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(57) ABSTRACT 
Provided herein are 3,3-disubstituted 19-nor-steroidal com 
pounds according to Formula (I) and (III): where R', R. R. 
R. R. R. R. R', and R'' are as defined herein. Com 
pounds of the present invention are contemplated useful for 
the prevention and treatment of a variety of CNS-related 
conditions, for example, treatment of sleep disorders, mood 
disorders, insomnia, anxiety, depression, traumatic brain 
injury (TBI), stress, and epilepsy. 
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3.3 DISUBSTITUTED 19-NOR PREGNANE 
COMPOUNDS, COMPOSITIONS, AND USES 

THEREOF 

RELATED APPLICATIONS 

0001. The present application claims priority under 35 
U.S.C. S 119(e) to U.S. provisional patent applications, U.S. 
Ser. No. 61/547,291, filed Oct. 14, 2011 and U.S. Ser. No. 
61/698.204, filed Sep. 7, 2012, each of which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

0002 Brain excitability is defined as the level of arousal of 
an animal, a continuum that ranges from coma to convulsions, 
and is regulated by various neurotransmitters. In general, 
neurotransmitters are responsible for regulating the conduc 
tance of ions across neuronal membranes. At rest, the neu 
ronal membrane possesses a potential (or membrane Voltage) 
of approximately -70 mV, the cell interior being negative 
with respect to the cell exterior. The potential (voltage) is the 
result of ion (K", Na", Cl, organic anions) balance across the 
neuronal semipermeable membrane. Neurotransmitters are 
stored in presynaptic vesicles and are released under the 
influence of neuronal action potentials. When released into 
the synaptic cleft, an excitatory chemical transmitter Such as 
acetylcholine will cause membrane depolarization (change of 
potential from -70 mV to -50 mV.). This effect is mediated by 
postsynaptic nicotinic receptors which are stimulated by ace 
tylcholine to increase membrane permeability to Na' ions. 
The reduced membrane potential stimulates neuronal excit 
ability in the form of a postsynaptic action potential. 
0003. In the case of the GABA receptor complex (GRC), 
the effect on brain excitability is mediated by GABA, a neu 
rotransmitter. GABA has a profound influence on overall 
brain excitability because up to 40% of the neurons in the 
brain utilize GABA as a neurotransmitter. GABA regulates 
the excitability of individual neurons by regulating the con 
ductance of chloride ions across the neuronal membrane. 
GABA interacts with its recognition site on the GRC to facili 
tate the flow of chloride ions down an electrochemical gradi 
ent of the GRC into the cell. An intracellular increase in the 
levels of this anion causes hyperpolarization of the transmem 
brane potential, rendering the neuron less Susceptible to exci 
tatory inputs (i.e., reduced neuron excitability). In other 
words, the higher the chloride ion concentration in the neu 
ron, the lower the brain excitability (the level of arousal). 
0004. It is well-documented that the GRC is responsible 
for the mediation of anxiety, seizure activity, and sedation. 
Thus, GABA and drugs that act like GABA or facilitate the 
effects of GABA (e.g., the therapeutically useful barbiturates 
and benzodiazepines (BZs), such as Valium(R) produce their 
therapeutically useful effects by interacting with specific 
regulatory sites on the GRC. Accumulated evidence has now 
indicated that in addition to the benzodiazepine and barbitu 
rate binding site, the GRC contains a distinct site for neuro 
active steroids (Lan, N.C. et al., Neurochem. Res. 16:347-356 
(1991)). 
0005 Neuroactive steroids can occur endogenously. The 
most potent endogenous neuroactive steroids are 3C-hy 
droxy-5-reduced pregnan-20-one and 3C-21-dihydroxy-5- 
reduced pregnan-20-one, metabolites of hormonal steroids 
progesterone and deoxycorticosterone, respectively. The 
ability of these steroid metabolites to alter brain excitability 
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was recognized in 1986 (Majewska, M. D. et al., Science 
232:1004-1007 (1986); Harrison, N. L. et al., J Pharmacol. 
Exp. Ther. 241:346-353 (1987)). 
0006. The ovarian hormone progesterone and its metabo 
lites have been demonstrated to have profound effects on 
brain excitability (Backstrom, T. et al., Acta Obstet. Gynecol. 
Scand. Suppl. 130:19-24 (1985); Pfaff, D.W and McEwen, B. 
S., Science 219:808–814 (1983); Gyermeket al., JMed Chem. 
11: 117 (1968); Lambert, J. et al., Trends Pharmacol. Sci. 
8:224-227 (1987)). The levels of progesterone and its 
metabolites vary with the phases of the menstrual cycle. It has 
been well documented that the levels of progesterone and its 
metabolites decrease prior to the onset of menses. The 
monthly recurrence of certain physical symptoms prior to the 
onset of menses has also been well documented. These symp 
toms, which have become associated with premenstrual Syn 
drome (PMS), include stress, anxiety, and migraine head 
aches (Dalton, K., Premenstrual Syndrome and Progesterone 
Therapy, 2nd edition, Chicago Yearbook, Chicago (1984)). 
Subjects with PMS have a monthly recurrence of symptoms 
that are present in premenses and absent in postmenses. 
0007. In a similar fashion, a reduction in progesterone has 
also been temporally correlated with an increase in seizure 
frequency in female epileptics, i.e., catamenial epilepsy 
(Laidlaw, J., Lancet, 1235–1237 (1956)). A more direct cor 
relation has been observed with a reduction in progesterone 
metabolites (Rosciszewska et al., J. Neurol. Neurosurg. 
Psych. 49:47-51 (1986)). In addition, for subjects with pri 
mary generalized petit mal epilepsy, the temporal incidence 
of seizures has been correlated with the incidence of the 
symptoms of premenstrual syndrome (Backstrom, T. et al., J. 
Psychosom. Obstet. Gynaecol. 2:8-20 (1983)). The steroid 
deoxycorticosterone has been found to be effective in treating 
subjects with epileptic spells correlated with their menstrual 
cycles (Aird, R. B. and Gordan, G., J. Amer: Med. Soc. 145: 
715-719 (1951)). 
0008. A syndrome also related to low progesterone levels 

is postnatal depression (PND). Immediately after birth, 
progesterone levels decrease dramatically leading to the onset 
of PND. The symptoms of PND range from mild depression 
to psychosis requiring hospitalization. PND is also associated 
with severe anxiety and irritability. PND-associated depres 
sion is not amenable to treatment by classic antidepressants, 
and women experiencing PND show an increased incidence 
of PMS (Dalton, K., Premenstrual Syndrome and Progester 
One Therapy, 2nd edition, Chicago Yearbook, Chicago 
(1984)). 
0009 Collectively, these observations imply a crucial role 
for progesterone and deoxycorticosterone and more specifi 
cally their metabolites in the homeostatic regulation of brain 
excitability, which is manifested as an increase in seizure 
activity or symptoms associated with catamenial epilepsy, 
PMS, and PND. The correlation between reduced levels of 
progesterone and the symptoms associated with PMS, PND, 
and catamenial epilepsy (Backstrom, T. et al., J Psychosom. 
Obstet. Gynaecol. 2:8-20 (1983)); Dalton, K., Premenstrual 
Syndrome and Progesterone Therapy, 2nd edition, Chicago 
Yearbook, Chicago (1984)) has prompted the use of proges 
terone in their treatment (Mattson et al., “Medroxyprogester 
one therapy of catamenial epilepsy, in Advances in Epilep 
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tology: XVth Epilepsy International Symposium, Raven 
Press, New York (1984), pp. 279-282, and Dalton, K., Pre 
menstrual Syndrome and Progesterone Therapy, 2nd edition, 
Chicago Yearbook, Chicago (1984)). However, progesterone 
is not consistently effective in the treatment of the aforemen 
tioned syndromes. For example, no dose-response relation 
ship exists for progesterone in the treatment of PMS (Mad 
docks et al., Obstet. Gynecol. 154:573-581 (1986); 
Dennerstein et al., Brit. Med J290:16-17 (1986)). 
0010 New and improved neuroactive steroids are needed 
that act as modulating agents for brain excitability, as well as 
agents for the prevention and treatment of CNS-related dis 
eases. The compounds, compositions, and methods described 
herein are directed toward this end. 

SUMMARY OF THE INVENTION 

0011 
to provide novel 19-nor compounds with good potency, phar 

The present invention is based, in part, on the desire 

macokinetic (PK) properties, oral bioavailability, formulat 
ability, stability, safety, clearance and/or metabolism. One 
key feature of the compounds as described herein is disubsti 
tution at the C3 position. The inventors envision disubstitu 
tion at C-3 will eliminate the potential for oxidation to the 
ketone, prevent further metabolism, and reduce the potential 
for secondary elimination pathways, such as glucuronidation. 
The inventors further envision the overall effect of C3 disub 

stitution should be of improving the overall PK parameters 
and reducing potential toxicities and side effects, which may 
allow, in certain embodiments, administration orally and/or 
chronically. Another key feature of the compounds as 
described herein is the presence of a hydrogen at the C10 
position ("19-nor') rather than a methyl group. The inventors 
envision 19-nor compounds, as compared to their C10-me 
thyl counterparts, will have improved physical properties, 
such as improved solubility. The inventors envision further 
enhancement of solubility, for example, when the AB ring 
system is in the cis configuration. 

0012. Thus, in one aspect, provided herein are compounds 
according to Formula (I) or (III): 

(I) 
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-continued 
(III) 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, stereoisomer, tautomer, isotopic variant, or N-oxide 
thereof, or a combination thereof; wherein R. R. R. R', 
R''", R'', are as defined herein, 

0013 R' is hydrogen, halogen, substituted or unsubsti 
tuted alkyl, substituted or unsubstituted alkenyl, substi 
tuted or unsubstituted alkynyl, substituted or unsubsti 
tuted carbocyclyl, substituted or unsubstituted 
heterocyclyl, substituted or unsubstituted aryl, substi 
tuted or unsubstituted heteroaryl, -OR', SR', 
N(R'), OC(=O)R'', OC(=O)CR'', OC 

(=O)SR'', OC(=O)N(R'), SC(=O)R, SC 
(—O)OR', SC(=O)SR', SC(=O)N(R'), 
NHC(=O)R'', NHC(=O)CR'', NHC(=O) 

SR', NHC(=O)N(R'), OS(—O).R', OS 
(=O),OR', -S-S(-O).R. —S-S(=O)OR'', 
S(=O)R', SOR', or S(=O)OR'', wherein 

each instance of R' is independently hydrogen, substi 
tuted or unsubstituted alkyl, substituted or unsubstituted 
alkenyl, substituted or unsubstituted alkynyl, substituted 
or unsubstituted carbocyclyl, substituted or unsubsti 
tuted heterocyclyl, substituted or unsubstituted aryl, 
Substituted or unsubstituted heteroaryl, an oxygen pro 
tecting group when attached to an oxygenatom, a Sulfur 
protecting group when attached to a Sulfur atom, a nitro 
gen protecting group when attached to a nitrogen atom, 
or two R' groups are joined to forman substituted or 
unsubstituted heterocyclic or heteroaryl ring; and R' is 
substituted or unsubstituted alkyl, substituted or unsub 
stituted alkenyl, substituted or unsubstituted alkynyl, 
substituted or unsubstituted carbocyclyl, substituted or 
unsubstituted heterocyclyl, substituted or unsubstituted 
aryl, or substituted or unsubstituted heteroaryl; 

I0014) R is substituted or unsubstituted alkyl, substi 
tuted or unsubstituted alkenyl, substituted or unsubsti 
tuted alkynyl, substituted or unsubstituted carbocyclyl, 
substituted or unsubstituted heterocyclyl, substituted or 
unsubstituted aryl, or substituted or unsubstituted het 
eroaryl; and 

0.015 R is hydrogen, C(=O)R', C(=O)CR', 
C(=O)SR', C(=O)N(R'), S(=O)R’, 
S(=O),OR', P(=O).R., P(=O).OR', 

- P(=O)(OR"), P(=O)(R), or P(=O)(R) 
(OR"), wherein R is hydrogen, substituted or unsub 
stituted alkyl, substituted or unsubstituted alkenyl, sub 
stituted or unsubstituted alkynyl, substituted or 
unsubstituted carbocyclyl, substituted or unsubstituted 
heterocyclyl, substituted or unsubstituted aryl, or sub 
stituted or unsubstituted heteroaryl, an oxygen protect 

  

  



US 2015/029 1654 A1 

ing group when attached to an oxygen atom, a Sulfur 
protecting group when attached to a Sulfur atom, a nitro 
gen protecting group when attached to a nitrogen atom, 
or two R' groups are joined to forman substituted or 
unsubstituted heterocyclic ring; andR is substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, 
substituted or unsubstituted alkynyl, substituted or 
unsubstituted carbocyclyl, substituted or unsubstituted 
heterocyclyl, substituted or unsubstituted aryl, or sub 
stituted or unsubstituted heteroaryl; 

0016 wherein ------ independently represents a single 
or double bond, provided if a double bond is present in 
Ring B, then one of R' or R' is absent, and provided if 
a single bond is present in Ring B, then the hydrogen at 
C5 is in the alpha or beta position. 

0017. In another aspect, provided is a pharmaceutical 
composition comprising a compound of Formula (I) or (III) 
and a pharmaceutically acceptable carrier. In certain embodi 
ments, the compound of the present invention is provided in 
an effective amount in the pharmaceutical composition. In 
certain embodiments, the compound of the present invention 
is provided in a therapeutically effective amount. In certain 
embodiments, the compound of the present invention is pro 
vided in a prophylactically effective amount. 
0018 Compounds as described herein, act, in certain 
embodiments, as GABA modulators, e.g., effecting the 
GABA receptor in either a positive or negative manner. As 
modulators of the excitability of the central nervous system 
(CNS), as mediated by their ability to modulate GABA 
receptor, such compounds are expected to have CNS-activity. 
0019. Thus, in another aspect, provided are methods of 
treating a CNS-related condition in a subject in need thereof, 
comprising administering to the Subject an effective amount 
of a compound of Formula (I) or (III) to the subject. In certain 
embodiments, the CNS-related condition is insomnia, 
depression, mood disorders, convulsive disorders, memory 
disorders, attention disorders, anxiety disorders, bipolar dis 
order, Schizophrenia, depression, bipolar disorder, Schizoaf 
fective disorder, mood disorders, anxiety disorders, person 
ality disorders, psychosis, compulsive disorders, post 
traumatic stress disorder, Autism spectrum disorder, 
dysthymia, Social anxiety disorder, obsessive compulsive dis 
order, pain, sleep disorders, memory disorders, dementia, 
Alzheimer's disease, a seizure disorder, traumatic brain 
injury, stroke, addictive disorders, autism, Huntington's dis 
ease, Parkinson's disease, Rett syndrome, withdrawal Syn 
dromes, or tinnitus. 
0020. Other objects and advantages will become apparent 
to those skilled in the art from a consideration of the ensuing 
detailed description, examples, and claims. 

DEFINITIONS 

Chemical Definitions 

0021 Definitions of specific functional groups and chemi 
cal terms are described in more detail below. The chemical 
elements are identified in accordance with the Periodic Table 
of the Elements, CAS version, Handbook of Chemistry and 
Physics, 75th Ed., inside cover, and specific functional groups 
are generally defined as described therein. Additionally, gen 
eral principles of organic chemistry, as well as specific func 
tional moieties and reactivity, are described in Thomas Sor 
rell, Organic Chemistry, University Science Books, 
Sausalito, 1999; Smith and March, March's Advanced 
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Organic Chemistry, 5th Edition, John Wiley & Sons, Inc., 
New York, 2001: Larock, Comprehensive Organic Transfor 
mations, VCH Publishers, Inc., New York, 1989; and Carru 
thers. Some Modern Methods of Organic Synthesis, 3rd Edi 
tion, Cambridge University Press, Cambridge, 1987. 
0022 Compounds described herein can comprise one or 
more asymmetric centers, and thus can exist in various iso 
meric forms, e.g., enantiomers and/or diastereomers. For 
example, the compounds described herein can be in the form 
of an individual enantiomer, diastereomer or geometric iso 
mer, or can be in the form of a mixture of Stereoisomers, 
including racemic mixtures and mixtures enriched in one or 
more stereoisomer. Isomers can be isolated from mixtures by 
methods known to those skilled in the art, including chiral 
high pressure liquid chromatography (HPLC) and the forma 
tion and crystallization of chiral salts; or preferred isomers 
can be prepared by asymmetric syntheses. See, for example, 
Jacques et al., Enantiomers, Racemates and Resolutions 
(Wiley Interscience, New York, 1981); Wilen et al., Tetrahe 
dron 33:2725 (1977); Eliel, Stereochemistry of Carbon Com 
pounds (McGraw-Hill, NY, 1962); and Wilen, Tables of 
Resolving Agents and Optical Resolutions p. 268 (E. L. Eliel, 
Ed., Univ. of Notre Dame Press, Notre Dame, Ind. 1972). The 
invention additionally encompasses compounds described 
herein as individual isomers substantially free of other iso 
mers, and alternatively, as mixtures of various isomers. 
0023. As used herein a pure enantiomeric compound is 
substantially free from other enantiomers or stereoisomers of 
the compound (i.e., in enantiomeric excess). In other Words, 
an “S” form of the compound is substantially free from the 
“R” form of the compound and is, thus, in enantiomeric 
excess of the “R” form. The term “enantiomerically pure' or 
"pure enantiomer denotes that the compound comprises 
more than 75% by weight, more than 80% by weight, more 
than 85% by weight, more than 90% by weight, more than 
91% by weight, more than 92% by weight, more than 93% by 
weight, more than 94% by weight, more than 95% by weight, 
more than 96% by weight, more than 97% by weight, more 
than 98% by weight, more than 98.5% by weight, more than 
99% by weight, more than 99.2% by weight, more than 99.5% 
by weight, more than 99.6% by weight, more than 99.7% by 
weight, more than 99.8% by weight or more than 99.9% by 
weight, of the enantiomer. In certain embodiments, the 
weights are based upon total weight of all enantiomers or 
Stereoisomers of the compound. 
0024. As used herein and unless otherwise indicated, the 
term “enantiomerically pure R-compound” refers to at least 
about 80% by weight R-compound and at most about 20% by 
weight S-compound, at least about 90% by weight R-com 
pound and at most about 10% by weight S-compound, at least 
about 95% by weight R-compound and at most about 5% by 
weight S-compound, at least about 99% by weight R-com 
pound and at most about 1% by weight S-compound, at least 
about 99.9% by weight R-compound or at most about 0.1% 
by weight S-compound. In certain embodiments, the weights 
are based upon total weight of compound. 
0025. As used herein and unless otherwise indicated, the 
term “enantiomerically pure S-compound” or "S-compound 
refers to at least about 80% by weight S-compound and at 
most about 20% by weight R-compound, at least about 90% 
by weight S-compound and at most about 10% by weight 
R-compound, at least about 95% by weight S-compound and 
at most about 5% by weight R-compound, at least about 99% 
by weight S-compound and at most about 1% by weight 
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R-compound or at least about 99.9% by weight S-compound 
and at most about 0.1% by weight R-compound. In certain 
embodiments, the weights are based upon total weight of 
compound. 
0026. In the compositions provided herein, an enantio 
merically pure compound can be present with other active or 
inactive ingredients. For example, a pharmaceutical compo 
sition comprising enantiomerically pure R-compound can 
comprise, for example, about 90% excipient and about 10% 
enantiomerically pure R-compound. In certain embodiments, 
the enantiomerically pure R-compound in Such compositions 
can, for example, comprise, at least about 95% by weight 
R-compound and at most about 5% by weight S-compound, 
by total weight of the compound. For example, a pharmaceu 
tical composition comprising enantiomerically pure S-com 
pound can comprise, for example, about 90% excipient and 
about 10% enantiomerically pure S-compound. In certain 
embodiments, the enantiomerically pure S-compound in Such 
compositions can, for example, comprise, at least about 95% 
by weight S-compound and at most about 5% by weight 
R-compound, by total weight of the compound. In certain 
embodiments, the active ingredient can be formulated with 
little or no excipient or carrier. 
0027. The articles “a” and “an” may be used hereinto refer 
to one or to more than one (i.e. at least one) of the grammatical 
objects of the article. By way of example “an analogue' 
means one analogue or more than one analogue. 
0028. The following terms are intended to have the mean 
ings presented therewith below and are useful in understand 
ing the description and intended scope of the present inven 
tion. 
0029 When a range of values is listed, it is intended to 
encompass each value and Sub-range within the range. For 
example “C. alkyl is intended to encompass, C, C, C, 
C4, Cs, Co C-6, C1-s: C-4 C-3; C-2, C2-6, C2-s: C2-4C2-3. 
Cs-6. Cs-s: C-4, C4-6. CAs, and CS-6 alkyl. 
0030 Alkyl refers to a radical of a straight-chain or 
branched Saturated hydrocarbon group having from 1 to 20 
carbonatoms ("Co alkyl). In some embodiments, an alkyl 
group has 1 to 12 carbon atoms (“C-2 alkyl). In some 
embodiments, an alkyl group has 1 to 10 carbonatoms (“Co 
alkyl). In some embodiments, an alkyl group has 1 to 9 
carbon atoms (“Co alkyl). In some embodiments, an alkyl 
group has 1 to 8 carbonatoms ("Cs alkyl). In some embodi 
ments, an alkyl group has 1 to 7 carbon atoms (“C, alkyl). 
In Some embodiments, an alkyl group has 1 to 6 carbonatoms 
(“C. alkyl, also referred to herein as “lower alkyl). In 
Some embodiments, an alkyl group has 1 to 5 carbon atoms 
(“Cs alkyl). In some embodiments, an alkyl group has 1 to 
4 carbonatoms ("Calkyl). In some embodiments, an alkyl 
group has 1 to 3 carbonatoms ("C. alkyl). In some embodi 
ments, an alkyl group has 1 to 2 carbon atoms (“C-alkyl). 
In Some embodiments, an alkyl group has 1 carbonatom (“C 
alkyl). In some embodiments, an alkyl group has 2 to 6 
carbon atoms ("Ce alkyl). Examples of C alkyl groups 
include methyl (C), ethyl (C), n-propyl (C), isopropyl (C), 
n-butyl (C), tert-butyl (C), sec-butyl (C), iso-butyl (C), 
n-pentyl (Cs), 3-pentanyl (Cs), amyl (Cs), neopentyl (Cs), 
3-methyl-2-butanyl (Cs), tertiary amyl (Cs), and n-hexyl 
(C). Additional examples of alkyl groups include n-heptyl 
(C7), n-octyl (Cs) and the like. Unless otherwise specified, 
each instance of an alkyl group is independently optionally 

Oct. 15, 2015 

substituted, i.e., unsubstituted (an "unsubstituted alkyl) or 
substituted (a “substituted alkyl) with one or more substitu 
ents; e.g., for instance from 1 to 5 substituents, 1 to 3 Sub 
stituents, or 1 substituent. In certain embodiments, the alkyl 
group is unsubstituted Co alkyl (e.g., —CH). In certain 
embodiments, the alkyl group is Substituted Co alkyl. 

0031 “Alkylene' refers to a substituted or unsubstituted 
alkyl group, as defined above, wherein two hydrogens are 
removed to provide a divalent radical. Exemplary divalent 
alkylene groups include, but are not limited to, methylene 
(—CH2—), ethylene (-CH2CH2—), the propylene isomers 
(e.g., —CH2CHCH - and —CH(CH)CH2—) and the 
like. 

0032 Alkenyl refers to a radical of a straight-chain or 
branched hydrocarbon group having from 2 to 20 carbon 
atoms, one or more carbon-carbon double bonds, and no 
triple bonds (“Coalkenyl). In some embodiments, an alk 
enyl group has 2 to 10 carbon atoms (“Coalkenyl). In 
Some embodiments, an alkenyl group has 2 to 9 carbonatoms 
(“Coalkenyl). In some embodiments, an alkenyl group has 
2 to 8 carbon atoms (“Cs alkenyl). In some embodiments, 
an alkenyl group has 2 to 7 carbon atoms ("C-, alkenyl). 
0033. In some embodiments, an alkenyl group has 2 to 6 
carbon atoms ("Ce alkenyl). In some embodiments, an 
alkenyl group has 2 to 5 carbon atoms (“Cs alkenyl). In 
Some embodiments, an alkenyl group has 2 to 4 carbonatoms 
("Calkenyl). In some embodiments, an alkenyl group has 
2 to 3 carbon atoms (“C- alkenyl). In some embodiments, 
an alkenyl group has 2 carbon atoms ("Calkenyl). The one 
or more carbon-carbon double bonds can be internal (such as 
in 2-butenyl) or terminal (such as in 1-butenyl). Examples of 
C. alkenyl groups include ethenyl (C), 1-propenyl (C), 
2-propenyl (C), 1-butenyl (C), 2-butenyl (C), butadienyl 
(C), and the like. Examples of Calkenyl groups include 
the aforementioned Calkenyl groups as well as pentenyl 
(Cs), pentadienyl (Cs), hexenyl (C), and the like. Additional 
examples of alkenyl include heptenyl (C7), octenyl (Cs), 
octatrienyl (Cs), and the like. Unless otherwise specified, 
each instance of an alkenyl group is independently optionally 
substituted, i.e., unsubstituted (an “unsubstituted alkenyl) or 
substituted (a “substituted alkenyl) with one or more sub 
stituents e.g., for instance from 1 to 5 substituents, 1 to 3 
substituents, or 1 substituent. In certain embodiments, the 
alkenyl group is unsubstituted Co alkenyl. In certain 
embodiments, the alkenyl group is Substituted Coalkenyl. 
0034 Alkenylene' refers a substituted or unsubstituted 
alkenyl group, as defined above, wherein two hydrogens are 
removed to provide a divalent radical. Exemplary divalent 
alkenylene groups include, but are not limited to, ethenylene 
(—CH=CH-), propenylenes (e.g., —CH=CHCH and 
—C(CH)—CH and —CH=C(CH)—), and the like. 
0035 Alkynyl refers to a radical of a straight-chain or 
branched hydrocarbon group having from 2 to 20 carbon 
atoms, one or more carbon-carbon triple bonds, and option 
ally one or more double bonds (“Co alkynyl). In some 
embodiments, an alkynyl group has 2 to 10 carbon atoms 
(“Co alkynyl). In some embodiments, an alkynyl group 
has 2 to 9 carbon atoms (“C- alkynyl). In some embodi 
ments, an alkynyl group has 2 to 8 carbon atoms ("Cs 
alkynyl). In some embodiments, an alkynyl group has 2 to 7 
carbon atoms ("C-7 alkynyl). In some embodiments, an 
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alkynyl group has 2 to 6 carbon atoms (“C-7 alkynyl). In 
Some embodiments, an alkynyl group has 2 to 5 carbonatoms 
(“Cs alkynyl). In some embodiments, an alkynyl group has 
2 to 4 carbon atoms ("C. alkynyl). In some embodiments, 
an alkynyl group has 2 to 3 carbon atoms (“C- alkynyl). In 
Some embodiments, an alkynyl group has 2 carbon atoms 
(“C, alkynyl). The one or more carbon-carbon triple bonds 
can be internal (such as in 2-butynyl) or terminal (such as in 
1-butynyl). Examples of Calkynyl groups include, without 
limitation, ethynyl (C), 1-propynyl (C), 2-propynyl (C), 
1-butynyl (C), 2-butynyl (C), and the like. Examples of 
C2-alkenyl groups include the aforementioned C- alkynyl 
groups as well as pentynyl (Cs), hexynyl (C), and the like. 
Additional examples of alkynyl include heptynyl (C7), octy 
nyl (Cs), and the like. Unless otherwise specified, each 
instance of an alkynyl group is independently optionally Sub 
stituted, i.e., unsubstituted (an "unsubstituted alkynyl) or 
substituted (a “substituted alkynyl) with one or more sub 
stituents; e.g., for instance from 1 to 5 substituents, 1 to 3 
substituents, or 1 substituent. In certain embodiments, the 
alkynyl group is unsubstituted Co alkynyl. In certain 
embodiments, the alkynyl group is substituted Co alkynyl. 
0036 “Alkynylene' refers a substituted or unsubstituted 
alkynyl group, as defined above, wherein two hydrogens are 
removed to provide a divalent radical. Exemplary divalent 
alkynylene groups include, but are not limited to, ethynylene, 
propynylene, and the like. 
0037 'Aryl refers to a radical of a monocyclic or poly 
cyclic (e.g., bicyclic or tricyclic) 4n+2 aromatic ring system 
(e.g., having 6, 10, or 14 it electrons shared in a cyclic array) 
having 6-14 ring carbon atoms and Zero heteroatoms pro 
vided in the aromatic ring system (“Cea aryl). In some 
embodiments, an aryl group has six ring carbon atoms (“C 
aryl'; e.g., phenyl). In some embodiments, an aryl group has 
ten ring carbon atoms (“Co aryl: e.g., naphthyl such as 
1-naphthyl and 2-maphthyl). In some embodiments, an aryl 
group has fourteen ring carbon atoms ("Ca aryl', e.g., 
anthracy1). 'Aryl also includes ring systems wherein the aryl 
ring, as defined above, is fused with one or more carbocyclyl 
or heterocyclyl groups wherein the radical or point of attach 
ment is on the aryl ring, and in Such instances, the number of 
carbon atoms continue to designate the number of carbon 
atoms in the aryl ring system. Typical aryl groups include, but 
are not limited to, groups derived from aceanthrylene, 
acenaphthylene, acephenanthrylene, anthracene, azulene, 
benzene, chrysene, coronene, fluoranthene, fluorene, 
hexacene, hexaphene, hexalene, as-indacene, S-indacene, 
indane, indene, naphthalene, octacene, octaphene, octalene, 
ovalene, penta-2,4-diene, pentacene, pentalene, pentaphene, 
perylene, phenalene, phenanthrene, picene, pleiadene, 
pyrene, pyranthrene, rubicene, triphenylene, and trinaphtha 
lene. Particularly aryl groups include phenyl, naphthyl, inde 
nyl, and tetrahydronaphthyl. Unless otherwise specified, each 
instance of an aryl group is independently optionally Substi 
tuted, i.e., unsubstituted (an “unsubstituted aryl') or substi 
tuted (a “substituted aryl') with one or more substituents. In 
certain embodiments, the aryl group is unsubstituted C 
aryl. In certain embodiments, the aryl group is Substituted 
Caryl. In certain embodiments, an aryl group Substituted 
with one or more of groups selected from halo, C-Cs alkyl, 
C-Cs haloalkyl, cyano, hydroxy, C-C alkoxy, and amino. 
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0038 Examples of representative substituted aryls include 
the following: 

N Xs N 
R". C. --R and 

2. X 2 
xa 
C. --R6. 
Nx 

In these formulae one of Rand R7 may be hydrogen, and at 
least one of R and R7 is each independently selected from 
C-C alkyl, C-Cs haloalkyl, 4-10 membered heterocyclyl, 
alkanoyl, C-Cs alkoxy, heteroaryloxy, alkylamino, ary 
lamino, heteroarylamino, NRCOR, NRSOR, 
NRSOR, COOalkyl, COOaryl, CONRR, 
CONROR, NRR, NR, SONRR, S-alkyl, 

—SOalkyl, —SO-alkyl, —Saryl, -SOaryl, - SOaryl; or 
Rand R7 may be joined to form a cyclic ring (saturated or 
unsaturated) from 5 to 8 atoms, optionally containing one or 
more heteroatoms selected from the group N, O, or S. R60 
and R'' are independently hydrogen, C1-Cs alkyl, C-C, 
haloalkyl, C-C cycloalkyl, 4-10 membered heterocyclyl, 
Co-Co aryl, Substituted Co-Co aryl, 5-10 membered het 
eroaryl, or substituted 5-10 membered heteroaryl. 
0039. “Fused aryl” refers to an aryl having two of its ring 
carbon in common with a secondaryl ring or with an aliphatic 
ring. 
0040 Aralkyl is a subset of alkyl and aryl, as defined 
herein, and refers to an optionally Substituted alkyl group 
Substituted by an optionally Substituted aryl group. 
0041) “Heteroaryl” refers to a radical of a 5-10 membered 
monocyclic or bicyclic 4n+2 aromatic ring system (e.g., hav 
ing 6 or 10 it electrons shared in a cyclic array) having ring 
carbon atoms and 1-4 ring heteroatoms provided in the aro 
matic ring system, wherein each heteroatomis independently 
selected from nitrogen, oxygen and sulfur ("5-10 membered 
heteroaryl'). In heteroaryl groups that contain one or more 
nitrogen atoms, the point of attachment can be a carbon or 
nitrogen atom, as Valency permits. Heteroaryl bicyclic ring 
systems can include one or more heteroatoms in one or both 
rings. “Heteroaryl' includes ring systems wherein the het 
eroaryl ring, as defined above, is fused with one or more 
carbocyclyl or heterocyclyl groups wherein the point of 
attachment is on the heteroaryl ring, and in Such instances, the 
number of ring members continue to designate the number of 
ring members in the heteroaryl ring system. “Heteroaryl also 
includes ring systems wherein the heteroaryl ring, as defined 
above, is fused with one or more aryl groups wherein the point 
of attachment is either on the aryl or heteroaryl ring, and in 
Such instances, the number of ring members designates the 
number of ring members in the fused (aryl/heteroaryl) ring 
system. Bicyclic heteroaryl groups wherein one ring does not 
contain a heteroatom (e.g., indolyl, quinolinyl, carbazolyl, 
and the like) the point of attachment can be on either ring, i.e., 
either the ring bearing a heteroatom (e.g., 2-indolyl) or the 
ring that does not contain a heteroatom (e.g., 5-indolyl). 
0042. In some embodiments, a heteroaryl group is a 5-10 
membered aromatic ring system having ring carbon atoms 
and 1-4 ring heteroatoms provided in the aromatic ring sys 
tem, wherein each heteroatom is independently selected from 
nitrogen, oxygen, and sulfur (“5-10 membered heteroaryl'). 



US 2015/029 1654 A1 

In some embodiments, a heteroaryl group is a 5-8 membered 
aromatic ring system having ring carbon atoms and 1-4 ring 
heteroatoms provided in the aromatic ring system, wherein 
each heteroatom is independently selected from nitrogen, 
oxygen, and sulfur (“5-8 membered heteroaryl). In some 
embodiments, a heteroaryl group is a 5-6 membered aromatic 
ring system having ring carbon atoms and 1-4 ring heteroat 
oms provided in the aromatic ring system, wherein each het 
eroatom is independently selected from nitrogen, oxygen, 
and sulfur (“5-6 membered heteroaryl'). In some embodi 
ments, the 5-6 membered heteroaryl has 1-3 ring heteroatoms 
selected from nitrogen, oxygen, and Sulfur. In some embodi 
ments, the 5-6 membered heteroaryl has 1-2 ring heteroatoms 
selected from nitrogen, oxygen, and Sulfur. In some embodi 
ments, the 5-6 membered heteroaryl has 1 ring heteroatom 
selected from nitrogen, oxygen, and Sulfur. Unless otherwise 
specified, each instance of a heteroaryl group is indepen 
dently optionally substituted, i.e., unsubstituted (an “unsub 
stituted heteroaryl') or substituted (a "substituted het 
eroaryl') with one or more substituents. In certain 
embodiments, the heteroaryl group is unsubstituted 5-14 
membered heteroaryl. In certain embodiments, the heteroaryl 
group is substituted 5-14 membered heteroaryl. 
0043. Exemplary 5-membered heteroaryl groups contain 
ing one heteroatom include, without limitation, pyrrolyl, 
furanyl and thiophenyl. Exemplary 5-membered heteroaryl 
groups containing two heteroatoms include, without limita 
tion, imidazolyl pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, 
and isothiazolyl. Exemplary 5-membered heteroaryl groups 
containing three heteroatoms include, without limitation, 
triazolyl, oxadiazolyl, and thiadiazolyl. 
0044 Exemplary 5-membered heteroaryl groups contain 
ing four heteroatoms include, without limitation, tetrazolyl. 
Exemplary 6-membered heteroaryl groups containing one 
heteroatom include, without limitation, pyridinyl. Exemplary 
6-membered heteroaryl groups containing two heteroatoms 
include, without limitation, pyridazinyl, pyrimidinyl, and 
pyrazinyl. Exemplary 6-membered heteroaryl groups con 
taining three or four heteroatoms include, without limitation, 
triazinyl and tetrazinyl, respectively. Exemplary 7-membered 
heteroaryl groups containing one heteroatom include, with 
out limitation, azepinyl, oxepinyl, and thiepinyl. Exemplary 
5,6-bicyclic heteroaryl groups include, without limitation, 
indolyl, isoindolyl, indazolyl, benzotriazolyl, benzothiophe 
nyl, isobenzothiophenyl, benzofuranyl, benzoisofuranyl. 
benzimidazolyl, benzoxazolyl, benzisoxazolyl, benzoxadia 
Zolyl, benzthiazolyl, benzisothiazolyl, benzthiadiazolyl, 
indolizinyl, and purinyl. Exemplary 6,6-bicyclic heteroaryl 
groups include, without limitation, naphthyridinyl, pteridi 
nyl, quinolinyl, isoquinolinyl, cinnolinyl, quinoxalinyl, 
phthalazinyl, and quinazolinyl. 
0045 Examples of representative heteroaryls include the 
following: 

Cy C C C, O 
OCOCO 
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-continued 

COCOOC N 4. 4. / 

CCC) M 
Y Y 

wherein each Y is selected from carbonyl, N, NR. O. and S; 
and R is independently hydrogen, C-Cs alkyl, Cs-Co 
cycloalkyl, 4-10 membered heterocyclyl, Co-Co aryl, and 
5-10 membered heteroaryl. 
0046 Examples of representative aryl having heteroatom 
containing Substitutions include the following: 

W. W 
N N 

2 Y s 2 and 

W 

1N X. 
2 Y 

wherein each Wis selected from C(R), NR.O, and S; and 
each Y is selected from carbonyl, NR, O, and S; and R is 
independently hydrogen, C-C alkyl, C-C cycloalkyl, 
4-10-membered heterocyclyl, C-C aryl, and 5-10-mem 
bered heteroaryl. 
0047. “Heteroaralkyl is a subset of alkyl and heteroaryl, 
as defined herein, and refers to an optionally substituted alkyl 
group substituted by an optionally substituted heteroaryl 
group. 
0048 “Carbocyclyl or “carbocyclic” refers to a radical of 
a non-aromatic cyclic hydrocarbon group having from 3 to 10 
ring carbon atoms (“Clio carbocyclyl) and Zero heteroat 
oms in the non-aromatic ring system. In some embodiments, 
a carbocyclyl group has 3 to 8 ring carbon atoms ("Cs 
carbocyclyl). In some embodiments, a carbocyclyl group 
has 3 to 7 ring carbon atoms ("C-7 carbocyclyl). In some 
embodiments, a carbocyclyl group has 3 to 6 ring carbon 
atoms ("Ce carbocyclyl). In some embodiments, a car 
bocyclyl group has 5 to 10 ring carbonatoms (“Cso carbocy 
clyl). Exemplary C-carbocyclyl groups include, without 
limitation, cyclopropyl (C), cyclopropenyl (C), cyclobutyl 
(C), cyclobutenyl (C), cyclopentyl (Cs), cyclopentenyl 
(Cs), cyclohexyl (C), cyclohexenyl (C), cyclohexadienyl 
(C), and the like. Exemplary Cs carbocyclyl groups 
include, without limitation, the aforementioned C. carbocy 
clyl groups as well as cycloheptyl (C7), cycloheptenyl (C7). 
cycloheptadienyl (C7), cycloheptatrienyl (C7), cyclooctyl 
(Cs), cyclooctenyl (Cs), bicyclo[2.2.1]heptanyl (C7), bicyclo 
2.2.2]octanyl (Cs), and the like. Exemplary Cso carbocy 
clyl groups include, without limitation, the aforementioned 
Cs carbocyclyl groups as well as cyclononyl (C), cyclonon 
enyl (C), cyclodecyl (Co), cyclodecenyl (Co), octahydro 
1H-indenyl (C), decahydronaphthalenyl (C), spiro4.5de 
canyl (Co), and the like. As the foregoing examples illustrate, 
in certain embodiments, the carbocyclyl group is either 
monocyclic ("monocyclic carbocyclyl) or contain a fused, 
bridged or spiro ring system Such as a bicyclic system (“bicy 
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clic carbocyclyl) and can be saturated or can be partially 
unsaturated. “Carbocyclyl also includes ring systems 
wherein the carbocyclyl ring, as defined above, is fused with 
one or more aryl or heteroaryl groups wherein the point of 
attachment is on the carbocyclyl ring, and in Such instances, 
the number of carbons continue to designate the number of 
carbons in the carbocyclic ring system. Unless otherwise 
specified, each instance of a carbocyclyl group is indepen 
dently optionally substituted, i.e., unsubstituted (an “unsub 
stituted carbocyclyl) or substituted (a “substituted carbocy 
clyl) with one or more substituents. In certain embodiments, 
the carbocyclyl group is unsubstituted Co carbocyclyl. In 
certain embodiments, the carbocyclyl group is a Substituted 
Cao carbocyclyl. 
0049. In some embodiments, “carbocyclyl is a monocy 

clic, Saturated carbocyclyl group having from 3 to 10 ring 
carbon atoms (“Clio cycloalkyl). In some embodiments, a 
cycloalkyl group has 3 to 8 ring carbon atoms ("Cs 
cycloalkyl). In some embodiments, a cycloalkyl group has 3 
to 6 ring carbon atoms ("Ce cycloalkyl). In some embodi 
ments, a cycloalkyl group has 5 to 6 ring carbonatoms (“Cs. 
cycloalkyl). In some embodiments, a cycloalkyl group has 5 
to 10 ring carbon atoms ("Cso cycloalkyl). Examples of 
Cs cycloalkyl groups include cyclopentyl (Cs) and cyclo 
hexyl (Cs). Examples of C. cycloalkyl groups include the 
aforementioned Cse cycloalkyl groups as well as cyclopropyl 
(C) and cyclobutyl (C). Examples of Css cycloalkyl groups 
include the aforementioned C. cycloalkyl groups as well as 
cycloheptyl (C7) and cyclooctyl (Cs). Unless otherwise speci 
fied, each instance of a cycloalkyl group is independently 
unsubstituted (an "unsubstituted cycloalkyl) or substituted 
(a "substituted cycloalkyl) with one or more substituents. In 
certain embodiments, the cycloalkyl group is unsubstituted 
Co cycloalkyl. In certain embodiments, the cycloalkyl 
group is substituted Co cycloalkyl. 
0050 “Heterocyclyl or “heterocyclic” refers to a radical 
of a 3- to 10-membered non-aromatic ring system having ring 
carbon atoms and 1 to 4 ring heteroatoms, wherein each 
heteroatom is independently selected from nitrogen, oxygen, 
sulfur, boron, phosphorus, and silicon (3-10 membered het 
erocyclyl). In heterocyclyl groups that contain one or more 
nitrogen atoms, the point of attachment can be a carbon or 
nitrogen atom, as Valency permits. A heterocyclyl group can 
either be monocyclic (“monocyclic heterocyclyl) or a fused, 
bridged or spiro ring system Such as a bicyclic system (“bicy 
clic heterocyclyl), and can be saturated or can be partially 
unsaturated. Heterocyclyl bicyclic ring systems can include 
one or more heteroatoms in one or both rings. “Heterocyclyl 
also includes ring systems wherein the heterocyclyl ring, as 
defined above, is fused with one or more carbocyclyl groups 
wherein the point of attachment is either on the carbocyclyl or 
heterocyclyl ring, or ring systems wherein the heterocyclyl 
ring, as defined above, is fused with one or more aryl or 
heteroaryl groups, wherein the point of attachment is on the 
heterocyclyl ring, and in Such instances, the number of ring 
members continue to designate the number of ring members 
in the heterocyclyl ring system. Unless otherwise specified, 
each instance of heterocyclyl is independently optionally 
substituted, i.e., unsubstituted (an “unsubstituted heterocy 
clyl) or substituted (a "substituted heterocyclyl) with one or 
more Substituents. In certain embodiments, the heterocyclyl 
group is unsubstituted 3-10 membered heterocyclyl. In cer 
tain embodiments, the heterocyclyl group is substituted 3-10 
membered heterocyclyl. 
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0051. In some embodiments, a heterocyclyl group is a 
5-10 membered non-aromatic ring system having ring carbon 
atoms and 1-4 ring heteroatoms, wherein each heteroatom is 
independently selected from nitrogen, oxygen, Sulfur, boron, 
phosphorus, and silicon (“5-10 membered heterocyclyl). In 
Some embodiments, a heterocyclyl group is a 5-8 membered 
non-aromatic ring system having ring carbon atoms and 1-4 
ring heteroatoms, wherein each heteroatom is independently 
selected from nitrogen, oxygen, and sulfur (“5-8 membered 
heterocyclyl). In some embodiments, a heterocyclyl group is 
a 5-6 membered non-aromatic ring system having ring carbon 
atoms and 1-4 ring heteroatoms, wherein each heteroatom is 
independently selected from nitrogen, oxygen, and Sulfur 
(“5-6 membered heterocyclyl). In some embodiments, the 
5-6 membered heterocyclyl has 1-3 ring heteroatoms selected 
from nitrogen, oxygen, and Sulfur. In some embodiments, the 
5-6 membered heterocyclyl has 1-2 ring heteroatoms selected 
from nitrogen, oxygen, and Sulfur. In some embodiments, the 
5-6 membered heterocyclyl has one ring heteroatom selected 
from nitrogen, oxygen, and Sulfur. 
0.052 Exemplary 3-membered heterocyclyl groups con 
taining one heteroatom include, without limitation, azirdinyl, 
oxiranyl, thiorenyl. Exemplary 4-membered heterocyclyl 
groups containing one heteroatom include, without limita 
tion, aZetidinyl, oxetanyl and thietanyl. 
0053 Exemplary 5-membered heterocyclyl groups con 
taining one heteroatom include, without limitation, tetrahy 
drofuranyl, dihydrofuranyl, tetrahydrothiophenyl, dihy 
drothiophenyl, pyrrolidinyl, dihydropyrrolyl and pyrrolyl-2, 
5-dione. Exemplary 5-membered heterocyclyl groups 
containing two heteroatoms include, without limitation, diox 
olanyl, oxasulfuranyl, disulfuranyl, and oxazolidin-2-one. 
Exemplary 5-membered heterocyclyl groups containing 
three heteroatoms include, without limitation, triazolinyl, 
oxadiazolinyl, and thiadiazolinyl. Exemplary 6-membered 
heterocyclyl groups containing one heteroatom include, 
without limitation, piperidinyl, tetrahydropyranyl, dihydro 
pyridinyl, and thianyl. Exemplary 6-membered heterocyclyl 
groups containing two heteroatoms include, without limita 
tion, piperazinyl, morpholinyl, dithianyl, dioxanyl. Exem 
plary 6-membered heterocyclyl groups containing two het 
eroatoms include, without limitation, triaZinanyl. Exemplary 
7-membered heterocyclyl groups containing one heteroatom 
include, without limitation, azepanyl, oxepanyl and thiepa 
nyl. Exemplary 8-membered heterocyclyl groups containing 
one heteroatom include, without limitation, azocanyl, oxeca 
nyl and thiocanyl. Exemplary 5-membered heterocyclyl 
groups fused to a Caryl ring (also referred to herein as a 
5,6-bicyclic heterocyclic ring) include, without limitation, 
indolinyl, isoindolinyl, dihydrobenzofuranyl, dihydroben 
Zothienyl, benzoxazolinonyl, and the like. Exemplary 
6-membered heterocyclyl groups fused to an aryl ring (also 
referred to herein as a 6,6-bicyclic heterocyclic ring) include, 
without limitation, tetrahydroquinolinyl, tetrahydroisoquino 
linyl, and the like. 
0054 Particular examples of heterocyclyl groups are 
shown in the following illustrative examples: 

Sy 
Y 

NCW NC \ -N Šy ŠA is Y 
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-continued 

-O-O-O 
-COC – C 

'1 
Y 

wherein each Wis selected from CR 7, C(R7), NR7, O, and 
S; and each Y is selected from NR7, O, and S; and R7 is 
independently hydrogen, C-C alkyl, C-C cycloalkyl, 
4-10 membered heterocyclyl, C-C aryl, 5-10 membered 
heteroaryl. These heterocyclyl rings may be optionally Sub 
stituted with one or more substituents selected from the group 
consisting of the group consisting of acyl, acylamino, acy 
loxy, alkoxy, alkoxycarbonyl, alkoxycarbonylamino, amino, 
Substituted amino, aminocarbonyl (carbamoyl or amido), 
aminocarbonylamino, aminosulfonyl, Sulfonylamino, aryl, 
aryloxy, azido, carboxyl, cyano, cycloalkyl, halogen, 
hydroxy, keto, nitro, thiol. —S-alkyl, - S-aryl. —S(O)-alkyl, 
—S(O)-aryl, - S(O)-alkyl, and —S(O)-aryl. Substituting 
groups include carbonyl or thiocarbonyl which provide, for 
example, lactam and urea derivatives. 
0055) “Hetero” when used to describe a compound or a 
group present on a compound means that one or more carbon 
atoms in the compound or group have been replaced by a 
nitrogen, oxygen, or Sulfur heteroatom. Hetero may be 
applied to any of the hydrocarbyl groups described above 
Such as alkyl, e.g., heteroalkyl, cycloalkyl, e.g., heterocyclyl, 
aryl, e.g., heteroaryl, cycloalkenyl, e.g., cycloheteroalkenyl, 
and the like having from 1 to 5, and particularly from 1 to 3 
heteroatoms. 
0056 “Acyl” refers to a radical C(O)R’, where R is 
hydrogen, substituted or unsubstituted alkyl, substituted or 
unsubstituted alkenyl, substituted or unsubstituted alkynyl, 
substituted or unsubstituted carbocyclyl, substituted or 
unsubstituted heterocyclyl, substituted or unsubstituted aryl, 
or substituted or unsubstituted heteroaryl, as defined herein. 
“Alkanoyl” is an acyl group wherein R” is a group other than 
hydrogen. Representative acyl groups include, but are not 
limited to, formyl ( CHO), acetyl ( C(=O)CH), cyclo 
hexylcarbonyl, cyclohexylmethylcarbonyl, benzoyl ( C 
(=O)Ph), benzylcarbonyl ( C(=O)CHPh), C(O) C 
Cs alkyl, —C(O)—(CH),(Co-Co aryl), —C(O)—(CH2),(5- 
10 membered heteroaryl), —C(O)—(CH), (C-Co 
cycloalkyl), and —C(O)—(CH2)(4-10 membered heterocy 
clyl), whereint is an integer from 0 to 4. In certain embodi 
ments, R is C-Cs alkyl, substituted with halo orhydroxy; or 
Cs-Cocycloalkyl, 4-10 membered heterocyclyl. Co-Caryl, 
arylalkyl, 5-10 membered heteroaryl or heteroarylalkyl, each 
of which is substituted with unsubstituted C-C alkyl, halo, 
unsubstituted C-C alkoxy, unsubstituted C-C haloalkyl, 
unsubstituted C-C hydroxyalkyl, or unsubstituted C-C, 
haloalkoxy or hydroxy. 
0057. “Acylamino” refers to a radical NRC(O)R’, 
where each instance of R’ and R23 is independently hydro 
gen, Substituted or unsubstituted alkyl, Substituted or unsub 
stituted alkenyl, substituted or unsubstituted alkynyl, substi 
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tuted or unsubstituted carbocyclyl, substituted or 
unsubstituted heterocyclyl, substituted or unsubstituted aryl, 
or substituted or unsubstituted heteroaryl, as defined herein, 
or R’ is an amino protecting group. Exemplary "acylamino” 
groups include, but are not limited to, formylamino, acety 
lamino, cyclohexylcarbonylamino, cyclohexylmethyl-carbo 
nylamino, benzoylamino and benzylcarbonylamino. Particu 
lar exemplary “acylamino” groups are NRC(O)—C-Cs 
alkyl, - NRC(O)–(CH), (C-C aryl), -NRC(O)— 
(CH)(5-10 membered heteroaryl), NRC(O)–(CH), 
(C-C cycloalkyl), and NRC(O)—(CH),(4-10 mem 
bered heterocyclyl), whereint is an integer from 0 to 4, and 
each R" independently represents H or C-C alkyl. In cer 
tain embodiments, R is H, C, -Cs alkyl, substituted with 
halo or hydroxy: C-C cycloalkyl, 4-10 membered hetero 
cyclyl, C-C aryl, arylalkyl, 5-10 membered heteroaryl or 
heteroarylalkyl, each of which is substituted with unsubsti 
tuted C-C alkyl, halo, unsubstituted C-C alkoxy, unsub 
stituted C-C haloalkyl, unsubstituted C-C hydroxyalkyl, 
or unsubstituted C-C haloalkoxy or hydroxy; and R is H. 
C-Cs alkyl, Substituted with halo or hydroxy: Cs-Co 
cycloalkyl, 4-10 membered heterocyclyl, Co-Co aryl, aryla 
lkyl, 5-10 membered heteroaryl or heteroarylalkyl, each of 
which is substituted with unsubstituted C-C alkyl, halo, 
unsubstituted C-C alkoxy, unsubstituted C-C haloalkyl, 
unsubstituted C-C hydroxyalkyl, or unsubstituted C-C, 
haloalkoxy or hydroxyl; provided at least one of RandR 
is other than H. 

0058 “Acyloxy” refers to a radical OC(O)R’7, where 
R’ is hydrogen, substituted or unsubstituted alkyl, substi 
tuted or unsubstituted alkenyl, substituted or unsubstituted 
alkynyl, substituted or unsubstituted carbocyclyl, substituted 
or unsubstituted heterocyclyl, substituted or unsubstituted 
aryl, or substituted or unsubstituted heteroaryl, as defined 
herein. Representative examples include, but are not limited 
to, formyl, acetyl, cyclohexylcarbonyl, cyclohexylmethylcar 
bonyl, benzoyland benzylcarbonyl. In certain embodiments, 
R’ is C-Cs alkyl, substituted with halo or hydroxy: Cs-Co 
cycloalkyl, 4-10 membered heterocyclyl, Co-Co aryl, aryla 
lkyl, 5-10 membered heteroaryl or heteroarylalkyl, each of 
which is substituted with unsubstituted C-C alkyl, halo, 
unsubstituted C-C alkoxy, unsubstituted C-C haloalkyl, 
unsubstituted C-C hydroxyalkyl, or unsubstituted C-C, 
haloalkoxy or hydroxy. 
0059) “Alkoxy” refers to the group -OR where R is 
substituted or unsubstituted alkyl, substituted or unsubsti 
tuted alkenyl, substituted or unsubstituted alkynyl, substi 
tuted or unsubstituted carbocyclyl, substituted or unsubsti 
tuted heterocyclyl, substituted or unsubstituted aryl, or 
substituted or unsubstituted heteroaryl. Particular alkoxy 
groups are methoxy, ethoxy, n-propoxy, isopropoxy, n-bu 
toxy, tert-butoxy, Sec-butoxy, n-pentoxy, n-hexoxy, and 1.2- 
dimethylbutoxy. Particular alkoxy groups are lower alkoxy, 
i.e. with between 1 and 6 carbon atoms. Further particular 
alkoxy groups have between 1 and 4 carbon atoms. 
I0060. In certain embodiments, R is a group that has 1 or 
more Substituents, for instance from 1 to 5 substituents, and 
particularly from 1 to 3 substituents, in particular 1 substitu 
ent, selected from the group consisting of amino, Substituted 
amino, Co-Co aryl, aryloxy, carboxyl, cyano, C-Co 
cycloalkyl, 4-10 membered heterocyclyl, halogen, 5-10 
membered heteroaryl, hydroxyl, nitro, thioalkoxy, thioary 
loxy, thiol, alkyl-S(O)—, aryl-S(O)—, alkyl-S(O)— and 
aryl-S(O) . Exemplary Substituted alkoxy groups 
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include, but are not limited to. —O-(CH2)(Co-Co aryl), 
—O—(CH),(5-10 membered heteroaryl), —O—(CH2)(C- 
Co cycloalkyl), and —O-(CH2),(4-10 membered heterocy 
clyl), whereint is an integer from 0 to 4 and any aryl, het 
eroaryl, cycloalkyl or heterocyclyl groups present, may 
themselves be substituted by unsubstituted C-C alkyl, halo, 
unsubstituted C-C alkoxy, unsubstituted C-C haloalkyl, 
unsubstituted C-C hydroxyalkyl, or unsubstituted C-C, 
haloalkoxy or hydroxy. Particular exemplary substituted 
alkoxy groups are —OCF. —OCHCF. —OCHPh. 
—OCH-cyclopropyl. –OCHCH-OH, and 
–OCHCHNMe. 
0061 “Amino” refers to the radical -NH. 
0062 “Substituted amino” refers to an amino group of 
Formula - N(R), wherein R is hydrogen, substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, sub 
stituted or unsubstituted alkynyl, substituted or unsubstituted 
carbocyclyl, substituted or unsubstituted heterocyclyl, sub 
stituted or unsubstituted aryl, substituted or unsubstituted 
heteroaryl, oranamino protecting group, wherein at least one 
of R is not a hydrogen. In certain embodiments, each R is 
independently selected from: hydrogen, C-C alkyl, C-Cs 
alkenyl, C-C alkynyl, Co-Co aryl, 5-10 membered het 
eroaryl, 4-10 membered heterocyclyl, or C-Co cycloalkyl; 
or C-Cs alkyl, Substituted with halo or hydroxy, C-C alk 
enyl, substituted with halo or hydroxy: C-C alkynyl. Sub 
stituted with halo or hydroxy, or —(CH2),(Co-Co aryl), 
—(CH),(5-10 membered heteroaryl), —(CH),(C-Co 
cycloalkyl), or —(CH),(4-10 membered heterocyclyl), 
wherein t is an integer between 0 and 8, each of which is 
substituted by unsubstituted C-C alkyl, halo, unsubstituted 
C-C alkoxy, unsubstituted C-C haloalkyl, unsubstituted 
C-C hydroxyalkyl, or unsubstituted C-C haloalkoxy or 
hydroxy; or both R groups are joined to form an alkylene 
group. 
0063 Exemplary substituted amino groups are 
—NR C-C alkyl, - NR (CH),(Co-Co aryl), 
-NR (CH),(5-10 membered heteroaryl), -NR 
(CH2)(Cs-Cocycloalkyl), and NR (CH),(4-10 mem 
bered heterocyclyl), whereint is an integer from 0 to 4, for 
instance 1 or 2, each Rindependently represents Hor C-Cs 
alkyl; and any alkyl groups present, may themselves be Sub 
stituted by halo, substituted or unsubstituted amino, or 
hydroxy; and any aryl, heteroaryl, cycloalkyl, or heterocyclyl 
groups present, may themselves be substituted by unsubsti 
tuted C-C alkyl, halo, unsubstituted C-C alkoxy, unsub 
stituted C-C haloalkyl, unsubstituted C-C hydroxyalkyl, 
or unsubstituted C-Chaloalkoxy or hydroxy. For the avoid 
ance of doubt the term substituted amino includes the 
groups alkylamino, Substituted alkylamino, alkylarylamino, 
Substituted alkylarylamino, arylamino, Substituted ary 
lamino, dialkylamino, and Substituted dialkylamino as 
defined below. Substituted amino encompasses both mono 
Substituted amino and disubstituted amino groups. 
0064 “Azido” refers to the radical N. 
0065 “Carbamoyl” or “amido” refers to the radical 
—C(O)NH2. 
0066 “Substituted carbamoyl” or “substituted amido' 
refers to the radical–C(O)N(R), wherein each R is inde 
pendently hydrogen, Substituted or unsubstituted alkyl, Sub 
stituted or unsubstituted alkenyl, substituted or unsubstituted 
alkynyl, substituted or unsubstituted carbocyclyl, substituted 
or unsubstituted heterocyclyl, substituted or unsubstituted 
aryl, Substituted or unsubstituted heteroaryl, or an amino 
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protecting group, wherein at least one of R is not a hydro 
gen. In certain embodiments, R is selected from H. C-Cs 
alkyl, C-C cycloalkyl, 4-10 membered heterocyclyl, 
C-C aryl, aralkyl, 5-10 membered heteroaryl, and het 
eroaralkyl; or C-C alkyl substituted with halo or hydroxy; or 
C-C cycloalkyl, 4-10 membered heterocyclyl, C-C aryl, 
aralkyl, 5-10 membered heteroaryl, or heteroaralkyl, each of 
which is substituted by unsubstituted C-C alkyl, halo, 
unsubstituted C-C alkoxy, unsubstituted C-C haloalkyl, 
unsubstituted C-C hydroxyalkyl, or unsubstituted C-C, 
haloalkoxy or hydroxy; provided that at least one R is other 
than H. Exemplary substituted carbamoyl groups include, 
but are not limited to, —C(O)NR' C-C alkyl, -C(O) 
NR (CH),(C-C aryl), C(O)N (CH),(5-10 
membered heteroaryl), —C(O)NR' (CH2)(Cs-Co 
cycloalkyl), and C(O)NR' (CH),(4-10 membered het 
erocyclyl), wherein t is an integer from 0 to 4, each R' 
independently represents H or C-C alkyl and any aryl, het 
eroaryl, cycloalkyl or heterocyclyl groups present, may them 
selves be substituted by unsubstituted C-C alkyl, halo, 
unsubstituted C-C alkoxy, unsubstituted C-C haloalkyl, 
unsubstituted C-C hydroxyalkyl, or unsubstituted C-C, 
haloalkoxy or hydroxy. 
0067. “Carboxy” refers to the radical - C(O)OH. 
0068 “Cyano” refers to the radical –CN. 
0069) “Halo' or “halogen” refers to fluoro (F), chloro (Cl), 
bromo (Br), and iodo (I). 
0070. In certain embodiments, the halo group is either 
fluoro or chloro. 
(0071. “Hydroxy” refers to the radical –OH. 
(0072 “Nitro” refers to the radical - NO. 
(0073 “Cycloalkylalkyl refers to an alkyl radical in which 
the alkyl group is Substituted with a cycloalkyl group. Typical 
cycloalkylalkyl groups include, but are not limited to, cyclo 
propylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclo 
hexylmethyl, cycloheptylmethyl, cyclooctylmethyl, cyclo 
propylethyl, cyclobutylethyl, cyclopentylethyl, 
cyclohexylethyl, cycloheptylethyl, and cyclooctylethyl, and 
the like. 
(0074) “Heterocyclylalkyl refers to an alkyl radical in 
which the alkyl group is substituted with a heterocyclyl 
group. Typical heterocyclylalkyl groups include, but are not 
limited to, pyrrolidinylmethyl, piperidinylmethyl, piperazi 
nylmethyl, morpholinylmethyl, pyrrolidinylethyl, piperidi 
nylethyl, piperazinylethyl, morpholinylethyl, and the like. 
(0075 “Cycloalkenyl refers to substituted or unsubsti 
tuted carbocyclyl group having from 3 to 10 carbonatoms and 
having a single cyclic ring or multiple condensed rings, 
including fused and bridged ring systems and having at least 
one and particularly from 1 to 2 sites of olefinic unsaturation. 
Such cycloalkenyl groups include, by way of example, single 
ring structures Such as cyclohexenyl, cyclopentenyl, cyclo 
propenyl, and the like. 
0076 “Fused cycloalkenyl refers to a cycloalkenyl hav 
ing two of its ring carbon atoms in common with a second 
aliphatic or aromatic ring and having its olefinic unsaturation 
located to impart aromaticity to the cycloalkenyl ring. 
(0077 “Ethenyl refers to substituted or unsubstituted 
—(CH=CH)–. 
(0078 “Ethylene' refers to substituted or unsubstituted 
—(CH2—CH2)—. 
(0079) “Ethynyl refers to —(C=C)-. 
0080 “Nitrogen-containing heterocyclyl group means a 
4- to 7-membered non-aromatic cyclic group containing at 
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least one nitrogen atom, for example, but without limitation, 
morpholine, piperidine (e.g. 2-piperidinyl, 3-piperidinyl and 
4-piperidinyl), pyrrolidine (e.g. 2-pyrrolidinyl and 3-pyrro 
lidinyl), azetidine, pyrrolidone, imidazoline, imidazolidi 
none, 2-pyrazoline, pyrazolidine, piperazine, and N-alkyl 
piperazines such as N-methylpiperazine. Particular examples 
include azetidine, piperidone and piperaZone. 
0081 
0082 Alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, 
aryl, and heteroaryl groups, as defined herein, are optionally 
substituted (e.g., “substituted” or “unsubstituted alkyl, “sub 
stituted” or “unsubstituted alkenyl, “substituted” or “unsub 
stituted alkynyl, “substituted” or “unsubstituted carbocy 
clyl, “substituted” or “unsubstituted heterocyclyl, 
“substituted” or “unsubstituted” aryl or “substituted” or 
“unsubstituted heteroaryl group). In general, the term “sub 
stituted, whether preceded by the term “optionally” or not, 
means that at least one hydrogen present on a group (e.g., a 
carbon or nitrogen atom) is replaced with a permissible Sub 
stituent, e.g., a Substituent which upon Substitution results in 
a stable compound, e.g., a compound which does not sponta 
neously undergo transformation Such as by rearrangement, 
cyclization, elimination, or other reaction. Unless otherwise 
indicated, a “substituted group has a Substituent at one or 
more Substitutable positions of the group, and when more 
than one position in any given structure is Substituted, the 
substituent is either the same or different at each position. The 
term "substituted” is contemplated to include substitution 
with all permissible Substituents of organic compounds, any 
of the substituents described herein that results in the forma 
tion of a stable compound. The present invention contem 
plates any and all such combinations in order to arrive at a 
stable compound. For purposes of this invention, heteroatoms 
Such as nitrogen may have hydrogen Substituents and/or any 
suitable substituent as described herein which satisfy the 
valencies of the heteroatoms and results in the formation of a 
stable moiety. 
0083 Exemplary carbon atom substituents include, but 
are not limited to, halogen, —CN. —NO. —N, -SOH, 
SOH, OH, OR", ON(R), N(R), N(R) 

"X, N(OR)R, SH, SR', SSR, C(=O) 
R", COH, CHO,-COR), COR", OC(=O) 
R“, OCOR, C(=O)N(R), OC(=O)N(R), 
NRC(O)R*, NRCOR, NRC(O)N(R) 
C(—NR)R, C(—NR)OR, OC(—NR) 

R", OC(-NR)OR", C(-NR)N(R), OC 
(—NR)N(R), NRC(—NR)N(R), C(=O) 
NRSOR, NRSO.R., SON(R). SOR, 
SOOR", OSOR', S(–O)R", OS(—O)R", 

–Si(R), OSi(R), C(=S)N(R'), C(=O)SR", 
C(—S)SR', SC(–S)SR', SC(=O)SR", OC 

(—O)SR', SC(=O)CR', SC(=O)R’, P(=O) 
R", OP(=O).R.", P(=O)(R'), OP(=O)(R'), 

– OP(=O)(OR), P(=O)N(R), OP(=O)N 
(R), P(=O)(NR), OP(=O)(NR), NRP 
(—O)(OR), NRP(=O)(NR), P(R) P(R) 

OP(R), OP(R), B(R), B(OR), BR' 
(OR), Co alkyl, Co perhaloalkyl, Coalkenyl, Co 
alkynyl, Co carbocyclyl, 3-14 membered heterocyclyl, 
C. aryl, and 5-14 membered heteroaryl, wherein each 
alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and 
heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 
R" groups; or two geminal hydrogens on a carbon atom are 

“Thioketo refers to the group —S. 
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replaced with the group =O, =S, =NN(R') =NNRC 
(—O)R’, -NNRC(=O)CR', NNRS(—O).R., 
—NR, or—NOR; 

0084 each instance of R“ is, independently, selected 
from Coalkyl, Coperhaloalkyl, Coalkenyl, Co 
alkynyl, Co carbocyclyl, 3-14 membered heterocy 
clyl, Caryl, and 5-14 membered heteroaryl, or two 
R“groups are joined to form a 3-14 membered hetero 
cyclyl or 5-14 membered heteroaryl ring, wherein each 
alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, 
and heteroaryl is independently substituted with 0, 1, 2, 
3, 4, or 5 R' groups; 

I0085) each instance of R” is, independently, selected 
from hydrogen, -OH, -OR', N(R), —CN, 
C(=O)R', C(=O)N(R), COR", 
SOR", C(-NR)OR', C(-NR)N(R), 

- SON(R-), SOR-, - SOOR-, -SOR, 
C(=S)N(R), C(=O)SR, C(=S)SR, 

- P(=O).R.", P(=O)(R), -P(=O)N(R), 
—P(=O)(NR), Co alkyl, Coperhaloalkyl, Co 
alkenyl, Co alkynyl, Co carbocyclyl, 3-14 mem 
bered heterocyclyl, C-aryl, and 5-14 membered het 
eroaryl, or two R' groups are joined to form a 3-14 
membered heterocyclyl or 5-14 membered heteroaryl 
ring, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, 
heterocyclyl, aryl, and heteroaryl is independently Sub 
stituted with 0, 1, 2, 3, 4, or 5 R“groups; 

I0086 each instance of R is, independently, selected 
from hydrogen, Clio alkyl, C-10 perhaloalkyl, C2-lo 
alkenyl, Co alkynyl, Co carbocyclyl, 3-14 mem 
bered heterocyclyl, Caryl, and 5-14 membered het 
eroaryl, or two R groups are joined to form a 3-14 
membered heterocyclyl or 5-14 membered heteroaryl 
ring, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, 
heterocyclyl, aryl, and heteroaryl is independently Sub 
stituted with 0, 1, 2, 3, 4, or 5 R“groups; 

I0087 each instance of R" is, independently, selected 
from halogen, —CN, NO. —N —SOH, -SOH, 
OH, OR, ON(R), N(R), N(R)'X, 
N(OR)R', SH, SR, SSR, C(=O)R, 

-COH, -COR, OC(=O)R, OCOR, 
C(=O)N(R), OC(=O)N(RV), NR C(=O) 

Re, NR COR, NR C(=O)N(R), 
C(-NR()OR, OC(—NR()R, OC(—NR) 

OR, C(-NR)N(R'), OC(-NR?)N(R), 
NRC(—NR)N(R), NRSO.R., SON(R) 
SOR, SOOR, OSOR, S(=O)R, 

—Si(R) —OSi(R), C(=S)N(RV), –C(=O) 
SR, C(—S)SR, SC(—S)SR, P(=O).R., 
- P(=O)(R), OP(=O)(R), OP(=O)(OR) 
2. C. alkyl, Ce perhaloalkyl, C2-alkenyl, C2-alky 
nyl, Co carbocyclyl, 3-10 membered heterocyclyl, 
Co aryl, 5-10 membered heteroaryl, wherein each 
alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, 
and heteroaryl is independently substituted with 0, 1, 2, 
3, 4, or 5R groups, or two geminal R“substituents can 
be joined to form —O or =S: 

0088 each instance of R is, independently, selected 
from C- alkyl, Ce perhaloalkyl, C2-alkenyl, C2 
alkynyl, Co carbocyclyl, Co aryl, 3-10 membered 
heterocyclyl, and 3-10 membered heteroaryl, wherein 
each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, 
aryl, and heteroaryl is independently substituted with 0. 
1, 2, 3, 4, or 5 R groups; each instance of R is, inde 
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pendently, selected from hydrogen, Ce alkyl, Ce per 
haloalkyl, C2-alkenyl, C2-alkynyl, Cao carbocyclyl, 
3-10 membered heterocyclyl, Co aryland 5-10 mem 
bered heteroaryl, or two R' groups are joined to form a 
3-14 membered heterocyclyl or 5-14 membered het 
eroaryl ring, wherein each alkyl, alkenyl, alkynyl, car 
bocyclyl, heterocyclyl, aryl, and heteroaryl is indepen 
dently substituted with 0, 1, 2, 3, 4, or 5 R groups; and 
each instance of R$8 is, independently, halogen, —CN, 
NO. —N —SOH, -SOH, -OH, —OC alkyl, 

—ON(C. alkyl). —N(C. alkyl). —N(C. alkyl). 
X. —NH(C. alkyl).X. —NH(C. alkyl)"X, 
—NH"X, N(OC-alkyl)(Calkyl), N(OH)(C. 
alkyl). —NH(OH), —SH, SC alkyl, - SS(C. 
alkyl), —C(=O)(C. alkyl). —COH, -CO(C- 
alkyl). —OC(=O)(C. alkyl). —OCO(C. alkyl). 
—C(=O)NH2, —C(=O)N(C. alkyl). —OC(=O) 
NH(C. alkyl), NHC(=O)(C. alkyl), N(C. 
alkyl)C(=O)(C. alkyl). —NHCO(C- alkyl). 
- NHC(=O)N(C. alkyl), -NHC(=O)NH(C. 
alkyl), -NHC(=O)NH –C(=NH)O(C- alkyl), 
—OC(=NH)(C. alkyl). —OC(=NH)OC alkyl, 
—C(=NH)N(C. alkyl). —C(=NH)NH(C. alkyl). 
- C(-NH)NH - OC(—NH)N(C. alkyl). OC 
(NH)NH(C. alkyl), OC(NH)NH, -NHC(NH)N 
(C. alkyl). —NHC(=NH)NH2. —NHSO(C- 
alkyl). —SON(C. alkyl). —SONHCC alkyl). 
—SONH2. —SOC alkyl, -SOOC alkyl, 
—OSOC alkyl, -SOC alkyl, - Si(C. alkyl). 
—OSi(C. alkyl)-C(=S)N(C. alkyl), C(=S)NH 
(C. alkyl), C(=S)NH2. —C(=O)S(C. alkyl). 
—C(=S)SC alkyl, —SC(=S)SC alkyl, - P(=O) 
(C. alkyl). —P(=O)(C. alkyl). —OP(=O)(C. 
alkyl). —OP(=O)(OC-alkyl), C alkyl, Ce per 
haloalkyl, C2-alkenyl, C2-alkynyl, Cao carbocyclyl, 
Co aryl, 3-10 membered heterocyclyl, 5-10 mem 
bered heteroaryl; or two geminal R38 substituents can be 
joined to form =O or =S; wherein X is a counterion. 

0089. A “counterion' or “anionic counterion' is a nega 
tively charged group associated with a cationic quaternary 
amino group in order to maintain electronic neutrality. Exem 
plary counterions include halide ions (e.g., F, Cl, Br, I), 
NO, CIO, OH, HPO, HSO, sulfonate ions (e.g., 
methansulfonate, trifluoromethanesulfonate, p-toluene 
Sulfonate, benzenesulfonate, 10-camphor Sulfonate, naphtha 
lene-2-sulfonate, naphthalene-1-sulfonic acid-5-Sulfonate, 
ethan-1-sulfonic acid-2-sulfonate, and the like), and carboxy 
late ions (e.g., acetate, ethanoate, propanoate, benzoate, glyc 
erate, lactate, tartrate, glycolate, and the like). 
0090 Nitrogen atoms can be substituted or unsubstituted 
as Valency permits, and include primary, secondary, tertiary, 
and quarternary nitrogen atoms. Exemplary nitrogen atom 
substitutents include, but are not limited to, hydrogen, —OH, 
OR, N(R) - CN, C(=O)R", C(=O)N(R) 
COR', SOR, C(-NR)R', C(—NR) 

OR, C(=NR)N(R-), SON(R) - SOR, 
- SOOR, SOR", C(=S)N(R), C(=O)SR, 
C(=S)SR-, -P(=O).R", P(=O)(R'), -P(=O)N 
(R), —P(=O)(NR), Co alkyl, Co perhaloalkyl, 
Coalkenyl, Co alkynyl, Co carbocyclyl. 3-14 mem 
bered heterocyclyl, Caryl, and 5-14 membered heteroaryl, 
or two R groups attached to a nitrogen atom are joined to 
form a 3-14 membered heterocyclyl or 5-14 membered het 
eroaryl ring, wherein each alkyl, alkenyl, alkynyl, carbocy 
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clyl, heterocyclyl, aryl, and heteroaryl is independently Sub 
stituted with 0, 1, 2, 3, 4, or 5 R“groups, and wherein R", 
R”, R* and R* are as defined above. 
0091. In certain embodiments, the substituent present on a 
nitrogen atom is a nitrogen protecting group (also referred to 
as an amino protecting group). Nitrogen protecting groups 
include, but are not limited to. —OH, -OR", N(R), 
C(=O)R", C(=O)N(R), COR, SOR", 
C(-NR)R', C(-NR)OR, C(-NR)N(R) 

SON(R), SOR-, -SOOR, SOR", 
C(=S)N(R), C(=O)SR, C(=S)SR, Co 

alkyl (e.g., aralkyl, heteroaralkyl). Coalkenyl, Co alky 
nyl, Co carbocyclyl. 3-14 membered heterocyclyl, Ca 
aryl, and 5-14 membered heteroaryl groups, wherein each 
alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aralkyl, 
aryl, and heteroaryl is independently substituted with 0, 1, 2, 
3, 4, or 5 R“groups, and wherein R*, R. RandR'' areas 
defined herein. Nitrogen protecting groups are well known in 
the art and include those described in detail in Protecting 
Groups in Organic Synthesis, T. W. Greene and P. G. M. Wuts, 
3' edition, John Wiley & Sons, 1999, incorporated herein by 
reference. 
0092 For example, nitrogen protecting groups such as 
amide groups (e.g., —C(=O)R') include, but are not lim 
ited to, formamide, acetamide, chloroacetamide, trichloroac 
etamide, trifluoroacetamide, phenylacetamide, 3-phenylpro 
panamide, picolinamide, 3-pyridylcarboxamide, 
N-benzoylphenylalanyl derivative, benzamide, p-phenylben 
Zamide, o-nitophenylacetamide, o-nitrophenoxyacetamide, 
acetoacetamide, (N'-dithiobenzyloxyacylamino)acetamide, 
3-(p-hydroxyphenyl)propanamide, 3-(o-nitrophenyl)pro 
panamide, 2-methyl-2-(o-nitrophenoxy)propanamide, 2-me 
thyl-2-(o-phenylaZophenoxy)propanamide, 4-chlorobutana 
mide, 3-methyl-3-nitrobutanamide, o-nitrocinnamide, 
N-acetylmethionine derivative, o-nitrobenzamide and 
o-(benzoyloxymethyl)benzamide. 
0093. Nitrogen protecting groups such as carbamate 
groups (e.g., —C(=O)CR') include, but are not limited to, 
methyl carbamate, ethyl carbamante, 9-fluorenylmethyl car 
bamate (Fmoc), 9-(2-sulfo)fluorenylmethyl carbamate, 9-(2, 
7-dibromo) fluoroenylmethyl carbamate, 2,7-di-t-butyl-9- 
(10,10-dioxo-10,10,10,10-tetrahydrothioxanthyl)methyl 
carbamate (DBD-Tmoc), 4-methoxyphenacyl carbamate 
(Phenoc), 2.2.2-trichloroethyl carbamate (Troc), 2-trimethyl 
silylethyl carbamate (Teoc), 2-phenylethyl carbamate (hZ), 
1-(1-adamantyl)-1-methylethyl carbamate (Adipoc), 1,1- 
dimethyl-2-haloethyl carbamate, 1,1-dimethyl-2,2-dibromo 
ethyl carbamate (DB-t-BOC), 1,1-dimethyl-2.2.2-trichloro 
ethyl carbamate (TCBOC), 1-methyl-1-(4-biphenylyl)ethyl 
carbamate (Bpoc), 1-(3,5-di-t-butylphenyl)-1-methylethyl 
carbamate (t-Bumeoc), 2-(2- and 4'-pyridyl)ethyl carbamate 
(Pyoc), 2-(N,N-dicyclohexylcarboxamido)ethyl carbamate, 
t-butyl carbamate (BOC), 1-adamantyl carbamate (Adoc), 
vinyl carbamate (Voc), allyl carbamate (Alloc), 1-isopropy 
lallyl carbamate (Ipaoc), cinnamyl carbamate (Coc), 4-nitro 
cinnamyl carbamate (Noc), 8-quinolyl carbamate, N-hydrox 
ypiperidinyl carbamate, alkyldithio carbamate, benzyl 
carbamate (Cbz), p-methoxybenzyl carbamate (MoZ), p-ni 
tobenzyl carbamate, p-bromobenzyl carbamate, p-chlo 
robenzyl carbamate, 2,4-dichlorobenzyl carbamate, 4-meth 
ylsulfinylbenzyl carbamate (MSZ), 9-anthrylmethyl 
carbamate, diphenylmethyl carbamate, 2-methylthioethyl 
carbamate, 2-methylsulfonylethyl carbamate, 2-(p-toluene 
sulfonyl)ethyl carbamate, 2-(1,3-dithianyl)methyl carbam 



US 2015/029 1654 A1 

ate (Dmoc), 4-methylthiophenyl carbamate (Mtpc), 2,4-dim 
ethylthiophenyl carbamate (Bmpc), 2-phosphonioethyl 
carbamate (Peoc), 2-triphenylphosphonioisopropyl carbam 
ate (Ppoc), 1,1-dimethyl-2-cyanoethyl carbamate, m-chloro 
p-acyloxybenzyl carbamate, p-(dihydroxyboryl)benzyl car 
bamate, 5-benzisoxazolylmethyl carbamate, 
2-(trifluoromethyl)-6-chromonylmethyl carbamate (Tcroc), 
m-nitrophenyl carbamate, 3.5-dimethoxybenzyl carbamate, 
o-nitrobenzyl carbamate, 3,4-dimethoxy-6-nitrobenzyl car 
bamate, phenyl(o-nitrophenyl)methyl carbamate, t-amyl car 
bamate, S-benzyl thiocarbamate, p-cyanobenzyl carbamate, 
cyclobutyl carbamate, cyclohexyl carbamate, cyclopentyl 
carbamate, cyclopropylmethyl carbamate, p-decyloxybenzyl 
carbamate, 2,2-dimethoxyacylvinyl carbamate, o-(N,N-dim 
ethylcarboxamido)benzyl carbamate, 1,1-dimethyl-3-(N.N- 
dimethylcarboxamido)propyl carbamate, 1,1-dimethylpro 
pynyl carbamate, di(2-pyridyl)methyl carbamate, 
2-furanylmethyl carbamate, 2-iodoethyl carbamate, isobo 
rynl carbamate, isobutyl carbamate, isonicotinyl carbamate, 
p-(p'-methoxyphenylazo)benzyl carbamate, 1-methylcy 
clobutyl carbamate, 1-methylcyclohexyl carbamate, 1-me 
thyl-1-cyclopropylmethyl carbamate, 1-methyl-1-(3.5- 
dimethoxyphenyl)ethyl carbamate, 1-methyl-1-(p- 
phenylazophenyl)ethyl carbamate, 1-methyl-1-phenylethyl 
carbamate, 1-methyl-1-(4-pyridyl)ethyl carbamate, phenyl 
carbamate, p-(phenylazo)benzyl carbamate, 2,4,6-tri-t-bu 
tylphenyl carbamate, 4-(trimethylammonium)benzyl car 
bamate, and 2,4,6-trimethylbenzyl carbamate. 
0094 Nitrogen protecting groups such as sulfonamide 
groups (e.g., -S(=O)R') include, but are not limited to, 
p-toluenesulfonamide (Ts), benzenesulfonamide, 2.3.6-trim 
ethyl-4-methoxybenzenesulfonamide (Mitr), 2,4,6-tri 
methoxybenzenesulfonamide (Mtb), 2,6-dimethyl-4-meth 
oxybenzenesulfonamide (Pme), 2,3,5,6-tetramethyl-4- 
methoxybenzenesulfonamide (Mte), 
4-methoxybenzenesulfonamide (Mbs), 2,4,6-trimethylben 
Zenesulfonamide (Mts), 2,6-dimethoxy-4-methylbenzene 
sulfonamide (iMds), 2,2,5,7,8-pentamethylchroman-6-sul 
fonamide (Pmc), methanesulfonamide (Ms), 
B-trimethylsilylethanesulfonamide (SES), 9-anthracene 
sulfonamide, 4-(4,8-dimethoxynaphthylmethyl)benzene 
sulfonamide (DNMBS), benzylsulfonamide, trifluorometh 
ylsulfonamide, and phenacylsulfonamide. 
0095 Other nitrogen protecting groups include, but are 
not limited to, phenothiazinyl-(10)-acyl derivative, N'-p-tolu 
enesulfonylaminoacyl derivative, N'-phenylaminothioacyl 
derivative, N-benzoylphenylalanyl derivative, N-acetylme 
thionine derivative, 4,5-diphenyl-3-oxazolin-2-one, N-ph 
thalimide, N-dithiasuccinimide (Dts), N-2,3-diphenylmale 
imide, N-2,5-dimethylpyrrole, N-1,1,4,4- 
tetramethyldisilylazacyclopentane adduct (STABASE), 
5-substituted 1,3-dimethyl-1,3,5-triazacyclohexan-2-one, 
5-substituted 1,3-dibenzyl-1,3,5-triazacyclohexan-2-one, 
1-substituted 3,5-dinitro-4-pyridone, N-methylamine, N-al 
lylamine, N-(2-(trimethylsilyl)ethoxymethylamine (SEM), 
N-3-acetoxypropylamine, N-(1-isopropyl-4-nitro-2-oxo-3- 
pyroolin-3-yl)amine, quaternary ammonium salts, N-benzy 
lamine, N-di(4-methoxyphenyl)methylamine, N-5-dibenzo 
suberylamine, N-triphenylmethylamine (Tr), N-(4- 
methoxyphenyl)diphenylmethylamine (MMTr), N-9- 
phenylfluorenylamine (PhF), N-2,7-dichloro-9- 
fluorenylmethyleneamine, N-ferrocenylmethylamino (Fcm), 
N-2-picolylamino N'-oxide, N-1,1-dimethylthiomethylene 
amine, N-benzylideneamine, N-p-methoxybenzylideneam 
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ine, N-diphenylmethyleneamine, N-(2-pyridyl)mesitylme 
thyleneamine, N (N',N'-dimethylaminomethylene)amine, 
N,N'-isopropylidenediamine, N-p-nitrobenzylideneamine, 
N-salicylideneamine, N-5-chlorosalicylideneamine, N-(5- 
chloro-2-hydroxyphenyl)phenylmethyleneamine, N-cyclo 
hexylideneamine, N-(5,5-dimethyl-3-oxo-1-cyclohexenyl) 
amine, N-borane derivative, N-diphenylborinic acid 
derivative, N-phenyl(pentaacylchromium- or tungsten)acyl 
amine, N-copper chelate, N-Zinc chelate, N-nitroamine, 
N-nitroSoamine, amine N-oxide, diphenylphosphinamide 
(Dpp), dimethylthiophosphinamide (Mpt), diphenylthio 
phosphinamide (Ppt), dialkyl phosphoramidates, dibenzyl 
phosphoramidate, diphenyl phosphoramidate, benzenesulfe 
namide, o-nitrobenzenesulfenamide (Nps), 2,4-dinitrobenze 
neSulfenamide, pentachlorobenzenesulfenamide, 2-nitro-4- 
methoxybenzenesulfenamide, triphenylmethylsulfenamide, 
and 3-nitropyridinesulfenamide (Npys). 
0096. In certain embodiments, the substituent present on 
an oxygen atom is an oxygen protecting group (also referred 
to as a hydroxyl protecting group). Oxygen protecting groups 
include, but are not limited to, R", N(R'), C(=O) 
SR, C(=O)R, CO.R., C(=O)N(R), 
C( NR)R, C( NR)OR, C( NR)N(R) 
S(=O)R', SOR", Si(R), -P(R), -P(R), 

- P(=O).R.", P(=O)(R') - P(=O)(OR), 
- P(=O)N(R), and P(=O)(NR), wherein R*, 
R”, and R* are as defined herein. Oxygen protecting groups 
are well known in the art and include those described in detail 
in Protecting Groups in Organic Synthesis, T. W. Greene and 
P. G. M. Wuts, 3' edition, John Wiley & Sons, 1999, incor 
porated herein by reference. 
0097 Exemplary oxygen protecting groups include, but 
are not limited to, methyl, methoxylmethyl (MOM), meth 
ylthiomethyl (MTM), t-butylthiomethyl, (phenyldimethylsi 
lyl)methoxymethyl (SMOM), benzyloxymethyl (BOM), 
p-methoxybenzyloxymethyl (PMBM), (4-methoxyphenoxy) 
methyl (p-AOM), guaiacolmethyl (GUM), t-butoxymethyl, 
4-pentenyloxymethyl (POM), siloxymethyl, 2-methoxy 
ethoxymethyl (MEM), 2.2.2-trichloroethoxymethyl, bis(2- 
chloroethoxy)methyl, 2-(trimethylsilyl)ethoxymethyl 
(SEMOR), tetrahydropyranyl (THP), 3-bromotetrahydropy 
ranyl, tetrahydrothiopyranyl, 1-methoxycyclohexyl, 4-meth 
oxytetrahydropyranyl (MTHP), 4-methoxytetrahydrothiopy 
ranyl, 4-methoxytetrahydrothiopyranyl S.S.-dioxide, 1-(2- 
chloro-4-methyl)phenyl]-4-methoxypiperidin-4-yl (CTMP), 
1,4-dioxan-2-yl, tetrahydrofuranyl, tetrahydrothiofuranyl, 
2.3.3a,4,5,6,7,7C-octahydro-7,8,8-trimethyl-4,7-metha 
nobenzofuran-2-yl, 1-ethoxyethyl, 1-(2-chloroethoxyl)ethyl, 
1-methyl-1-methoxyethyl, 1-methyl-1-benzyloxyethyl, 
1-methyl-1-benzyloxy-2-fluoroethyl, 2.2.2-trichloroethyl, 
2-trimethylsilylethyl, 2-(phenylselenyl)ethyl, t-butyl, allyl, 
p-chlorophenyl, p-methoxyphenyl, 2,4-dinitrophenyl, benzyl 
(Bn), p-methoxybenzyl, 3,4-dimethoxybenzyl, o-nitroben 
Zyl, p-nitrobenzyl, p-halobenzyl, 2,6-dichlorobenzyl, p-cy 
anobenzyl, p-phenylbenzyl, 2-picolyl, 4-picolyl 3-methyl-2- 
picolyl N-oxido, diphenylmethyl, p.p'-dinitrobenzhydryl, 
5-dibenzosuberyl, triphenylmethyl, C.-naphthyldiphenylm 
ethyl, p-methoxyphenyldiphenylmethyl, di(p-methoxyphe 
nyl)phenylmethyl, tri(p-methoxyphenyl)methyl, 4-(4-bro 
mophenacyloxyphenyl)diphenylmethyl, 4,4',4'-tris(4,5- 
dichlorophthalimidophenyl)methyl, 4,4',4'-tris 
(levulinoyloxyphenyl)methyl, 4,4',4'-tris 
(benzoyloxyphenyl)methyl, 3-(imidazol-1-yl)bis(4,4'- 
dimethoxyphenyl)methyl, 1,1-bis(4-methoxyphenyl)-1- 
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pyrenylmethyl, 9-anthryl, 9-(9-phenyl)xanthenyl, 9-(9-phe 
nyl-10-oxo)anthryl, 1,3-benzodisulfuran-2-yl, benzisothiaz 
olyl S.S.-dioxido, trimethylsilyl (TMS), triethylsilyl (TES), 
triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS), 
diethylisopropylsilyl (DEIPS), dimethylthexylsilyl, t-bu 
tyldimethylsilyl (TBDMS), t-butyldiphenylsilyl (TBDPS), 
tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl, diphenylmeth 
ylsilyl (DPMS), t-butylmethoxyphenylsilyl (TBMPS), for 
mate, benzoylformate, acetate, chloroacetate, dichloroac 
etate, trichloroacetate, trifluoroacetate, methoxyacetate, 
triphenylmethoxyacetate, phenoxyacetate, p-chlorophe 
noxyacetate, 3-phenylpropionate, 4-oxopentanoate (levuli 
nate), 4.4-(ethylenedithio)pentanoate (levulinoyldithioac 
etal), pivaloate, adamantoate, crotonate, 
4-methoxycrotonate, benzoate, p-phenylbenzoate, 2,4,6-tri 
methylbenzoate (mesitoate), alkyl methyl carbonate, 9-fluo 
renylmethyl carbonate (Fmoc), alkyl ethyl carbonate, alkyl 
2.2.2-trichloroethyl carbonate (Troc), 2-(trimethylsilyl)ethyl 
carbonate (TMSEC), 2-(phenylsulfonyl) ethyl carbonate 
(Psec), 2-(triphenylphosphonio)ethylcarbonate (Peoc), alkyl 
isobutyl carbonate, alkyl vinyl carbonate alkyl allyl carbon 
ate, alkyl p-nitrophenyl carbonate, alkyl benzyl carbonate, 
alkyl p-methoxybenzyl carbonate, alkyl 3,4-dimethoxyben 
Zyl carbonate, alkyl o-nitrobenzyl carbonate, alkyl p-ni 
trobenzyl carbonate, alkyl S-benzyl thiocarbonate, 4-ethoxy 
1-napththyl carbonate, methyl dithiocarbonate, 
2-iodobenzoate, 4-azidobutyrate, 4-nitro-4-methylpen 
tanoate, o-(dibromomethyl)benzoate, 2-formylbenzene 
sulfonate, 2-(methylthiomethoxy)ethyl, 4-(methylthi 
omethoxy)butyrate, 2-(methylthiomethoxymethyl)benzoate, 
2,6-dichloro-4-methylphenoxyacetate, 2,6-dichloro-4-(1,1, 
3,3-tetramethylbutyl)phenoxyacetate, 2,4-bis(1,1-dimethyl 
propyl)phenoxyacetate, chlorodiphenylacetate, isobutyrate, 
monosuccinoate, (E)-2-methyl-2-butenoate, o-(methoxya 
cyl)benzoate, C.-naphthoate, nitrate, alkyl N,N,N',N'-tetram 
ethylphosphorodiamidate, alkyl N-phenylcarbamate, borate, 
dimethylphosphinothioyl, alkyl 2,4-dinitrophenylsulfenate, 
Sulfate, methanesulfonate (mesylate), benzylsulfonate, and 
tosylate (Ts). 
0098. In certain embodiments, the substituent present on a 
Sulfur atom is a Sulfur protecting group (also referred to as a 
thiol protecting group). Sulfur protecting groups include, but 
are not limited to, -R", N(R'), —C(=O)SR", 
C(=O)R, CO.R.", C(=O)N(R), C(-NR) 

R*, C(—NR)OR, C(-NR)N(R), S(=O) 
R", SOR', Si(R) P(R) - P(R) - P(=O) 
R", -P(=O)(R) - P(=O)(OR), P(=O)N(R) 
, and -P(=O)(NR), wherein R", R', and R* are as 
defined herein. Sulfur protecting groups are well known in the 
art and include those described in detail in Protecting Groups 
in Organic Synthesis, T. W. Greene and P. G. M. Wuts, 3" 
edition, John Wiley & Sons, 1999, incorporated herein by 
reference. 

0099. “Compounds of the present invention', and equiva 
lent expressions, are meant to embrace the compounds as 
described herein, in particular compounds according to any of 
Formulae recited and/or described herein, which expression 
includes the prodrugs, the pharmaceutically acceptable salts, 
and the Solvates, e.g., hydrates, where the context So permits. 
Similarly, reference to intermediates, whether or not they 
themselves are claimed, is meant to embrace their salts, and 
Solvates, where the context so permits. 
0100. These and other exemplary substituents are 
described in more detail in the Detailed Description, 
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Examples, and claims. The invention is not intended to be 
limited in any manner by the above exemplary listing of 
Substituents. 

Other Definitions 

0101 "Pharmaceutically acceptable” means approved or 
approvable by a regulatory agency of the Federal or a state 
government or the corresponding agency in countries other 
than the United States, or that is listed in the U.S. Pharmaco 
poeia or other generally recognized pharmacopoeia for use in 
animals, and more particularly, in humans. 
0102 “Pharmaceutically acceptable salt” refers to a salt of 
a compound of the invention that is pharmaceutically accept 
able and that possesses the desired pharmacological activity 
of the parent compound. In particular, Such salts are non-toxic 
may be inorganic or organic acid addition salts and base 
addition salts. Specifically, such salts include: (1) acid addi 
tion salts, formed with inorganic acids such as hydrochloric 
acid, hydrobromic acid, Sulfuric acid, nitric acid, phosphoric 
acid, and the like; or formed with organic acids such as acetic 
acid, propionic acid, hexanoic acid, cyclopentanepropionic 
acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, 
Succinic acid, malic acid, maleic acid, fumaric acid, tartaric 
acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic 
acid, cinnamic acid, mandelic acid, methanesulfonic acid, 
ethanesulfonic acid, 1.2-ethane-disulfonic acid, 2-hydroxy 
ethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzene 
Sulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic 
acid, camphorsulfonic acid, 4-methylbicyclo2.2.2-oct-2- 
ene-1-carboxylic acid, glucoheptonic acid, 3-phenylpropi 
onic acid, trimethylacetic acid, tertiary butylacetic acid, lau 
ryl Sulfuric acid, gluconic acid, glutamic acid, 
hydroxynaphthoic acid, Salicylic acid, Stearic acid, muconic 
acid, and the like; or (2) salts formed when an acidic proton 
present in the parent compound either is replaced by a metal 
ion, e.g., an alkali metal ion, an alkaline earth ion, or an 
aluminum ion; or coordinates with an organic base Such as 
ethanolamine, diethanolamine, triethanolamine, N-methyl 
glucamine and the like. Salts further include, by way of 
example only, Sodium, potassium, calcium, magnesium, 
ammonium, tetraalkylammonium, and the like; and when the 
compound contains a basic functionality, salts of non-toxic 
organic or inorganic acids, such as hydrochloride, hydrobro 
mide, tartrate, mesylate, acetate, maleate, oxalate and the 
like. 
0103) The term “pharmaceutically acceptable cation' 
refers to an acceptable cationic counter-ion of an acidic func 
tional group. Such cations are exemplified by Sodium, potas 
sium, calcium, magnesium, ammonium, tetraalkylammo 
nium cations, and the like. See, e.g., Berge, et al., J. Pharm. 
Sci. (1977) 66(1): 1-79. 
0104 “Solvate” refers to forms of the compound that are 
associated with a solvent or water (also referred to as 
“hydrate'), usually by a solvolysis reaction. This physical 
association includes hydrogen bonding. Conventional Sol 
vents include water, ethanol, acetic acid, and the like. The 
compounds of the invention may be prepared e.g. in crystal 
line form and may be solvated or hydrated. Suitable solvates 
include pharmaceutically acceptable Solvates. Such as 
hydrates, and further include both stoichiometric solvates and 
non-stoichiometric Solvates. In certain instances the Solvate 
will be capable of isolation, for example when one or more 
solvent molecules are incorporated in the crystal lattice of the 
crystalline solid. “Solvate” encompasses both solution-phase 
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and isolable solvates. Representative solvates include 
hydrates, ethanolates and methanolates. 
0105. A “subject’ to which administration is contem 
plated includes, but is not limited to, humans (i.e., a male or 
female of any age group, e.g., a pediatric Subject (e.g., infant, 
child, adolescent) or adult Subject (e.g., young adult, middle 
aged adult or senior adult) and/or a non-human animal, e.g., 
a mammal Such as primates (e.g., cynomolgus monkeys, 
rhesus monkeys), cattle, pigs, horses, sheep, goats, rodents, 
cats, and/or dogs. In certain embodiments, the Subject is a 
human. In certain embodiments, the Subject is a non-human 
animal. The terms “human.” “patient, and “subject” are used 
interchangeably herein. 
01.06 “Condition,” “disease, and “disorder are used 
interchangeably herein. 
0107 An "effective amount’ means the amount of a com 
pound that, when administered to a Subject for treating or 
preventing a disease, is Sufficient to effect Such treatment or 
prevention. The “effective amount' can vary depending on 
the compound, the disease and its severity, and the age, 
weight, etc., of the subject to be treated. A “therapeutically 
effective amount” refers to the effective amount for therapeu 
tic treatment. A "prophylatically effective amount” refers to 
the effective amount for prophylactic treatment. 
0108) “Preventing”or “prevention” or “prophylactic treat 
ment” refers to a reduction in risk of acquiring or developing 
a disease or disorder (i.e., causing at least one of the clinical 
symptoms of the disease not to develop in a Subject not yet 
exposed to a disease-causing agent, or predisposed to the 
disease in advance of disease onset). The term “prophylaxis' 
is related to “prevention, and refers to a measure or proce 
dure the purpose of which is to prevent, rather than to treat or 
cure a disease. 
0109) "Treating or “treatment” or “therapeutic treat 
ment of any disease or disorder refers to ameliorating the 
disease or disorder (i.e., arresting the disease or reducing the 
manifestation, extent or severity of at least one of the clinical 
symptoms thereof). In another embodiment “treating” or 
“treatment” refers to ameliorating at least one physical 
parameter, which may not be discernible by the subject. In yet 
another embodiment, “treating or “treatment” refers to 
modulating the disease or disorder, either physically, (e.g., 
stabilization of a discernible symptom), physiologically, 
(e.g., stabilization of a physical parameter), or both. In a 
further embodiment, “treating or “treatment relates to 
slowing the progression of the disease. 
0110. As used herein, the term “isotopic variant” refers to 
a compound that contains unnatural proportions of isotopes at 
one or more of the atoms that constitute Such compound. For 
example, an "isotopic variant' of a compound can contain one 
or more non-radioactive isotopes, such as for example, deu 
terium (H or D), carbon-13 ('C), nitrogen-15 ('N), or the 
like. It will be understood that, in a compound where such 
isotopic Substitution is made, the following atoms, where 
present, may vary, so that for example, any hydrogen may be 
“H/D, any carbon may be 'C, or any nitrogen may be 'N, 
and that the presence and placement of Such atoms may be 
determined within the skill of the art. Likewise, the invention 
may include the preparation of isotopic variants with radio 
isotopes, in the instance for example, where the resulting 
compounds may be used for drug and/or Substrate tissue 
distribution studies. The radioactive isotopes tritium, i.e., H. 
and carbon-14, i.e., ''C, are particularly useful for this pur 
pose in view of their ease of incorporation and ready means of 
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detection. Further, compounds may be prepared that are Sub 
stituted with positron emitting isotopes, such as 'C, F, 'O, 
and 'N, and would be useful in Positron Emission Topogra 
phy (PET) studies for examining substrate receptor occu 
pancy. All isotopic variants of the compounds provided 
herein, radioactive or not, are intended to be encompassed 
within the scope of the invention. 
0111. “Stereoisomers': It is also to be understood that 
compounds that have the same molecular formula but differin 
the nature or sequence of bonding of their atoms or the 
arrangement of their atoms in space are termed "isomers.” 
Isomers that differ in the arrangement of their atoms in space 
are termed “stereoisomers.” Stereoisomers that are not mirror 
images of one another are termed "diastereomers' and those 
that are non-Superimposable mirror images of each other are 
termed “enantiomers.” When a compound has an asymmetric 
center, for example, it is bonded to four different groups, a 
pair of enantiomers is possible. An enantiomer can be char 
acterized by the absolute configuration of its asymmetric 
center and is described by the R- and S-sequencing rules of 
Cahn and Prelog, or by the manner in which the molecule 
rotates the plane of polarized light and designated as dex 
trorotatory or levorotatory (i.e., as (+) or (-)-isomers respec 
tively). A chiral compound can exist as eitherindividual enan 
tiomer or as a mixture thereof. A mixture containing equal 
proportions of the enantiomers is called a “racemic mixture'. 
0112 “Tautomers' refer to compounds that are inter 
changeable forms of a particular compound structure, and 
that vary in the displacement of hydrogen atoms and elec 
trons. Thus, two structures may be in equilibrium through the 
movement of it electrons and an atom (usually H). For 
example, enols and ketones are tautomers because they are 
rapidly interconverted by treatment with either acid or base. 
Another example of tautomerism is the aci- and nitro-forms 
of phenylnitromethane, that are likewise formed by treatment 
with acid or base. Tautomeric forms may be relevant to the 
attainment of the optimal chemical reactivity and biological 
activity of a compound of interest. 
0113 “Pharmaceutically acceptable metabolically cleav 
able group' refers to a group which is cleaved in vivo to yield 
the parent molecule of the structural Formula indicated 
herein. Examples of metabolically cleavable groups include 
—COR, COOR, CONRR and —CHOR radicals, 
where R is selected independently at each occurrence from 
alkyl, trialkylsilyl, carbocyclic aryl or carbocyclic aryl Sub 
stituted with one or more of alkyl, halogen, hydroxy or 
alkoxy. Specific examples of representative metabolically 
cleavable groups include acetyl, methoxycarbonyl, benzoyl, 
methoxymethyl and trimethylsilyl groups. 
0114 "Prodrugs’ refers to compounds, including deriva 
tives of the compounds of the invention, which have cleavable 
groups and become by Solvolysis or under physiological con 
ditions the compounds of the invention which are pharma 
ceutically active in vivo. Such examples include, but are not 
limited to, choline ester derivatives and the like, N-alkylmor 
pholine esters and the like. Other derivatives of the com 
pounds of this invention have activity in both their acid and 
acid derivative forms, but in the acid sensitive form often 
offers advantages of Solubility, tissue compatibility, or 
delayed release in the mammalian organism (see, Bundgard, 
H. Design of Prodrugs, pp. 7-9, 21-24. Elsevier, Amsterdam 
1985). Prodrugs include acid derivatives well know to prac 
titioners of the art, Such as, for example, esters prepared by 
reaction of the parent acid with a suitable alcohol, or amides 
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prepared by reaction of the parent acid compound with a 
Substituted or unsubstituted amine, or acid anhydrides, or 
mixed anhydrides. Simple aliphatic or aromatic esters, 
amides and anhydrides derived from acidic groups pendant 
on the compounds of this invention are particular prodrugs. In 
Some cases it is desirable to prepare double ester type pro 
drugs such as (acyloxy)alkyl esters or (alkoxycarbonyl)oxy) 
alkylesters. Particularly the C to Cs alkyl, C-Cs alkenyl, 
C-C alkynyl, aryl, C7-C substituted aryl, and C7-Cary 
lalkyl esters of the compounds of the invention. 
0115 “Compounds of the present invention', and equiva 
lent expressions, are meant to embrace the compounds as 
described herein, in particular compounds according to any of 
Formulae recited and/or described herein, which expression 
includes the prodrugs, the pharmaceutically acceptable salts, 
and the Solvates, e.g., hydrates, where the context So permits. 
Similarly, reference to intermediates, whether or not they 
themselves are claimed, is meant to embrace their salts, and 
Solvates, where the context so permits. 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS OF THE INVENTION 

0116. As described herein, the present invention is based, 
in part, on the desire to provide novel 19-nor compounds with 
good potency, pharmacokinetic (PK) properties, oral bio 
availability, formulatability, stability, safety, clearance and/or 
metabolism. One key feature of the compounds as described 
herein is disubstitution at the C3 position. The inventors envi 
sion disubstitution at C-3 will eliminate the potential for 
oxidation to the ketone, prevent further metabolism, and 
reduce the potential for secondary elimination pathways, 
Such as glucuronidation. The inventors further envision the 
overall effect of C3 disubstitution should be of improving the 
overall PK parameters and reducing potential toxicities and 
side effects, which may allow, in certain embodiments, 
administration orally and/or chronically. Another key feature 
of the compounds as described herein is the presence of a 
hydrogen at the C10 position (“19-nor') rather than a methyl 
group. The inventors envision 19-nor compounds, as com 
pared to their C10-methyl counterparts, will have improved 
physical properties. Such as improved solubility. The inven 
tors envision futher enhancement of solubility, for example, 
when the AB ring system is in the cis configuration. 
0117 Thus, in one aspect, provided is a 3.3-disubstituted 
19-nor pregnane compound of Formula (I): 

(I) 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, Stereoisomer, tautomer, isotopic variant, or N-oxide 
thereof, or a combination thereof; 
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wherein: 
0118 R' is hydrogen, halogen, substituted or unsubsti 
tuted alkyl, substituted or unsubstituted alkenyl, substi 
tuted or unsubstituted alkynyl, substituted or unsubsti 
tuted carbocyclyl, substituted or unsubstituted 
heterocyclyl, substituted or unsubstituted aryl, substi 
tuted or unsubstituted heteroaryl, -OR', SR', 
N(R'), OC(=O)R'', OC(=O)CR'', OC 

(=O)SR'', OC(=O)N(R'), SC(=O)R’, 
SC(=O)CR', SC(=O)SR', SC(=O)N(R') 
NHC(=O)R', NHC(=O)CR'', NHC(=O) 

SR'', NHC(=O)N(R'), OS(—O).R', OS 
(=O),OR', S S(=O).R', S S(=O)OR'', 
- S(=O)R', SOR', or S(=O).OR'', wherein 
each instance of R' is independently hydrogen, substi 
tuted or unsubstituted alkyl, substituted or unsubstituted 
alkenyl, substituted or unsubstituted alkynyl, substituted 
or unsubstituted carbocyclyl, substituted or unsubsti 
tuted heterocyclyl, substituted or unsubstituted aryl, 
Substituted or unsubstituted heteroaryl, an oxygen pro 
tecting group when attached to an oxygenatom, a Sulfur 
protecting group when attached to a Sulfur atom, a nitro 
gen protecting group when attached to a nitrogen atom, 
or two R' groups are joined to forman substituted or 
unsubstituted heterocyclic or heteroaryl ring; and R' is 
substituted or unsubstituted alkyl, substituted or unsub 
stituted alkenyl, substituted or unsubstituted alkynyl, 
substituted or unsubstituted carbocyclyl, substituted or 
unsubstituted heterocyclyl, substituted or unsubstituted 
aryl, or substituted or unsubstituted heteroaryl; 

0119 R is hydrogen, halo, substituted or unsubstituted 
alkyl, substituted or unsubstituted alkenyl, substituted or 
unsubstituted alkynyl, substituted or unsubstituted car 
bocyclyl, substituted or unsubstituted heterocyclyl, sub 
stituted or unsubstituted aryl, substituted or unsubsti 
tuted heteroaryl, -OH, -OR', OC(=O)R'', 
NH, N(R') or NR'C(=O)R', wherein 

each instance of R' is independently hydrogen, substi 
tuted or unsubstituted alkyl, substituted or unsubstituted 
alkenyl, substituted or unsubstituted alkynyl, substituted 
or unsubstituted carbocyclyl, substituted or unsubsti 
tuted heterocyclyl, substituted or unsubstituted aryl, or 
Substituted or unsubstituted heteroaryl, an oxygen pro 
tecting group when attached to an oxygen atom, a nitro 
gen protecting group when attached to a nitrogen atom, 
or two R' groups are joined to forman substituted or 
unsubstituted heterocyclic ring; 

0120 R is substituted or unsubstituted alkyl, substi 
tuted or unsubstituted alkenyl, substituted or unsubsti 
tuted alkynyl, substituted or unsubstituted carbocyclyl, 
substituted or unsubstituted heterocyclyl, substituted or 
unsubstituted aryl, or substituted or unsubstituted het 
eroaryl; 

0121 R is hydrogen, C(=O)R', C(=O)CR', 
C(=O)SR', C(=O)N(R'), S(=O)R’, 
S(=O),ORC', P(=O).RCP, P(=O).ORC, 

- P(=O)(OR), P(=O)(R), or P(=O)(R) 
(OR"), wherein R is hydrogen, substituted or unsub 
stituted alkyl, substituted or unsubstituted alkenyl, sub 
stituted or unsubstituted alkynyl, substituted or 
unsubstituted carbocyclyl, substituted or unsubstituted 
heterocyclyl, substituted or unsubstituted aryl, or sub 
stituted or unsubstituted heteroaryl, an oxygen protect 
ing group when attached to an oxygen atom, a Sulfur 
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protecting group when attached to a Sulfur atom, a nitro- -continued 
gen protecting group when attached to a nitrogen atom, OP(FO)(OH)2. 
or two R' groups are joined to forman substituted or 
unsubstituted heterocyclic ring; andR is substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, 
substituted or unsubstituted alkynyl, substituted or 
unsubstituted carbocyclyl, substituted or unsubstituted 
heterocyclyl, substituted or unsubstituted aryl, or sub 
stituted or unsubstituted heteroaryl; 

I0122 R is selected from hydrogen, substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, 
substituted or unsubstituted alkynyl, substituted or 
unsubstituted carbocyclyl, substituted or unsubstituted 
heterocyclyl, substituted or unsubstituted aryl, substi 
tuted or unsubstituted heteroaryl; 

(0123 each of R" and R' is independently hydrogen, 
halo, substituted or unsubstituted alkyl, substituted or 
unsubstituted alkenyl, or substituted or unsubstituted 
alkynyl, or R'' and R' are joined to forman oxo (=O) 
group; 

(0.124 each of R'' and R'' is independently hydrogen, 
halo, substituted or unsubstituted alkyl, substituted or 
unsubstituted alkenyl, substituted or unsubstituted alky 
nyl, OH, OR', OC(=O)R', NH, 
- N(R'), or NRC(=O)R’, wherein each instance 
of RP' is independently hydrogen, substituted or unsub 
stituted alkyl, substituted or unsubstituted alkenyl, sub 
stituted or unsubstituted alkynyl, substituted or unsub- HO 
stituted carbocyclyl, substituted or unsubstituted 
heterocyclyl, substituted or unsubstituted aryl, or sub 
stituted or unsubstituted heteroaryl, an oxygen protect 
ing group when attached to an oxygenatom, a nitrogen 
protecting group when attached to a nitrogen atom, or 
two R' groups are joined to form an substituted or 
unsubstituted heterocyclic ring; or R'' and R'' are 
joined to form an oxo (=O) group; 

0.125 wherein ------ represents a single or double bond, 
provided if a double bond is present in Ring B, then one 
of R' or R' is absent, and provided if a single bond is 
present in Ring B, then the hydrogen at C5 is in the alpha 
or beta position; S-SOH, 

0.126 provided that the following compounds, and 
pharmaceutically acceptable salts thereof, are specifi 
cally excluded: 
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I0127. In another aspect, provided is a 3.3-disubstituted 
19-nor pregnane compound of Formula (III): 

(III) 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, stereoisomer, tautomer, isotopic variant, or N-oxide 
thereof, or a combination thereof; wherein R',R,R,R,R, 
R. R. R''", and R'' are as defined herein. 
I0128. In certain embodiments, the compound is a pharma 
ceutically acceptable salt, e.g., a sodium, potassium, ammo 
nium, or calcium salt. In certain embodiments, the compound 
is a Sodium salt. In certain embodiments, the compound is an 
acid addition salt, e.g., hydrochloride, hydrobromide, ben 
Zoate, mesylate, or besylate salt. 
0129 Compounds of Formula (I) and (III) are contem 
plated, in certain embodiments, to act as GABA modulators. 

Group R' 
I0130. As generally described herein, R' is hydrogen, halo 
gen, Substituted or unsubstituted alkyl, Substituted or unsub 
stituted alkenyl, substituted or unsubstituted alkynyl, substi 
tuted or unsubstituted carbocyclyl, substituted or 
unsubstituted heterocyclyl, substituted or unsubstituted aryl, 
substituted or unsubstituted heteroaryl, -OR', SR', 
N(R'), OC(=O)R', OC(=O)CR'', OC(=O) 

SR', OC(=O)N(R'), SC(=O)R', SC(=O) 
OR', SC(=O)SR', SC(=O)N(R'), NHC(=O) 
R'', NHC(=O)CR'', NHC(=O)SR', NHC(=O) 
N(R'), OS(=O).R', OS(=O),OR', S S(=O) 
R', S S(=O),OR', S(=O)R', SOR', or 
—S(=O).OR', wherein each instance of R' is indepen 
dently hydrogen, substituted or unsubstituted alkyl, substi 
tuted or unsubstituted alkenyl, substituted or unsubstituted 
alkynyl, substituted or unsubstituted carbocyclyl, substituted 
or unsubstituted heterocyclyl, substituted or unsubstituted 
aryl, Substituted or unsubstituted heteroaryl, an oxygen pro 
tecting group when attached to an oxygen atom, a Sulfur 
protecting group when attached to a Sulfur atom, a nitrogen 
protecting group when attached to a nitrogen atom, or two 
R' groups are joined to forman substituted or unsubstituted 
heterocyclic or heteroaryl ring; and R' is substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, sub 
stituted or unsubstituted alkynyl, substituted or unsubstituted 
carbocyclyl, substituted or unsubstituted heterocyclyl, sub 
stituted or unsubstituted aryl, or substituted or unsubstituted 
heteroaryl. 
I0131. In certain embodiments, R is hydrogen. 
(0132) In certain embodiments, R is halogen, e.g., fluoro, 
bromo, chloro, or iodo. In certain embodiments, R' is bromo. 
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I0133. In certain embodiments, R' is substituted or unsub 
stituted alkyl, e.g., Substituted or unsubstituted Calkyl, 
C2-galkyl, Cagalkyl, Calgalkyl, Cs-alkyl, Calkyl, Calkyl, 
Calkyl, Calkyl, Calkyl, or Calkyl. In certain embodi 
ments, R' is a substituted alkyl (e.g., haloalkyl, alkyoxy 
alkyl). 
0134. In certain embodiments, R is substituted or unsub 
stituted alkenyl, e.g., Substituted or unsubstituted Calk 
enyl, Substituted or unsubstituted Calkenyl, Substituted or 
unsubstituted Calkenyl, Substituted or unsubstituted 
Cs-alkenyl, Substituted or unsubstituted Calkenyl, Substi 
tuted or unsubstituted Calkenyl, substituted or unsubstituted 
Calkenyl, Substituted or unsubstituted Csalkenyl, or Substi 
tuted or unsubstituted Calkenyl. 
I0135) In certain embodiments, R' is substituted or unsub 
stituted alkynyl, e.g., Substituted or unsubstituted C-alky 
nyl, Substituted or unsubstituted C-alkynyl. Substituted or 
unsubstituted Calkynyl. Substituted or unsubstituted 
Cs-alkynyl. Substituted or unsubstituted Calkynyl, Substi 
tuted or unsubstituted Calkynyl, substituted or unsubstituted 
Calkynyl, Substituted or unsubstituted Calkynyl, or substi 
tuted or unsubstituted Calkynyl. 
I0136. In certain embodiments, R' is substituted or unsub 
stituted carbocyclyl, e.g., Substituted or unsubstituted C. 
cycloalkyl. 
0137 In certain embodiments, R is substituted or unsub 
stituted heterocyclyl, e.g., substituted or unsubstituted 3- to 
6-membered heterocyclyl, e.g., substituted or unsubstituted 
3-membered heterocyclyl, substituted or unsubstituted 
4-membered heterocyclyl, substituted or unsubstituted 
5-membered heterocyclyl, or substituted or unsubstituted 
6-membered heterocyclyl. In certain embodiments, R' is sub 
stituted or unsubstituted 5-membered heterocyclyl, e.g., 
pyrolidinyl. In certain embodiments, R' is substituted or 
unsubstituted 6-membered heterocyclyl, e.g., substituted or 
unsubstituted morpholinyl, substituted or unsubstituted pip 
eridinyl, or substituted or unsubstituted piperizinyl. 
0138. In certain embodiments, R is substituted or unsub 
stituted aryl, e.g., Substituted or unsubstituted phenyl or Sub 
stituted or unsubstituted naphthyl. 
0139. In certain embodiments, R is substituted or unsub 
stituted heteroaryl. In certain embodiments, R' is substituted 
or unsubstituted 5-membered heteroaryl. In certain embodi 
ments, R is substituted or unsubstituted 5-membered het 
eroaryl, with 1 heteroatom. In certain embodiments, R' is 
substituted or unsubstituted 5-membered heteroaryl, with 2 
heteroatoms. In certain embodiments, R' is substituted or 
unsubstituted 5-membered heteroaryl, with 3 heteroatoms. In 
certain embodiments, R' is substituted or unsubstituted 
5-membered heteroaryl, with 4 heteroatoms. In certain 
embodiments, R is heteroaryl substituted with one or more 
Substituents selected from the group consisting of alkyl, alk 
enyl, alkynyl, halo, haloalkyl, haloalkenyl, haloalkylnyl, 
hydroxyl, alkoxy, alkoxyalkyl, amino, acyl, acylamino, OXo, 
cyano, aryl, heteroaryl, -SO-alkyl, -SO-alkyl, -SO-aryl, 
—SO-aryl, -SO-heteroaryl, -SO-heteroaryl. However, 
in certain embodiments, R' is an unsubstituted heteroaryl. 
0140. In certain embodiments, R is substituted or unsub 
stituted heteroaryl selected from the group consisting of Sub 
stituted or unsubstituted imidazolyl pyrazolyl, 1,2,3-triaz 
olyl, 1,2,4-triazolyl, oxadiazolyl, thiadiazolyl, tetrazolyl, 
quinolonyl, isoquinolonyl, dihydroquinolonyl, and dihy 
droisoquinolonyl. In certain embodiments, R' is imidazolyl. 
In certain embodiments, R' is pyrazolyl. In certain embodi 
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ments, R' is 1,2,3-triazolyl. In certain embodiments, R' is 
1,2,4-triazolyl. In certain embodiments, R is tetrazolyl. 
I0141. In certain embodiments, R' is imidazolyl pyrazolyl, 
1,2,3-triazolyl, 1,2,4-triazolyl, oxadiazolyl, thiadiazolyl, or 
tetrazolyl; each unsubstituted or substituted with one or two 
Substituents selected from the group consisting of —SMe, 
- SOMe, -SOMe, —CH, F, Cl, -CN, -CHF, —CHF, 
and —CFs. In certain embodiments, R' is imidazol-1-yl, 1.2, 
3-triazol-1-yl, or 1,2,3-triazol-2-yl, each unsubstituted or 
substituted with one or two substituents selected from the 
group consisting of SMe, SOMe, SOMe, —CH. F. 
Cl, —CN, —CHF, —CHF, and —CF. 
I0142. In certain embodiments, R is imidazolyl, pyrazolyl, 
1,2,3-triazolyl, 1,2,4-triazolyl, oxadiazolyl, thiadiazolyl, or 
tetrazolyl; each unsubstituted or substituted with oxo. 
I0143. In certain embodiments, R is quinolinyl, isoquino 
linyl, or purinyl; each unsubstituted or substituted with one or 
two Substituents selected from the group consisting of 
—SMe, -SOMe, -SOMe, —CH, F, Cl, -CN, -CHF, 
—CHF, and —CF. 
10144) In certain embodiments, R' is quinolonyl, or isoqui 
nolonyl; each unsubstituted or substituted with one or two 
Substituents selected from the group consisting of —SMe, 
- SOMe, -SOMe, —CH, F, Cl, -CN, -CHF, —CHF, 
and —CF. 
(0145. In certain embodiments, R' is dihydroquinolonyl or 
dihydroisoquinolonyl; each unsubstituted or substituted with 
one or two Substituents selected from the group consisting of 
—SMe, -SOMe, -SOMe, —CH, F, Cl, -CN, -CHF, 
—CHF, and —CF. 
I0146). In certain embodiments, R' is —OR', e.g., R' is 
—OH or —O-(heteroaryl). 
10147. In certain embodiments, R' is - SR", e.g., R' is 
—SH or —S-(heteroaryl). 
I0148. In certain embodiments, R is —OC(=O)R', e.g., 
- O C(=O)CH-CH CO.H. 
0149. In certain embodiments, R is —OC(=O)CR''. 
0150. In certain embodiments, R is —OC(=O)SR'. 
0151. In certain embodiments, R is —OC(=O)N(R'). 
0152. In certain embodiments, R is SC(=O)R'. 
0153. In certain embodiments, R is SC(=O)CR'. 
0154) In certain embodiments, R is - SC(=O)SR''. 
(O155 In certain embodiments, R is SC(=O)N(R'). 
0156. In certain embodiments, R is —OS(-O).R.'. 
(O157. In certain embodiments, R is-OS(=O).R'', e.g., 
– O SO.H. 
0158. In certain embodiments, R is -S-S(=O).R.'. 
0159. In certain embodiments, R' is - S S(=O).OR', 
e.g., -S-SOH. 
(0160. In certain embodiments, R is S(=O)R'. 
(0161. In certain embodiments, R is -SOR". 
(0162. In certain embodiments, R' is S(=O).OR', e.g., 
—SOH. 
(0163. In certain embodiments, R is N(R'), -NHC 
(—O)R'', NHC(=O)CR'', NHC(=O)SR'', NHC 
(=O)N(R'). In certain embodiments, R is N(R'). In 
certain embodiments, R' is NHC(=O)R'. In certain 
embodiments, R is NHC(=O)CR''. In certain embodi 
ments, R is NHC(=O)SR'. In certain embodiments, R' 
is NHC(=O)N(R'). 
(0164. In certain embodiments, R' is selected from -OH, 
—O—CO CH-CH CO.H. —O SOH, -SH, 
—S—SOH, heteroaryl, —O-(heteroaryl), and —S-(het 
eroaryl), wherein heteroaryl is imidazolyl pyrazolyl, 1.2.3- 
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triazolyl, 1,2,4-triazolyl, oxadiazolyl, thiadiazolyl, tetra 
Zolyl, quinolinyl, isoquinolinyl or purinyl; and each 
heteroaryl is unsubstituted or substituted with one or two 
Substituents selected from the group consisting of OXo, 
—CH, F, Cl, CN, -SMe, -SOMe, -SOMe, and 
—CF. In certain embodiments, R' is —O-quinolinyl, -O- 
isoquinolinyl, -O-purinyl. —S-quinolinyl. —S-isoquinoli 
nyl, or —S-purinyl; each unsubstituted or substituted with 
one or two Substituents selected from the group consisting of 
—CH, F, C, CN, -SMe, -SOMe, -SOMe, —CHF, 
—CHF, and —CF. 
(0165. In certain embodiments, R is —OH, O CH 
CH CO.H. —SOH, - OSOH, -SSOH. pyrazol-1-yl, 
imidazol-1-yl, 1,2,4-triazol-1-yl, or 1,2,3-triazol-1-yl. In cer 
tain embodiments, R' is —OH. In certain embodiments, R' is 
—O CH-CH CO.H. In certain embodiments, R is 
—SOH. In certain embodiments, R' is —OSOH. In certain 
embodiments, R' is SSOH. In certain embodiments, R' is 
pyrazol-1-yl. In certain embodiments, R is imidazol-1-yl. In 
certain embodiments, R' is 1,2,4-triazol-1-yl. In certain 
embodiments, R is 1,2,3-triazol-1-yl. 
(0166 In certain embodiments, R is substituted or unsub 
stituted alkyl, substituted or unsubstituted alkenyl, substi 
tuted or unsubstituted alkynyl, substituted or unsubstituted 
alkoxy, substituted or unsubstituted heterocyclyl, substituted 
or unsubstituted thioalkoxy ( S - alkyl). —OH, 
O CO (CH), COH, -SOH, -O SOH, -SH, 

—S SOH, or substituted or unsubstituted —Y-(het 
eroaryl); whereinY is a bond, —O— —S—, C-C alkylene, 
C-C alkenylene, or C-C alkynylene; and the Subscript t is 
an integer between 2 and 5, inclusive. 
(0167. In certain embodiments, R is Br, OH, -OMe, 
substituted or unsubstituted heterocyclyl. —O—CO— 
CH, CH, COH, -SOH, -O SOH, -S SOH, 
O—P(=O)(OH), pyrazolyl, imidazolyl, or triazolyl; each 
R. R. R. R'', and R'' is H; and each of the dotted bonds 
is a single bond; then R is not Et, —CF, ethynyl, 4-hydrox 
ypropynyl, or (4-acyl)-phenylethynyl. 
(0168. In any of the above embodiments, at least one R' is 
heteroaryl unsubstituted or substituted with one or more sub 
stituents selected from the group consisting of halogen, 
CN, NO, N, -SOH, -SOH, -OH, -OR", 
ON(R), N(R), N(R'),"X, N(OR)R’, 

-SH, SR', SSR, C(=O)R, COH, -CHO, 
C(OR), COR", OC(=O)R", OCOR, 
C(=O)N(R), OC(=O)N(R), NRC(=O)R*, 
NRCOR, NRC(O)N(R), C( NR)R’, 
C(-NR)OR", OC(—NR)R", OC(-NR) 

OR, C(-NR)N(R), OC(—NR)N(R), 
NRC( NR)N(R), C(=O)NR'SOR", 

NRSO.R., SON(R), SOR', SOOR, 
OSOR", S(—O)R', OS(=O)R', Si(R), 

–OSi(R), C(=S)N(R), C(=O)SR', C(=S) 
SR', SC(—S)SR', SC(=O)SR', OC(=O)SR", 
SC(=O)CR', SC(=O)R', P(=O).R", OP 

(=O).R., P(=O)(R), OP(=O)(R), OP(=O) 
(OR), P(=O)N(R), OP(=O)N(R), 
P(=O)(NR), OP(=O)(NR), NRP(=O) 

(OR), NRP(=O)(NR), P(R), P(R), 
–OP(R), OP(R), B(R'), B(OR), BR' 
(OR), Co alkyl, Co perhaloalkyl, Coalkenyl, Co 
alkynyl, Co carbocyclyl, 3-14 membered heterocyclyl, 
C. aryl, and 5-14 membered heteroaryl, wherein each 
alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and 
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heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 
R" groups; or two geminal hydrogens on a carbon atom are 
replaced with the group =O, =S, =NN(R') =NNRC 
(=O)R', -NNRC(=O)CR, NNRS(=O).R*, 
—NR, or—NOR; and R,R,R,R,R, and RV, are 
as described herein. 
(0169. In any of the above embodiments, at least one R' is 
heteroaryl unsubstituted or substituted with one or more sub 
stituents selected from the group consisting of alkyl, alkenyl, 
alkynyl, halo, haloalkyl, haloalkenyl, haloalkylnyl, hydroxyl, 
alkoxy, alkoxyalkyl, amino, acyl, acylamino, oxo, cyano, 
aryl, heteroaryl, —SO-alkyl, -SO-alkyl, -SO-aryl, 
—SO-aryl, -SO-heteroaryl, and —SO-heteroaryl. 
(0170. In any of the above embodiments, at least one R' is 
heteroaryl selected from the group consisting of unsubsti 
tuted pyrrolyl, imidazolyl pyrazolyl, oxazoyl, thiazolyl, 
isoxazoyl, 1.2.3-triazolyl, 1,2,4-triazolyl, oxadiazolyl, thia 
diazolyl, tetrazolyl pyridinyl, pyrimidinyl, pyrazinyl, quino 
linyl, isoquinolinyl, quinazolinyl, quinoxilinyl, naphthyridi 
nyl, indolyl, indazolyl, benzimidazloyl pyrrolopyridinyl, 
pyrrolopyrimidinyl, pyridopyrimidinyl, and purinyl. 
(0171 In any of the above embodiments, at least one R' is 
heteroaryl is selected from the group consisting of pyrrolyl, 
imidazolyl pyrazolyl, oxazoyl, thiazolyl, isoxazoyl, 1.2.3- 
triazolyl, 1,2,4-triazolyl, oxadiazolyl, thiadiazolyl, tetra 
Zolyl, pyridinyl, pyrimidinyl, pyrazinyl, quinolinyl, isoquino 
linyl, quinazolinyl, quinoxilinyl, naphthyridinyl, indolyl, 
indazolyl, benzimidazloyl pyrrolopyridinyl, pyrrolopyrim 
idinyl, pyridopyrimidinyl, and purinyl, each Substituted with 
one or more Substituents selected from the group consisting 
of alkyl, haloalkyl, alkenyl, alkynyl, oxo, hydoxy, halo, 
alkoxy, —S-alkyl, aryl, heteroaryl, -SO-alkyl, -SO 
alkyl, - SO-aryl, -SO-aryl, -SO-heteroaryl, -SO-het 
eroaryl, amino, cyano, and acyl. 

Group R 
(0172. As generally defined above, R is hydrogen, halo, 
substituted or unsubstituted alkyl, substituted or unsubsti 
tuted alkenyl, substituted or unsubstituted alkynyl, substi 
tuted or unsubstituted carbocyclyl, substituted or unsubsti 
tuted heterocyclyl, substituted or unsubstituted aryl, 
substituted or unsubstituted heteroaryl, -OH, -OR', 
OC(=O)R’, NH, N(R), or NRC(=O)R'', 

wherein each instance of R' is independently hydrogen, 
substituted or unsubstituted alkyl, substituted or unsubsti 
tuted alkenyl, substituted or unsubstituted alkynyl, substi 
tuted or unsubstituted carbocyclyl, substituted or unsubsti 
tuted heterocyclyl, substituted or unsubstituted aryl, or 
Substituted or unsubstituted heteroaryl, an oxygen protecting 
group when attached to an oxygenatom, a nitrogen protecting 
group when attached to a nitrogen atom, or two R' groups 
arejoined to forman substituted or unsubstituted heterocyclic 
r1ng. 
(0173. In certain embodiments, R is hydrogen. 
(0174. In certain embodiments, R is halo, e.g., F. —Br. 
—I, or —Cl. In certain embodiments, R is F. In certain 
embodiments, R is C1. In certain embodiments, Ris—Br. 
(0175. In certain embodiments, R is substituted or unsub 
stituted alkyl, e.g., Substituted or unsubstituted Calkyl, 
substituted or unsubstituted Calkyl, substituted or unsub 
stituted C2-alkyl, Substituted or unsubstituted Calkyl, Sub 
stituted or unsubstituted Casalkyl, or Substituted or unsub 
stituted Csalkyl. Exemplary RC-calkyl groups include, 
but are not limited to, substituted or unsubstituted methyl 
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(C), substituted or unsubstituted ethyl (C), substituted or 
unsubstituted n-propyl (C). Substituted or unsubstituted iso 
propyl (C), Substituted or unsubstituted n-butyl (C), Substi 
tuted or unsubstituted tert-butyl (C), substituted or unsubsti 
tuted sec-butyl (C), substituted or unsubstituted iso-butyl 
(C). Substituted or unsubstituted n-pentyl (Cs). Substituted or 
unsubstituted 3-pentanyl (Cs), substituted or unsubstituted 
amyl (Cs). Substituted or unsubstituted neopentyl (Cs). Sub 
stituted or unsubstituted 3-methyl-2-butanyl (Cs), substituted 
or unsubstituted tertiary amyl (Cs), or substituted or unsub 
stituted n-hexyl (C). Exemplary substituted alkyl groups 
include, but are not limited to, alkyl substituted with halogen 
groups (“haloalkyl) and alkyl substituted with alkoxy 
groups (“alkoxyalkyl). Exemplary haloalkyl groups include, 
but are not limited to. —CF, —CHF, —CHF, difluoroet 
hyl, 2.2.2-trifluoro-1,1-dimethyl-ethyl, —CHCl, and 
—CHCl2. Exemplary alkoxyalkyl groups include, but are not 
limited to, —CHOCH and —CHOCHCH. 
(0176). In certain embodiments, R is substituted or unsub 
stituted alkenyl, e.g., Substituted or unsubstituted Calk 
enyl, Substituted or unsubstituted Calkenyl, Substituted or 
unsubstituted Calkenyl, Substituted or unsubstituted 
Casalkenyl, or substituted or unsubstituted Calkenyl. 
Exemplary Substituted alkenyl groups include, but are not 
limited to, alkenyl Substituted with halogen groups (“haloalk 
enyl) and alkenyl substituted with alkoxy groups (“alkoxy 
alkenyl). 
(0177. In certain embodiments, R is substituted or unsub 
stituted alkynyl, e.g., Substituted or unsubstituted C2-alky 
nyl. Substituted or unsubstituted C-alkynyl. Substituted or 
unsubstituted Calkynyl. Substituted or unsubstituted 
Casalkynyl, or Substituted or unsubstituted C-alkynyl. 
Exemplary Substituted alkynyl groups include, but are not 
limited to, alkynyl Substituted with halogen groups (“ha 
loalkynyl) and alkynyl Substituted with alkoxy groups 
(“alkoxyalkynyl). 
(0178. In certain embodiments, R is substituted or unsub 
stituted carbocyclyl, e.g., Substituted or unsubstituted 
C-carbocyclyl. Substituted or unsubstituted C. carbocy 
clyl. Substituted or unsubstituted Cas carbocyclyl, or substi 
tuted or unsubstituted Cse carbocyclyl. 
(0179. In certain embodiments, R is substituted or unsub 
stituted heterocyclyl, e.g., Substituted or unsubstituted C. 
heterocyclyl. Substituted or unsubstituted C. heterocyclyl, 
substituted or unsubstituted Cas heterocyclyl, or substituted 
or unsubstituted Cse heterocyclyl. For example, in certain 
embodiments, R is a substituted or unsubstituted piperidinyl, 
substituted or unsubstituted piperazinyl, or substituted or 
unsubstituted morpholinyl ring. In certain embodiments, R 
is a Substituted or unsubstituted morpholinyl ring. 
0180. In certain embodiments, R is substituted or unsub 
stituted aryl, e.g., Substituted or unsubstituted phenyl. 
0181. In certain embodiments, R is substituted or unsub 
stituted heteroaryl, e.g., optionally substituted 5- to 6-mem 
bered heteroaryl. 
0182. In certain embodiments, R is -OH, -OR'', or 
–OC(=O)R''. In certain embodiments, R' is substituted 
or unsubstituted alkyl, e.g., Substituted or unsubstituted 
Calkyl, Substituted or unsubstituted C-alkyl, Substituted 
or unsubstituted C-alkyl, Substituted or unsubstituted 
Calkyl, Substituted or unsubstituted Casalkyl, or Substi 
tuted or unsubstituted Csalkyl. Exemplary R' C-alkyl 
groups include, but are not limited to, Substituted or unsub 
stituted methyl (C), substituted or unsubstituted ethyl (C), 
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substituted or unsubstituted n-propyl (C), substituted or 
unsubstituted isopropyl (C), substituted or unsubstituted 
n-butyl (C), substituted or unsubstituted tert-butyl (C), sub 
stituted or unsubstituted sec-butyl (C), substituted or unsub 
stituted iso-butyl (C), substituted or unsubstituted n-pentyl 
(Cs), substituted or unsubstituted 3-pentanyl (Cs), substituted 
or unsubstituted amyl (Cs). Substituted or unsubstituted neo 
pentyl (Cs), substituted or unsubstituted 3-methyl-2-butanyl 
(Cs), Substituted or unsubstituted tertiary amyl (Cs), or sub 
stituted or unsubstituted n-hexyl (C). 
0183. In certain embodiments, R is NH, -N (R'), 
or NRC(=O)R''. In certain embodiments, R' is hydro 
gen or Substituted or unsubstituted alkyl, e.g., Substituted or 
unsubstituted Calkyl, substituted or unsubstituted 
Calkyl, Substituted or unsubstituted C2-alkyl, Substituted 
or unsubstituted Calkyl, Substituted or unsubstituted 
Casalkyl, or Substituted or unsubstituted Cs-alkyl. Exem 
plary R' C-alkyl groups include, but are not limited to, 
substituted or unsubstituted methyl (C), ethyl (C), n-propyl 
(C), isopropyl (C), n-butyl (C), tert-butyl (C), sec-butyl 
(C), iso-butyl (C), n-pentyl (Cs), 3-pentanyl (Cs), amyl 
(Cs), neopentyl (Cs), 3-methyl-2-butanyl (Cs), tertiary amyl 
(Cs), or n-hexyl (C). 
0184. In certain embodiments, R is halo, substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, sub 
stituted or unsubstituted alkynyl, —OR', or —OC(=O) 
R''. In certain embodiments, R is hydrogen, alkyl, alkenyl, 
alkynyl, haloalkyl, haloalkenyl, haloalkynyl, alkoxyalkyl, 
-OH, -OR'', OC(=O)R', NH, N(R'), or 
NRC(O)R’. 

(0185. In certain embodiments, R is substituted alkyl (e.g., 
haloalkyl, alkoxyalkyl). 
(0186. In certain embodiments, R is F, —Cl, methyl, 
ethyl, n-propyl, methoxy, ethoxy, propoxy, butoxy, ethynyl, 
hydroxybutynyl, methoxypropynyl, chloroethynyl, or cyclo 
propynyl. 
0187. In certain embodiments, R is a non-hydrogen group 
in the alpha position. In certain embodiments, R is a non 
hydrogen group in the beta position. 

Group R 
0188 As generally defined above, R is substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, sub 
stituted or unsubstituted alkynyl, substituted or unsubstituted 
carbocyclyl, substituted or unsubstituted heterocyclyl, sub 
stituted or unsubstituted aryl, or substituted or unsubstituted 
heteroaryl. 
(0189 In certain embodiments, R is substituted or unsub 
stituted alkyl, e.g., Substituted or unsubstituted Calkyl, 
substituted or unsubstituted Calkyl, substituted or unsub 
stituted C2-alkyl, Substituted or unsubstituted Calkyl, Sub 
stituted or unsubstituted Casalkyl, or substituted or unsub 
stituted Cs-alkyl. Exemplary RC-calkyl groups include, 
but are not limited to, substituted or unsubstituted methyl 
(C), ethyl (C), n-propyl (C), isopropyl (C), n-butyl (C), 
tert-butyl (C), sec-butyl (C), iso-butyl (C), n-pentyl (Cs), 
3-pentanyl (Cs), amyl (Cs), neopentyl (Cs), 3-methyl-2-bu 
tanyl (Cs), tertiary amyl (Cs), n-hexyl (C), C alkyl Substi 
tuted with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more fluoro groups 
(e.g., —CF, —CHF. —CHF, difluoroethyl, and 2.2.2-tri 
fluoro-1,1-dimethyl-ethyl), C alkyl substituted with 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, or more chloro groups (e.g., —CH2Cl, 
—CHCl), and C alkyl Substituted with alkoxy groups (e.g., 
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—CHOCH and —CHOCH2CH). In certain embodi 
ments, R is substituted alkyl, e.g., R is haloalkyl, alkoxy 
alkyl, or aminoalkyl. 
(0190. In certain embodiments, R is Me, Et, n-Pr, n-Bu, 
i-Bu, fluoromethyl, chloromethyl, difluoromethyl, trifluo 
romethyl, trifluoroethyl, difluoroethyl, 2.2.2-trifluoro-1,1- 
dimethyl-ethyl, methoxymethyl, methoxyethyl, or ethoxym 
ethyl. In certain embodiments, R is Me, Et, n-Pr, n-Bu, or 
i-Bu. In certain embodiments, R is methoxymethyl, 
ethoxymethyl, propoxymethyl, methoxyethyl, or ethoxy 
ethyl. In certain embodiments, R is trifluoromethoxymethyl. 
In certain embodiments, R is fluoromethyl, chloromethyl, 
difluoromethyl, trifluoromethyl, difluoroethyl, trifluoroethyl, 
or 2.2.2-trifluoro-1,1-dimethyl-ethyl. In certain embodi 
ments, R is trifluoromethyl. 
(0191) In certain embodiments, R is substituted or unsub 
stituted alkenyl, e.g., Substituted or unsubstituted Calk 
enyl, Substituted or unsubstituted Calkenyl, Substituted or 
unsubstituted Calkenyl, Substituted or unsubstituted 
Casalkenyl, or Substituted or unsubstituted Calkenyl. In 
certain embodiments, R is ethenyl (C), propenyl (Cs), or 
butenyl (C), unsubstituted or substituted with one or more 
Substituents selected from the group consisting of alkyl, halo, 
haloalkyl, alkoxyalkyl, or hydroxyl. In certain embodiments, 
R is ethenyl, propenyl, or butenyl, unsubstituted or substi 
tuted with alkyl, halo, haloalkyl, alkoxyalkyl, or hydroxy. In 
certain embodiments, R is ethenyl. 
(0192. In certain embodiments, R is substituted or unsub 
stituted alkynyl, e.g., Substituted or unsubstituted Calky 
nyl, Substituted or unsubstituted C2-alkynyl. Substituted or 
unsubstituted Calkynyl. Substituted or unsubstituted 
Casalkynyl, or Substituted or unsubstituted C-alkynyl. 
Exemplary substituted or unsubstituted R alkynyl groups 
include, but are not limited to, ethynyl, propynyl, or butynyl, 
unsubstituted or substituted with alkyl, halo, haloalkyl (e.g., 
CF), alkoxyalkyl, cycloalkyl (e.g., cyclopropyl or cyclobu 
tyl), or hydroxyl. In certain embodiments, R is selected from 
the group consisting of trifluoroethynyl, cyclopropylethynyl, 
cyclobutylethynyl, and propynyl, fluoropropynyl, and chlo 
roethynyl. In certain embodiments, R is ethynyl (C), pro 
pynyl (C), or butynyl (C), unsubstituted or substituted with 
one or more Substituents selected from the group consisting 
of substituted or unsubstituted aryl, substituted or unsubsti 
tuted heteroaryl, substituted or unsubstituted carbocyclyl, 
and substituted or unsubstituted heterocyclyl. In certain 
embodiments, R is ethynyl (C), propynyl (Cs), or butynyl 
(C) substituted with substituted phenyl. In certain embodi 
ment, the phenyl substitutent is further substituted with one or 
more Substituents selected from the group consisting of halo, 
alkyl, trifluoroalkyl, alkoxy, acyl, amino or amido. In certain 
embodiments, R is ethynyl (C), propynyl (Cs), or butynyl 
(C) substituted with substituted or unsubstituted pyrrolyl, 
imidazolyl pyrazolyl, oxazoyl, thiazolyl, isoxazoyl, 1.2.3- 
triazolyl, 1,2,4-triazolyl, oxadiazolyl, thiadiazolyl, or tetra 
Zolyl. 
(0193 In certain embodiments, R is ethynyl, propynyl, or 
butynyl, unsubstituted or substituted with alkyl, halo, 
haloalkyl, alkoxyalkyl, or hydroxyl. In certain embodiments, 
R" is ethynyl or propynyl, substituted with substituted or 
unsubstituted aryl. In certain embodiments, R is ethynyl or 
propynyl, substituted with phenyl unsubstituted or substi 
tuted with halo, alkyl, alkoxy, haloalkyl, trihaloalkyl, or acyl. 
In certain embodiments, R is ethynyl or propynyl, substi 
tuted with substituted or unsubstituted carbocyclyl. In certain 
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embodiments, R is ethynyl or propynyl, substituted with 
Substituted or unsubstituted cyclopropyl, cyclobutyl, cyclo 
pentyl, or cyclohexyl. In certain embodiments, R is ethynyl 
or propynyl, substituted with substituted or unsubstituted het 
eroaryl. In certain embodiments, R is ethynyl or propynyl, 
substituted with substituted or unsubstituted pyridinyl, or 
pyrimidinyl. In certain embodiments, R is ethynyl or propy 
nyl, substituted with substituted or unsubstituted pyrrolyl, 
imidazolyl pyrazolyl, oxazoyl, thiazolyl, isoxazoyl, 1.2.3- 
triazolyl, 1,2,4-triazolyl, oxadiazolyl, thiadiazolyl, tetra 
zolyl. In certain embodiments, R is ethynyl or propynyl, 
substituted with substituted or unsubstituted heterocyclyl. In 
certain embodiments, R is ethynyl or propynyl, substituted 
with substituted or unsubstituted pyrrolidinyl, piperidinyl, 
piperazinyl, or mopholinyl. In certain embodiments, R is 
propynyl or butynyl, substituted with hydroxyl or alkoxy. In 
certain embodiments, R is propynyl or butynyl, substituted 
with methoxy or ethoxy. In certain embodiments, R is ethy 
nyl or propynyl, substituted with C1. In certain embodiments, 
R is ethynyl or propynyl, substituted with trifluoromethyl. 
(0194 In certain embodiments, R is substituted or unsub 
stituted carbocyclyl, e.g., Substituted or unsubstituted 
C-carbocyclyl. Substituted or unsubstituted C. carbocy 
clyl. Substituted or unsubstituted Cas carbocyclyl, or Substi 
tuted or unsubstituted Cse carbocyclyl. 
(0195 In certain embodiments, R is substituted or unsub 
stituted heterocyclyl, e.g., substituted or unsubstituted 3-6 
membered heterocyclyl, substituted or unsubstituted 3-4 
membered heterocyclyl, substituted or unsubstituted 4-5 
membered heterocyclyl, or substituted or unsubstituted 5-6 
membered heterocyclyl. 
(0196) In certain embodiments, R is substituted or unsub 
stituted aryl. In certain embodiments, R is substituted or 
unsubstituted phenyl. 
(0197) In certain embodiments, R is substituted or unsub 
stituted heteroaryl, e.g., optionally Substituted 5- to 6-mem 
bered heteroaryl. 
(0198 Further embodiments of R, as a substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, and 
Substituted or unsubstituted alkynyl groups, are depicted 
below: 

wherein each instance of R is hydrogen, halo, or —OR, 
wherein R is substituted or unsubstituted alkyl; and each 
instance of R and R is independently hydrogen, halo, or 
substituted or unsubstituted alkyl, substituted or unsubsti 
tuted carbocyclyl, or substituted or unsubstituted heterocy 
clyl. 
(0199. In certain embodiments, at least one R is hydro 
gen. In certain embodiments, at least two R is hydrogen. In 
certain embodiments, each R is hydrogen. In certain 
embodiments, at least one Rishalogen (e.g., fluoro, chloro, 
bromo, iodo). In certain embodiments, at least two R are 
halogen (e.g., fluoro, chloro, bromo, iodo). In certain embodi 
ments, each R" is halogen (e.g., fluoro, to provide the group 
—CF). In certain embodiments, at least one R is —OR'' 
(e.g., OMe or OEt). In certain embodiments, at least two R' 
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is —OR'' (e.g., OMe or OEt). In certain embodiments, at 
least one R is hydrogen, F. -OMe, or —OEt. In certain 
embodiments, one of R" is a non-hydrogen group (e.g., F. 
—OMe, or OEt); and the rest are H, such as provided in the 
below formula: 

(0200. In certain embodiments, R is hydrogen. In certain 
embodiments, R is halogen (e.g., fluoro, chloro, bromo, 
iodo). In certain embodiments, R is alkyl, e.g., —CHs. 
—CF, -CH2CHC1. In certain embodiments, R is substi 
tuted or unsubstituted carbocyclyl, e.g., cyclopropyl or 
cyclobutyl. In certain embodiments, R is hydrogen, F, 
—Br. —Cl. —I, —CH, -CF, cyclopropyl, or cyclobutyl. 
In certain embodiments, R is substituted or unsubstituted 
cyclopropyl. In certain embodiments, R is hydrogen, F, 

Br, —Cl. —I, —CH, —CF, —CH2CH2Cl, cyclopropyl. 
or cyclobutyl. In certain embodiments, R is Me or C1. In 
certain embodiments, R is substituted or unsubstituted het 
erocyclyl. 
0201 In certain embodiments, at least one R is hydro 
gen. In certain embodiments, each R is hydrogen. In certain 
embodiments, at least one R is halogen (e.g., fluoro, chloro, 
bromo, iodo). In certain embodiments, each R is halogen 
(e.g., fluoro, chloro, bromo, iodo). In certain embodiments, 
each of R is alkyl, e.g., each of R is Me. In certain embodi 
ments, one of R is alkyl; and the other is hydrogen, e.g., one 
of R is Me; and the other is hydrogen. In certain embodi 
ments, one of R is substituted or unsubstituted carbocyclyl, 
e.g., cyclopropyl or cyclobutyl, and the other is hydrogen. In 
certain embodiments, at least one R is hydrogen, —F. —Br. 
—Cl, —I, —CH, -CF, cyclopropyl, or cyclobutyl. In cer 
tain embodiments, each instance of R is H. In certain 
embodiments, each instance of R is halogen (e.g., fluoro, 
chloro, bromo, iodo). In certain embodiments, each instance 
of R is alkyl, e.g., —CH, —CF, —CH2CH2C1. In certain 
embodiments, each instance of R is substituted or unsubsti 
tuted carbocyclyl, e.g., cyclopropyl or cyclobutyl. In certain 
embodiments, R is substituted or unsubstituted cyclopro 
pyl. In certain embodiments, each instance of R is hydro 
gen, —F. —Br. —Cl, —I, —CH, —CF, —CH2CH2Cl, 
cyclopropyl, or cyclobutyl. In certain embodiments, R is 
Me or Cl. In certain embodiments, R is substituted or unsub 
stituted heterocyclyl. 

Group R. 
(0202 As generally defined above, R is H, C(=O)R', 
C(=O)CR', C(=O)SR', C(=O)N(R'), 
S(=O).R., S(=O)OR', P(=O).R., P(=O) 

OR, P(=O)(OR') - P(=O)(R), or P(=O) 
(R)(OR), wherein R is hydrogen, substituted or unsub 
stituted alkyl, substituted or unsubstituted alkenyl, 
substituted or unsubstituted alkynyl, substituted or unsubsti 
tuted carbocyclyl, substituted or unsubstituted heterocyclyl, 
substituted or unsubstituted aryl, or substituted or unsubsti 
tuted heteroaryl, an oxygen protecting group when attached 
to an oxygenatom, a Sulfur protecting group when attached to 
a Sulfur atom, a nitrogen protecting group when attached to a 
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nitrogen atom, or two R' groups are joined to form an Sub 
stituted or unsubstituted heterocyclic ring; and R is substi 
tuted or unsubstituted alkyl, substituted or unsubstituted alk 
enyl, substituted or unsubstituted alkynyl, substituted or 
unsubstituted carbocyclyl, substituted or unsubstituted het 
erocyclyl, substituted or unsubstituted aryl, or substituted or 
unsubstituted heteroaryl. 
(0203. In certain embodiments, R is H (hydrogen). 
0204. In certain embodiments, R is C(=O)R', 
C(=O)CRC, C(=O)SR', C(=O)N(RC), 
S(=O).R', S(=O)OR', P(=O).R', P(=O) 

OR', -P(=O)(OR"), -P(=O)(R'), or P(=O) 
(R')(ORC). 
(0205. In certain embodiments, at least one instance of R' 
is hydrogen or a protecting group, i.e., an oxygen protecting 
group when attached to an oxygen atom, Sulfur protecting 
group when attached to an Sulfur atom, or a nitrogen protect 
ing group when attached to a nitrogen atom. In certain 
embodiments, at least one instance of R is hydrogen. 
0206. In certain embodiments, at least one instance of R' 
is Substituted or unsubstituted alkyl, e.g., Substituted or 
unsubstituted Calkyl, substituted or unsubstituted 
Calkyl, Substituted or unsubstituted C2-alkyl, Substituted 
or unsubstituted Calkyl, Substituted or unsubstituted 
Casalkyl, or substituted or unsubstituted C-alkyl. Exem 
plary R' C-alkyl groups include, but are not limited to, 
substituted or unsubstituted methyl (C), ethyl (C), n-propyl 
(C), isopropyl (C), n-butyl (C), tert-butyl (C), sec-butyl 
(C), iso-butyl (C), n-pentyl (Cs), 3-pentanyl (Cs), amyl 
(Cs), neopentyl (Cs), 3-methyl-2-butanyl (Cs), tertiary amyl 
(Cs), n-hexyl (C), C alkyl Substituted with 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, or more fluoro groups (e.g., —CF, —CHF, 
—CHF, difluoroethyl, and 2.2.2-trifluoro-1,1-dimethyl 
ethyl), C alkyl substituted with 1,2,3,4,5,6,7,8,9, 10, or 
more chloro groups (e.g., —CH2Cl. —CHCl), and C alkyl 
Substituted with alkoxy groups (e.g., —CH2OCH and 
—CHOCHCH). 
0207. In certain embodiments, at least one instance of R' 
is Substituted or unsubstituted alkenyl, e.g., Substituted or 
unsubstituted Calkenyl, Substituted or unsubstituted C 
alkenyl, Substituted or unsubstituted Calkenyl, Substituted 
or unsubstituted Casalkenyl, or substituted or unsubstituted 
Cs-galkenyl. 
(0208. In certain embodiments, at least one instance of R' 
is Substituted or unsubstituted alkynyl, e.g., Substituted or 
unsubstituted Calkynyl, Substituted or unsubstituted C 
alkynyl. Substituted or unsubstituted Calkynyl, Substituted 
or unsubstituted Casalkynyl, or Substituted or unsubstituted 
Cs-galkynyl. 
(0209. In certain embodiments, at least one instance of R' 
is Substituted or unsubstituted carbocyclyl, e.g., Substituted or 
unsubstituted C. carbocyclyl. Substituted or unsubstituted 
Cacarbocyclyl. Substituted or unsubstituted Cas carbocy 
clyl, or Substituted or unsubstituted Cse carbocyclyl. 
(0210. In certain embodiments, at least one instance of R' 
is substituted or unsubstituted heterocyclyl, e.g., Substituted 
or unsubstituted 3-6 membered heterocyclyl, substituted or 
unsubstituted 3-4 membered heterocyclyl, substituted or 
unsubstituted 4-5 membered heterocyclyl, or substituted or 
unsubstituted 5-6 membered heterocyclyl. 
(0211. In certain embodiments, at least one instance of R' 
is Substituted or unsubstituted aryl, e.g., Substituted or unsub 
stituted phenyl. 
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0212. In certain embodiments, at least one instance of R' 
is Substituted or unsubstituted heteroaryl, e.g., optionally Sub 
stituted 5- to 6-membered heteroaryl. 
0213. In certain embodiments, two R' groups are joined 
to form a substituted or unsubstituted heterocyclic ring, e.g., 
a substituted or unsubstituted piperidinyl, substituted or 
unsubstituted piperazinyl, or substituted or unsubstituted 
morpholinyl ring. 
0214. In certain embodiments, R is C(=O)R', 
C(=O)CR', C(=O)N(R') or C(=O)N(OR') 

(R'), wherein R' is as defined herein. 
0215. In certain embodiments, R is —C(=O)R', e.g., 
for example, wherein R is, for example, substituted or 
unsubstituted methyl (C), ethyl (C), n-propyl (C), isopro 
pyl (C), n-butyl (C), tert-butyl (C), sec-butyl (C), iso 
butyl (C), n-pentyl (Cs), 3-pentanyl (Cs), amyl (Cs), neo 
pentyl (Cs), 3-methyl-2-butanyl (Cs), tertiary amyl (Cs), or 
n-hexyl (C). In certain embodiments, R is C(=O)CHs. 
In certain embodiments, R is —C(=O)(CH2)COH, 
wherein m is an integer between 2 and 5, inclusive. In certain 
embodiments, m is 2. In certain embodiments, m is 3. In 
certain embodiments, m is 4. In certain embodiments, m is 5. 
In certain embodiments, R is —C(=O)CHCHC(=O) 
OH. 

0216) In certain embodiments, Ris-C(=O)CR'', e.g., 
for example, wherein R' is, for example, substituted or 
unsubstituted methyl (C), ethyl (C), n-propyl (C), isopro 
pyl (C), n-butyl (C), tert-butyl (C), sec-butyl (C), iso 
butyl (C4), n-pentyl (Cs), 3-pentanyl (Cs), amyl (Cs), O 
pentyl (Cs), 3-methyl-2-butanyl (Cs), tertiary amyl (Cs), or 
n-hexyl (C). 
0217. In certain embodiments, R is C(=O)SR', e.g., 
for example, wherein R' is, for example, substituted or 
unsubstituted methyl (C), ethyl (C), n-propyl (C), isopro 
pyl (C), n-butyl (C), tert-butyl (C), sec-butyl (C), iso 
butyl (C), n-pentyl (Cs), 3-pentanyl (Cs), amyl (Cs), neo 
pentyl (Cs), 3-methyl-2-butanyl (Cs), tertiary amyl (Cs), or 
n-hexyl (C). 
0218. In certain embodiments, R is C(=O)N(R'), 
e.g., -C(=O)NH, or—C(-O)NHR', wherein R' is, for 
example, Substituted or unsubstituted methyl (C), ethyl (C), 
n-propyl (C), isopropyl (C), n-butyl (C), tert-butyl (C), 
sec-butyl (C), iso-butyl (C), n-pentyl (Cs), 3-pentanyl (Cs), 
amyl (Cs), neopentyl (Cs), 3-methyl-2-butanyl (Cs), tertiary 
amyl (Cs), or n-hexyl (C), or R is —C(=O)N(R'), 
wherein the two R' groups are joined to form a substituted or 
unsubstituted heterocyclic ring, e.g., Substituted or unsubsti 
tuted piperidinyl, Substituted or unsubstituted piperazinyl, or 
Substituted or unsubstituted morpholinyl ring. 
0219. In certain embodiments, R is S(=O)R’ or 
—S(=O).OR", wherein R' is, for example, hydrogen, or 
substituted or unsubstituted methyl (C), ethyl (C), n-propyl 
(C), isopropyl (C), n-butyl (C), tert-butyl (C), sec-butyl 
(C), iso-butyl (C), n-pentyl (Cs), 3-pentanyl (Cs), amyl 
(Cs), neopentyl (Cs), 3-methyl-2-butanyl (Cs), tertiary amyl 
(Cs), or n-hexyl (C), or Substituted or unsubstituted phenyl. 
In certain embodiments, R is S(=O).R.". In certain 
embodiments, R is S(=O).OR', e.g., -SOH. 
0220. In certain embodiments, R is - P(=O).R.", 

- P(=O),OR', -P(=O)(OR") - P(=O)(R'), or 
—P(=O)(R)(OR"), wherein each R" is, for example, 
independently hydrogen, substituted or unsubstituted methyl 
(C), ethyl (C), n-propyl (C), isopropyl (C), n-butyl (C), 
tert-butyl (C), sec-butyl (C), iso-butyl (C), n-pentyl (Cs), 
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3-pentanyl (Cs), amyl (Cs), neopentyl (Cs), 3-methyl-2-bu 
tanyl (Cs), tertiary amyl (Cs), or n-hexyl (C), or Substituted 
or unsubstituted phenyl. In certain embodiments, R is 
- P(=O).R''. In certain embodiments, R is - P(=O) 
OR". In certain embodiments, R is - P(=O)(OR"). In 
certain embodiments, R is - P(=O)(R'). In certain 
embodiments, Ris-P(=O)(R')(OR"). 
Groups R. R. R. R'' and R' 
0221) As generally defined above, R is H, substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, sub 
stituted or unsubstituted alkynyl, substituted or unsubstituted 
carbocyclyl, substituted or unsubstituted heterocyclyl, sub 
stituted or unsubstituted aryl, or substituted or unsubstituted 
heteroaryl. 
(0222. In certain embodiments, R is H, substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, or 
substituted or unsubstituted alkynyl. 
10223) In certain embodiments, R is H, CH, or ethynyl. 
0224. In certain embodiments, R is H. 
(0225. As generally defined above, each of R and R is 
independently hydrogen, halo (e.g., fluoro), Substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, or 
substituted or unsubstituted alkynyl, or RandR'arejoined 
to form an oxo (=O) group, and co- represents a single or 
double bond, provided if a double bond is present in Ring B. 
then one of R' or R' is absent, and provided if a single bond 
is present in Ring B, then the hydrogen at C5 is in the alpha or 
beta position. 
0226. As generally defined above, wherein ------ indepen 
dently represents a single or double bond, provided if a 
double bond is present in Ring B, then one of R' or R' is 
absent, and provided ifa single bond is present in Ring B, then 
the hydrogen at C5 is in the alpha or beta position. In certain 
embodiments, the dashed line ------ between C5 and C6 
represents a single bond, and the hydrogen at the 5-position is 
in the 5C-conformation. In certain embodiments, the dashed 
line ------ between C5 and C6 represents a single bond, and 
the hydrogen at the 5-position is in the 5 B-conformation. In 
certain embodiments, the dashed line ------ between C5 and 
C6 represents a double bond. 
0227. In certain embodiments, wherein ------ represents 
a single bond, both R'' and Rare hydrogen. 
0228. In certain embodiments, wherein ------ represents a 
single bond, and one of R" and R' is a non-hydrogen group, 
R" is alpha (down) and R is beta (up). In certain embodi 
ments, R' is alpha (down) and R' is beta (up). 
0229. In certain embodiments, wherein ------ represents 
a single bond, R' is hydrogen, and R' is halo, substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, or 
substituted or unsubstituted alkynyl. In certain embodiments, 
R" is hydrogen, and R' is halo (e.g., fluoro). In certain 
embodiments, R is hydrogen, and R' is substituted or 
unsubstituted alkyl, e.g., Substituted or unsubstituted 
Calkyl, substituted or unsubstituted C-alkyl, Substituted 
or unsubstituted C2-alkyl, Substituted or unsubstituted 
Calkyl, Substituted or unsubstituted Casalkyl, or Substi 
tuted or unsubstituted C-alkyl, e.g., methyl, ethyl, propyl, or 
isopropyl. In certain embodiments, R' is hydrogen, and R' 
is substituted or unsubstituted alkenyl. In certain embodi 
ments, R" is hydrogen, and R' is substituted or unsubsti 
tuted alkynyl. 
0230. In certain embodiments, wherein ------ represents 
a single bond, R' is hydrogen, and R' is halo, substituted or 
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unsubstituted alkyl, substituted or unsubstituted alkenyl, or 
substituted or unsubstituted alkynyl. In certain embodiments, 
R” is hydrogen, and R' is halo (e.g., fluoro). In certain 
embodiments, R is hydrogen, and R is substituted or 
unsubstituted alkyl, e.g., Substituted or unsubstituted 
Calkyl, substituted or unsubstituted Calkyl, Substituted 
or unsubstituted C2-alkyl, Substituted or unsubstituted 
Calkyl, Substituted or unsubstituted Casalkyl, or Substi 
tuted or unsubstituted C-alkyl, e.g., methyl, ethyl, propyl, or 
isopropyl. In certain embodiments, R' is hydrogen, and R' 
is substituted or unsubstituted alkenyl. In certain embodi 
ments, R' is hydrogen, and R' is substituted or unsubsti 
tuted alkynyl. 
0231. Alternatively, in certain embodiments, wherein 

represents a single bond, R'' and R' are joined to 
form an oxo (=O) group. 
0232. In certain embodiments, wherein ------ represents 
a double bond, R' is hydrogen. In certain embodiments, 
wherein ------ represents a double bond, R is halo, e.g., 
fluoro. In certain embodiments, wherein ------ represents a 
double bond, R is substituted or unsubstituted alkyl, e.g., 
substituted or unsubstituted Calkyl, substituted or unsub 
stituted Calkyl, Substituted or unsubstituted C-alkyl, Sub 
stituted or unsubstituted Calkyl, Substituted or unsubsti 
tuted Casalkyl, or Substituted or unsubstituted Cs-alkyl, e.g., 
methyl, ethyl, propyl, or isopropyl. In certain embodiments, 
wherein ------ represents a double bond, R' is substituted or 
unsubstituted alkenyl. In certain embodiments, wherein 

represents a double bond, R" is substituted or unsub 
stituted alkynyl. 
0233. As generally defined above, each of R'' and R'' is 
independently hydrogen, halo, Substituted or unsubstituted 
alkyl, substituted or unsubstituted alkenyl, substituted or 
unsubstituted alkynyl, -OH, -ORP, OC(=O)R’, 
NH, N(RP), or NRPC(=O)RP', wherein each 

instance of R' is independently hydrogen, substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, sub 
stituted or unsubstituted alkynyl, substituted or unsubstituted 
carbocyclyl, substituted or unsubstituted heterocyclyl, sub 
stituted or unsubstituted aryl, substituted or unsubstituted 
heteroaryl, an oxygen protecting group when attached to an 
oxygenatom, a nitrogen protecting group when attached to a 
nitrogen atom, or two R' groups are joined to form an 
substituted or unsubstituted heterocyclic ring; or R'' and 
R'' are joined to form an oxo (=O) group. 
0234. In certain embodiments, R'" is alpha (down) and 
R'' is beta (up). In certain embodiments, R' is alpha 
(down) and R'" is beta (up). 
0235) In certain embodiments, at least one of R'' and 
R'' is hydrogen. In certain embodiments, each of R'' and 
R is H. 
0236. In certain embodiments, at least one of R'' and 
R'' is halo, e.g., F. —Br. —I, or Cl. In certain embodi 
ments, R'' is halo and R' is hydrogen. In certain embodi 
ments, R' is halo and R' is hydrogen. 
0237. In certain embodiments, at least one of R'' and 
R'' is substituted or unsubstituted alkyl, e.g., substituted or 
unsubstituted Calkyl, substituted or unsubstituted 
Calkyl, Substituted or unsubstituted C2-alkyl, Substituted 
or unsubstituted Calkyl, Substituted or unsubstituted 
Casalkyl, or Substituted or unsubstituted Cs-alkyl. Exem 
plary R''Cealkyl groups include, but are not limited to, 
substituted or unsubstituted methyl (C), substituted or 
unsubstituted ethyl (C), substituted or unsubstituted n-pro 
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pyl (C). Substituted or unsubstituted iso-propyl (C), Substi 
tuted or unsubstituted n-butyl (C), substituted or unsubsti 
tuted tert-butyl (C), substituted or unsubstituted sec-butyl 
(C), substituted or unsubstituted iso-butyl (C), substituted 
or unsubstituted n-pentyl (Cs), substituted or unsubstituted 
3-pentanyl (Cs). Substituted or unsubstituted amyl (Cs). Sub 
stituted or unsubstituted neopentyl (Cs), substituted or unsub 
stituted 3-methyl-2-butanyl (Cs), substituted or unsubstituted 
tertiary amyl (Cs), or substituted or unsubstituted n-hexyl 
(C). Exemplary Substituted alkyl groups include, but are not 
limited to, alkyl Substituted with halogen groups (“ha 
loalkyl) and alkyl substituted with alkoxy groups (“alkoxy 
alkyl). Exemplary haloalkyl groups include, but are not lim 
ited to. —CF, —CHF, —CHF, difluoroethyl, 2.2.2- 
trifluoro-1,1-dimethyl-ethyl, —CHCl, and —CHC1. 
Exemplary alkoxyalkyl groups include, but are not limited to, 
—CHOCH and —CHOCHCH. In certain embodiments, 
at least one of R'' and R' is substituted alkyl (e.g., 
haloalkyl, alkoxyalkyl). 
0238. In certain embodiments, R'' is alkyl and R' is 
hydrogen. In certain embodiments, R'' is alkyl and R'' is 
hydrogen. 
0239. In certain embodiments, at least one of R'' and 
R' is substituted or unsubstituted alkenyl, e.g., substituted 
or unsubstituted C- alkenyl, Substituted or unsubstituted 
Calkenyl, Substituted or unsubstituted Calkenyl, Substi 
tuted or unsubstituted Casalkenyl, or substituted or unsubsti 
tuted Calkenyl. Exemplary Substituted alkenyl groups 
include, but are not limited to, alkenyl substituted with halo 
gen groups (“haloalkenyl) and alkenyl substituted with 
alkoxy groups (“alkoxyalkenyl). In certain embodiments, 
R'" is alkenylandR'' is hydrogen. In certain embodiments, 
R' is alkenyl and R'' is hydrogen. 
(0240. In certain embodiments, at least one of R'' and 
R' is substituted or unsubstituted alkynyl, e.g., substituted 
or unsubstituted C alkynyl, substituted or unsubstituted 
C2-alkynyl. Substituted or unsubstituted Calkynyl, Substi 
tuted or unsubstituted Casalkynyl, or substituted or unsub 
stituted C-alkynyl. Exemplary Substituted alkynyl groups 
include, but are not limited to, alkynyl substituted with halo 
gen groups (“haloalkynyl) and alkynyl Substituted with 
alkoxy groups (“alkoxyalkynyl). In certain embodiments, 
R'" is alkynyland R'' is hydrogen. In certain embodiments, 
R' is alkynyl and R'' is hydrogen. 
(0241. In certain embodiments, at least one of R'' and 
R' is substituted or unsubstituted carbocyclyl, e.g., substi 
tuted or unsubstituted C. carbocyclyl. Substituted or unsub 
stituted C. carbocyclyl. Substituted or unsubstituted Cas 
carbocyclyl, or Substituted or unsubstituted Cse carbocyclyl. 
In certain embodiments, R'" is carbocyclyl and R'' is 
hydrogen. In certain embodiments, R'' is carbocyclyl and 
R'" is hydrogen. 
(0242. In certain embodiments, at least one of R'' and 
R' is substituted or unsubstituted heterocyclyl, e.g., substi 
tuted or unsubstituted Cheterocyclyl. Substituted or unsub 
stituted C. heterocyclyl. Substituted or unsubstituted Cas 
heterocyclyl, or substituted or unsubstituted Cse heterocy 
clyl. For example, in certain embodiments, at least one of 
R'' and R'' is a substituted or unsubstituted piperidinyl, 
substituted or unsubstituted piperazinyl, or substituted or 
unsubstituted morpholinyl ring. In certain embodiments, at 
least one of R'' and R'' is a substituted or unsubstituted 
morpholinyl ring. In certain embodiments, R'" is heterocy 
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clyl and R' is hydrogen. In certain embodiments, R' is 
heterocyclyl and R'' is hydrogen. 
0243 In certain embodiments, at least one of R'' and 
R'' is substituted or unsubstituted aryl, e.g., substituted or 
unsubstituted phenyl. In certain embodiments, R'' is aryl 
and R'' is hydrogen. In certain embodiments, R'' is aryl 
and R''' is hydrogen. 
0244. In certain embodiments, at least one of R'' and 
R'' is substituted or unsubstituted heteroaryl, e.g., option 
ally substituted 5- to 6-membered heteroaryl. In certain 
embodiments, R'" is heteroaryl and R' is hydrogen. In 
certain embodiments, R'' is heteroaryland R' is hydro 
gen. 

0245. In certain embodiments, at least one of R'' and 
R'' is OH, ORP', or OC(=O)RP". In certain 
embodiments, R' is substituted or unsubstituted alkyl, e.g., 
substituted or unsubstituted Calkyl, substituted or unsub 
stituted C-alkyl, Substituted or unsubstituted C-alkyl, Sub 
stituted or unsubstituted Calkyl, substituted or unsubsti 
tuted Casalkyl, or Substituted or unsubstituted Cs-alkyl. 
Exemplary R' C-alkyl groups include, but are not limited 
to, substituted or unsubstituted methyl (C), substituted or 
unsubstituted ethyl (C), substituted or unsubstituted n-pro 
pyl (C). Substituted or unsubstituted isopropyl (C), substi 
tuted or unsubstituted n-butyl (C), substituted or unsubsti 
tuted tert-butyl (C), substituted or unsubstituted sec-butyl 
(C), substituted or unsubstituted iso-butyl (C), substituted 
or unsubstituted n-pentyl (Cs), substituted or unsubstituted 
3-pentanyl (Cs), substituted or unsubstituted amyl (Cs), Sub 
stituted or unsubstituted neopentyl (Cs), substituted or unsub 
stituted 3-methyl-2-butanyl (Cs), substituted or unsubstituted 
tertiary amyl (Cs), or substituted or unsubstituted n-hexyl 
(C). In certain embodiments, at least one of R'' and R'' is 
–OH. In certain embodiments, R''' is -OH, -ORP', or 
—OC(=O)R’ and R'' is hydrogen. In certain embodi 
ments, R'' is OH, ORP', or OC(=O)RP and R''' is 
hydrogen. 
0246. In certain embodiments, at least one of R'' and 
R'' is NH, N(RP), or NRDC(=O)RP". In certain 
embodiments, RP is hydrogen or substituted or unsubsti 
tuted alkyl, e.g., Substituted or unsubstituted Calkyl, Sub 
stituted or unsubstituted C-alkyl, substituted or unsubsti 
tuted C-alkyl, Substituted or unsubstituted Calkyl, 
substituted or unsubstituted Casalkyl, or substituted or 
unsubstituted Cs-alkyl. Exemplary R' C-alkyl groups 
include, but are not limited to, substituted or unsubstituted 
methyl (C), substituted or unsubstituted ethyl (C), substi 
tuted or unsubstituted n-propyl (C). Substituted or unsubsti 
tuted isopropyl (C), substituted or unsubstituted n-butyl 
(C), substituted or unsubstituted tert-butyl (C), substituted 
or unsubstituted sec-butyl (C), substituted or unsubstituted 
iso-butyl (C), Substituted or unsubstituted n-pentyl (Cs), 
substituted or unsubstituted 3-pentanyl (Cs), substituted or 
unsubstituted amyl (Cs). Substituted or unsubstituted neopen 
tyl (Cs), substituted or unsubstituted 3-methyl-2-butanyl 
(Cs), Substituted or unsubstituted tertiary amyl (Cs), or Sub 
stituted or unsubstituted n-hexyl (C). In certain embodi 
ments, at least one of R'' and R' is N(R'), e.g., 
—NH, N(CH). In certain embodiments, R'" is NH2, 
N(RP), or NRPC(=O)RP and R'' is hydrogen. In 

certain embodiments, R'' is NH, N(R'), or 
NRPC(=O)RP and R'' is hydrogen. 

0247. In certain embodiments, R'' and R'' are joined to 
form an oxo (=O) group. 
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Additional Embodiments of Formula (I) and (III) 
0248 Various combinations of the above embodiments 
are further contemplated herein. For example, in certain 
embodiments, the compound of Formula (I) is of Formula 
(I-a1), (I-a2), or (I-a3): 

(I-al) 

(I-a2) 

(I-a3) 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, stereoisomer, tautomer, isotopic variant, or N-oxide 
thereof, or a combination thereof. In certain embodiments, R' 
is hydrogen, halogen (e.g., bromine), —OR' (e.g., -OH), 
- N(R') —S S(=O).R', substituted or unsubstituted 
heterocyclyl, or substituted or unsubstituted heteroaryl. In 
certain embodiments, R' is hydrogen, bromine, or -OH. In 
certain embodiments, R is hydrogen, substituted or unsub 
stituted heterocyclyl, -OH, -OR', OC(=O)R', 
NH, N(R'), or NR'C(=O)R''. In certain 

embodiments, R is substituted or unsubstituted alkyl, substi 
tuted or unsubstituted alkenyl, or substituted or unsubstituted 
alkynyl. In certain embodiments, R is hydrogen. In certain 
embodiments, R is hydrogen. In certain embodiments, both 
R" and R' are hydrogen. In certain embodiments, one of R' 
and R' is a non-hydrogen group. In certain embodiments, 
R" is a non-hydrogen alpha group. In certain embodiments, 
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R" is a non-hydrogen beta group. In certain embodiments, 
R" is halo, e.g., fluoro, or alkyl. In certain embodiments, R' 
is halo, e.g., fluoro, or alkyl, and R' is hydrogen. In certain 
embodiments, Rand Rare both halo, e.g., fluoro. In cer 
tain embodiments, RandR'' are both alkyl, e.g., methyl. In 
certain embodiments, Rand Rare joined to form an oxo 
group. In certain embodiments, both R'' and R'' are hydro 
gen. In certain embodiments, one of R'' and R'' is a non 
hydrogen group. In certain embodiments, R'' and R'' are 
joined to form an oxo group. 
0249. In certain embodiments, the compound of Formula 
(III) is of Formula (III-a1), (III-a2), or (III-a3): 

(III-al) 

(III-a2) 

(III-a3) 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, Stereoisomer, tautomer, isotopic variant, or N-oxide 
thereof, or a combination thereof. In certain embodiments, R' 
is hydrogen, halogen (e.g., bromine), —OR' (e.g., -OH), 
—N(R') —S S(=O).R', substituted or unsubstituted 
heterocyclyl, or substituted or unsubstituted heteroaryl. In 
certain embodiments, R' is hydrogen, bromine, or -OH. In 
certain embodiments, R is hydrogen, substituted or unsub 
stituted heterocyclyl, -OH,--OR, OC(=O)R', NH, 
-N(R'), or - NR'C(=O)R’. In certain embodiments, 

27 
Oct. 15, 2015 

R is substituted or unsubstituted alkyl, substituted or unsub 
stituted alkenyl, or substituted or unsubstituted alkynyl. In 
certain embodiments, R is hydrogen. In certain embodi 
ments, R is hydrogen. In certain embodiments, both R" and 
Rarehydrogen. In certain embodiments, one of RandR 
is a non-hydrogen group. In certain embodiments, R" is a 
non-hydrogen alpha group. In certain embodiments, R" is a 
non-hydrogen beta group. In certain embodiments, R" is 
halo, e.g., fluoro, or alkyl. In certain embodiments, R" is 
halo, e.g., fluoro, or alkyl, and R' is hydrogen. In certain 
embodiments, R" and R' are both halo, e.g., fluoro. In cer 
tain embodiments, RandR'' are both alkyl, e.g., methyl. In 
certain embodiments, R" and R' are joined to form an oxo 
group. 

(0250. In certain embodiments, both R'' and R'' are 
hydrogen. In certain embodiments, one of R'' and R' is a 
non-hydrogen group. In certain embodiments, R'' and R' 
are joined to form an oxo group. 
(0251. In certain embodiments, wherein R and R are 
hydrogen, the compound of Formula (I) is of Formula (I-b1), 
(I-b2), or (I-b3): 

(I-b1) 

(I-b2) 

(I-b3) 
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or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, Stereoisomer, tautomer, isotopic variant, or N-oxide 
thereof, or a combination thereof. In certain embodiments, R' 
is hydrogen, halogen (e.g., bromine), —OR" (e.g., -OH), 
—N(R') —S S(=O).R', substituted or unsubstituted 
heterocyclyl, or substituted or unsubstituted heteroaryl. In 
certain embodiments, R is hydrogen, bromine, or -OH. In 
certain embodiments, R is substituted or unsubstituted alkyl, 
substituted or unsubstituted alkenyl, or substituted or unsub 
stituted alkynyl. In certain embodiments, R is hydrogen. In 
certain embodiments, both R" and R' are hydrogen. In cer 
tain embodiments, one of R'' and R' is a non-hydrogen 
group. In certain embodiments, R' is a non-hydrogen alpha 
group. In certain embodiments, R" is a non-hydrogen beta 
group. In certain embodiments, R" is halo, e.g., fluoro, or 
alkyl. In certain embodiments, R' is halo, e.g., fluoro, or 
alkyl, and R' is hydrogen. In certain embodiments, R'' and 
Rare both halo, e.g., fluoro. In certain embodiments, R' 
and Rare both alkyl, e.g., methyl. In certain embodiments, 
R" and R' are joined to form an oxo group. In certain 
embodiments, both R'' and R'' are hydrogen. In certain 
embodiments, one of R'' and R' is a non-hydrogen group. 
In certain embodiments, R'' and R'' are joined to form an 
OXO group. 

(0252) In certain embodiments, wherein R and R are 
hydrogen, the compound of Formula (III) is of Formula (III 
b1), (III-b2), or (III-b3): 

(III-b1) 

(III-b2) 
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-continued 

(III-b3) 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, stereoisomer, tautomer, isotopic variant, or N-oxide 
thereof, or a combination thereof. In certain embodiments, R' 
is hydrogen, halogen (e.g., bromine), —OR' (e.g., -OH), 
- N(R') —S S(=O).R', substituted or unsubstituted 
heterocyclyl, or substituted or unsubstituted heteroaryl. In 
certain embodiments, R is hydrogen, bromine, or -OH. In 
certain embodiments, R is substituted or unsubstituted alkyl, 
substituted or unsubstituted alkenyl, or substituted or unsub 
stituted alkynyl. In certain embodiments, R is hydrogen. In 
certain embodiments, both RandR'' are hydrogen. In cer 
tain embodiments, one of R and R is a non-hydrogen 
group. In certain embodiments, R" is a non-hydrogen alpha 
group. In certain embodiments, R" is a non-hydrogen beta 
group. In certain embodiments, R" is halo, e.g., fluoro, or 
alkyl. In certain embodiments, R" is halo, e.g., fluoro, or 
alkyl, and R' is hydrogen. In certain embodiments, Rand 
R” are both halo, e.g., fluoro. In certain embodiments, R' 
and R' are both alkyl, e.g., methyl. In certain embodiments, 
R" and R' are joined to form an oxo group. In certain 
embodiments, both R'' and R'' are hydrogen. In certain 
embodiments, one of R'' and R' is a non-hydrogen group. 
In certain embodiments, R'' and R'' are joined to form an 
OXO group. 

0253) In certain embodiments, wherein R. R. R'' and 
R'' are hydrogen, the compound of Formula (I) is of For 
mula (I-c1), (I-c2), or (I-c3): 

(I-c1) 
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-continued 
(I-c2) 

(I-c3) 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, Stereoisomer, tautomer, isotopic variant, or N-oxide 
thereof, or a combination thereof. In certain embodiments, R' 
is hydrogen, halogen (e.g., bromine), —OR" (e.g., -OH), 
—N(R') —S S(=O).R', substituted or unsubstituted 
heterocyclyl, or substituted or unsubstituted heteroaryl. In 
certain embodiments, R' is hydrogen, bromine, or -OH. In 
certain embodiments, R is substituted or unsubstituted alkyl, 
substituted or unsubstituted alkenyl, or substituted or unsub 
stituted alkynyl. In certain embodiments, R is hydrogen. In 
certain embodiments, both R" and R' are hydrogen. In cer 
tain embodiments, one of R and R is a non-hydrogen 
group. In certain embodiments, R' is a non-hydrogen alpha 
group. In certain embodiments, R" is a non-hydrogen beta 
group. In certain embodiments, R' is halo, e.g., fluoro, or 
alkyl. In certain embodiments, R' is halo, e.g., fluoro, or 
alkyl, and R' is hydrogen. In certain embodiments, R'' and 
R” are both halo, e.g., fluoro. In certain embodiments, R' 
and R' are both alkyl, e.g., methyl. In certain embodiments, 
R" and R' are joined to form an oxo group. 
0254. In certain embodiments, wherein R. R. R'' and 
R'' are hydrogen, the compound of Formula (III) is of For 
mula (III-c1), (III-c2), or (III-c3): 
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(III-c1) 

(III-c2) 

(III-c3) 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, stereoisomer, tautomer, isotopic variant, or N-oxide 
thereof, or a combination thereof. In certain embodiments, R' 
is hydrogen, halogen (e.g., bromine), —OR' (e.g., -OH), 
- N(R') —S S(=O).R', substituted or unsubstituted 
heterocyclyl, or substituted or unsubstituted heteroaryl. In 
certain embodiments, R' is hydrogen, bromine, or -OH. In 
certain embodiments, R is substituted or unsubstituted alkyl, 
substituted or unsubstituted alkenyl, or substituted or unsub 
stituted alkynyl. In certain embodiments, R is hydrogen. In 
certain embodiments, both RandR'' are hydrogen. In cer 
tain embodiments, one of R'' and R' is a non-hydrogen 
group. In certain embodiments, R" is a non-hydrogen alpha 
group. In certain embodiments, R' is a non-hydrogen beta 
group. In certain embodiments, R" is halo, e.g., fluoro, or 
alkyl. In certain embodiments, R is halo, e.g., fluoro, or 
alkyl, and R' is hydrogen. In certain embodiments, R'' and 
R” are both halo, e.g., fluoro. In certain embodiments, R' 
and R' are both alkyl, e.g., methyl. In certain embodiments, 
R" and R' are joined to form an oxo group. 
(0255 Incertain embodiments, wherein R,R,R'', R', 
R", Rare hydrogen, the compound of Formula (I) is of 
Formula (I-d1), (I-d2), or (I-d3): 
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(I-d1) 

(I-d2) 

(I-d3) 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, Stereoisomer, tautomer, isotopic variant, or N-oxide 
thereof, or a combination thereof. In certain embodiments, R' 
is hydrogen, halogen (e.g., bromine), —OR' (e.g., -OH), 
—N(R') —S S(=O).R', substituted or unsubstituted 
heterocyclyl, or substituted or unsubstituted heteroaryl. In 
certain embodiments, R' is hydrogen, bromine, or -OH. In 
certain embodiments, R is substituted or unsubstituted alkyl, 
substituted or unsubstituted alkenyl, or substituted or unsub 
stituted alkynyl. In certain embodiments, R is hydrogen. 
(0256 In certain embodiments, wherein R,R,R'', R', 
R", Rare hydrogen, the compound of Formula (III) is of 
Formula (III-d1), (III-d2), or (III-d3): 

(III-d1) 
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-continued 
(III-d2) 

(III-d3) 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, stereoisomer, tautomer, isotopic variant, or N-oxide 
thereof, or a combination thereof. In certain embodiments, R' 
is hydrogen, halogen (e.g., bromine), —OR' (e.g., -OH), 
- N(R') —S S(=O).R', substituted or unsubstituted 
heterocyclyl, or substituted or unsubstituted heteroaryl. In 
certain embodiments, R' is hydrogen, bromine, or -OH. In 
certain embodiments, R is substituted or unsubstituted alkyl, 
substituted or unsubstituted alkenyl, or substituted or unsub 
stituted alkynyl. In certain embodiments, R is hydrogen. 
0257. In certain further embodiments of Formula (I) and 
(III), R is hydrogen, halogen, —OR', SR', N(R'), 
OC(=O)R'', OC(=O)CR'', OC(=O)SR'', OC 

(—O)N(R'), SC(=O)R', SC(=O)CR', SC 
(=O)SR'', SC(=O)N(R'). NHC(=O)R'', NHC 
(—O)OR'', NHC(=O)SR'', NHC(=O)N(R'), 
OS(=O).R', OS(=O),OR'', -S S(=O).R', 
S S(=O)OR', S(=O)R', SOR', or S(=O) 
OR'; R is hydrogen, substituted or unsubstituted hetero 
cyclyl, -OH,--OR'', OC(=O)R’, NH, N(R'), 
or - NR'C(=O)R'; R is substituted or unsubstituted 
alkyl, substituted or unsubstituted alkenyl, substituted or 
unsubstituted alkynyl, substituted or unsubstituted carbocy 
clyl, substituted or unsubstituted heterocyclyl, substituted or 
unsubstituted aryl, or substituted or unsubstituted heteroaryl; 
R is hydrogen; R is hydrogen; each of R" and R' is inde 
pendently hydrogen, halo, Substituted or unsubstituted alkyl, 
substituted or unsubstituted alkenyl, or substituted or unsub 
stituted alkynyl, or RandR'arejoined to forman oxo (=O) 
group; and each of R'' and R'' is independently hydrogen, 
OH, ORP, OC(=O)R', NH, N(R'), or 

- NR'C(=O)R, or R'' and R'' arejoined to forman oxo 
(=O) group. 
0258. Additional embodiments of Formula (I) are further 
considered herein. For example, in certain embodiments, the 
compound of Formula (I) is selected from any one of the 
following Formula: 
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OSOH 
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(II-) (II-n) 

(II-o) 

(II-k) 

SSOH (II-p) 
3 

O, O 
(II-I) 

H 

R32 

o 
H 

R3 

SSOH (II-q) 
3 

(II-m) O 

H 

F 

F Os 
H 

R3 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, stereoisomer, tautomer, isotopic variant, or N-oxide 
thereof, or a combination thereof. 
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0259. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following Formula: 

R1 

O, 

H 

Me 

How 
H 

IIIa 

IIIb. 
R 

O, 

H 

F 

Ho 
H 

IIIc 
RI 

O, 

H 

MeO 

HO 
H 

III 
R1 

O, 

H 

Me 

HO 
H 

IIIe 
RI 

O, 

H 

C 

HO 
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-continued 
IIIf 

IIIg 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, Stereoisomer, tautomer, or isotopic variant thereof, or a 
combination thereof. 

0260. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

IWa 
O 

S-S-OH, 

O 
O 

H 

Me 

HO 
H 

IVb 
O 

| 
S-S-OH, 

| 
O 
O 

H 

F 

HO 
H 
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-continued 
IVc 

O 

S-S-OH, 

O 
O 

H 

MeO 

HOS 
H 

IVd 
O 

S-S-OH, 

O 
O 

H 

Me 

HO 
H 

IWe 

IVf 

S-S-OH, or 

How 
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-continued 
IVg 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, Stereoisomer, tautomer, or isotopic variant thereof, or a 
combination thereof. 

0261. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

Wa 

(). N if R"), 

O 

H 

Me 

HO 
H 

Vb 
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-continued -continued 

wherein m is 0, 1 or 2; and each R" is independently —CH, 
F, Cl, CN, -OMe, SMe, -SOMe, -SOMe, CHF, 
—CHF, or —CF, or a pharmaceutically acceptable salt, 
Solvate, hydrate, prodrug, Stereoisomer, tautomer, isotopic 
variant, or N-oxide thereof, or a combination thereof. 

0262. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

() (R'), 
We N-N 

WIa 

WIb 
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-continued -continued 
WIC VIg 

() (R'), 
N-N 

WId 

wherein m is 0, 1 or 2; and each R" is independently —CH, 
F, Cl, CN, -OMe, SMe, -SOMe, -SOMe, CHF, 
—CHF, or —CF, or a pharmaceutically acceptable salt, 
Solvate, hydrate, prodrug, Stereoisomer, tautomer, isotopic 
variant, or N-oxide thereof, or a combination thereof. 

0263. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

VIIa 

N 4\, lc 
\ if-(R'), 

WIe N-N 

H VIIb 

(R'), 
VIf 

O 
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-continued -continued 
VIIc VIIg 

%f\, N1). RIC V if (R )m V I (R'), 
N-N N-N 

VIId 

N 4\, wherein m is 0, 1 or 2; and each R" is independently —CH, 
V H-(R'). Cl, F, CN, -OMe, SMe, -SOMe, -SOMe, CHF, 

—CHF, or —CF, or a pharmaceutically acceptable salt, 
Solvate, hydrate, prodrug, Stereoisomer, tautomer, isotopic 
variant, or N-oxide thereof, or a combination thereof. In cer 
tain embodiments, m is 0. In certain embodiments m is 1. In 
certain embodiments m is 2. In certain embodiments, m is 1. 
and each R" is —CH, Clor-CN. In certain embodiments, 
m is 2, and each R" is —CH, Clor-CN. 
0264. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

VIIe VIIIa 
RIC 

(R'), 1. 
% N, 
\ / 
N-N 

O 

H 

Me 

HO 
H 

VIIIb. 
VIIf RIC 

2 1. '?ile. N%N. \ / 
N-N 

O 
O 

H 

F 

HO 
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-continued -continued 
VIIIc VIIIf 

RIC 

1. RIC 
N 2 N, 1. 
V / N N or 
N-N V / 

N-N 

O 
O 

H 

MeO H 

HO w 
H HO 

H 

VIIIg 

VIIId 

Rlic 

s. 
\ / 
N-N 

O 

H 

Me wherein R' is H, CH, C1, F. —CN, OMe, -S.Me, 
y —SOMe, —SOMe, —CHF, —CHF, or—CF; or a phar 

HO H maceutically acceptable salt, Solvate, hydrate, prodrug, Ste 
reoisomer, tautomer, isotopic variant, or N-oxide thereof, or a 
combination thereof. 

0265. In certain embodiments, the compound of Formula 
VIIIe (I) is selected from any one of the following formulae: 

RIC 

1. IXa 
% p VR" \- / s 

X RN 

O 

O 

H 

H 
C 

HO H Me N 
HO 
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-continued 
IXb 

/ y-R". 

HO 

IXe 

C 
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-continued 
IXf 

lc VR", or ( ; 
X FN 

O 

H 

HO 
H 

IXg 

wherein X is —O— or - S ; and R' is independently H, 
—CH, F, Cl, CN, OMe, -SMe, -SOMe, -SO.Me, 
—CHF, —CHF, or —CF, or a pharmaceutically accept 
able salt, Solvate, hydrate, prodrug, Stereoisomer, tautomer, 
isotopic variant, or N-oxide thereof, or a combination thereof. 
0266. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

Xa 

Xb 
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-continued 

Ho 

or a pharmaceutically acceptable salt, Solvate, hydrate, pro 
drug, Stereoisomer, tautomer, or isotopic variant thereof, or a 
combination thereof. 

0267 In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

XIa 

XIb 
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-continued 
XIc 

XId 

s 
S HO 

or a pharmaceutically acceptable salt, solvate, hydrate, pro 
drug, Stereoisomer, tautomer, or isotopic variant thereof, or a 
combination thereof. 
0268. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

XIIa 

XIIb 
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-continued 
XIIc 

(). f-(R'). O N 

i 

XII 

wherein m is 0, 1 or 2; and each R" is independently —CH, 
F, Cl, CN, -OMe, SMe, -SOMe, -SOMe, —CHF, 
—CHF, or —CF, or a pharmaceutically acceptable salt, 
Solvate, hydrate, prodrug, Stereoisomer, tautomer, isotopic 
variant, or N-oxide thereof, or a combination thereof. In cer 
tain embodiments, m is 0. In certain embodiments, m is 1. In 
certain embodiments, m is 2. In certain embodiments, m is 2. 
and each R" is —CH, Clor-CN. 
0269. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

XIIIa 

Oct. 15, 2015 

-continued 
XIIIb 

XIIIc 

O 

H XIII 

2 N 
--(Re), 

N-N 

HO 

wherein m is 0, 1 or 2; and each R" is independently —CH, 
F, C1, CN, -OMe, -SMe, -SOMe, -SOMe, —CHF, 
—CHF, or —CF, or a pharmaceutically acceptable salt, 
Solvate, hydrate, prodrug, Stereoisomer, tautomer, isotopic 
variant, or N-oxide thereof, or a combination thereof. 
0270. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

XIVa. 
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-continued 
XIVb 

1 f 
\ , (R), 
N-N 

XIVc 

O 

XIVd 

wherein m is 0, 1 or 2; and each R" is independently —CH, 
F, Cl, CN, -OMe, SMe, -SOMe, -SOMe, —CHF, 
—CHF, or —CF, or a pharmaceutically acceptable salt, 
Solvate, hydrate, prodrug, Stereoisomer, tautomer, isotopic 
variant, or N-oxide thereof, or a combination thereof. 
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0271 In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

i 

i 

Rlic 

2. 
V / 

O 

XVa. 

XVd 
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wherein R' is H, -CH, C1, CN, -OMe, -SMe, F, -continued 
—SOMe, SOMe, —CHF, —CHF, or—CF; or a phar 
maceutically acceptable salt, Solvate, hydrate, prodrug, Ste 
reoisomer, tautomer, isotopic variant, or N-oxide thereof, or a / y-R c, 
combination thereof. 

XVId 

0272. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

XVIa 

Ric, 

wherein X is —O— or - S ; and R' is independently H, 
—CH, F, Cl, CN, -OMe, -SMe, -SOMe, -SO.Me, 
—CHF, —CHF, or —CF, or a pharmaceutically accept 
able salt, Solvate, hydrate, prodrug, Stereoisomer, tautomer, 
isotopic variant, or N-oxide thereof, or a combination thereof. 
In certain embodiments, each R" is independently H, CH, 
F, Cl, CN, -OMe, SMe, -SOMe, -SOMe, CHF, 

XVIb CHF, or CF. In certain embodiments, R' is CHs. 
lc —CHF, —CHF, or CF. In certain embodiments, R' is 

/ x * s F, Cl, or CN. In certain embodiments, R' is OMe. In certain 
y embodiments, R' is SMe, -SOMe, or -SO.Me. In certain 

RN embodiments, X is —O—. In certain embodiments, X is 
—S—. 

0273. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following formulae: 

XVIIa 

XVIc 

W Ric or 

( 5. 

HO 
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-continued -continued 
XVIIb. 

wherein R. R. and Rare as described herein; or a pharma 
ceutically acceptable salt, Solvate, hydrate, prodrug, Stereoi 
Somer, tautomer, isotopic variant, or N-oxide thereof, or a 
combination thereof. 

0274. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following compounds, or a 
pharmaceutically acceptable salt, Solvate, prodrug, stereoiso 
mers, tautomer, isotopic variant, N-oxide thereof, or a com 
bination thereof: 
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-continued 

0275. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following compounds, or a 
pharmaceutically acceptable salt, Solvate, prodrug, stereoiso 
mers, tautomer, isotopic variant, N-oxide thereof, or a com 
bination thereof: 
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-continued -continued 

0276. In certain embodiments, the compound of Formula 
(I) is selected from any one of the following compounds, or a 
pharmaceutically acceptable salt, Solvate, prodrug, stereoiso 
mers, tautomer, isotopic variant, N-oxide thereof, or a com 
bination thereof: 
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0277. In certain embodiments, the compound of Formula 
(III) is selected from any one of the following compounds, or 
a pharmaceutically acceptable salt, Solvate, prodrug, Stereoi 
Somers, tautomer, isotopic variant, N-oxide thereof, oracom 
bination thereof: 
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0278. In certain embodiments, the compound of Formula 
(III) is selected from any one of the following compounds, or 
a pharmaceutically acceptable salt, Solvate, prodrug, Stereoi 
Somers, tautomer, isotopic variant, N-oxide thereof, oracom 
bination thereof: 
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0279. In certain embodiments, the compound of Formula 
(III) is selected from any one of the following compounds, or 
a pharmaceutically acceptable salt, Solvate, prodrug, Stereoi 
Somers, tautomer, isotopic variant, N-oxide thereof, oracom 
bination thereof: 
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Pharmaceutical Compositions 
0280. In another aspect, the invention provides a pharma 
ceutical composition comprising a compound of the present 
invention and a pharmaceutically acceptable carrier. In cer 
tain embodiments, the pharmaceutical composition com 
prises an effective amount of the compound. In certain 
embodiments, the pharmaceutical composition comprises a 
therapeutically effective amount of the compound. In certain 
embodiments, the pharmaceutical composition comprises a 
prophylactically effective amount of the compound. 
0281. When employed as pharmaceuticals, the com 
pounds provided herein are typically administered in the form 
of a pharmaceutical composition. Such compositions can be 
prepared in a manner well known in the pharmaceutical art 
and comprise at least one active compound. 
0282. In one embodiment, with respect to the pharmaceu 

tical composition, the carrier is a parenteral carrier, oral car 
rier, or topical carrier. 
0283. The present invention also relates to a compound of 
the present invention or pharmaceutical composition thereof 
for use as a pharmaceutical or a medicament. 
0284 Generally, the compounds provided herein are 
administered in a therapeutically effective amount. The 
amount of the compound actually administered will typically 
be determined by a physician, in the light of the relevant 
circumstances, including the condition to be treated, the cho 
Sen route of administration, the actual compound adminis 
tered, the age, weight, and response of the individual patient, 
the severity of the patient's symptoms, and the like. 
0285. The pharmaceutical compositions provided herein 
can be administered by a variety of routes including oral, 
rectal, transdermal, Subcutaneous, intravenous, intramuscu 
lar, and intranasal. Depending on the intended route of deliv 
ery, the compounds provided herein are preferably formu 
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lated as either injectable or oral compositions or as Salves, as 
lotions or as patches all for transdermal administration. 
0286 The pharmaceutical compositions provided herein 
can also be administered chronically ("chronic administra 
tion”). Chronic administration refers to administration of a 
compound or pharmaceutical composition thereof over an 
extended period of time, e.g., for example, over 3 months, 6 
months, 1 year, 2 years, 3 years, 5 years, etc, or may be 
continued indefinitely, for example, for the rest of the sub 
jects life. In certain embodiments, the chronic administration 
is intended to provide a constant level of the compound in the 
blood, e.g., within the therapeutic window over the extended 
period of time. 
0287. The compositions for oral administration can take 
the form of bulk liquid solutions or suspensions, or bulk 
powders. More commonly, however, the compositions are 
presented in unit dosage forms to facilitate accurate dosing. 
The term “unit dosage forms’ refers to physically discrete 
units suitable as unitary dosages for human Subjects and other 
mammals, each unit containing a predetermined quantity of 
active material calculated to produce the desired therapeutic 
effect, in association with a suitable pharmaceutical excipi 
ent. Typical unit dosage forms include prefilled, premeasured 
ampules or syringes of the liquid compositions or pills, tab 
lets, capsules or the like in the case of solid compositions. In 
Such compositions, the compound is usually a minor compo 
nent (from about 0.1 to about 50% by weight or preferably 
from about 1 to about 40% by weight) with the remainder 
being various vehicles or carriers and processing aids helpful 
for forming the desired dosing form. 
0288 Liquid forms suitable for oral administration may 
include a suitable aqueous or nonaqueous vehicle with buff 
ers, Suspending and dispensing agents, colorants, flavors and 
the like. Solid forms may include, for example, any of the 
following ingredients, or compounds of a similar nature: a 
binder Such as microcrystalline cellulose, gum tragacanth or 
gelatin; an excipient Such as starch or lactose, a disintegrating 
agent such as alginic acid, Primogel, or corn starch; a lubri 
cant such as magnesium Stearate; a glidant such as colloidal 
silicon dioxide; a Sweetening agent Such as Sucrose or sac 
charin; or a flavoring agent such as peppermint, methyl sali 
cylate, or orange flavoring. 
0289. Injectable compositions are typically based upon 
injectable sterile saline orphosphate-buffered saline or other 
injectable carriers known in the art. As before, the active 
compound in Such compositions is typically a minor compo 
nent, often being from about 0.05 to 10% by weight with the 
remainder being the injectable carrier and the like. 
0290 Transdermal compositions are typically formulated 
as a topical ointment or cream containing the active ingredi 
ent(s), generally in an amount ranging from about 0.01 to 
about 20% by weight, preferably from about 0.1 to about 20% 
by weight, preferably from about 0.1 to about 10% by weight, 
and more preferably from about 0.5 to about 15% by weight. 
When formulated as a ointment, the active ingredients will 
typically be combined with either a paraffinic or a water 
miscible ointment base. Alternatively, the active ingredients 
may be formulated in a cream with, for example an oil-in 
water cream base. Such transdermal formulations are well 
known in the art and generally include additional ingredients 
to enhance the dermal penetration of stability of the active 
ingredients or Formulation. All Such known transdermal for 
mulations and ingredients are included within the scope pro 
vided herein. 
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0291. The compounds provided herein can also be admin 
istered by a transdermal device. Accordingly, transdermal 
administration can be accomplished using a patch either of 
the reservoir or porous membrane type, or of a solid matrix 
variety. 
0292. The above-described components for orally admin 
istrable, injectable or topically administrable compositions 
are merely representative. Other materials as well as process 
ing techniques and the like are set forth in Part 8 of Reming 
ton's Pharmaceutical Sciences, 17th edition, 1985, Mack 
Publishing Company, Easton, Pa., which is incorporated 
herein by reference. 
0293. The above-described components for orally admin 
istrable, injectable, or topically administrable compositions 
are merely representative. Other materials as well as process 
ing techniques and the like are set forth in Part 8 of Reming 
ton's The Science and Practice of Pharmacy, 21st edition, 
2005, Publisher: Lippincott Williams & Wilkins, which is 
incorporated herein by reference. 
0294 The compounds of this invention can also be admin 
istered in Sustained release forms or from Sustained release 
drug delivery systems. A description of representative Sus 
tained release materials can be found in Remington's Phar 
maceutical Sciences. 
0295 The present invention also relates to the pharmaceu 

tically acceptable formulations of a compound of the present 
invention. In one embodiment, the formulation comprises 
water. In another embodiment, the formulation comprises a 
cyclodextrin derivative. The most common cyclodextrins are 
Cl-, 3- and Y-cyclodextrins consisting of 6, 7 and 8 C-1,4- 
linked glucose units, respectively, optionally comprising one 
or more Substituents on the linked Sugar moieties, which 
include, but are not limited to, methylated, hydroxyalkylated, 
acylated, and sulfoalkylether substitution. In certain embodi 
ments, the cyclodextrin is a Sulfoalkyl ether B-cyclodextrin, 
e.g., for example, Sulfobutyl ether B-cyclodextrin, also known 
as Captisol(R). See, e.g., U.S. Pat. No. 5,376,645. In certain 
embodiments, the formulation comprises hexapropyl-3-cy 
clodextrin (e.g., 10-50% in water). 
0296. The present invention also relates to the pharmaceu 

tically acceptable acid addition salt of a compound of the 
present invention. The acid which may be used to prepare the 
pharmaceutically acceptable salt is that which forms a non 
toxic acid addition salt, i.e., a salt containing pharmacologi 
cally acceptable anions such as the hydrochloride, hydroio 
dide, hydrobromide, nitrate, sulfate, bisulfate, phosphate, 
acetate, lactate, citrate, tartrate. Succinate, maleate, fumarate, 
benzoate, para-toluenesulfonate, and the like. 
0297. The following formulation examples illustrate rep 
resentative pharmaceutical compositions that may be pre 
pared in accordance with this invention. The present inven 
tion, however, is not limited to the following pharmaceutical 
compositions. 
0298 Exemplary Formulation 1- Tablets: 
0299. A compound of the present invention may be 
admixed as a dry powder with a dry gelatin binder in an 
approximate 1:2 weight ratio. A minor amount of magnesium 
stearate is added as a lubricant. The mixture is formed into 
240-270 mg tablets (80-90 mg of active compound per tablet) 
in a tablet press. 
0300 
0301 A compound of the present invention may be 
admixed as a dry powder with a starch diluent in an approxi 

Exemplary Formulation 2 Capsules: 
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mate 1:1 weight ratio. The mixture is filled into 250 mg 
capsules (125 mg of active compound per capsule). 
0302) Exemplary Formulation 3–Liquid: 
0303 A compound of the present invention (125 mg) may 
be admixed with Sucrose (1.75 g) and Xanthan gum (4 mg)and 
the resultant mixture may be blended, passed through a No. 
10 mesh U.S. sieve, and then mixed with a previously made 
Solution of microcrystalline cellulose and Sodium carboxym 
ethyl cellulose (11:89, 50mg) in water. Sodium benzoate (10 
mg), flavor, and color are diluted with water and added with 
stirring. Sufficient water may then be added to produce a total 
Volume of 5 mL. 
0304 Exemplary Formulation 4 Tablets: 
0305. A compound of the present invention may be 
admixed as a dry powder with a dry gelatin binder in an 
approximate 1:2 weight ratio. A minor amount of magnesium 
stearate is added as a lubricant. The mixture is formed into 
450-900 mg tablets (150-300 mg of active compound) in a 
tablet press. 
0306 Exemplary Formulation 5—Injection: 
0307. A compound of the present invention may be dis 
solved or suspended in a buffered sterile saline injectable 
aqueous medium to a concentration of approximately 5 
mg/mL. 
(0308 Exemplary Formulation 6 Tablets: 
0309. A compound of the present invention may be 
admixed as a dry powder with a dry gelatin binder in an 
approximate 1:2 weight ratio. A minor amount of magnesium 
stearate is added as a lubricant. The mixture is formed into 
90-150 mg tablets (30-50 mg of active compound per tablet) 
in a tablet press. 
0310 Exemplary Formulation 7 Tablets: 
0311. A compound of the present invention may be 
admixed as a dry powder with a dry gelatin binder in an 
approximate 1:2 weight ratio. A minor amount of magnesium 
stearate is added as a lubricant. The mixture is formed into 
30-90 mg tablets (10-30 mg of active compound per tablet) in 
a tablet press. 
0312 Exemplary Formulation 8 Tablets: 
0313 A compound of the present invention may be 
admixed as a dry powder with a dry gelatin binder in an 
approximate 1:2 weight ratio. A minor amount of magnesium 
stearate is added as a lubricant. The mixture is formed into 
0.3-30 mg tablets (0.1-10 mg of active compound per tablet) 
in a tablet press. 
0314 Exemplary Formulation 9 Tablets: 
0315. A compound of the present invention may be 
admixed as a dry powder with a dry gelatin binder in an 
approximate 1:2 weight ratio. A minor amount of magnesium 
stearate is added as a lubricant. The mixture is formed into 
150-240 mg tablets (50-80 mg of active compound per tablet) 
in a tablet press. 
0316 Exemplary Formulation 10 Tablets: 
0317. A compound of the present invention may be 
admixed as a dry powder with a dry gelatin binder in an 
approximate 1:2 weight ratio. A minor amount of magnesium 
stearate is added as a lubricant. The mixture is formed into 
270-450 mg tablets (90-150 mg of active compound per tab 
let) in a tablet press. 
0318. Injection dose levels range from about 0.1 mg/kg/ 
hour to at least 10 mg/kg/hour, all for from about 1 to about 
120 hours and especially 24 to 96 hours. A preloading bolus 
of from about 0.1 mg/kg to about 10 mg/kg or more may also 
be administered to achieve adequate steady state levels. The 
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maximum total dose is not expected to exceed about 2 g/day 
for a 40 to 80 kg human patient. 
0319 For the prevention and/or treatment of long-term 
conditions the regimen for treatment usually stretches over 
many months or years so oral dosing is preferred for patient 
convenience and tolerance. With oral dosing, one to five and 
especially two to four and typically three oral doses per day 
are representative regimens. Using these dosing patterns, 
each dose provides from about 0.01 to about 20 mg/kg of the 
compound provided herein, with preferred doses each pro 
viding from about 0.1 to about 10 mg/kg, and especially about 
1 to about 5 mg/kg. 
0320 Transdermal doses are generally selected to provide 
similar or lower blood levels than are achieved using injection 
doses. 

0321) When used to prevent the onset of a CNS-disorder, 
the compounds provided herein will be administered to a 
Subject at risk for developing the condition, typically on the 
advice and under the Supervision of a physician, at the dosage 
levels described above. Subjects at risk for developing a par 
ticular condition generally include those that have a family 
history of the condition, or those who have been identified by 
genetic testing or screening to be particularly Susceptible to 
developing the condition. 

Methods of Use and Treatment 

0322 Earlier studies (see, e.g., Gee et al., European Jour 
nal of Pharmacology, 136:419–423 (1987)) demonstrated 
that certain3C-hydroxylated Steroids are orders of magnitude 
more potent as modulators of the GRC than others had 
reported (see, e.g., Majewska et al., Science 232:1004-1007 
(1986); Harrison et al., J Pharmacol. Exp. Ther. 241:346-353 
(1987)). Majewska etal. and Harrisonetal. taught that 3C.-hy 
droxylated-5-reduced steroids are only capable of much 
lower levels of effectiveness. In vitro and in vivo experimen 
tal data have now demonstrated that the high potency of these 
steroids allows them to be therapeutically useful in the modu 
lation of brain excitability via the GRC (see, e.g., Gee et al., 
European Journal of Pharmacology, 136:419–423 (1987); 
Wieland et al., Psychopharmacology 118(1):65-71 (1995)). 
0323 Various synthetic steroids have also been prepared 
as neuroactivesteroids. See, for example, U.S. Pat. No. 5.232, 
917, which discloses neuroactive steroid compounds useful 
in treating stress, anxiety, insomnia, seizure disorders, and 
mood disorders, that are amenable to GRC-active agents, 
Such as depression, in a therapeutically beneficial manner. 
Furthermore, it has been previously demonstrated that these 
steroids interact at a unique site on the GRC which is distinct 
from other known sites of interaction (e.g., barbiturates, ben 
Zodiazepines, and GABA) where therapeutically beneficial 
effects on stress, anxiety, sleep, mood disorders and seizure 
disorders have been previously elicited (see, e.g., Gee, K. W. 
and Yamamura, H. I., “Benzodiazepines and Barbiturates: 
Drugs for the Treatment of Anxiety, Insomnia and Seizure 
Disorders in Central Nervous System Disorders, Horvell, 
ed., Marcel-Dekker, New York (1985), pp. 123-147; Lloyd, 
K. G. and Morselli, P. L., “Psychopharmacology of GABAer 
gic Drugs.” in Psychopharmacology. The Third Generation 
of Progress, H. Y. Meltzer, ed., Raven Press, N.Y. (1987), pp. 
183-195; and Gee et al., European Journal of Pharmacology, 
136:419–423 (1987). These compounds are desirable for their 
duration, potency, and oral activity (along with otherforms of 
administration). 
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0324. Accordingly, the compounds and pharmaceutical 
compositions provided herein find use as therapeutics for 
preventing and/or treating CNS conditions in mammals 
including humans and non-human mammals. Thus, and as 
stated earlier, the present invention includes within its scope, 
and extends to, the recited methods of treatment, as well as to 
the compounds for Such methods, and to the use of Such 
compounds for the preparation of medicaments useful for 
Such methods. 
0325 In one aspect, compounds of the present invention 
are contemplated as therapeutic agents, e.g., for the treatment 
of CNS conditions in mammals, such as for the treatment of 
insomnia, depression, mood disorders, convulsive disorders, 
memory disorders, attention disorders, anxiety disorders 
(e.g., stress), bipolar disorder (e.g., I and/or II), Schizophre 
nia, depression, bipolar disorder, Schizoaffective disorder, 
mood disorders, anxiety disorders, personality disorders, 
psychosis, compulsive disorders, post-traumatic stress disor 
der (PTSD). Autism spectrum disorder (ASD), dysthymia 
(mild depression), social anxiety disorder, obsessive compul 
sive disorder (OCD), pain (e.g., a painful syndrome or disor 
der, e.g., acute pain, chronic pain, neuropathic pain), sleep 
disorders, memory disorders, dementia, Alzheimer's disease, 
a seizure disorder (e.g., epilepsy), traumatic brain injury, 
stroke, addictive disorders (e.g., addiction to opiates, cocaine, 
and/or alcohol), autism, Huntington's disease, Parkinson's 
disease, Rett syndrome, withdrawal syndromes, or tinnitus. 
0326 In certain embodiments, the compounds of the 
present invention are useful in the treatment of depression, 
anxiety, mood disorders, sleep disorders, memory disorders, 
traumatic brain injury, stroke, epilepsy, and Schizophrenia. 
0327. In another aspect, provided is a method of treating a 
mammal Susceptible to or afflicted with a condition associ 
ated with brain excitability, which method comprises admin 
istering an effective amount of one or more of the pharma 
ceutical compositions described herein. 
0328. In yet another aspect, provided is the use of a com 
pound of the present invention as a pharmaceutical, e.g., 
especially in the treatment or prevention of the aforemen 
tioned conditions and diseases. 
0329. In still yet another aspect, provided is a method of 
manufacture of a medicament for the treatment or prevention 
of one of the aforementioned conditions and diseases. 
0330. In still yet another aspect, the present invention pro 
vides a method for preventing, treating, ameliorating, or man 
aging a disease or condition which comprises administering 
to a Subject in need of Such prevention, treatment, ameliora 
tion or management, a prophylactically or therapeutically 
effective amount of a compound of the present invention, or 
the pharmaceutical composition thereof. 
0331. In yet another aspect, the present invention provides 
a use of a compound of the present invention for the manu 
facture of a medicament to treat a disease or condition asso 
ciated with brain excitability. In one embodiment, the disease 
or condition is selected from depression, anxiety, Schizophre 
nia, sleep disorders, memory disorders, and mood disorders. 
0332. In yet another aspect, the present invention provides 
a method of treatment of a mammal, e.g., a human being, to 
treat a disease associated with brain excitability, including 
treating said mammal with an effective amount of a com 
pound of the present invention or composition thereof. 
0333. In yet another aspect, the present invention provides 
a combination of a compound of the present invention and 
another pharmacologically active agent. As generally under 
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stood herein, the compounds provided herein can be admin 
istered as the Sole active agent or they can be administered in 
combination with other agents. Administration in combina 
tion can proceed by any technique apparent to those of skill in 
the art including, for example, separate, sequential, concur 
rent, and alternating administration. 
0334. In yet another aspect, the present invention provides 
a use of a compound of the present invention, or composition 
thereof, for the manufacture of a medicament to treat a dis 
ease or condition associated with CNS in a subject. In certain 
embodiments, the disease or condition is selected from, sleep 
disorders, mood disorders, insomnia, anxiety, depression, 
TBI, stress, and epilepsy. 
0335. In yet another aspect, the present invention provides 
method of in vitro modulation of GABA receptor-chloride 
ionophore complex in a Subject through binding to the neu 
rosteroid site on said complex, comprising administering to 
the Subject an amount effective to modulate said complex of 
a compound of the present invention. 
0336. In yet another aspect, the present invention provides 
method of modulating the GABA receptor-chloride iono 
phore complex in a subject through binding to the neuroster 
oid site on said complex, comprising administering to the 
Subject an amount effective to modulate said complex of a 
compound of the present invention. 
0337. In yet another aspect, the present invention provides 
method of treating or preventing stress or anxiety in a Subject, 
comprising administering to the Subject in need of Such treat 
ment an effective amount of a compound of the present inven 
tion, or a composition thereof. 
0338. In yet another aspect, the present invention provides 
method of alleviating or preventing seizure activity in a Sub 
ject, comprising administering to the Subject in need of Such 
treatment an effective amount of a compound of the present 
invention, or a composition thereof. 
0339. In yet another aspect, the present invention provides 
method of alleviating or preventing insomnia in a Subject, 
comprising administering to the Subject in need of Such treat 
ment an effective amount of a compound of the present inven 
tion, or a composition thereof. 
0340. In yet another aspect, the present invention provides 
method of inducing sleep and maintaining Substantially the 
level of REM sleep that is found in normal sleep, wherein 
Substantial rebound insomnia is not induced, comprising 
administering an effective amount of a compound of the 
present invention, or a composition thereof. 
0341. In yet another aspect, the present invention provides 
method of alleviating or preventing PMS or PND in a subject, 
comprising administering to the Subject in need of Such treat 
ment an effective amount of a compound of the present inven 
tion, or a composition thereof. 
0342. In yet another aspect, the present invention provides 
method of treating or preventing mood disorders in a subject, 
comprising administering to the Subject in need of Such treat 
ment an effective amount of a compound of the present inven 
tion, or a composition thereof. 
0343. In certain embodiments the mood disorder is 
depression. 
0344. In yet another aspect, the present invention provides 
a method of inducing anesthesia in a subject, comprising 
administering to the Subject an effective amount of a com 
pound of the present invention. In certain embodiments, the 
Subject is a human. In certain embodiments, the compound is 
a pharmaceutically acceptable 3-ester or 3-diester of an acid 
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selected from the group consisting of acetic, propionic, 
maleic, fumaric, ascorbic, pimelic. Succinic, glutaric, bism 
ethylenesalicylic, methanesulfonic, ethane-di-sulfonic, 
oxalic, tartaric, Salicylic, citric, gluconic, itaconic, glycolic, 
y-aminobenzoic, aspartic, glutamic, Y-amino-butyric, C-(2- 
hydroxyethylamino)-propionic, glycine and other C-amino 
acids, phosphoric, Sulfuric, glucuronic, and 1-methyl-1,4- 
dihydronicotinic. 
0345. In yet another aspect, the present invention provides 
a method of cognition enhancement or treating memory dis 
order by administering to the subject a therapeutically effec 
tive amount of a compound of the present invention. In certain 
embodiments, the disorder is Alzheimer's disease. In certain 
embodiments, the disorder is Rett syndrome. 
0346. In yet another aspect, the present invention provides 
a method of of treating attention disorders by administering to 
the Subject a therapeutically effective amount of a compound 
of the present invention. In certain embodiments, the atten 
tion disorder is ADHD. 
0347 In certain embodiments, the compound is adminis 
tered to the subject chronically. In certain embodiments, the 
compound is administered to the Subject orally. 

EXEMPLIFICATION 

0348. In order that the invention described herein may be 
more fully understood, the following examples are set forth. 
The synthetic and biological examples described in this appli 
cation are offered to illustrate the compounds, pharmaceuti 
cal compositions, and methods provided herein and are not to 
be construed in any way as limiting their scope. 

Materials and Methods 

0349 The compounds provided herein can be prepared 
from readily available starting materials using the following 
general methods and procedures. See, e.g., Synthetic 
Schemes below. It will be appreciated that where typical or 
preferred process conditions (i.e., reaction temperatures, 
times, mole ratios of reactants, solvents, pressures, etc.) are 
given, other process conditions can also be used unless oth 
erwise stated. Optimum reaction conditions may vary with 
the particular reactants or solvent used, but Such conditions 
can be determined by one skilled in the art by routine optimi 
Zation procedures. 
0350 Additionally, as will be apparent to those skilled in 
the art, conventional protecting groups may be necessary to 
prevent certain functional groups from undergoing undesired 
reactions. The choice of a suitable protecting group for a 
particular functional group as well as Suitable conditions for 
protection and deprotection are well known in the art. 
0351. For example, numerous protecting groups, and their 
introduction and removal, are described in T. W. Greene and 
P. G. M. Wuts, Protecting Groups in Organic Synthesis, Sec 
ond Edition, Wiley, New York, 1991, and references cited 
therein. 
0352. The compounds provided herein may be isolated 
and purified by known standard procedures. Such procedures 
include (but are not limited to) recrystallization, column chro 
matography, or HPLC. The following schemes are presented 
with details as to the preparation of representative substituted 
biarylamides that have been listed herein. The compounds 
provided herein may be prepared from known or commer 
cially available starting materials and reagents by one skilled 
in the art of organic synthesis. 
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0353. The enantiomerically pure compounds provided 
herein may be prepared according to any techniques knownto 
those of skill in the art. For instance, they may be prepared by 
chiral or asymmetric synthesis from a Suitable optically pure 
precursor or obtained from a racemate by any conventional 
technique, for example, by chromatographic resolution using 
a chiral column, TLC or by the preparation of diastereoiso 
mers, separation thereof and regeneration of the desired enan 
tiomer. See, e.g., Enantiomers, Racemates and Resolutions, 
by J.Jacques, A. Collet, and S. H. Wilen, (Wiley-Interscience, 
New York, 1981); S. H. Wilen, A. Collet, and J. Jacques, 
Tetrahedron, 2725 (1977); E. L. Eliel, Stereochemistry of 
Carbon Compounds (McGraw-Hill, NY, 1962); and S. H. 
Wilen Tables of Resolving Agents and Optical Resolutions 
268 (E. L. Eliel ed., Univ. of Notre Dame Press, Notre Dame, 
Ind., 1972, Stereochemistry of Organic Compounds, Ernest 
L. Eliel, Samuel H. Wilen and Lewis N. Manda (1994 John 
Wiley & Sons, Inc.), and Stereoselective Synthesis A Practi 
cal Approach, Mihály Nógrádi (1995 VCH Publishers, Inc., 
NY, NY). 
0354. In certain embodiments, an enantiomerically pure 
compound of Formula (I) may be obtained by reaction of the 
racemate with a suitable optically active acid or base. Suitable 
acids or bases include those described in Bighley et al., 1995, 
Salt Forms of Drugs and Adsorption, in Encyclopedia of 
Pharmaceutical Technology, Vol. 13, Swarbrick & Boylan, 
eds., Marcel Dekker, New York; ten Hoeve & H. Wynberg, 
1985, Journal of Organic Chemistry 50:4508-4514; Dale & 
Mosher, 1973, J. Am. Chem. Soc. 95.512; and CRC Handbook 
of Optical Resolution via Diastereomeric Salt Formation, the 
contents of which are hereby incorporated by reference in 
their entireties. 
0355 Enantiomerically pure compounds can also be 
recovered either from the crystallized diastereomer or from 
the mother liquor, depending on the solubility properties of 
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the particular acid resolving agent employed and the particu 
lar acid enantiomerused. The identity and optical purity of the 
particular compound so recovered can be determined by pola 
rimetry or other analytical methods known in the art. The 
diasteroisomers can then be separated, for example, by chro 
matography or fractional crystallization, and the desired 
enantiomer regenerated by treatment with an appropriate 
base or acid. The other enantiomer may be obtained from the 
racemate in a similar manner or worked up from the liquors of 
the first separation. 
0356. In certain embodiments, enantiomerically pure 
compound can be separated from racemic compound by 
chiral chromatography. Various chiral columns and eluents 
for use in the separation of the enantiomers are available and 
Suitable conditions for the separation can be empirically 
determined by methods known to one of skill in the art. 
Exemplary chiral columns available for use in the separation 
of the enantiomers provided herein include, but are not lim 
ited to, CHIRALCEL(R) OB, CHIRALCEL(R) OB-H, 
CHIRALCEL(R) OD, CHIRALCEL(R) OD-H, CHIRAL 
CEL(R) OF, CHIRALCEL(R) OG, CHIRALCEL(R) OJ, and 
CHIRALCELOR) OK. 

Synthetic Procedures 

0357 The compounds of the invention can be prepared in 
accordance with methods described in the art (Upasani et al., 
J. Med. Chem. 1997, 40:73-84; and Hogenkamp et al., J.Med. 
Chem. 1997, 40:61-72) and using the appropriate reagents, 
starting materials, and purification methods known to those 
skilled in the art. A few representative methods are depicted 
below. In any of the Schemes, depicted below, the compounds 
may be either 5C- or 53-isomers. 
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Scheme 2. Exemplary synthesis of Scheme 3. Exemplary synthesis of 
3B-Fluoromethyl-3c-hydroxy-19-nor-pregnan-20-one 3|B-Difluoromethyl-3c-hydroxy-19-nor-pregnan-20-one 
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Scheme 4. Exemplary synthesis of 3B-Ethenyl-3c-hydroxy-19-nor-pregnan-20-one 
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Scheme 5. Exemplary Synthesis of 3f 
Chloroethynyl-3c-hydroxy-19-nor-pregnan-20-one O 
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Scheme 6. Exemplary synthesis of 3f- H 
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3B-P She Estery of 2O Scheme 9. Exemplary synthesis of 3f 
B-Propyn-1-yl-3C-hydroxy-19-nor-pregnan-20-one Trifluoroethynyl-3c-hydroxy-19-nor-pregnan-20-one 
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Scheme 10. Exemplary synthesis of 21-hydroxy and 21-hemisuccinate 19-norpregnanes 
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-continued 
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Scheme 11. Exemplary synthesis of 19-norpregnane 21-thiosulfates 
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Scheme 12. Exemplary synthesis of 21-heteroary 19-nor pregnanes 
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-continued 

Scheme 13. Exemplary synthesis of 21-heteroaryloxylthiooxy 
19-nor pregnanes 
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-continued 
Br 

CF3COONa 

Acetone 
60° C. 
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0359. Synthesis of Compound 2. 
0360 Compound 1 (500 mg, 1.84 mmol) and 10% Pd/C 
(20 mg) in tetrahydrofuran (5 mL) and concentrated hydro 
bromic acid (0.02 mL) was hydrogenated with a hydrogen 
balloon. After stirring at room temperature for 24h, the mix 
ture was filtered through a pad of celite and the filtrate was 
concentrated in vacuo. Recrystallization from acetone to give 
compound 2 (367 mg, 1.34 mmol. 73%). H NMR (400 MHz, 
CDC1), 8 (ppm), 2.61-2.54 (m, 1H), 0.98 (S. 3H). 
0361 Synthesis of Compound 3. 

0362. To a solution of compound 2 (274 mg, 1 mmol) in 
methanol (4 mL) was added iodine (0.1 mmol). After stirring 
at 60 OC for 12 h, TLC showed no SM and the solvent was 
removed in vacuo. The crude product was dissolved indichlo 
romethane (20 mL) and washed with saturated NaHCO, (15 
mL), brine, dried over NaSO, filtered, and concentrated. 
The residue was purified by chromatography on basic alu 
mina (petroleum ether?ethyl acetate=9:1) to give compound 3 
(280 mg, 0.87 mmol, 87%). H NMR (400 MHz, CDC1), 8 
(ppm), 3.19 (S.3H), 3.13 (S.3H), 3.18-3.13 (m. 1H), 0.83 (S, 
3H). 
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0363 Synthesis of Compound 4. 
0364 To a suspension oft-BuOK (300 mg, 2.68 mmol) in 
THF (30 mL) at 0°C. was added ethyltriphenylphosphonium 
bromide (995 mg, 2.69 mmol) slowly. After stirring at 60° C. 
for 3 h, compound 3 (86 mg, 0.268 mmol) was added and the 
mixture was stirred at 60° C. for another 2 h. The reaction 
mixture was poured into saturated ammonium chloride and 
extracted with EtOAc (2x50 mL). The combined organic 
layers were washed with brine, dried over sodium sulfate, 
filtered and concentrate to afford the crude compound 4 (274 
mg). The crude product was used in the next step without 
further purification. 
0365 Synthesis of Compound 5. 
0366. To a solution of crude compound 4 (274 mg) in THF 
(4 mL) was acidified to pH-3 by 1 Naqueous HC1. After 
stirring at room temperature for 12 h, the reaction mixture 
was extracted with ethyl acetate (15 mLX3). The combined 
organic layers were washed with brine, dried over sodium 
sulfate, filtered, and concentrated. The residue was purified 
by column chromatography (petroleum ether/ethyl 
acetate=10:1 to 5:1) to afford compound 5 (60 mg, 0.21 
mmol. 78% for two steps). "H NMR (400 MHz, CDC13), 8 
(ppm), 5.13-5.08 (m, 3H), 0.73 (m, 3H). 
0367 Synthesis of Compound 6a and 6b. 
0368. To a solution of MeMgBr (5 mmol, 1M in THF) in 
THF (20 mL) at 0°C. was added a solution of compound 5 
(858 mg, 3 mmol) in dry THF (5 mL) via syringe pump over 
30 min. After stirring at OOC for 5h, the reaction mixture was 
allowed to warm up and stirred at room temperature over 
night. The reaction mixture was quenched with iced-cold 
water and extracted with ethyl acetate (15 mLX3). The com 
bined organic layers were washed with brine, dried over 
sodium sulfate, filtered, and concentrated. The white residue 
was purified by flash column chromatography (petroleum 
ether?ethyl acetate=20:1 to 10:1) to give compound 6a (450 
mg, 1.49 mmol, 50%; Rf=0.35, PE: EtOAc=10:1). H NMR 
(400 MHz, CDC1), 6 (ppm), 5.14-5.08 (m, 1H), 1.26 (s.3H), 
0.87 (s, 3H) and compound 6b (150 mg, 0.50 mmol, 17%; 
Rf-0.30, PE: EtOAc=10:1). "H NMR (400 MHz, CDC1), 8 
(ppm), 5.14-5.09 (m, 1H), 1.21 (s, 3H), 0.88 (s, 3H). 
0369 Synthesis of Compound 7a. 
0370. To a solution of compound 6a (200 mg. 0.66 mmol) 
in dry THF (5 mL) was added borane-tetrahydrofuran com 
plex (2 mL of 1.0 M solution in THF). After stirring at room 
temperature for 1 hour, the reaction mixture was cooled in an 
ice bath then quenched slowly with 10% aqueous NaOH (1 
mL) followed 30% aqueous solution of H2O (1.2 mL). The 
mixture was allowed to stir at room temperature for 1 hour 
then extracted with EtOAc (3x10 mL). The combined organic 
layers were washed with 10% aqueous NaSO (10 mL), 
brine (10 mL), dried over MgSO, filtered, and concentrated 
to afford crude compound 7a (260 mg). The crude product 
was used in the next step without further purification. 
0371. Synthesis of Compound 7b. 
0372 To a solution of compound 6b (150 mg, 0.50 mmol) 
in dry THF (5 mL) was added borane-tetrahydrofuran com 
plex (1.34 mL of 1.0 M solution in THF). After stirring at 
room temperature for 1 hour, the reaction mixture was cooled 
in an ice bath then quenched slowly with 10% aqueous NaOH 
(1 mL) followed 30% aqueous solution of HO, (1.2 mL). 
The mixture was allowed to stir at room temperature for 1 
hour then extracted with EtOAc (3x10 mL). The combined 
organic layers were washed with 10% aqueous NaSO (10 
mL), brine (10 mL), dried over MgSO, filtered, and concen 
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trated to afford crude compound 7b (200 mg). The crude 
product was used in the next step without further purification. 
0373) Synthesis of Compound 8a. 
0374. To a solution of crude compound 7a (260 mg) was 
dissolved in 10 mL of HO saturated dichloromethane 
(dichloromethane had been shaken with several milliliters of 
HO then separated from the water layer) was added Dess 
Martin periodinate (449 mg, 1.06 mmol). After stirring at 
room temperature for 24h, the reaction mixture was extracted 
with dichloromethane (3x10 mL). The combined organic 
layers were washed with 10% aqueous NaSO (10 mL), 
brine (10 mL), dried over MgSO, filtered, and concentrated. 
The residue was purified by chromatography on silica gel 
(petroleum ether?ethyl acetate 4:1 to 2:1) to afford title com 
pound 8a (85 mg, 0.27 mmol. 40% for two steps) as a white 
solid, "H NMR (400 MHz, CDC1), 6 (ppm), 2.57-2.53 (m, 
1H), 2.12 (S. 3H), 1.20 (S. 3H), 0.62 (S. 3H). 
0375 Synthesis of Compound 8b. 
0376 To a solution of crude compound 7b (200 mg) was 
dissolved in 10 mL of HO saturated dichloromethane 
(dichloromethane had been shaken with several milliliters of 
H2O then separated from the water layer) was added Dess 
Martin periodinate (400 mg. 0.94 mmol). After stirring at 
room temperature for 24h, the reaction mixture was extracted 
with dichloromethane (3x10 mL). The combined organic 
layers were washed with 10% aqueous NaSO (10 mL), 
brine (10 mL), dried over MgSO, filtered, and concentrated. 
The residue was purified by chromatography on silica gel 
(petroleum ether?ethyl acetate-4:1 to 2:1) to afford title com 
pound 8b (90 mg, 0.28 mmol. 57% for two steps) as a white 
solid, "H NMR (400 MHz, CDC1), 6 (ppm), 2.55-2.51 (m, 
1H), 2.11 (S. 3H), 1.32 (S. 3H), 0.61 (S. 3H). 
0377 Synthesis of Compound 9a. 
0378. To a solution of compound 8a (70 mg, 0.22 mmol) in 
MeOH (5 mL) was added 2 drops of HBr (48%) followed by 
bromine (100 mg. 0.63 mmol). After stirring at room tem 
perature for 1 h, the reaction mixture was poured into ice 
water then extracted with ethyl acetate (15 mLX3). The com 
bined organic layers were washed with brine (20 mL), dried 
over MgSO, filtered, and concentrated to give crude com 
pound 9a (90mg). The crude product was used in the next step 
without further purification. 
0379 Synthesis of Compound 9b. 
0380. To a solution of compound 8b (80 mg, 0.25 mmol) in 
MeOH (5 mL) was added 2 drops of HBr (48%) followed by 
bromine (100 mg. 0.63 mmol). After stirring at room tem 
perature for 1 h, the reaction mixture was poured into ice 
water then extracted with ethyl acetate (15 mLX3). The com 
bined organic layers were washed with brine (20 mL), dried 
over MgSO, filtered, and concentrated to give crude com 
pound 9b (95 mg). The crude product was used in the next step 
without further purification. 
0381 Synthesis of Compound 10a. 
0382 To a solution of crude compound 9a (90 mg) in 
acetone (10 mL) was treated with CFCOOH (0.5 mL) and 
EtN(0.7 mL). After heating at reflux for 30 min, CFCOONa 
salt (540 mg, 3.97 mmol) was added and the mixture was 
refluxed for overnight. The reaction was allowed to cool to 
room temperature and the solvent was removed in vacuo. The 
residue was extracted with ethyl acetate (10 mLX3). The 
combined organic layers were washed with brine (15 mL), 
dried over MgSO filtered, and concentrated. The residue 
was purified by chromatography on silica gel (petroleum 
ether?ethyl acetate=3:1) to afford compound 10a (25 mg. 
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0.075 rmol, 34% for two steps). H NMR (400 MHz, CDC1), -continued 
6 (ppm), 4.24-4.12 (m. 2H), 2.48-2.44 (m. 1H), 1.07 (S. 3H), 
0.64 (S. 3H). 
0383 Synthesis of Compound 10b. 
0384. To a solution of crude compound 9b (95 mrg) in 
acetone (10 mL) was treated with CFCOOH (0.5 mL) and 
EtN(0.7 mL). After heating at reflux for 30 min, CFCOONa 
salt (540 mg, 3.97 mmol) was added and the mixture was 
refluxed for overnight. The reaction was allowed to cool to 
room temperature and the solvent was removed in vacuo. The 
residue was extracted with ethyl acetate (10 mLX3). The 12a 
combined organic layers were washed with brine (15 mL), 
dried over MgSO filtered, and concentrated. The residue 
was purified by chromatography on silica gel (petroleu 
mether?ethyl acetate=3:1) to afford compound 10b (34 mg. 
0.10 mmol, 41% for two steps). "H NMR (400 MHz, CDC1), 
6 (ppm), 4.25-4.12 (m. 2H), 2.48-2.44 (m. 1H), 1.32 (S. 3H), 
0.64 (S. 3H). 

Example 2 

Synthesis of compounds 14a/b, 15a/b, and 16a/b 

0385 

PhSOCHF 
-e- 

LHMDSTHF 
HMPA 

13a 

13b 

14a 
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14b 

15a 

CFCOONa 
-- 

reflux 

15b 

16a 

16b 

0386 Synthesis of Compound 11a and 11b. 
0387 To a solution of compound 5 (800 mg, 2.79 mmol) 
and PhSOCFH (540 mg, 2.79 mmol) in THF (25 mL) and 
HMPA (0.5 mL) at -78° C. under N, was added LHMDS (4 
mL, 1M in THF) dropwise. After stirring at -78°C. for 2 h, 
the reaction mixture was quenched with Saturated aqueous 
NHCl solution (10 mL) and allowed to warm to room tem 
perature then extracted with EtO (20 mLX3). The combined 
organic layers were washed with brine, dried over sodium 
sulfate, filtered, and concentrate. The residue was purified by 
silica gel column chromatography (petroleum ether/ethyl 
acetate=10/1) to give the mixture of compound 11a and 11b 
(700 mg). The mixture was further purified by chiral-HPLC 
to afford compound 11a (200 mg. t 4.31 min). 
0388 HNMR(400 MHz, CDC1), 8 (ppm), 7.99-7.97 (d. 
2H, J=7.6 Hz), 7.77-7.75 (m, 1H), 7.64-7.60 (m, 2H), 5.14 
5.08 (m, 1H), 0.88 (s.3H); compound 11b (260 mg, t—5.66 
min). "H NMR (400 MHz, CDC1), 8 (ppm), 8.00-7.98 (d. 
2H, J=7.6 Hz), 7.77-7.75 (m, 1H), 7.64-7.60 (m, 2H), 5.14 
5.09 (m, 1H), 0.88 (s, 3H). Chiral-HPLC separation condi 
tions: Co-solvent: MeOH (0.1% HNEt), Column: OZ-H 
(4.6*250 mm 5um), Column Temperature: 38.9, CO, Flow 
Rate: 2.10, Co-Solvent Flow Rate: 0.9, Co-Solvent %: 30, 
PDA Start Wavelength: 214 nm, PDA Start Wavelength: 359 
nm, Peak 1: 11a RT=4.31 min, Peak 2: 11b RT=5.66 min 
(0389. Synthesis of Compound 12a. 
0390 To a solution of compound 11a (100 mg, 0.209 
mmol) and anhydrous NaHPO (100 mg) in anhydrous 
methanol (5 mL) at -20° C. under N was added NaiHg 
amalgam (500 mg). After stirring at -20°C. to 0°C. for 1 h, 
the methanol solution was decanted out and the solid residue 
was washed with EtO (5x3 mL). The combined organic 
layers were washed with brine (20 mL), dried over MgSO, 
filtered, and concentrated. The residue was purified by silica 
gel chromatography (petroleum ether?ethyl acetate=10/1) to 
give compound 12a(30 mg 0.089 mmol, 42%. HNMR (400 
MHz, CDC13), 8 (ppm), 5,60-545 (t, 1H, J=60Hz), 5.17-5.15 
(m. 1H), 0.88 (m, 3H). 
0391) Synthesis of Compound 12b. 
0392 To a solution of compound 11b (100 mg, 0.209 
mmol) and anhydrous NaHPO (100 mg) in anhydrous 
methanol (5 mL) at -20° C. under N was added Na/Hg 
amalgam (500 mg). After stirring at -20°C. to 0°C. for 1 h, 
the methanol solution was decanted out and the solid residue 
was washed with EtO (5x3 mL). The combined organic 
layers were washed with brine (20 mL), dried over MgSOQ. 
filtered, and concentrated. The residue was purified by silica 
gel chromatography (petroleum ether?ethyl acetate=10/1) to 
give compound 12b (36 mg, 0.106 mmol, 51%). H NMR 
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(400 MHz, CDC1), 8 (ppm), 6.02-5.88 (t, 1H, J=49.2 Hz), 
5.17-5.15 (m, 1H), 0.88 (s.3H). 
0393) Synthesis of Compound 13a. 
0394. To a solution of compound 12a (150 mg, 0.443 
mmol) in dry THF (5 mL) was added borane-tetrahydrofuran 
complex (1.34 mL of 1.0 M solution in THF). After stirring at 
room temperature for 1 hour, the reaction mixture was cooled 
in an ice bath then quenched slowly with 10% aqueous NaOH 
(1 mL) followed 30% aqueous solution of HZO (1.2 mL). 
The mixture was allowed to stir at room temperature for 1 
hour then extracted with EtOAc (3x10 mL). The combined 
organic layers were washed with 10% aqueous NaSO (10 
mL), brine (10 mL), dried over MgSO, filtered, and concen 
trated to afford crude compound 13a (200 mg). The crude 
product was used in the next step without further purification. 
0395 Synthesis of Compound 13b. 
0396 To a solution of compound 12b (150 mg. 0.443 
mmol) in dry TI-F (5 mL) was added borane-tetrahydrofuran 
complex (1.34 mL of 1.0 M solution in THF). After stirring at 
room temperature for 1 hour, the reaction mixture was cooled 
in an ice bath then quenched slowly with 10% aqueous NaOH 
(1 mL) followed 30% aqueous solution of HO0 (1.2 mL). 
The mixture was allowed to stir at room temperature for 1 
hour then extracted with EtOAc (3x10 mL). The combined 
organic layers were washed with 10% aqueous NaSO (10 
mL), brine (10 mL), dried over MgSO, filtered, and concen 
trated to afford crude compound 13b (210 mg). The crude 
product was used in the next step without further purification. 
0397) Synthesis of Compound 14a. 
0398. To a solution of crude compound 13a (200 mg) was 
dissolved in 10 mL of HO saturated dichloromethane 
(dichloromethane had been shaken with several milliliters of 
HO then separated from the water layer) was added Dess 
Martin periodinate (449 mg, 1.06 mmol). After stirring at 
room temperature for 24h, the reaction mixture was extracted 
with dichloromethane (3x10 mL). The combined organic 
layers were washed with 10% aqueous NaSO (10 mL), 
brine (10 mL), dried over MgSO filtered, and concentrated. 
The residue was purified by chromatography on silica gel 
(petroleum ether?ethyl acetate=5:1) to afford compound 14a 
(85 mg, 0.24 mmol, 54%) as a white solid. 
0399 H NMR (400 MHz, CDC1), 8 (ppm), 5,60-5.71 (t, 
1H, J=56.8 Hz), 2.57-2.51 (m. 1H), 0.62 (S. 3H). 
0400 Synthesis of Compound 14b. 
04.01 To a solution of crude compound 13b (210mg) was 
dissolved in 10 mL of HO saturated dichloromethane 
(dichloromethane had been shaken with several milliliters of 
HO then separated from the water layer) was added Dess 
Martin periodinate (380 mg. 0.896 mmol). After stirring at 
room temperature for 24h, the reaction mixture was extracted 
with dichloromethane (3x10 mL). The combined organic 
layers were washed with 10% aqueous NaSO (10 mL), 
brine (10 mL), dried over MgSO filtered, and concentrated. 
The residue was purified by chromatography on silica gel 
(petroleum ether?ethyl acetate=5:1) to afford compound 14b 
(90 nmg, 0.254 mmol. 57%) as a white solid. "H NMR (400 
MHz, CDC1), 6 (ppm), 6.01-5.73 (t, 1H, J=56.4 Hz), 2.55 
2.54 (m. 1H), 2.12 (S. 3H), 0.62 (S. 3H). 
0402 Synthesis of Compound 15a. 
0403. To a solution of compound 14a (70 mg, 0.197 mmol) 
in MeOH (5 mL) was added 2 drops of HBr (48%) followed 
by bromine (100 mg, 0.63 mmol). After stirring at room 
temperature for 1 h, the reaction mixture was poured into 
ice-water then extracted with ethyl acetate (15 mLX3), The 
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combined organic layers were washed with brine (20 mL), 
dried over MgSO, filtered, and concentrated to give crude 
compound 15a (90 mg). The crude product was used in the 
next step without further purification. 
04.04 Synthesis of Compound 15b. 
04.05 To a solution of compound 14b (80 mg, 0.226 
mmol) in MeOH (5 mL) was added 2 drops of HBr (48%) 
followed by bromine (100 mg. 0.63 mmol). After stirring at 
room temperature for 1 h, the reaction mixture was poured 
into ice-water then extracted with ethyl acetate (15 mLX3), 
The combined organic layers were washed with brine (20 
mL), dried over MgSO4, filtered, and concentrated to give 
crude compound 15b (95 mg). The crude product was used in 
the next step without further purification. 
0406 Synthesis of Compound 16a. 
04.07 To a solution of crude compound 15a (90 mg) in 
acetone (10 mL) was treated with CFCOOH (0.5 mL) and 
EtN(0.7 mL). After heating at reflux for 30 min, CFCOONa 
salt (540 mg, 3.9 mmol) was added and the mixture was 
refluxed for overnight. The reaction was allowed to cool to 
room temperature and the solvent was removed in vacuo. The 
residue was extracted with ethyl acetate (10 mLX3). The 
combined organic layers were washed with brine (15 mL), 
dried over MgSO filtered, and concentrated. The residue 
was purified by chromatography on silica gel (petroleu 
mether?ethyl acetate=3:1) to afford compound 16a (25 mg. 
0.067 mmol, 34% for two steps). H NMR (400 MHz, 
CDC1), 6 (ppm), 5.60-5.31 (t, 1H, J=56.8 Hz), 4.22-4.18 (m, 
2H), 0.64 (S. 3H). 
0408 Synthesis of Compound 16b. 
04.09 To a solution of crude compound 15b (95 mg) in 
acetone (10 mL) was treated with CFCOOH (0.5 mL) and 
EtN(0.7 mL). After heating at reflux for 30 min, CFCOONa 
salt (540 mg, 3.9 mmol) was added and the mixture was 
refluxed for overnight. The reaction was allowed to cool to 
room temperature and the solvent was removed in vacuo. The 
residue was extracted with ethyl acetate (10 mLX3). The 
combined organic layers were washed with brine (15 mL), 
dried over MgSO, filtered, and concentrated. The residue 
was purified by chromatography on silica gel (petroleum: 
ethyl/ethyl acetate=3:1) to afford compound 16b (38 mg, 
0.102 mmol. 46% for two steps). H NMR (400 MHz, 
CDC13), 6 (ppm), 6.00-5.74 (t, 1H, J=51.2 Hz), 4.42-4.18 (m, 
2H), 0.64 (S. 3H). 

Example 3 

Synthesis of compounds 9, 9a/b/c and 11a/b 

0410 

BH THF 
-- 

  



US 2015/029 1654 A1 
97 

-continued 

dilute HCIFTHF 
-e- 

MeO 

MeO 

5 

MeS"I 
Her 

NaH, DMSO 

Separate 
-- 

Oct. 15, 2015 

-continued 

Br, MeOH 
His 

CFCONa 
-e- 
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0411 Synthesis of Compound 5. 
0412. To a solution of 4 (5 g, 15 mmol) in dry THF (20 mL) 
was added borane-tetrahydrofuran complex (30 mL of 1.0 M 
solution in T-IHF). After stirring at room temperature for 1 
hour, the reaction mixture was cooled in an ice bath and 
quenched slowly with 10% aqueous NaOH (56 mL) followed 
by 30% aqueous solution of H.O. (67 mL). The reaction 
mixture was stirred at room temperature for 1 hour then 
extracted with EtOAc (3x100 mL). The combined organic 
layers were washed with 10% aqueous NaSO (100 mL), 
brine (100 mL), dried over MgSO, filtered, and concentrated 
to afford the crude product 5 (3.2g, 9.0 mmol). The crude 
product was used in the next step without further purification. 
0413 Synthesis of Compound 6. 
0414. To a solution of compound 5 (3.2g, 9 mmol) in THF 
(40 mL) was added hydrogen chloride (3 mL, 3 Maqueous 
Solution). After stirring at room temperature for 12 hours, the 
Solvent was removed under reduced pressure, and the residue 
was purified by silica gel chromatography (petroleum ether/ 
ethyl acetate=10:1 to 5:1) to give compound 6 (2.2g, 81%) as 
a white solid. "H NMR (400 MHz, CDC13), 6 (ppm), 3.82-3. 
93 (m. 1H), 2.58-2.62 (m, 1H), 2.19-2.23 (m, 4H), 0.72 (s, 
3H). 
0415 Synthesis of Compound 7. 
0416) To a solution of trimethylsulfoxonium iodide (8.1 g, 
36.9 mmol) in DMSO (100 mL) was added NaH (60%; 1.26 
g, 31.5 mmol). After stirring at room temperature for 1 h, a 
suspension of compound 6 (2.2g, 7.2 mmol) in DMSO (20 
mL) was added dropwise. After stirring at room temperature 
for another 2.5 h, the reaction mixture was poured into ice 
cold water and extracted with ether (100 mLX3). The com 
bined organic layers were washed with brine (100 mLX3), 
dried over (MgSO), filtered, and concentrated to give com 
pound 7 (1.6 g., 70%) as a white solid. "H NMR (400 MHz, 
CDC13), 6 (ppm), 3.69-3.71 (m, 1H), 2.56-2.61 (m, 2H), 
2.21-2.28 (m. 1H), 0.68 (s, 3H). 
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0417 Synthesis of Compound 8. 
0418. To a solution of compound 7 (1.6 g. 5.0 mmol) in 60 
mL of HO saturated dichloromethane (CH2Cl had been 
shaken with several milliliters of H2O then separated from the 
water layer) was added Dess-Martin periodinane (4.2g, 10 
mmol). After stirring at room temperature for 24 h, the reac 
tion mixture was extracted with dichloromethane (3x100 
mL). The combined organic layers were washed with 10% 
aqueous NaSO (100 mL), brine (100 mL), dried over 
MgSO filtered, and concentrated. The residue was purified 
by chromatography on silica gel (petroleum ether/ethyl 
acetate=20:1 to 10:1) to afford compound 8 (1.2g, 75%) as a 
white solid. "H NMR (400 MHz, CDC13), 6 (ppm), 2.50-2.58 
(m. 2H), 2.56-2.61 (m, 2H), 2.19 (s.3H), 0.65 (s.3H). 
0419 Synthesis of Compound 9. 
0420. To a solution of compound 8 (1.2g, 3.8 mmol) in dry 
methanol (250 mL) was added Na (262 mg, 11.4 mmol). After 
heating at reflux for 16 h, the solvent was removed in vacuo 
and the residue was dissolved in dichloromethane (100 mL) 
then washed with HO (3x50 mL) and brine (100 mL), dried 
over MgSO filtered, and concentrated. The residue was 
purified by silica gel chromatography (petroleum ether/ethyl 
acetate=10:1 to 5:1) to afford compound 9a (300 mg, 25%), 
9b (100 mg, 8%) and 9c (20 mg, 2%) as a white solid. 
Compound 9a: "H NMR (400 MHz, CDC13), 6 (ppm), 3.38 
3.43 (m, 5H), 2.52-2.56 (m. 1H), 2.16 (s, 3H), 0.60 (s, 3H). 
Compound 9b: 'H NMR (400 MHz, CDC13), 8 (ppm), 3.39 
(s.3H), 3.20 (s. 2H), 2.48-2.54 (m, 1H), 2.70 (s.3H), 0.61 (s, 
3H). Compound 9c: "H NMR (400 MHz, CDC13), 6 (ppm), 
3.39 (s.3H), 3.18 (s. 2H), 2.81-2.83 (d. 1H), 2.65 (s.3H), 0.61 
(s, 3H). 
0421 
0422 To a solution of compound 9a (50 mg, 0.14 mmol) in 
MeOH (5 mL) was added 2 drops of HBr (48%) followed by 
bromine (6 drops). After stirring at room temperature for 1 h, 
the reaction mixture was poured into ice-water then extracted 
with ethyl acetate (15 mLX3). The combined organic layers 
were washed with brine (50 mL), dried over MgSO filtered, 
and concentrated to give compound 10a (46 mg. 0.11 mmol). 
The crude product was used in the next step without further 
purification. 
0423 
0424. To a solution of compound 10a (46 mg, 0.11 mmol) 
in acetone (10 mL) was treated with CFCOOH (0.5 mL) and 
EtN (0.7 mL). After heating at refluxed for 30 min, 
CFCOONa (300 mg, 2.2 mmol) was added in parts over a 
period of 10 hr. The reaction mixture was allowed to cool to 
room temperature and the solvent was removed in vacuo. The 
residue was extracted with ethyl acetate (10 mLX3). The 
combined organic layers were washed with brine (30 mL), 
dried over MgSO filtered, and concentrated. The residue 
was purified by chromatography on silica gel (petroleum 
ether?ethyl acetate=10:1 to 3:1) to afford compound 11a (10 
mg, 25%). Compound 11a: "H NMR (400 MHz, CDC13), 6 
(ppm), 4.17-4.98 (m, 2H), 3.39-3.40 (m, 5H), 2.44-2.52 (m, 
1H), 2.18-2.24 (m, 1H), 0.63 (s.3H). 
0425 
0426 To a solution of compound 9b (50 mg, 0.14 mmol) in 
MeOH (5 mL) was added 2 drops of HBr (48%) followed by 
bromine (6 drops). After stirring at room temperature for 1 h, 
the reaction mixture was poured into ice-water then extracted 
with ethyl acetate (15 mLX3). The combined organic layers 
were washed with brine (50 mL), dried over MgSO filtered, 

Synthesis of Compound 10a. 

Synthesis of Compound 11a. 

Synthesis of Compound 10b. 
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and concentrated to give compound 10b (46 mg, 0.11 mmol). -continued 
The crude product was used in the next step without further 
purification. 
0427 Synthesis of compound 11b. 

0428 To a solution of compound 10b (46 mg, 0.11 mmol) 
in acetone (10 mL) was treated with CFCOOH (0.5 mL) and 
EtN (0.7 mL). After heating at refluxed for 30 min, 
CFCOONa (300 mg, 2.2 mmol) was added in parts over a 
period of 10 hr. The reaction mixture was allowed to cool to 
room temperature and the solvent was removed in vacuo. The 
residue was extracted with ethyl acetate (10 mLX3). The 20a: 5C-H 
combined organic layers were washed with brine (30 mL), 2Ob:5B-H 
dried over MgSO filtered, and concentrated. The residue 
was purified by chromatography on silica gel (petroleum 
ether?ethyl acetate=10:1 to 3:1) to afford compound 11b (10 
mg, 25%). Compound 11b: 'H NMR (400 MHz, CDC13), 8 
(ppm), 4.16-4.19 (m, 2H), 3.39 (s.3H), 3.32 (s, 1H), 3.20 (s, 
2H), 2.23-2.45 (m. 1H), 2.00-2.12 (m, 2H), 0.64 (s.3H). 

Example 3 

Synthesis of 6-difluoro Analogs 
21a: 5C-H 

0429 

a, b 
-- 

17 22a: 5C-H 

22b:5B-H 

/ 
C 
He 

18 

23a:5C-H 

- - i, c, d 
-- 

19a: 5C-H and 6C-OH (major) 24a:5C-H 
19b: 5 B-H and 6(3-OH (minor) 24b:5B-H 

  

  

  
































































































































