 
loalkynyl, heteroaryl-Coalkyl, or heteroaryl-Coalkenyl 
substituted by one or more independent - NR'R''. 
0393. In various embodiments of compounds of Formula 

I, R is H. In another embodiment, R is halo. In another 
embodiment, R is —OR. In another embodiment, R is 
—SH. In another embodiment, R is NH2. In another embodi 
ment, R is NR'R''. In another embodiment, R is 
—NR'R''. In another embodiment, R is COR. In 
another embodiment, R is CO-aryl. In another embodi 
ment, Ris-C(=O)NR'R''. In another embodiment, Ris 
C(=O)NR'R''. In another embodiment, R is - NO. In 
another embodiment, Ris-CN. In another embodiment, R 
is —S(O)2Coalkyl. In another embodiment, Ris-S(O) 

aryl. In another embodiment, R is -SONR'R''. In 
another embodiment, R is - SONR'R''. In another 
embodiment, R is Coalkyl. In another embodiment, R is 
Coalkenyl. In another embodiment, R is Coalkynyl. In 
another embodiment, R is unsubstituted aryl-Coalkyl. In 
another embodiment, R is unsubstituted aryl-Coalkenyl. 
In another embodiment, R is unsubstituted aryl-Coalky 
nyl. In another embodiment, R is unsubstituted heteroaryl 
Coalkyl. In another embodiment, R is unsubstituted het 
eroaryl-Coalkenyl. In another embodiment, R is aryl-C. 
loalkyl, aryl-Coalkenyl, aryl-Coalkynyl, heteroaryl-C- 
loalkyl, or heteroaryl-Coalkenyl Substituted by one or more 
independent halo. In another embodiment, R is aryl-C. 
loalkyl, aryl-Coalkenyl, aryl-Coalkynyl, heteroaryl-C- 
loalkyl, or heteroaryl-Coalkenyl Substituted by one or more 
independent cyano. In another embodiment, R is aryl-C. 
loalkyl, aryl-Coalkenyl, aryl-Coalkynyl, heteroaryl-C- 
loalkyl, or heteroaryl-Coalkenyl substituted by one or more 
independent nitro. In another embodiment, R is aryl-C. 
loalkyl, aryl-Coalkenyl, aryl-Coalkynyl, heteroaryl-C- 
loalkyl, or heteroaryl-Coalkenyl Substituted by one or more 
independent —OCoalkyl. In another embodiment, R is 
aryl-Coalkyl, aryl-Coalkenyl, aryl-Coalkynyl, het 
eroaryl-Coalkyl, or heteroaryl-Coalkenyl Substituted by 
one or more independent —Coalkyl. In another embodi 
ment, R is aryl-Coalkyl, aryl-Coalkenyl, aryl-C- 
loalkynyl, heteroaryl-Coalkyl, or heteroaryl-Coalkenyl 
Substituted by one or more independent —Coalkenyl. In 
another embodiment, R is aryl-Coalkyl, aryl-Coalk 
enyl, aryl-Coalkynyl, heteroaryl-Coalkyl, or heteroaryl 
Coalkenyl Substituted by one or more independent —C- 
loalkynyl. In another embodiment, Risaryl-Coalkyl, aryl 
Coalkenyl, aryl-Coalkynyl, heteroaryl-Coalkyl, or 
heteroaryl-Coalkenyl Substituted by one or more indepen 
dent-(halo)Coalkyl. In another embodiment, R is aryl-C. 
loalkyl, aryl-Coalkenyl, aryl-Coalkynyl, heteroaryl-C- 
loalkyl, or heteroaryl-Coalkenyl substituted by one or more 
independent -(halo)Coalkenyl. In another embodiment, R 
is aryl-Coalkyl, aryl-Coalkenyl, aryl-Coalkynyl, het 
eroaryl-Coalkyl, or heteroaryl-Coalkenyl Substituted by 
one or more independent -(halo)Coalkynyl. In another 
embodiment, R is aryl-Coalkyl, aryl-Coalkenyl, aryl 
Coalkynyl, heteroaryl-Coalkyl, or heteroaryl-Coalk 
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enyl substituted by one or more independent —COOH. In 
another embodiment, R is aryl-Coalkyl, aryl-Coalk 
enyl, aryl-Coalkynyl, heteroaryl-Coalkyl, or heteroaryl 
Coalkenyl substituted by one or more independent 
—C(=O)NR'R''. In another embodiment, R is aryl-C. 
loalkyl, aryl-Coalkenyl, aryl-Coalkynyl, heteroaryl-C- 
loalkyl, or heteroaryl-Coalkenyl substituted by one or more 
independent–C(=O)NR'R''. In another embodiment, R 
is aryl-Coalkyl, aryl-Coalkenyl, aryl-Coalkynyl, het 
eroaryl-Coalkyl, or heteroaryl-Coalkenyl Substituted by 
one or more independent—SONR'R''. In another embodi 
ment, R is aryl-Coalkyl, aryl-Coalkenyl, aryl-C- 
loalkynyl, heteroaryl-Coalkyl, or heteroaryl-Coalkenyl 
substituted by one or more independent—SONR'R''. In 
another embodiment, R is aryl-Coalkyl, aryl-Coalk 
enyl, aryl-Coalkynyl, heteroaryl-Coalkyl, or heteroaryl 
Coalkenyl Substituted by one or more independent 
—NR'R''. In another embodiment, R is aryl-Coalkyl, 
aryl-Coalkenyl, aryl-Coalkynyl, heteroaryl-Coalkyl, 
or heteroaryl-Coalkenyl Substituted by one or more inde 
pendent NR'R''. 
0394. In various embodiments of compounds of Formula 

I, R is H. In some embodiments, R is unsubstituted 
Coalkyl. In some embodiments, R is substituted 
Coalkyl. In some embodiments, R is Coalkyl substi 
tuted with one or more aryl. In some embodiments, R is 
Coalkyl substituted with one or more heteroalkyl. In some 
embodiments, R is Coalkyl substituted with one or more 
heterocyclyl. In some embodiments, R is Coalkyl substi 
tuted with one or more heteroaryl. In some embodiments, 
when R is Coalkyl substituted with one or more aryl, each 
of said aryl substituents is unsubstituted or substituted with 
one or more halo. —OH, - Coalkyl, -CF, -O-aryl, 
—OCF, —OCoalkyl, -NH2, —N(Coalkyl)(C. 
loalkyl), -NH(Coalkyl), -NH(aryl), -NR'R''. 
—C(O)(Coalkyl), —C(O)(Coalkyl-aryl), —C(O)(aryl), 
—CO Coalkyl, -CO. Coalkylaryl, -CO-aryl. 
—C(=O)N(Coalkyl)(Coalkyl). C(=O)NH(C. 
loalkyl), C(=O)NR'R'', C(=O)NH, OCF, 
—O(Coalkyl). —O-aryl, - N(aryl)(Coalkyl). —NO, 
—CN. —S(O)o-Coalkyl, -S(O). Coalkylaryl, 
—S(O) aryl, -SON(aryl), —SON(Coalkyl)(C. 
loalkyl), -SONH(Coalkyl) or -SO2NR'R''. In some 
embodiments, when R is Coalkyl substituted with one or 
more heteroalkyl, each of said heteroalkyl group is unsubsti 
tuted or substituted with one or more halo. —OH, -C. 
loalkyl, -CF, —O-aryl, - OCF, —OCoalkyl, -NH2, 
—N(Coalkyl)(Coalkyl). —NH(Coalkyl). —NH 
(aryl), NR'R''. —C(O)(Coalkyl). —C(O)(Coalkyl 
aryl), —C(O)(aryl), —CO Coalkyl, -CO. C. 
loalkylaryl, -CO-aryl. —C(=O)N(Coalkyl)(C- 
loalkyl), C(=O)NH(Calkyl), C(=O)NR'R'R'', 
—C(=O)NH —OCF. —O(C-alkyl), —O-aryl, 
—N(aryl)(Coalkyl). —NO. —CN. —S(O)o-Coalkyl, 
—S(O) Coalkylaryl, —S(O) aryl, -SON(aryl), 
—SON(Coalkyl)(Coalkyl). —SONH(Coalkyl) or 
—SO.NR'R' substituents. In some embodiments, when 
R" is Coalkyl substituted with one or more heterocyclyl, 
each of said heterocyclyl group is unsubstituted or Substituted 
with one or more halo. —OH, - Coalkyl, -CF, —O- 
aryl, —OCF. —OCoalkyl, -NH2, —N(Coalkyl)(C. 
loalkyl), -NH(Coalkyl), -NH(aryl), -NR'R''. 
—C(O)(Coalkyl), —C(O)(Coalkyl-aryl), —C(O)(aryl), 
—CO Coalkyl, -CO Coalkylaryl, -CO-aryl, 
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OCF, OR, O-aryl, NR'R'', NRR, 
C(O)R, COR', C(=O)NR'R'', or C(=O) 

NR |R32, 
0411) R', R, and R, in each instance, are indepen 
dently H or Coalkyl, wherein the Coalkyl is unsubsti 
tuted; and 
0412 RandR in NR'R'', C(O)NR'R'R'', 
or -SO2NR'R'', are taken together with the nitrogenatom 
to which they are attached to form a 3-10 membered saturated 
or unsaturated ring; wherein said ring is independently 
unsubstituted or is substituted by one or more —NR'R''. 
hydroxyl, halogen, oxo, aryl, heteroaryl, Calkyl, or O-aryl, 
and wherein said 3-10 membered saturated or unsaturated 
ring independently contains 0, 1, or 2 more heteroatoms in 
addition to the nitrogen. 
0413. In another aspect, an inhibitor of Formula I-C1 is a 
compound of Formula I-Cla: 

Formula I-C1b 

0414 or a pharmaceutically acceptable salt thereof, 
wherein: E is H; X is CH and X is N: 
0415 R is -L-Coalkyl, -L-C-scycloalkyl, -L-C. 
loalkylheterocyclyl, or -L-heterocyclyl, each of which is 
unsubstituted or is substituted by one or more independent 
R; 

0417 R is hydrogen, OH, OR, NR'R'', 
C(O)R', C(=O)NR'R'', C(=O)NR'R'', aryl, 

heteroaryl, Calkyl, Coalkyl, C-scycloalkyl, or heterocy 
clyl, wherein each of said aryl or heteroaryl moiety is unsub 
stituted or is substituted with one or more independent alkyl, 
heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, 
aryl, arylalkyl, heteroaryl, heteroarylalkyl, halo. —OH, 
R, CF. OCF, OR, NRR, NR'R'', 
C(O)R, COR, C(=O)NR'R'', C(=O) 

NRR, NO, CN, S(O) R', SONR'R'', 
SONRRS, NRC(O)R, NRC(O)OR, 
NRC(=O)NRR, NRS(O).R, C(-S) 

OR, C(=O)SR', NRC( NRNR.R., 
NRC( NR2)OR, RC( NR2) SR-3, OC 

(—O)OR, OC(=O)NR'R'', OC(=O)SR', SC 
(—O)OR, P(O)OROR, or SC(=O)NR'R'', and 
wherein each of said alkyl, cycloalkyl, or heterocyclyl moiety 
is unsubstituted or is substituted with one or more alkyl, 
heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, 
aryl, arylalkyl, heteroaryl, heteroarylalkyl, halo. —OH, 
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0418 —(W), is NH-, - N(H)C(O) or - N(H) 
S(O) ; 
0419 R is hydrogen, halogen, OR', NR'R'', 
NRR, C(O)R, COR, C(O)NR'R'', 
C(O)NR'R's, —S(O) R', SONR'R'', 

—SO.NR'R'', bicyclic aryl, substituted monocyclic aryl, 
heteroaryl, Coalkyl, C-scycloalkyl, Coalkyl-C-scy 
cloalkyl, Cascycloalkyl-Coalkyl, Coalkyl-monocyclic 
aryl, monocyclic aryl-Coalkyl, Coalkylbicycloaryl, 
bicycloaryl-Coalkyl, Substituted Coalkylaryl. Substi 
tuted aryl-Coalkyl, Coalkylheteroaryl, Coalkylhetero 
cyclyl, Coalkenyl, C-alkynyl, heterocyclyl, heterocyclyl 
Coalkyl, heterocyclyl-Coalkenyl, heterocyclyl-C- 
loalkynyl, aryl-heterocyclyl, heteroaryl-Coalkyl, het 
eroaryl-heteroalkyl, or heteroaryl-heterocyclyl, wherein each 
of said bicyclic aryl or heteroaryl moiety is unsubstituted, or 
wherein each of bicyclic aryl, heteroaryl moiety or monocy 
clic aryl moiety is substituted with one or more independent 
halo, OH, -R, CF, OCF, OR, NR'R'', 
NRR, C(O)R, COR, C(O)NR'R'', 
C(=O)NR'R, NO, CN, S(O) R', 
SONR, R2, SONRRS, NRC(O)R2, 
NRC(O)OR, NRC(O)NRR, NRS(O). 

2R, C(-S)OR, C(=O)SR', NRC(-NR) 
NR,R, NRC( NR2)OR, NRC( NR) 
SR, OC(=O)CR, OC(=O)NR'R'', OC(=O) 
SR', SC(=O)CR', P(O)OROR, or SC(=O) 
NR'R'', and wherein each of said alkyl, cycloalkyl, 
heterocyclyl, or heteroalkyl moiety is unsubstituted or is sub 
stituted with one or more halo, -OH, -R, CFs, 
OCF, OR, O-aryl, NRR, NRR, 
C(O)R, COR', C(=O)N34R or C(=O) 

NR3 R32, 
0420) R', R', and R, in each instance, are indepen 
dently H or Coalkyl, wherein the Coalkyl is unsubsti 
tuted; and 
0421 RandR in NR'R'', C(O)NR'R'R'', 
or -SO2NR'R'', are taken together with the nitrogenatom 
to which they are attached to form a 3-10 membered saturated 
or unsaturated ring; wherein said ring is independently 
unsubstituted or is substituted by one or more —NR'R''. 
hydroxyl, halogen, oxo, aryl, heteroaryl, C-alkyl, or O-aryl. 
and wherein said 3-10 membered saturated or unsaturated 
ring independently contains 0, 1, or 2 more heteroatoms in 
addition to the nitrogen. 
0422 The invention further provides a compound which is 
an mTor inhibitor, wherein the compound has the Formula 
I-A: 

Formula I-A 
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tuted or is substituted with one or more halo, -OH, -R', 
CF, OCF, OR, O-aryl, NR'R'', 
NRRS, C(O)R, CO.R, C(O)NR'R'', or 
C(O)NR'R'?: 

0435 R is hydrogen, halogen, OH, -R, CFs, 
OCF, OR, NRR, NRR, C(O)R', 
COR, C(=O)NR'R, C(=O)NR'R, NO, 
CN, S(O) R', SONR'R'', SONRR, 
NRC(=O)R, NRC(=O)CR, NRC(=O) 

NRR, NRS(O).R., C(=S)OR', C(=O) 
SRI, NRC( NR2NR.R32, NRC( NR2)OR3, 
NRC(-NR)SR, OC(=O)CR, OC(=O) 

NR', OC(=O)SR', SC(=O)CR', P(O) 
OROR2, or SCG O)NR'R'?: 
0436 R. R. and R, in each instance, are indepen 
dently H or Coalkyl, wherein the Coalkyl is unsubsti 
tuted or is substituted with one or more aryl, heteroalkyl, 
heterocyclyl, or heteroaryl group, wherein each of said aryl, 
heteroalkyl, heterocyclyl, or heteroaryl group is unsubsti 
tuted or is substituted with one or more halo. —OH, - C 
loalkyl, -CF. —O-aryl, —OCF, —OC-alkyl, -NH2, 
—N(Coalkyl)(Coalkyl). —NH(Coalkyl). —NH 
(aryl), -NRR,-C(O)(C 10alkyl), C(O)(Coalkyl 
aryl), —C(O)(aryl), —CO Coalkyl, -CO. C. 
loalkylaryl, -CO-aryl, -C(=O)N(Coalkyl)(C- 
loalkyl), —C(=O)NH(Calkyl), C(=O)NR'R'', 
—C(=O)NH2. —OCF, —O(C-alkyl). —O-aryl, 
—N(aryl)(Coalkyl). —NO. —CN. —S(O) Coalkyl, 
—S(O) Coalkylaryl, -S(O) aryl, -SON(aryl), 
—SON(Coalkyl)(Coalkyl). —SONH(Coalkyl) or 
SONRRS: 

0437. RandR in NR'R'', C(O)NR'R'R'', 
or - SONR'R'', are taken together with the nitrogenatom 
to which they are attached to form a 3-10 membered saturated 
or unsaturated ring; wherein said ring is independently 
unsubstituted or is substituted by one or more —NR'R''. 
hydroxyl, halogen, oxo, aryl, heteroaryl, Calkyl, or O-aryl, 
and wherein said 3-10 membered saturated or unsaturated 
ring independently contains 0, 1, or 2 more heteroatoms in 
addition to the nitrogen atom; 
0438 R7 and R are each independently hydrogen, 
Coalkyl, Coalkenyl, aryl, heteroaryl, heterocyclyl or 
Cocycloalkyl, each of which except for hydrogen is unsub 
stituted or is substituted by one or more independent R: 
0439 R is halo, OR, SH, NH, NRR, 
NRR, COR, COary1, C(=O)NR'R'', 

C(=O)NR'R, NO. —CN, -S(O) Coalkyl, 
—S(O) aryl, -SONRR, -SONR'R''. Coalkyl, 
Coalkenyl, Coalkynyl: aryl-Coalkyl, aryl-Coalk 
enyl, aryl-Coalkynyl, heteroaryl-Coalkyl, heteroaryl 
Coalkenyl, heteroaryl-Coalkynyl, wherein each of said 
alkyl, alkenyl, alkynyl, aryl, heteroalkyl, heterocyclyl, or het 
eroaryl group is unsubstituted or is Substituted with one or 
more independent halo, cyano, nitro. —OCoalkyl, 
Coalkyl, Coalkenyl, Coalkynyl, haloCoalkyl, 
haloCoalkenyl, haloCoalkynyl, -COOH, -C(=O) 
NR3 R32, C(O)NR'R'', SONRR, 
SONRR, NR'R'', or NR'R's; and 

0440 R is H, halo, OR, SH, NH, NRR, 
NRR, COR, COary1, C(=O)NR'R'', 

C(=O)NR'R, NO. —CN, -S(O) Coalkyl, 
—S(O) aryl, -SO2NR'R'', -SONR'R''. Coalkyl, 
Coalkenyl, Coalkynyl: aryl-Coalkyl, aryl-Coalk 
enyl, aryl-Coalkynyl, heteroaryl-Coalkyl, heteroaryl 
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Coalkenyl, heteroaryl-Coalkynyl, wherein each of said 
alkyl, alkenyl, alkynyl, aryl, heteroalkyl, heterocyclyl, or het 
eroaryl group is unsubstituted or is Substituted with one or 
more independent halo, cyano, nitro. —OC-alkyl, 
Coalkyl, Coalkenyl, Coalkynyl, haloCoalkyl, 
haloCoalkenyl, haloCoalkynyl, -COOH, -C(=O) 
NR3 R32, C(O)NR'R'', SONRR, 
SONRR, NR'R'', or NR'R''. 

0441. In some embodiments, X is C. R. 
0442. The invention also provides an inhibitor as defined 
above, wherein the compound is of Formula I-B: 

Formula I-B 
R3 R32 
N1 

M 

N 

JOO E2 N X 
v 
R 

ora pharmaceutically acceptable salt thereof, and wherein the 
substituents are as defined above. 
0443) In various embodiments the compound of Formula 
I-B or its pharmaceutically acceptable salt thereof, is an 
inhibitor having the structure of Formula I-B1 or Formula 
I-B2: 

Formula I-B-1 
R3 R32 
n N1 

M 

N 

JOO E2 N X2 
w 
R 

Formula I-B2 
R3 R32 
n N1 

M 

N C ls X. N 
E2 2 Nx, 

v 
R 

or a pharmaceutically acceptable salt thereof. 
0444. In various embodiments of Formula I-B1, X is N 
and X is N. In other embodiments, X is C-E' and X is N. In 
yet other embodiments, X is NH and X is C. In further 
embodiments, X is CH-E' and X is C. 
0445. In various embodiments of Formula I-B2, X is N 
and X is C. In further embodiments, X is C-E' and X is C. 
0446. In various embodiments, X is C (W), R, 
where j is 0. 
0447. In another embodiment, X is CH. In yet another 
embodiment, X is C-halogen, where halogen is Cl, F, Br, or 
I. 

0448. In various embodiments of X, it is C (W), R. 
In various embodiments of X,j is 1, and W' is - O -. In 
various embodiments of X,j is 1, and W' is NR -. In 
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various embodiments of X, j is 1, and W' is NH-. In 
various embodiments of X,j is 1, and W' is S(O) . In 
various embodiments of X,j is 1, and W' is C(O)—. In 
various embodiments of X,j is 1, and W' is C(O)N(R)—. 
In various embodiments of X,j is 1, and W' is N(R)C 
(O)—. In various embodiments of X,j is 1, and W' is N(R7) 
S(O)—. In various embodiments of X, j is 1, and W' is 
—N(R)S(O) . In various embodiments ofX,j is 1, and W. 
is C(O)C) . In various embodiments of X,j is 1, and W' is 
CH(R)N(C(O)OR)-. In various embodiments of X,j is 1, 
and W' is CH(R)N(C(O)R)-. In various embodiments 
of X, j is 1, and W' is —CH(R)N(SOR)-. In various 
embodiments of X,j is 1, and W' is CH(R)N(R)-. In 
various embodiments of X,j is 1, and W' is —CH(R)C(O) 
N(R)-. In various embodiments of X,j is 1, and W' is 
—CH(R)N(R)C(O)—. In various embodiments of X,j is 
1, and W' is —CH(R)N(R)S(O)-. In various embodi 
ments of X,j is 1, and W' is —CH(R7)N(R)S(O), . 
0449 In another embodiment, X is CH. In yet another 
embodiment, X is CH-halogen, where halogenis C1, F, Br, or 
I. 

0450. In another embodiment, X is N. 
0451. In various embodiments, X is N. In other embodi 
ments, X is C. 
0452. In various embodiments, E is —(W), R, where 

j is 0. 
0453. In another embodiment, E is CH. In yet another 
embodiment, E is C-halogen, where halogen is C1, F, Br, or 
I 

0454) In various embodiments of E, it is -(W).R. In 
various embodiments of Ejis 1, and W' is —O—. In various 
embodiments of E, j is 1, and W' is NR -. In various 
embodiments of E, j is 1, and W' is NH-. In various 
embodiments of E.j is 1, and W' is S(O) . In various 
embodiments of E, j is 1, and W' is C(O)—. In various 
embodiments of E, j is 1, and W' is –C(O)N(R)-. In 
various embodiments of Ejis 1, and W' is N(R)C(O)—. 
In various embodiments of E, j is 1, and W' is N(R)S 
(O) . In various embodiments of E, j is 1, and W' is 
—N(R)S(O) . In various embodiments of E, j is 1, and 
W' is C(O)C) . In various embodiments of E.j is 1, and 
W' is CH(R)N(C(O)OR)-. In various embodiments of E, 
j is 1, and W' is CH(R)N(C(O)R)-. In various embodi 
ments of E, j is 1, and W' is -CH(R)N(SOR)-. In 
various embodiments of E, j is 1, and W' is —CH(R)N 
(R)-. In various embodiments of E, j is 1, and W' is 
—CH(R)C(O)N(R)-. In various embodiments of E.j is 1, 
and W' is CH(R)N(R)C(O)-. In various embodiments 
of E, j is 1, and W' is —CH(R)N(R)S(O)-. In various 
embodiments of E, j is 1, and W' is -CH(R)N(R)S(O) 
2 

0455. In various embodiments of Formula I-A, I-B, I-B1 
and I-B2, Mis: W-R2, or (W2)-R or 

-( -( 
S S 
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-continued 

(W2)-R2 or (W2)-R2. 

-( -( 
S S 

0456. In some embodiments of the invention, M is ben 
zothiazolyl substituted with —(W), R.W. can be —O , 
—S(O) - (including but not limited to —S— —S(O)—, 
and —S(O) ), —C(O)—, or—C(O)O 
0457. In other embodiments, W' is NR or -CH(R) 
N(R') , wherein Rand Rare each independently hydro 
gen, unsubstituted or substituted C-Coalkyl (which 
includes but is not limited to —CH, —CH2CH., n-propyl. 
isopropyl. n-butyl, tert-butyl, sec-butyl, pentyl, hexyl, and 
heptyl), unsubstituted or substituted C-Coalkenyl (includ 
ing but not limited to alkenyl such as, for example, vinyl, 
allyl, 1-methyl propen-1-yl, butenyl, or pentenyl). Addition 
ally when W is NR or -CH(R)N(R7) , R and R7 
are each independently unsubstituted or substituted aryl (in 
cluding phenyl and naphthtyl). In yet other embodiments, 
when W is NR or -CH(R)N(R7) , R and R7 are 
each independently heteroaryl, wherein the heteroaryl is 
unsubstituted or substituted. Rand Rheteroaryl is mono 
cyclic heteroaryl, and includes but is not limited to imida 
Zolyl, pyrrolyl, oxazolyl, thiazolyl, and pyridinyl. In some 
other embodiments, when W is NR or -CH(R)N 
(R') , R and R7 are each independently unsubstituted or 
substituted heterocyclyl (which includes but is not limited to 
pyrrolidinyl, tetrahydrofuranyl, piperidinyl, tetrahydropyra 
nyl, thiazolidinyl, imidazolidinyl, morpholinyl, and piperazi 
nyl) or unsubstituted or Substituted C-scycloalkyl (including 
but not limited to cyclopropyl, cyclobutyl, and cyclopentyl). 
Nonlimiting exemplary W include NH , N(cyclopro 
pyl), and —N(4-N-piperidinyl). 

0458. For example, exemplary mTor inhibitors of the 
invention have the Formulas: 

1. R2 

--" 
S 

NH2 

N 

ON // 
N N 
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. OO 
N V 

R 

-continued 

-R 
N (W2), 

S 
S 

NH2 

OO 2-2 
R 

-R 

s" 
NH2 

N 

ON l / 
N N 

R 

-R. 
S (W2), 

H 

Reaction Schemes—mTor Inhibitor Compounds 
0459. The mTor inhibitor compounds disclosed herein 
may be prepared by the routes described below. Materials 
used herein are either commercially available or prepared by 
synthetic methods generally known in the art. These schemes 
are not limited to the compounds listed or by any particular 
substituents employed for illustrative purposes. Numbering 
does not necessarily correspond to that of claims or other 
tables. 

Scheme A 

NH2 

NC N21 NIS 
Ya HCONH, N DMF N - - N - Y - 
M 160° C., N M 80° C., 

HN N 5h, 90% N N 16 h,90% 
A-1 A-2 
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-continued 
NH I NH I 

Na Q RIE, N1 & APE,- 
N Base N Suzuki 

s N^ N N^ Coupling 
H V 

R 
A-3 A-4 

NH2 Air 

21 N 

( ) s N 
V 
R 

A-5 

0460. In one embodiment, compounds are synthesized by 
condensing a functionalized heterocycle A-1 with forma 
mide, to provide a pyrazolopyrimidine A-2. The pyrazolopy 
rimidine is treated with N-iodosuccinimide, which introduces 
an iodo Substituent in the pyrazole ring as in A-3. The R 
Substituent is introduced by reacting the pyrazolopyrimidine 
A3 with a compound of Formula R-Lg in the presence of a 
base such as potassium carbonate to produce a compound of 
Formula A-4. Other bases that are suitable for use in this step 
include but are not limited to Sodium hydride and potassium 
t-butoxide. The compound of Formula R-Lg has a moiety R 
as defined for R of a compound of Formula I-A, and wherein 
-Lg is an appropriate leaving group Such as halide (including 
bromo, iodo, and chloro), tosylate, or other Suitable leaving 
grOup, 

0461) The substituents corresponding to M are thereafter 
introduced by reacting aryl or heteroarylboronic acids with 
the compound of Formula A-4 to obtain compound A-5. 

Scheme A-1 

NH NH 2 I 2 I 

21 ROH N 21 N 
N PPh3, DIAD N 

s N/ s N^ 
H V 

R 
A-3 A-4 

0462 Alternatively, Mitsunobu chemistry can be used to 
obtain alkylated pyrazolopyrimidine A-4, as shown in 
Scheme A-1. Iodopyrazolopyrimidine A-3 is reacted with a 
Suitable alcohol, in the presence of triphenylphosphine and 
diisopropylazodicarboxylate (DIAD) to produce pyrazolopy 
rimidine A-4. 
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Scheme B 

R31 R32 
n N Y 

T 

N -- -e- 

OO . XN-1/ 
2^SX. B-M 

v 
R GO 

Formula A Formula B 

R31 R32 
n N Y 

M 

N 

OQ. XN st-rex, 
v 
R 

Formula C 

0463. The compounds of the invention may be synthesized 
via a reaction scheme represented generally in Scheme B. The 
synthesis proceeds via coupling a compound of Formula A 
with a compound of Formula B to yield a compound of 
Formula C. The coupling step is typically catalyzed by using, 
e.g., a palladium catalyst, including but not limited to palla 
dium tetrakis(triphenylphosphine). The coupling is generally 
performed in the presence of a Suitable base, a nonlimiting 
example being sodium carbonate. One example of a Suitable 
Solvent for the reaction is aqueous dioxane. 
0464 A compound of Formula A for use in Scheme B has 
a structure of Formula A, wherein T is triflate or halo (includ 
ing bromo, chloro, and iodo), and wherein R, X, X2, X, R. 
and R are defined as for a compound of Formula I-A. For 
boronic acids and acid derivatives as depicted in Formula B. 
M is either M or M. M is defined as for a compound of 
Formula I-A. For example, M can be a 5-benzoxazolyl or a 
6-benzoxazolyl moiety, including but not limited to those M. 
moieties disclosed herein. M is a moiety which is syntheti 
cally transformed to form M, after the M moiety has been 
coupled to the bicyclic core of the compound of Formula A. 
0465 For a compound of Formula B. G is hydrogen or 
R, wherein R is alkyl, alkenyl, or aryl. Alternatively, 
B(OG) is taken together to form a 5- or 6-membered cyclic 
moiety. In some embodiments, the compound of Formula Bis 
a compound having a structure of Formula E: 

Formula E 
GO 

GO 
N 

N N-RG2 
H 

O 

56 
Dec. 4, 2014 

wherein G is H or R, R is alkyl, alkenyl, or aryl. Alter 
natively, 

GO 

GO 

forms a 5- or 6-membered cyclic moiety; and R is a R 
moiety, wherein the R moiety is H, acyl, or an amino 
protecting group including but not limited to tert-butyl car 
bamate (Boc), carbobenzyloxy (Cbz), benzyl (BZ), fluorenyl 
methyloxycarbonyl (FMOC), p-methoxybenzyl (PMB), and 
the like. 

Scheme C 

RGO HO 

T-M -> B-M -> 

RO HO 

Formula D Formula B Formula B' 

0466. In some embodiments, a compound of Formula B is 
a compound of Formula B', wherein G is R. or a compound 
of Formula B", wherein G is hydrogen. Scheme C depicts an 
exemplary scheme for synthesizing a compound of Formula 
B' or, optionally, Formula B" for use in Reaction Scheme C. 
This reaction proceeds via reacting a compound of Formula D 
with a trialkylborate or a boronic acid derivative to produce a 
compound of Formula B'. The reaction is typically run a 
solvent such as dioxane or tetrahydrofuran. The trialkyl 
borate includes but is not limited to triisopropylborate and the 
boronic acid derivative includes but is not limited to bis(pina 
colato) diboron. 
0467. When the reaction is performed with trialkylborate, 
a base such as n-butyllithium is first added to the compound of 
Formula D to generate an anion, prior to the addition of the 
borate. When the reaction is performed with a boronic acid 
derivative Such as bis(pinacolato)diboron, a palladium cata 
lystandabase is used. Typical palladium catalysts includebut 
is not limited to palladium chloride (diphenylphosphino)fer 
rocene). A suitable base includes but is not limited to potas 
sium acetate. 

0468. A compound of Formula D for use in Scheme C is a 
compound wherein Tishalo or another leaving group, and M 
is as defined above in Scheme B. The compound of Formula 
B' may further be converted to a compound of Formula B" by 
treatment with an acid Such as hydrochloric acid. 
0469. In one embodiment of a compound of Formula B. 
B'. B", or E, the G groups are hydrogen. In another of a 
compound of Formula B. B. B", or E, the G groups are R. 
0470. In some embodiments, no further synthetic transfor 
mation of M moiety is performed after the coupling reaction 
when, e.g. M is 2-N-acetyl-benzoxazol-5-yl. 
0471. Some exemplary compounds of Formula B that can 
be synthesized via Scheme C include but are not limited to 
compounds of the following formulae: 
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In other embodiments of the invention, a compound 
of Formula E is synthesized from a compound of Formula F. 
as shown in Scheme C-1: 
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Scheme C-1 
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0473 Scheme C-1 depicts an exemplary scheme for syn 
thesizing a compound of Formula E. This reaction proceeds 
via reacting a compound of Formula F with a trialkylborate or 
a boronic acid derivative to produce a compound of Formula 
E. The conditions of the reaction are as described above in 
Scheme C. 

0474. A compound of Formula F for use in Scheme C-1 is 
a compound wherein T is halo (including Br, Cl, and I) or 
another leaving group (including but not limited to triflate, 
tosylate, and mesylate), and the G moiety is H, acyl, or an 
amino protecting group including but not limited to tert-butyl 
carbamate (Boc), carbobenzyloxy (Cbz), benzyl (BZ), fluo 
renylmethyloxycarbonyl (FMOC), p-methoxybenzyl 
(PMB), and the like. 
0475. The compound of Formula E, wherein G is alkyl, 
may further be converted to a compound of Formula E, 
wherein G is hydrogen, by treatment with an acid such as 
hydrochloric acid 

0476. Where desired, deprotection of a substituent (e.g., 
removal of Boc protection from an amino substituent) on the 
benzoxazolyl moiety (i.e. M of Formula C) is performed 
after coupling the compound of Formula B to the compound 
of Formula A. 

0477 Some exemplary compounds with such protecting 
groups, include but are not limited to compounds of the fol 
lowing formulae: 

HO1 y-as 
1. 

CO)-- 
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0478 An exemplary transformation of M to M can be 
carried out via Scheme Das shown below. 

Scheme D 
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OH 

NO 

Step 3 

Step 4 

Formula 3-6 

0479. In Step 1, a compound of Formula 3-1 is reacted 
with boronic acid 3-2, in the presence of palladium tetrakis 
(triphenylphosphine) and a suitable base, such as sodium 
carbonate in an aqueous/organic solvent mixture to produce a 
compound of Formula 3-3. In Step 2, the compound of For 
mula 3-3 is reacted with about 2 equivalents of nitric acid in 
acetic acid as solvent to produce a compound of Formula 3-4. 
Two alternative transformations may be used to effect the 
next transformation of Step 3. In the first method, the com 
pound of Formula 3-4 is treated with sodium dithionite and 
Sodium hydroxide in water to produce a compound of For 
mula 3-5. Alternatively, the compound of Formula 3-4 is 
reduced using palladium on carbon in a suitable solvent under 
a hydrogen atmosphere to yield a compound of Formula 3-5. 
0480. In Step 4, compound 3-5 is reacted with about 1.2 
equivalents of cyanogen bromide in a solvent such as metha 
nol/tetrahydrofuran mixture to produce a compound of For 
mula 3-6. The compound of Formula 3-6 may be further 
transformed by other substitution or derivatization. 
0481. A compound of Formula 3-1 useful in the method of 
Scheme D is a compound having a structure of Formula 3-1, 
wherein T is triflate or halo (including bromo, chloro, and 
iodo), and wherein R, X, X2, X, RandR are defined as 
for a compound of Formula I-A. 
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Exemplary compounds having a pyrazolopyrimi 
dine core can be synthesized via Scheme E. 

Scheme E 

NH NH 2 2 T 

21 NTS 21 
N NDMF. YN R.T. 
ls N^ 80° C. ls N^ K2CO3, DMF 

N H Step 1 N H Step 2 

A-2 4-1 
NH2 

T 

N21 \ Pd(PPh3)4 
N + GO - > M V Sat'd Na2CO3, 

s N –M Dioxane, reflux 
R GO Step 3 

4-2 Formula B 
NH2 M 

Na N 
ls N s N 

R 
Formula C 

in Step 1 of Scheme E. compound A-2 in dimethyl 0483. In Step 1 of Sch E pound A-2 in dimethyl 
formamide (DMF), is reacted with an N-halosuccinimide 
(NTS) at about 80°C., to provide compound 4-1, where T is 
iodo or bromo. In Step 2, compound 4-1 in DMF is reacted 
with a compound RT, in the presence of potassium carbon 
ate, to provide compound 4-2. In Step 4, compound 4-2 is 
coupled with a compound of Formula B using palladium 
catalysis such as palladium tetrakis(triphenylphosphine), and 
in the presence of sodium carbonate, to yield a pyrazolopy 
rimidine compound as shown. 
0484. A compound of Formula RT suitable for use in 
Reaction Scheme E is the compound wherein R is cycloalkyl 
or alkyl and T is halo (including bromo, iodo, or chloro) or a 
leaving group, including but not limited to mesylate or tosy 
late. 

0485 Reaction Schemes F-M illustrate methods of syn 
thesis of borane reagents useful in preparing intermediates of 
use in synthesis of the compounds of the invention as 
described in Reaction Schemes A, B, and E above, to intro 
duce M substituents. 

Reaction Scheme F 
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0486 In an alternative method of synthesis, a compound 
of Formula N-1 and a compound of N-2 are coupled to pro 
duce a compound of Formula C. The coupling step is typically 
catalyzed by using, e.g., a palladium catalyst, including but 
not limited to palladium tetrakis(triphenylphosphine). The 
coupling is generally performed in the presence of a suitable 
base, a nonlimiting example being sodium carbonate. One 
example of a Suitable solvent for the reaction is aqueous 
dioxane. 
0487. A compound of Formula N-1 for use in Scheme N 
has a structure of Formula N-1, wherein G is hydrogen or 
R, wherein R is alkyl, alkenyl, or aryl. Alternatively, 
B(OG) of the compound of Formula N-1 is taken together to 
form a 5- or 6-membered cyclic moiety. R, X, X2, X, R. 
and Rs of the compound of Formula N-1 are defined as for a 
compound of Formula I-A. 
0488 A compound of Formula N-2 for use in Scheme N 
has a structure of Formula N-2 wherein T is triflate or halo 
(including bromo, chloro, and iodo). M of the compound of 
Formula N-2 is either M or M. M is defined as for a 
compound of Formula I. For example, M can be a 5-benzox 
azolyl or a 6-benzoxazolyl moiety, including but not limited 
to those M moieties disclosed herein. M is a moiety which 
is synthetically transformed to form M, after the M moiety 
has been coupled to the bicyclic core of the compound of 
Formula N-1. 

Scheme N-1 

R31N-R32 R31N-R32 GQ N N T2 --OG 

N N 

OO OOX X X 2^six, 2^sy, 
v v 
R R 

Formula N-3 Formula N-1 

0489. A compound of Formula N-1 may be synthesized as 
shown in Scheme N-1. A compound of Formula N-1 is 
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reacted with a trialkyl borate or a boronic acid derivative to 
produce a compound of Formula N-1. The reaction is typi 
cally run a solvent such as dioxane or tetrahydrofuran. The 
trialkyl borate includes but is not limited to triisopropyl 
borate and the boronic acid derivative includes but is not 
limited to bis(pinacolato)diboron. 
0490 When the reaction is performed with trialkylborate, 
a base such as n-butyllithium is first added to the compound of 
Formula N-3 to generate an anion, prior to the addition of the 
borate. When the reaction is performed with a boronic acid 
derivative Such as bis(pinacolato)diboron, a palladium cata 
lystandabase is used. Typical palladium catalysts includebut 
is not limited to palladium chloride (diphenylphosphino)fer 
rocene). A suitable base includes but is not limited to potas 
sium acetate. 
0491. A compound of Formula N-3 suitable for use in 
Scheme N-1 is a compound wherein T is halo or another 
leaving group Such as mesylate, tosylate, or triflate. X1, X2, 
X, R. R. and Rs of the compound of Formula N-3 is as 
defined for a compound of Formula I-A. 
0492. In some embodiments of the invention, a compound 
of Formula A, B, B', B", C, C", D, E, E",3-1,3-2, 3-3, 3-4, 3-5, 
3-6, N-1", N-3", 3-1", 3-3", 3-4", 3-5", 3-6", N-1", or N-3" is 
provided as its salt, including but not limited to hydrochlo 
ride, acetate, formate, nitrate, Sulfate, and boronate. 
0493. In some embodiments of the invention, a palladium 
compound, including but not limited to palladium chloride 
(diphenylphosphino)ferrocene) and palladium tetrakis(triph 
enylphosphine), is used in the synthesis of a compound of 
Formula A, B, B', B", C, C", D, E, E", 3-1, 3-2, 3-3, 3-4, 3-5, 
3-6, N-1", N-3", 3-1", 3-3", 3-4", 3-5", 3-6", N-1", or N-3". 
When a palladium compound is present in the synthesis of a 
compound of Formula A, B, B', B", C, C", D, E, E",3-1,3-2, 
3-3, 3-4, 3-5, 3-6, N-1", N-3", 3-1", 3-3", 3-4", 3-5", 3-6", 
N-1", or N-3", it is present in an amount ranging from about 
0.005 molar equivalents to about 0.5 molar equivalents, from 
about 0.05 molar equivalents to about 0.20 molar equivalents, 
from about 0.05 molar equivalents to about 0.25 molar 
equivalents, from about 0.07 molar equivalents to about 0.15 
molar equivalents, or about 0.8 molar equivalents to about 0.1 
molar equivalents of the compound of Formula A, B, B'. B", 
C, D, E, 3-1, 3-2, 3-3, 3-4, 3-5, 3-6, N-1, or N-3. In some 
embodiments, a a palladium compound, including but not 
limited to palladium chloride (diphenylphosphino)ferrocene) 
and palladium tetrakis(triphenylphosphine) is present in the 
synthesis of a compound of Formula A, B, B'. B", C, C", D, E, 
E", 3-1, 3-2, 3-3, 3-4, 3-5, 3-6, N-1", N-3", 3-1", 3-3", 3-4", 
3-5", 3-6", N-1", or N-3" in about 0.07, about 0.08, about 
0.09, about 0.10, about 0.11, about 0.12, about 0.13, about 
0.14, or about 0.15 molar equivalents of a starting material of 
Formula A, B, B', B", C, C", D, E, E", 3-1, 3-2, 3-3, 3-4, 3-5, 
3-6, N-1", N-3", 3-1", 3-3", 3-4", 3-5", 3-6", N-1", or N-3" 
that is used to synthesize a compound of Formula A, B, B', B", 
C, C", D, E, E", 3-1, 3-2, 3-3, 3-4, 3-5, 3-6, N-1", N-3", 3-1", 
3-3", 3-4", 3-5", 3-6", N-1", or N-3". 
0494. In some embodiments of the above reaction 
schemes B, D, E, N or N-1, another embodiment of the 
compounds of Formula A, C,3-1,3-3, 3-4, 3-5, 3-6, A-2, 4-1, 
4-2, N-1 and N-3 is as shown in Schemes B". D'E', N' or N-1 
below. In these alternative syntheses, producing a compound 
of Formula C, 3-1, 3-3, 3-4, 3-5, 3-6, A-2, 4-1, 4-2, N-1 or 
N-3, use compounds that comprise an amino moiety having a 
R. moiety present during one or more of the synthetic steps, 
wherein R is an amino protecting group including but not 
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limited to tert-butyl carbamate (Boc), carbobenzyloxy (Cbz), 
benzyl (BZ), fluorenylmethyloxycarbonyl (FMOC), p-meth 
oxybenzyl (PMB), and the like. These compounds include a 
compound of Formula A", C", 3-1", 3-3", 3-4", 3-5", 3-6", 
A-2", 4-1", 4-2", N-1" or N-3". 

0495. The R moiety is removed, using suitable methods, 
at any point desired, whereupon the compound of Formula C, 
3-1, 3-3, 3-4, 3-5, 3-6, A-2, 4-1, 4-2, N-1 or N-3 has a R 
hydrogen replacing the R moiety on the amino moiety. This 
transformation is specifically illustrated for the conversion of 
a compound of Formula C" to a compound of C (i.e., as in 
Step 4 of Scheme E") and for the conversion of a compound of 
Formula 3-6" to a compound of Formula 3-6 (i.e., as in Step 
5 of Scheme D'). This illustration is in no way limiting as to 
the choice of steps wherein a compound comprising a 
NRR moiety may be converted to a compound compris 
ing a NRR moiety wherein the R moiety is hydrogen. 
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0496 Additionally, the invention encompasses methods 
of synthesis of the compounds of A, B, B', B", C, E, 3-1, 3-2, 
3-3, 3-4, 3-5, 3-6, N-1 or N-3, wherein one or more of M. M. 
or R has a protecting group present during one or more steps 
of the synthesis. Protecting groups suitable for use for a M. 
M, or R moiety are well known in the art, as well as the 
methods of incorporation and removal, and the reagents Suit 
able for such transformations. 

10497 Compounds of the invention where X is C R. 
may be prepared by methods analogous to the ones described 
in the Schemes illustrated above. 

0498 Reaction Schemes O, P and Q illustrate methods of 
synthesis of borane reagents useful in preparing intermedi 
ates of use in synthesis of the compounds of the invention as 
described in Reaction Schemes 1 and 2 above, to introduce 
benzothiazolyl substituents. 
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0499. A compound of Formula O-1 is treated with, for 
example, nitric acid to produce a compound of Formula O-2. 
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The compound of Formula O-2 is treated with a reducing 
agent such as Stannous chloride to produce a compound of 
Formula O-3. The compound of O-3 is treated with sodium 
nitrate in acide and cupric bromide to produce a compound of 
Formula O-4. The compound of O-4 is treated a base such as 
butyl lithium and boron tris-isopropoxide to produce a com 
pound of Formula O-5. 
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(0500. A compound of Formula P-1 is treated with, for 
example, potassium thiocyanate and bromine in acetic acid to 
produce a compound of Formula P-2. The compound of For 
mula P-2 is treated with an acteylating reagent such as acetyl 
chloride to produce a compound of Formula P-3. The com 
pound of P-3 is reacted with, for example, bis(pinacolato) 
diboron (compound P-4) in the presence of a catalyst Such as 
palladium chloride to produce a compound of Formula P-5. 

Scheme Q 
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0501. The compound of Formula P-2 is reacted with, for 
example, methyl carbamic acid chloride to produce a com 
pound of Formula Q-1. The compound of Formula Q-1 is 
reacted with bis(pinacolato)diboron (compound P-4) in the 
presence of a catalyst Such as Pd(dba), 2-chlorohexylphos 
phino-2,4,6-triisopropylbiphenyl, a base Suchy as potassium 
acetate, to produce the compound of Formula Q-2. 
0502. Some illustrative compounds of the invention which 
are mTor inhibitors are described below. The compounds of 
the invention are not limited in any way to the compounds 
illustrated herein. 
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Subclass 13a 

Subclass 13b 

Subclass 14a 

Subclass 14b 
  

  



US 2014/0357651 A1 

-continued 
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0503 Illustrative compounds of the invention include 
those of subclass 1a, 1b, 2a, 2b, 3a, 3b, 4a, 4b, 5a, 5b, 6a, 6b, 

70 
Dec. 4, 2014 

7a, 7b, 8a, 8b, 9a, 9b, 10a, 10b, 11a, 11b, 12a, 12b, 13a, 13b, 
14a, 14b. 15a, 15b, 16a, or 16b, where the substituents R.X. 
and V are as described below. 

0504. In some embodiments, when R is Hand X is CH, 
V is phenylamino, benzyl, phenyl, NHMe, NH, NHEt, 
NHCOH, NHCOMe, NHCOEt, NHCOiPr, NHCOOMe, 
CONHMe, or NHSOMe. In other embodiments, when R is 
H and X is N, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is CH and X is CH, V is phenylamino, 
benzyl, phenyl, NHMe, NH, NHEt, NHCOH, NHCOMe, 
NHCOEt, NHCOiPr, NHCOOMe, CONHMe, or 
NHSOMe. In other embodiments, when R is CH and X is 
N. V is phenylamino, benzyl, phenyl, NHMe, NH, NHEt, 
NHCOH, NHCOMe, NHCOEt, NHCOiPr, NHCOOMe, 
CONHMe, or NHSOMe. In other embodiments, when R is 
Et and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is Et and X is N, V is phenylamino, benzyl, 
phenyl, NHMe, NH, NHEt, NHCOH, NHCOMe, NHCOEt, 
NHCOiPr, NHCOOMe, CONHMe, or NHSOMe. In other 
embodiments, when R is iPrand X is CH, V is phenylamino, 
benzyl, phenyl, NHMe, NH, NHEt, NHCOH, NHCOMe, 
NHCOEt, NHCOiPr, NHCOOMe, CONHMe, or 
NHSOMe. In other embodiments, when R is iPrand X is 
N. V is phenylamino, benzyl, phenyl, NHMe, NH, NHEt, 
NHCOH, NHCOMe, NHCOEt, NHCOiPr, NHCOOMe, 
CONHMe, or NHSOMe. In one embodiment, R is iPr. X is 
N, and V is NH2. In another embodiment, R is iPr. X is N. 
and V is NHCOMe. In other embodiments, when R is 
cyclobutyl and X is CH, V is phenylamino, benzyl, phenyl, 
NHMe, NH, NHEt, NHCOH, NHCOMe, NHCOEt, 
NHCOiPr, NHCOOMe, CONHMe, or NHSOMe. In other 
embodiments, when R is cyclobutyl and X is N, V is phe 
nylamino, benzyl, phenyl, NHMe, NH, NHEt, NHCOH, 
NHCOMe, NHCOEt, NHCOiPr, NHCOOMe, CONHMe, or 
NHSOMe. In other embodiments, when R is cyclopenty1 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is cyclopenty1 and X is NV is phenylamino, 
benzyl, phenyl, NHMe, NH, NHEt, NHCOH, NHCOMe, 
NHCOEt, NHCOiPr, NHCOOMe, CONHMe, or 
NHSOMe. In other embodiments, when R is phenyland X 
is CH, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is phenyl and X is N. V is phenylamino, 
benzyl, phenyl, NHMe, NH, NHEt, NHCOH, NHCOMe, 
NHCOEt, NHCOiPr, NHCOOMe, CONHMe, or 
NHSOMe. In other embodiments, when R is pyridin-2-yl 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is pyridin-2-yland X is N.V. is phenylamino, 
benzyl, phenyl, NHMe, NH, NHEt, NHCOH, NHCOMe, 
NHCOEt, NHCOiPr, NHCOOMe, CONHMe, or 
NHSOMe. In other embodiments, when R is N-methylami 
nocyclohex-4-yl and X is CH, V is phenylamino, benzyl, 
phenyl, NHMe, NH, NHEt, NHCOH, NHCOMe, NHCOEt, 
NHCOiPr, NHCOOMe, CONHMe, or NHSOMe. In other 
embodiments, when R is N-methylaminocyclohex-4-yland 
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X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is N-methylpiperidin-4-yland X is CH, V is 
phenylamino, benzyl, phenyl, NHMe, NH, NHEt, NHCOH, 
NHCOMe, NHCOEt, NHCOiPr, NHCOOMe, CONHMe, or 
NHSOMe. In other embodiments, when R is N-methylpip 
eridin-4-yl and X is N, V is phenylamino, benzyl, phenyl, 
NHMe, NH, NHEt, NHCOH, NHCOMe, NHCOEt, 
NHCOiPr, NHCOOMe, CONHMe, or NHSOMe. In other 
embodiments, when R is N-methylaminocyclobut-3-yl and 
X is CH, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is N-methylaminocyclobut-3-yl and X is N. 
V is phenylamino, benzyl, phenyl, NHMe, NH, NHEt, 
NHCOH, NHCOMe, NHCOEt, NHCOiPr, NHCOOMe, 
CONHMe, or NHSOMe. In other embodiments, when R is 
tert-butyl and X is CH, V is phenylamino, benzyl, phenyl, 
NHMe, NH, NHEt, NHCOH, NHCOMe, NHCOEt, 
NHCOiPr, NHCOOMe, CONHMe, or NHSOMe. In other 
embodiments, when R is tert-butyl and X is N, V is pheny 
lamino, benzyl, phenyl, NHMe, NH, NHEt, NHCOH, 
NHCOMe, NHCOEt, NHCOiPr, NHCOOMe, CONHMe, or 
NHSOMe. In other embodiments, when R is 1-cyano-but 
4-yland X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 1-cyano-but-4-yl and X is N, V is pheny 
lamino, benzyl, phenyl, NHMe, NH, NHEt, NHCOH, 
NHCOMe, NHCOEt, NHCOiPr, NHCOOMe, CONHMe, or 
NHSOMe. In other embodiments, when R is 1-cyano-prop 
3-yl and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 1-cyano-prop-3-yl and X is N, V is phe 
nylamino, benzyl, phenyl, NHMe, NH, NHEt, NHCOH, 
NHCOMe, NHCOEt, NHCOiPr, NHCOOMe, CONHMe, or 
NHSOMe. In other embodiments, when R is 3-azetidinyl 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 3-azetidinyl and X is N.V. is phenylamino, 
benzyl, phenyl, NHMe, NH, NHEt, NHCOH, NHCOMe, 
NHCOEt, NHCOiPr, NHCOOMe, CONHMe, or 
NHSOMe. 
0505. In other embodiments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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and X is N.V. is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NH 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NH 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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and X is CH, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NH2 

and X, is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

rN. 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

2. 

rNH2 
and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NH 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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NH 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

HO 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

HO 

and X is N.V. is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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HO 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

O 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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O 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N.V. is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N.V. is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

N 
H 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOOMe, 
CONHMe, or NHSOMe. In other embodiments, when R is 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

N 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

N 
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and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, 
when R is 

/ 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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o 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

o 
and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

3. 
H 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

75 

N 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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0. 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

? 
and X is N.V. is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X, is CH, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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O O 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

O O 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

OH 

and X, is CH, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

OH 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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. 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

OH 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

CONHMe 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

CONHMe 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NHAC 
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and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NHAC 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NNOH 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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, 
NNOH 

and X is N.V. is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NNOMe 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NNOMe 

and X is N.V. is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

O 

and X, is CH, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R 

O 
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and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R 

N 

1s. 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

N 

-s, 
and X, is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

i H 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

i H 
and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

C 
and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

O 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R, is 

O 
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and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHICOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X, is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

N 
H 

and X, is CH, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

H 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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- 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

- 
and X is N.V. is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NNOH 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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NNOMe 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NNOMe 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

n Nu. 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

O 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. 
0506. In other embodiments, when R is 

OH 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

OH s 

and X is N.V. is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

OH 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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OH v 
and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

OH (3- 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

OH 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

OH 3 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

OH 3 
and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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OH / 
OH 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

OH /- 
OH 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NH2 13 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N.V. is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

NH2 73 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. and X is CH, V is 
phenylamino, benzyl, phenyl, NHMe, NH, NHEt, NHCOH, 
NHCOMe, NHCOEt, NHCOiPr, NHCOOMe, CONHMe, or 
NHSOMe. 
0507. In other embodiments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

5 
and X is N.V. is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

CH 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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N 
N 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

21 

N 
N 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

21 

N 
N 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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-N- 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

-AN 
and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

N 

X 
and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 
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and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is CH, V is phenylamino, benzyl, phenyl, NHMe, 
NH, NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. In other embodi 
ments, when R is 

and X is N, V is phenylamino, benzyl, phenyl, NHMe, NH, 
NHEt, NHCOH, NHCOMe, NHCOEt, NHCOiPr 
NHCOOMe, CONHMe, or NHSOMe. 
0508. In the noted embodiments, pyridin-2-yl is 

N 
n 

21 

N-methylaminocyclohex-4-yl is 

0509 

NHCH, 

84 
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N-methylpiperidin-4-yl is 

0510) 

YCH, 

and N-methylaminocyclobut-3-yl is 

0511 

NHCH3. 

0512 Illustrative compounds of the invention include 
those of subclass 1a, 1b, 2a, 2b, 3a, 3b, 4a, 4b, 5a, 5b, 6a, 6b, 
7a, 7b, 8a, 8b, 9a, 9b, 10a, 10b, 11a, 11b, 12a, 12b, 13a, 13b, 
14a, 14b. 15a, 15b, 16a, or 16b, where the substituents R. X. 
and Vareas described below. In some embodiments, when R 
is Hand X is CH, V is cyclopropanecarboxamido, cyclopro 
pylamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is HandX is 
N. V is cyclopropanecarboxamido, cyclopropylamino, mor 
pholinoethylamino, hydroxyethylamino, or N-morpholino. 
In some embodiments, when R is CH and X is CH, V is 
cyclopropanecarboxamido, cyclopropylamino, morpholino 
ethylamino, hydroxyethylamino, or N-morpholino. In other 
embodiments, when R is CH and X is N.V is cyclopropan 
ecarboxamido, cyclopropylamino, morpholinoethylamino, 
hydroxyethylamino, or N-morpholino. In some embodi 
ments, when R is Et and X is CH, V is cyclopropanecar 
boxamido, cyclopropylamino, morpholinoethylamino, 
hydroxyethylamino, or N-morpholino. In other embodi 
ments, when R is Et and X is N.V. is cyclopropanecarboxa 
mido, cyclopropylamino, morpholinoethylamino, hydroxy 
ethylamino, or N-morpholino. In some embodiments, when 
R is iPrand X is CH, V is cyclopropanecarboxamido, cyclo 
propylamino, morpholinoethylamino, hydroxyethylamino, 
or N-morpholino. In other embodiments, when R is iPrand 
X is N, V is cyclopropanecarboxamido, cyclopropylamino, 
morpholinoethylamino, hydroxyethylamino, or N-mor 
pholino. In some embodiments, when R is cyclobutyl and X 
is CH, V is cyclopropanecarboxamido, cyclopropylamino, 
morpholinoethylamino, hydroxyethylamino, or N-mor 
pholino. In other embodiments, when R is cyclobutyl and X 
is N, V is cyclopropanecarboxamido, cyclopropylamino, 
morpholinoethylamino, hydroxyethylamino, or N-mor 
pholino. In some embodiments, when R is cyclopentyl and 
X is CH, V is cyclopropanecarboxamido, cyclopropylamino, 
morpholinoethylamino, hydroxyethylamino, or N-mor 
pholino. In other embodiments, when R is cyclopentyl and 
X is N, V is cyclopropanecarboxamido, cyclopropylamino, 
morpholinoethylamino, hydroxyethylamino, or N-mor 
pholino. In some embodiments, when R is phenyl and X is 
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CH, V is cyclopropanecarboxamido, cyclopropylamino, mor 
pholinoethylamino, hydroxyethylamino, or N-morpholino. 
In other embodiments, when R is phenyl and X is N, V is 
cyclopropanecarboxamido, cyclopropylamino, morpholino 
ethylamino, hydroxyethylamino, or N-morpholino. In some 
embodiments, when R is pyridin-2-yl and X is CH, V is 
cyclopropanecarboxamido, cyclopropylamino, morpholino 
ethylamino, hydroxyethylamino, or N-morpholino. In other 
embodiments, when R is pyridin-2-yl and X is N, V is 
cyclopropanecarboxamido, cyclopropylamino, morpholino 
ethylamino, hydroxyethylamino, or N-morpholino. In some 
embodiments, when R is N-methylaminocyclohex-4-yland 
X is CH, V is cyclopropanecarboxamido, cyclopropylamino, 
morpholinoethylamino, hydroxyethylamino, or N-mor 
pholino. In other embodiments, when R is N-methylami 
nocyclohex-4-yland X is N.V. is cyclopropanecarboxamido, 
cyclopropylamino, morpholinoethylamino, hydroxyethy 
lamino, or N-morpholino. In some embodiments, when R is 
N-methylpiperidin-4-yl and X is CH, V is cyclopropanecar 
boxamido, cyclopropylamino, morpholinoethylamino, 
hydroxyethylamino, or N-morpholino. In other embodi 
ments, when R is N-methylpiperidin-4-yl and X is N, V is 
cyclopropanecarboxamido, cyclopropylamino, morpholino 
ethylamino, hydroxyethylamino, or N-morpholino. In some 
embodiments, when R is N-methylaminocyclobut-3-yl and 
X is CH, V is cyclopropanecarboxamido, cyclopropylamino, 
morpholinoethylamino, hydroxyethylamino, or N-mor 
pholino. In other embodiments, when R is N-methylami 
nocyclobut-3-yl and X is N.V. is cyclopropanecarboxamido, 
cyclopropylamino, morpholinoethylamino, hydroxyethy 
lamino, or N-morpholino. In other embodiments, when R is 
tert-butyl and X is CH, V is cyclopropanecarboxamido, 
cyclopropylamino, morpholinoethylamino, hydroxyethy 
lamino, or N-morpholino. In other embodiments, when R is 
tert-butyl and X is N.V. is cyclopropanecarboxamido, cyclo 
propylamino, morpholinoethylamino, hydroxyethylamino, 
or N-morpholino. In other embodiments, when R is 1-cyano 
but-4-yland X is CH, V is cyclopropanecarboxamido, cyclo 
propylamino, morpholinoethylamino, hydroxyethylamino, 
or N-morpholino. In other embodiments, when R is 1-cyano 
but-4-yl and X is N, V is cyclopropanecarboxamido, cyclo 
propylamino, morpholinoethylamino, hydroxyethylamino, 
or N-morpholino. In other embodiments, when R is 1-cyano 
prop-3-yl and X is CH, V is cyclopropanecarboxamido, 
cyclopropylamino, morpholinoethylamino, hydroxyethy 
lamino, or N-morpholino. In other embodiments, when R is 
1-cyano-prop-3-yl and X is N, V is cyclopropanecarboxa 
mido, cyclopropylamino, morpholinoethylamino, hydroxy 
ethylamino, or N-morpholino. In other embodiments, when 
R is 3-azetidinyl and X is CH, V is cyclopropanecarboxa 
mido, cyclopropylamino, morpholinoethylamino, hydroxy 
ethylamino, or N-morpholino. In other embodiments, when 
R is 3-azetidinyl and X is N, V is cyclopropanecarboxa 
mido, cyclopropylamino, morpholinoethylamino, hydroxy 
ethylamino, or N-morpholino. In other embodiments, when 
R is 
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and X is CH, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

and X is N, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

and X is CH, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

a. 
2. 

C 
and X is N, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

and X is CH, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

and X is N, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 
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and X is CH, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

NH2 

and X is N, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

% 

rN, 
and X is CH, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

rN. 
and X is N, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

NH 

and X is CH, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

NH 
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and X is N, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

HO 

and X is CH, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

HO 

and X is N, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

HO 

and X is CH, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

HO 

and X is N, V is cyclopropanecarboxamido, cyclopropy 
lamino, morpholinoethylamino, hydroxyethylamino, or 
N-morpholino. In other embodiments, when R is 

  

  
































































































































































