
LIMK2 INHIBITORS, COMPOSITIONS COMPRISING THEM, AND
METHODS OF THEIR USE This application claims priority
to U.S. provisional patent application no. 61/046,602,
filed April 21, 2008, the entirety of which is
incorporated herein by reference. 1. FIELD OF THE
INVENTION This invention relates to kinase inhibitors,
compositions comprising them, and methods of their use
to treat various diseases and disorders. 2. BACKGROUND
Protein kinases are a class of enzymes that catalyze
the transfer of the g-phosphate group from ATP to a
recipient protein. The human genome is estimated to
encode in excess of 500 distinct protein kinases, of
which many have been implicated in a wide range of
diseases and disorders, including cancer and
inflammation. The LIM kinases (LIMK) have been linked
to the p53 pathway. See, e.g., International
Application No. WO 02/099048. LIMK belongs to a small
subfamily of kinases with a unique combination of two
N-terminal LIM motifs and a C-terminal protein kinase
domain. These LIM motifs and kinase domains are linked
by a proline- and serine-rich region containing
several putative casein kinase and map kinase
recognition sites. LIM kinases and their pathway
proteins are believed to contribute to Rho-induced
reorganization of the actin cytoskeleton. Id. Members
of the LIM kinase family include LIM kinase 1 (LIMKl)
and LIM kinase 2 (LIMK2). Both phosphorylate cofilin
and regulates Rho familydependent actin cytoskeletal
rearrangement. Id. LIM kinase inhibitors have been
proposed for the treatment of cancer. Id. It has also
been suggested that LIMK inhibitors may be useful in
treating glaucoma by promoting actin depolymerization
in trabecular cells and lowering ocular tension. See
International Application No. WO 04/047868. Current
glaucoma therapies operate by different mechanisms.
Prostaglandin F2a analogues {e.g., latanoprost) effect
an intraocular pressure (IOP) independent increase in
fluid outflow from the eye. Carbonic anhydrous
inhibitors {e.g., acetazolamide), beta-blockers {e.g.,
timolol), sympathomimetics {e.g., pilocarpine), and
alpha adrenergic receptor agonists {e.g., brimonidine)
decrease aqueous humor production.An enormous number
of compounds, with a wide variety of chemotypes, have
been reported as kinase inhibitors. For example,
phenyl-substituted pyrimidine compounds have been
disclosed that are reportedly useful as LIMK
inhibitors. See International Application WO
2006/084017. Pyrrole[2,3-<i]pyrimidine-based compounds
have been disclosed as inhibitors of various different
kinases. See, e.g., U.S. patent publication no.
2004/0058922; International Application WO
2007/125325; International Application WO 2007/125321;
International Application WO 2006/046024; U.S. patent
publication no. 2005/0130954; and U.S. patent
publication no. 2006/0189638. 3. SUMMARY OF THE
INVENTION This invention is directed, in part, to
compounds of the formula: and pharmaceutically
acceptable salts thereof, the substituents of which
are defined herein. Particular compounds are potent
inhibitors of LIMK2. One embodiment of the invention
encompasses pharmaceutical formations comprising
compounds disclosed herein. Another embodiment
encompasses methods of using the compounds disclosed
herein for the treatment, management and prevention of
various diseases and disorders affected by LIMK2,
including cancer, inflammatory diseases and disorders,
and disease and disorders affecting vision (e.g.,
diseases and disorders of the eye), such as glaucoma,
neurodegeneration and infection. 4. BRIEF DESCRIPTION
OF THE FIGURE Figure 1 shows the effect of two
compounds in the ocular hypertension assay described
in the Examples below. Compound A is a compound of the
invention, dosed at 3 mg per eye. The other compound,
timolol, was dosed at 15 mg per eye. Data for the
vehicle control is an average of eight experiments
using different vehicles. Data for compound A isan
average of eight experiments using different vehicles.
Data for timolol is an average of two experiments
obtained using a commercial formulation. 5. DETAILED
DESCRIPTION This invention is based, in part, on the
discovery of novel compounds, which are inhibitors of
LIM kinase 2 (LIMK2). LIMK2 inhibitors may be used to
treat, manage and/or prevent a variety of diseases and
disorders of the eye, such as glaucoma. See, e.g.,
U.S. patent application no. 12/188,515, filed August
8, 2008. Preferred compounds of this invention are
stable in solution, and may therefore be incorporated
into liquid dosage forms such as eye drops. In
addition, particular compounds are water soluble. 5.1.
Definitions Unless otherwise indicated, the term
"alkenyl" means a straight chain, branched and/or
cyclic hydrocarbon having from 2 to 20 {e.g., 2 to 10
or 2 to 6) carbon atoms, and including at least one
carbon-carbon double bond. Representative alkenyl
moieties include vinyl, allyl, 1-butenyl, 2-butenyl,
isobutylenyl, 1-pentenyl, 2-pentenyl,
3-methyl-l-butenyl, 2-methyl-2-butenyl,
2,3-dimethyl-2-butenyl, 1-hexenyl, 2-hexenyl,
3-hexenyl, 1-heptenyl, 2- heptenyl, 3-heptenyl,
1-octenyl, 2-octenyl, 3-octenyl, 1-nonenyl, 2-nonenyl,
3-nonenyl, 1- decenyl, 2-decenyl and 3-decenyl. Unless
otherwise indicated, the term "alkoxy" means an
-O-alkyl group. Examples of alkoxy groups include, but
are not limited to, -OCH3, -OCH2CH3, -O(CH2)2CH3,
-O(CH2)3CH3, -O(CH2)4CH3, and -O(CH2)5CH3. Unless
otherwise indicated, the term "alkyl" means a straight
chain, branched and/or cyclic ("cycloalkyl")
hydrocarbon having from 1 to 20 {e.g., 1 to 10 or 1 to
4) carbon atoms. Alkyl moieties having from 1 to 4
carbons are referred to as "lower alkyl." Examples of
alkyl groups include, but are not limited to, methyl,
ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl,
pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl,
octyl, 2,2,4-trimethylpentyl, nonyl, decyl, undecyl
and dodecyl. Cycloalkyl moieties may be monocyclic or
multicyclic, and examples include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and adamantyl.
Additional examples of alkyl moieties have linear,
branched and/or cyclic portions {e.g., 1-
ethyl-4-methyl-cyclohexyl). The term "alkyl" includes
saturated hydrocarbons as well as alkenyl and alkynyl
moieties. Unless otherwise indicated, the term
"alkylaryl" or "alkyl-aryl" means an alkyl moiety
bound to an aryl moiety.Unless otherwise indicated,
the term "alkylheteroaryl" or "alkyl-heteroaryl" means
an alkyl moiety bound to a heteroaryl moiety. Unless
otherwise indicated, the term "alkylheterocycle" or
"alkyl-heterocycle" means an alkyl moiety bound to a
heterocycle moiety. Unless otherwise indicated, the
term "alkynyl" means a straight chain, branched or
cyclic hydrocarbon having from 2 to 20 (e.g., 2 to 20
or 2 to 6) carbon atoms, and including at least one
carbon-carbon triple bond. Representative alkynyl
moieties include acetylenyl, propynyl, 1-butynyl,
2-butynyl, 1-pentynyl, 2-pentynyl, 3-methyl-l-butynyl,
4-pentynyl, 1-hexynyl, 2-hexynyl, 5-hexynyl,
1-heptynyl, 2-heptynyl, 6-heptynyl, 1-octynyl,
2-octynyl, 7-octynyl, 1-nonynyl, 2-nonynyl, 8-nonynyl,
1-decynyl, 2-decynyl and 9-decynyl. Unless otherwise
indicated, the term "aryl" means an aromatic ring or
an aromatic or partially aromatic ring system composed
of carbon and hydrogen atoms. An aryl moiety may
comprise multiple rings bound or fused together.
Examples of aryl moieties include, but are not limited
to, anthracenyl, azulenyl, biphenyl, fluorenyl, indan,
indenyl, naphthyl, phenanthrenyl, phenyl,
1,2,3,4-tetrahydro-naphthalene, and toIyI. Unless
otherwise indicated, the term "arylalkyl" or
"aryl-alkyl" means an aryl moiety bound to an alkyl
moiety. Unless otherwise indicated, the terms
"halogen" and "halo" encompass fluorine, chlorine,
bromine, and iodine. Unless otherwise indicated, the
term "heteroalkyl" refers to an alkyl moiety (e.g.,
linear, branched or cyclic) in which at least one of
its carbon atoms has been replaced with a heteroatom
(e.g., N, O or S). Unless otherwise indicated, the
term "heteroalkylaryl" or "heteroalkyl-aryl" refers to
a heteroalkyl moiety bound to an alkyl moiety. Unless
otherwise indicated, the term "heteroalkylheterocycle"
or "heteroalkylheterocycle" refers to a heteroalkyl
moiety bound to heterocycle moiety. Unless otherwise
indicated, the term "heteroaryl" means an aryl moiety
wherein at least one of its carbon atoms has been
replaced with a heteroatom (e.g., N, O or S). Examples
include, but are not limited to, acridinyl,
benzimidazolyl, benzofuranyl, benzoisothiazolyl,
benzoisoxazolyl, benzoquinazolinyl, benzothiazolyl,
benzoxazolyl, furyl, imidazolyl, indolyl,
isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl,
phthalazinyl, pyrazinyl, pyrazolyl, pyridazinyl,
pyridyl, pyrimidinyl, pyrimidyl, pyrrolyl,
quinazolinyl, quinolinyl, tetrazolyl, thiazolyl, and
triazinyl.Unless otherwise indicated, the term
"heteroarylalkyl" or "heteroaryl-alkyl" means a
heteroaryl moiety bound to an alkyl moiety. Unless
otherwise indicated, the term "heterocycle" refers to
an aromatic, partially aromatic or non-aromatic
monocyclic or polycyclic ring or ring system comprised
of carbon, hydrogen and at least one heteroatom (e.g.,
N, O or S). A heterocycle may comprise multiple (i.e.,
two or more) rings fused or bound together.
Heterocycles include heteroaryls. Examples include,
but are not limited to, benzo[l,3]dioxolyl,
2,3-dihydro-benzo[l,4]dioxinyl, cinnolinyl, furanyl,
hydantoinyl, morpholinyl, oxetanyl, oxiranyl,
piperazinyl, piperidinyl, pyrrolidinonyl,
pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl,
tetrahydropyridinyl, tetrahydropyrimidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl and
valerolactamyl. Unless otherwise indicated, the term
"heterocyclealkyl" or "heterocycle-alkyl" refers to a
heterocycle moiety bound to an alkyl moiety. Unless
otherwise indicated, the term "heterocycloalkyl"
refers to a non-aromatic heterocycle. Unless otherwise
indicated, the term "heterocycloalkylalkyl" or
"heterocycloalkylalkyl" refers to a heterocycloalkyl
moiety bound to an alkyl moiety. Unless otherwise
indicated, the term "LIMK2 IC50" is the IC50 of a
compound determined using the in vitro human LIM
kinase 2 inhibition assay described in the Examples,
below. Unless otherwise indicated, the terms "manage,"
"managing" and "management" encompass preventing the
recurrence of the specified disease or disorder in a
patient who has already suffered from the disease or
disorder, and/or lengthening the time that a patient
who has suffered from the disease or disorder remains
in remission. The terms encompass modulating the
threshold, development and/or duration of the disease
or disorder, or changing the way that a patient
responds to the disease or disorder. Unless otherwise
indicated, the term "pharmaceutically acceptable
salts" refers to salts prepared from pharmaceutically
acceptable non-toxic acids or bases including
inorganic acids and bases and organic acids and bases.
Suitable pharmaceutically acceptable base addition
salts include, but are not limited to, metallic salts
made from aluminum, calcium, lithium, magnesium,
potassium, sodium and zinc or organic salts made from
lysine, N5N'- dibenzylethylenediamine, chloroprocaine,
choline, diethanolamine, ethylenediamine, meglumine
(N-methylglucamine) and procaine. Suitable non-toxic
acids include, but are not limited to, inorganic and
organic acids such as acetic, alginic, anthranilic,
benzenesulfonic, benzoic, camphorsulfonic, citric,
ethenesulfonic, formic, fumaric, furoic,
galacturonic,gluconic, glucuronic, glutamic, glycolic,
hydrobromic, hydrochloric, isethionic, lactic, maleic,
malic, mandelic, methanesulfonic, mucic, nitric,
pamoic, pantothenic, phenylacetic, phosphoric,
propionic, salicylic, stearic, succinic, sulfanilic,
sulfuric, tartaric acid, and ptoluenesulfonic acid.
Specific non-toxic acids include hydrochloric,
hydrobromic, phosphoric, sulfuric, and methanesulfonic
acids. Examples of specific salts thus include
hydrochloride and mesylate salts. Others are
well-known in the art. See, e.g., Remington ' s
Pharmaceutical Sciences, 18th ed. (Mack Publishing,
Easton PA: 1990) and Remington: The 



Science and Practice of Pharmacy, 19th ed. (Mack
Publishing, Easton PA: 1995). Unless otherwise
indicated, a "potent LIMK2 inhibitor" is a compound
that has a LIMK2 IC50 of less than about 25O nM.
Unless otherwise indicated, the terms "prevent,"
"preventing" and "prevention" contemplate an action
that occurs before a patient begins to suffer from the
specified disease or disorder, which inhibits or
reduces the severity of the disease or disorder. In
other words, the terms encompass prophylaxis. Unless
otherwise indicated, a "prophylactically effective
amount" of a compound is an amount sufficient to
prevent a disease or condition, or one or more
symptoms associated with the disease or condition, or
prevent its recurrence. A "prophylactically effective
amount" of a compound means an amount of therapeutic
agent, alone or in combination with other agents,
which provides a prophylactic benefit in the
prevention of the disease. The term "prophylactically
effective amount" can encompass an amount that
improves overall prophylaxis or enhances the
prophylactic efficacy of another prophylactic agent.
Unless otherwise indicated, the term "stereoisomeric
mixture" encompasses racemic mixtures as well as
stereomerically enriched mixtures (e.g., R/S = 30/70,
35/65, 40/60, 45/55, 55/45, 60/40, 65/35 and 70/30).
Unless otherwise indicated, the term "stereomerically
pure" means a composition that comprises one
stereoisomer of a compound and is substantially free
of other stereoisomers of that compound. For example,
a stereomerically pure composition of a compound
having one stereocenter will be substantially free of
the opposite stereoisomer of the compound. A
stereomerically pure composition of a compound having
two stereocenters will be substantially free of other
diastereomers of the compound. A typical
stereomerically pure compound comprises greater than
about 80% by weight of one stereoisomer of the
compound and less than about 20% by weight of other
stereoisomers of the compound, greater than about 90%
by weight of one stereoisomer of the compound and less
than about 10% by weight of the other stereoisomers of
the compound, greater than about 95% by weight of
onestereoisomer of the compound and less than about 5%
by weight of the other stereoisomers of the compound,
greater than about 97% by weight of one stereoisomer
of the compound and less than about 3% by weight of
the other stereoisomers of the compound, or greater
than about 99% by weight of one stereoisomer of the
compound and less than about 1% by weight of the other
stereoisomers of the compound. Unless otherwise
indicated, the term "substituted," when used to
describe a chemical structure or moiety, refers to a
derivative of that structure or moiety wherein one or
more of its hydrogen atoms is substituted with a
chemical moiety or functional group such as, but not
limited to, alcohol, aldehyde, alkoxy, alkanoyloxy,
alkoxycarbonyl, alkenyl, alkyl (e.g., methyl, ethyl,
propyl, t-butyl), alkynyl, alkylcarbonyloxy
(-OC(O)alkyl), amide (e.g. -C(O)NH-alkyl-,
-alkylNHC(O)alkyl), amidinyl (e.g., -C(NH)NH-alkyl-,
-C(NR)NH2), amine (primary, secondary and tertiary
such as alkylamino, arylamino, arylalkylamino), aroyl,
aryl, aryloxy, azo, carbamoyl (e.g., -NHC(O)O-alkyl-,
-OC(O)NH-alkyl), carbamyl (e.g., CONH2, CONH-alkyl,
CONH-aryl, CONH-arylalkyl), carbonyl, carboxyl,
carboxylic acid, carboxylic acid anhydride, carboxylic
acid chloride, cyano, ester, epoxide, ether (e.g.,
methoxy, ethoxy), guanidino, halo, haloalkyl (e.g.,
-CCl3, -CF3, -C(CF3)3), heteroalkyl, hemiacetal, imine
(primary and secondary), isocyanate, isothiocyanate,
ketone, nitrile, nitro, oxo, phosphodiester, sulfide,
sulfonamido (e.g., SO2NH2), sulfone, sulfonyl
(including alkylsulfonyl, arylsulfonyl and
arylalkylsulfonyl), sulfoxide, thiol (e.g.,
sulfhydryl, thioether) and urea (e.g. ,
-NHCONH-alkyl-). Unless otherwise indicated, a
"therapeutically effective amount" of a compound is an
amount sufficient to provide a therapeutic benefit in
the treatment or management of a disease or condition,
or to delay or minimize one or more symptoms
associated with the disease or condition. A
"therapeutically effective amount" of a compound means
an amount of therapeutic agent, alone or in
combination with other therapies, which provides a
therapeutic benefit in the treatment or management of
the disease or condition. The term "therapeutically
effective amount" can encompass an amount that
improves overall therapy, reduces or avoids symptoms
or causes of a disease or condition, or enhances the
therapeutic efficacy of another therapeutic agent.
Unless otherwise indicated, the terms "treat,"
"treating" and "treatment" contemplate an action that
occurs while a patient is suffering from the specified
disease or disorder, which reduces the severity of the
disease or disorder, or retards or slows the
progression of the disease or disorder.Unless
otherwise indicated, the term "include" has the same
meaning as "include, but are not limited to," and the
term "includes" has the same meaning as "includes, but
is not limited to." Similarly, the term "such as" has
the same meaning as the term "such as, but not limited
to." Unless otherwise indicated, one or more
adjectives immediately preceding a series of nouns is
to be construed as applying to each of the nouns. For
example, the phrase "optionally substituted alky,
aryl, or heteroaryl" has the same meaning as
"optionally substituted alky, optionally substituted
aryl, or optionally substituted heteroaryl." It should
be noted that a chemical moiety that forms part of a
larger compound may be described herein using a name
commonly accorded it when it exists as a single
molecule or a name commonly accorded its radical. For
example, the terms "pyridine" and "pyridyl" are
accorded the same meaning when used to describe a
moiety attached to other chemical moieties. Thus, the
two phrases "XOH, wherein X is pyridyl" and "XOH,
wherein X is pyridine" are accorded the same meaning,
and encompass the compounds pyridin-2-ol, pyridin-3-ol
and pyridin-4-ol. It should also be noted that if the
stereochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or
dashed lines, the structure or the portion of the
structure is to be interpreted as encompassing all
stereoisomers of it. Moreover, any atom shown in a
drawing with unsatisfied valences is assumed to be
attached to enough hydrogen atoms to satisfy the
valences. In addition, chemical bonds depicted with
one solid line parallel to one dashed line encompass
both single and double (e.g., aromatic) bonds, if
valences permit. 5.2. Compounds This invention
encompasses compounds of the formula: and
pharmaceutically acceptable salt thereof, wherein: A
is optionally substituted aryl or heterocycle; Ri is
hydrogen, halogen, cyano, or optionally substituted
alkyl, heteroalkyl, aryl,or heterocycle; R is
hydrogen, halogen, cyano, or optionally substituted
alkyl, heteroalkyl, aryl, or heterocycle; R3 is R3A,
OR3B, N(R 3B)2, NC(O)R 3B, NC(O)OR 3B, NC(O)N(R 3B)2,
SR3B, SOR3B, or SO2R3B; each R3A is cyano, C(O)R 3 ,
CO2R3C, CON(R 3C)2, or optionally substituted alkyl,
alkylaryl, alkylheterocycle, aryl, heteroalkyl,
heteroalkylaryl, heteroalkylheterocycle, or
heterocycle; each R3B is independently hydrogen, C(O)R
3C, CO2R3C, CON(R 3c)2, or optionally substituted
alkyl, heteroalkyl, aryl, or heterocycle; each R3C is
independently optionally substituted alkyl, aryl or
heterocycle; each R4 is independently hydrogen,
halogen, OR4 , OC(O)R 4B, OC(O)N(R 4B) 2, N(R 4B) 2,
NC(O)R 4A, NC(O)OR 4A, NC(O)N(R 4A), SR4B, SOR4B, or
SO2R4B, or optionally substituted alkyl, heteroalkyl,
aryl, or heterocycle; each R4B is independently
hydrogen or optionally substituted alkyl, heteroalkyl,
aryl, or heterocycle; and n is 0-3. In a particular
embodiment, the compound is such that: 1) each R4A is
independently hydrogen or optionally substituted alkyl
or heteroalkyl; and 2) when Ri and R2 are both
hydrogen and A is phenyl, R4 is not halogen. In one
embodiment, A is optionally substituted phenyl. In
another, A is optionally substituted heterocycle. In
one embodiment, Ri is hydrogen, halogen, cyano, or
optionally substituted lower alkyl. In a particular
embodiment, Ri is hydrogen. In another, Ri is halogen
(e.g., chloro). In another, Ri is optionally
substituted lower alkyl (e.g., methyl). In one
embodiment, R2 is hydrogen, halogen, cyano, or
optionally substituted lower alkyl. In a particular
embodiment, R2 is hydrogen. In another, R2 is halogen
(e.g., chloro). In another, R2 is optionally
substituted lower alkyl (e.g., methyl). In one
embodiment, R3 is R3A, OR3B, or N(R 3B)2 . In a
particular embodiment, R3 is R3Aand R3Ais optionally
substituted alkyl, alkylheterocycle, heteroalkyl, or
heterocycle. In a specific embodiment, R3A is
optionally substituted alkyl. In another, R3A is
optionally substituted alkylheterocycle. In another,
R3Ais optionally substituted heteroalkyl. In another,
R3Ais optionally substituted heterocycle. In a
particular embodiment, R3 is OR3Bor N(R 3B)2, and
R3Bis hydrogen or optionally substituted alkyl or
aryl. In a specific embodiment, R3B is hydrogen. In
another, R3B is optionally substituted alkyl. In
another, R3B is optionally substituted aryl. In one
embodiment, R4 is halogen. In another, R4 is OC(O)N(R
4A)2 and at least one R4Ais, for example, lower alkyl
(e.g., methyl). Particular compounds of the invention
are potent LIMK2 inhibitors. Certain compounds have a
LIMK2 IC50 of less than about 100, 75, 50, 25 or 10
nM.5.3. Methods of Synthesis Compounds of the
invention may be prepared by methods known in the art.
See, e.g., U.S. patent publication nos. 2004/0058922
and 2005/0130954. Pyrrolopyrimidines may be prepared
by a variety of methods known in the art. See, e.g.,
West, J . Org. Chem. 26:4959 (1961); Aono et al, EP
0733633-B1. One approach is described in U.S. patent
application no. 11/876,051, filed October 22, 2007,
and shown below in Scheme 1: Base Scheme 1 The
resulting 4-hydroxy pyrrolo[2,3-<i]pyrimidine compound
is then converted to the corresponding 4-chloro
compound (compound f in Scheme 2, below) using methods
known in the art. See, e.g., West, J . Org. Chem.
26:4959 (1961). That compound is then used to prepare
compounds of the invention, as shown below in Scheme 2
: Scheme 2In the method represented in Scheme 2,
commercially available l-tert-buty{ 4-ethyl
piperidine-l,4-dicarboxylate (a) is alkylated with a
suitable base (e.g., lithium diisopropyl amide) and an
alklylating agent, (e.g., an alkyl bromide or
chloride), to give compound b. Other compounds of
formula b are commercially available. Saponification
of compound b with a base such as LiOH or NaOH in
aqueous solution gives carboxylic acid c, which can be
coupled with amines of formula NH A using suitable
reagents (e.g., HATU with diisopropylethylamine in
isopropyl acetate) to give amide d. Treatment of
compound d with a suitable acid (e.g., HCl in MeOH or
TFA in CH2Cl ) removes the Boc group to give amine e .
Heating amine e and chloride f with a suitable base
(e.g., diisopropylethylamine) in a suitable solvent
(e.g., isopropanol, isobutanol) affords compound h .
If desired, known methods can be used to transform
that compound into various others encompassed by this
invention. 5.4. Methods of Use This invention
encompasses a method of inhibiting LIMK2, which
comprises contacting LIMK2 with a potent LIMK2
inhibitor. Preferred potent LIMK2 inhibitors are
compounds of the invention (i.e., compounds disclosed
herein). A particular embodiment encompasses a method
of treating, managing or preventing an inflammatory
disease or disorder in a patient, which comprises
administering to the patient in need thereof a
therapeutically or prophylactically effective amount
of a compound of the invention. Another embodiment
encompasses a method of treating, managing or
preventing cancer in a patient, which comprises
administering to the patient in need thereof a
therapeutically or prophylactically effective amount
of a compound of the invention. Another embodiment
encompasses a method of lowering intraocular pressure
in a patient, which comprises inhibiting LIMK2
activity or expression in a patient in need thereof. 



In one method, LIMK2 activity is inhibited by
contacting the eye of the patient with a potent LIMK2
inhibitor. Particular potent LIMK2 inhibitors are
disclosed herein. In another method, LIMK2 expression
is inhibited by administering to the eye of the
patient a compound (e.g., a siRNA) that inhibits the
expression of LIMK2. Another embodiment encompasses a
method of treating, managing or preventing a disease
or disorder affecting vision in a patient, which
comprises inhibiting LIMK2 activity or expression in a
patient in need thereof. In one method, LIMK2 activity
is inhibited by contacting the eye of the patient with
a potent LIMK2 inhibitor. Particular potent
LIMK2inhibitors are disclosed herein. Diseases and
disorders affecting vision include glaucoma,
neurodegenerative diseases, and infectious diseases.
5.5. Pharmaceutical Formulations This invention
encompasses pharmaceutical compositions comprising one
or more compounds of the invention. Certain
pharmaceutical compositions are single unit dosage
forms suitable for oral, mucosal (e.g., nasal,
sublingual, vaginal, buccal, or rectal), parenteral
(e.g., subcutaneous, intravenous, bolus injection,
intramuscular, or intraarterial), transdermal, topical
and ophthalmic (e.g., topical, intravitreal)
administration to a patient. Examples of dosage forms
include, but are not limited to: tablets; caplets;
capsules, such as soft elastic gelatin capsules;
cachets; troches; lozenges; dispersions;
suppositories; ointments; cataplasms (poultices);
pastes; powders; dressings; creams; plasters;
solutions; patches; aerosols (e.g., nasal sprays or
inhalers); gels; liquid dosage forms suitable for oral
or mucosal administration to a patient, including
suspensions (e.g., aqueous or non-aqueous liquid
suspensions, oil-in-water emulsions, or a water-in-oil
liquid emulsions), solutions, and elixirs; liquid
dosage forms suitable for parenteral administration to
a patient; and sterile solids (e.g., crystalline or
amorphous solids) that can be reconstituted to provide
liquid dosage forms suitable for parenteral
administration to a patient. The formulation should
suit the mode of administration. For example, oral
administration requires enteric coatings to protect
the compounds of this invention from degradation
within the gastrointestinal tract. Similarly, a
formulation may contain ingredients that facilitate
delivery of the active ingredient(s) to the site of
action. For example, compounds may be administered in
liposomal formulations, in order to protect them from
degradative enzymes, facilitate transport in
circulatory system, and effect delivery across cell
membranes to intracellular sites. The composition,
shape, and type of a dosage form will vary depending
on its use. For example, a dosage form used in the
acute treatment of a disease may contain larger
amounts of one or more of the active ingredients it
comprises than a dosage form used in the chronic
treatment of the same disease. Similarly, a parenteral
dosage form may contain smaller amounts of one or more
of the active ingredients it comprises than an oral
dosage form used to treat the same disease. These and
other ways in which specific dosage forms encompassed
by this invention will vary from one another will be
readily apparent to those skilled in the art. See,
e.g., Remington 's Pharmaceutical Sciences, 18th ed.
(Mack Publishing, Easton PA: 1990).5.5.1. Oral Dosage
Forms Pharmaceutical compositions of the invention
suitable for oral administration can be presented as
discrete dosage forms, such as, but are not limited
to, tablets (e.g., chewable tablets), caplets,
capsules, and liquids (e.g., flavored syrups). Such
dosage forms contain predetermined amounts of active
ingredients, and may be prepared by methods of
pharmacy well known to those skilled in the art. See,
e.g., Remington 's Pharmaceutical Sciences, 18th ed.
(Mack Publishing, Easton PA: 1990). Typical oral
dosage forms are prepared by combining the active
ingredient(s) in an intimate admixture with at least
one excipient according to conventional pharmaceutical
compounding techniques. Excipients can take a wide
variety of forms depending on the form of preparation
desired for administration. Because of their ease of
administration, tablets and capsules represent the
most advantageous oral dosage unit forms. If desired,
tablets can be coated by standard aqueous or
nonaqueous techniques. Such dosage forms can be
prepared by conventional methods of pharmacy. In
general, pharmaceutical compositions and dosage forms
are prepared by uniformly and intimately admixing the
active ingredients with liquid carriers, finely
divided solid carriers, or both, and then shaping the
product into the desired presentation if necessary.
Disintegrants may be incorporated in solid dosage
forms to facility rapid dissolution. Lubricants may
also be incorporated to facilitate the manufacture of
dosage forms (e.g. , tablets). 5.5.2. Parenteral
Dosage Forms Parenteral dosage forms can be
administered to patients by various routes including,
but not limited to, subcutaneous, intravenous
(including bolus injection), intramuscular, and
intraarterial. Because their administration typically
bypasses patients' natural defenses against
contaminants, parenteral dosage forms are specifically
sterile or capable of being sterilized prior to
administration to a patient. Examples of parenteral
dosage forms include, but are not limited to,
solutions ready for injection, dry products ready to
be dissolved or suspended in a pharmaceutically
acceptable vehicle for injection, suspensions ready
for injection, and emulsions. Suitable vehicles that
can be used to provide parenteral dosage forms of the
invention are well known to those skilled in the art.
Examples include, but are not limited to: Water for
Injection USP; aqueous vehicles such as, but not
limited to, Sodium Chloride Injection, Ringer's
Injection, Dextrose Injection, Dextrose and Sodium
Chloride Injection, and LactatedRinger's Injection;
water-miscible vehicles such as, but not limited to,
ethyl alcohol, polyethylene glycol, and polypropylene
glycol; and non-aqueous vehicles such as, but not
limited to, corn oil, cottonseed oil, peanut oil,
sesame oil, ethyl oleate, isopropyl myristate, and
benzyl benzoate. 5.5.3. Transdermal, Topical and
Mucosal Dosage Forms Transdermal, topical, and mucosal
dosage forms include, but are not limited to,
ophthalmic solutions, sprays, aerosols, creams,
lotions, ointments, gels, solutions, emulsions,
suspensions, or other forms known to one of skill in
the art. See, e.g., Remington 's Pharmaceutical
Sciences, 18th ed. (Mack Publishing, Easton PA: 1990);
and Introduction to Pharmaceutical Dosage Forms, 4th
ed. (Lea & Febiger, Philadelphia: 1985). Transdermal
dosage forms include "reservoir type" or "matrix type"
patches, which can be applied to the skin and worn for
a specific period of time to permit the penetration of
a desired amount of active ingredients. Suitable
excipients (e.g. , carriers and diluents) and other
materials that can be used to provide transdermal,
topical, and mucosal dosage forms are well known to
those skilled in the pharmaceutical arts, and depend
on the particular tissue to which a given
pharmaceutical composition or dosage form will be
applied. Depending on the specific tissue to be
treated, additional components may be used prior to,
in conjunction with, or subsequent to treatment with
active ingredients of the invention. For example,
penetration enhancers may be used to assist in
delivering active ingredients to the tissue. The pH of
a pharmaceutical composition or dosage form, or of the
tissue to which the pharmaceutical composition or
dosage form is applied, may also be adjusted to
improve delivery of one or more active ingredients.
Similarly, the polarity of a solvent carrier, its
ionic strength, or tonicity can be adjusted to improve
delivery. Compounds such as stearates may also be
added to pharmaceutical compositions or dosage forms
to advantageously alter the hydrophilicity or
lipophilicity of one or more active ingredients so as
to improve delivery. In this regard, stearates can
serve as a lipid vehicle for the formulation, as an
emulsifying agent or surfactant, and as a
delivery-enhancing or penetration-enhancing agent.
Different salts, hydrates or solvates of the active
ingredients can be used to further adjust the
properties of the resulting composition.5.5.4.
Ophthalmic Dosage Forms Compounds of the invention can
be delivered to the eye (e.g., topically) using
aqueous solutions, aqueous suspensions, and ointments.
As those skilled in the art are aware, the ophthalmic
product must be sterile in its final container to
prevent microbial contamination of the eye.
Preservatives may be used to maintain sterility once
the container has been opened. Ophthalmic formulations
also require that the pH, buffer capacity, viscosity,
and tonicity of the formulation be controlled.
Preferred formulations have a pH of from about 6.5 to
8.5, and a buffer capacity of from about 0.01 to 0.1.
Particular formations are isotonic. Particular
formations have a viscosity of from about 25 to 50
cps. Ingredients that may be used to provide safe
vehicles that effectively deliver an active
pharmaceutical ingredient (API) to its site of action
are well known, but will vary depending on the
physical and chemical characteristics of the API.
Appropriately buffered aqueous solutions may be used
for the delivery of water soluble compounds. In
solution compositions, polymeric ingredients are
typically used to increase the composition's
viscosity. Examples of suitable polymers include
cellulosic polymers (e.g., hydroxypropyl
methylcellulose, hydroxyethyl cellulose,
ethylhydroxyethyl cellulose), synthetic polymers
(e.g., carboxyvinyl polymers, polyvinyl alcohol),
polysaccharides (e.g. , xanthan gum, guar gum, and
dextran), and mixtures thereof. See, e.g. , U.S.
patent nos. 4,136,173 and 7,244,440. Suspensions may
also be used to deliver compounds. Polymeric
ingredients are typically used in suspension
compositions as physical stability aids, helping to
keep the insoluble ingredients suspended or easily
redispersible. Id. Preservatives may be used to ensure
the sterility of formations. Suitable preservatives
include benzalkonium chloride, benzethonium chloride,
chlorobutanol, phenylmercuric acetate, phenylmercuric
nitrate, thimerosal, methylparaben, and
propyl-parabens. And antioxidants may be used to
ensure the stability of formations susceptible to
oxidation. Suitable antioxidants include
ethylenediaminetetraacetic acid, sodium bisulfite,
sodium metabisulfite, and thiourea. 6. EXAMPLES
Aspects of this invention can be understood from the
following examples, which do not limit its scope.6.1.
Example 1: Synthesis of l-f5-chloro-7
H-pyrrolo[2,3-</lPyrimidin-4-yl)-N-
(3-(4-fluorophenoxy)phenyl)-4-methylpiperidine-4-carbo
xamide A. Preparation of tert-butg
4-(3-(4-fluorophenoxy)phenylcarbamoyl)-4-
methylpiperidine- 1-carboxylate . 1-( r
-butoxycarbonyl)-4-methylpiperidine-4-carboxylic acid
(243 mg, 1.0 mmol), 3-(4-fiuorophenoxy)aniline (203
mg, 1.0 mmol), DCC (206 mg, 1.0 mmol), and HOAt (138
mg, 1.01 mmol) were combined in EtOAc (50 mL) and DMF
(5 mL). The reaction mixture was heated at 80 0C for
20 hours. Most of the EtOAc was evaporated, resulting
in precipitation of a solid, which was removed by
filtration. The filtrate was diluted with EtOAc,
washed with 1N aq. HCl, water, and brine, dried, and
concentrated under vacuum to give the title compound.
MS (ES+) [M+H]+ = 429. B. Preparation of
N-(3-(4-fluorophenoxy)phenyl)-4-methylpiperidine-4-car
boxamide . tert-Butyl
4-(3-(4-fluorophenoxy)phenylcarbamoyl)-4-methylpiperid
ine- 1-carboxylate from step A was treated with 4 N
HCl in dioxane for 16 hours at room temperature. The
product was isolated by filtration and washed with
ether to afford the title compound (206 mg, 56% for
two steps) as the hydrochloride salt. MS (ES+) [M+H]+
= 329. C. Preparation of 4,5-dichloro-7
-pyrrolo[23-J]pyrimidine . To a solution of 4-
chloro-7 -pyrrolo[2,3-<i]pyrimidine (154 mg, 1.0 mmol)
in CH Cl (6 mL) was added NCS (134 mg, 1.0 mmol). The
reaction mixture was refluxed for 18 hours, filtered,
and concentrated under vacuum to give the title
compound, which was carried on crude. MS (ES+) [M+H]+
= 189. D. Preparation of l-(5-chloro-7
-pyrrolo[23-J]pyrimidin-4-yl)-iV-(3-(4-
fluorophenoxy)phenyl)-4-methylpiperidine-4-carboxamide
. iV-(3-(4-Fluorophenoxy)phenyl)-
4-methylpiperidine-4-carboxamide from step B (50 mg,
0.13 mmol), 4,5-dichloro-7 - pyrrolo[2,3-<i]pyrimidine
from step C (19 mg, 0.1 mmol), and triethylamine (0.04
mL, 0.3 



mmol) were combined in isopropanol ( 1 mL) and heated
at 130 0C for 30 minutes under microwave conditions.
The product was isolated by prep HPLC to give the
title compound.1 NMR (CD3OD): d 8.22 (s, IH),
7.30-7.35 (m, 4H), 7.03-7.14 (m, 4H), 6.73-6.76 (m,
IH), 3.96-4.02 (m, 2H), 3.44-3.51 (m, 2H), 2.35-2.38
(m, 2H), 1.74-1.81 (m, 2H), 1.38 (s, 3H); MS (ES+)
[M+H]+ = 480. 6.2. Example 2 : Synthesis of
l-f5-bromo-7 H-pyrrolo[2,3-</lPyrimidin-4-yl)-N-
(3-(4-fluorophenoxy)phenyl)-4-methylpiperidine-4-carbo
xamide A. Preparation of 5-bromo-4-chloro-7
-pyrrolo[2,3- i ]pyrimidine. To a solution of
4-chloro-7 -pyrrolo[2,3-J]pyrimidine (1.2 g, 7.8 mmol)
in CH2Cl2 (25 niL) was added Nbromoacetamide (1.2 g,
8.7 mmol) in CH2Cl2 (25 mL). The reaction mixture was
refluxed for 40 minutes, then concentrated and washed
with cold water. The crude material was recrystallized
from a minimal amount of isopropanol and dried under
vacuum to give the title compound (82%) as light-gray
solid. MS (ES+) [M+H]+= 232. B. Preparation of
l-(5-bromo-7 -pyrrolor23-J1pyrimidin-4-yl)-iV-(3-(4-
fluorophenoxy)phenyl)-4-methylpiperidine-4-carboxamide
. To a solution of N-(3-(4-
fluorophenoxy)phenyl)-4-methylpiperidine-4-carboxamide
from example 1, step B, (36 mg, 0.1 mmol) in
isopropanol ( 1 mL), was added to 5-bromo-4-chloro-7
-pyrrolo[2,3- i pyrimidine from step A (24 mg, 0.1
mmol) and triethylamine (0.04 mL, 0.3 mmol). The
reaction mixture was heated at 100 0C for 10 minutes
under microwave condition, and then concentrated under
vacuum. The product was isolated by prep HPLC to give
the title compound. 1 NMR (CD3OD): d 8.21 (s, IH),
7.22-7.35 (m, 4H), 6.98-7.17 (m, 4H), 6.72-6.77 (m,
IH), 3.84-3.95 (m, 2H), 3.32-3.51 (m, 2H), 2.30-2.40
(m, 2H), 1.72-1.85 (m, 2H), 1.38 (s, 3H); MS (ES+)
[M+H]+ = 525.6.3. Example 3 : Synthesis of
7V-(3-(4-fluorophenoxy)phenyl)-4-methyl-l-(7 Hpyrrolo
\23-d] pyrimidin-4-yl)piperidine- 4-carboxamide To a
solution of
-(3-(4-fluorophenoxy)phenyl)-4-methylpiperidine-4-carb
oxamide from example 1, step B, (20 mg, 0.05 mmol) in
isopropanol ( 1 mL), was added 4-chloro-7 -
pyrrolo[2,3- i ]pyrimidine (15 mg, 0.1 mmol) and
triethylamine (0.04 mL, 0.3 mmol). The reaction
mixture was heated at 180 0C for 30 minutes under
microwave conditions, and then concentrated under
vacuum. The product was isolated by prep HPLC to give
the title compound. 1 NMR (CD3OD): d 8.01 (s, IH),
7.18-7.23 (m, 3H), 6.91-7.16 (m, 5H), 6.65-6.68 (d,
IH), 6.51-6.53 (d, IH), 4.12-4.25 (m, 2H), 3.351-3.62
(m, 2H), 2.13-2.28 (m, 2H), 1.50- 1.60 (m, 2H), 1.25
(s, 3H); MS (ES+) [M+H]+= 447. 6.4. Example 4 :
Synthesis of N-(3-tert-butylphenyl)-l-(5-methyl-7
Hpyrrolo \23-d] pyrimidin-4-yl)-4-phenylpiperi
dine-4-carboxamide A. Preparation of
4-phenylpiperidine-4-carboxylic acid.
l-(ter£-Butoxycarbonyl)-4-
phenylpiperidine-4-carboxylic acid (1.0 g, 3.3 mmol)
was treated with 4 N HCl in dioxane (20 mL) for 2
hours at room temperature. The product was isolated by
filtration to provide the title compound (0.74 g, 93%)
as a white solid. MS (ES+) [M+H]+ = 206. B.
Preparation of
l-(5-methyl-4,7-dihvdro-3/f-pyrrolor2,3-
Üppyrimidin-4-yl)-4- phenylpiperidine-4-carboxylic
acid. To a solution of 4-phenylpiperidine-4-carboxylic
acid from step A (0.74 g, 3.1 mmol) in isopropanol (10
mL), was added 4-chloro-5-methyl-7 -
pyrrolo[2,3-<i]pyrimidine (0.52 g, 3.1 mmol) and
triethylamine (1.0 mL, 9.8 mmol). The reaction mixture
was heated at 180 0C for 180 minutes under microwave
condition, and thenconcentrated under vacuum. The
residue was dissolved in ice water and neutralized to
pH 4 by addition of 1N aq. HCl. The product was
isolated by filtration and dried under vacuum for 3
hours at 65 0C to give the title compound (62%) as a
brown solid. MS (ES+) [M+H]+ = 336. C. Preparation of
iV-(3-fert-butylphenvD- 1-(5-methyl-7 -pyrrolor2,3-
Üppyrimidin-4- yl)-4-phenylpiperidine-4-carboxamide .
To a solution of l-(5-methyl-4,7-dihydro-3 -
pyrrolo[2,3-d]pyrimidin-4-yl)-4-phenylpiperidine-4-car
boxylic acid from step B (33 mg, 0.1 mmol) in DMF (2
mL) was added 3-t rt-butylaniline (15 mg, 1.0 mmol),
BOP (50 mg, 0.1 1 mmol) and triethylamine (0.04 mL,
0.3 mmol). The reaction mixture was stirred at room
temperature for 20 hours, and the amide product was
isolated by prep HPLC to give the title compound. 1
NMR (CD3OD): d 8.20 (s, IH), 7.16-7.57 (m, 9H), 7.01
(s, IH), 3.90-3.94 (d, 2H), 3.45-3.52 (t, 2H),
2.73-2.78 (d, 2H), 2.46 (s, 3H), 2.28-2.35 (t, 2H),
1.30 (s, 9H); MS (ES+) [M+H]+ = 468. 6.5. Example 5:
Synthesis of
4-allyl-7V-(3-chlor()phenyl)-l-(5-methyl-7 Hpyrrolo
[2,3-</l pyrimidin-4-yl)piperidine-4-carboxamide A.
Preparation of r t-butyl
4-allyl-4-(3-chlorophenylcarbamovP)piperidine-lcarboxy
late . Under an atmosphere of N , 4-allyl-l-( t r
t-butoxycarbonyl)piperidine-4- carboxylic acid (0.158
g, 0.586 mmol), pyridine (0.189 mL, 2.34 mmol), and
DMF (3 drops) were dissolved in CH Cl (10 mL) and
cooled in an ice bath. To the cooled solution, oxalyl
chloride (0.056 mL, 0.645 mmol) was added dropwise.
The reaction was stirred for 40 min, after which time
3-chloroaniline (0.061 mL, 0.586 mmol) was added. The
reaction was removed from the ice bath and stirred at
room temperature overnight. The crude reaction was
washed with 1N aq. HCl and brine, dried over MgSO ,
and concentrated under vacuum. The residue was
purified by silica gel chromatography (ethyl
acetate/hexanes gradient) to give the title compound
in 51% yield. MS (ES+) [M+H]+ = 379. B. Preparation of
4-allyl-L/-(3-chlorophenyl)piperidine-4-carboxamide .
To a solution of r -butyl
4-allyl-4-(3-chlorophenylcarbamoyl)piperidine-l-carbox
ylate from step A(0.172 g, 0.453 mmol) in MeOH (10
niL) was added 4 MHCl in dioxane (0.340 mL, 1.36
mmol). The reaction was heated at 50 0C for 30 min,
and then concentrated under vacuum, re-dissolved in
MeOH and re-concentrated twice to give the title
compound as the hydrochloride salt. MS (ES+) [M+H]+ =
279. C. Preparation of 4-al\g \-N-(3-chlorophenyD-
1-(5-methyl-7 -pyrrolo [2,3 -
]pyrimidin-4-yl)piperidine-4-carboxamide .
4-Allyl-JV-(3-chlorophenyl)piperidine-4- carboxamide
from step B (0.142 g, 0.453 mmol), 4-chloro-5-methyl-7
-pyrrolo[2,3-<i] pyrimidine (0.075 g, 0.453 mmol),
JV,JV-diisopropylethylamine(0.236 mL, 1.35 mmol), and
isopropanol (5 mL) were combined and heated at 120 0C
overnight in a pressure vessel. The crude reaction was
dissolved in CH Cl , washed with H2O and brine, dried
over MgSO , and concentrated under vacuum. The residue
was purified by silica gel chromatography (MeOHiCH
2Cl2 gradient) to give the title compound in 61%
yield. 1 NMR (400 MHz, CD3OD) d ppm 8.19 (s, IH), 7.73
(s, IH), 7.48 (d, J=8 Hz, IH), 7.32 (t, J=8, 16 Hz,
IH), 7.14 (d, J=8 Hz, IH), 7.00 (s, IH), 5.78-5.88 (m,
IH), 5.1 1-5.16 (m, 2H), 3.91 (d, J=13.6 Hz, 2H),
3.24-3.30 (m, 2H), 2.50 (d, J=7.6 Hz, 2H), 2.45 (s,
3H), 2.41 (d, J=13.6 Hz, 2H), 1.80-1.86 (m, 2H); MS
(ES+) [M+H]+ = 410. 6.6. Example 6: Synthesis of
7V-(3-methoxyphenyl)-4-methyl-l-(5-methyl-7 Hpyrrolo
[2,3-</l pyrimidin-4-yl)piperi dine-4-carboxamide A.
Preparation of 4-methylpiperidine 4-carboxylic acid .
l-(te/t-Butoxycarbonyl)-4-
methylpiperidine-4-carboxylic acid (0.500 g, 2.06
mmol) was treated with 4 MHCl in dioxane (10 mL) for 2
hours at room temperature to afford the title compound
(0.294 g, 100%) as the hydrochloride salt. MS (ES+)
[M+H]+ = 144.0. B. Preparation of
4-methyl-l-(5-methyl-7 -pyrrolor2,3-
Üppyrimidin-4yl)-piperidine- 4-carboxylic acid . To a
solution of 4-chloro-5-methyl-7 -pyrrolo[2,3-<i]
pyrimidine (0.274 g, 1.64 mmol) in isopropanol (10 mL)
were added 4-methylpiperidine 4-carboxylic acid
hydrochloric acid from step A (0.294 g, 1.64 mmol) and
triethylamine (0.654 mL, 4.92 mmol). The reaction was
heated to 180 0C for 1 hour under microwave
conditions,concentrated, taken up with ice water, and
neutralized to pH 3 with 6 N aq. HCl to precipitate
the product. The product was collected by filtration
and dried under vacuum overnight to give the title
compound (0.42 g, 75%) as a gray solid. MS (ES+)
[M+H]+ = 275.2. C. Preparation of
A/-(3-methoxyphenyl)-4-methyl-
1-(5-methyl-7/-/-pyrrolor2,3-
]pyrimidin-4-yl)piperidine-4-carboxamide . To a
solution of 4-methyl-l-(5-methyl-7 -
pyrrolo[2,3-J]pyrimidin-4yl)-piperidine-4-carboxylic
acid from step B (0.020 g, 0.073 mmol) in DMF ( 1 mL)
were added BOP reagent (0.065 g, 0.15 mmol),
triethylamine (0.019 niL, 0.15 mmol), and
3-methoxyaniline (0.012 mL, 0.1 1 mmol). The reaction
was stirred overnight, and then concentrated under
vacuum. The residue was purified by prep HPLC to give
the title compound (0.09 1 g, 33%). 1H NMR (CD3OD): d
8.07 (IH, bs), 7.00-7.17 (3H, m), 6.89 (IH, s),
6.58-6.61 (IH, m), 3.62-3.72 (5H, m), 3.22-3.34 (2H,
m), 2.12-2.33 (5H, m), 1.62-1.71 (2H, m), 1.29 (3H,
s); MS (ES+) [M+H]+ = 380.1. 6.7. Example 7: Synthesis
of 4-methyl-l-f5-methyl-7 H-pyrrolo[2,3-
</lpyrimidin-4-yl)-7V-p-tolylpiperidine-4-carboxamide
To a solution of 4-methyl-l-(5-methyl-7
-pyrrolo[2,3-d]pyrimidin-4yl)-piperidine-4- carboxylic
acid from example 6, step B, (0.020 g, 0.073 mmol) in
DMF ( 1 mL) were added BOP reagent (0.065 g, 0.15
mmol), triethylamine (0.019 mL, 0.15 mmol), and 4-
methylaniline (0.012 mL, 0.1 1 mmol). The reaction was
stirred overnight and concentrated under vacuum. The
residue was purified by prep HPLC to give the title
compound (0.0133 g, '%>. 1U NMR (CD3OD): d 8.07 (IH,
bs), 7.31 (2H, J = 8.4 Hz, d), 7.04 (2H, J = 8.4 Hz,
d), 6.89 (IH, s), 3.68-3.73 (2H, m), 3.21-3.44 (2H,
m), 2.21-2.33 (8H, m), 1.62-1.71 (2H, m), 1.29 (3H,
s); MS (ES+) [M+H]+ = 364.2.6.8. Example 8: Synthesis
of 7V-f3-fisopropylcarbamoyl)phenyl)-4-methyl-lf5-
methyl-7 H-pyrrolo[2,3-</lPyrimidin-4-yl)piperidine-
4-carboxamide To a solution of 4-methyl-l-(5-methyl-7
-pyrrolo[2,3- i ]pyrimidin-4yl)-piperidine-4-
carboxylic acid from example 6, step B, (0.030 g, 0.1
1 mmol) in DMF ( 1 mL) were added HATU (0.042 g, 0.1 1
mmol), triethylamine (0.028 mL, 0.22 mmol) and
3-amino-JVisopropyl- benzamide (0.029 mg, 0.17 mmol).
The reaction was stirred at 50 0C for 48 hours and
concentrated under vacuum. The residue was purified by
prep HPLC to give the title compound (0.023 g, 48%).
1HNMR (CD3OD): d 8.19 (IH, s), 7.99 (IH, m), 7.7-7.72
(IH, m), 7.56-7.58 (IH, m), 7.41-7.43 (IH, J= 8 Hz and
15.6 Hz, dd), 7.00 (IH, J = 0.8 Hz, d), 4.20-4.23 (IH,
m), 3.79- 3.85 (2H, m), 3.36-3.46 (2H, m), 2.38-2.44
(5H, m), 1.76-1.83 (2H, m), 1.42 (3H, s), 1.268 (6H, J
= 6.8 Hz, d); MS (ES+) [M+H]+ = 435. 6.9. Example 9:
Synthesis of
7V-(3-tert-butylphenyl)-4-methyl-l-(5-methyl-7
Hpyrrolo \23-d]
pyrimidin-4-yl)piperidine-4-carboxamide A. Preparation
of tert-Butyl 4-(3-ter
-butylphenylcarbamoyl)-4-methylpiperidine-lcarboxylate
. To a solution of l -( r
-butoxycarbonyl)-4-methylpiperidine-4-carboxylic acid
(0.30 g, 1.2 mmol), DMF (20 drops), and pyridine (0.38
g, 4.8 mmol) in dichloroethane (10 mL) was added
oxalyl chloride (0.15 g, 1.2 mmol). The mixture was
stirred for 40 minutes, and 3-te/t-butylaniline was
added. The mixture was stirred for 1 hour, diluted
with dichloromethane, washed twice each with sat. aq.
NaHCO and 1.0 N aq. HCl, dried over MgSO , and
concentrated. Silica gel chromatography (0-2% MeOHiCH
Cl ) gave the title compound in 6 1 % yield. MS (ES+)
[M+H]+ = 375.B. Preparation of
A/-(3-fer^butylphenyl)-4-methylpiperidine-4-carboxamid
e . tert- Butyl 4-(3-ter
-butylphenylcarbamoyl)-4-methylpiperidine-l-carboxylat
e from step A (0.4 g, 1.07 mmol) was treated with HCl
(4.0 N in dioxane, 1.3 rnL, 5.34 mmol) in methanol
(5.0 mL) at 50 0C for 30 minutes. The mixture was
concentrated to give the title compound as the
hydrochloride salt in quantitative yield. MS (ES+)
[M+H]+ = 275. C. N-Q -ferf-butylphenyD-4-methyl-
1-(5-methyl-7 -pyrrolo [2,3 -<i]pyrimidin-4-
yl)piperidine-4-carboxamide . N-(3- r
-Butylphenyl)-4-methylpiperidine-4-carboxamide from
step B (0.33 g, 1.07 mmol),
4-chloro-5-methyl-7/f-pyrrolo[2,3-J]pyrimidine (0.18
g, 1.07 mmol), L,L/-diisopropylethylamine (0.69 g.
5.34 mmol), and isopropanol (7 mL) were combined in a
pressure rated sealed tube and heated at 100 0C for 18
hours. The mixture was concentrated and taken up in
dichloromethane from which a precipitate (0.18 g) was
collected. The solution was chromatographed (SiO ,
0-2% MeOHiCH 2Cl ), and the columned material (0.15 g)
was combined with the precipitate and dissolved in
methanol (15 mL) at 60 0C. Water was added (5.0 mL),
and the mixture was cooled. The resultant precipitate
was filtered, washed with water, and dried to give the
title compound in 50% 



yield. 1H NMR (400 MHz, DMSO- d6) d ppm 11.5 1 (s,
IH), 9.31 (s, IH), 8.19 (s, IH), 7.62 (s, IH), 7.59
(d, J=8.0 Hz, IH), 7.22 (t, J=8Hz and 16Hz, IH), 7.08
(d, J= 8.0 Hz, IH), 3.63- 3.68 (m, 2H), 3.28-3.33 (m,
2H), 2.36 (s, 3H), 2.25-2.29 (m, 2H), 1.63-1.68 (m,
2H), 1.31 (s, 3H), 1.27 (S, 9H); MS (ES+) [M+H]+ =
406. 6.10. Example 10: Synthesis of
4-methyl-l-f5-methyl-7 H-pyrrolo[2,3-
</lpyrimidin-4-yl)-7V-f3-foxazol-5-yl)phenyl)piperidin
e-4-carboxamide A. Preparation of tert-butyi
4-methyl-4-(3-(oxazol-5-yl)phenylcarbamoyl)-
piperidine- 1-carboxylate . To a solution of l -( r
-butoxycarbonyl)-4-methylpiperidine-4- carboxylic acid
(61.3 mg, 0.252 mmol) and pyridine (79.7 mg, 0.08 mL,
1.01 mmol) in 1,2- dichloroethane (2 mL) at 0 0C was
added DMF (1-2 drops) followed by oxalyl chloride
(31.9 mg, 0.022 mL, 0.252 mmol). The reaction was
stirred for 0.5 hour, and 3-(oxazol-5-yl)aniline (40.4
mg, 0.252 mmol) was added. The reaction was allowed to
stir for another 1.5 hours. The mixture was diluted
with ethyl acetate (10 mL), and the organics were
washed with 0.1 N HCl (2x10 mL), brine (4 mL), dried
over MgSO , filtered, and concentrated to give the
title compound, which was used in the next step
without further purification. MS (ES+) [M+H]+ = 386.2.
B. Preparation of
4-methyl-A/-(3-(oxazol-5-yl)phenyl)piperidine-4-carbox
amide . To a solution of tert-butyl
4-methyl-4-(3-(oxazol-5-yl)phenylcarbamoyl)piperidine-
lcarboxylate from step A (77.7 mg, 0.202 mmol) in
methanol (3 mL) was added HCl (4.0 N in dioxane, 0.4
mL, 1.6 mmol). The reaction was stirred for 15 hours
and then concentrated to dryness to give the title
compound as the hydrochloride salt. MS (ES+) [M+H]+ =
286.2. C. Preparation of 4-methyl- 1-(5-methyl-7
-pyrrolo [2,3 -Üppyrimidin-4-yl)--/V-(3-
(oxazol-5-yl)phenyl)piperidine-4-carboxamide . A
pressure vessel was charged with a solution of
4-methyl-L/-(3-(oxazol-5-yl)phenyl)piperidine-4-carbox
amide hydrochloride from step B (51.9 mg, 0.17 mmol)
and isopropanol (3 mL), and to this solution was added
Achloro- 5-methyl-7 -pyrrolo[2,3-d]pyrimidine (55.0
mg, 0.329 mmol) and N,Ndiisopropylethylamine (297.9
mg, 0.40 mL, 2.31 mmol). The vessel was sealed, and
the reaction was heated to 105 0C for 15 hours. The
reaction was worked up by normal means, and the
residue was purified by prep HPLC to afford the title
compound as an off-white solid. 1 NMR (400 MHz) d ppm
8.27 (s, IH), 8.18 (s, IH), 8.03 (t, J= 1.77 Hz, IH),
7.58 (ddd, J =8.08, 2.02, 1.01 Hz, IH), 7.52 (s, IH),
7.50 (dt, J =8.08, 1.26 Hz, IH), 7.43 (t, J =7.83 Hz,
IH), 7.00 (app. d, J =0.76 Hz, IH), 3.78-3.86 (m, 2H),
3.38-3.46 (m, 2H), 2.44 (d, J=0.76 Hz, 3H), 2.36-2.44
(m, 2H), 1.79 (ddd, J =13.39, 9.85, 3.54 Hz, 2H), 1.42
(s, 3H); MS (ES+) [M+H]+ = 417.2. 6.11. Example 11:
Synthesis of 4-methyl-l-f5-methyl-7 H-pyrrolo[2,3-
</lpyrimidin-4-yl)-7V-(3-sulfamoylphenyl)piperidine-4-
carboxamide A. Preparation of r -butyl
4-methyl-4-(3-sulfamoylphenylcarbamoyl)piperidine-lcar
boxylate . To a solution of l -( r
-butoxycarbonyl)-4-methylpiperidine-4-carboxylic
acid(60 mg, 0.25 mmol) in dichloroethane (2.0 mL) were
added DMF (2 drops) and pyridine (78 mg, 0.99 mmol),
followed by oxalyl chloride (31 mg, 0.25 mmol). The
mixture was stirred for 40 minutes, and
3-amino-benzenesulfonamide was added. The mixture was
heated at 50 0C for 3 hours, and the mixture was
cooled, diluted with dichloromethane, washed twice
each with sat. aq. NaHCq 3and 1.0 N aq. HCl, dried
over MgSO , and concentrated. Silica gel
chromatography (2-5% MeOHiCH 2Cl2) gave the title
compound in 40% yield. MS (ES+) [M+H]+ = 398. B.
Preparation of
4-methyl-A/-(3-sulfamoylphenyl)piperidine-4-carboxamid
e . tert- Butyl
4-methyl-4-(3-sulfamoylphenylcarbamoyl)piperidine-l-ca
rboxylate from step A (39 mg, 0.098 mmol) was treated
with HCl (4.0 N in dioxane, 98 mL, 0.39 mmol) in
methanol ( 1.0 mL) at 50 0C for 45 minutes. The
mixture was concentrated to give the title compound as
the hydrochloride salt in quantitative yield. MS (ES+)
[M+H]+ = 298. C. Preparation of 4-methyl-
1-(5-methyl-7 -pyrrolo[23- J]pyrimidin-4-yl)-iV-(3-
sulfamoylphenyl)piperidine-4-carboxamide .
4-Methyl-iV-(3-sulfamoylphenyl)piperidine-4-
carboxamide from step B (33 mg, 0.098 mmol),
4-chloro-5-methyl-7 -pyrrolo[2,3- djpyrimidine (16 mg,
0.098 mmol), JV,JV-diisopropylethylamine(51 mg, 0.39
mmol), and isopropanol (1.0 mL) were combined in a
pressure rated sealed tube and heated at 105 0C for 18
hours. The mixture was concentrated, and the residue
was purified by preparative HPLC to give the title
compound in 21% yield. 1 NMR (400 MHz, DMSO-J 6) d ppm
11.52 (s, IH), 9.72 (s, IH), 8.24 (s, IH), 8.19 (s,
IH), 7.87-7.90 (m, IH), 7.50-7.52 (m, 2H), 7.35 (s,
2H), 7.06 (s, IH), 4.09-4.13 (m, IH), 3.66-3.40 (m,
2H), 3.25-3.31 (m, 2H), 3.18 (d, J=4 Hz, 2H), 2.36 (s,
3H), 2.27-2.30 (m, 2H), 1.64-1.70 (m, 2H), 1.32 (s,
3H); MS (ES+) [M+H]+ = 429. 6.12. Example 12:
Synthesis of
7V-(3-(lH-tetrazol-5-yl)phenyl)-4-methyl-l-(5-
methyl-7H-pyrrolo[2,3-</lpyrimidin-4-yl)piperidine-4-c
arboxamide A. Preparation of tert-hutyX 4-(3-(l
-tetrazol-5-yl)phenylcarbamoyl)-4- methylpiperidine-
1-carboxylate . To a solution of
l-(te/t-butoxycarbonyl)-4-methylpiperidine-4-carboxyli
c acid (100 mg, 0.41 mmol) in dichloroethane (2.0 mL)
were added DMF (2 drops) and pyridine (0.13 g, 1.6
mmol), followed by oxalyl chloride (57 mg, 0.45 mmol).
The mixture was stirred for 40 minutes, and 3-(l
-tetrazol-5-yl)-phenylamine was added. The mixture was
stirred for 2 hours, and a pink precipitate formed.
The mixture was filtered, and the filtrate was washed
with 1.0 N aq. HCl and brine, dried over MgSO , and
concentrated to give the title compound in 70% yield.
MS (ES+) [M+H]+ = 387. B. Preparation of L/-(3-(l
-tetrazol-5-yl)phenyl)-4-methylpiperidine-4-carboxamid
e . tert-Butyl 4-(3-(l
-tetrazol-5-yl)phenylcarbamoyl)-4-methylpiperidine-
1-carboxylate from step A (0.1 1 g, 0.29 mmol) was
treated with HCl (4.0 N in dioxane, 0.36 mL, 1.45
mmol) in methanol (2.0 mL) and heated at 50 0C for 30
minutes. The mixture was concentrated to give the
title compound as the hydrochloride salt in
quantitative yield. MS (ES+) [M+H]+ = 287. C.
Preparation of -(3-(l -tetrazol-5-vOphenylV4-methyl-
1-(5-methyl-7/fpyrrolo[
23-J]pyrimidin-4-yl)piperidine-4-carboxamide .
JV-(3-(l -tetrazol-5-yl)phenyl)-4-
methylpiperidine-4-carboxamide from step B (93 mg,
0.29 mmol), 4-chloro-5-methyl-7 -
pyrrolo[2,3-J]pyrimidine (49 mg, 0.29 mmol),
JV,JV-diisopropylethylamine(0.19 g. 1.45 mmol),
isopropanol (4.0 mL), and DMSO (0.5 mL) were combined
in a pressure rated sealed tube and heated at 105 0C
for 18 hours. The mixture was concentrated, and the
residue was purified by preprative HPLC to give the
title compound in 4.3 % yield. 1H NMR (400 MHz, DMSO-
d6) d ppm 11.5 (s, IH), 9.56 (s, IH), 8.31 (s, IH),
8.19 (s, IH), 7.77 (d, J=8Hz, IH), 7.69 (d, J=8Hz,
IH), 7.40 (t, J=8 and 16 Hz, IH), 7.05 (s, IH),
3.64-3.72 (m, 2H), 2.37 (s, 3H), 2.29-2.33 (m, 2H),
1.91 (s, 2H), 1.64-1.70 (m, 2H), 1.34 (s, 3H); MS
(ES+) [M+H]+ = 418. 6.13. Example 13: Synthesis of
3-f4-methyl-l-f5-methyl-7 H-pyrrolo[2,3-
</lpyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate A. Preparation of tert-butyl
4-(3-(dimethylcarbamoyloxy)phenylcarbamoyl)-4-
methylpiperidine- 1-carboxylate . 1-( r
-Butoxycarbonyl)-4-methylpiperidine-4-carboxylic acid
(67 mg, 0.28 mmol), EDC (64 mg, 0.33 mmol), HOBT (45
mg, 0.33 mmol) anddichloroethane (2.0 mL) were
combined in a pressure rated sealed tube and stirred
for 45 min. 3-Aminophenyl dimethylcarbamate (50 mg,
0.28 mmol) was added, and the mixture was heated at 85
0C for 18 hours. The mixture was concentrated and
chromatographed (SiO , 0-2% MeOHiCH2Cl2) to give the
title compound in 50 % yield. MS (ES+) [M+H]+ = 406.
B. Preparation of
3-(4-methylpiperidine-4-carboxamido)phenyl
dimethylcarbamate . tert-Butyl
4-(3-(dimethylcarbamoyloxy)phenylcarbamoyl)-4-methylpi
peridine- 1-carboxylate from step A (56 mgs, 0.138
mmol) was treated with HCl (4.0 N in dioxane, 0.17 mL,
0.69 mmol) in methanol (2.0 mL) at 40 0C for 3 hours.
The mixture was concentrated to give the title
compound as the hydrochloride salt in quantitative
yield. MS (ES+) [M+H]+ = 306. C. Preparation of
3-(4-methyl- 1-(5-methyl-7 -pyrrolo[23- J]pyrimidin-4-
yl)piperidine-4-carboxamido)phenyl dimethylcarbamate .
3-(4-methylpiperidine-4- carboxamido)phenyl
dimethylcarbamate from step B (47 mg, 0.14 mmol)
4-chloro-5-methyl- 7/f-pyrrolo[2,3-d]pyrimidine (23
mg, 0.138 mmol), L,L/-diisopropylethylamine (54 mg,
0.41 mmol), and isopropanol ( 1.0 mL) were combined in
a pressure rated sealed tube and heated at 100 0C for
18 hours. The mixture was concentrated, and the
residue was purified by preparative HPLC to give the
title compound in 53% yield. 1H NMR (400 MHz, CD3OD) d
ppm 8.18 (s, IH), 7.50 (s, IH), 7.42-7.44 (d, J=8 Hz,
IH), 7.34 (t, J=8 and 16 Hz, IH), 7.0 (s, IH),
6.87-6.89 (m, IH), 3.79-3.85 (m, 2H), 3.37- 3.44 (m,
2H), 3.14 (s, IH), 3.01 (s, 3H), 2.44 (s, 3H),
2.36-2.40 (m, 2H), 1.75-1.81 (m, 2H), 1.40 (s, 3H); MS
(ES+) [M+H]+ = 437. 6.14. Example 14: Synthesis of
3-f4-benzyl-l-f5-methyl-7 H-pyrrolo[2,3-
</lpyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate A. Preparation of tert-butyi
4-benzyl-4-(3-(dimethylcarbamoyloxy)-
phenylcarbamoyDpiperidine- 1-carboxylate . Under an
atmosphere of N2, 4-benzyl-l-(te/tbutoxycarbonyl)
piperidine-4-carboxylic acid (0.2 g, 0.626 mmol),
pyridine (0.202 mL, 2.5 mmol), and DMF (3 drops) were
dissolved in CH2Cl2 (10 mL) and cooled in an ice bath.
To the cooled solution, oxalyl chloride (0.06 mL,
0.688 mmol) was added dropwise. Thereaction was then
removed from the ice bath and stirred at room
temperature for 30 min. The reaction was re-cooled in
an ice bath, and 3-aminophenyl dimethylcarbamate (0.1
12 g, 0.626 mmol) was added in one portion. The
reaction was stirred overnight, and then washed with 1
N aq. HCl and brine, dried over MgSO , and
concentrated under vacuum. The residue was purified by
silica gel chromatography (ethyl acetate:hexanes
gradient) to give the title compound in 54% yield. MS
(ES+) [M+NH4]+ = 500. B. Preparation of
3-(4-benzylpiperidine-4-carboxamido)phenyl
dimethylcarbamate . To a solution of tert-butyl
4-benzyl-4-(3-(dimethylcarbamoyloxy)-
phenylcarbamoyl)piperidine-l-carboxylate from step A
(0.162 g, 0.336 mmol) in MeOH (5 mL) was added 4M HCl
in dioxane ( 0.250 mL, 1.00 mmol). The reaction was
heated at 50 0C for 1 hour, and then concentrated
under vacuum, re-dissolved in MeOH and reconcentrated
twice to give the title compound as the hydrochloride
salt. MS (ES+) [M+H]+ = 382. C. Preparation of
3-(4-benzyl- 1-(5-methyl-7 -pyrrolo[2,3- i
]pyrimidin-4- yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate . 3-(4-benzylpiperidine-4-
carboxamido)phenyl dimethylcarbamate (0.140 g, 0.336
mmol) from step B, 4-chloro-5- methyl-7 -pyrrolo[2,3-
i ] pyrimidine (0.056 g, 0.336 mmol),
L/,iV-diisopropylethylamine (0.175 mL, 1.00 mmol), and
isopropanol (5 mL) were combined and heated at 120 0C
overnight in a pressure vessel. The reaction was
diluted with CH Cl , washed with H2O and brine, dried
over MgSO4, and concentrated under vacuum. The residue
was taken up in hot ethanol/H2O. Upon cooling, the
product precipitated out of solution to give the title
compound in 81% yield. 1 NMR (400 MHz, CD3OD) d ppm
8.18 (s, IH), 7.15-7.37 (m, 8H), 7.00 (s, IH),
6.88-6.91 (m, IH), 3.97 (d, J=13.6 Hz, 2H), 3.25 (t,
J=12,24 Hz, 2H), 3.14 (s, 3H), 3.02 (s, 2H), 2.96 (s,
3H), 2.40 (s, 3H), 2.40 (d, J=14.4 Hz, 2H), 1.85-1.92
(m, 2H); MS (ES+) [M+H]+ = 513.6.15. Example 15:
Synthesis of 3-(4-(benzyloxymethyl)-l-(5-methyl-7
Hpyrrolo \23-d]
pyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate A. Preparation of 1-fert-butyl
4-ethyl 4-(benzyloxymethyl)piperidine-l,4-
dicarboxylate . LDA (2.64 mL, 5.82 mmol) was added to
a solution of l-ter -butyl 4-ethyl
piperidine-l,4-dicarboxylate ( 1 g, 3.88 mmol) in THF
(35 mL) at -78 0C. The reaction was stirred for 30
min, and then BOMCl (0.6 g, 3.88 mmol) was added. The
reaction was allowed to warm to room temperature, and
then quenched with aq. NH4Cl. The aqueous layer was
extracted with EtOAc, and the organic extract was
washed with brine, dried over MgSO , and concentrated
under vacuum. The residue was purified by flash
chromatography (80 g SiO , 0-10% ethylacetate:hexanes)
to afford the title compound (0.5 g, 34%). MS (ES+)
[M+H]+ = 378. B. Preparation of 4-(benzyloxymethyl)-
1-(tert-butoxycarbonyl)piperidine-4- carboxylic acid.
1-t r t-Butyl 4-ethyl
4-(benzyloxymethyl)piperidine-l,4-dicarboxylate from 



step A (0.500 g, 1.3 mmol) was dissolved in 1N aq.
LiOH (15 mL) and THF (10 mL) and was heated at 50 0C
for 24 hours. The reaction mixture was acidified with
1N HCl and extracted with Et O. The organic extract
was washed with brine, dried over MgSO4, and
concentrated under vacuum to afford the title compound
(0.3 g, 65%). MS (ES+) [M+H]+ = 349. C. Preparation of
rt-butyl
4-(benzyloxymethyl)-4-(3-(dimethylcarbamoyloxy)-
phenylcarbamoyDpiperidine- 1-carboxylate . To a
solution of 4-(benzyloxymethyl)-l-( t
rtbutoxycarbonyl) piperidine-4-carboxylic acid from
step B (0.3 g, 0.85 mmol) in isopropyl acetate (10 mL)
was added L,L/-diisopropylethylamine (0.165 mL, 0.94
mmol) and HATU (0.94 mmol). The reaction was heated at
85 0C for 30 min, and 3-aminophenyl dimethylcarbamate
was added to the mixture. The reaction was heated at
85 0C for 2 hours, then worked up by standard
procedures. The product was isolated by flash
chromatography (40 g SiO2, 0-30% ethylacetate:hexanes)
to give the title compound (0.25 g, 57%). MS (ES+)
[M+H]+ = 512.D. Preparation of
3-(4-(benzyloxymethyl)piperidine-4-carboxamido)phenyl
dimethylcarbamate . tert-Butyi
4-(benzyloxymethyl)-4-(3-
(dimethylcarbamoyloxy)phenylcarbamoyl)piperidine-l-car
boxylate from step C (0.25 g, 0.49 mmol) was dissolved
in isopropanol, treated with 4 N HCl, and stirred for
two hours. The reaction mixture was adjusted to pH 7-8
with NaHCCh, and then extracted with Et O. The organic
extracts were concentrated under vacuum to give the
title compound (0.2 g, 100%). MS (ES+) [M+H]+ = 412.
E. Preparation of 3-(4-(benzyloxymethyl)-
1-(5-methyl-7 -pyrrolor23-<i1pyrimidin-
4-yl)piperidine-4-carboxamido)phenyl dimethylcarbamate
. To a solution of 3-(4-
(benzyloxymethyl)piperidine-4-carboxamido)phenyl
dimethylcarbamate from step D (0.2 g, 0.49 mmol) in
isopropanol (5 mL) was added
L,L/-diisopropylethylamine (0.167 mL, 0.98 mmol) and
4-chloro-5-methyl-7 -pyrrolo[2,3-d]pyrimidine (0.08 g,
0.49 mmol). The reaction was heated at 85 0C
overnight, diluted with EtOAc, washed with brine,
dried over MgSO , and concentrated under vacuum. The
residue was purified by flash chromatography (40 g
SiO2, 0-80% ethylacetate:hexanes) to give the title
compound (0.1 g, 38%). 1 NMR (400 MHz, CD3OD) d ppm
10.68 (s, IH), 8.78 (s, IH), 8.37 (s, IH), 7.33- 7.44
(m, 6H), 7.25 (t, J=8, 16 Hz, IH), 7.1 1 (d, J=8 Hz,
IH), 6.91 (s, IH), 6.86 (d, J=8 Hz, IH), 4. 62 (s,
2H), 3.65 (s, 2H), 3.62-3.75 (m, 4 H), 3.09 (s, 3H),
3.01 (s, 3H), 2.40 (s, 3H), 2.27-2.33 (m, 2H),
1.75-1.82 (m, 2H); MS (ES+) [M+H]+ = 543. 6.16.
Example 16: Synthesis of
3-(4-(hvdroxymethylM-(5-methyl-7 Hpyrrolo\ 23-d]
pyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate To a solution of
3-(4-(benzyloxymethyl)-l-(5-methyl-7
-pyrrolo[2,3-<i]pyrimidin-4-
yl)piperidine-4-carboxamido)phenyl dimethylcarbamate
from example 15, step E, (30 mg, 0.055 mmol) in THF (2
mL) was added Pd/C (10%). The reaction mixture was
stirred under H2 at 60 psi overnight. The mixture was
filtered and concentrated under vacuum. The residue
was purified by prep HPLC (30x250 mm Cl 8 column,
10-100% MeCNiH2O (10 mM NH OAc), 18 min, 45 mL/min) to
give the title compound ( 1 mg).1 NMR (400 MHz, CD3OD)
d ppm 8.18 (s, IH), 7.52 (s, IH), 7.40-7.42 (m, IH),
7.33 (t, J=8, 16 Hz, IH), 7.00 (s, IH), 6.87 (d, J=8
Hz, IH), 3.84-3.89 (m, 2H), 3.75 (s, 2H), 3.32-3.44
(m, 2H), 3.14 (s, 3H), 3.00 (s, 3H), 2.45 (s, 3H),
2.38 (d, J= 12 Hz, 2H), 1.72-1.81 (m, 2H); MS (ES+)
[M+H]+ = 453. 6.17. Example 17: Synthesis of
3-(4-(methoxymethyl)-l-(5-methyl-7 Hpyrrolo \23-d]
pyrimidin -4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate A. Preparation of 1-fert-butyl
4-ethyl 4-(methoxymethyl)piperidine-l,4- dicarboxylate
. To a solution of l-ter -butyl 4-ethyl
piperidine-l,4-dicarboxylate (1.0 g, 4.07 mmol) in THF
(20 mL) at -78 0C under nitrogen was added dropwise
LDA (1.5 M in THF, 4.0 mL, 6.10 mmol). This solution
was stirred for 1 hour at -78 0C, after which
methoxymethyl chloride (0.8 mL, 10.5 mmol) was added.
The system was allowed to warm slowly to room
temperature over 2 hours. The reaction was quenched
with aqueous NH4Cl and extracted with ethyl acetate (3
x 50 mL). The organic layer was dried over a pad of
silica gel, and the solvent removed under vacuum. The
title compound was isolated by silica gel
chromatography (5-10% ethyl acetate:hexanes) as a
clear oil (830 mg, 69% yield). MS (ES+) [M+H]+ =
302.4. B. Preparation of l-(fer
t-butoxycarbonvO-4-(methoxymethvO-piperidine-4-
carboxylic acid. To a solution of l -t rt-butyl
4-ethyl 4-(methoxymethyl)piperidine-l,4- dicarboxylate
from step A (732 mg, 2.63 mmol) in 1:2 ethanol/water
(9 mL) was added lithium hydroxide monohydrate (700
mg). The mixture was heated to 75 C for 1 hour. The
reaction was cooled to room temperature and poured
into 50 mL of sat. aq. NaHSO . The aqueous layer was
extracted with ethyl acetate (3 x 50 mL). The combined
organic layers were washed with brine, dried over
MgSO4, and concentrated under vacuum to give the title
comopund as a viscous yellow oil, which was carried on
to the next step without further purification. MS
(ES+) [M+H]+ = 274.2. C. Preparation of tert-butyl
4-(3-(dimethylcarbamoyloxy)phenylcarbamoyl)-4-
(methoxymethvDpiperidine- 1-carboxylate . To a
solution of l-( t r
t-butoxycarbonyl)-4-(methoxymethyl)-piperidine-4-carbo
xylic acid from step B (718 mg, 2.63 mmol), pyridine
(0.84 mL, 10.52 mmol), and DMF (catalytic, 3 drops) in
CH2Cl2 (13 mL) was added dropwise oxalyl chloride
(0.25 mL, 2.89 mmol, caution: exothermic). After gas
evolution subsided, the reacton was stirred at ambient
temperature for 30 minutes. 3-Aminophenyl
dimethylcarbamate (475 mg, 2.63 mmol) was added in one
portion to this solution and stirred for another 30
minutes. The reaction was quenched with saturated
aqueous NH Cl, and the aqueous layer was extracted
with ethyl acetate (3 x 50 mL). The combined organic
layers were washed with brine, dried over MgSO ,
filtered, and concentrated under vacuum. Silica gel
chromatography (50% ethyl acetate:hexanes) afforded
the title compound (1.03 g, 90% yield for two steps).
MS (ES+) [M+NH4]+ = 453.3 D. Preparation of
3-(4-(methoxymethyl)piperidine-4-carboxamido)phenyl
dimethylcarbamate . To a solution of tert-butyi
4-(3-(dimethylcarbamoyloxy)-
phenylcarbamoyl)-4-(methoxymethyl)piperidine-l-carboxy
late from step C (1.03 g, 2.37 mmol) in methanol (10
mL) was added HCl (4 M solution in dioxane, 2 mL). The
reaction was heated at 50 0C for 1 hour, and then
concentrated under vacuum to provide the title
compound as the hydrochloride salt. MS (ES+) [M+H]+ =
336.3. E. Preparation of
3-(4-(methoxymethyl)-l-(5-methyl-7 -pyrrolo[2,3- i
]pyrimidin -Ayl) piperidine-4-carboxamido)phenyl
dimethylcarbamate . To a solution of 3-(4-
(methoxymethyl)piperidine-4-carboxamido)phenyl
dimethylcarbamate, from step D, and
L/,iV-diisopropylethylamine (2 mL, 11.9 mmol) in
isopropanol (5 mL) was added 4-chloro-5- methyl-7
-pyrrolo[2,3-<i]pyrimidine (397 mg, 2.37 mmol). The
reaction mixture was heated to 110 0C in a sealed
high-pressure vial for 17 hours, during which time the
mixture became homogenous. The reaction was
concentrated under vacuum and purified by silica gel
chromatography (3-5% methanol:CH 2Cl2). The product
was washed with cold methanol to provide the title
compound as an off-white solid (462 mg, 42% yield). 1
NMR (400 MHz, DMSO-J 6) d ppm 11.50 (br. s., IH), 9.45
(s, IH), 8.18 (s, IH), 7.54-7.57 (m, IH), 7.47 (d,
J=8.84 Hz, IH), 7.29 (t, J=8.08 Hz, IH), 7.04 (s, IH),
6.81 (dd, J=8.08, 2.27 Hz, IH), 3.68-3.78 (m, 2H),
3.56 (s, 2H), 3.26 (s, 3H), 3.21 (m, 2H), 3.04 (s,
3H), 2.91 (s, 3H), 2.34 (s, 3H), 2.22-2.31 (m, 2H),
1.65-1.78 (m, 2H); MS (ES+) [M+H]+ = 467.3.6.18.
Example 18: Synthesis of
3-(4-((2-methoxyethoxy)methyl)-l-(5-methyl-
7H-pyrrolo[2,3-</lPyrimidin-4-yl)piperidine-4-carboxam
ido)phenyl dimethylcarbamate A. Preparation of
1-fert-butyl 4-ethyl
4-((2-methoxyethoxy)methy0piperidine-l,4-
dicarboxylate . To a solution of l-ter -butyl 4-ethyl
piperidine-l,4-dicarboxylate (2.0 g, 7.8 mmol) in THF
(70 mL) at -78 0C was added dropwise LDA over 8
minutes, maintaining the temperature below -75 0C. The
mixture was stirred at -78 0C for 1 hour.
1-Chloromethoxy- 2-methoxy-ethane (0.97 g. 7.8 mmol)
was added dropwise while maintaining the temperature
below -75 0C. The mixture was stirred at -78 0C for 3
hours, and then allowed to warm slowly to room
temperature overnight. The mixture was quenched with
sat. aq. NH Cl and extracted 3 times with EtOAc. The
organics were combined, washed with brine, dried over
MgSO , and concentrated. Silica gel chromatography
(10-20% ethyl acetate :hexanes) gave the title
compound in 67% yield. MS (ES+) [M+H]+ = 346. B.
Preparation of l-(ter
t-butoxycarbonyl)-4-(2-methoxyethoxy)piperidine-4-
carboxylic acid. 1-t r t-Butyl 4-ethyl
4-((2-methoxyethoxy)methyl)piperidine- 1,4-
dicarboxylate from step A (1.78 g, 5.15 mmol) was
treated with LiOH (0.62 g. 26 mmol) in ethanol (12 mL)
and water (24 mL) at 80 0C for 18 hours. The mixture
was cooled, diluted with dichloromethane, and washed
with sat. aq. NaHSO . The aqueous phase was back
extracted with dichloromethane (3x), and the organics
were combined, washed with brine, dried over MgSO4,
and concentrated to give the title compound in
quantitative yield. MS (ES+) [M+H]+ = 318. C.
Preparation of r t-butyl
4-(3-(dimethylcarbamoyloxy)phenylcarbamoyl)-4-(2-
methoxyethoxy)piperidine- 1-carboxylate . To a
solution of l-( t r t-butoxycarbonyl)-4-(2-
methoxyethoxy)piperidine-4-carboxylic acid from step B
(1.6 g, 5.1 mmol) in dichloroethane was added pyridine
(1.6 g, 20 mmol) and DMF (0.05 mL), followed by oxalyl
chloride (0.65 g, 5.1 mmol). The mixture was stirred
for 30 minutes, and then 3-aminophenyl
dimethylcarbamate (0.91 g, 5.04 mmol) was added. The
mixture was stirred for 18 hours, then diluted with
dichloromethane, washed twice with 1N aq. HCl and once
with brine, driedover MgSO , and concentrated. Silica
gel chromatography (0-5% MeOHiCH Cl ) gave the title
compound in 88% yield. MS (ES+) [M+H]+ = 480. D.
Preparation of
3-(4-(2-methoxyethoxy)piperidine-4-carboxamido)phenyl
dimethylcarbamate . tert-Butyi
4-(3-(dimethylcarbamoyloxy)phenylcarbamoyl)-4-(2-
methoxyethoxy)piperidine-l-carboxylate from step C
(2.1 g, 4.4 mmol) was treated with HCl (4.0 N in
dioxane, 5.5 niL, 22 mmol) in methanol (20 mL) at 50
0C for 30 minutes. The mixture was concentrated to
give the title compound as the hydrochloride salt in
quantitative yield. MS (ES+) [M+H]+ = 380. E.
Preparation of 3-(4-((2-methoxyethoxy)methyl)-
1-(5-methyl-7 -pyrrolo| 2,3- Ü
pyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate . 3-(4-(2-
Methoxyethoxy)piperidine-4-carboxamido)phenyl
dimethylcarbamate from step D (1.82 g, 4.38 mmol),
4-chloro-5-methyl-7/f-pyrrolo[2,3-<i]pyrimidine (0.73
g, 4.4 mmol), NJVdiisopropylethylamine (2.8 g. 22
mmol), and isopropanol (50 mL) were combined in a
pressure rated sealed tube and heated at 115 0C for 18
hours. The mixture was concentrated and
chromatographed (SiO2, 0-5% MeOHiCH 2Cl2) to give the
title compound in 6 1 % yield. 1 NMR (400 MHz, DMSO-J
6) d ppm 11.48 (s, IH), 9.43 (s, IH), 8.18 (s, IH),
7.52 (s, IH), 7.44 (d, J=8 Hz, IH), 7.30 (t, J=8 and
16 Hz, IH), 7.05 (s, IH), 6.81 (d, J=8 Hz, IH),
3.68-3.76 (m, 2H), 3.67 (s, 2H), 3.55-3.58 (m, 2H),
3.44-3.47 (m, 2H), 3.24-3.30 (m, 2H), 3.23 (s, 3H),
3.04 (s, 3H), 2.91 (s, 3H), 2.35 (s, 3H), 2.26 (d,
J=16 Hz, 2H), 1.69-1.76 (m, 2H); MS (ES+) [M+H]+ = 5
11. 6.19. Example 19: Synthesis of
3-(4-((benzyloxycarbonylamino)methyl)-l-(5-
methyl-7H-pyr rolo\23-d]pyrimidin-4-yl)piperidine-4-
carboxamido)phenyl dimethylcarbamate A. Preparation of
1- r -butyl 4-methyl 4-((benzyloxycarbonylamino)-
methvDpiperidine- 1,4-dicarboxylate . To a solution of
l-tert-buty{ 4-methyl 4-
(aminomethyl)piperidine-l,4-dicarboxylate (0.300 g,
1.1 mmol) and N,Ndiisopropylethylamine (0.229 mL, 1.32
mmol) in CH2Cl2 (5 mL) at 0 0C was added benzyl
chloroformate. The reaction was stirred overnight, and
then diluted with CH2Cl2 and washedwith H O and brine,
dried over MgSO , and concentrated under vacuum. The
residue was purified by silica gel chromatography
(EtOAc:hexanes gradient) to give the title compound in
82% yield. MS (ES+) [M+H]+ = 407. B. Preparation of
4-((benzyloxycarbonylamino)methyl)-l-(ferfbutoxycarbon
yl) 



piperidine-4-carboxylic acid . To a solution of
l-tert-buty\ 4-methyl 4-
((benzyloxycarbonylamino)methyl)piperidine-l,4-dicarbo
xylate from step A in methanol (5 mL) was added 1N aq.
NaOH (0.615 mL, 0.615 mmol). The reaction was heated
at 50 0C overnight, acidified to pH 5 with 1N aq. HCl,
and extracted 3x with CH2Cl . The combined organic
extracts were washed with brine, dried over Na2SO ,
and concentrated under vacuum to give the title
compound, which was carried on crude. MS (ES+) [M+H]+
= 393. C. Preparation of tert-butyi
4-((benzyloxycarbonylamino)methyl)-4-(3-
(dimethylcarbamoyloxy)phenylcarbamoyl)piperidine-l-car
boxylate . Under an atmosphere of N2,
4-((benzyloxycarbonylamino)methyl)- 1-( r
-butoxycarbonyl)piperidine-4-carboxylic acid (0.240 g,
0.61 1 mmol) from step B, pyridine (0.197 mL, 2.44
mmol) and DMF (3 drops) were dissolved in CH2Cl2 (10
mL) and cooled in an ice bath. Oxalyl chloride (0.064
mL, 0.733 mmol) was added dropwise to the solution.
The reaction was then removed from the ice bath and
stirred at room temperature for 30 minutes. The
reaction was re-cooled in an ice bath, and
3-aminophenyl dimethylcarbamate (0.1 1O g, 0.61 1
mmol) was added in one portion. The reaction was
stirred overnight, and then washed 1N aq. HCl and
brine, dried over MgSO4, and concentrated under
vacuum. The residue was purified by silica gel
chromatography (ethyl acetate:hexanes gradient) to
give the title compound in 72% yield. MS (ES+)
[M+NH4]+ = 573. D. Preparation of
3-(4-((benzyloxycarbonylamino)methyl)piperidine-4-
carboxamido)phenyl dimethylcarbamate . To a solution
of tert-butyl A-
((benzyloxycarbonylamino)methyl)-4-(3-(dimethylcarbamo
yloxy)phenylcarbamoyl)- piperidine-1-carboxylate from
step C (0.245 g, 0.441 mmol) in MeOH (2 mL) was added
4 M HCl in dioxane (0.331 mL, 1.32 mmol). The reaction
was heated at 50 0C for 1 hour, and then concentrated
under vacuum, re-dissolved in MeOH and re-concentrated
twice to give the title compound as the hydrochloride
salt. MS (ES+) [M+H]+ = 455. E. Preparation of
3-(4-((benzyloxycarbonylamino)methyl)- 1-(5-methyl-7 -
pyrrolo[23-J]pyrimidin-4-yl)piperidine-4-carboxamido)p
henyl dimethylcarbamate . 3-(4-
((Benzyloxycarbonylamino)methyl)piperidine-4-carboxami
do)phenyl dimethylcarbamate (0.216 g, 0.441 mmol) from
step D, 4-chloro-5-methyl-7/f-pyrrolo[2,3-J]
pyrimidine (0.073 g, 0.441 mmol),
L,L/-diisopropylethylamine (0.230 mL, 1.32 mmol), and
isopropanol (5 mL)were combined and heated at 120 0C
overnight in a pressure vessel. The crude reaction was
diluted with CH Cl and washed with H2O and brine,
dried over MgSO , and concentrated under vacuum. The
residue was purified by silica gel chromatography
(MeOHiCH 2Cl2 gradient) to give the title compound in
54% yield. 1H NMR (400 MHz, CD3OD) d ppm 8.18 (s, IH),
7.49 (s, IH), 7.40 (d, J=8 Hz, IH), 7.26-7.34 (m, 6H),
7.00 (s, IH), 6.89 (d, J=8 Hz, IH), 5.06 (s, 2H), 3.92
(d, J=13.2 Hz, 2H), 3.50 (s, 2H), 3.28-3.37 (m, 2H),
3.1 (s, 3H), 2.99 (s, 3H), 2.43 (s, 3H), 2.40 (d, J=12
Hz, 2H), 1.79 (t, J=10.6, 21.2 Hz, 2H); MS (ES+)
[M+H]+ = 586. 6.20. Example 20: Synthesis of
3-(4-(aminomethyl)-l-(5-methyl-7 Hpyrrolo [2,3-</l
pyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate
3-(4-((Benzyloxycarbonylamino)methyl)-l-(5-methyl-7
-pyrrolo[2,3- i ]pyrimidin-4-
yl)piperidine-4-carboxamido)phenyl dimethylcarbamate
(0.140 g, 0.239 mmol) from example 19, step E, Pd/C
(10% Pd/C, Pearlman), and methanol (5 mL) were
combined and hydrogenated overnight at 1 atmosphere.
The reaction was filtered through celite, concentrated
under vacuum, and purified by neutral phase prep-HPLC
to give the title compound as the acetate salt in 52%
yield. 1 NMR (400 MHz, D2O) d ppm 7.90 (s, IH), 7.30
(t, J=8, 6 Hz, IH), 7.18-7.19 (m, 2H), 6.84-6.88 (m,
IH), 3.48 (d, J= 13.6 Hz, 2H), 3.20 (s, 2H), 3.08 (t,
J=10.8, 21.6 Hz, 2H), 2.96 (s, 3H), 2.83 (s, 3H), 2.27
(d, J=14.4 Hz, 2H), 2.1 1 (s, 3H), 1.72 (t, J=IO, 20
Hz, 2H); MS (ES+) [M+H]+ = 452.6.21. Example 21:
Synthesis of 3-(4-((dimethylamino)methvn-l-(5-methyl-7
Hpyrrolo \23-d]
pyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate To a solution of the acetate salt of
3-(4-(aminomethyl)-l-(5-methyl-7 -pyrrolo[2,3-
<i]pyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate from example 20 (14 mg, 0.027 mmol),
acetic acid (6.2 ml, 0.1 1 mmol), and NaBH 3CN (2.1
mg, 0.034 mmol) was added formaldehyde (37% in H O, 48
ml, 0.064 mmol). The reaction was stirred overnight,
then concentrated, and the residue was purified by
prep HPLC (30x100 mm Cl 8 column, 5- 70% MeCNiH 2O (10
mM NH4OAc), 12 min, 45 mL/min.) and lyophilized to
give the title compound (8 mg, 0.014 mmol, 57%) as the
acetate salt. 1H NMR (400 MHz, CD3OD) d ppm 8.18 (s, 1
H), 7.51 (t, J=2.02 Hz, 1 H), 7.37 - 7.42 (m, 1 H),
7.34 (t, J=8.08 Hz, 1 H), 7.00 (s, 1 H), 6.85 - 6.91
(m, 1 H), 3.89 (d, J=13.64 Hz, 2 H), 3.38 - 3.48 (m, 2
H), 3.14 (s, 3 H), 3.01 (s, 3 H), 2.72 (s, 2 H),
2.36-2.45 (m, 11 H), 1.79 (ddd, J=13.71, 10.42, 3.41
Hz, 2 H); MS (ES+) [M+H]+ = 480. 6.22. Example 22:
Synthesis of 3-(4-(2-(dimethylaminokthvn-l-(5-methyl-7
Hpyrrolo [2,3-</l
pyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate A. Preparation of 1- r -butyl
4-ethyl 4-(2-(dimethylamino)ethyl)piperidine-l,4-
dicarboxylate . To a solution of l-tert-buty{ 4-ethyl
piperidine-l,4-dicarboxylate (514 mg, 2 mmol) in THF
(10 mL) at -78 0C was added dropwise LDA (1.5 Min
cyclohexane, 2 mL, 3 mmol). After stirring for 30
minutes, 2-bromo- L,L/-dimethylethanamine (370 mg, 2.4
mmol) in THF (3 mL) was added. The reaction was
stirred for 30 min at -78 0C, then allowed towarm to
room temperature, stirred for 2 hours, then quenched
with sat. aq. NaHCq 3, diluted with EtOAc, washed with
sat. aq. NaHCO and brine (with back extraction), dried
over MgSO , and concentrated under vacuum. The residue
was purified by flash chromatography (40 g SiO2, 0-15%
MeOHiCH2Cl2) to give the title compound (328 mg, 1.0
mmol, 50%) as a yellow oil. MS (ES+) [M+H]+ = 329. B.
Preparation of l-(ter
-butoxycarbonyl)-4-(2-(dimethylamino)ethyl)piperidine-
4- carboxylic acid. 1-tert-Butyl 4-ethyl
4-(2-(dimethylamino)ethyl)piperidine-
1,4-dicarboxylate from step A (328 mg, 1.0 mmol) was
treated overnight with lithium hyrdroxide monohydrate
(210 mg, 5 mmol) in 1:1 EtOH:H2O (5 mL) at 60 0C. The
reaction was cooled to room temperature, neutralized
to pH 6 with 1N aq. HCl, and concentrated under
vacuum. The residue was purified by prep HPLC and
lyophilized twice to give the title compound (191 mg,
64%) as a white solid. MS (ES+) [M+H]+ = 301. C.
Preparation of rt-butyl
4-(2-(dimethylamino)ethyl)-4-(3-
(dimethylcarbamoyloxy)phenylcarbamoyl)piperidine-l-car
boxylate . \-{tert-
Butoxycarbonyl)-4-(2-(dimethylamino)ethyl)piperidine-4
-carboxylic acid from step B (100 mg, 0.33 mmol), HATU
(175 mg, 0.46 mmol), and V,V-diisopropylethylamine
(0.1 16 mL, 0.67 mmol) were stirred in isopropyl
acetate for 10 minutes. 3-aminophenyl
dimethylcarbamate (90 mg, 0.5 mmol) was added, and the
reaction was stirred at 85 0C for 2 hours, cooled to
room temperature, stirred overnight, and then diluted
with EtOAc, washed with sat. aq. Na2CO and brine (with
back extraction), dried over MgSO , filtered, and
concentrated under vacuum, to give the title compound
as a viscous oil. MS (ES+) [M+H]+ = 463. D.
Preparation of
3-(4-(2-(dimethylamino)ethyl)piperidine-4-carboxamido)
phenyl dimethylcarbamate . Crude r -butyl
4-(2-(dimethylamino)ethyl)-4-(3-
(dimethylcarbamoyloxy)phenylcarbamoyl)piperidine-l-car
boxylate from step C was treated with 1:1 TFAiCH2Cl2 (
1.5 mL) for 45 min. The reaction was concentrated
under vacuum, and the residue was purified by prep
HPLC (30x100 mm C18 column, 0-50% MeOHiH2O (0.1% TFA),
12 min., 45 mL/min.) and lyophized to give impure
title compound (173 mg) as the TFA salt. MS (ES+)
[M+H]+ = 363. E. Preparation of
3-(4-(2-(dimethylamino)ethv0-
1-(5-methyl-7/f-pyrrolor2.3-
]pyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate . Impure 3-(4-(2-
(dimethylamino)ethyl)piperidine-4-carboxamido)phenyl
dimethylcarbamate from step D (173 mg) was combined
with 4-chloro-5-methyl-7 -pyrrolo[2,3-<i]pyrimidine
(50 mg, 0.30 mmol) and L,L/-diisopropylethylamine
(0.174 mL, 5 mmol) in isobutanol (0.4 mL) and heated
at 1100C for 7 hours. The reaction was cooled to room
temperature and concentrated under vacuum. The residue
was purified by prep HPLC (30x100 mm C18 column,
10-70% MeCNiH2O (10 mM NH4OAc), 12 min, 45 niL/min)
and lyophilized to give the title compound (60 mg) as
the di-acetate salt. 1H NMR (400 MHz, CD3OD) d ppm
8.19 (s, 1 H), 7.52 (t, J=2.15 Hz, 1 H), 7.44 (d,
J=8.08 Hz, 1 H), 7.35 (t, J=8.08 Hz, 1 H), 7.01 (s, 1
H), 6.91 (dd, J=7.58, 1.77 Hz, 1 H), 3.91 (d, J=13.64
Hz, 2 H), 3.37-3.30 (m, 2 H), 3.14 (s, 3 H), 3.01 (s,
3 H), 2.75 - 2.82 (m, 2 H), 2.58 (s, 6 H), 2.43 - 2.47
(m, 5 H), 2.00 - 2.08 (m, 2 H), 1.79 - 1.89 (m, 2 H);
MS (ES+) [M+H]+ = 494. 6.23. Example 23: Synthesis of
3-(4-(q -imidazol-4-yl)methyl)-l-(5-methyl- 7H-pyrrolo
[2,3-</lPyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate A. Preparation of 1-fert-butyl
4-ethyl 4-((l-trityl-l -imidazol-4-yl) methyl)
piperidine- 1,4-dicarboxylate . To a solution of l-ter
-butyl 4-ethyl piperidine- 1,4- dicarboxylate (360 mg,
1.39 mmol) in anhydrous THF (10 mL) at -78 0C was
added LDA (1.7 Min THF, 1.07 mL, 1.8 mmol) dropwise
over 10 min. The reaction mixture was stirred at -78
0C for 1 hour, and 4-(chloromethyl)-l-trityl-l
H-imidazole (500 mg, 13.9 mmol) in THF (5 mL) was
added slowly. The reaction mixture was allowed to warm
to room temperature over 1 hour, quenched with sat.
aq. NH Cl (10 mL), and extracted with EtOAc (3x20 mL).
The combined organic extracts were washed with brine,
dried over Na2SO4, filtered, and concentrated under
vacuum. Purification by silica gel chromatography
(10-50% EtOAc:Hexanes) afforded the title compound
(403 mg, 51%). MS (ES+) [M+H]+ = 580.3. B. Preparation
of 1-(t rt-butoxycarbonyl)-4-(( 1-trityl-
lH-imidazol-4-yl) methvDpiperidine-4-carboxylic acid.
To a solution of l -t r t-butyl 4-ethyl 4-((l -trityl-
IHimidazol- 4-yl) methyl) piperidine-
1,4-dicarboxylate from step A (330 mg, 0.57 mmol) in
1:1:2 THF:MeOH:H 2O (10 mL) was added LiOH (136 mg,
5.7 mmol). The mixture was refluxed until LCMS showed
complete conversion to product, then concentrated
undervacuum, dissolved in water (3 mL), neutralized to
pH 5-6 with aq. NaHSO , and extracted with ethyl
acetate (3x10 mL). The combined organic phases were
washed with brine, dried over Na SO , and concentrated
under vacuum to give the title compound (273 mg, 86%).
MS (ES+) [M+H]+ = 552.2. C. Preparation of tert-butg
4-(3-(dimethylcarbamoyloxy)phenylcarbamoyl)-4-((ltrity
l- l -imidazol-4-yl)methyl)piperidine-l-carboxylate .
To a solution of \-{tertbutoxycarbonyl)-
4-((l-trityl-l -imidazol-4-yl)
methyl)piperidine-4-carboxylic acid from step B (270
mg, 0.6 mmol) in isopropyl acetate (5 mL) were added
HATU (273 mg, 0.73 mmol) and
L,L/-diisopropylethylamine (205 mL, 1.2 mmol). The
mixture was stirred for 5 min, and 3-aminophenyl
dimethylcarbamate (108 mg, 0.6 mmol) was added. The
resulting mixture was heated at 90 0C for 2 hours. The
reaction mixture was diluted with EtOAc (10 mL),
washed with aqueous NaHCO and brine, dried over
Na2SO4, filtered, and concentrated under vacuum. The
residue was purified by silica gel chromatography
(10-70% EtOAc:Hexanes) to afford the title compound
(185 mg, 43%). MS (ES+) [M+H]+ = 714.2. D. Preparation
of 3-(4-((l
-imidazol-4-yl)methyl)piperidine-4-carboxamido) phenyl
dimethylcarbamate . To a solution of tert-hvXy\
4-(3-(dimethylcarbamoyloxy)-
phenylcarbamoyl)-4-((l-trityl-l
-imidazol-4-yl)methyl)piperidine-l-carboxylate from
step C (180 mg) in MeOH (5 mL) was added HCl ( 1 N in
dioxane, 1 mL). The reaction was heated at 60 0C for 1
hour, and then concentrated under vacuum. The residue
was dissolved in EtOAc (5 mL), washed with aq. NaHCO
and brine, dried over Na2SO4, filtered, and
concentrated under vacuum to produce the title
compound (84 mg, 93%). MS (ES+) [M+H]+ = 372.2. E.
Preparation of 3-(4-((l/f-imidazol-4-v
pmethvp-l-(5-methyl-7/f-pyrrolo [2.3-
J1pyrimidin-4-v0piperidine-4-carboxamido)phenyl
dimethylcarbamate . 3-(4-((l
-imidazol-4-yl)methyl)piperidine-4-carboxamido) phenyl
dimethylcarbamate from 



step D (10 mg, 0.027 mmol), 4-chloro-5-methyl-7
-pyrrolo[2,3-d]pyrimidine (5 mg, 0.03 mmol), and
V,V-diisopropylethylamine (23 mL, 0.135 mmol) were
combined in isopropanol (0.5 mL). The resulting
mixture was heated at 100 0C in a sealed pressure tube
for 24 hours. The reaction mixture was cooled and
concentrated under vacuum. The residue was purified by
prep HPLC (10-95 % MeOHiH2O with 0.1% HCOOH), then
treated with AcOH in H2O and lyophilized to give the
title compound (5.7 mg, 42%) as the acetate salt. 1
NMR (400 MHz, CD3OD) d ppm 8.17 (s, 1 H), 7.61 (s, 1
H), 7.42 - 7.45 (m, 1 H), 7.31 - 7.39 (m, 2 H), 6.99 -
7.01 (m, 1 H), 6.87 - 6.91 (m, 1 H), 6.79 (s, 1 H),
3.90 - 3.98 (m,2 H), 3.14 (s, 3 H), 3.02 (br. s., 2
H), 3.01 (s, 3 H), 2.44 (d, J=LOl Hz, 3 H), 2.36 -
2.43 (m, 2 H), 1.94 (s, 3 H), 1.83 - 1.93 (m, 4 H); MS
(ES+) [M+H]+ = 503.3. 6.24. Example 24: Synthesis of
3-(4-(benzyloxy)-l-(5-methyl-7 H-pyrrolor2.,3-
</lPyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethvlcarbamate A. Preparation of l-tert-butyi
4-methyl 4-hvdroxypiperidine-l,4-dicarboxylate . To a
solution of methyl 4-hydroxypiperidine-4-carboxylate
(prepared as described in U.S. patent application no.
2005/0080095 to Zheng et al, filed on April 14, 2005)
(792 mg, 4.98 mmol) and triethylamine (1.04 mL, 7.47
mmol) in dichloromethane (25 mL) was added
Üi-tert-hvXyl dicarbonate ( 1.26 mL, 5.48 mmol).
Reaction progress was monitored by TLC analysis/ELSD.
Upon completion, volatiles were removed under vacuum.
Silica gel chromatography (0-10% MeOHiCH Cl ) provided
the title compound as a clear oil (1.25 g, 99% yield).
MS (ES+) [M+H]+ = 250.2. B. Preparation of
1-ferf-butyl 4-methyl
4-(benzyloxy)piperidine-L4-dicarboxylate . To a
solution of \-tert-hvXy\ 4-methyl
4-hydroxypiperidine-l,4-dicarboxylate from step A (535
mg, 2.06 mmol) in DMF (8.2 mL) was carefully added
sodium hydride (60% dispersion in mineral oil, 124 mg,
3.09 mmol). The mixture was stirred for 30 minutes at
room temperature. Benzyl bromide (0.29 mL, 2.47 mmol)
was added, and the reaction was stirred for another 30
minutes. Upon completion as monitored by TLC analysis,
the reaction was quenched with 50 mL of 1:1 saturated
aq. NH4Cl:water. The aqueous layer was extracted with
ethyl acetate (3 x 50 mL). The combined organic layers
were washed with brine, dried with MgSO , and
concentrated under vacuum. Silica gel chromatography
(5-10% ethyl acetate :hexanes) provided the title
compound as a clear oil (359 mg, 54% yield). MS (ES+)
[M+H]+=340.3. C. Preparation of l-(ter
-butoxycarbonyl)-4-(benzyloxy)-piperidine-4-carboxylic
acid . To a solution of \-tert-hvXy\ 4-methyl
4-(benzyloxy)piperidine-l,4-dicarboxylate from step B
(350 mg, 1.00 mmol) in 1:2 methanol/water (6 mL) was
added lithium hydroxide monohydrate (200 mg). The
mixture was heated to 60 C for 30 min, and then cooled
toroom temperature and poured onto saturated aqueous
NaHSO (25 mL). The aqueous layer was extracted with
ethyl acetate (3 x 25 mL). The combined organic layers
were washed with brine, dried with MgSO , and
concentrated under vacuum to give the title compound
as a viscous oil, which was carried on to the next
step without further purification. D. Preparation of
rt-butyl
4-(benzyloxy)-4-(3-(dimethylcarbamoyloxy)phenylcarbamo
yDpiperidine- 1-carboxylate . To a solution of l-( t r
t-butoxycarbonyl)-4-
(benzyloxy)-piperidine-4-carboxylic acid from step C
(335 mg, 1.00 mmol), pyridine (0.43 mL, 5.40 mmol),
and DMF (catalytic, 3 drops) in CH2Cl2 (6.8 mL) was
added dropwise oxalyl chloride (0.13 mL, 1.49 mmol,
caution: exothermic). After gas evolution subsided,
the reacton was stirred at ambient temperature for 30
minutes. 3-Aminophenyl dimethylcarbamate (244 mg, 1.35
mmol) was added in one portion to this solution, which
was stirred for another 30 minutes. The reaction was
quenched with saturated aqueous NH4Cl, and the aqueous
layer was extracted with ethyl acetate (3 x 50 mL).
The combined organic layers were washed with brine,
dried with MgSO4, filtered, and concentrated under
vacuum. Silica gel chromatography (40% ethyl
acetate:hexanes) afforded the title compound as a
white solid (406 mg, 82% yield. MS (ES+) [M+NH4]+ =
515.4. E. Preparation of
3-(4-(benzyloxy)piperidine-4-carboxamido)phenyl
dimethyl carbamate . To a solution of r -butyl
4-(benzyloxy)-4-(3-(dimethylcarbamoyloxy)-phenylcarbam
oyl) piperidine-l -carboxylate from step D (400 mg,
0.804 mmol) in methanol (4 mL) was added HCl (4 M
solution in dioxane, 0.8 mL). The reaction was heated
at 50 C for 1 hour, and then concentrated under vacuum
to provide the title compound as the hydrochloride
salt. MS (ES+) [M+H]+= 398.4. F. Preparation of
3-(4-(benzyloxy)- 1-(5-methyl-7
-pyrrolor23-</|pyrimidin-4-
yl)piperidine-4-carboxamido)phenyl dimethylcarbamate .
To a solution of 3-(4-
(benzyloxy)piperidine-4-carboxamido)phenyl
dimethylcarbamate, from step E, and
NJSfdiisopropylethylamine (0.7 mL, 4.02 mmol) in
isopropanol (1.6 mL) was added 4-chloro-5- methyl-7
-pyrrolo[2,3-<i]pyrimidine (135 mg, 0.804 mmol). The
reaction mixture was heated to 110 C in a sealed
high-pressure vial for 17 hours, during which time the
mixture became homogenous. The reaction was
concentrated under vacuum, and half of the material
was purified by prep HPLC (30 x 100 mm C18 column,
20-100% acetonitrile: water (10 mM ammonium acetate),
15 min, 45 mL/min) to afford the title compound (33.4
mg) as a white solid. 1 NMR (400 MHz, CD3OD) d ppm
9.71-9.74 (br. s., IH), 8.22 (s, IH), 7.51 (app q, J
=I. 85 Hz, IH), 7.44-7.49 (m, 2H), 7.29-7.42 (m, 5H),
7.03 (d, J =LOl Hz, IH), 6.89 (ddd,J=7.83, 2.27, 1.26
Hz, IH), 4.54 (s, 2H), 3.91-3.99 (m, 2H), 3.45-3.54
(m, 2H), 3.14 (s, 3H), 3.01 (s, 3H), 2.46 (d, J=LOl
Hz, 3H), 2.22-2.36 (m, 4H); MS (ES+) [M+H]+ = 529.3.
6.25. Example 25: Synthesis of
3-f4-hvdroxy-l-f5-methyl-7 H-pyrrolo[2,3-
</lPyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethvlcarbamate Crude 3-(4-(benzyloxy)-
1-(5-methyl-7
-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamido)phenyl dimethylcarbamate from example 24,
step F (85% pure, approximately 80 mg) was taken up in
methanol (2 mL), and a catalytic amount of Pearlman's
catalyst was added. The system was hydrogenated at 60
psi for 24 hours, after which a small amount of
product was observed. Trifluoroacetic acid (0. 1 mL)
was added, and the hydrogenation was continued at 60
psi H for 3 days, after which the reaction was
approximately one third of the way completed. The
reaction was filtered, and the product was isolated by
prep HPLC (30 x 100 mm Cl 8 column, 10-100%
acetonitrile: water (10 mM ammonium acetate), 15 min,
45 mL/min) to afford the title compound (9.6 mg) as a
white solid. 1H NMR (400 MHz, CD3OD) d ppm 8.20 (s,
IH), 7.55 (t, J =2.02 Hz, IH), 7.44 (ddd, J =8.08,
2.02, 1.01 Hz, IH), 7.33 (t, J =8.08 Hz, IH), 6.99
(app. d., J=LOl Hz, IH), 6.87 (ddd, J =8.08, 2.27,
0.76 Hz, IH), 3.95-4.03 (m, 2H), 3.73 (s, 3H), 3.41
(dt, J=12.63, 2.27 Hz, 2H), 3.13-3.26 (m, 2H), 3.12
(s, 3H), 2.99 (s, 3H), 2.44 (d, J =0.76 Hz, 3H), 2.36
(dt, J = 13. 39, 4.29 Hz, 2H), 1.75-1.83 (m, 2H). MS
(ES+) [M+H]+ = 439.3. 6.26. Example 26: Synthesis of
3-(4-(2-methoxyethoxy)-l-(5-methyl-7 Hpyrrolo \23-d]
pyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamateA. Preparation of 1-tert-butyi
4-methyl 4-(2-methoxyethoxy)piperidine-
1Adicarboxylate . To a solution of l-tert-buty{
4-methyl 4-hydroxypiperidine-l,4-dicarboxylate (360
mg, 1.39 mmol) in DMF (5.6 rnL) was carefully added
sodium hydride (60% dispersion in mineral oil, 84 mg,
2.08 mmol). The mixture was stirred for 30 minutes at
room temperature. l-Chloro-2-methoxy ethane (0.38 mL,
4.17 mmol) was added, and the reaction was stirred at
60 C for 72 hours. The reaction was quenched with 25
mL of water. The aqueous layer was extracted with
ethyl acetate (3 x 25 mL). The combined organic layers
were washed with brine, dried with MgSO , and
concentrated under vacuum. Silica gel chromatography
(20-35% ethyl acetate:hexanes) provided the title
compound and starting material as a mixture that was
carried forward (150 mg, 1:2 productstarting
material). B. Preparation of l-(ter
-butoxycarbonyl)-4-(2-methoxyethoxy)piperidine-4-
carboxylic acid. The product mixture from step A (150
mg) was taken up in 1:2 methanol: water (3 mL).
Lithium hydroxide monohydrate (150 mg) was added, and
the mixture was heated to 60 C for 2 hours. The
reaction was cooled to room temperature and poured
onto saturated aqueous NaHSO (25 mL). The aqueous
layer was extracted with ethyl acetate (3 x 25 mL).
The combined organic layers were washed with brine,
dried with MgSO4, and concentrated under vacuum to
give a 2:1 mixture of l-(te/t-butoxycarbonyl)-4-
hydroxypiperidine-4-carboxylic acid and
l-(ter£-butoxycarbonyl)-4-(2-
methoxyethoxy)piperidine-4-carboxylic acid,
respectively, as a viscous oil, which was carried on
to the next step without further purification. MS
(ES+) [M+H]+ = 304.2. C. Preparation of tert-butg
4-(3-(dimethylcarbamoyloxy)phenylcarbamoyl)-4-(2-
methoxyethoxy)piperidine- 1-carboxylate . To a
solution of carboxylic acids from step B, pyridine
(0.2 mL, 2.48 mmol), and DMF (catalytic, 2 drops) in
CH2Cl2 (3.1 mL) was added dropwise oxalyl chloride (60
mL, 0.68 mmol, caution: exothermic). After gas
evolution subsided, the reacton was stirred at ambient
temperature for 30 minutes. 3-Aminophenyl
dimethylcarbamate ( 112 mg, 0.62 mmol) was added in
one portion to this solution, which was stirred for
another 30 minutes. The reaction was quenched with
saturated aq. NH4Cl, and the aqueous layer was
extracted with ethyl acetate (3 x 50 mL). The combined
organic layers were washed with brine, dried with
MgSO4, filtered, and concentrated under vacuum. Silica
gel chromatography (80% ethyl acetate :hexanes)
afforded the title compound as an off-white solid (150
mg). MS (ES+) [M+CH3CN]+ = 529.3. D. Preparation of
3-(4-(2-methoxyethoxy)piperidine-4-carboxamido)phenyl
dimethylcarbamate . To a solution of tert-butyi
4-(3-(dimethylcarbamoyloxy)-
phenylcarbamoyl)-4-(2-methoxyethoxy)-piperidine-l
-carboxylate from step C (150 mg,0.322 mmol) in
methanol (2 mL) was added HCl (4 M solution in
dioxane, 0.3 mL). The reaction was heated at 50 0C for
1 hour, and then concentrated under vacuum to provide
the title compound as the hydrochloride salt. MS (ES+)
[M+H]+ = 366.3. E. Preparation of
3-(4-(2-methoxylethoxy)- 1-(5-methyl-7 -pyrrolo[23-
J]pyrimidin- 4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate . To a solution of 3-(4-(2-
methoxyethoxy)piperidine-4-carboxamido)phenyl
dimethylcarbamate from step D, and
N,Ndiisopropylethylamine (0.28 mL, 1.6 mmol) in
isopropanol (1.0 mL) was added 4-chloro-5- methyl-7
-pyrrolo[2,3-<i]pyrimidine (55 mg, 0.322 mmol). The
reaction mixture was heated to 110 0C in a sealed
high-pressure vial for 17 h, during which time the
mixture became homogenous. The mixture was
concentrated under vacuum and purified by prep HPLC
(30 x 100mm C18 column, 5-100% acetonitrile: water (10
mM NH4OAc), 15 min, 45 mL/min) to afford the title
compound (17.4 mg) as a white solid. 1H NMR (400 MHz,
CD3OD) d ppm 8.20 (s, IH), 7.51 (t, J=2.02 Hz, IH),
7.40 (ddd, J =8.08, 2.02, 1.01 Hz, IH), 7.33 (t, J
=8.08 Hz, IH), 6.98-7.02 (m, IH), 6.89 (ddd, J=7.83,
2.27, 1.01 Hz, IH), 3.92-4.01 (m, 2H), 3.69 (br. s.,
4H), 3.51 (s, 3H), 3.29 - 3.38 (m, 2H), 3.12 (s, 3H),
2.99 (s, 3H), 2.43 (d, J=LOl Hz, 3H), 2.31 (dt, J
=13.64, 4.29 Hz, 2H), 1.97- 2.07 (m, 2H). MS (ES+)
[M+H]+ = 497.3. 6.27. Example 27: Synthesis of
3-f4-amino-l-f5-methyl-7 H-pyrrolo[2,3-
</lPyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethvlcarbamate A. Preparation of tert-butyi
4-(tert-butoxycarbonylamino)-4-(3-
(dimethylcarbamoyloxy)phenylcarbamoyl)piperidine-l-car
boxylate . 7V-Boc-amino-(4-7VBoc- piperidinyl)
carboxylic acid (0.114 g, 0.33 mmol), HATU (0.151 g,
0.40 mmol) and L/,iV-diisopropylethylamine (128 mg,
1.0 mmol) were combined in isopropyl acetate (2.3 mL)
and stirred at room temperature for 15 minutes.
3-aminophenyl dimethylcarbamate (0.072 g, 0.40 mmol)
was added, and the mixture heated at 80 0C for 1.5
hours. The reaction mixture was allowed to cool,
diluted with EtOAc, washed with 2 N Na2CO , 1N HCl,
and brine, and then dried over MgSO and concentrated.
Purification by silica gel chromatography
(60%EtOAc/hexanes) gave the title compound (0.075 g,
45%) as a white solid. MS (ES+) [M+NH4]+ = 524. B.
Preparation of
3-(4-aminopiperidine-4-carboxamido)phenyl
dimethylcarbamate . To a solution of tert-butyi
4-(ter£-butoxycarbonylamino)-4-(3-
(dimethylcarbamoyloxy)phenylcarbamoyl)piperidine-l-car
boxylate from step A (0.141 g, 0.28 mmol) in MeOH (2
mL) was added HCl (4 N in dioxane, 0.21 mL, 0.84
mmol). The mixture was stirred at room temperature for
14 hours. Further eqivalents of HCl/dioxane were added
at this time, and the mixture stirred for a further 24
hours at room temperature. The solvent was removed
under vacuum to afford the title compound (0.084 g,
98%), which was 



carried on crude. MS (ES+) [M+H]+ = 307. C.
Preparation of 3-(4-amino4-(5-methyl-7
-pyrrolor23-J1pyrimidin-4-
yl)piperidine-4-carboxamido)phenyl dimethylcarbamate .
3-(4-aminopiperidine-4- carboxamido)phenyl
dimethylcarbamate from step B (0.109 g, 0.36mmol),
4-chloro-5- methyl-7/f-pyrrolo[2,3-J]pyrimidine (0.060
g, 0.36 mmol), and JV,iV-diisopropylethylamine (0.277
g, 2.14 mmol) were combined in isopropanol (5 mL) and
heated in a sealed tube at 120 0C for 18 hours. The
mixture was concentrated, and the residue was
purification by silica gel chromatography (0-10%
MeOH/CH 2Cl2) to afford the title compound (0.085 g,
55%) as a white solid. 1HNMR (400 MHz, CD3OD) d ppm
8.25 (s, IH), 7.61 (m, IH), 7.47 (m, IH), 7.38 (m,
IH), 7.05 (d, J = 1.0Hz, IH), 6.91 (m, IH), 4.00 (m,
2H), 2.48 (m, 2H), 3.18 (s, 3H), 3.05 (s, 3H), 2.51
(s, 3H), 2.45 (m, 2H), 1.72 (m, 2H); MS (ES+) [M+H]+ =
438. 6.28. Example 28: Synthesis of
3-(4-(dimethylamino)-l-(5-methyl-7 Hpyrrolo\ 23-d]
pyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate 3-(4-amino-l-(5-methyl-7
-pyrrolo[2,3- i ]pyrimidin-4-yl)piperidine-4-
carboxamido)phenyl dimethylcarbamate from example 27,
step C, (0.028 g, 0.064 mmol) was dissolved in MeOH (
1 mL). Formaldehyde (37 wt% solution in H2O, 0.15
mmol, 12 ml) was added followed by AcOH (0.26 mmol, 15
ml) and NaBH3CN (0.008 g, 0.13 mmol). Themixture was
stirred at room temperature for 2 hours before
concentrating under vacuum. Purification by prep HPLC
afforded the title compound (0.017 g, 57%) as a white
solid. 1H NMR (400 MHz, CD3OD) d ppm 8.21 (s, IH),
7.56 (m, IH), 7.46 (m, IH), 7.37 (m, IH), 7.03 (d, J =
1.0Hz, IH), 6.92 (m, IH), 4.08 (m, 2H), 3.47 (m, 2H),
3.17 (s, 3H), 3.04 (s, 3H), 2.48 (s, 3H), 2.40 (s,
6H), 2.26 (m, 2H), 2.09 (m, 2H); MS (ES+) [M+H]+ =
466. 6.29. Example 29: Synthesis of 3-(4-((2-(l
H-imidazol-5- yl)acetamido)methyl)- 1-(5-methyl-7
H-pyrrolo \23-d]pyrimidin-4-
yl)piperidine-4-carboxamido)phenyl dimethylcarbamate
To a suspension of 2-(l -imidazol-5-yl)acetic acid
(0.238 g, 1.47 mmol) and HATU (0.372 g, 0.978 mmol) in
CH2Cl2 (5 mL) was added
JV,JV-diisopropylethylamine(0.51 mL, 2.93 mmol). The
resulting solution was allowed to stir for 20 min. at
room temperature. To this solution was added the
acetate salt of 3-(4-(aminomethyl)-l-(5-methyl-7
-pyrrolo[2,3-
<i]pyrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethylcarbamate (from example 20, 0.500 g, 0.978
mmol) and JV,JV-diisopropylethylamine(0.17 mL) in
CH2Cl2 (5 mL). The reaction was allowed to stir at
room temperature for 6h, and then diluted with H2O (10
mL) and CH2Cl2 (2OmL). The mixture was extracted with
CH2Cl2 (2 x 10 mL), and the combined organics were
washed with NaHCO (10 mL) and brine (10 mL), dried
over MgSO , and concentrated under vacuum. The residue
was purified by flash chromatography (3-10% MeOHiCH
2Cl2) to afford the title compound (0.393 g, 72%
yield) as a white solid. This solid was suspended in
water, and acetic acid was added until the solution
became clear. This solution was frozen and lyophilized
to the di-acetate salt of the title compound (0.477
g). 1H NMR (400 MHz, MeOD-J ) d ppm 8.17 (s, IH), 7.57
(d, J = 0.76 Hz, IH), 7.47 (t, J = 2.02 Hz, IH), 7.37
(ddd, J = 1.01, 1.77, 8.08 Hz, IH), 7.30 (t, J = 8.08
Hz, IH), 6.98 (d, J = 1.01 Hz, IH), 6.92 (s, IH), 6.87
(ddd, J = 1.01, 2.27, 8.08 Hz, IH), 3.87 (ddd, J =
3.28, 3.28, 14.15 Hz, 2H), 3.58 (s, 2H), 3.52 (s, 2H),
3.32 - 3.38 (m, 2H), 3.12 (s, 3H), 3.00 (s, 3H), 2.42
(d, J = 0.76 Hz, 3H), 2.35 - 2.42 (m, 2H), 1.96 (s,
6H), 1.75 - 1.85 (m, 2H). MS (ES+) [M+H] = 560.6.30.
Example 30: Additional Compounds Using the procedures
described herein and methods known in the art, the
additional compounds listed below in Table 1 were
prepared. The LIMK2 IC50 data that is provided below
for some of the compounds was determined using the
assay described in Example 32. Table 1DESCRIPTION
ANTIOXIDANT INFLAMMATION MODULATORS: OLEANOLIC ACID
DERIVATIVES WITH SATURATION IN THE C-RING BACKGROUND
OF THE INVENTION The present application claims the
benefit of priority to U.S. Provisional Application
Nos. 61/046,332, filed April 18, 2008, and 61/1
11,333, filed November 4, 2008, the entire contents of
both applications are incorporated herein by reference
in their entireties. I. Field of the Invention The
present invention relates generally to the fields of
biology and medicine. More particularly, it concerns
compounds and methods for the treatment and prevention
of diseases such as those associated with oxidative
stress and inflammation. II. Description of Related
Art Many serious and intractable human diseases are
associated with dysregulation of inflammatory
processes, including diseases such as cancer,
atherosclerosis, and diabetes, which were not
traditionally viewed as inflammatory conditions.
Similarly, autoimmune diseases such as rheumatoid
arthritis, lupus, psoriasis, and multiple sclerosis
involve inappropriate and chronic activation of
inflammatory processes in affected tissues, arising
from dysfunction of self vs. non-self recognition and
response mechanisms in the immune system. In
neurodegenerative diseases such as Alzheimer's and
Parkinson's diseases, neural damage is correlated with
activation of microglia and elevated levels of
pro-inflammatory proteins such as inducible nitric
oxide synthase (iNOS). One aspect of inflammation is
the production of inflammatory prostaglandins such as
prostaglandin E, whose precursors are produced by the
enzyme cyclo-oxygenase (COX-2). High levels of COX-2
are found in inflamed tissues. Consequently,
inhibition of COX-2 is known to reduce many symptoms
of inflammation and a number of important anti
inflammatory drugs (e.g., ibuprofen and celecoxib) act
by inhibiting COX-2 activity. Recent research,
however, has demonstrated that a class of
cyclopentenone prostaglandins (e.g., 15- deoxy
prostaglandin J2, a.k.a. PGJ2) plays a role in
stimulating the orchestrated resolution of
inflammation. COX-2 is also associated with the
production of cyclopentenoneprostaglandins.
Consequently, inhibition of COX-2 may interfere with
the full resolution of inflammation, potentially
promoting the persistence of activated immune cells in
tissues and leading to chronic, "smoldering"
inflammation. This effect may be responsible for the
increased incidence of cardiovascular disease in
patients using selective COX-2 inhibitors for long
periods of time. Corticosteroids, another important
class of anti-inflammatory drugs, have many
undesirable side effects and frequently are not
suitable for chronic use. Newer protein-based drugs,
such as anti-TNF monoclonal antibodies, have proven to
be effective for the treatment of certain autoimmune
diseases such as rheumatoid arthritis. However, these
compounds must be administered by injection, are not
effective in all patients, and may have severe side
effects. In many severe forms of inflammation (e.g.,
sepsis, acute pancreatitis), existing drugs are
ineffective. In addition, currently available drugs
typically do not have significant antioxidant
properties, and are not effective in reducing
oxidative stress associated with excessive production
of reactive oxygen species and related molecules such
as peroxynitrite. Accordingly, there is a pressing
need for improved therapeutics with antioxidant and
anti-inflammatory properties. A series of synthetic
triterpenoid analogs of oleanolic acid have been shown
to be inhibitors of cellular inflammatory processes,
such as the induction by IFN-g of inducible nitric
oxide synthase (iNOS) and of COX-2 in mouse
macrophages. See Honda et al. (2000a); Honda et al.
(2000b), and Honda et al. (2002), which are all
incorporated herein by reference. For example, one of
these, 2-cyano-3,12-dioxooleane-l,9(l l)-dien-28-oic
acid methyl ester (CDDO-Me), is currently in clinical
trials for a variety of disorders related to
inflammation, including cancer and diabetic
nephropathy. The pharmacology of these molecules is
complex, as they have been shown to affect the
function of multiple protein targets and thereby
modulate the function of several important cellular
signaling pathways related to oxidative stress, cell
cycle control, and inflammation (e.g., Dinkova-Kostova
et al., Ahmad et al., 2006; Ahmad et al., 2008; Liby
et al.,). Given that the biological activity profiles
of the known oleanolic acid derivatives vary, and in
view of the wide variety of diseases that may be
treated with compounds having potent antioxidant and
anti inflammatory effects, it is desirable to
synthesize new candidates for the treatment or
prevention of disease.SUMMARY OF THE INVENTION The
present disclosure provides new compounds with
antioxidant and anti inflammatory properties, methods
for their manufacture, and methods for their use.
Compounds covered by the generic or specific formulas
below or specifically named are referred to as
"compounds of the invention," "compounds of the
present disclosure," "the present oleanolic acid
derivatives" in the present application. In some
aspects, the disclosure provides compounds of the
formula: wherein: Y is cyano, heteroaryl (c<12) ,
substituted heteroaryl (c<12) , or -C(O)R a, further
wherein Ra is: hydrogen, hydroxy, halo, amino,
hydroxyamino, azido, silyl or mercapto; alkyl(c<12) ,
alkenyl (c<12), alkynyl (c<12) , aryl(C 12), aralkyl
(c<12) , heteroaryl (c<12) , heteroaralkyl (c<12) ,
alkoxv (c<12) , alkenyloxv (c<12) , alkynyloxy (c<12)
, aryloxy (c<12) , aralkoxy (c<12) , heteroaryloxy
(c<12) , heteroaralkoxy (c<12) , acyloxy (c<12) ,
alkylamino (c<12) , dialkylamino (c<12), alkoxyamino
(c<12) , alkenylamino (c<12), alkynylamino (c<12) ,
arylamino (c<12) , aralkylamino (c<12) ,
heteroarylamino (c<12), heteroaralkylamino (c<12),
alkylsulfonylamino (c<12) , amido(c<12),
alkylthio(c<12), alkenylthio(c<12) , alkynylthio(c<12)
, arylthio(c<12) , aralkylthio(c<12) ,
heteroarylthio(c<12) , heteroaralkylthio (c<12) ,
acylthio(c<12), alkylammoniuni(c<12),
alkylsulfonium(c<12), alkylsilyl(c<12) , or a
substituted version of any of these groups; or Ra
comprises a nitrogen atom that is also attached to
carbon atom 13 and Rd to form: wherein Rd is alkyl(c
£8), alkenyl(c £8), aryl(c £8), aralkyl(c £8),
heteroaryl(c £8), heteroaralkyl (c £8), or a
substituted version of any of these groups; Z is a
single or double bond, -O- or -NR e- , wherein Re is
hydrogen, hydroxy, alkyl(c £8) or alkoxy(c £8); X is
ORb,NRbRc, or SRb, wherein Rb and Rc are each
independently: hydrogen or hydroxy; alkyl(c £8),
aryl(c £8), aralkyl(c £8), acyl(c £8), alkoxy(c £8),
aryloxy(c £8), acyloxy(c £8) , alkylamino(c £8),
arylamino(c £8), amido(c £8), or a substituted version
of any of these groups; or a substituent convertible
in vivo to hydrogen; provided that Rb is absent when
the atom to which it is bound is part of a double
bond, further provided that when Rb is absent the atom
to which it is bound is part of a double bond; R1 is:
hydrogen, cyano, hydroxy, halo or amino; or alkyl(c
£8), alkenyl(c £8), alkynyl(c £8), aryl(c £8),
aralkyl(c £8), heteroaryl(c £8), heteroaralkyl(c £8),
acyl(c £8), alkoxy(c £8), aryloxy(c £8), acyloxy(c
£8),alkylamino(c £8), arylamino(c £8), amido(c £8), or
a substituted version of any of these groups; R is:
cyano, hydroxy, halo or amino; or fluoroalkyl(c £8),
alkenyl(c £8), alkynyl(c £8), aryl(c £8), heteroaryl(c
£8), acyl(c £8), alkoxy(c £8), aryloxy(c £8),
acyloxy(c £8), alkylamino(c £8), arylamino(c £8), 



amido(c £8), or a substituted version of any of these
groups; R3 is: absent or hydrogen; alkyl(c £8), aryl(c
£8), aralkyl(c £8), acyl(c £8), or a substituted
version of any of these groups; or a substituent
convertible in vivo to hydrogen; provided that R3 is
absent when the oxygen atom to which it is bound is
part of a double bond, further provided that when R3
is absent the oxygen atom to which it is bound is part
of a double bond; R4 and R 5 are each independently
alkyl(c £8) or substituted alkyl(c £8); R6 is
hydrogen, hydroxy or oxo; R is hydrogen or hydroxy;
and R8, R9, Rio and Rn are each independently
hydrogen, hydroxy, alkyl(c £8), substituted alkyl(c
£8), alkoxy(c £8) or substituted alkoxy(c £8); or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof.In some embodiments, the compound is further
defined as: wherein: Y is cyano, or -C(O)R a, further
wherein: R is: hydrogen, hydroxy, halo, amino,
hydroxyamino, azido or mercapto; or alkyl(c<12) ,
alkenyl(c<12), alkynyl(c<12) , aryl(c<12) ,
aralkyl(c<12) , heteroaryl(c<12) , heteroaralkyl(c<12)
, alkoxy(c<12) , alkenyloxy (c<12) , alkynyloxy(c<12)
, aryloxy(c<12) , aralkoxy(c<12) , heteroaryloxy(c<12)
, heteroaralkoxy(c<12) , acyloxy(c<12) ,
alkylamino(c<12) , dialkylamino(c<12),
alkoxyamino(c<12) , alkenylamino(c<12),
alkynylamino(c<12) , arylamino(c<12) ,
aralkylamino(c<12) , heteroarylamino(c<12),
heteroaralkylamino (c<12), alkylsulfonylamino(c<12) ,
amido(c<12), alkylthio (c<12), alkenylthio(c<12) ,
alkynylthio(c<12) , arylthio(c<12) , aralkylthio(c<12)
, heteroarylthio(c<12) , heteroaralkylthio(c<12) ,
acylthio(c<12), alkylammonium(c<12),
alkylsulfonium(c<12), alkylsilyl(c<12) , or a
substituted version of any of these groups; X is
ORb,NRbRc, or SRb, wherein Rb and Rc are each
independently: hydrogen or hydroxy;alkyl(c<8), aryl(c
£8), aralkyl(c £8), acyl(c £8), alkoxy(c £8),
aryloxy(c £8), acyloxy(c £8), alkylamino(c £8),
arylamino(c £8), amido(c £8), or a substituted version
of any of these groups; or a substituent convertible
in vivo to hydrogen; provided that Rb is absent when
the atom to which it is bound is part of a double
bond, further provided that when Rb is absent the atom
to which it is bound is part of a double bond; R1 is:
hydrogen, cyano, hydroxy, halo or amino; or alkyl(c
£8), alkenyl(c £8), alkynyl(c £8), aryl(c £8),
aralkyl(c £8), heteroaryl(c £8), heteroaralkyl(c £8),
acyl(c £8), alkoxy(c £8), aryloxy(c £8), acyloxy(c
£8), alkylamino(c £8), arylamino(c £8), amido(c £8),
or a substituted version of any of these groups; R is:
cyano, hydroxy, halo or amino; or fluoroalkyl(c £8),
alkenyl(c £8), alkynyl(c £8), aryl(c £8), heteroaryl(c
£8), acyl(c £8), alkoxy(c £8), aryloxy(c £8),
acyloxy(c £8), alkylamino(c £8), arylamino(c £8),
amidq(c £8), or a substituted version of any of these
groups; R3 is: absent or hydrogen; alkyl(c £8), aryl(c
£8), aralkyl(c £8), acyl(c £8), or a substituted
version of any of these groups; or a substituent
convertible in vivo to hydrogen; provided that R3 is
absent when the oxygen atom to which it is bound is
part of a double bond, further provided that when R3
is absent the oxygen atom to which it is bound is part
of a double bond; R4 and R 5 are each independently
alkyl(c £8) or substituted alkyl(c £8); and R6 and R
are each independently hydrogen or hydroxy; or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof.In some embodiments, the compound is further
defined as: (in), wherein: Y is cyano or -C(O)R a,
further wherein: Ra is: hydrogen, hydroxy, halo,
amino, azido, mercapto or silyl; or alkyl(c<12) ,
alkenyl(c<12), alkynyl(c<12) , aryl(c<12) ,
aralkyl(c<12) , heteroaryl(c<12) , heteroaralkyl(c<12)
, alkoxy(c<12) , alkenyloxy (c<12) , alkynyloxy(c<12)
, aryloxy(c<12) , aralkoxy(c<12) , heteroaryloxy(c<12)
, heteroaralkoxy(c<12) , acyloxy(c<12) ,
alkylamino(c<12) , alkoxyamino(c<12) ,
dialkylamino(c<12) , alkenylamino(c<12),
alkynylamino(c<12) , arylamino(c<12) ,
aralkylamino(c<12) , heteroarylamino(c<12),
heteroaralkylamino (c<12), amido(c<12), or a
substituted version of any of these groups; X is
ORb,NRbRc, or SRb, wherein Rb and Rc are each
independently: hydrogen or hydroxy; alkyl(c £8),
aryl(c £8), aralkyl(c £8), acyl(c £8), alkoxy(c £8),
aryloxy(c £8), acyloxy(c £8), alkylamino(c £8),
arylamino(c £8), amido(c £8), or a substituted version
of any of these groups; or a substituent convertible
in vivo to hydrogen;provided that Rb is absent when
the atom to which it is bound is part of a double
bond, further provided that when Rb is absent the atom
to which it is bound is part of a double bond; R1 is:
hydrogen, cyano, hydroxy, halo or amino; or alkyl(c
£8), alkenyl(c £8), alkynyl(c £8), aryl(c £8),
aralkyl(c £8), heteroaryl(c £8), heteroaralkyl(c £8),
acyl(c £8), alkoxy(c £8), aryloxy(c £8), acyloxy(c
£8), alkylamino(c £8), arylamino(c £8), amido(c £8),
or a substituted version of any of these groups; R is:
cyano, hydroxy, halo or amino; or fluoroalkyl(c £8),
alkenyl(c £8), alkynyl(c £8), aryl(c £8), heteroaryl(c
£8), acyl(c £8), alkoxy(c £8), aryloxy(c £8),
acyloxy(c £8), alkylamino(c £8), arylamino(c £8),
amidq(c 8), or a substituted version of any of these
groups; and R4 is alkyl(c £8) or substituted alkyl(c
£8); or pharmaceutically acceptable salts, esters,
hydrates, solvates, tautomers, prodrugs, or optical
isomers thereof. In some embodiments, the compound is
further defined as: , wherein: Ra is: hydrogen,
hydroxy, halo, or amino; oralkyl(c<8), alkenyl(c £8),
alkynyl(c £8), aryl(c £8), aralkyl(c £8), heteroaryl
(c £8), heteroaralkyl (c £8), alkoxy(c £8), alkenyloxy
(c £8) , alkynyloxy (c £8), aryloxy(c £8), aralkoxy (c
£8), heteroaryloxy (c £8), heteroaralkoxy (c £8),
acyloxy(c £8), alkylamino (c £8), alkoxyamino (c £8),
dialkylamino (c £8), alkenylamino (c £8), alkynylamino
(c £8), arylamino (c £8), aralkylamino (c £8),
heteroarylamino (c £8), heteroaralkylamino (c £8),
amido(c £8), or a substituted version of any of these
groups; X is ORb or NRbRc, wherein Rb and Rc are each
independently: hydrogen or hydroxy; alkyl(c<8), aryl(c
£8), aralkyl(c £8), acyl(c £8), alkoxy(c £8),
aryloxy(c £8), acyloxy(c £8), alkylamino (c £8),
arylamino (c £8), amido(c £8), or a substituted
version of any of these groups; or a substituent
convertible in vivo to hydrogen; provided that Rb is
absent when the atom to which it is bound is part of a
double bond, further provided that when Rb is absent
the atom to which it is bound is part of a double
bond; and R is: cyano, hydroxy, halo or amino; or
fluoroalkyl (c £8), alkenyl(c £8), alkynyl(c £8),
aryl(c £8), heteroaryl (c £8), acyl(c £8), alkoxy(c
£8), aryloxy(c £8), acyloxy(c £8), alkylamino (c £8),
arylamino (c £8), amidq(c £8), or a substituted
version of any of these groups; or pharmaceutically
acceptable salts, esters, hydrates, solvates,
tautomers, prodrugs, or optical isomers thereof.In
some embodiments, the compound is further defined as:
(V), wherein: Ra is: hydrogen, hydroxy, halo, or
amino; or alkyl(c £8), alkenyl(c £8), alkynyl(c £8),
aryl(c £8), aralkyl(c £8), heteroaryl(c £8),
heteroaralkyl(c £8), alkoxy(c £8), alkenyloxy(c £8) ,
alkynyloxy(c £8), aryloxy(c £8), aralkoxy(c £8),
heteroaryloxy(c £8), heteroaralkoxy(c £8), acyloxy(c
£8), alkylamino(c £8), alkoxyamino(c £8),
dialkylamino(c £8), alkenylamino(c £8), alkynylamino(c
£8), arylamino(c £8), aralkylamino(c £8),
heteroarylamino(c £8), heteroaralkylamino(c £8),
amido(c £8), or a substituted version of any of these
groups; and R2 is: cyano or fluoro; or fluoroalkyl(c
5), alkenyl(c £5), alkynyl(c £5), heteroaryl(c £5),
acyl(c £5), acyloxy(c £5), amidq(c 5), or a
substituted version of any of these groups; or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof.In some embodiments, the compound is further
defined as: wherein R is: hydrogen, hydroxy, halo or
amino; or alkyl(c £8), alkenyl(c £8), alkynyl(c £8),
aryl(c £8) , aralkyl(c £8), heteroaryl(c £8),
heteroaralkyl(c £8), alkoxy(c £8) , alkenyloxy(c £8),
alkynyloxv(c £8), aryloxy(c £8), aralkoxy(c £8),
heteroaryloxy(c £8), heteroaralkoxy(c £8), acyloxy(c
£8), alkylamino(c £8), alkoxyamino(c £8),
dialkylamino(c £8), alkenylamino(c £8), alkynylamino(c
£8), arylamino(c £8), aralkylamino(c £8),
heteroarylamino(c £8), heteroaralkylamino(c £8),
amido(c £8) , or a substituted version of any of these
groups; or pharmaceutically acceptable salts, esters,
hydrates, solvates, tautomers, prodrugs, or optical
isomers thereof. 



In some embodiments, the compound is further defined
as: wherein Ra is alkoxy(c1-4), alkylamino(c1-4) ,
alkoxyamino(c1-4) , dialkylamino(c2-4) , or a
substituted version of any of these groups; or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof.In some embodiments, the compound is further
defined as: wherein R is alkyl(c1-4) or aralkoxy(C7-8)
or a substituted version of either of these groups; or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof. In some embodiments, the compound is further
defined as: wherein R is hydrogen, hydroxy, amino,
dimethylamino, methyl, methoxy, methoxyamino,
benzyloxy, or 2,2,2-trifluoroethylamino; or
pharmaceutically acceptable salts, hydrates, solvates,
tautomers, or optical isomers thereof. In some
embodiments, the compound is further defined as:
wherein Ra is hydrogen, hydroxy, amino, methoxy, or
2,2,2-trifluoroethylamino; or pharmaceutically
acceptable salts, hydrates, solvates, tautomers, or
optical isomers thereof.In some embodiments, the
compound is further defined as: wherein Rd is alkyl(c
£8), alkenyl(c £8), aryl(c £8), aralkyl(c £8),
heteroaryl(c £8), heteroaralkyl(c £8), or a
substituted version of any of these groups; or
pharmaceutically acceptable salts, hydrates, solvates,
tautomers, or optical isomers thereof. In some
embodiments, the compound is further defined as:
wherein Y is heteroaryl(c £8) or a substituted
heteroaryl(c £8); or a pharmaceutically acceptable
salts, hydrates, solvates, tautomers, or optical
isomers thereof. In some embodiments, the compound is
further defined as: wherein: wherein Y is cyano or
-C(O)R a, further wherein:Ra is: hydrogen, hydroxy,
halo, amino, azido, mercapto or silyl; or alkyl(c<12)
, alkenyl(C i2), alkynyl(c<12) , aryl(C 12), aralkyl(C
i2), heteroaryl(c<12) , heteroaralkyl(c<12) ,
alkoxv(c<12) , alkenyloxy (c<12) , alkynyloxy(c<12) ,
aryloxy(c<12) , aralkoxy(c<12) , heteroaryloxy(c<12) ,
heteroaralkoxy(c<12) , acyloxy(c<12) ,
alkylamino(c<12) , alkoxyamino(c<12) ,
dialkylamino(c<12) , alkenylamino(c<12),
alkynylamino(c<12) , arylamino(c<12) ,
aralkylamino(c<12) , heteroarylamino(c<12),
heteroaralkylamino (c<12), amido(c<12), or a
substituted version of any of these groups; R2 is:
cyano, hydroxy, halo or amino; or fluoroalkyl(c £8),
alkenyl(c £8), alkynyl(c £8), aryl(c £8), heteroaryl(c
£8), acyl(c £8), alkoxy(c £8), aryloxy(c £8),
acyloxy(c £8), alkylamino(c £8), arylamino(c £8),
amido(c £8), or a substituted version of any of these
groups; R3 is: absent or hydrogen; alkyl(c £8), aryl(c
£8), aralkyl(c £8), acyl(c £8), or a substituted
version of any of these groups; or a substituent
convertible in vivo to hydrogen; provided that R3 is
absent when the oxygen atom to which it is bound is
part of a double bond, further provided that when R3
is absent the oxygen atom to which it is bound is part
of a double bond; and R4 is alkyl(c £8) or substituted
alkyl(c £8); or pharmaceutically acceptable salts,
esters, hydrates, solvates, tautomers, prodrugs, or
optical isomers thereof.In some embodiments, the
compound is further defined as: wherein: Y is cyano or
-C(O)R a, wherein Ra is: hydrogen, hydroxy, halo,
amino, hydroxyamino, azido or mercapto; or alkyl(c<12)
, alkenyl(c<12), alkynyl(c<12) , aryl(C 12),
aralkyl(c<12) , heteroaryl(c<12) , heteroaralkyl(c<12)
, alkoxy(c<12) , alkenyloxy (c<12) , alkynyloxy(c<12)
, aryloxy(c<12) , aralkoxy(c<12) , heteroaryloxy(c<12)
, heteroaralkoxy(c<12) , acyloxy(c<12) ,
alkylamino(c<12) , alkoxyamino(c<12) ,
dialkylamino(c<12) , alkenylamino(c<12),
alkynylamino(c<12) , arylamino(c<12) ,
aralkylamino(c<12) , heteroarylamino(c<12),
heteroaralkylamino (c<12), alkylsulfonylamino(c<12) ,
amido(c<12) , or a substituted version of any of these
groups; R2 is: cyano, hydroxy, halo or amino; or
fluoroalkyl(c £8), alkenyl(c £8), alkynyl(c £8),
aryl(c £8), heteroaryl(c £8), acyl(c £8), alkoxy(c
£8), aryloxy(c £8), acyloxy(c £8), alkylamino(c £8),
arylamino(c £8), amidq(c £8), or a substituted version
of any of these groups; and R3 is: hydrogen; alkyl(c
£8), aryl(c £8), aralkyl(c £8), acyl(c £8), or a
substituted version of any of these groups; or a
substituent convertible in vivo to hydrogen; or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof.In some embodiments, the compound is further
defined as: wherein: X is ORb,NRbRc, or SRb, wherein
Rb and Rc are each independently: hydrogen; alkyl(c
£8), aryl(c £8), aralkyl(c £8), acyl(c £8), or a
substituted version of any of these groups; or a
substituent convertible in vivo to hydrogen; provided
that Rb is absent when the atom to which it is bound
is part of a double bond, further provided that when
Rb is absent the atom to which it is bound is part of
a double bond; R1 is: hydrogen, cyano, hydroxy, halo
or amino; or alkyl(c £8), alkenyl(c £8), alkynyl(c
£8), aryl(c £8), aralkyl(c £8), heteroaryl(c £8),
heteroaralkyl(c<8), acyl(c £8), alkoxy(c £8),
aryloxy(c £8), acyloxy(c £8), alkylamino(c £8),
arylamino(c £8), amido(c £8), or a substituted version
of any of these groups; R is: cyano, hydroxy, halo or
amino; or fluoroalkyl(c £8), alkenyl(c £8), alkynyl(c
£8), aryl(c £8), heteroaryl(c £8), acyl(c £8),
alkoxy(c £8), aryloxy(c £8), acyloxy(c £8),
alkylamino(c £8), arylamino(c £8), amidq(c £8), or a
substituted version of any of these groups; andR4 is
alkyl(c £8) or substituted alkyl(c £8); or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof. In some embodiments, the compound is further
defined as: wherein: X is ORb or NRbRc, wherein Rb and
Rc are each independently: hydrogen; alkyl(c £8),
aryl(c £8), aralkyl(c £8), acyl(c £8), or a
substituted version of any of these groups; or a
substituent convertible in vivo to hydrogen; provided
that Rb is absent when the atom to which it is bound
is part of a double bond, further provided that when
Rb is absent the atom to which it is bound is part of
a double bond; and R2 is: cyano, hydroxy, halo or
amino; or fluoroalkyl(c £8), alkenyl(c £8), alkynyl(c
£8), aryl(c £8), heteroaryl(c £8), acyl(c £8),
alkoxy(c £8), aryloxy(c £8), acyloxy(c £8),
alkylamino(c £8), arylamino(c £8), amido(c £8), or a
substituted version of any of these groups; or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof.In some embodiments, the compound is further
defined as: (XVII), wherein: hydrogen, hydroxy, halo,
amino, azido, mercapto or silyl; or alkyl(c<12) ,
alkenyl(c<12), alkynyl(c<12) , aryl(c<12) ,
aralkyl(c<12) , heteroaryl(c<12) , heteroaralkyl(c<12)
, alkoxy(c<12) , alkenyloxy(c<12) , alkynyloxv(c<12) ,
aryloxy(c<12) , aralkoxy(c<12), heteroaryloxy(c<12) ,
heteroaralkoxy(c<12) , acyloxy(c<12) alkylamino(c<12)
alkoxyamino(c<12) dialkylamino(c<12)
alkenylamino(c<12), alkynylamino(c<12) ,
arylamino(c<12) , aralkylamino(c<12) ,
heteroarylamino(c<12) , heteroaralkylamino(c<12) ,
amidq(c i2), or a substituted version of any of these
groups; R1 is: hydrogen, cyano, hydroxy, halo or
amino; or alkyl(c £8), alkenyl(c £8), alkynyl(c £8),
aryl(c £8), aralkyl(c £8), heteroaryl(c £8),
heteroaralkyl(c £8), acyl(c £8), alkoxy(c £8),
aryloxy(c £8), acyloxy(c £8), alkylamino(c £8),
arylamino(c £8), amido(c £8), or a substituted version
of any of these groups; R2 is: cyano, hydroxy, halo or
amino; orfluoroalkyl(c £8), alkenyl(c £8), alkynyl(c
£8), aryl(c £8), heteroaryl(c £8), acyl(c £8),
alkoxy(c £8), aryloxy(c £8), acyloxy(c £8),
alkylamino(c £8), arylamino(c £8), amidq(c £8), or a
substituted version of any of these groups; and or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof. In some embodiments, the compound is further
defined as: (XVIII), wherein R is: hydrogen, hydroxy,
halo or amino; or alkyl(c £6), aryl(c £8), aralkyl(c
£8), heteroaryl(c £8), alkoxy(c £6), aryloxy(c £8),
aralkoxy(c £8), alkylamino(c £6), alkoxyamino(c £6),
alkoxyamino(c £6), dialkylamino(c £6), arylamino(c
£8), aralkylamino(c £8), heteroarylamino(c £6),
heteroarylamino(c £8) , amidq(c £6), or a substituted
version of any of these groups; or pharmaceutically
acceptable salts, esters, hydrates, solvates,
tautomers, prodrugs, or optical isomers thereof. In
some aspects, the disclosure provides compounds of the
formula:wherein: Y is cyano or -C(O)R a, wherein Ra
is: hydrogen, hydroxy, halo, amino, hydroxyamino,
azido or mercapto; or alkyl(c<12) , alkenyl (c<12),
alkynyl (c<12) , aryl(c<12) , aralkyl (c<12) ,
heteroaryl (c<12) , heteroaralkyl (c<12) , alkoxy
(c<12) , alkenyloxy (c<12) , alkynyloxy (c<12) ,
aryloxy (c<12) , aralkoxy (c<12) , heteroaryloxy
(c<12) , heteroaralkoxy (c<12) , acyloxy (c<12) ,
alkylamino (c<12) , dialkylamino (c<12) , alkoxyamino
(c<12) , alkenylamino 



(c<12), alkynylamino (c<12) , arylamino (c<12) ,
aralkylamino (c<12) , heteroarylamino (c<12),
heteroaralkylamino (c<12), alkylsulfonylamino (c<12) ,
amido(c<12), alkylthio (c<12), alkenylthio (c<12) ,
alkynylthio (c<12) , arylthio (c<12) , aralkylthio
(c<12) , heteroarylthio (c<12) , heteroaralkylthio
(c<12) , acylthio (c<12), alkylammonium (c<12),
alkylsulfonium (c<12), alkylsilyl (c<12) , or a
substituted version of any of these groups; X is ORb,
NRbRc, or SRb, wherein Rb and Rc are each
independently: hydrogen; alkyl(c £8), aryl(c £8),
aralkyl (c £8), acyl(c £8), or a substituted version
of any of these groups; or provided that Rb is absent
when the atom to which it is bound is part of a double
bond, further provided that when Rb is absent the atom
to which it is bound is part of a double bond; and R1
is: hydrogen, cyano, hydroxy, halo or amino; or
alkyl(c £8), alkenyl (c £8), alkynyl (c £8), aryl(c
£8), aralkyl (c £8), heteroaryl (c £8), heteroaralkyl
(c £8), acyl(c £8), alkoxy (c £8), aryloxy (c £8),
acyloxy (c £8), alkylamino (c £8), arylamino (c £8),
amido(c £8), or a substituted version of any of these
groups; or salts, esters, hydrates, solvates,
tautomers, or optical isomers thereof.In some aspects,
the disclosure provides compounds of the formula:
wherein: Y is cyano or -C(O)R a, wherein hydrogen,
hydroxy, halo, amino, hydroxyamino, azido or mercapto;
or alkyl(c<12) , alkenyl (c<12), alkynyl (c<12) ,
aryl(c<12) , aralkyl (c<12) , heteroaryl (c<12) ,
heteroaralkyl (c<12) , alkoxy (c<12) , alkenyloxv
(c<12) , alkynyloxy (c<12) , aryloxy (c<12) , aralkoxy
(c<12) , heteroaryloxv (c<12) , heteroaralkoxy (c<12)
, acyloxy (c<12) , alkylamino (c<12) , dialkylamino
(c<12), alkoxyamino (c<12) , alkenylamino (c<12),
alkynylamino (c<12) , arylamino (c<12) , aralkylamino
(c<12) , heteroarylamino (c<12), heteroaralkylamino
(c<12), alkylsulfonylamino (c<12) , amido(c<12),
alkylthio (c<12), alkenylthio (c<12) , alkynylthio
(c<12) , arylthio (c<12) , aralkylthio (c<12) ,
heteroarylthio (c<12) , heteroaralkylthio (c<12) ,
acylthio (c<12), alkylammonium (c<12), alkylsulfonium
(c<12), alkylsilyl (c<12) , or a substituted version
of any of these groups; X is ORb, NRbRc, or SRb,
wherein Rb and Rc are each independently: hydrogen;
alkyl(c £8), aryl(c £8), aralkyl (c £8), acyl(c £8),
or a substituted version of any of these groups;
orprovided that Rb is absent when the atom to which it
is bound is part of a double bond, further provided
that when Rb is absent the atom to which it is bound
is part of a double bond; and R1 is: hydrogen, cyano,
hydroxy, halo or amino; or alkyl(c £8), alkenyl(c £8),
alkynyl(c £8), aryl(c £8), aralkyl(c £8), heteroaryl
(c £8), heteroaralkyl (c £8), acyl(c £8), alkoxy(c
£8), aryloxy(c £8), acyloxy(c £8), alkylamino (c £8),
arylamino (c £8), amido(c £8), or a substituted
version of any of these groups; R' is hydroxy,
alkoxy(c<12) , substituted alkoxy(c<12) ,
aryloxy(c<12) , substituted aryloxy(c<12) ,
aralkoxy(c<12) , substituted aralkoxy(c<12) ,
acyloxy(c<12) , or substituted acyloxy(c<12) ; or
salts, esters, hydrates, solvates, tautomers, or
optical isomers thereof. In a variation of each of the
above embodiments containing a Z group, Z can be a
single bond, -O-, or -NH-. In a variation of each of
the above embodiments containing an X group, X can be
ORb. In some variations, Rb is absent. In other
variations, Rb is hydrogen. In other variations, X can
be NRb. In some variations, Rb can be hydroxy. In a
variation of each of the above embodiments containing
a Y group, Y can be cyano or -C(O)R a. In some
variations, Ra can be hydroxy. In some variations, Ra
can be alkoxy(c £6) , aryloxy(c £8), aralkyloxy (c
£8), or a substituted version of any of these groups.
In some of these variations, Ra can be alkoxy(C2-6). I
some of these variations, Ra can be alkoxy(C1-5) or
substituted alkoxy(C1-5) . In some of these
variations, Ra can be alkoxy(C2-4) or substituted
alkoxy(C2-4). In some of these variations, Ra can be
alkoxy(c1-4) or substituted alkoxy(c1-4) . In some of
these variations, Ra can be alkoxy(C1-2) or
substituted alkoxv(C1-2) . For example, Ra can be
methoxy. In some variations, Ra can be amino. In some
variations, Ra can be alkylamino (C1-6), alkoxyamino
(C1-6), arylamino (C1-8), aralkylamino (C1-8) ,
dialkylamino (c2-8) , or a substituted version of any
of these groups. In some of these variations, Ra can
be alkylamino (C2-6) or substituted alkylamino (C2-6)
. In some of these variations, Ra can be alkylamino (c
3-6) . In some variations, Ra can be alkylamino (C1-5)
, dialkylamino (C2-6), or substituted version of
either of these groups. In some variations, Ra can be
alkylamino (c 2-4), dialkylamino (c2-5) , or
substituted version of either of these groups. In some
variations, Ra can be alkylamino (c1-4) or substituted
alkylamino (c1-4) . In some variations, Ra can be
alkylamino (C1 -3). In some of these variations,Ra can
be methylamino or ethylamino. In some of these
variations, Ra can be substituted alkylamino(C1 -3).
For example, Ra can be 2,2,2-trifluoroethylamino. In
some of these variations, Ra can be alkyl(C1_5) ,
aryl(c £8), aralkyl(c £8), heteroaralkyl (c £8), or a
substituted version of any of these groups. In some of
these variations, Ra can be heteroaryl(C1-8) or
substituted heteroaryl(C1-8) . For example, wherein Ra
can be imidazolyl. In some of these variations, Ra can
be -H. In a variation of each of the above embodiments
containing an R1 group, R1 can be -H, -OH or -F. For
example, R1 can be -H. In a variation of each of the
above embodiments containing an R group, R2 can be
-CN. In some variations, R2 can be a substituted
acyl(c1-3) , such as -C(=O)NHS(=O) 2CH3. In some
variations, R2 is fluoroalkyl(c £8) . For example, R2
can be -CF 3. In other variations, R2 is not
fluoroalkyl(c £8) . In a variation of each of the
above embodiments containing an R group, R can be
hydrogen or acetyl. In another variation, R3 can be
absent. In a variation of each of the above
embodiments containing an R group, R4 can be methyl or
hydroxymethyl. In a variation of each of the above
embodiments containing an R , R , R8, or R9 group, R ,
R7, R8, or R9 can independently be hydrogen. In a
variation of each of the above embodiments containing
an R1O or R1 1 group, R1O or R1 1 can independently be
methyl. In a variation of each of the above
embodiments containing an R' group, R' can be
acetyloxy or hydroxy. In a variation of each of the
above embodiments containing an Rd group, Rd can be
alkyl(C1-5) , aryl(c £8), aralkyl(c £8), heteroaralkyl
(c £8), or a substituted version of any of these
groups. In some variations, Rd can be alkyl(C1_4) or a
substituted version thereof. In some variations, Rd
can be alkyl(C1-3) or a substituted version thereof.
In some variations, Rd can be alkyl(C1_2) or a
substituted version thereof. Non-limiting examples of
compounds provided by this invention include the
compounds according to the formulas shown below, as
well as or pharmaceutically acceptable salts thereof.
In certain embodiments, these compounds are
substantially free from other optical isomers
thereof.DESCRIPTION ANTIOXIDANT INFLAMMATION
MODULATORS: OLEANOLIC ACID DERIVATIVES WITH AMINO AND
OTHER MODIFICATIONS AT C-17 BACKGROUND OF THE
INVENTION The present application claims the benefit
of priority to U.S. Provisional Application Nos.
61/046,342, filed April 18, 2008, and 61/1 11,269,
filed November 4, 2008, the entire contents of both
applications are incorporated herein by reference in
their entireties. I. Field of the Invention The
present invention relates generally to the fields of
biology and medicine. More particularly, it concerns
compounds and methods for the treatment and prevention
of diseases such as those associated with oxidative
stress and inflammation. II. Description of Related
Art Many serious and intractable human diseases are
associated with dysregulation of inflammatory
processes, including diseases such as cancer,
atherosclerosis, and diabetes, which were not
traditionally viewed as inflammatory conditions.
Similarly, autoimmune diseases such as rheumatoid
arthritis, lupus, psoriasis, and multiple sclerosis
involve inappropriate and chronic activation of
inflammatory processes in affected tissues, arising
from dysfunction of self vs. non-self recognition and
response mechanisms in the immune system. In
neurodegenerative diseases such as Alzheimer's and
Parkinson's diseases, neural damage is correlated with
activation of microglia and elevated levels of
pro-inflammatory proteins such as inducible nitric
oxide synthase (iNOS). One aspect of inflammation is
the production of inflammatory prostaglandins such as
prostaglandin E, whose precursors are produced by the
enzyme cyclo-oxygenase (COX-2). High levels of COX-2
are found in inflamed tissues. Consequently,
inhibition of COX-2 is known to reduce many symptoms
of inflammation and a number of important anti
inflammatory drugs (e.g., ibuprofen and celecoxib) act
by inhibiting COX-2 activity. Recent research,
however, has demonstrated that a class of
cyclopentenone prostaglandins (e.g., 15- deoxy
prostaglandin J2, a.k.a. PGJ2) plays a role in
stimulating the orchestrated resolution of
inflammation. COX-2 is also associated with the
production of cyclopentenone prostaglandins.
Consequently, inhibition of COX-2 may interfere with
the full resolution of inflammation, potentially
promoting the persistence of activated immune cells in
tissues andleading to chronic, "smoldering"
inflammation. This effect may be responsible for the
increased incidence of cardiovascular disease in
patients using selective COX-2 inhibitors for long
periods of time. Corticosteroids, another important
class of anti-inflammatory drugs, have many
undesirable side effects and frequently are not
suitable for chronic use. Newer protein-based drugs,
such as anti-TNF monoclonal antibodies, have proven to
be effective for the treatment of certain autoimmune
diseases such as rheumatoid arthritis. However, these
compounds must be administered by injection, are not
effective in all patients, and may have severe side
effects. In many severe forms of inflammation (e.g.,
sepsis, acute pancreatitis), existing drugs are
ineffective. In addition, currently available drugs do
not have significant antioxidant properties, and are
not effective in reducing oxidative stress associated
with excessive production of reactive oxygen species
and related molecules such as peroxynitrite.
Accordingly, there is a pressing need for improved
therapeutics with antioxidant and anti inflammatory
properties. A series of synthetic triterpenoid analogs
of oleanolic acid have been shown to be inhibitors of
cellular inflammatory processes, such as the induction
by IFN-g of inducible nitric oxide synthase (iNOS) and
of COX-2 in mouse macrophages. See Honda et al
(2000a); Honda et al (2000b), and Honda et al. (2002),
which are all incorporated herein by reference. For
example, one of these, 2-cyano-3,12-dioxooleane-l,9(l
l)-dien-28-oic acid methyl ester (CDDO-Me), is
currently in clinical trials for a variety of
disorders related to inflammation, including cancer
and diabetic nephropathy. The pharmacology of these
molecules is complex, as they have been shown to
affect the function of multiple protein targets and
thereby modulate the function of several important
cellular signaling pathways related to oxidative
stress, cell cycle control, and inflammation {e.g.,
Dinkova-Kostova et al, 2005; Ahmad et al, 2006; Ahmad
et al, 2008; Liby et al, 2007). Given that the
biological activity profiles of the known oleanolic
acid derivatives vary, and in view of the wide variety
of diseases that may be treated with compounds having
potent antioxidant and anti inflammatory effects, it
is desirable to synthesize new candidates for the
treatment or prevention of disease. 



SUMMARY OF THE INVENTION The present disclosure
provides new compounds with antioxidant and anti
inflammatory properties, methods for their
manufacture, and methods for their use. Compounds
covered by the generic or specific formulas below or
specifically named arereferred to as "compounds of the
invention," "compounds of the present disclosure," or
"oleanolic acid derivatives" in the present
application. In some aspects, the disclosure provides
compounds of the formula: wherein: X1 and X are
independently: hydrogen, ORb,NRbRc, or SRb, wherein Rb
and Rc are each independently: hydrogen or hydroxy;
alkyl(c £8), aryl(c £8), aralkyl(c £8), acyl(c £8),
alkoxy(c £8), aryloxy(c £8), acyloxy(c £8),
alkylamino(c £8), arylamino(c £8), amido(c £8), or a
substituted version of any of these groups; or a
substituent convertible in vivo to hydrogen; provided
that Rb is absent when the atom to which it is bound
is part of a double bond, further provided that when
Rb is absent the atom to which it is bound is part of
a double bond; Y is hydroxy, alkoxy(c £8), aryloxy(c
£8), acyloxy(c £8), substituted alkoxy(c £8),
substituted alkoxy(c £8), substituted aryloxy(c £8),
substituted acyloxy(c £8), or NR1R2, wherein R1 and R2
are independently: hydrogen or hydroxy; or alkyl(c
£12), alkenyl(c £12), alkynyl(c £12), aryl(c £12),
aralkyl(c £12), heteroaryl(c £12), heteroaralkyl(c
£12), acyl(c £12), alkoxy(c £12), alkenyloxy(c £12),
alkynyloxy(c £12), aryloxy(c £12), aralkoxy(c
£12),heteroaryloxy(c £12), heteroaralkoxy(c £12),
thioacyl(c £12), alkylsulfonyl(c £12),
alkenylsulfonyl(c £12), alkynylsulfonyl(c £12),
arylsulfonyl(c £12), aralkylsulfonyl(c £12),
heteroarylsulfonyl(c £12), or heteroaralkylsulfonyl(c
£12), or a substituted version of any of these groups;
R1' is: hydrogen, cyano, hydroxy, halo, or amino; or
alkyl(c £8), alkenyl(c £8), alkynyl(c £8), aryl(c £8),
aralkyl(c £8), heteroaryl(c £8), heteroaralkyl(c £8),
acyl(c £8), alkoxy(c £8), aryloxy(c £8), acyloxy(c
£8), alkylamino(c £8), arylamino(c £8), amido(c £8),
or a substituted version of any of these groups; R2'
is: cyano, hydroxy, halo or amino; or fluoroalkyl(c
£8), alkenyl(c £8), alkynyl(c £8), aryl(c £8),
heteroaryl(c £8), acyl(c £8), alkoxy(c £8), aryloxy(c
£8), acyloxy(c £8), alkylamino(c £8), arylamino(c £8),
amido(c £8), or a substituted version of any of these
groups; R3 is: absent or hydrogen; alkyl(c £8), aryl(c
£8), aralkyl(c £8), acyl(c £8), or a substituted
version of any of these groups; or a substituent
convertible in vivo to hydrogen; provided that R3 is
absent when the oxygen atom to which it is bound is
part of a double bond, further provided that when R3
is absent the oxygen atom to which it is bound is part
of a double bond; R4 and R 5 are each independently
alkyl(c £8) or substituted alkyl(c £8); R 5is
hydrogen, hydroxy or oxo; R is hydrogen or hydroxy;
and R , R9, Rio and Rn are each independently
hydrogen, hydroxy, alkyl(c £8), substituted alkyl(c
£8), alkoxy(c £8) or substituted alkoxy(c £8); or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof.In some embodiments, the compound is further
defined as: wherein: X1 and X are independently:
hydrogen, ORb,NRbRc, or SRb, wherein Rb and Rc are
each independently: hydrogen; alkyl(c £8), aryl(c £8),
aralkyl(c £8), acyl(c £8), or a substituted version of
any of these groups; or a substituent convertible in
vivo to hydrogen; provided that Rb is absent when the
atom to which it is bound is part of a double bond,
further provided that when Rb is absent the atom to
which it is bound is part of a double bond; Y is
hydroxy or NR1R2, wherein: R1 and R2 are
independently: hydrogen or hydroxy; or alkyl(c £12),
alkenyl(c £12), alkynyl(c £12), aryl(c £12), aralkyl(c
£12), heteroaryl(c £12), heteroaralkyl(c £12), acyl(c
£12), alkoxy(c £12), alkenyloxy(c £12), alkynyloxy(c
£12), aryloxy(c £12), aralkoxy(c £12), heteroaryloxy(c
£12), heteroaralkoxy(c £12), thioacyl(c £12),
alkylsulfonyl(c £12), alkenylsulfonyl(c £12),
alkynylsulfonyl(c £12), arylsulfonyl(c £12),
aralkylsulfonyl(c £12), heteroarylsulfonyl(c £12),or
heteroaralkylsulfonyl(c £12), or a substituted version
of any of these groups; R1' is: hydrogen, cyano,
hydroxy, halo, or amino; or alkyl(c £8), alkenyl(c
£8), alkynyl(c £8), aryl(c £8), aralkyl(c £8),
heteroaryl(c £8), heteroaralkyl(c £8), acyl(c £8),
alkoxy(c £8), aryloxy(c £8), acyloxy(c £8),
alkylamino(c £8), arylamino(c £8), amido(c £8), or a
substituted version of any of these groups; R2' is:
cyano, hydroxy, halo or amino; or fluoroalkyl(c £8),
alkenyl(c £8), alkynyl(c £8), aryl(c £8), heteroaryl(c
£8), acyl(c £8), alkoxy(c £8), aryloxy(c £8),
acyloxy(c £8), alkylamino(c £8), arylamino(c £8),
amidq(c£8), or a substituted version of any of these
groups; R3 is: absent or hydrogen; alkyl(c £8), aryl(c
£8), aralkyl(c £8), acyl(c £8), or a substituted
version of any of these groups; or a substituent
convertible in vivo to hydrogen; provided that R3 is
absent when the oxygen atom to which it is bound is
part of a double bond, further provided that when R3
is absent the oxygen atom to which it is bound is part
of a double bond; R4 and R 5 are each independently
alkyl(c £8) or substituted alkyl(c £8); and R6 and R
are each independently hydrogen or hydroxy; or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof.In some embodiments, the compound is further
defined as: wherein: Xi is: hydrogen, ORb,NRbRc, or
SRb, wherein Rb and Rc are each independently:
hydrogen; alkyl(c £8), aryl(c £8), aralkyl(c £8),
acyl(c £8), or a substituted version of any of these
groups; or a substituent convertible in vivo to
hydrogen; provided that Rb is absent when the atom to
which it is bound is part of a double bond, further
provided that when Rb is absent the atom to which it
is bound is part of a double bond; Ri and R are
independently: hydrogen or hydroxy; or alkyl(c £12),
alkenyl(c £12), alkynyl(c £12), aryl(c £12), aralkyl(c
£12), heteroaryl(c £12), heteroaralkyl(c £12), acyl(c
£12), alkoxy(c £12), alkenyloxy(c £12),
alkynyloxy(c£i2), aryloxy(c £12), aralkoxy(c £12),
heteroaryloxy(c £12), heteroaralkoxy(c £12),
thioacyl(c £12), alkylsulfonyl(c £12),
alkenylsulfonyl(c £12), alkynylsulfonyl(c £12),
arylsulfonyl(c £12), aralkylsulfonyl(c £12),
heteroarylsulfonyl(c £12), or heteroaralkylsulfonyl(c
£12) , or a substituted version of any of these
groups; R1' is:hydrogen, cyano, hydroxy, halo, or
amino; or alkyl(c £8), alkenyl(c £8), alkynyl(c £8),
aryl(c £8), aralkyl(c £8), heteroaryl(c £8),
heteroaralkyl(c £8), acyl(c £8), alkoxy(c £8),
aryloxy(c £8), acyloxy(c £8), alkylamino(c £8),
arylamino(c £8), amido(c £8), or a substituted version
of any of these groups; R2' is: cyano, hydroxy, halo
or amino; or fluoroalkyl(c £8), alkenyl(c £8),
alkynyl(c £8), aryl(c £8), heteroaryl(c £8), acyl(c
£8), alkoxy(c £8), aryloxy(c £8), acyloxy(c £8),
alkylamino(c £8), arylamino(c £8), amido(c £8), or a
substituted version of any of these groups; R is:
absent or hydrogen; alkyl(c £8), aryl(c £8), aralkyl(c
£8), acyl(c £8), or a substituted version of any of
these groups; or a substituent convertible in vivo to
hydrogen; provided that R3 is absent when the oxygen
atom to which it is bound is part of a double bond,
further provided that when R3 is absent the oxygen
atom to which it is bound is part of a double bond;
and R4 and R 5 are each independently alkyl(c £8) or
substituted alkyl(c £8); or pharmaceutically
acceptable salts, esters, hydrates, solvates,
tautomers, prodrugs, or optical isomers thereof.In
some embodiments, the compound is further defined as:
wherein: X1 is: hydrogen, ORb,NRbRc, or SRb, wherein
Rb and Rc are each independently: hydrogen; alkyl(c
£8), aryl(c £8), aralkyl (c £8), acyl(c £8), or a
substituted version of any of these groups; or a
substituent convertible in vivo to hydrogen; provided
that Rb is absent when the atom to which it is bound
is part of a double bond, further provided that when
Rb is absent the atom to which it is bound is part of
a double bond; R1 and R are independently: hydrogen or
hydroxy; or alkyl(c £12), alkenyl (c £12), alkynyl (c
£12), aryl(c £12), aralkyl (c £12), heteroaryl (c
£12), heteroaralkyl (c £12), acyl(c £12), alkoxy(c
£12), alkenyloxy (c £12), alkynyloxy (c £12),
aryloxy(c £12), aralkoxy (c £12), heteroaryloxy (c
£12), heteroaralkoxv (c £12), thioacyl (c £12),
alkylsulfonyl (c £12), 



alkenylsulfonyl (c £12), alkynylsulfonyl (c £12),
arylsulfonyl (c £12), aralkylsulfonyl (c £12),
heteroarylsulfonyl (c £12), or heteroaralkylsulfonyl
(c £12) , or a substituted version of any of these
groups; Ri' is:hydrogen, cyano, hydroxy, halo, or
amino; or alkyl(c £8), alkenyl(c £8), alkynyl(c £8),
aryl(c £8), aralkyl(c £8), heteroaryl(c £8),
heteroaralkyl(c £8), acyl(c £8), alkoxy(c £8),
aryloxy(c £8), acyloxy(c £8), alkylamino(c £8),
arylamino(c £8), amido(c £8), or a substituted version
of any of these groups; R2' is: cyano, hydroxy, halo
or amino; or fluoroalkyl(c £8), alkenyl(c £8),
alkynyl(c £8), aryl(c £8), heteroaryl(c £8), acyl(c
£8), alkoxy(c £8), aryloxy(c £8), acyloxy(c £8),
alkylamino(c £8), arylamino(c £8), amido(c £8), or a
substituted version of any of these groups; R3 is:
absent or hydrogen; alkyl(c £8), aryl(c £8), aralkyl(c
£8), acyl(c £8), or a substituted version of any of
these groups; or a substituent convertible in vivo to
hydrogen; provided that R3 is absent when the oxygen
atom to which it is bound is part of a double bond,
further provided that when R3 is absent the oxygen
atom to which it is bound is part of a double bond;
and R4 and R 5 are each independently alkyl(c £8) or
substituted alkyl(c £8); or pharmaceutically
acceptable salts, esters, hydrates, solvates,
tautomers, prodrugs, or optical isomers thereof.In
some embodiments, the compound is further defined as:
wherein: X1 and X are independently: hydrogen,
ORb,NRbRc, or SRb, wherein Rb and Rc are each
independently: hydrogen; alkyl(c £8), aryl(c £8),
aralkyl (c £8), acyl(c £8), or a substituted version
of any of these groups; or a substituent convertible
in vivo to hydrogen; provided that Rb is absent when
the atom to which it is bound is part of a double
bond, further provided that when Rb is absent the atom
to which it is bound is part of a double bond; R1 and
R2 are independently: hydrogen or hydroxy; or alkyl(c
£12), alkenyl (c £12), alkynyl (c £12), aryl(c £12),
aralkyl (c £12), heteroaryl (c £12), heteroaralkyl (c
£12), acyl(c £12), alkoxy(c £12), alkenyloxy (c £12),
alkynyloxy (c £12), aryloxy(c £12), aralkoxy (c £12),
heteroaryloxy (c £12), heteroaralkoxy (c £i2),
thioacyl (c £12), alkylsulfonyl (c £12),
alkenylsulfonyl (c £12), alkynylsulfonyl (c £12),
arylsulfonyl (c £12), aralkylsulfonyl (c £12),
heteroarylsulfonyl (c £12), or heteroaralkylsulfonyl
(c £12), or a substituted version of any of these
groups;R2' is: cyano, hydroxy, halo or amino; or
fluoroalkyl(c £8), alkenyl(c £8), alkynyl(c £8),
aryl(c £8), heteroaryl(c £8), acyl(c £8), alkoxy(c
£8), aryloxy(c £8), acyloxy(c £8), alkylamino(c £8),
arylamino(c £8), amido(c £8), or a substituted version
of any of these groups; R6 and R are each
independently hydrogen or hydroxy; or pharmaceutically
acceptable salts, esters, hydrates, solvates,
tautomers, prodrugs, or optical isomers thereof. In
some embodiments, the compound is further defined as:
wherein: X1 is: hydrogen, ORb,NRbRc, or SRb, wherein
Rb and Rc are each independently: hydrogen; alkyl(c
£8), aryl(c £8), aralkyl(c £8), acyl(c £8), or a
substituted version of any of these groups; or a
substituent convertible in vivo to hydrogen; provided
that Rb is absent when the atom to which it is bound
is part of a double bond, further provided that when
Rb is absent the atom to which it is bound is part of
a double bond; Y is hydroxy or NR1R2, wherein: R1 and
R2 are independently:hydrogen or hydroxy; or alkyl(c
i2), alkenyl(c £12), alkynyl(c £12), aryl(c £12),
aralkyl(c £12), heteroaryl(c £12), heteroaralkyl(c
£12), acyl(c £12), alkoxy(c £12), alkenyloxy(c £12),
alkynyloxy(c £12), aryloxy(c £12), aralkoxy(c £12),
heteroaryloxy(c £12), heteroaralkoxy(c £12),
thioacyl(c £12), alkylsulfonyl (c £12),
alkenylsulfonyl(c £12), alkynylsulfonyl(c £12),
arylsulfonyl (c £12), aralkylsulfonyl(c £12),
heteroarylsulfonyl(c £12), or heteroaralkylsulfonyl(c
£12), or a substituted version of any of these groups;
R2' is: cyano, hydroxy, halo or amino; or
fluoroalkyl(c £8), alkoxy(c £8), aryloxy(c £8),
acyloxy(c £8), alkylamino(c £8), arylamino(c £8),
amido(c £8), or a substituted version of any of these
groups; and R4 and R 5 are each independently alkyl(c
£8) or substituted alkyl(c £8); or pharmaceutically
acceptable salts, esters, hydrates, solvates,
tautomers, prodrugs, or optical isomers thereof. In
some embodiments, the compound is further defined as:
wherein: R2' is: cyano, hydroxy, halo or amino;
orfluoroalkyl(c £8), alkoxy(c £8), aryloxy(c £8),
acyloxy(c £8), alkylamino(c £8), arylamino(c £8),
amido(c £8), or a substituted version of any of these
groups; R1 and R are independently: hydrogen; or
alkyl(c £12), alkenyl(c £12), alkynyl(c £12), aryl(c
£12), aralkyl(c £12), heteroaryl(c £12),
heteroaralkyl(c £12), acyl(c £12), alkylsulphonyl,
alkenylsulphonyl(c £12), alkynylsulphonyl(c £12),
arylsulphonyl(c £12), aralkylsulphonyl(c £12),
heteroarylsulphonyl(c £12), heteroaralkylsulphonyl (c
£12), or a substituted version of any of these groups;
and R8, R9, R10 and R11 are each independently
hydrogen, hydroxy, alkyl(c £6), substituted alkyl(c
£6), alkoxy(c £6) or substituted alkoxy(c £6); or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof. In some embodiments, the compound is further
defined as: wherein: R2' is: cyano, hydroxy, halo or
amino; or fluoroalkyl(c £8), alkoxy(c £8), aryloxy(c
£8), acyloxy(c £8), alkylamino(c £8), arylamino(c £8),
amido(c £8), or a substituted version of any of these
groups; and R1 and R2 are independently: hydrogen; or
alkyl(c £12), alkenyl(c £12), alkynyl(c £12), aryl(c
£12), aralkyl(c £12), heteroaryl(c £12),
heteroaralkyl(c £12), acyl(c £12), alkylsulphonyl,
alkenylsulphonyl(c £12),alkynylsulphonyl(c £12),
arylsulphonyl(c £12), aralkylsulphonyl(c £12),
heteroarylsulphonyl(c £12), heteroaralkylsulphonyl (c
£12), or a substituted version of any of these groups;
or pharmaceutically acceptable salts, esters,
hydrates, solvates, tautomers, prodrugs, or optical
isomers thereof. In some embodiments, the compound is
further defined as: wherein: R1 and R2 are
independently: hydrogen; or alkyl(c£i2), alkenyl(c
£12), alkynyl(c£i2), aryl(c £12), aralkyl(c£i2),
heteroaryl(c£i2), heteroaralkyl(c £12), acyl(c £12),
alkylsulphonyl, alkenylsulphonyl(c £12),
alkynylsulphonyl(c £12), arylsulphonyl(c £12),
aralkylsulphonyl(c £12), heteroarylsulphonyl(c £12),
heteroaralkylsulphonyl (c £12), or a substituted
version of any of these groups; or pharmaceutically
acceptable salts, esters, hydrates, solvates,
tautomers, prodrugs, or optical isomers thereof. In
some embodiments, the compound is further defined
as:wherein: R1 and R are independently: hydrogen; or
alkyl (c £12), alkenyl (c £12), alkynyl (c £12),
aryl(c £12), aralkyl (c £12), heteroaryl (c £12),
heteroaralkyl (c £12), acyl(c £12), alkylsulphonyl,
alkenylsulphonyl (c £12), alkynylsulphonyl (c £12),
arylsulphonyl (c £12), aralkylsulphonyl (c £12),
heteroarylsulphonyl (c £12), heteroaralkylsulphonyl (c
£12), or a substituted version of any of these groups;
or pharmaceutically acceptable salts, esters,
hydrates, solvates, tautomers, prodrugs, or optical
isomers thereof. In some variations of one or more of
the above embodiments, X1 or X2 is ORb, wherein Rb is
absent. In some variations of one or more of the above
embodiments, X1 is ORb and Rb is absent. In some
variations of one or more of the above embodiments, X2
is hydrogen. In some variations of one or more of the
above embodiments, Y is hydroxy. In some variations of
one or more of the above embodiments, Y is NR1R2. In
some variations of one or more of the above
embodiments, R1 or R2 is hydrogen. In some variations
of one or more of the above embodiments, R1 and R2 are
each hydrogen. In some variations of one or more of
the above embodiments, R1 or R2 comprises a fluoro
group. In some variations of one or more of the above
embodiments, R1 or R2 comprises a trifluoromethyl
group. In some variations of one or more of the above
embodiments, R1 and R2 are each independently
hydrogen, alkyl (c £8), aryl(C£10), aralkyl (C£10),
heteroaryl (C£10), heteroaralkyl (C£10), or a
substituted version of any of these groups. In some
variations of one or more of the above embodiments, R2
is alkyl (c £8), In some variations of one or more of
the above embodiments, R2 is alkyl(C3-12) or
substituted alkyl(C3-12). In some variations of one or
more of the above embodiments, R2 is alkyl (c £4) or
substituted alkyl (c £4). In some variations of one or
more of the above embodiments, R2 is alkylsulphonyl (c
£8), arylsulphonyl (c £8), aralkylsulphonyl (c £8),
heteroarylsulphonyl (c £8), heteroaralkylsulphonyl (c
£8) , or a substituted version of any of these groups.
In some variations of one or more of the above
embodiments, R2 is alkylsulphonyl (c £8) or
substituted alkylsulphonyl (c £8), In some variations
of one or more of the above embodiments, R2 is
alkylsulphonyl (c £8), In some variations of one or
more of the 



above embodiments, R2 is substituted alkylsulphonyl (c
£8) . In some variations of one or more of the above
embodiments, R2 is arylsulphonyl (c £8) . In some
variations of one or more of the above embodiments, R2
is heteroarylsulphonyl (c £8) . In some variations of
one or more of theabove embodiments, R is acyl (c £10)
. In some variations of one or more of the above
embodiments, R2 is substituted acyl(c £10) . In some
variations of one or more of the above embodiments,
R1' is hydrogen. In some variations of one or more of
the above embodiments, R2' is cyano. In some
variations of one or more of the above embodiments,
R2' is -CF 3. In some variations of one or more of the
above embodiments, R3 is absent. In some variations of
one or more of the above embodiments, R and R 5 are
the same. In some variations of one or more of the
above embodiments, R4 and R5 are each alkyl (c£4) . In
some variations of one or more of the above
embodiments, R4 and R 5 are each methyl. In some
variations of one or more of the above embodiments, R
and R are each hydrogen. In some variations of one or
more of the above embodiments, the bond joining carbon
1 and carbon 2 is a double bond. In some variations of
one or more of the above embodiments, the bond joining
carbon 9 and carbon 11 is a double bond. In some
variations of one or more of the above embodiments,
the bond joining carbon 9 and carbon 11 is a single
bond. In some variations of one or more of the above
embodiments, the bond joining carbon 12 and carbon 13
is a single bond. In some variations of one or more of
the above embodiments, the bond joining carbon 13 and
carbon 18 is a single bond. Examples of specific
compounds provided by the present disclosure include:
(4aR,6aR,6bR,8aS,12aS,12bR,14aR,14bR)-8a-amino-4,4,6a,
6b,l 1,1 1, 14bheptamethyl-
3,13-dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14bicosahydropicene-
2-carbonitrile; -((4a
S,6aR,6bR,8aR,12aR,12bR,14aR,14bS)-11-cyano-2,2,6a,6b,
9,9,12aheptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen- 4a-yl)methanesulfonamide;
methyl-(4a R,6aR,6bR,8aR,12a S,14aR, 14bS)-
11-cyano-2,2,6a,6b,9,9, 12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4aylcarbamate; ethyl-(4a
S',6aR,6bS',8aR,12a,S, 14aR,l 4bS)-
11-cyano-2,2,6a,6b,9,9, 12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4aylcarbamate;
(4aR,6aS,6bR,8aS,12aS,12bR,14bS)-8a-amino-4,4,6a,6b,l
1,1 l,14b-heptamethyl-3,13-
dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14b-octadecahydropicene-2-carbonitrile
;-((4aS,6aR,6bS,8aR,12aS,14aR,HbR)-11-cyano-2,2,6a,6b,
9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4ayl) acetamide;
N-((4aS,6aR,6bS,8aR,12aS
4aR,14bR)-11-cyano-2,2,6a,6b,9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4a-yl)-
2,2,2-trifluoroacetamide; l-((4a
S,6aR,6bS,8aR,12aS,14aR,14bS)-11-cyano-2,2,6a,6b,9,9,1
2a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4a-yl)-3- methylurea; l-((4a
S,6aR,6bS,8aR,12aS,14aR,14bS)-11-cyano-2,2,6a,6b,9,9,1
2a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4a-yl)-3- ethylurea;
-((4aR,6aR,6bS,8aR,12aR,14aR,14bR)-11-cyano-2,2,6a,6b,
9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4ayl) methanesulfonamide;
benzyl-(4aS,6aR,6bS,8aR,12 aS,14aR,HbR)-I
l-cyano-2,2,6a,6b,9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4aylcarbamate;
l-((4aR,6aR,6bR,8aR,12aR,14aR,14bR)-11-cyano-2,2,6a,6b
,9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4a-yl)urea;
-((4aR,6aR,6bR,8aR,12aR,14aR,14bR)-11-cyano-2,2,6a,6b,
9,9,12a-heptamethyl-
10,H-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14a
,14b-octadecahydropicen-4a-yl)-1Hpyrazole-
1-carboxamide;
-((4aR,6aR,6bR,8aR,12aR,14aR,14bR)-11-cyano-2,2,6a,6b,
9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4a-yl)-
3,3,3-trifluoropropanamide;
3-((4aR,6aR,6bR,8aR,12aR,14aR,14bR)-11-cyano-2,2,6a,6b
,9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4a-yl)-l,ldimethylurea;
-((4aS,6aR,6bS,8aR,12aS,14aR,HbR)-I l
-cyano-2,2,6a,6b,9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4ayl) piperidine-
1-carboxamide; N-((4aS,6aR,6bS,8aR,12aS
4aR,14bR)-11-cyano-2,2,6a,6b,9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4ayl) benzamide;
N-((4aR,6aR,6bS,8aR,12aR,14aR,14bR)-11-cyano-2,2,6a,6b
,9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4ayl) acrylamide;
allyl-(4aR,6aR,6bR,8aR,12aS,14aR, 14bS)-
11-cyano-2,2,6a,6b,9,9, 12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4aylcarbamate;
-((4aR,6aR,6bS,8aR,12aR,14aR,14bR)-11-cyano-2,2,6a,6b,
9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4ayl)
cyclopropanesulfonamide;
-((4aR,6aR,6bS,8aR,12aR,14aR,14bR)-11-cyano-2,2,6a,6b,
9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4ayl)
thiophene-2-sulfonamide;
-((4aR,6aR,6bS,8aR,12aR,14aR,14bR)-11-cyano-2,2,6a,6b,
9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4a-yl)-4- hydroxypiperidine-
1-carboxamide;
N-((4aR,6aR,6bS,8aR,12aR,14aR,14bR)-11-cyano-2,2,6a,6b
,9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4ayl)
morpholine-4-carboxamide;
isopropyl-(4aS',6aR,6bS',8aR,12aS,14aR,14bS)-11-cyano-
2,2,6a,6b,9,9,12aheptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14boctadecahydropicen- 4a-ylcarbamate;
N-((4aR,6aR,6bS,8aR,12aR,14aR,14bR)-11-cyano-2,2,6a,6b
,9,9,12a-heptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4ayl) ethanesulfonamide;
-((4aR,6aR,6bR,8aR,12aR,14aR,14bS)-
11-cyano-2,2,6a,6b,9,9, 12a-heptamethyl- 10,14-dioxo-
1,2,3,4,4a,5,6,6a,6b,7,8,8a,9, 10,12a, 14,14a,
14b-octadecahydropicen-4a-yl)-2- phenylacetamide;
-((4aR,6aR,6bR,8aR,12aR,14aR,14bS)-
11-cyano-2,2,6a,6b,9,9, 12a-heptamethyl- 10,14-dioxo-
1,2,3,4,4a,5,6,6a,6b,7,8,8a,9, 10,12a, 14,14a,
14b-octadecahydropicen-4ayl) propionamide;
-((4aR,6aR,6bR,8aR,12aR,14aR,14bS)-
11-cyano-2,2,6a,6b,9,9, 12a-heptamethyl- 10,14-dioxo-
1,2,3,4,4a,5,6,6a,6b,7,8,8a,9, 10,12a, 14,14a,
14b-octadecahydropicen-4ayl) benzenesulfonamide;
(4aR,6aR,6bR,8aR,12aR,12bR,
14bR)-8a-(dimethylamino)-4,4,6a,6b, 11, 1
1,14bheptamethyl- 3,
13-dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9, 10,11,12,12a, 12b,
13,14boctadecahydropicene- 2-carbonitrile;
-((4aR,6aR,6bR,8aR,12aR,14aR,14bS)-
11-cyano-2,2,6a,6b,9,9, 12a-heptamethyl- 10,14-dioxo-
1,2,3,4,4a,5,6,6a,6b,7,8,8a,9, 10,12a, 14,14a,
14b-octadecahydropicen-4ayl) propiolamide;
-((4aR,6aR,6bR,8aR,12aR,14aR,14bS)-
11-cyano-2,2,6a,6b,9,9, 12a-heptamethyl- 10,14-dioxo-
1,2,3,4,4a,5,6,6a,6b,7,8,8a,9, 10,12a, 14,14a,
14b-octadecahydropicen-4a-yl)-
2,2,2-trifluoroethanesulfonamide;
1-((4aR,6aR,6bR,8aR,12aS,14aR,14bS)-
11-cyano-2,2,6a,6b,9,9, 12a-heptamethyl- 10,14-dioxo-
1,2,3,4,4a,5,6,6a,6b,7,8,8a,9, 10,12a, 14,14a,
14b-octadecahydropicen-4a-yl)-3-(4-
hydroxyphenyl)urea;
1-((4aS,6aR,6bS,8aR,12aR,14aR,14bS)-
11-cyano-2,2,6a,6b,9,9, 12a-heptamethyl- 10,14-dioxo-
1,2,3,4,4a,5,6,6a,6b,7,8,8a,9, 10,12a, 14,14a,
14b-octadecahydropicen-4a-yl)-3- phenylurea;
(4aR,6aR,6bR,8aR,12aR,12bR,
14bR)-8a-hydroxy-4,4,6a,6b, 11, 1 1, 14b-heptamethyl-
3, 13-dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9, 10,11,12,12a,
12b, 13,14,14a, 14b-icosahydropicene-2- carbonitrile;
(4aR,6aS,6b ,8aS,12aR,12bR,
14bR)-8a-isocyanato-4,4,6a,6b, 11, 1 1,
14b-heptamethyl- 3,
13-dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9, 10,11,12,12a, 12b,
13,14b-octadecahydropicene-2- carbonitrile;(4a
S,6aR,6bR,8aR, 13aR, 13bR, 15aR,
15bS)-4a-hydroxy-2,2,6a,6b,9,9, 13a-heptamethyl-
1,2,3,4,4a,5,6,6a,7,8,8a,9,13,13a,13b,14,15a,15b-octad
ecahydropiceno[2,3-d]isoxazol- 15(6bH)-one; (4a
S,6aR,6bR,8aR, 10 S,12aR, 12bR,14i?, 14aR, 14bR)
-10,14-dihydroxy-
2,2,6a,6b,9,9,12a-heptamethyldocosahydropicene-4a-carb
aldehyde; (4a S,6aR,6bR,8aR, 10 ,12aR,12bR, 14i?,
14aR, 14bR) -10,14-dihydroxy-
2,2,6a,6b,9,9,12a-heptamethyldocosahydropicen-4a-yl
formate;
(4aS,6aR,6bR,8aR,12aR,12bR,14aR,14bS)-2,2,6a,6b,9,9,12
a-heptamethyl-10,14- dioxodocosahydropicen-4a-yl
formate; (4aR,6aR,6bR,8 a S,12a,S, 12bR, 14aR,l 4bR,
)-8a-hydroxy-2-(hydroxymethylene)- 4,4,6a,6b, 11,1 1,1
4b-heptamethyloctadecahydropicene-3 ,13(4H,6bH)-dione;
-((4aS,6aR,6bR,8aR,12aR,12bR,14aR,14bS)-11-cyano-2,2,6
a,6b,9,9,12aheptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen-
4a-yl)-2,2,2-trifluoroethanesulfonamide;
(4aR,6aR,6bR,8 a S,12a S, 12bR, 14aR,l
4bR)-8a-(cyanomethylamino)- 4,4,6a,6b,ll,l
l,14b-heptamethyl-3,13-dioxo-
3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-carbonit
rile; -((4a
S,6aR,6bR,8aR,12aR,12bR,14aR,14bS)-11-cyano-2,2,6a,6b,
9,9,12aheptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen-
4a-yl)cyclopropanecarboxamide; (4aR,6aR,6bR,8a ,12a S,
12bR,14aR, 14bR)-8a-(ethylamino)-4,4,6a,6b,
11,11,14bheptamethyl-
3,13-dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14bicosahydropicene-
2-carbonitrile; tetrahydrofuran-3-yl (4a
S,6aR,6bR,8aR, 12aR, 12bR, 14aR, 14bS)- 11-cyano-
2,2,6a,6b,9,9, 12a-heptamethyl- 10,14-dioxo-
1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,13,14,14a,14b
-icosahydropicen-4a-ylcarbamate; -((4a
S,6aR,6bR,8aR,12aR,12bR,14aR,14bS)-11-cyano-2,2,6a,6b,
9,9,12aheptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen- 4a-yl)acetamide;
-((4aS,6aR,6bR,8aR,12aR,12bR,14aR,14bS)-11-cyano-2,2,6
a,6b,9,9,12aheptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen-
4a-yl)-2,2,2-trifluoroacetamide; l-((4a
S,6aR,6bR,8aR,12aR,12bR,14aR,14bS)-11-cyano-2,2,6a,6b,
9,9,12aheptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen- 4a-yl)-3 -methylurea; and
methyl (4aR,6aR,6bR,8aR,12aR,12bR,14aR,HbS)-I
l-cyano-2,2,6a,6b,9,9, 12aheptamethyl-
10,14-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen- 4a-ylcarbamate. The
present disclosure further provides compounds of the
formula: wherein: X1 and X are independently:
hydrogen, ORb, NRbRc, or SRb, wherein Rb and Rc are
each independently: hydrogen; alkyl(c £8), aryl(c £8),
aralkyl(c £8), acyl(c £8), or a substituted version of
any of these groups; or provided that Rb is absent
when the atom to which it is 



bound is part of a double bond, further provided that
when Rb is absent the atom to which it is bound is
part of a double bond; R1' is: hydrogen, cyano,
hydroxy, halo, or amino; or alkyl(c £8), alkenyl(c
£8), alkynyl(c £8), aryl(c £8), aralkyl(c £8),
heteroaryl (c £8), heteroaralkyl (c £8), acyl(c £8),
alkoxy(c £8), aryloxy(c £8), acyloxy(c £8),
alkylamino(c £8), arylamino(c £8), amido(c £8), or a
substituted version of any of these groups; R2' is:
cyano, hydroxy, halo or amino; or alkenyl(c £8),
alkynyl(c £8), aryl(C£8), heteroaryl (c £8), acyl(c
£8), alkoxy(c £8), aryloxy(c £8), acyloxy(c £8),
alkylamino(c £8), arylamino(c £8), amido(c £8), or a
substituted version of any of these groups; R3 is:
absent or hydrogen; alkyl(c £8), aryl(c £8), aralkyl(c
£8), acyl(c £8), or asubstituted version of any of
these groups; or provided that R3 is absent when the
oxygen atom to which it is bound is part of a double
bond, further provided that when R3 is absent the
oxygen atom to which it is bound is part of a double
bond; R4 and R5 are each independently alkyl(c £8) or
substituted alkyl(c £8); and R and R are each
independently hydrogen or hydroxy; or salts, esters,
hydrates, solvates, tautomers, or optical isomers
thereof. In particular embodiments regarding a
compound of formula (IX), R1' is hydrogen. In certain
embodiments, R2' is cyano. In certain embodiments,
wherein R3 is absent. In certain embodiments, wherein
X2 is hydrogen. In certain embodiments, wherein the
bond joining carbon 1 and carbon 2 is a double bond.
In certain embodiments, wherein the bond joining
carbon 9 and carbon 11 is a double bond. In particular
embodiments, the compound of formula (XI) is further
defined as: or salts, hydrates, solvates, tautomers,
or optical isomers thereof. In certain embodiments,
the following particular compound is contemplated: or
salts thereof, and substantially free from other
optical isomers thereof.A further embodiment
contemplated by the present disclosure is A compound
of the formula: wherein: X1 is hydrogen, ORb, NRbRc,
or SRb, wherein Rb and Rc are each independently:
hydrogen; alkyl(c £8), aryl(c £8), aralkyl (c £8),
acyl(c £8), or a substituted version of any of these
groups; or provided that Rb is absent when the atom to
which it is bound is part of a double bond, further
provided that when Rb is absent the atom to which it
is bound is part of a double bond; R1' is: hydrogen,
cyano, hydroxy, halo, or amino; or alkyl(c £8),
alkenyl (c £8), alkynyl (c £8), aryl(c £8), aralkyl (c
£8), heteroaryl (c £8), heteroaralkyl (c £8), acyl(c
£8), alkoxy (c £8), aryloxy (c £8), acyloxy (c £8),
alkylamino (c £8), arylamino (c £8), amido(c £8), or a
substituted version of any of these groups; R and R 5
are each independently alkyl(c £8) or substituted
alkyl(c £8); and R and R7 are each independently
hydrogen or hydroxy; or salts, esters, hydrates,
solvates, tautomers, or optical isomers thereof. In
certain embodiments regarding compounds comprising X1,
X1 is ORb and Rb is absent. In certain embodiments
regarding compounds comprising R4 and R5, R4 and R5
are each independently alkyl(c£4) . For example, R4
and R5 are each methyl in certain embodiments. In
certain embodiments regarding compounds comprising R 5
and R7, R and R7 are each hydrogen. In certain
embodiments regarding compounds comprising a bond
between carbons 13 and 18, the bond joining carbon 13
and carbon 18 is a single bond. In particular
embodiments, the compound of formula (XII) is further
defined as:or salts, hydrates, solvates, tautomers, or
optical isomers thereof. In certain embodiments, the
following particular compound is contemplated: or
salts thereof, and substantially free from other
optical isomers thereof. Another general aspect of the
present disclosure contemplates a compound of the
formula: wherein: X1 is -OR b, wherein Rb is hydrogen:
provided that Rb is absent when the oxygen atom to
which it is bound is part of a double bond, further
provided that when Rb is absent the oxygen atom to
which it is bound is part of a double bond; Y1 is
hydroxy, -CHO, or -OC(O)H: R2' is hydrogen or
-C(H)(OH); R3 is absent or hydrogen; provided that R3
is absent when the oxygen atom to which it is bound is
part of a double bond, further providedthat when R is
absent the oxygen atom to which it is bound is part of
a double bond; or salts, esters, hydrates, solvates,
tautomers, or optical isomers thereof. In particular
embodiments, the compound of formula (XIII) is further
defined as: or salts, hydrates, solvates, tautomers,
or optical isomers thereof. In certain embodiments,
the following particular compound is contemplated: or
salts thereof, and substantially free from other
optical isomers thereof. In certain embodiments, the
following compound is contemplated: or salts,
hydrates, solvates, tautomers, or optical isomers
thereof. In certain embodiments, the following
particular compound is contemplated:or salts thereof,
and substantially free from other optical isomers
thereof. In certain embodiments, the following
compound is contemplated: or salts, hydrates,
solvates, tautomers, or optical isomers thereof. In
certain embodiments, the following particular compound
is contemplated: or salts thereof, and substantially
free from other optical isomers thereof. In certain
embodiments, the following compound is contemplated:
or salts, hydrates, solvates, tautomers, or optical
isomers thereof. In certain embodiments, the following
particular compound is contemplated: or salts thereof,
and substantially free from other optical isomers
thereof.In some embodiments, compounds of the present
disclosure are in the form of pharmaceutically
acceptable salts. In other embodiments, compounds of
the present disclosure are not be in the form of a
salt. In certain embodiments, a compound of the
present disclosure is a hydrate. In other embodiments,
a compound of the present disclosure is not a hydrate.
In certain embodiments, a compound of the present
disclosure is a solvate. In other embodiments, a
compound of the present disclosure is not a solvate.
In some embodiments, compounds of the present
disclosure can be esters of the above formulas. The
ester may, for example, result from a condensation
reaction between a hydroxy group of the formula and
the carboxylic acid group of biotin. In certain
embodiments, a compound of the present disclosure is
not an ester. In some embodiments, the compounds of
the present disclosure can be present as a mixture of
stereoisomers. In certain embodiments, compounds of
the present disclosure are present as predominantly
one optical isomer. In other embodiments, the
compounds of the present disclosure are present as
single stereoisomers. In some embodiments, compounds
of the present disclosure may be inhibitors of IFN-
g-induced nitrous oxide (NO) production in
macrophages, for example, having an IC5O value of less
than 0.2 mM. Other general aspects of the present
disclosure contemplate a pharmaceutical composition
comprising as an active ingredient a compound of the
present disclosure and a pharmaceutically acceptable
carrier. The composition may, for example, be adapted
for administration by a route selected from the group
consisting of orally, intraadiposally,
intraarterially, intraarticularly, intracranially,
intradermally, intralesionally, intramuscularly,
intranasally, intraocularally, intrapericardially,
intraperitoneally, intrapleurally, intraprostaticaly,
intrarectally, intrathecally, intratracheally,
intratumorally, intraumbilically, intravaginally,
intravenously, intravesicularlly, intravitreally,
liposomally, locally, mucosally, orally, parenterally,
rectally, subconjunctival, subcutaneously,
sublingually, topically, transbuccally, transdermally,
vaginally, in cremes, in lipid compositions, via a
catheter, via a lavage, via continuous infusion, via
infusion, via inhalation, via injection, via local
delivery, via localized perfusion, bathing target
cells directly, or any combination thereof. In
particular embodiments, the composition may be
formulated for oral delivery. In particular
embodiments, the composition is formulated as a hard
or soft capsule, a tablet, a syrup, a suspension, a
wafer, or an elixir. In certain embodiments, the soft
capsule is a gelatin capsule. Certain compositions may
comprise a protective coating, such as those
compositionsformulated for oral delivery. Certain
compositions further comprise an agent that delays
absorption, such as those compositions formulated for
oral delivery. Certain compositions may further
comprise an agent that enhances solubility or
dispersibility, such as those compositions formulated
for oral delivery. Certain compositions may comprise a
compound of the present disclosure, wherein the
compound is dispersed in a liposome, an oil and water
emulsion or a water and oil emulsion. Yet another
general aspect of the present disclosure contemplates
a therapeutic method comprising administering a
pharmaceutically effective amount of a compound of the
present disclosure to a subject. The subject may, for
example, be a human. These or any other methods of the
present disclosure may further comprise identifying a
subject in need of treatment. Another method of the
present disclosure contemplates a method of treating
cancer in a subject, comprising administering to the
subject a pharmaceutically effective amount of a
compound of the present disclosure. The cancer may be
any type of cancer, such as a carcinoma, sarcoma,
lymphoma, leukemia, melanoma, mesothelioma, multiple
myeloma, or seminoma. Other types of cancers include
cancer of the bladder, blood, bone, brain, breast,
central nervous system, colon, endometrium, esophagus,
genitourinary tract, head, larynx, liver, lung, neck,
ovary, pancreas, prostate, spleen, small intestine,
large intestine, stomach, or testicle. In these or any
other methods, the subject may be a primate. This or
any other method may further comprise identifying a
subject in need of treatment. The subject may have a
family or patient history of cancer. In certain
embodiments, the subject has symptoms of cancer. The
compounds of the invention may be administered via any
method described herein, such as locally. In certain
embodiments, the compound is administered by direct
intratumoral injection or by injection into tumor
vasculature. In certain embodiments, the compounds may
be administered systemically. The compounds may be
administered intravenously, intra-arterially,
intramuscularly, intraperitoneally, subcutaneously or
orally, in certain embodiments. In certain embodiments
regarding methods of treating cancer in a subject,
comprising administering to the subject a
pharmaceutically effective amount of a compound of the
present disclosure, the pharmaceutically effective
amount is 0.1 - 1000 mg/kg. In certain embodiments,
the pharmaceutically effective amount is administered
in a single dose per day. In certain embodiments, the
pharmaceutically effective amount is administered in
two or more doses per day. The compound may be
administered by contacting a tumor cell during ex vivo
purging, for example. The method of treatment may
comprise any one or more of thefollowing: a) inducing
cytotoxicity in a tumor cell; b) killing a tumor cell;
c) inducing apoptosis in a tumor cell; d) inducing
differentiation in a tumor cell; or e) inhibiting
growth in a tumor cell. The tumor cell may be any type
of tumor cell, such as a leukemia cell. Other types of
cells include, for example, a bladder cancer cell, a
breast cancer cell, a lung cancer cell, a colon cancer
cell, a prostate cancer cell, a liver cancer cell, a
pancreatic cancer cell, a stomach cancer cell, a
testicular cancer cell, a brain cancer cell, an
ovarian cancer cell, a lymphatic cancer cell, a skin
cancer cell, a brain cancer cell, a bone cancer cell,
or a soft tissue cancer cell. Combination treatment
therapy is also contemplated by the present
disclosure. For example, regarding methods of treating
cancer in a subject, comprising administering to the
subject a pharmaceutically effective amount of a
compound of the present disclosure, the method may
further comprise a treatment selected from the group
consisting of administering a pharmaceutically
effective amount of a second drug, radiotherapy, gene
therapy, and surgery. Such methods may further
comprise (1) contacting a tumor cell with the compound
prior to contacting the tumor cell with the second
drug, (2) contacting a tumor cell with the second drug
prior to contacting the tumor cell with the compound,
or (3) contacting a tumor cell with the compound and
the second drug at the same time. The second drug may,
in certain embodiments, be an antibiotic,
anti-inflammatory, anti-neoplastic,
anti-proliferative, anti-viral, immunomodulatory, or
immunosuppressive. The second drug may be an
alkylating agent, androgen receptor modulator,
cytoskeletal disruptor, estrogen receptor modulator,
histone-deacetylase inhibitor, HMG-CoA reductase
inhibitor, prenyl-protein transferase inhibitor,
retinoid receptor modulator, topoisomerase inhibitor,
or tyrosine kinase inhibitor. In certain embodiments,
the second drug is 5-azacitidine, 5-fluorouracil,
9-cisretinoic acid, actinomycin D, alitretinoin,
all-trans-retinoic acid, annamycin, axitinib,
belinostat, bevacizumab, bexarotene, bosutinib,
busulfan, capecitabine, carboplatin, carmustine,
CD437, cediranib, cetuximab, chlorambucil, cisplatin,
cyclophosphamide, 



cytarabine, dacarbazine, dasatinib, daunorubicin,
decitabine, docetaxel, dolastatin-10, doxifluridine,
doxorubicin, doxorubicin, epirubicin, erlotinib,
etoposide, etoposide, gefútinib, gemcitabine,
gemtuzumab ozogamicin, hexamethylmelamine, idarubicin,
ifosfamide, imatinib, irinotecan, isotretinoin,
ixabepilone, lapatinib, LBH589, lomustine,
mechlorethamine, melphalan, mercaptopurine,
methotrexate, mitomycin, mitoxantrone, MS- 275,
neratinib, nilotinib, nitrosourea, oxaliplatin,
paclitaxel, plicamycin, procarbazine, semaxanib,
semustine, sodium butyrate, sodium phenylacetate,
streptozotocin, suberoylanilide hydroxamic acid,
sunitinib, tamoxifen, teniposide, thiopeta,
tioguanine,topotecan, TRAIL, trastuzumab, tretinoin,
trichostatin A, valproic acid, valrubicin, vandetanib,
vinblastine, vincristine, vindesine, or vinorelbine.
Methods of treating or preventing a disease with an
inflammatory component in a subject, comprising
administering to the subject a pharmaceutically
effective amount of a compound of the present
disclosure are also contemplated. The disease may be,
for example, lupus or rheumatoid arthritis. The
disease may be an inflammatory bowel disease, such as
Crohn's disease or ulcerative colitis. The disease
with an inflammatory component may be a cardiovascular
disease. The disease with an inflammatory component
may be diabetes, such as type 1 or type 2 diabetes.
Compounds of the present disclosure may also be used
to treat complications associated with diabetes. Such
complications are well-known in the art and include,
for example, obesity, hypertension, atherosclerosis,
coronary heart disease, stroke, peripheral vascular
disease, hypertension, nephropathy, neuropathy,
myonecrosis, retinopathy and metabolic syndrome
(syndrome X). The disease with an inflammatory
component may be a skin disease, such as psoriasis,
acne, or atopic dermatitis. Administration of a
compound of the present disclosure in treatment
methods of such skin diseases may be, for example,
topical or oral. The disease with an inflammatory
component may be metabolic syndrome (syndrome X). A
patient having this syndrome is characterized as
having three or more symptoms selected from the
following group of five symptoms: (1) abdominal
obesity; (2) hypertriglyceridemia; (3) low
high-density lipoprotein cholesterol (HDL); (4) high
blood pressure; and (5) elevated fasting glucose,
which may be in the range characteristic of Type 2
diabetes if the patient is also diabetic. Each of
these symptoms is defined in the Third Report of the
National Cholesterol Education Program Expert Panel on
Detection, Evaluation and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III, or
ATP III), National Institutes of Health, 2001, N1H
Publication No. 01-3670, incorporated herein by
reference. Patients with metabolic syndrome, whether
or not they have or develop overt diabetes mellitus,
have an increased risk of developing the macrovascular
and microvascular complications that are listed above
that occur with type 2 diabetes, such as
atherosclerosis and coronary heart disease. Another
general method of the present disclosure entails a
method of treating or preventing a cardiovascular
disease in a subject, comprising administering to the
subject a pharmaceutically effective amount of a
compound of the present disclosure. The cardiovascular
disease may be, for example, atherosclerosis,
cardiomyopathy, congenital heart disease, congestive
heart failure, myocarditis, rheumatic heart disease,
valve disease,coronary artery disease, endocarditis,
or myocardial infarction. Combination therapy is also
contemplated for such methods. For example, such
methods may further comprise administering a
pharmaceutically effective amount of a second drug.
The second drug may be, for example, a cholesterol
lowering drug, an anti-hyperlipidemic, a calcium
channel blocker, an anti-hypertensive, or an HMG-CoA
reductase inhibitor. Non-limiting examples of second
drugs include amlodipine, aspirin, ezetimibe,
felodipine, lacidipine, lercanidipine, nicardipine,
nifedipine, nimodipine, nisoldipine or nitrendipine.
Other non-limiting examples of second drugs include
atenolol, bucindolol, carvedilol, clonidine,
doxazosin, indoramin, labetalol, methyldopa,
metoprolol, nadolol, oxprenolol, phenoxybenzamine,
phentolamine, pindolol, prazosin, propranolol,
terazosin, timolol or tolazoline. The second drug may
be, for example, a statin, such as atorvastatin,
cerivastatin, fluvastatin, lovastatin, mevastatin,
pitavastatin, pravastatin, rosuvastatin or
simvastatin. Methods of treating or preventing a
neurodegenerative disease in a subject, comprising
administering to the subject a pharmaceutically
effective amount of a compound of the present
disclosure are also contemplated. The
neurodegenerative disease may, for example, be
selected from the group consisting of Parkinson's
disease, Alzheimer's disease, multiple sclerosis (MS),
Huntington's disease and amyotrophic lateral
sclerosis. In particular embodiments, the
neurodegenerative disease is Alzheimer's disease. In
particular embodiments, the neurodegenerative disease
is MS, such as primary progressive, relapsingremitting
secondary progressive or progressive relapsing MS. The
subject may be, for example, a primate. The subject
may be a human. In particular embodiments of methods
of treating or preventing a neurodegenerative disease
in a subject, comprising administering to the subject
a pharmaceutically effective amount of a compound of
the present disclosure, the treatment suppresses the
demyelination of neurons in the subject's brain or
spinal cord. In certain embodiments, the treatment
suppresses inflammatory demyelination. In certain
embodiments, the treatment suppresses the transection
of neuron axons in the subject's brain or spinal cord.
In certain embodiments, the treatment suppresses the
transection of neurites in the subject's brain or
spinal cord. In certain embodiments, the treatment
suppresses neuronal apoptosis in the subject's brain
or spinal cord. In certain embodiments, the treatment
stimulates the remyelination of neuron axons in the
subject's brain or spinal cord. In certain
embodiments, the treatment restores lost function
after an MS attack. In certain embodiments, the
treatment prevents a new MS attack. In certain
embodiments, the treatment prevents a disability
resulting from an MS attack.One general aspect of the
present disclosure contemplates a method of treating
or preventing a disorder characterized by
overexpression of iNOS genes in a subject, comprising
administering to the subject a pharmaceutically
effective amount of a compound of the present
disclosure. Another general aspect of the present
disclosure contemplates a method of inhibiting
IFN-g-induced nitric oxide production in cells of a
subject, comprising administering to said subject a
pharmaceutically effective amount of a compound of the
present disclosure. Yet another general method of the
present disclosure contemplates a method of treating
or preventing a disorder characterized by
overexpression of COX-2 genes in a subject, comprising
administering to the subject a pharmaceutically
effective amount of compound of the present
disclosure. Methods of treating renal/kidney disease
(RKD) in a subject, comprising administering to the
subject a pharmaceutically effective amount of a
compound of the present disclosure are also
contemplated. See U.S. Patent Application 12/352,473,
which is incorporated by reference herein in its
entirety. The RKD may result from, for example, a
toxic insult. The toxic insult may result from, for
example, an imaging agent or a drug. The drug may be a
chemotherapeutic, for example. The RKD may result from
ischemia/reperfusion injury, in certain embodiments.
In certain embodiments, the RKD results from diabetes
or hypertension. The RKD may result from an autoimmune
disease. The RKD may be further defined as chronic
RKD, or acute RKD. In certain methods of treating
renal/kidney disease (RKD) in a subject, comprising
administering to the subject a pharmaceutically
effective amount of a compound of the present
disclosure, the subject has undergone or is undergoing
dialysis. In certain embodiments, the subject has
undergone or is a candidate to undergo kidney
transplant. The subject may be a primate. The primate
may be a human. The subject in this or any other
method may be, for example, a cow, horse, dog, cat,
pig, mouse, rat or guinea pig. Also contemplated by
the present disclosure is a method for improving
glomerular filtration rate or creatinine clearance in
a subject, comprising administering to the subject a
pharmaceutically effective amount of a compound of the
present disclosure. Methods of synthesizing compounds
of the present disclosure are also contemplated. In
particular embodiments, such methods comprise a method
of making a first compound defined as:wherein: X1 and
X are independently: hydrogen, ORb, NRbRc, or SRb,
wherein Rb and Rc are each independently: hydrogen;
alkyl(c £8), aryl(c £8), aralkyl(c £8), acyl(c £8), or
a substituted version of any of these groups; or a
substituent convertible in vivo to hydrogen; provided
that Rb is absent when the atom to which it is bound
is part of a double bond, further provided that when
Rb is absent the atom to which it is bound is part of
a double bond; Y is NR1R2, wherein: R1 and R2 are
independently: hydrogen or hydroxy; or alkyl(c £12),
alkenyl(c £12), alkynyl(c £12), aryl(c £12), aralkyl(c
£12), heteroaryl(c £12), heteroaralkyl(c £12), acyl(c
£12), alkoxy(c £12), alkenyloxy(c £12), alkynyloxy(c
£12), aryloxy(c £12), aralkoxy(c £12), heteroaryloxy(c
£12), heteroaralkoxy(c £12), thioacyl(c £12),
alkylsulfonyl(c £12), alkenylsulfonyl(c £12),
alkynylsulfonyl(c £12), arylsulfonyl(c £12),
aralkylsulfonyl(c £12), heteroarylsulfonyl(c £12), or
heteroaralkylsulfonyl(c £12), or a substituted version
of any of these groups; R1' is: hydrogen, cyano,
hydroxy, halo, or amino; or alkyl(c £8), alkenyl(c
£8), alkynyl(c £8), aryl(c £8), aralkyl(c £8),
heteroaryl(c £8), heteroaralkyl(c £8), acyl(c £8),
alkoxy(c £8), aryloxy(c £8), acyloxy(c £8),
alkylamino(c £8), arylamino(c £8), amido(c £8), or a
substituted version of any of these groups; R2' is:
cyano, hydroxy, halo or amino; or alkenyl(c £8),
alkynyl(c £8), aryl(c £8), heteroaryl(c £8), acyl(c
£8), alkoxy(c £8), aryloxy(c £8), acyloxy(c £8),
alkylamino(c £8), arylamino(c £8), amido(c £8), or a
substituted version of any of these groups; R3 is:
absent or hydrogen; alkyl(c £8), aryl(c £8), aralkyl(c
£8), acyl(c £8), or a substituted version of any of
these groups; or a substituent convertible in vivo to
hydrogen; provided that R3 is absent when the oxygen
atom to which it is bound is part of a double bond,
further provided that when R3 is absent the oxygen
atom to which it is bound is part of a double bond; R
and R 5 are each independently alkyl(c £8) or
substituted alkyl(c £8); and R 5 and R are each
independently hydrogen or hydroxy; wherein the first
step of the synthesis comprises modification of the C-
17 amino group of the following compound:Kits are also
contemplated by the present disclosure, such as a kit
comprising: a compound of the present disclosure; and
instructions which comprise one or more forms of
information selected from the group consisting of
indicating a disease state for which the compound is
to be administered, storage information for the
compound, dosing information and instructions
regarding how to administer the compound. The kit may
comprise a compound of the present disclosure in a
multiple dose form. Other general aspects of the
present disclosure contemplate articles of
manufacture. For example, an article of manufacture
may comprise a compound of the present disclosure; and
packaging materials. The packaging materials may
comprise a container for housing the compound, in
certain embodiments. The container may comprise, for
example, a label indicating one or more members of the
group consisting of a disease state for which the
compound is to be administered, storage information,
dosing information and/or instructions regarding how
to administer the compound. In certain embodiments,
the article of manufacture comprises the compound in a
multiple dose form. In some embodiments, the invention
provides compounds that may prevent and/or treat
diseases or disorders whose pathology involves
oxidative stress, inflammation, and/or dysregulation
of inflammatory signaling pathways. In some
variations, the diseases or disorders can be
characterized by overexpression of inducible nitric
oxide synthase (iNOS) and/or inducible cyclooxygenase
(COX-2) in affected tissues. In some variations, the
diseases or disorders can be characterized by
overproduction of reactive oxygen species (ROS) or
reactive nitrogen species (RNS) such as superoxide,
hydrogen peroxide, nitric oxide or peroxynitrite in
affected tissues. In some variations, the disease or
disorder is characterized by excessive production of
inflammatory cytokines or other inflammationrelated
proteins such as TNFa, IL-6, IL-I, IL-8, ICAM-I,
VCAM-I, and VEGF. Such diseases or disorders may, in
some embodiments, involve undesirable proliferation of
certain cells, as in the case of cancer (e.g., solid
tumors, leukemias, myelomas, lymphomas, and other
cancers), fibrosis associated with organ failure, or
excessive scarring. Non limiting examples 



of the disease or disorder include: lupus, rheumatoid
arthritis, juvenile-onset diabetes,multiple sclerosis,
psoriasis, and Crohn's disease. Further non-limiting
examples include cardiovascular diseases, such as
atherosclerosis, heart failure, myocardial infarction,
acute coronary syndrome, restenosis following vascular
surgery, hypertension, and vasculitis;
neurodegenerative or neuromuscular diseases such as
Alzheimer's disease, Parkinson's disease, Huntington's
disease, ALS, and muscular dystrophy; neurological
disorders such as epilepsy and dystonia;
neuropsychiatric conditions such as major depression,
bipolar disorder, post-traumatic stress disorder,
schizophrenia, anorexia nervosa, ADHD, and
autism-spectrum disorders; retinal diseases such as
macular degeneration, diabetic retinopathy, glaucoma,
and retinitis; chronic and acute pain syndromes,
including inflammatory and neuropathic pain; hearing
loss and tinnitus; diabetes and complications of
diabetes, including metabolic syndrome, diabetic
nephropathy, diabetic neuropathy, and diabetic ulcers;
respiratory diseases such as asthma, chronic
obstructive pulmonary disease, acute respiratory
distress syndrome, and cystic fibrosis; inflammatory
bowel diseases; osteoporosis, osteoarthritis, and
other degenerative conditions of bone and cartilage;
acute or chronic organ failure, including renal
failure, liver failure (including cirrhosis and
hepatitis), and pancreatitis; ischemia-reperfusion
injury associated with thrombotic or hemorrhagic
stroke, subarachnoid hemorrhage, cerebral vasospasm,
myocardial infarction, shock, or trauma; complications
of organ or tissue transplantation including acute or
chronic transplant failure or rejection and
graft-versus-host disease; skin diseases including
atopic dermatitis and acne; sepsis and septic shock;
excessive inflammation associated with infection,
including respiratory inflammation associated with
influenza and upper respiratory infections; mucositis
associated with cancer therapy, including radiation
therapy or chemotherapy; and severe burns.
Non-limiting examples of compounds disclosed herein
include:DESCRIPTION ANTIOXIDANT INFLAMMATION
MODULATORS: C-17 HOMOLOGATED OLEANOLIC ACID
DERIVATIVES BACKGROUND OF THE INVENTION The present
application claims the benefit of priority to U.S.
Provisional Application Nos. 61/046,366, filed April
18, 2008, and 61/1 11,294, filed November 4, 2008, the
entire contents of both applications are incorporated
herein by reference in their entireties. I. Field of
the Invention The present disclosure relates generally
to the fields of biology and medicine. More
particularly, it concerns compounds and methods for
the treatment and prevention of diseases such as those
associated with oxidative stress and inflammation. II.
Description of Related Art Many serious and
intractable human diseases are associated with
dysregulation of inflammatory processes, including
diseases such as cancer, atherosclerosis, and
diabetes, which were not traditionally viewed as
inflammatory conditions. Similarly, autoimmune
diseases such as rheumatoid arthritis, lupus,
psoriasis, and multiple sclerosis involve
inappropriate and chronic activation of inflammatory
processes in affected tissues, arising from
dysfunction of self vs. non-self recognition and
response mechanisms in the immune system. In
neurodegenerative diseases such as Alzheimer's and
Parkinson's diseases, neural damage is correlated with
activation of microglia and elevated levels of
pro-inflammatory proteins such as inducible nitric
oxide synthase (iNOS). One aspect of inflammation is
the production of inflammatory prostaglandins such as
prostaglandin E, whose precursors are produced by the
enzyme cyclo-oxygenase (COX-2). High levels of COX-2
are found in inflamed tissues. Consequently,
inhibition of COX-2 is known to reduce many symptoms
of inflammation and a number of important anti
inflammatory drugs (e.g., ibuprofen and celecoxib) act
by inhibiting COX-2 activity. Recent research,
however, has demonstrated that a class of
cyclopentenone prostaglandins (e.g., 15- deoxy
prostaglandin J2, a.k.a. PGJ2) plays a role in
stimulating the orchestrated resolution of
inflammation. COX-2 is also associated with the
production of cyclopentenone prostaglandins.
Consequently, inhibition of COX-2 may interfere with
the full resolution of inflammation, potentially
promoting the persistence of activated immune cells in
tissues andleading to chronic, "smoldering"
inflammation. This effect may be responsible for the
increased incidence of cardiovascular disease in
patients using selective COX-2 inhibitors for long
periods of time. Corticosteroids, another important
class of anti-inflammatory drugs, have many
undesirable side effects and frequently are not
suitable for chronic use. Newer protein-based drugs,
such as anti-TNF monoclonal antibodies, have proven to
be effective for the treatment of certain autoimmune
diseases such as rheumatoid arthritis. However, these
compounds must be administered by injection, are not
effective in all patients, and may have severe side
effects. In many severe forms of inflammation (e.g.,
sepsis, acute pancreatitis), existing drugs are
ineffective. In addition, currently available drugs do
not have significant antioxidant properties, and are
not effective in reducing oxidative stress associated
with excessive production of reactive oxygen species
and related molecules such as peroxynitrite.
Accordingly, there is a pressing need for improved
therapeutics with antioxidant and anti inflammatory
properties. A series of synthetic triterpenoid analogs
of oleanolic acid have been shown to be inhibitors of
cellular inflammatory processes, such as the induction
by IFN-g of inducible nitric oxide synthase (iNOS) and
of COX-2 in mouse macrophages. See Honda et al
(2000a); Honda et al (2000b), and Honda et al. (2002),
which are all incorporated herein by reference. For
example, one of these, 2-cyano-3,12-dioxooleane-l,9(l
l)-dien-28-oic acid methyl ester (CDDO-Me), is
currently in clinical trials for a variety of
disorders related to inflammation, including cancer
and diabetic nephropathy. The pharmacology of these
molecules is complex, as they have been shown to
affect the function of multiple protein targets and
thereby modulate the function of several important
cellular signaling pathways related to oxidative
stress, cell cycle control, and inflammation {e.g.,
Dinkova-Kostova et al, 2005; Ahmad et al, 2006; Ahmad
et al, 2008; Liby et al, 2007). Given that the
biological activity profiles of the known oleanolic
acid derivatives vary, and in view of the wide variety
of diseases that may be treated with compounds having
potent antioxidant and anti inflammatory effects, it
is desirable to synthesize new candidates for the
treatment or prevention of disease.SUMMARY OF THE
INVENTION In one aspect, the present disclosure
provides new compounds with antioxidant and
anti-inflammatory properties, methods for their
manufacture, and methods for their use. Compounds
covered by the generic or specific formulas below or
specifically named may be referred to herein as
"compounds of the invention," "compounds of the
present disclosure," or "oleanolic acid derivatives."
In one aspect, the present disclosure provides
compounds of the formula: wherein: Y is
alkanediyl(c<8), alkenediyl(c<8), alkynediyl(c<8), or
a substituted version of any of these groups; Ra is:
hydrogen, hydroxy, halo, amino, nitro, cyano, azido,
phosphate, 1,3- dioxoisoindolin-2-yl, mercapto or
silyl; or alkyl(C<i2), alkenyl (C<i2), alkynyl (C<i2),
aryl (C<i2), aralkyl (C<i2), heteroaryl (C<i2),
heteroaralkyl( C<i2), acyl (C<i2), alkoxy (C<i2),
alkenyloxy (C<i2), alkynyloxv(c<i2), aryloxy(c<i2),
aralkoxy(c<i2), heteroaryloxy(c<i2),
heteroaralkoxy(c<i2), acyloxy(c<i2), alkylamin
q(c<i2), dialkylamin q(c<i2), alkenylamin q(c<i2),
alkynylamin q(c<i2), arylamin q(c<i2), aralkylamin
q(c<i2), heteroarylamin q(c<i2), heteroaralkylamin
q(c<i2), alkylsulfonylamin q(c<i2), amid q(c<i2),
alkylthi q(c<i2), alkenylthi q(c<i2), alkynylthi
q(c<i2), arylthi q(c<i2), aralkylthi q(c<i2),
heteroarylthi q(c<i2), heteroaralkylthi q(c<i2),
acylthi q(c<i2), thioacyl(c<i2),
alkylsulfonyl(c<i2),alkenylsulfonyl(c<i2),
alkynylsulfonyl(c< 12), arylsulfonyl(c<12),
aralkylsulfonyl( c<i2), heteroarylsulfonyl(c< 12),
heteroaralkylsulfonyl(c< 12), alkylsulf únyl(c<i2),
alkenylsulfmyl(c< 12), alkynylsulfinyl(c< 12),
arylsulfúnyl( c<i2), aralkylsulf únyl(C<i2),
heteroarylsulf únyl(C<i2), heteroaralkylsulf
únyl(c<i2), alkylphosphonyl (C<i2), alkylphosphate(c<
12), dialkylphosphate(c<i2), alkylammoniuni(c<i2),
alkylsulfoniuni(c<i2), alkylsilyl (c<i2), or a
substituted version of any of these groups; or Y and
Ra form a three to seven-membered ring, such that Y
and Ra are further connected to one another through
one or more of -O- and alkanediyl(ci-s), further
wherein Y is -CH- and Ra is -CH - ; or Y, Ra, and
carbon numbers 13, 17 and 18 form a ring such that Ra
is bound to carbon 13, wherein Y is alkanediyl(c =i)
or substituted alkanediyl(c =i) and Ra is -O-; X1 and
X are independently: hydrogen, ORb,NRbR , or SRb,
wherein Rb and Rc are each independently: hydrogen or
hydroxy; alkyl(c<8), aryl(C<8), aralkyl (C<8),
acyl(C<8), alkoxy (C<8), aryloxy (C<8), acyloxv(c<8),
alkylamin q(c<8), arylamin q(c<8), amidq(c<8), or a
substituted version of any of these groups; or a
substituent convertible in vivo to hydrogen; provided
that Rb is absent when the atom to which it is bound
is part of a double bond, further provided that when
Rb is absent the atom to which it is bound is part of
a double bond; R1 is: hydrogen, cyano, hydroxy, halo
or amino; or alkyl(c<8), alkenyl (C<8), alkynyl (C<8),
aryl(C<8), aralkyl (C<8), heteroaryl (C<8),
heteroaralkyl(c<8), acyl(C<8), alkoxy (C<8), aryloxy
(C<8), acyloxy (C<8), alkylamin q(c<8), arylamin
q(c<8), amidq(c<8), or a substituted version of any of
these groups; R2 is: cyano, hydroxy, halo or amino; or
fluoroalkyl (c<8), alkenyl (C<8), alkynyl (C<8),
aryl(C<8), heteroaryl (C<8), acyl(C<8), alkoxy (C<8),
aryloxy (C<8), acyloxy (C<8), alkylamino (C<8),
arylamino (C<8), amidq(c<8), or a substituted version
of any of these groups;R is: absent or hydrogen;
alkyl(c<8), aryl(c<8), aralkyl(c<8), acyl(c<8), or a
substituted version of any of these groups; or a
substituent convertible in vivo to hydrogen; provided
that R is absent when the oxygen atom to which it is
bound is part of a double bond, further provided that
when R3 is absent the oxygen atom to which it is bound
is part of a double bond; R4 and R5 are each
independently alkyl (C<8) or substituted alkyl (C<8);
R is hydrogen, hydroxy or oxo; and R is hydrogen or
hydroxy; Rs, R9, Rio and Rn are each independently
hydrogen, hydroxy, alkyl(c<8), substituted alkyl(c<8),
alkoxy(c<8) or substituted alkoxy(c<8); or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof. In some embodiments, the compound is further
defined as: wherein: Y is alkanediyl(c<8),
alkenediyl(c<8), alkynediyl(c<8), or a substituted
version of any of these groups;Ra is: hydrogen,
hydroxy, halo, amino, nitro, cyano, azido, phosphate,
1,3- dioxoisoindolin-2-yl, mercapto or silyl; or alkyl
(c<i2), alkenyl (C<i2), alkynyl (C<i2), aryl (C<12),
aralkyl (C<i2), heteroaryl (C<i2), 



heteroaralkyl (c<i2), acyl (C<12), alkoxy (C<i2),
alkenyloxy (C<i2), alkynyloxy (c<i2), aryloxy (C<i2),
aralkoxy (C<i2), heteroaryloxy (C<i2),
heteroaralkoxy(c<i2), acyloxy(c< 12), alkylamin q(c<
12), dialkylamin q(c< 12), alkenylamin q(c<i2),
alkynylamin q(c<i2), arylamin q(c<i2), aralkylamin
q(c<i2), heteroarylamin q(c<i2), heteroaralkylamin
q(c<i2), alkylsulfonylamin q(c<i2), amid q(c<i2),
alkylthi q(c<i2), alkenylthi q(c<i2), alkynylthi
q(c<i2), arylthi q(c<i2), aralkylthi q(c<i2),
heteroarylthi q(c<i2), heteroaralkylthi q(c<i2),
acylthi q(c<i2), thioacyl(c<i2), alkylsulfonyl(c<i2),
alkenylsulfonyl(c<i2), alkynylsulfonyl(c<i2),
arylsulfonyl(c<i2), aralkylsulfonyl( c<i2),
heteroarylsulfonyl (C<i2), heteroaralkylsulfonyl
(C<i2), alkylsulf únyl(c<i2), alkenylsulfmyl(c<i2),
alkynylsulf únyl(c<i2), arylsulf únyl(c<i2),
aralkylsulf únyl(c<i2), heteroarylsulf únyl(c<i2),
heteroaralkylsulf únyl(c<i2), alkylphosphonyl(c<i2),
alkylphosphonyl(c<i2), alkylphosphate(c<i2),
dialkylphosphate(c<i2), alkylammonium(c<i2),
alkylsulfoniuni(c<i2), alkylsilyl(c<i2), or a
substituted version of any of these groups; or Y and
Ra form a three to six-membered ring, such that Y and
Ra are further connected to one another through one or
more of -O- and alkanediyl (ci-4) , further wherein Y
is -CH- and Ra is -CH 2- ; X1 and X2 are
independently: hydrogen, ORb, NRbR , or SRb, wherein
Rb and Rc are each independently: hydrogen;
alkyl(c<8), aryl(c<8), aralkyl(c<8), acyl(c<8), or a
substituted version of any of these groups; or a
substituent convertible in vivo to hydrogen; provided
that Rb is absent when the atom to which it is bound
is part of a double bond, further provided that when
Rb is absent the atom to which it is bound is part of
a double bond;R1 is: hydrogen, cyano, hydroxy, halo or
amino; or alkyl (c<8), alkenyl (C<8), alkynyl (C<8),
aryl(C<8), aralkyl (C<8), heteroaryl (C<8),
heteroaralkyl (c<8), acyl(C<8), alkoxy (C<8), aryloxy
(C<8), acyloxy (C<8), alkylamin q(c<8), arylamin
q(c<8), amidq(c<8), or a substituted version of any of
these groups; R2 is: cyano, hydroxy, halo or amino; or
fluoroalkyl(c<8), alkenyl (C<8), alkynyl (C<8), aryl
(C<8), heteroaryl (C<8), acyl (C<8), alkoxy (C<8),
aryloxy (C<8), acyloxy (C<8), alkylamino (C<8),
arylamino (C<8), amidq(c<8), or a substituted version
of any of these groups; R3 is: absent or hydrogen;
alkyl(c<8), aryl(c<8), aralkyl(c<8), acyl(c<8), or a
substituted version of any of these groups; or a
substituent convertible in vivo to hydrogen; provided
that R3 is absent when the oxygen atom to which it is
bound is part of a double bond, further provided that
when R3 is absent the oxygen atom to which it is bound
is part of a double bond; R4 and R 5 are each
independently alkyl(c<8) or substituted alkyl(c<8);
and R and R are each independently hydrogen or
hydroxy; or pharmaceutically acceptable salts, esters,
hydrates, solvates, tautomers, prodrugs, or optical
isomers thereof.In some embodiments, the compound is
further defined as: wherein: Y is alkanediyl(c<5) or
substituted alkanediyl(c<5); Ra is: hydrogen, hydroxy,
halo, amino, phosphate, l,3-dioxoisoindolin-2-yl, or
cyano; or alkyl (c<i2), alkenyl (C<i2), alkynyl
(C<i2), aryl (C<12), aralkyl (C<i2), heteroaryl
(C<i2), heteroaralkyl(c<i2), acyl(c<12), alkoxv(c<i
2), alkenyloxv(c<i2), alkynyloxy (c<i2), aryloxy
(C<i2), aralkoxy (C<i2), heteroaryloxy (C<i2),
heteroaralkoxy(c<i2), acyloxy(c<i2), alkylamin
q(c<i2), dialkylamin q(c<i2), alkenylamin q(c<i2),
alkynylamin q(c<i2), arylamin q(c<i2),
aralkylamino(c<i2), heteroarylamin q(c<i2),
heteroaralkylamin q(c<i2), alkylsulfonylamin q(c<i2),
amid q(c<i2), arylsulfonyl(c<i2), arylsulfinyl(c<i2),
alkylphosphate(c<i2), dialkylphosphate(c<i2), or a
substituted version of any of these groups; or Y and
Ra form a three to fúve-membered ring, such that Y and
Ra are further connected to one another through one or
more of -O- and alkanediyl (ci-3), further wherein Y
is -CH- and Ra is -CH 2- ; R2 is: cyano, hydroxy, halo
or amino; orfluoroalkyl(c<8), alkenyl (C<8), alkynyl
(C<8), aryl (C<8), heteroaryl (C<8), acyl (C<8),
alkoxy (C<8), aryloxy (C<8), acyloxy (C<8), alkylamino
(c<8), arylamino (c<8), amid q(c<8), or a substituted
version of any of these groups; and R is: absent or
hydrogen; alkyl(c<8), aryl(c<8), aralkyl(c<8),
acyl(c<8), or a substituted version of any of these
groups; or a substituent convertible in vivo to
hydrogen; provided that R3 is absent when the oxygen
atom to which it is bound is part of a double bond,
further provided that when R3 is absent the oxygen
atom to which it is bound is part of a double bond; or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof. In some embodiments, the compound is further
defined as: wherein: Y is alkanediyl(c<8),
alkenediyl(c<8), alkynediyl(c<8), or a substituted
version of any of these groups; Ra is: hydrogen,
hydroxy, halo, amino, nitro, cyano, azido, phosphate,
1,3- dioxoisoindolin-2-yl, mercapto or silyl; or alkyl
(c<i2), alkenyl (C<i2), alkynyl (C<i2), aryl (C<12),
aralkyl (C<i2), heteroaryl (C<i2), heteroaralkyl
(c<i2), acyl (C<12), alkoxy (C<i2), alkenyloxy
(C<i2),alkynyloxy(c<i2), aryloxy(c<i2),
aralkoxy(c<i2), heteroaryloxy(c<i2),
heteroaralkoxy(c<i2), acyloxy(c<i2), alkylamin
q(c<i2), dialkylamin q(c<i2), alkenylamin q(c<i2),
alkynylamin q(c<i2), arylamin q(c<i2), aralkylamin
q(c<i2), heteroarylamin q(c<i2), heteroaralkylamin
q(c<i2), alkylsulfonylamin q(c<i2), amid q(c<i2),
alkylammoniuni(c<i2), alkylsulfoniuni(c<i2),
alkylsilyl(c< 12), arylsulfonyl(c< 12 ),
arylsulfinyl(c< 12), alkylphosphate(c<i2),
dialkylphosphate(c<i2), or or a substituted version of
any of these groups; or Y and Ra form a three to
fúve-membered ring, such that Y and Ra are further
connected to one another through one or more of -O-
and alkanediyl(ci-3), further wherein Y is -CH- and Ra
is -CH - ; X1 and X2 are independently: ORb, NRbRc, or
SRb, wherein Rb and R are each independently:
hydrogen; alkyl(c<8), aryl(c<8), aralkyl(c<8),
acyl(c<8), or a substituted version of any of these
groups; or a substituent convertible in vivo to
hydrogen; provided that Rb is absent when the atom to
which it is bound is part of a double bond, further
provided that when Rb is absent the atom to which it
is bound is part of a double bond; R1 is: hydrogen,
cyano, hydroxy, halo or amino; or alkyl (c<8), alkenyl
(C<8), alkynyl (C<8), aryl (C<8), aralkyl (C<8),
heteroaryl (C<8), heteroaralkyl (c<8), acyl (C<8),
alkoxy (C<8), aryloxy (C<8), acyloxy (C<8), alkylamin
q(c<8), arylamin q(c<8), amid q(c<8), or a substituted
version of any of these groups; R2 is: cyano, hydroxy,
halo or amino; or fluoroalkyl(c<8), alkenyl (C<8),
alkynyl (C<8), aryl (C<8), heteroaryl (C<8), acyl
(C<8), alkoxy (C<8), aryloxy (C<8), acyloxy (C<8),
alkylamino (C<8), arylamino (C<8), amid q(c<8), or a
substituted version of any of these groups; and R4 is
alkyl(c<8) or substituted alkyl(c<8);or
pharmaceutically acceptable salts, esters, hydrates,
solvates, tautomers, prodrugs, or optical isomers
thereof. In some embodiments, the compound is further
defined as: wherein: Y is alkanediyl(c<8),
alkenediyl(c<8), alkynediyl(c<8), or a substituted
version of any of these groups; Ra is: hydrogen,
hydroxy, halo, amino, nitro, cyano, azido, phosphate,
1,3- dioxoisoindolin-2-yl, mercapto or silyl; or alkyl
(c<i2), alkenyl (C<i2), alkynyl (C<i2), aryl (C<i2),
aralkyl (C<i2), heteroaryl (C<i2),
heteroaralkyl(c<i2), acyl (C<i2), alkoxy (C<i2),
alkenyloxy (C<i2), alkynyloxy(c<i2), aryloxy(c<i2),
aralkoxy(c<i2), heteroaryloxy(c<i2),
heteroaralkoxy(c<i2), acyloxy(c<i2), alkylamin
q(c<i2), dialkylamin q(c<i2), alkenylamin q(c<i2),
alkynylamin q(c<i2), arylamin q(c<i2), aralkylamin
q(c<i2), heteroarylamin q(c<i2), heteroaralkylamin
q(c<i2), amid q(c<i2), arylsulfonyl (C<i2),
arylsulfmyl (C<i2), alkylphosphate (C<i2),
dialkylphosphate(c<i2), alkylphosphate(c<i2),
dialkylphosphate(c<i2), or or a substituted version of
any of these groups; or Y and Ra form a three to
fúve-membered ring, such that Y and Ra are further
connected to one another through one or more of -O-
and alkanediyl(ci-3), further wherein Y is -CH- and Ra
is -CH 2- ;X1 is: ORb, NRbRc, or SRb, wherein Rb and R
are each independently: hydrogen; alkyl(c<8),
aryl(c<8), aralkyl(c<8), acyl(c<8), or a substituted
version of any of these groups; or a substituent
convertible in vivo to hydrogen; provided that Rb is
absent when the atom to which it is bound is part of a
double bond, further provided that when Rb is absent
the atom to which it is bound is part of a double
bond; R1 is: hydrogen, cyano, hydroxy, halo or amino;
or alkyl(c<8), alkenyl (C<8), alkynyl (C<8),
aryl(C<8), aralkyl (C<8), heteroaryl (C<8),
heteroaralkyl (c<8), acyl(C<8), alkoxy (C<8), aryloxy
(C<8), acyloxy (C<8), alkylamin q(c<8), arylamin
q(c<8), amidq(c<8), or a substituted version of 



any of these groups; and R is: cyano, hydroxy, halo or
amino; or fluoroalkyl (c<8), alkenyl (C<8), alkynyl
(C<8), aryl(C<8), heteroaryl (C<8), acyl (C<8), alkoxy
(C<8), aryloxy (C<8), acyloxy (C<8), alkylamino (C<8),
arylamino (C<8), amidq(c<8), or a substituted version
of any of these groups; or pharmaceutically acceptable
salts, esters, hydrates, solvates, tautomers,
prodrugs, or optical isomers thereof.In some
embodiments, the compound is further defined as:
wherein: Ra is: hydrogen, hydroxy, halo, amino,
phosphate, l,3-dioxoisoindolin-2-yl, or cyano; or
alkyl(C<i2), alkenyl (C<i2), alkynyl (C<i2), aryl
(C<12), aralkyl (C<i2), heteroaryl (C<i2),
heteroaralkyl( C<i2), acyl (C<12), alkoxy (C<i2),
alkenyloxy (C<i2), alkynyloxy(c<i2), aryloxy(c<i2),
aralkoxy(c<i2), heteroaryloxy(c<i2),
heteroaralkoxy(c<i2), acyloxy(c<i2), alkylamin
q(c<i2), dialkylamin q(c<i2), alkenylamin q(c<i2),
alkynylamin q(c<i2), arylamin q(c<i2), aralkylamin
q(c<i2), heteroarylamin q(c<i2), heteroaralkylamin
q(c<i2), amid q(c<i2), arylsulfonyl (C<i2),
arylsulfmyl (C<i2), alkylphosphate (C<i2),
dialkylphosphate(c<i2), or a substituted version of
any of these groups; and R-2 is: cyano, hydroxy, halo
or amino; or fluoroalkyl(c<8), alkenyl (C<8), alkynyl
(C<8), aryl (C<8), heteroaryl (C<8), acyl (C<8),
alkoxy (C<8), aryloxy (C<8), acyloxy (C<8), alkylamino
(C<8), arylamino (C<8), amid q(c<8), or a substituted
version of any of these groups; or pharmaceutically
acceptable salts, esters, hydrates, solvates,
tautomers, prodrugs, or optical isomers thereof.In
some embodiments, the compound is further defined as:
wherein Ra is: hydrogen, hydroxy, halo, amino,
phosphate, l,3-dioxoisoindolin-2-yl, or cyano; or
alkyl (c<i2), alkenyl (C<i2), alkynyl (C<i2), aryl
(C<12), aralkyl (C<i2), heteroaryl (C<i2),
heteroaralkyl(c<i2), acyl (C<i2), alkoxy (C<i2),
alkenyloxy (C<i2), alkynyloxy (c<i2), aryloxy(c<i2),
aralkoxy(c<i2), heteroaryloxy(c<i2),
heteroaralkoxy(c<i2), acyloxy(c<i2), alkylamin
q(c<i2), dialkylamin q(c<i2), alkenylamin q(c<i2),
alkynylamin q(c<i2), arylamin q(c<i2), aralkylamin
q(c<i2), heteroarylamin q(c<i2), heteroaralkylamin
q(c<i2), amid q(c<i2), arylsulfonyl(c<i2),
arylsulfinyl(c<i2), alkylphosphate(c<i2)
dialkylphosphate(c<i2), or a substituted version of
any of these groups; or pharmaceutically acceptable
salts, esters, hydrates, solvates, tautomers,
prodrugs, or optical isomers thereof.In some
embodiments, the compound is further defined as:
wherein: Y is alkanediyl(c<3) or substituted
alkanediyl(c<3); R is: hydrogen, hydroxy, halo, amino,
phosphate, l,3-dioxoisoindolin-2-yl, or cyano; or
alkyl(C<i2), alkenyl (C<i2), alkynyl (C<i2), aryl
(C<i2), aralkyl (C<i2), heteroaryl (C<i2),
heteroaralkyl(c<i2), acyl (C<i2), alkoxy (C<i2),
alkenyloxy (C<i2), alkynyloxy(c<i2), aryloxy(c<i2),
aralkoxy(c<i2), heteroaryloxy(c<i2),
heteroaralkoxy(c<i2), acyloxy(c<i2), alkylamin
q(c<i2), dialkylamin q(c<i2), alkenylamin q(c<i2),
alkynylamin q(c<i2), arylamin q(c<i2), aralkylamin
q(c<12), hetero arylamin q(c<12), heteroaralkylamin
q(c<12), amid q(c<i2), arylsulfonyl(c<i2),
arylsulfinyl(c<i2), alkylphosphate(c<i2),
dialkylphosphate(c<i2), or a substituted version of
any of these groups; and R2 is: cyano, hydroxy, halo
or amino; or fluoroalkyl(c<8), alkenyl (C<8), alkynyl
(C<8), aryl (C<8), heteroaryl (C<8), acyl (C<8),
alkoxy(c<8), aryloxy(c<8), acyloxy(c<8), alkylamin
q(c<8), arylamin q(c<8), amid q(c<8), or a substituted
version of any of these groups; or pharmaceutically
acceptable salts, esters, hydrates, solvates,
tautomers, prodrugs, or optical isomers thereof.In
some embodiments, the compound is further defined as:
wherein Ra is: hydrogen, hydroxy, halo, amino,
phosphate, l,3-dioxoisoindolin-2-yl, or cyano; or
alkyl (c<i2), alkenyl (C<i2), alkynyl (C<i2), aryl
(C<12), aralkyl (C<i2), heteroaryl (C<i2),
heteroaralkyl (c<i2), acyl (C<12), alkoxy (C<i2),
alkenyloxy (C<i2), alkynyloxy (C<i2), aryloxy(c<i2),
aralkoxy(c<i2), heteroaryloxy(c<i 2),
heteroaralkoxy(c<i2), acyloxy(c<i2), alkylamin
q(c<i2), dialkylamin q(c<i2), alkenylamin q(c<i2),
alkynylamin q(c<i2), arylamin q(c<i2), aralkylamin
q(c<i2), heteroarylamin q(c<i2), heteroaralkylamin
q(c<i2), amid q(c<i2), arylsulfonyl(c<i2),
arylsulfinyl(c<i2), alkylphosphate(c<i2),
dialkylphosphate(c<i2), or a substituted version of
any of these groups; or pharmaceutically acceptable
salts, esters, hydrates, solvates, tautomers,
prodrugs, or optical isomers thereof.In some
embodiments, the compound is further defined as:
wherein Ra is: hydrogen, hydroxy, halo, amino,
phosphate, l,3-dioxoisoindolin-2-yl, or cyano; or
alkyl (c<i2), alkenyl (C<i2), alkynyl (C<i2), aryl
(C<i2), aralkyl (C<i2), heteroaryl (C<i2),
heteroaralkyl (c<i2), acyl (C<12), alkoxy (C<i2),
alkenyloxy (C<i2), alkynyloxy (C<i2), aryloxy(c<i2),
aralkoxy(c<i2), heteroaryloxy(c<i 2),
heteroaralkoxy(c<i2), acyloxy(c<i2), alkylamin
q(c<i2), dialkylamin q(c<i2), alkenylamin q(c<i2),
alkynylamin q(c<i2), arylamin q(c<i2), aralkylamin
q(c<i2), heteroarylamin q(c<i2), heteroaralkylamin
q(c<i2), amid q(c<i2), arylsulfonyl(c<i2),
arylsulfinyl(c<i2), alkylphosphate(c<i2),
dialkylphosphate(c<i2), or a substituted version of
any of these groups; or salts, esters, hydrates,
solvates, tautomers, or optical isomers thereof. In
some embodiments, the compound is further defined
as:wherein R is hydroxy, cyano, acyl(c<8), substituted
acyl(c<8), acyloxy(c<8), or substituted acyl(c<8); or
pharmaceutically acceptable salts, hydrates, solvates,
tautomers, or optical isomers thereof. In some
embodiments, the compound is further defined as:
wherein Ra is hydroxy, cyano, acyl(c<8), substituted
acyl(c<8), acyloxy(c<8), substituted acyl(c<8), amid
q(c<8), or substituted amid q(c<8); or
pharmaceutically acceptable salts, hydrates, solvates,
tautomers, or optical isomers thereof. In some
embodiments, the compound is further defined as:
wherein R is hydroxy, cyano, acyl(c<8), substituted
acyl(c<8), acyloxy(c<8), or substituted acyl(c<8); or
pharmaceutically acceptable salts, hydrates, solvates,
tautomers, or optical isomers thereof. In some
embodiments, the compound is further defined as:
wherein Ra is alkylamin q(c<i2), dialkylamin q(c<i2),
alkenylamin q(c<i2), alkynylamin q(c<i2), arylamin
q(c<i2), aralkylamin q(c<i2), heteroarylamin q(c<i2),
heteroaralkylamin q(c<i2), alkylsulfonylamin q(c<i2),
or amid q(c<i2), or a substituted version of any of
these groups.In a variation of each of the above
embodiments containing a Y group, Y can be
alkanediyl(ci-4) or substituted alkanediyl(ci-4). In
other variations, Y can be -CH - . In other
variations, Y can be -C(OH)HCH 2- . In other
variations, Y can be - CºC-. In a variation of each of
the above embodiments containing a X1 group, X1 can be
ORb and Rb is absent. In a variation of each of the
above embodiments containing an X2 group, X2 can be is
hydrogen. In a variation of each of the above
embodiments containing an R group, Ra can be -OH. In
other variations, Ra can be -CN. In other variations,
Ra can be -Cl. In other variations, Ra can be is -Br.
In other variations, Ra can be -H. In other
variations, Ra can be acyl(ci-6) or substituted
acyl(ci-6). In other variations, Ra can be acyl(C4-6)
or substituted acyl(C4- 6). In other variations, Ra
can be acyl(c 1-4) or substituted acyl(c 1-4). In
other variations, Ra can be acyl(ci-3) or substituted
acyl(c 1-3). In other variations, Ra can be selected
from the group consisting of -C(=0)0H, -Q=O)OCH 3,
-C(=O)NHCH 3, -Q=O)NHCH 2CH3, and -C(=O)NHCH 2CF3. In
other variations, Ra can be acyloxy(a-8) or
substituted acyloxv(ci- 3). In other variations, Ra
can be substituted acyloxv(ci-3). In other variations,
Ra can be acyloxy(c 2-8). In other variations, Ra can
comprises a fluoro group. In other variations, Ra can
comprises a trifluoromethyl group. In other
variations, Ra can be alkylamin q(c<12), dialkylamin
q(c<12), alkenylamin q(c<12), alkynylamin q(c<12),
arylamin q(c< 12), aralkylamin q(c< 12),
heteroarylamin q(c<12), heteroaralkylamin q(c< 12),
alkylsulfonylamin q(c<12), or amidq(c< 12), or a
substituted version of any of these groups. In other
variations, Ra can be arylsulfonyl(c<8) or arylsulfmyl
(c<8) . In other variations, Ra can be -OP(O)(OH) 2.
In other variations, Ra can be alkylphosphate(c< 12)
or dialkylphosphate(c< 12). In other variations, Ra
can be dialkylphosphate(c<8). In other variations, Ra
can be -OP(O)(OEt) 2. In other variations, Ra can be
l,3-dioxoisoindolin-2-yl. In a variation of each of
the above embodiments containing a -Y-R a group, -Y-Ra
can be oxirane-2-yl. In another variation of each of
the above embodiments containing a -Y-Ra group, -Y-Ra
can be l,3-dioxolan-4-yl. In a variation of each of
the above embodiments containing an R1 group, R1 can
be -H, -OH or -F. In some of these variations, R1 can
be -H. In a variation of each of the above embodiments
containing an R2 group, R2 can be -CN. In other
variations, R2 can be -CF 3. In other variations, R2
can be a substituted acyl(c 1-3). In other variations,
R2 can be -C(=O)NHS(=O) 2CH3. In a variation of each
of the above embodiments containing an R3 group, R3
can be absent. In a variation of each of the above
embodiments containing an R4 group, R4 can be methyl.
In other variations, R4 can be hydroxymethyl.In a
variation of each of the above embodiments containing
an R and/or an R5 group, R4 and/or R5 can each
independently be methyl. In a variation of each of the
above embodiments containing an R and/or an R group, R
and/or R7 can each independently be hydrogen. In a
variation of each of the above embodiments containing
an R and/or an R9 group, R and/or R9 can each
independently be hydrogen. In a variation of each of
the above embodiments containing an R1O and/or an R1 1
group, R1O and/or RI l can each independently be
methyl. In some variations of one or more of the above
embodiments, Y, Ra, and carbon numbers 13, 17 and 18
form a ring, wherein Y is alkanediyl(c= 1) or
substituted alkanediyl(c= 1) and Ra is -O-. In some
variations of one or more of the above embodiments,
the bond between carbons 9 and 11 is a single bond. In
some variations of one or more of the above
embodiments, the bond between carbons 9 and 11 is a
double bond. Examples of specific compounds provided
by the present disclosure include: methyl-2-((4a ,6a
,6b5,8a ,12a5,14a ,14b5)-l
l-cyano-2,2,6a,6b,9,9,12aheptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14boctadecahydropicen- 4a-yl)acetate,
2-((4ai?,6ai?,6b S,8ai?,12a S,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12a-heptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,14,14
a,14b-octadecahydropicen-4a-yl)acetic acid, (4a ,6a
,6b ,8a5,12a5,12b ,14b
)-8a-(hydroxymethyl)-4,4,6a,6b,l 1,1 1,14bheptamethyl-
3,13-dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14bicosahydropicene-
2-carbonitrile, ((4a
S,6ai?,6bi?,8ai?,12ai?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12a-heptamethyl-10,14-
dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,13,14,1
4a,14b-icosahydropicen-4a-yl)methyl 



acetate, (6a ,6b ,8a ,12a5,12b ,14b )-4,4,6a,6b,l
l,ll,14b-heptamethyl-3,13-dioxo-8avinyl-
3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-
carbonitrile, (6aR,6bR,8aS, 12aS, 12bR,
14bi?)-8a-(aminomethyl)-4,4,6a,6b,
11,11,14b-heptamethyl-
3,13-dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-
carbonitrile,(6aR,6bR,8aS, 12aS, 12bR,
14bi?)-8a-(aminomethyl)-4,4,6a,6b,
11,11,14b-heptamethyl-
3,13-dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-
carbonitrile, trifluoroacetic acid salt,
(4aR,6aR,6bR,8aS, 12aS, 12bR, 14aR,
14bi?)-8a-((cyanomethylamino)methyl)- 4,4,6a,6b,ll,l
l,14b-heptamethyl-3,13-dioxo-
3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-carbonit
rile, N-(((4aS,6aR,6bR, 12aR, 14aR, 14bS)-
11-cyano-2,2,6a,6b,9,9, 12a-heptamethyl- 10,14-
dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,13,14,1
4a,14b-icosahydropicen-4ayl)
methyl)methanesulfonamide, (4ai?,6ai?,6bi?,8aS, 12aS,
12bi?, 14ai?, 14bR)-8a-((R)- 1,2-dihydroxyethyl)-
4,4,6a,6b,ll,l l,14b-heptamethyl-3,13-dioxo-
3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-carbonit
rile, -(((4a^6ai?,6bi?,8ai?,12ai?,12bi?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12aheptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen-
4a-yl)methyl)-2,2,2-trifluoroethanesulfonamide,
N-(((4aS,6aR,6bR, 12aR, 14ai?, 14bS)-
11-cyano-2,2,6a,6b,9,9, 12a-heptamethyl- 10,14-
dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,13,14,1
4a,14b-icosahydropicen-4a-yl)methyl)-
2,2,2-trifluoroacetamide, (4ai?,6ai?,6bi?,8a,S, 12aS,
12bi?, 14ai?, 14bi?)-8a-(methoxymethyl)-4,4,6a,6b,
11,11,14bheptamethyl-
3,13-dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14bicosahydropicene-
2-carbonitrile, (4ai?,6ai?,6bi?,8ai?, 12a,S, UbR, UaR,
14bi?)-8a-(2-hydroxyethyl)-4,4,6a,6b, 11,1
1,14bheptamethyl-
3,13-dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14bicosahydropicene-
2-carbonitrile,
(4aR,6aR,6bR,8aS,\2aS,\2bR,\4aRMbR)-4,4,6a,6b,\ 1,1
l,14b-heptamethyl-8a-(((5- methylisoxazol-3
-yl)methylamino)methyl)-3 ,13-dioxo-
3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-carbonit
rile, (4ai?,6ai?,6bi?,8a S,12a
S,12bi?,14ai?,14bi?)-4,4,6a,6b,l l,l
l,14b-heptamethyl-8a-(((2-
methyl-2H-tetrazol-5-yl)methylamino)methyl)-3,13-dioxo
- 3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-carbonit
rile, (4aR,6aR,6bR,8aS, 12aS, 12bi?, 14aR,
14bi?)-4,4,6a,6b, 11,11,14b-heptamethyl-3 ,13-
dioxo-8a-(phenylthiomethyl)-3,4,4a,5,6,6a,6b,7,8,8a,9,
10,l l,12,12a,12b,13,14,14a,14bicosahydropicene-
2-carbonitrile,((4a
S,6ai?,6bi?,8ai?,12ai?,12bi?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12a-heptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14b-icosahydropicen-4ayl) methyl diethyl
phosphate, r -butyl
((4a5',6ai?,6bi?,12ai?,14ai?,14b5)-ll-cyano-2,2,6a,6b,
9,9,12a-heptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14b-icosahydropicen-4ayl) methylcarbamate,
(4aR,6aR,6bR,8aS, 12aS, 12bR, 14aR, 14bi?)-4,4,6a,6b,
11,11,14b-heptamethyl-3 ,13-
dioxo-8a-(phenylsulfmylmethyl)-3,4,4a,5,6,6a,6b,7,8,8a
,9,10,l l,12,12a,12b,13,14,14a,14bicosahydropicene-
2-carbonitrile, (4a ,6a ,6b ,8a5,12a5,12b ,14a ,14b
)-4,4,6a,6b,l l,l l,14b-heptamethyl-3,13-
dioxo-8a-(phenylsulfonylmethyl)-3,4,4a,5,6,6a,6b,7,8,8
a,9,10,l l,12,12a,12b,13,14,14a,14bicosahydropicene-
2-carbonitrile, ((4a
S,6ai?,6bi?,8ai?,12ai?,12bi?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12a-heptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14b-icosahydropicen-4ayl) methyl dihydrogen
phosphate, (4ai?,6ai?,6bi?,8aS, 12aS, 12bR, 14aR,
14bi?)-4,4,6a,6b, 11,11,14b-heptamethyl-3 ,13-
dioxo-8a-((2,2,2-trifluoroethylamino)methyl)-
3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-carbonit
rile, (4aR,6aR,6bR,8aS, 12aS, 12bR, 14aR,
14bi?)-4,4,6a,6b, 11,11,14b-heptamethyl-8a-((i?)-
oxiran-2-yl)-3,13-dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14bicosahydropicene-
2-carbonitrile, (4aR,6aR,6bR,8aS, 12aS, 12bR, 14aR,
14bi?)-8a-((1,3 -dioxoisoindolin-2-yl)methyl)-
4,4,6a,6b,ll,l l,14b-heptamethyl-3,13-dioxo-
3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-carbonit
rile, (4aR,6aR,6bR,8aS, 12aS, \2bR,\ 4aR,
14bi?)-8a-((i?)-2-bromo- 1-hydroxyethyl)-
4,4,6a,6b,ll,l l,14b-heptamethyl-3,13-dioxo-
3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-carbonit
rile, (4aR,6aR,6bR,8aS, 12aS, 12bi?, 14ai?,
14bi?)-8a-((i?)-2-chloro- 1-hydroxyethyl)-
4,4,6a,6b,ll,l l,14b-heptamethyl-3,13-dioxo-
3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-carbonit
rile, (4ai?,6ai?,6bi?,8a S,12a
S,12bi?,14ai?,14bi?)-8a-((5)-l,3-dioxolan-4-yl)-
4,4,6a,6b,ll,l l,14b-heptamethyl-3,13-dioxo-
3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-carbonit
rile,(4aR,6aR,6bR,8aS, 12aS, 12bR, 14aR,
14bi?)-4,4,6a,6b, 11,11,14b-heptamethyl-3 ,13-
dioxo-8a-(phenylsulfmylmethyl)-3,4,4a,5,6,6a,6b,7,8,8a
,9,10,l l,12,12a,12b,13,14,14a,14bicosahydropicene-
2-carbonitrile, ((4a
S,6ai?,6bi?,8ai?,12ai?,12bi?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12a-heptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14b-icosahydropicen-4ayl) methyl
2,2,2-trifluoroacetate, ((4a
S,6ai?,6bi?,8ai?,12ai?,12bi?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12a-heptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14b-icosahydropicen-4ayl) methyl pivalate,
((4a S,6ai?,6bi?,8ai?,12ai?,12bi?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12a-heptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14b-icosahydropicen-4ayl) methyl benzoate,
(4aR,6aR,6bR,8aS, 12aS, 12bR, 14aR,
14bi?)-8a-(2-cyano- 1-hydroxyethyl)- 4,4,6a,6b,ll,l
l,14b-heptamethyl-3,13-dioxo-
3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14b-icosahydropicene-2-carbonit
rile, (4aR,6aR,6bR,8aS, 12aS, 12bR, 14aR,
14bi?)-8a-ethynyl-4,4,6a,6b, 11,11,14bheptamethyl-
3,13-dioxo-3,4,4a,5,6,6a,6b,7,8,8a,9,10,l
l,12,12a,12b,13,14,14a,14bicosahydropicene-
2-carbonitrile,
2-((4ai?,6ai?,6bi?,8ai?,12ai?,12bi?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12aheptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen- 4a-yl)acetic acid, methyl
2-((4ai?,6ai?,6bi?,8ai?,12ai?,12bi?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12aheptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen- 4a-yl)acetate,
2-((4ai?,6ai?,6bi?,8ai?,12ai?,12bi?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12aheptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen- 4a-yl)- -ethylacetamide,
2-((4ai?,6ai?,6bi?,8ai?,12ai?,12bi?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12aheptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen- 4a-yl)-
-(2-fluoroethyl)acetamide,
2-((4ai?,6ai?,6bi?,8ai?,12ai?,12bi?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12aheptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen- 4a-yl)-
-(2,2-difluoroethyl)acetamide,
and2-((4ai?,6ai?,6bi?,8ai?,12ai?,12bi?,14ai?,14b5)-l
l-cyano-2,2,6a,6b,9,9,12aheptamethyl-
10,14-dioxo-l,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,12a,12b,1
3,14,14a,14bicosahydropicen- 4a-yl)-
-(2,2,2-trifluoroethyl)acetamide. Non-limiting
examples of compounds provided by this invention
include the compounds according to the formulas shown
below, as well as or pharmaceutically acceptable salts
thereof. In certain embodiments, these compounds are
substantially free from other optical isomers
thereof.3D CONTENT AGGREGATION BUILT INTO DEVICES
BACKGROUND [0001] Advances in digital imaging
technology have enabled people to easily and
efficiently capture large collections of digital
photographs and store them on compact storage media,
hard drives or other devices. Typically, browsing the
large collections of digital photographs involves
presenting a slide show of images in the collections.
In addition, browsing can involve displaying a large
screen of low-resolution thumbnail images of the
digital photographs. The thumbnail images enable a
user to perceive a plurality of photographs
simultaneously at the cost of image quality and
detail. [0002] Typical image browsing mechanisms do
not convey real world relationships among photographs.
For example, given a collection of photographs of a
landscape or landmark, a user is not presented with
information regarding how locations from which the
photographs were taken relate to one another.
Moreover, such mechanisms do not allow browsing
between photographs or transitions between photographs
based upon a real world relationship. In general,
browsing between photographs with conventional
techniques involves a blind approach to understanding
perspective and location between photographs. [0003]
In addition to digital still photographs, conventional
digital cameras enable users to shoot video.
Typically, videos and photographs are managed and
viewed separately regardless of sharing content,
imagery, or scenes. For example, although a device can
collect real-time video and a still photograph of a
scene, the replay of such collected data is done
separately. Additionally, much like digital still
photography, conventional techniques utilize a blind
approach to conveying relationships and shared
perspectives between two or more videos. SUMMARY
[0004] The following presents a simplified summary of
the innovation in order to provide a basic
understanding of some aspects described herein. This
summary is not an extensive overview of the claimed
subject matter. It is intended to neither identify key
or critical elements of the claimed subject matter nor
delineate the scope of the subject innovation. Its
sole purpose is to present some concepts of the
claimed subject matter in a simplified form as a
prelude to the more detailed description that is
presented later.[0005] The subject innovation relates
to systems and/or methods that facilitate capturing
2-dimensional imagery for implementation within a
3-dimensional virtual environment. A content
aggregator can collect and combine a plurality of two
dimensional (2D) images or content to create a three
dimensional (3D) image, wherein such 3D image can be
explored (e.g., displaying each image and perspective
point) in a virtual environment. For example, a
collection of pictures/photographs of a pyramid (e.g.,
a first photo of a first side of the pyramid, a second
photo of a second side of the pyramid, a third photo
of a third side of the pyramid, and a fourth photo of
a fourth side of the pyramid) can be gathered to
create a 3D image or object of the pyramid based on
the substantial similar represented data and/or
perspectives. A user can examine the 3D image in which
each photo can be selected to display the photo and
its perspective (e.g., location/orientation from which
the photograph was captured). This innovation employs
2D content aggregation capabilities into various
devices such as digital cameras, video, mobile
devices, handhelds, portable digital assistants
(PDA's), cellular devices, etc. In other words, a
device can include a content aggregator setting or
mode that can collect data for creation of a 3D image
or object. 



[0006] Moreover, the subject innovation can employ a
guide or navigation to users to capture images or
video unrepresented within a 3D image or object. Still
further, the subject innovation can enable the
re-creation of a 3D image or object by guidance and
instruction on which photos or video to capture (e.g.,
re-creation or re-construction of a portion of a
previously viewed 3D image). Such mode or setting can
further include optimized photography or video
configurations to enhance content aggregation
capabilities. For instance, the content aggregation
setting can provide instructions on how to capture a
single photograph or video frame of a 3D image or a
plurality of photographs for recreation of the 3D
image. [0007] In accordance with another aspect of the
subject innovation, the device can utilize a guide
(e.g., video, audio, etc.) to instruct and navigate a
user along paths to collect pictures, photographs, or
video. To identify an exact location to recreate a
picture/photograph associated with a 3D image, for
example, the device can leverage a global positioning
system (GPS). In addition to allowing a user to
capture images to his or her liking, the device can
alert a user to take a photograph/picture/video of an
object at a certain location in order to update a 3D
image, a 3D object, a 3D virtual environment, and the
like, wherein such photograph/picture/video from the
location is needed (e.g., unrepresented) for 3D
imagery creation. In other aspects of the claimed
subject matter,methods are provided that facilitates
capturing a portion of data (e.g., images,
photography, video, etc.) with a device to construct a
3D image or object from such captured portion of data.
[0008] The following description and the annexed
drawings set forth in detail certain illustrative
aspects of the claimed subject matter. These aspects
are indicative, however, of but a few of the various
ways in which the principles of the innovation may be
employed and the claimed subject matter is intended to
include all such aspects and their equivalents. Other
advantages and novel features of the claimed subject
matter will become apparent from the following
detailed description of the innovation when considered
in conjunction with the drawings. BRIEF DESCRIPTION OF
THE DRAWINGS [0009] Fig. 1 illustrates a block diagram
of an exemplary system that facilitates capturing
2-dimensional (2D) imagery with a device in order to
construct a 3-dimensional (3D) object. [0010] Fig. 2
illustrates a block diagram of an exemplary system
that facilitates re creating a 3D object utilizing a
device. [0011] Fig. 3 illustrates a block diagram of
an exemplary system that facilitates enhancing
collection of 2D images with a device by leveraging a
Global Positioning Service (GPS). [0012] Fig. 4
illustrates a block diagram of an exemplary system
that facilitates associating metadata to data
collected from a device. [0013] Fig. 5 illustrates a
block diagram of exemplary system that facilitates
utilizing a display technique and/or a browse
technique in accordance with the subject innovation.
[0014] Fig. 6 illustrates a block diagram of an
exemplary system that facilitates incorporating 2D
content aggregation techniques into a device. [0015]
Fig. 7 illustrates an exemplary methodology for
capturing 2-dimensional (2D) imagery with a device in
order to construct a 3-dimensional (3D) object. [0016]
Fig. 8 illustrates an exemplary methodology that
facilitates re-creating a 3D object or enhancing
collection of 2D content related to a 3D object.
[0017] Fig. 9 illustrates an exemplary networking
environment, wherein the novel aspects of the claimed
subject matter can be employed.[0018] Fig. 10
illustrates an exemplary operating environment that
can be employed in accordance with the claimed subject
matter. DETAILED DESCRIPTION [0019] The claimed
subject matter is described with reference to the
drawings, wherein like reference numerals are used to
refer to like elements throughout. In the following
description, for purposes of explanation, numerous
specific details are set forth in order to provide a
thorough understanding of the subject innovation. It
may be evident, however, that the claimed subject
matter may be practiced without these specific
details. In other instances, well-known structures and
devices are shown in block diagram form in order to
facilitate describing the subject innovation. [0020]
As utilized herein, terms "component," "system," "data
store," "engine," "evaluator," "aggregator,"
"environment," and the like are intended to refer to a
computerrelated entity, either hardware, software
(e.g., in execution), and/or firmware. For example, a
component can be a process running on a processor, a
processor, an object, an executable, a program, a
function, a library, a subroutine, and/or a computer
or a combination of software and hardware. By way of
illustration, both an application running on a server
and the server can be a component. One or more
components can reside within a process and a component
can be localized on one computer and/or distributed
between two or more computers. [0021] Furthermore, the
claimed subject matter may be implemented as a method,
apparatus, or article of manufacture using standard
programming and/or engineering techniques to produce
software, firmware, hardware, or any combination
thereof to control a computer to implement the
disclosed subject matter. The term "article of
manufacture" as used herein is intended to encompass a
computer program accessible from any computer-readable
device, carrier, or media. For example, computer
readable media can include but are not limited to
magnetic storage devices (e.g., hard disk, floppy
disk, magnetic strips. ..), optical disks (e.g.,
compact disk (CD), digital versatile disk (DVD). ..),
smart cards, and flash memory devices (e.g., card,
stick, key drive. ..). Additionally it should be
appreciated that a carrier wave can be employed to
carry computer-readable electronic data such as those
used in transmitting and receiving electronic mail or
in accessing a network such as the Internet or a local
area network (LAN). Of course, those skilled in the
art will recognize many modifications may be made to
this configuration without departing from the scope or
spirit of the claimed subject matter. Moreover,
theword "exemplary" is used herein to mean serving as
an example, instance, or illustration. Any aspect or
design described herein as "exemplary" is not
necessarily to be construed as preferred or
advantageous over other aspects or designs. [0022] Now
turning to the figures, Fig. 1 illustrates a system
100 that facilitates capturing 2-dimensional (2D)
imagery with a device in order to construct a
3-dimensional (3D) object. The system 100 can include
a device 104 that can capture and/or or collect
content, wherein the content can be at least one of a
portion of an image 106 or a portion of a video 108.
Furthermore, the device 104 can include a content
aggregator 102 that can construct a 3D image or object
with the captured content (e.g., the portion of image
106, the portion of video 108, etc.). The content
aggregator 102 can construct the 3D image or object by
aligning 2D content (e.g., the portion of image 106,
the portion of video 108, etc.) based at least in part
upon corresponding perspectives or point-of- views of
such 2D content. For example, the device 104 can
capture or collect content from a particular
perspective or point-of-view, wherein such perspective
or point-of-view is dependent upon the orientation of
the device 104. [0023] Moreover, the system 100 can
include a 3D environment 110 that can include the two
or more 2D images each having a specific perspective
or point-of-view. It is to be appreciated that the 3D
environment 110 can be incorporated into the device
104 and/or a separate component/environment, and/or
any suitable combination thereof. In particular, the
2D images can be aggregated or collected by the
content aggregator 102 included within the device 104
in order to construct a 3D image or object, wherein
the collection and/or aggregation can be based upon
each 2D image perspective. Thus, the 2D images can be
constructed in order to provide a 3D image within the
3D environment 110 or the device 104 that can be
explored, navigated, browsed, etc. The 3D environment
110 can host any suitable number of 2D content and/or
3D images or objects. For instance, the constructed 3D
object can be created within the device 104 and then
uploaded to the 3D environment. It is to be
appreciated that the 3D constructed object (e.g.,
image, etc.) can be from any suitable 2D content such
as, but not limited to, images, photos, videos (e.g.,
a still frame of a video, etc.), audio, pictures,
media data, photographs, metadata, trade cards, any
media representing a portion of a physical real world,
a picture of an object, a content representing an
item, a content depicting an entity, a corporeal
object within the real world, etc. For example, the
construction of the 3D object or image can be hosted
within the device 104. In another example, the device
104 can capture 2D content and communicate such data
to the 3D environment 110, wherein the environment 110
cancreate the 3D object or image and communicate such
3D object or image to the device 104. [0024] For
example, a 3D environment can be explored in which the
3D image or object can be a cube (e.g., a corporeal
object in a physical real world or environment). In
general, the 3D image or object can be constructed by
aligning 2D content with at least one of a shared
perspective, an overlap in coverage within the 2D
content (e.g., picture A and picture B both display a
portion of the cube, etc.), a substantially similar
point-ofview, and/or any other relation associated
with the 2D content in order to accurately depict the
cube (e.g., metadata, tag definition, etc.). Thus, the
cube can be created by combining a first image of a
first face of the cube (e.g., the perspective is
facing the first face of the cube), a second image of
a second face of the cube (e.g., the perspective is
facing the second face of the cube), a third image of
a third face of the cube (e.g., the perspective is
facing the third face of the cube), a fourth image of
a fourth face of the cube (e.g., the perspective is
facing the fourth face of the cube), a fifth image of
a fifth face of the cube (e.g., the perspective is
facing the fifth face of the cube), and a sixth image
of a sixth face of the cube (e.g., the perspective is
facing the sixth face of the cube). As discussed, the
images of the cube can share a portion of perspective
of imagery (e.g., overlap between the images). By
aggregating the images of the cube based on their
perspectives or pointof- views, a 3D image of the cube
can be created within the 3D environment 110 which can
be displayed, viewed, navigated, browsed, and the
like. [0025] Following the above example, the content
aggregator 102 can leverage captured and/or collected
content from the device 104 and enable seamless and
automatic generation of 3D images or objects for
exploration, navigation, display, etc. The device 104
can automatically create the 3D image or object from
the 2D content collected rather than receiving such
content from an outside source (e.g., the Internet, a
network, a server, an external hard drive, etc.). In
another example, the device 104 can automatically
create the 3D image or object from the 2D content
collected and supplement such 3D image or object with
content from an outside source. In general, the
subject innovation enables automatic collection of
content (e.g., images, video, etc.) and generation of
a 3D image or object constructed from such 2D content
within the device 104. [0026] In addition, the system
100 can include any suitable and/or necessary
interface component (not shown), which provides
various adapters, connectors, channels, communication
paths, etc. to integrate the content aggregator 102
and/or the device 104 into virtually any operating
and/or database system(s) and/or with one another.
Inaddition, the interface component can provide
various adapters, connectors, channels, communication
paths, etc., that provide for interaction with the
content aggregator 102, the device 104, the portion of
image 106, the portion of video 108, the 3D
environment (not shown), and any other device and/or
component associated with the system 100. [0027] Fig.
2 illustrates a system 200 that facilitates
re-creating a 3D object utilizing a device. The system
200 can include the device 104 with an incorporated
content aggregator 102. The combination of the device
104 and the content aggregator 102 can provide
seamless capture of 2D images which can be utilized to
construct a 3D 



image or object, wherein the 3D image or object can be
viewed, displayed, navigated, explored, etc. In
particular, the content aggregator 102 can enable a
re-creation of a 3D image or object based upon a
pre-defined structure or organization (e.g., a
blueprint defining 2D content and placement of such
content in order to construct a corresponding 3D image
or object, etc.) of 2D content representative of an
object, scene, landscape, etc. within the physical
real world. Generally, the pre-defined structure or
organization can enable a 3D image or object to be
replicated by the system 200. [0028] A request related
to re-creating a 3D image can be received by the
device 104, in which an evaluator 204 can analyze the
request in order to identify a 3D image or object to
re-create. It is to be appreciated that the request
can be related to an existing 3D image or object
(e.g., hosted by the 3D environment 110, hosted by an
outside source, stored within the device 104, etc.) or
a 3D image or object that has not be created or
constructed from 2D content. In either case, the
evaluator 204 can identify whether a new 3D image or
object is being created or an existing 3D image or
object is being re-created. Based on such request, a
navigation component 204 can provide guidance or
assistance in order to create a 3D image or object.
For example, the assistance or guidance can be related
to locations and/or orientations for the device 104 in
order to capture 2D content. Upon capturing the
content with identified perspectives, orientations,
and the like, the content aggregator 102 within the
device 102 can construct the 3D image or object. It is
to be appreciated that the assistance or guidance can
be a portion of audio, a portion of video, a route, a
route on a geographic map, a set of geographic
directions, a portion of text, a portion of a graphic,
and/or any other suitable data that can facilitate
identifying a location, a perspective, and an
orientation for the device 104 to capture content for
3D construction. Such guidance or assistance can be
communicated via the device, wherein the device can
include at least one of a speaker or a display.[0029]
For example, a user may be traveling to a building
that he or she would like to create or construct a 3D
image or object from 2D content. Based on such desire,
the user can utilize a device with an incorporated
content aggregator to perform such task. The user can
communicate a request, wherein the device can
determine or ascertain a predefined structure or
organization which lays out the necessary 2D content
and corresponding perspectives and/or point-of- views.
With this information (e.g., device orientation,
angle, zoom, point-of-view, etc.), the 3D image or
object can be constructed. In order to communicate
this information to the user, the device can provide
any suitable data such as audio, graphics, video,
text, etc. For instance, the device can utilize a
display to illustrate a map with routes and
instructions on where to capture 2D content and from
which perspective, orientation, angle, etc. Such
display can further indicate the amount of content
needed for a particular desired detail level (e.g.,
more content translates to higher degree of
perspectives represented, etc.). Once constructed, the
3D image or object can be constructed and utilized
within the device 104. In another example, the 3D
image or object can be utilized with the 3D
environment 110. [0030] Moreover, it is to be
appreciated that the device 104 can automatically
ascertain which or how much 2D content needs to be
captured in order to construct a 3D image or object.
In other words, the device 104 need not utilize a
pre-defined structure or organization. For instance,
the device 104 can implement the evaluator 204 to
continuously analyze the captured 2D content (e.g.,
portion of image 106, portion of audio 108, etc.) to
determine if enough content has been collected. It is
to be further appreciated that the amount of content
for each 3D image or object can vary based on the
complexity, perspectives, size, and/or any other
suitable characteristics thereof. [0031] Fig. 3
illustrates a system 300 that facilitates enhancing
collection of 2D images with a device by leveraging a
Global Positioning Service (GPS). The system 300 can
include the device 104 that integrates 2D content
collection with a content aggregator 102 in order to
create a 3D image or object. The device 104 can be any
suitable device or component that can capture or
collect 2D content (e.g., portion of image 106,
portion of video 108, etc.) such as, but not limited
to, a digital camera, a video camera, a camera, a
smartphone, a handheld, a web camera, a mobile device,
a portable digital assistant (PDA), a cellular device,
a disposable camera, an integrated camera within a
device (e.g., laptop camera, desktop camera,
automobile camera, etc.), a computing device with
image capturing capabilities, etc. In general, the
system 300 can create a 3D image or object from 2D
content, re-create an existing 3D image or object for
the device 104 from 2Dcontent, and/or supplement an
existing 3D image or object with 2D content captured
from the device 104. [0032] The portion of video 108
can be a video segment which can include numerous
video frames that can number in the hundreds or
thousands depending on length of the segment. For
instance, film can have 24 frames each second,
television video can have approximately 30 frames per
second and some equipment can capture hundreds of
frames per second. Each individual frame is a single
still image and rapid succession of frames enables
subtle motion to be perceived. However, the plurality
of frames in a single second are typically very
similar in terms of the images captured. Accordingly,
the content aggregator 102 can utilize the portion of
video to generate a 3D image or object. [0033] In one
example of the system 300 supplementing an existing 3D
image or object, the evaluator 204 can examine the 2D
content associated with a specific 3D image or object.
Based on such examination, the device 104 can be
alerted or communicated to capture supplemental 2D
content that can be utilized for the 3D image or
object. For instance, the 3D environment 110 can host
a plurality of 2D content and/or 3D images or objects,
wherein particular 3D images or objects can be
supplemented based on incomplete coverage, backup
requirements, etc. The evaluator 204 can determine if
such need exists, wherein the navigation component 202
can provide guidance or assistance in order to capture
such needed 2D content. In general, the system 300 can
allow incomplete or partial 3D images or objects to be
completed with acquired 2D content. For example, the
device 104 can provide a route on a map to a user in
order to capture a 2D image of an object from a
particular perspective since such image and
perspective is not represented in the existing 3D
image or object. [0034] The system 300 can allow the
device 104 to provide a local coverage of the 3D
object or image (e.g., 2D content capturing, 2D image
collection, etc.) or a global coverage within a
community system. The local coverage can enable the
device 104 to capture 2D content and create a local,
private 3D object or image for the use of the device
104. The global coverage can allow the device 104 to
capture 2D content and create a 3D object or image
that is shared with the community. It is to be
appreciated that the global coverage can be granular
in that a portion of 2D content can be shared, a
collection of 2D content, a portion of a 3D object, or
the 3D object, etc. Additionally, the device 104 can
enable a portion of 2D content that can be
incorporated into the community system for
representation of the 3D object or image.[0035] Still
further, the device 104 can leverage a global
positioning system (GPS) component 302 to facilitate
identifying locations, orientations, and perspectives
in order to capture 2D content (e.g., portion of image
106, portion of video 108, etc.). It is to be
appreciated that the GPS component 302 can be a
stand-alone component (as depicted), incorporated into
the device 104, and/or any suitable combination
thereof. For instance, the device 104 can be a
smartphone with photo/video capturing capabilities and
a service that provides GPS services for location
tracking. The GPS component 302 can be utilized in
connection with the navigation component 202 in order
to provide geographic positions, orientations, etc. in
order to capture 2D content to construct a 3D image or
object. It is to be further appreciated that the GPS
component 302 and/or the device 104 can utilize an
accelerometer (not shown) to identify specific angles
or orientations in connection with the geographic
location or position. [0036] In addition, the device
104 can utilize a 2D content capture mode to which a
view from the device 104 is compared to an existing 3D
object or image in order to identify or locate a
geographic position. In other words, the content being
viewed and potentially captured as well as the
orientation of the device 110 can be compared to
existing 2D content representative of the 3D object,
wherein the comparison can reveal the location and
position of the device. Thus, by utilizing the
existing 3D object or image and included 2D content,
the geographic position and orientation of the device
104 can be determined without the GPS component 302.
[0037] The system 300 can further include a data store
304 that can include any suitable data related to the
device 104, the content aggregator 102, the portion of
image 106, the portion of video 108, the navigation
component 202, the evaluator 204, the GPS component
302, etc. For example, the data store 304 can include,
but not limited to including, 2D content, pre-defined
structure or organization to align 2D content for a 3D
image or object, constructed 3D images or objects,
content collection settings (e.g., preferences,
settings, passwords, etc.), routes, maps, geographic
locations, orientations for 2D content, perspectives
related to 2D content, alignments for 2D content,
guidance for 2D content gathering, collected imagery,
collected video, 3D environment data (e.g., 3D images,
3D objects, username, password, existing 2D content,
required 2D content, etc.), GPS data, accelerometer
data, data requests, etc. [0038] It is to be
appreciated that the data store 304 can be, for
example, either volatile memory or nonvolatile memory,
or can include both volatile and nonvolatile memory.
By way of illustration, and not limitation,
nonvolatile memory can include readonly memory (ROM),
programmable ROM (PROM), electrically programmable ROM
(EPROM), electrically erasable programmable ROM
(EEPROM), or flash memory. Volatile memory can include
random access memory (RAM), which acts as external
cache memory. By way of illustration and not
limitation, RAM is available in many forms such as
static RAM (SRAM), dynamic RAM (DRAM), synchronous
DRAM (SDRAM), double data rate SDRAM (DDR SDRAM),
enhanced SDRAM (ESDRAM), Synchlink DRAM (SLDRAM),
Rambus direct RAM (RDRAM), direct Rambus dynamic RAM
(DRDRAM), and Rambus dynamic RAM (RDRAM). The data
store 304 of the subject systems and methods is
intended to comprise, without being limited to, these
and any other suitable types of memory. In addition,
it is to be appreciated that the data store 304 can be
a server, a database, a hard drive, a pen drive, an
external hard drive, a portable hard drive, and the
like. [0039] Fig. 4 illustrates a system 400 that
facilitates associating metadata to data collected
from a device. The system 400 can include the device
104 that can provide automatic capture of 2D content
(e.g., portion of image 106, portion of video 108,
etc.) and seamless creation of a 3D image or object
constructed from the 2D content with the content
aggregator 102, wherein construction is based upon
aligning and organizing the 2D content based on
perspectives and point-of- views related therewith.
The device 104 can include a mode or setting that
enables automatic collection or gathering of 2D images
that can be utilized to construct a 3D image or object
with the incorporated content aggregator 102. In
particular, such mode or setting can leverage existing
device settings and/or configurations in order to
optimize the capture of 2D content for 3D object or
image construction. For example, the device 104 can
include scene modes (e.g., automatic, user defined,
close-up, portrait, landscape, sports, night, winter,
summer, night portrait, sunset, etc.), optional
panoramic modes (e.g., optional since the content
aggregator is robust to this setting, the 2D content
can be made more similar, etc.), photo stitching modes
(e.g., optional since the content aggregator is robust
to this setting, the 2D content can be made more
similar, etc.), flash mode (e.g., automatic flash,
flash on, red eye reduction, no flash, etc.), timer
settings, sequence mode (e.g., burst shot, delayed
capture, etc.), exposure compensation, white balance,
color tone, light sensitivity, contrast, sharpness,
etc. Such device settings and/or modes can be
optimized automatically, userdefined, and/or any
suitable combination thereof. 



[0040] The system 400 can further include a real time
tagging component 402 that enables tagging of captured
2D content from the device 104. The real time
taggingcomponent 402 can append a portion of 2D
content and/or a 3D image or object with any suitable
metadata associated therewith. In particular, the real
time tagging component 402 can incorporate metadata
such as, but not limited to, at least one of a portion
of geographic data, a portion of author data, a
portion of owner data, a portion of security data, a
time, a date, an angle, a perspective, a portion of
device data, a zoom level, a zoom, a point-ofview, a
portion of 3D object association data, a position
within a 3D object, an alignment within a 3D object, a
category definition, a topic definition, a ranking, a
popularity ranking, a quality ranking, a frame rate, a
resolution, an object representation, a portion of
pure view data, a portion of authentic view data, etc.
It is to be appreciated that such metadata can be
utilized by the 3D environment 110, the content
aggregator 102, the device 104, a disparate device, a
disparate content aggregator, a community, a website,
a network, a server, a user, a portion of software, an
application, a portion of hardware, etc. [0041] Fig. 5
illustrates a system 500 that facilitates utilizing a
display technique and/or a browse technique in
accordance with the subject innovation. The system 500
can include the device 104 that can capture at least
one of the portion of image 106 or a portion of video
108 as described above. The system 500 can further
include a display engine 502 that enables seamless pan
and/or zoom interaction with any suitable data (e.g.,
3D object data, 3D image, 2D content, 2D image, etc.),
wherein such data can include multiple scales or views
and one or more resolutions associated therewith. In
other words, the display engine 502 can manipulate an
initial default view for displayed data by enabling
zooming (e.g., zoom in, zoom out, etc.) and/or panning
(e.g., pan up, pan down, pan right, pan left, etc.) in
which such zoomed or panned views can include various
resolution qualities. The display engine 502 enables
visual information to be smoothly browsed regardless
of the amount of data involved or bandwidth of a
network. Moreover, the display engine 502 can be
employed with any suitable display or screen (e.g.,
portable device, cellular device, monitor, plasma
television, device display, etc.). The display engine
502 can further provide at least one of the following
benefits or enhancements: 1) speed of navigation can
be independent of size or number of objects (e.g.,
data); 2) performance can depend on a ratio of
bandwidth to pixels on a screen or display; 3)
transitions between views can be smooth; and 4)
scaling is near perfect and rapid for screens of any
resolution. [0042] For example, an image can be viewed
at a default view with a specific resolution. Yet, the
display engine 502 can allow the image to be zoomed
and/or panned at multiple views or scales (in
comparison to the default view) with various
resolutions.Thus, a user can zoom in on a portion of
the image to get a magnified view at an equal or
higher resolution. By enabling the image to be zoomed
and/or panned, the image can include virtually
limitless space or volume that can be viewed or
explored at various scales, levels, or views with each
including one or more resolutions. In other words, an
image can be viewed at a more granular level while
maintaining resolution with smooth transitions
independent of pan, zoom, etc. Moreover, a first view
may not expose portions of information or data on the
image until zoomed or panned upon with the display
engine 502. [0043] A browsing engine 504 can also be
included with the system 500. The browsing engine 504
can leverage the display engine 502 to implement
seamless and smooth panning and/or zooming for any
suitable data browsed in connection with at least one
of the Internet, a network, a server, a website, a web
page, the 3D environment (not shown), the 3D image,
the 3D object, and the like. It is to be appreciated
that the browsing engine 504 can be a stand-alone
component, incorporated into a browser, utilized with
in combination with a browser (e.g., legacy browser
via patch or firmware update, software, hardware,
etc.), and/or any suitable combination thereof. For
example, the browsing engine 504 can be incorporate
Internet browsing capabilities such as seamless
panning and/or zooming to an existing browser. For
example, the browsing engine 504 can leverage the
display engine 502 in order to provide enhanced
browsing with seamless zoom and/or pan on a 3D object
or image, wherein various scales or views can be
exposed by smooth zooming and/or panning. [0044] As
discussed, the system 500 can include the content
aggregator 102 that can collect a plurality of two
dimensional (2D) content (e.g., media data, images,
video, photographs, metadata, trade cards, etc.) to
create a 3D image or object that can be explored
(e.g., displaying each image and perspective point)
within the device 104 and/or a 3D environment (not
shown). In order to provide a complete 3D image or
object to a user, authentic views (e.g., pure views
from images) are combined with synthetic views (e.g.,
interpolations between content such as a blend
projected onto the 3D model). For instance, the
content aggregator 102 can aggregate a large
collection of photos of a place or an object, analyze
such photos for similarities, and display such photos
in a reconstructed 3D space to create a 3D object,
depicting how each photo relates to the next. It is to
be appreciated that the collected content can be from
various locations (e.g., the Internet, local data,
remote data, server, network, wirelessly collected
data, etc.). For instance, large collections of
content (e.g., gigabytes, etc.) can be accessed
quickly (e.g.,seconds, etc.) in order to view a scene
from virtually any angle or perspective. In another
example, the content aggregator 102 can identify
substantially similar content and zoom in to enlarge
and focus on a small detail. The content aggregator
102 can provide at least one of the following: 1) walk
or fly through a scene to see content from various
angles; 2) seamlessly zoom in or out of content
independent of resolution (e.g., megapixels,
gigapixels, etc.); 3) locate where content was
captured in relation to other content; 4) locate
similar content to currently viewed content; and 5)
communicate a collection or a particular view of
content to an entity (e.g., user, machine, device,
component, etc.). [0045] Fig. 6 illustrates a system
600 that employs intelligence to facilitate
incorporating 2D content aggregation techniques into a
device. The system 600 can include the device 104, the
content aggregator 104, the portion of image 106, and
the portion of video 108, which can be substantially
similar to respective devices, aggregators, images,
and video described in previous figures. The system
600 further includes an intelligent component 602. The
intelligent component 602 can be utilized by the
content aggregator 102 and/or the device 104 to
facilitate capturing 2D content within a device 104 in
order to create a 3D image or object. For example, the
intelligent component 602 can infer 2D content for a
3D image or object, perspectives unrepresented within
a 3D image or object, supplemental 2D content needed
for a 3D image or object, device optimized settings
for content aggregation, guidance or assistance for
directing to capture 2D content, routes, maps,
orientations, perspectives, point-of-views, angles,
geographic location, tags for 2D content, metadata for
captured 2D content, user preferences, settings, etc.
[0046] The intelligent component 602 can employ value
of information (VOI) computation in order to identify
optimal guidance or assistance to capture 2D content
with a device on a per-user basis. For instance, by
utilizing VOI computation, the most ideal and/or
appropriate guidance or assistance to capture 2D
content can be determined (e.g., user A prefers audio
directions, user B likes routes on maps, route X is
more ideal than route Y, etc.). Moreover, it is to be
understood that the intelligent component 602 can
provide for reasoning about or infer states of the
system, environment, and/or user from a set of
observations as captured via events and/or data.
Inference can be employed to identify a specific
context or action, or can generate a probability
distribution over states, for example. The inference
can be probabilistic - that is, the computation of a
probability distribution over states of interest based
on a consideration of data and events. Inference can
also refer to techniques employed for composing
higher-level events from a set ofevents and/or data.
Such inference results in the construction of new
events or actions from a set of observed events and/or
stored event data, whether or not the events are
correlated in close temporal proximity, and whether
the events and data come from one or several event and
data sources. Various classification (explicitly
and/or implicitly trained) schemes and/or systems
(e.g., support vector machines, neural networks,
expert systems, Bayesian belief networks, fuzzy logic,
data fusion engines. ..) can be employed in connection
with performing automatic and/or inferred action in
connection with the claimed subject matter. [0047] A
classifier is a function that maps an input attribute
vector, x = (xl, x2, x3, x4, xn), to a confidence that
the input belongs to a class, that is, f(x) =
confidence(class). Such classification can employ a
probabilistic and/or statistical-based analysis (e.g.,
factoring into the analysis utilities and costs) to
prognose or infer an action that a user desires to be
automatically performed. A support vector machine
(SVM) is an example of a classifier that can be
employed. The SVM operates by finding a hypersurface
in the space of possible inputs, which hypersurface
attempts to split the triggering criteria from the
non-triggering events. Intuitively, this makes the
classification correct for testing data that is near,
but not identical to training data. Other directed and
undirected model classification approaches include,
e.g., naúve Bayes, Bayesian networks, decision trees,
neural networks, fuzzy logic models, and probabilistic
classification models providing different patterns of
independence can be employed. Classification as used
herein also is inclusive of statistical regression
that is utilized to develop models of priority. [0048]
The device 104 can further utilize a presentation
component 604 that provides various types of user
interfaces to facilitate interaction between a user
and any component coupled to the device 104. As
depicted, the presentation component 604 is a separate
entity that can be utilized with the device 104.
However, it is to be appreciated that the presentation
component 604 and/or similar view components can be
incorporated into the device 104 and/or a stand-alone
unit. The presentation component 604 can provide one
or more graphical user interfaces (GUIs), command line
interfaces, and the like. For example, a GUI can be
rendered that provides a user with a region or means
to load, import, read, etc., data, and can include a
region to present the results of such. These regions
can comprise known text and/or graphic regions
comprising dialogue boxes, static controls,
drop-down-menus, list boxes, pop-up menus, as edit
controls, combo boxes, radio buttons, check boxes,
push buttons, and graphic boxes. In addition,
utilities to facilitate the presentation such as
vertical and/or horizontal scroll bars for navigation
andtoolbar buttons to determine whether a region will
be viewable can be employed. For example, the user can
interact with one or more of the components coupled
and/or incorporated into the device 104. [0049] The
user can also interact with the regions to select and
provide information via various devices such as a
mouse, a roller ball, a touchpad, a keypad, a
keyboard, a touch screen, a pen and/or voice
activation, a body motion detection, for example.
Typically, a mechanism such as a push button or the
enter key on the keyboard can be employed subsequent
entering the information in order to initiate the
search. However, it is to be appreciated that the
claimed subject matter is not so limited. For example,
merely highlighting a check box can initiate
information conveyance. In another example, a command
line interface can be employed. For example, the
command line interface can prompt (e.g., via a text
message on a display and an audio tone) the user for
information via providing a text message. The user can
then provide suitable information, such as
alpha-numeric input corresponding to an option
provided in the interface prompt or an answer to a
question posed in the prompt. It is to be appreciated
that the command line interface can be employed in
connection with a GUI and/or API. In addition, the
command line interface can be employed in connection
with hardware (e.g., video cards) and/or displays
(e.g., black and white, EGA, VGA, SVGA, etc.) with
limited graphic support, and/or low bandwidth
communication channels. [0050] Figs. 7-8 illustrate
methodologies and/or flow diagrams in accordance with
the claimed subject matter. For simplicity of
explanation, the methodologies are depicted 



and described as a series of acts. It is to be
understood and appreciated that the subject innovation
is not limited by the acts illustrated and/or by the
order of acts. For example acts can occur in various
orders and/or concurrently, and with other acts not
presented and described herein. Furthermore, not all
illustrated acts may be required to implement the
methodologies in accordance with the claimed subject
matter. In addition, those skilled in the art will
understand and appreciate that the methodologies could
alternatively be represented as a series of
interrelated states via a state diagram or events.
Additionally, it should be further appreciated that
the methodologies disclosed hereinafter and throughout
this specification are capable of being stored on an
article of manufacture to facilitate transporting and
transferring such methodologies to computers. The term
article of manufacture, as used herein, is intended to
encompass a computer program accessible from any
computer-readable device, carrier, or media.[0051]
Fig. 7 illustrates a method 700 that facilitates
capturing 2-dimensional (2D) imagery with a device in
order to construct a 3-dimensional (3D) object. At
reference numeral 702, a portion of 2-dimensional (2D)
content can be captured with a device. The device can
be any suitable device or component that can capture
or collect 2D content such as, but not limited to, a
digital camera, a video camera, a camera, a
smartphone, a handheld, a web camera, a mobile device,
a portable digital assistant (PDA), a cellular device,
a disposable camera, an integrated camera within a
device (e.g., laptop camera, desktop camera,
automobile camera, etc.), a computing device with
image capturing capabilities, etc. Moreover, the 2D
content can be images, photos, videos (e.g., a still
frame of a video, etc.), audio, pictures, media data,
photographs, metadata, trade cards, any media
representing a portion of a physical real world, a
picture of an object, a content representing an item,
a content depicting an entity, a corporeal object
within the real world, etc. [0052] At reference
numeral 704, a 3-dimensional object can be created by
aligning two or more portions of 2D content based on
corresponding perspectives. The 2D content can be
combined in accordance with the perspective or
point-of-view of the content to assemble a 3D object
that can be navigated and viewed (e.g., the 3D object
as a whole includes a plurality of 2D images or
content). At reference numeral 706, the creation of
the 3D object is provided within the device. In other
words, the device can capture 2D content and
automatically create a 3D object from such 2D content.
For example, 2D pictures of a pyramid (e.g., a first
picture of a first side, a second picture of a second
side, a third picture of a third side, a fourth
picture of a fourth side, and a fifth picture of a
bottom side) can be aggregated to assemble a 3D object
that can be navigated or browsed in a 3D virtual
environment based upon aligning the pictures with the
corresponding point of view and overlapped content. It
is to be appreciated that the aggregated or collected
2D content can be any suitable number of images or
content. [0053] Fig. 8 illustrates a method 800 for
facilitates re-creating a 3D object or enhancing
collection of 2D content related to a 3D object. At
reference numeral 802, a request related to capturing
a portion of 2-dimensional (2D) content can be
received. At reference numeral 804, the request can be
evaluated to determine whether 2D capture with a
device is related to at least one of a re-creation of
an existing 3D object or a supplementation of an
existing 3D object. At reference numeral 806, guidance
to a location and a perspective is provided to collect
2D content based in part upon the determined 2D
capture.[0054] For example, the assistance or guidance
can be related to locations and/or orientations for
the device in order to capture 2D content. Upon
capturing the content with identified perspectives,
orientations, and the like, the 3D image or object can
be created. It is to be appreciated that the
assistance or guidance can be a portion of audio, a
portion of video, a route, a portion of text, a
portion of a graphic, a map, and/or any other suitable
data that can facilitate identifying a location, a
perspective, an angle, and/or an orientation for the
device to capture content in accordance with the 2D
capture (e.g., r e creation or supplementation). For
instance, the device can utilize a display to
illustrate a map with routes and instructions on where
to capture 2D content and from which perspective,
orientation, angle, etc. [0055] In order to provide
additional context for implementing various aspects of
the claimed subject matter, Figs. 9-10 and the
following discussion is intended to provide a brief,
general description of a suitable computing
environment in which the various aspects of the
subject innovation may be implemented. For example,
the device comprising a content aggregator that
constructs a 3D image or object from a collection of
2D images, as described in the previous figures, can
be implemented in such suitable computing environment.
While the claimed subject matter has been described
above in the general context of computer-executable
instructions of a computer program that runs on a
local computer and/or remote computer, those skilled
in the art will recognize that the subject innovation
also may be implemented in combination with other
program modules. Generally, program modules include
routines, programs, components, data structures, etc.,
that perform particular tasks and/or implement
particular abstract data types. [0056] Moreover, those
skilled in the art will appreciate that the inventive
methods may be practiced with other computer system
configurations, including single-processor or
multi-processor computer systems, minicomputers,
mainframe computers, as well as personal computers,
hand-held computing devices, microprocessor-based
and/or programmable consumer electronics, and the
like, each of which may operatively communicate with
one or more associated devices. The illustrated
aspects of the claimed subject matter may also be
practiced in distributed computing environments where
certain tasks are performed by remote processing
devices that are linked through a communications
network. However, some, if not all, aspects of the
subject innovation may be practiced on stand-alone
computers. In a distributed computing environment,
program modules may be located in local and/or remote
memory storage devices.[0057] Fig. 9 is a schematic
block diagram of a sample-computing environment 900
with which the claimed subject matter can interact.
The system 900 includes one or more client(s) 910. The
client(s) 910 can be hardware and/or software (e.g.,
threads, processes, computing devices). The system 900
also includes one or more server(s) 920. The server(s)
920 can be hardware and/or software (e.g., threads,
processes, computing devices). The servers 920 can
house threads to perform transformations by employing
the subject innovation, for example. [0058] One
possible communication between a client 910 and a
server 920 can be in the form of a data packet adapted
to be transmitted between two or more computer
processes. The system 900 includes a communication
framework 940 that can be employed to facilitate
communications between the client(s) 910 and the
server(s) 920. The client(s) 910 are operably
connected to one or more client data store(s) 950 that
can be employed to store information local to the
client(s) 910. Similarly, the server(s) 920 are
operably connected to one or more server data store(s)
930 that can be employed to store information local to
the servers 920. [0059] With reference to Fig. 10, an
exemplary environment 1000 for implementing various
aspects of the claimed subject matter includes a
computer 1012. The computer 1012 includes a processing
unit 1014, a system memory 1016, and a system bus
1018. The system bus 1018 couples system components
including, but not limited to, the system memory 1016
to the processing unit 1014. The processing unit 1014
can be any of various available processors. Dual
microprocessors and other multiprocessor architectures
also can be employed as the processing unit 1014.
[0060] The system bus 1018 can be any of several types
of bus structure(s) including the memory bus or memory
controller, a peripheral bus or external bus, and/or a
local bus using any variety of available bus
architectures including, but not limited to,
Industrial Standard Architecture (ISA), Micro-Channel
Architecture (MSA), Extended ISA (EISA), Intelligent
Drive Electronics (IDE), VESA Local Bus (VLB),
Peripheral Component Interconnect (PCI), Card Bus,
Universal Serial Bus (USB), Advanced Graphics Port
(AGP), Personal Computer Memory Card International
Association bus (PCMCIA), Firewire (IEEE 1394), and
Small Computer Systems Interface (SCSI). [0061] The
system memory 1016 includes volatile memory 1020 and
nonvolatile memory 1022. The basic input/output system
(BIOS), containing the basic routines to transfer
information between elements within the computer 1012,
such as during start-up, is stored in nonvolatile
memory 1022. By way of illustration, and not
limitation,nonvolatile memory 1022 can include read
only memory (ROM), programmable ROM (PROM),
electrically programmable ROM (EPROM), electrically
erasable programmable ROM (EEPROM), or flash memory.
Volatile memory 1020 includes random access memory
(RAM), which acts as external cache memory. By way of
illustration and not limitation, RAM is available in
many forms such as static RAM (SRAM), dynamic RAM
(DRAM), synchronous DRAM (SDRAM), double data rate
SDRAM (DDR SDRAM), enhanced SDRAM (ESDRAM), Synchlink
DRAM (SLDRAM), Rambus direct RAM (RDRAM), direct
Rambus dynamic RAM (DRDRAM), and Rambus dynamic RAM
(RDRAM). [0062] Computer 1012 also includes
removable/non-removable, volatile/non volatile
computer storage media. Fig. 10 illustrates, for
example a disk storage 1024. Disk storage 1024
includes, but is not limited to, devices like a
magnetic disk drive, floppy disk drive, tape drive,
Jaz drive, Zip drive, LS-100 drive, flash memory card,
or memory stick. In addition, disk storage 1024 can
include storage media separately or in combination
with other storage media including, but not limited
to, an optical disk drive such as a compact disk ROM
device (CD-ROM), CD recordable drive (CD-R Drive), CD
rewritable drive (CD-RW Drive) or a digital versatile
disk ROM drive (DVD-ROM). To facilitate connection of
the disk storage devices 1024 to the system bus 1018,
a removable or non-removable interface is typically
used such as interface 1026. [0063] It is to be
appreciated that Fig. 10 describes software that acts
as an intermediary between users and the basic
computer resources described in the suitable operating
environment 1000. Such software includes an operating
system 1028. Operating system 1028, which can be
stored on disk storage 1024, acts to control and
allocate resources of the computer system 1012. System
applications 1030 take advantage of the management of
resources by operating system 1028 through program
modules 1032 and program data 1034 stored either in
system memory 1016 or on disk storage 1024. It is to
be appreciated that the claimed subject matter can be
implemented with various operating systems or
combinations of operating systems. [0064] A user
enters commands or information into the computer 1012
through input device(s) 1036. Input devices 1036
include, but are not limited to, a pointing device
such as a mouse, trackball, stylus, touch pad,
keyboard, microphone, joystick, game pad, satellite
dish, scanner, TV tuner card, digital camera, digital
video camera, web camera, and the like. These and
other input devices connect to the processing unit
1014 through the system bus 1018 via interface port(s)
1038. Interface port(s) 1038 include, forexample, a
serial port, a parallel port, a game port, and a
universal serial bus (USB). Output device(s) 1040 use
some of the same type of ports as input device(s)
1036. Thus, for example, a USB port may be used to
provide input to computer 1012, and to output
information from computer 1012 to an output device
1040. Output adapter 1042 is provided to illustrate
that there are some output devices 1040 like monitors,
speakers, and printers, among other output devices
1040, which require special adapters. The output
adapters 1042 include, by way of illustration and not
limitation, video and sound cards that provide a means
of connection between the output device 1040 and the
system bus 1018. It should be noted that other devices
and/or systems of devices provide both input and
output capabilities such as remote computer(s) 1044.
[0065] Computer 1012 can operate in a networked
environment using logical connections to one or more
remote computers, such as remote computer(s) 1044. The



remote computer(s) 1044 can be a personal computer, a
server, a router, a network PC, a workstation, a
microprocessor based appliance, a peer device or other
common network node and the like, and typically
includes many or all of the elements described
relative to computer 1012. For purposes of brevity,
only a memory storage device 1046 is illustrated with
remote computer(s) 1044. Remote computer(s) 1044 is
logically connected to computer 1012 through a network
interface 1048 and then physically connected via
communication connection 1050. Network interface 1048
encompasses wire and/or wireless communication
networks such as local-area networks (LAN) and
wide-area networks (WAN). LAN technologies include
Fiber Distributed Data Interface (FDDI), Copper
Distributed Data Interface (CDDI), Ethernet, Token
Ring and the like. WAN technologies include, but are
not limited to, point-to-point links, circuit
switching networks like Integrated Services Digital
Networks (ISDN) and variations thereon, packet
switching networks, and Digital Subscriber Lines
(DSL). [0066] Communication connection(s) 1050 refers
to the hardware/software employed to connect the
network interface 1048 to the bus 1018. While
communication connection 1050 is shown for
illustrative clarity inside computer 1012, it can also
be external to computer 1012. The hardware/software
necessary for connection to the network interface 1048
includes, for exemplary purposes only, internal and
external technologies such as, modems including
regular telephone grade modems, cable modems and DSL
modems, ISDN adapters, and Ethernet cards. [0067] What
has been described above includes examples of the
subject innovation. It is, of course, not possible to
describe every conceivable combination ofcomponents or
methodologies for purposes of describing the claimed
subject matter, but one of ordinary skill in the art
may recognize that many further combinations and
permutations of the subject innovation are possible.
Accordingly, the claimed subject matter is intended to
embrace all such alterations, modifications, and
variations that fall within the spirit and scope of
the appended claims. [0068] In particular and in
regard to the various functions performed by the above
described components, devices, circuits, systems and
the like, the terms (including a reference to a
"means") used to describe such components are intended
to correspond, unless otherwise indicated, to any
component which performs the specified function of the
described component (e.g., a functional equivalent),
even though not structurally equivalent to the
disclosed structure, which performs the function in
the herein illustrated exemplary aspects of the
claimed subject matter. In this regard, it will also
be recognized that the innovation includes a system as
well as a computer-readable medium having
computer-executable instructions for performing the
acts and/or events of the various methods of the
claimed subject matter. [0069] There are multiple ways
of implementing the present innovation, e.g., an
appropriate API, tool kit, driver code, operating
system, control, standalone or downloadable software
object, etc. which enables applications and services
to use the advertising techniques of the invention.
The claimed subject matter contemplates the use from
the standpoint of an API (or other software object),
as well as from a software or hardware object that
operates according to the advertising techniques in
accordance with the invention. Thus, various
implementations of the innovation described herein may
have aspects that are wholly in hardware, partly in
hardware and partly in software, as well as in
software. [0070] The aforementioned systems have been
described with respect to interaction between several
components. It can be appreciated that such systems
and components can include those components or
specified sub-components, some of the specified
components or sub-components, and/or additional
components, and according to various permutations and
combinations of the foregoing. Sub-components can also
be implemented as components communicatively coupled
to other components rather than included within parent
components (hierarchical). Additionally, it should be
noted that one or more components may be combined into
a single component providing aggregate functionality
or divided into several separate sub-components, and
any one or more middle layers, such as a management
layer, may be provided to communicatively couple to
suchsub-components in order to provide integrated
functionality. Any components described herein may
also interact with one or more other components not
specifically described herein but generally known by
those of skill in the art. [0071] In addition, while a
particular feature of the subject innovation may have
been disclosed with respect to only one of several
implementations, such feature may be combined with one
or more other features of the other implementations as
may be desired and advantageous for any given or
particular application. Furthermore, to the extent
that the terms "includes," "including," "has,"
"contains," variants thereof, and other similar words
are used in either the detailed description or the
claims, these terms are intended to be inclusive in a
manner similar to the term "comprising" as an open
transition word without precluding any additional or
other elements.CLAIMS What is claimed is: 1. A system
that facilitates capturing a portion 2-dimensional
(2D) data for construction of a 3-dimentional (3D)
object, comprising: a device that captures one or more
2D images, the 2D image is representative of a
corporeal object from a perspective dictated by an
orientation of the device (104); and the device
comprising a content aggregator that constructs a 3D
object from two or more 2D images collected by the
device, the construction is based at least in part
upon aligning each corresponding perspective
associated with each 2D image (102). 2. The system of
claim 1, the content aggregator renders the 3D object
by aligning two or more 2D images that include at
least one of a portion of substantially similar
imagery or a portion of substantially similar
perspective. 3. The system of claim 1, the 2D image is
at least one of a photograph, a digital photograph, an
image of the corporeal object, a frame from a segment
of video capturing the corporeal object, or a frame of
a portion of video. 4. The system of claim 1, the
device further comprising an evaluator that analyzes a
2D capture request, the 2D capture request defines a
context for capturing the 2D image and relates to at
least one of a creation of a new 3D object, a
re-creation of a 3D object, or a supplementation of an
existing 3D object. 5. The system of claim 4, the
evaluator leverages a 3D environment that remotely
hosts at least one 3D object to ascertain if the 3D
object is at least one of an existing 3D object within
the 3D environment, a previously accessed 3D object,
or a new 3D object. 6. The system of claim 5, the
device captures at least one 2D image for the
supplementation of an existing 3D object, the captured
2D image supplements an existing 3D object and is
communicated to the 3D environment. 7. The system of
claim 6, the evaluator identifies a pre-defined
structure for an existing 3D object or a previously
accessed 3D object, the pre-defined structure is
ablueprint defining 2D content and placement of such
2D content in order to construct a corresponding 3D
object. 8. The system of claim 7, the content
aggregator creates a pre-defined structure for a new
3D object in real time based at least in part upon
evaluating content displayed within the 2D image. 9.
The system of claim 8, further comprising a navigation
component that provides a portion of guidance that
instructs capturing a 2D image in accordance with the
pre-defined structure in order to capture 2D content
for the 3D object, the portion of guidance identifies
at least one of a geographic location, a perspective,
an angle for the device, an orientation for the
device, or a zoom level for the device. 10. The system
of claim 9, the portion of guidance is at least one of
a portion of audio, a portion of video, a route, a
route on a geographic map, a set of geographic
directions, a portion of text, or a portion of a
graphic. 11. The system of claim 1, the device further
comprising a real time tagging component that appends
a captured 2D image associated with construction of a
3D object with a portion of metadata. 12. A
computer-implemented method that facilitates
incorporating 3-dimensional (3D) object construction
within a device that captures 2-dimensional (2D)
content, comprising: capturing a portion of 2D content
with a device (702, 806); creating a 3D object by
aligning two or more portions of 2D content based at
least in part upon the two or more portions of 2D
content having corresponding perspectives, the
creation of the 3D object is provided within the
device (704, 706, 806). 13. The method of claim 12,
further comprising: receiving a request related to
capturing a portion of the 2D content with the device;
evaluating the request to determine a 2D capture mode,
the 2D capture mode is at least one of a re-creation
of an existing 3D object or a supplementation of an
existing 3D object; andproviding guidance to a
location and a perspective to collect a portion of 2D
content based in part upon the determined 2D capture
mode. 14. The method of claim 12, further comprising
appending the captured portion of 2D content with a
portion of metadata within the device; and optimizing
a device setting based upon the capture of 2D content
for construction of a 3D object. 15. A device,
comprising : means for capturing one or more
2-dimensional (2D) images, the 2D image is
representative of a corporeal object from a
perspective dictated by an orientation of a device
(104, 702); means for constructing a 3-dimensional
(3D) object from two or more 2D images collected by
the device, the construction is based at least in part
upon aligning each corresponding perspective
associated with each 2D image (102, 704, 706); means
for generating a portion of guidance to a geographic
location in order to capture a 2D image representative
of a portion of a 3D object (202, 806); means for
communicating the portion of guidance via at least one
of a display on the device or a speaker on the device
(202, 806); means for leveraging a global positioning
service (GPS) component to identify a location to
facilitate generating the portion of guidance (202,
302); means for utilizing an accelerometer to identify
an orientation for the device to facilitate generating
the portion of guidance (202); means for automatically
appending the captured 2D image with a portion of
metadata, the metadata relates to at least one of a
geographic location, a content, or a relationship to a
3D object (402); and means for optimizing a device
setting on the device based upon a characteristic of
the 2D image or the constructed 3D object (104, 102). 


