
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 1HIGH THROUGHPUT CHEMICAL MECHANICAL
POLISHING SYSTEM BACKGROUND Field of the Invention
[0001] Embodiments of the present invention generally
relate to a chemical mechanical polishing system
suitable for use in semiconductor manufacturing.
Description of the Related Art [0002] In semiconductor
substrate manufacturing, the use of chemical
mechanical polishing, or CMP, has gained favor due to
the widespread use of damascene interconnects
structures during integrated circuit (IC)
manufacturing. Although many commercially available
CMP systems have demonstrated robust polishing
performance, the move to smaller line widths requiring
more precise fabrication techniques, along with a
continual need for increased throughput and lower cost
of consumables, drives an ongoing effort for polishing
system improvements. Moreover, most conventional
polishing systems have relatively limited flexibility
for changes to processing routines, thereby limiting
the diversity of processes that may be run through a
single tool. Thus, certain new processing routines may
require new or dedicated tools, or costly downtime for
substantial tool configurational changes. [0003]
Therefore, there is a need for an improved chemical
mechanical polishing system. SUMMARY OF THE INVENTION
[0004] Embodiments of the invention include a system
and method for polishing substrates are provided. In
one embodiment, a polishing system is provided that
includes a polishing module, a cleaner and a robot.
The robot has a range of motion sufficient to transfer
substrates between the polishing module and cleaner.
The polishing module includes at least two polishing
stations, at least one load cup and at least four
polishing heads. Each of the polishing heads are
configured to move independently between the at least
two polishing stations and the at least one load
cup.[0005] In another embodiment, a method for
polishing a substrate is provided that includes
simultaneously polishing two substrates retained in
independently movable polishing heads on a first
polishing surface of a polishing module,
simultaneously polishing the two substrates retained
in the independently movable polishing heads on a
second polishing surface of the polishing module,
simultaneously transferring the two polished
substrates from the independently movable polishing
heads to a pair of load cups, and simultaneously
cleaning the two polished substrates in a pair
cleaning modules. [0006] In yet another embodiment, a
polishing system includes a polishing module
comprising at least two polishing stations, at least
two load cups, at least four polishing heads coupled
to a overhead track disposed in the polishing module,
wherein the polishing heads moves independently in a
rail between the at least two polishing stations and
the at least one load cup defined in the overhead
track. BRIEF DESCRIPTION OF THE DRAWINGS [0007] So
that the manner in which the above recited features of
the present invention can be understood in detail, a
more particular description of the invention, briefly
summarized above, may be had by reference to
embodiments, some of which are illustrated in the
appended drawings. [0008] Figure 1 is a plan view of
one embodiment of a chemical mechanical polishing
system. [0009] Figure 2 is a partial side view of the
chemical mechanical polishing system of Figure 1
illustrating one embodiment of a wet robot. [0010]
Figures 3A-B depict various embodiments of a polishing
station. [0011] Figure 4 depicts a side view of one
embodiment of a conditioning module. [0012] Figure 5
depicts a side view of one embodiment of a polishing
fluid delivery arm. [0013] Figures 6A-B depict one
embodiment of a shuttle illustrating motion of
substrates disposed therein. [0014] Figure 6C is a
sectional view of the shuttle of Figure 6A taken along
section line 6C--6C.[0015] Figures 7A-B depict one
embodiment of a cleaner having an overhead substrate
transfer mechanism. [0016] Figures 8A-13C depict
various sequences for polishing a substrate 



that may be practiced in different embodiments of the
polishing system. [0017] It is to be noted, however,
that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention
may admit to other equally effective embodiments.
[0018] To facilitate understanding, identical
reference numerals have been used, where possible, to
designate identical elements that are common to the
figures. It is contemplated that elements disclosed in
one embodiment may be beneficially utilized on other
embodiments without specific recitation. DETAILED
DESCRIPTION [0019] Figure 1 is a plan view of one
embodiment of a polishing system 100. The polishing
system 100 generally includes a factory interface 102,
a cleaner 104 and a polishing module 106. A wet robot
108 is provided to transfer substrates 170 between the
factory interface 102 and the polishing module 106.
The wet robot 108 may also be configured to transfer
substrates between the polishing module 106 and the
cleaner 104. In one mode of operation, the flow of
substrates, such as semiconductor wafers or other work
piece, through the polishing system 100 is indicated
by arrows 160. The flow of the substrates may be
varied through the polishing module 106, some
embodiments of which are discussed further below with
reference to Figures 8A-13C. [0020] The factory
interface 102 generally includes a dry robot 110 which
is configured to transfer substrates 170 between one
or more cassettes 114 and one or more transfer
platforms 116. In the embodiment depicted in Figure 1,
four substrate storage cassettes 114 are shown. The
dry robot 110 generally has sufficient range of motion
to facilitate transfer between the four cassettes 114
and the one or more transfer platforms 116.
Optionally, the dry robot 110 may be mounted on a rail
or track 112 to position the dry robot 110 laterally
within the factory interface 102, thereby increasing
the range of motion of the dry robot 110 without
requiring large or complex robot linkages. The dry
robot110 additionally is configured to receive
substrates from the cleaner 104 and return the clean
polish substrates to the substrate storage cassettes
114. Although one substrate transfer platform 116 is
shown in the embodiment depicted in Figure 1, two or
more substrate transfer platforms may be provided so
that at least two substrates may be queued for
transfer to the polishing module 106 by the wet robot
108 at the same time. [0021] The wet robot 108
generally has sufficient range of motion to transfer
substrates between the transfer platform 116 of the
factory interface 102 and a load cup 122 disposed on
the polishing module 106. In one embodiment, the wet
robot 108 is mounted on a track 120 facilitates linear
translation of the wet robot 108. The track 120 may be
mounted to the floor of the facility to isolate
vibrations produced during substrate transfer.
Alternatively, the track 120 may be coupled to at
least one of the factory interface 102, the polishing
module 106 or the cleaner 104. [0022] Referring
additionally to a partial side view of the polishing
system 100 in Figure 2 , the wet robot 108 is
configured to have the range of motion sufficient to
retrieve the substrate 170 in a feature-side-up
(face-up) orientation from the transfer platform 116
and place the substrate in either one of the load cups
122 in a feature-side-down (face-down) orientation. It
is contemplated that any one of a number of robots may
be adapted to perform this motion. [0023] In one
embodiment, the wet robot 108 includes a linkage 174
coupled to a wrist assembly 176. The linkage 174 is
configured to extend and retract the wrist assembly
176 relative to a body of the wet robot 108. The wrist
assembly 176 generally includes a first member 188
which couples a first connector 186 to the linkage
174. A motor (not shown) is provided to rotate first
connector 186 about an axis defined through the first
member 188. Second members 184 extend from each side
of the first connector 186. Each of the second members
184 are coupled to a second connector 182. A motor
(not shown) is provided to rotate the second connector
182 about an axis defined through the second member
184. In one embodiment, each of the second connectors
182 may be independently rotated. Generally, the
orientation of the first and second members 188, 184
are perpendicular. An end effector 180 extends from
the second connector 182 in orientation perpendicular
to thesecond member 184. A motor (not shown) may be
provided to rotate the end effector 180 on its long
axis. [0024] The end effector 180 generally includes
at least one gripper, such as a mechanical clamp or
suction device which secures the substrate 170
thereto. In one embodiment, a gripper is provided on
both sides of the end effector 180 to selectively
secure substrates to either side of the end effector
180. In this manner, a single end effector 180 may be
utilized to hold two substrates simultaneously, and/or
hold polished and unpolished substrates dedicated
sides of the end effector 180. In one mode of
operation illustrating the efficiency of the wet robot
108, the end effector 180 may hold an unprocessed
substrate while retrieving a process substrate from a
load cup 122, then be rotate 180 degrees to deposit
the unprocessed substrate in the load cup without
leaving the vicinity of the polishing module. [0025]
The range of motion of the end effector 180 allow
substrates to be retrieved from the factory interface
102 in a face-up horizontal orientation, be flipped to
a face-down horizontal orientation to facilitate
transfer with the load cups 122 and turned on-edge in
a vertical orientation during transfer to the cleaner
104. [0026] Still referring to both Figures 1-2, the
polishing module 106 includes a 



plurality of polishing stations 124 on which
substrates are polished while retained in one or more
polishing heads 126. The polishing stations 124 may be
sized to interface with one or more polishing heads
126 simultaneously so that polishing of one or more
substrates may occur a single polishing station 124 at
the same time. The polishing heads 126 are coupled to
a carriage 220 that is mounted to an overhead track
128. The overhead track 128 allows the carriage 220 to
be selectively positioned around the polishing module
106 which facilitates positioning the polishing heads
126 selectively over the polishing stations 124 and
load cup 122. In the embodiment depicted in Figures
1-2, the overhead track 128 has a circular
configuration (shown in phantom in Figure 1) which
allows the carriages 220 retaining the polishing heads
126 to be selectively rotated over and/or clear of the
load cups 122 and the polishing stations 124. It is
contemplated that the overhead track 128 may have
other configurations including elliptical, oval,
linear or other suitable orientation.[0027] Although
the embodiment of Figures 1-2 depict a polishing
module 106 having two polishing stations 124, it is
contemplated that the polishing module 106 may include
a single polishing station 124, three polishing
stations 124, or other number of polishing stations
124 which may fit on the polishing module 106. It is
also contemplated that the polishing module 106 may
include a single load cup 122 to service all of the
polishing stations 124, or other number of load cups
122 desired. [0028] In one embodiment, the overhead
track 128 is coupled to an outer frame 204 while the
polishing stations 124 are coupled to an inner frame
202. The inner and outer frames 202, 204 are coupled
to a floor 200 of the facility without being connected
to each other. The decoupled inner and outer frames
202, 204 allows vibrations associated with the
movement of the carriages 220 to be substantially
isolated from the polishing surface 130, thereby
minimizing potential impact to polishing results.
Moreover, utilization of the inner frame 202 without a
machine base provides significant cost savings over
conventional designs. [0029] A basin 210 is disposed
on the inner frame 202 to catch and channel liquids
within the polishing module 106. Since the basin 210
is not a structural member, the basin 2 10 may be
formed in a manner that incorporates intricate
contours for liquid channeling and component
shielding. In one embodiment, the basin 210 is a
vacuum-formed plastic member. [0030] In the embodiment
depicted in Figure 2, a partial view of the interface
between the overhead track 128 and carriage 220 is
shown. The carriage 220 is coupled by a guide 226 to
an inner rail 222 and an outer rail 224 of the
overhead track 128. The inner and outer rails 222, 224
are coupled to the outer frame 204. The inner and
outer rails 222, 224 and guide 226 comprise a
precision bearing assembly, such as available from THK
Co., Ltd. CORPORATION, located in Tokyo, Japan. [0031]
Each carriage 220 is controllably positioned along the
inner and outer rails 222, 224 of the overhead track
128 by an actuator 228. The actuator 228 may be in the
form of a gear motor, servo motor, linear motor,
sawyer motor or other motion control device suitable
for accurately positioning the carriage 220 along the
overhead track 128. The carriage 220 is utilized to
position thepolishing head 126 over the load cups 122
or polishing surface 130, to sweep the polishing head
126 across polishing surface 130 during processing, or
to position the polishing head 126 clear of the load
cups 122 and polishing surface 130 for maintenance of
the polishing head 126, the load cups 122 or polishing
surface 130. In one embodiment, each carriage 220
includes a linear motor that interfaces with a
magnetic track coupled to the outer frame 204 having
magnets arranged in alternating polarity so that each
carriage 220 may be moved independently of the other
carriages 220 coupled to the overhead track 128.
[0032] In one embodiment, each carriage 220 supports a
single polishing head 126. Examples of suitable
polishing heads that may be adapted to benefit from
the invention include those sold under the TITAN
trademark by Applied Materials, Inc. It is
contemplated that other polishing heads may also be
utilized. [0033] The polishing head 126 is coupled to
the carriage 220 by a shaft 232. A motor 234 is
coupled to the carriage 220 and is arranged to
controllably rotate the shaft 232, thereby rotating
the polishing head 126 and substrate 170 disposed
therein during processing. [0034] At least one of the
polishing head 126 or carriage 220 includes and
actuator 236 for controlling the elevation of the
polishing head 126 relative to the polishing surface
130. In one embodiment the actuator 236 allow the
polishing head 126 to be pressed against the polishing
surface 130 at about 6 psi or less, such as less than
about 1.5 psi. [0035] Optionally, one or more of the
carriages 220 may support an accessory device 240. The
accessory device 240 may be a pad metrology unit, a
polishing surface conditioning device, a sensor for
detecting the condition of the polishing surface 130
or other object, substrate defect mapping device,
substrate metrology unit, a vacuum for pad cleaning, a
slurry or polishing fluid delivery nozzle, a camera or
video device, a laser, one or more cleaning fluid
jets, a platen assembly lifting fixture or other
device. The accessory device 240 may be coupled to the
carriage 220 in addition to, or in place of, the
polishing head 126.[0036] For example, one of the
polishing heads 126 may be decoupled from the carriage
220 and replaced with accessory device 240. The
accessory device 240 may be utilized during processing
and/or system cleaning, among 



other times. Additionally, since each carriage 220
moves independently from the other carriages, the
accessory device 240 may replace one of the polishing
heads 126 while the other the polishing heads 126 are
utilized for substrate processing with little or no
impact to substrate throughput. [0037] Referring now
primarily to Figure 1, two polishing stations 124 are
shown, located in opposite corners of the polishing
module 106. At least one load cup 122 (two load cups
122 are shown) is in the corner of the polishing
module 106 between the polishing stations 124 closest
the wet robot 108. Optionally, a third polishing
station 124 (shown in phantom) may be positioned in
the corner of the polishing module 106 opposite the
load cups 122. Alternatively, a second pair of load
cups 122 (also shown in phantom) may be located in the
corner of the polishing module 106 opposite the load
cups 122 that are positioned proximate the wet robot.
It is contemplated that additional polishing stations
124 may be integrated in the polishing module 106 in
systems having a larger footprint. [0038] In such an
embodiment having two pairs of load cups 122, an
optional staging robot 136 may be employed to transfer
the substrate between load cups 122. The staging robot
136 may be slidebly mounted to a track 138 to increase
the range of motion of the staging robot 136. The
track 138 may be linear, as shown, circular or other
configuration. The staging robot 136 may also be
configured to flip the substrate for interfacing with
a substrate metrology unit (accessory device 240) when
the substrate metrology unit is coupled to one of the
carriages 220 or positioned elsewhere within the range
of motion of the staging robot 136. The flipped
substrate may be disposed in one of the load cups or
held by the staging robot 136 while interfacing with
the substrate metrology unit. [0039] The load cups 122
generally facilitate transfer between the wet robot
108 and the polishing head 126. Embodiments of
suitable load cups are disclosed in, but not limited
to, as described in United States Patent Application
Serial No. 09/414,907, filed October 8, 1999; United
States Patent ApplicationSerial No. 10/988,647, filed
November 15, 2004; United States Patent Application
Serial No. 11/757,193, filed June 1, 2007. [0040] Each
polishing station 124 generally includes a polishing
surface 130, a conditioning module 132 and a polishing
fluid delivery module 134. The polishing surface 130
is supported on a platen assembly (not shown in Figure
1) which rotates the polishing surface 130 during
processing. In one embodiment, the polishing surface
130 is suitable for at least one of a chemical
mechanical polishing and/or an electrochemical
mechanical polishing process. [0041] Figures 3A-D
depict various embodiments of platen assemblies that
may be utilized for supporting the polishing surface
130. Although not depicted herein, the platen
assemblies may include endpoint detection equipment,
such as an interferometric device, one embodiment of
which is described in United States Patent Application
No. 09/244,456, filed February 4, 1999. [0042] In the
embodiment depicted in Figure 3A, a platen assembly
300 supports a dielectric polishing pad 304. The upper
surface of the pad 304 forms the polishing surface
130. The platen assembly 300 is supported on the inner
frame 202 by one or more bearings 312. The platen 302
is coupled by a shaft 306 to a motor 308 that is
utilized to rotate the platen assembly 300. The motor
308 may be coupled by a bracket 310 to the inner frame
202. In one embodiment, the motor 308 is a direct
drive motor. It is contemplated that other motors may
be utilized to rotate the shaft 306. In the embodiment
depicted in Figure 3A, the motor 308 is utilized to
rotate the platen assembly 300 such that the pad 304
retained thereon is rotated during processing while
the substrate 170 is retained against the polishing
surface 130 by the polishing head 126. It is
contemplated, as shown in Figure 1, that the platen
assembly 300 may be large enough to support a
polishing pad 304 which will accommodate polishing of
at least two substrates retained by different
polishing heads 126. In one embodiment, the dielectric
polishing pad 304 is greater than 30 inches in
diameter, for example, between about 30 and about 52
inches, such as 42 inches. Even though the dielectric
polishing pad 304 may be utilized to polish two
substrates simultaneously, the pad unit area per
number of substrate simultaneously polished thereon is
much greater than conventional singlesubstrate pads,
thereby allowing the pad service life to be
significantly extended, for example, approaching about
2000 substrates per pad. [0043] During processing or
when otherwise desired, the conditioning module 132
may be activated to contact and condition the
polishing surface 130. Additionally, polishing fluid
is delivered through the polishing fluid delivery
module 134 to the polishing surface 130 during
processing. The distribution of fluid provided by the
polishing fluid delivery module 134 may be selected to
control the distribution of polishing fluid across the
lateral surface of the polishing surface 130. It
should be noted that only one polishing head 126,
conditioning module 132 and polishing fluid delivery
module 134 are depicted in Figure 3A for the sake of
clarity. [0044] Figure 3B depicts another embodiment
of a platen assembly 320. In one embodiment, the
conductive pad assembly 322 includes a subpad 326
sandwiched between a conductive layer 324 and an
electrode 328. The electrode 328 is disposed on or
proximate the platen 302. The upper surface of the
conductive layer 324 defines the polishing surface
130. A plurality of holes or apertures 330 are formed
through the conductive layer 324 and subpad 326 so
that the electrode 328 is exposed to the polishing
surface 130. A power source 334 is coupled through a
slip ring 332 to the electrode 328 and the 



conductive layer 324. The conductive layer 324 couples
the power source 334 to the substrate 170 disposed on
the polishing surface 130. During processing, a
conductive polishing fluid is disposed on the
polishing surface 130 by the fluid delivery arm
filling the apertures 330, thereby providing a
conductive path between the electrode 328 and the
substrate 170 disposed on the conductive layer 324.
When a potential difference is provided between the
conductive layer 324 and the electrode 328, an
electromechanical polishing process is driven to
remove conductive material such as copper, tungsten
and the like, may be performed on the substrate. One
example, not by way of limitation of a conductive pad
assembly that may be adapted to benefit from the
invention is described in United States Patent Serial
No. 10/455,895, filed June 6, 2003. [0045] Figure 3C
depicts another embodiment of a platen assembly 340
which supports a web of polishing material 342 which
defines the polishing surface 130. The web of
polishing material 342 is disposed on the platen
302between a supply roll 344 and a take-up roll 346.
The polishing material 342 may be incrementally
indexed across the surface of the platen 302 or
continuously translated across the platen 302 during
processing. Alternatively, the web of polishing
material 342 may be a continuous belt. In another
embodiment, the web of polishing material 342 may be
indexed between processing substrates. The web of
polishing material 342 may be retained to the platen
302 by application of a vacuum provided from a vacuum
source 350 through a rotary coupler 348. Embodiments
of a platen assembly which may be adapted to benefit
from the invention are described in the previously
incorporated United States Patent Application Serial
No. 09/244,456, filed February 4 , 1999. [0046] Figure
3D depicts another embodiment of a platen assembly 360
which supports a web of polishing material 376 on
which the polishing surface 130 is defined. The
polishing material 376 is passed over a platen 362
between a supply roll 344 and take-up roll 346. The
platen 362 includes an electrode 364 which is coupled
to a power source 334 through a slip ring 332. A
contact roller 366 is coupled to the power source 334
through the slip ring 332. The polishing material 376
includes a conductive layer 368 coupled to a
dielectric subpad 370. The polishing surface 130 is
defined on the conductive layer 368. A plurality of
holes or apertures 372, one of which is shown in the
embodiment of Figure 3D, are provided such that an
electrolyte disposed on the platen assembly 360 forms
a conductive path between the conductive layer 368 and
the electrode 364 when a bias is applied by the power
source 334. One embodiment of a polishing material and
platen assembly which may be adapted to benefit from
the invention is described in United States Patent
Application Serial No. 11/695,484, filed April 12,
2007. [0047] Returning to Figure 1, the polishing
surface 130 is configured, in one embodiment, to
accommodate polishing of at least two substrates
simultaneously thereon. In such an embodiment, the
polishing station 124 includes two conditioning
modules 132 and two polishing fluid delivery modules
134 which condition and provide polishing fluid to the
region of the polishing surface 130 just prior to
interfacing with a respective substrate 170.
Additionally, each of the polishing fluid delivery
modules 134 include an armthat is positioned to
provide independently a predetermined distribution of
polishing fluid on the polishing surface 130 so that a
specific distribution of polishing fluid is
respectively interfaced with each substrate during
processing. [0048] Figure 4 depicts one embodiment of
the conditioning module 132. The conditioning module
132 is coupled to the inner frame 202. The
conditioning module 132 includes a tower 402 having an
arm 404 extended cantilevered therefrom. The distal
end of the arm 404 supports a conditioning head 406. A
conditioning disk 408 is removably attached to the
conditioning head 406. The rotational position, e.g.,
the sweep, of the conditioning head 406 is controlled
by a motor or actuator 412 that is configured to
rotate the arm 404 across the polishing surface 130
during conditioning, and to position the arm 404 clear
of the polishing surface when desired. A second motor
420 is utilized to rotate the conditioning head 406
and/or disk 408 about an axis through the conditioning
head 406 and/or disk 408. In one embodiment, the motor
420 is mounted below the basin 210 and is coupled to
the conditioning head 406 by shafts and belts (not
shown). One example of a conditioning module which may
be adapted to benefit from the invention is described
in United States Patent Application Serial No.
11/209,167, filed August 22, 2005. [0049] The
elevation of the conditioning head 406 may be
controlled by an actuator 4 18. In one embodiment, the
actuator 418 is coupled to a guide 414. The guide 414
is coupled to the tower 402. The guide 414 may be
positioned along a rail 416 which is coupled to the
inner frame 202 so that the actuator 418 may control
the elevation of the arm 404 and the conditioning head
406. A collar 424 is provided to prevent liquid from
passing between the tower 402 and the basin 210. In
one embodiment, the actuator 418 may be positioned in
one of the heads 406 or arm 404 to control the
elevation of the disk 408 relative to the polishing
surface 130. In operation, the actuator 412 positions
the conditioning head 406 over the polishing surface
130. The actuator 4 18 is actuated to bring a
conditioning surface 4 10 of the disk 408 in contact
with the polishing surface 130. The motor 420 imparts
a rotational motion to the disk 408 about a central
axis of the conditioning head 406. The disk 408 may be
swept across the polishing surface 130 by the actuator
410 while conditioning. The elevation of the arm 404
above the polish fluid delivery module 134 permitsa
long arm 404, thereby allowing the head 406 to sweep
the polishing surface 130 in a path more aligned with
the pad radius, which promotes conditioning 



uniformity. [0050] Figure 5 depicts one embodiment of
a polishing fluid delivery module 134. The polishing
fluid delivery module 134 includes a tower 502 having
an arm 504 extending cantilevered therefrom. The tower
502 is coupled to the inner frame 202 adjacent the
polishing surface 130 and is short enough to remain
clear of the arm 404 of the conditioning module 132.
An actuator 514 is provided to control the rotational
position of the arm 504 over the polishing surface 130
and may be actuated to swing the arm 504 completely
clear of the polishing surface 130 when desired. The
collar 524 is provided to prevent fluid from passing
between the tower 502 and the basin 210. [0051] A
plurality of ports are provided on the arm 504 to
provide polishing fluid from a fluid source 512 to the
polishing surface 130. In the embodiment depicted in
Figure 5, three ports 506, 508, 5 10 are shown. It is
contemplated that one or more ports may be utilized to
provide polishing fluid to the polishing surface 130.
It is also contemplated that each of the plurality of
ports may be independently controlled to provide
different amounts and/or compositions of polishing
fluid to the polishing surface 130. Thus, between
varying the angular orientation of the arm 504 and the
amount and/or type of fluid provided through the ports
506, 508, 510, the distribution of polishing fluid on
the polishing surface 130 may be controlled as
desired. One embodiment of a fluid delivery module
that may be adapted to benefit from the invention is
described in United States Patent Application Serial
No. 11/298,643, filed December 8, 2005. [0052] The
polishing fluid source 512 may provide an electrolyte
suitable for electrically assisted chemical mechanical
polishing, slurry suitable for chemical mechanical
polishing and/or other fluid suitable for processing
the substrate 170 on the polishing surface 130. The
polishing fluid source 512 may provide up to and
exceeding 1000ml/min of polishing fluid to the
polishing surface 130. Since two polishing fluid
delivery module 134 are utilized to deliver polishing
fluid during the simultaneous polishing two substrates
on a single polishing surface 130, some sharing of
polishing fluid occurs relative each substrate so that
anoverall reduction in the amount of polishing fluid
per substrate polished is realized over conventional
systems. [0053] Optionally, a plurality of nozzles 530
may be provided to direct a cleaning fluid onto the
polishing surface 130 from a cleaning fluid source
532. In one embodiment, the cleaning fluid source 532
provides high pressure deionized water through the
nozzles 530 to remove polishing by-products from the
polishing surface 130. [0054] Returning to Figure 1,
processed substrates are returned to the load cups 122
of the polishing module 106 for transfer by the wet
robot 108 to the cleaner 104. The cleaner generally
includes a shuttle 140 and one or more cleaning
modules 144. The shuttle 140 includes a transfer
mechanism 142 which facilitates hand-off of the
processed substrates from the wet robot 108 to the one
or more cleaning modules 144. [0055] Figures 6A-C
depict one embodiment of the shuttle 140. The transfer
mechanism 142 of the shuttle 140 is utilized to move
the polished substrates 170 returning from the
polishing module 106 from a load position 602
proximate the wet robot 108 to a unload position 604
proximate the cleaner 104. In one embodiment, the
transfer mechanism 142 is a rodless cylinder 606 which
is mounted in a trough 608. A plurality of fixtures
612 are coupled to a guide 614. The guide 614 is
controllably positioned along the rodless cylinder
606. The fixtures 612 are utilized to support the
substrate 170 in a substantially vertical position
while being moved between the load and unload
positions 602, 604 as the guide 614 is advanced along
the cylinder 606. [0056] In one embodiment, two
fixtures 612 are utilized to support a single
substrate 170. In one embodiment, the fixture 612
includes two disks 6 16, 618 coupled by a cylinder
620. The cylinder 620 has a diameter much less than
the diameters of the disks 616, 618, thereby creating
a slot which receives the edge of the substrate 170.
The pair of fixtures 612 supporting a single substrate
may be coupled to a single guide 614. In another
embodiment, two pairs of fixtures 612 supporting two
substrates may be coupled to a single guide 614. It is
contemplated that the substrate may be transferred
within the shuttle 140 utilizing other suitable
mechanisms.[0057] In one embodiment, the trough 608
may be selectively filled with a fluid as shown by
reference numeral 610. The fluid 610 may be a
composition suitable for rinsing and/or loosening
material from the substrate 170. In one embodiment,
the fluid is deionized water. It is also contemplated
that the fixtures 612 may be configured to cause the
substrate 170 to rotate while being moved between the
load and unload positions 602, 604, thereby enhancing
the removal of polishing by-products from the surface
of the substrate 170. [0058] The level of the fluid
within the trough 608 may be controlled by selectively
opening and closing a selector valve 632 coupled to a
port 630 formed in the bottom of the trough 608. The
selector valve 632 may be set to allow fluid from a
fluid source 624 to enter the volume defined in the
trough 608, set in a position that seals the port 630
and/or set in a position that fluidly couples the port
630 to a drain 634 to facilitate removal of fluids
from the trough 608. [0059] In another embodiment, one
or more fluid jets 622 may be provided to direct a
stream of fluid against the surface of the substrate
170 while in the shuttle 140. In the embodiment
depicted in Figure 6C, two fluid jets 622 are provided
on the side walls of the trough 608 to direct fluid
against opposite sides of the substrate 170. The fluid
may be provided through the jets 622 from 



the fluid source 624 or other fluid reservoir. It is
also contemplated that air or other gas may be
provided through the jets 622, either while the trough
608 is filled with a fluid or empty. [0060] In another
embodiment, one or more transducers 626 may be mounted
to or deposed proximate the trough 608. The transducer
626 may be energized by a power source 628, thereby
directing energy to the surface of the substrate 170
to enhance the removal of polishing by-products
therefrom. [0061] Returning to Figure 1, the processed
substrates are transferred from the shuttle 140
through of the one or more cleaning modules 144 by an
overhead transfer mechanism (not shown in Figure 1) .
In the embodiment depicted in Figure 1, two cleaning
modules 144 are shown in an aligned, parallel
arrangement. Each of the cleaning modules 144
generally include one or more megasonic cleaners, one
or more brush boxes, one or more spray jet boxes and
one or more dryers. In the embodiment depicted in
Figure 1, each ofthe cleaning modules 144 includes a
megasonic cleaner 146, two brush box modules 148, a
spray jet module 150 and a dryer 152. Dried substrates
leaving the dryer 152 are rotated to a horizontal
orientation for retrieval by the dry robot 110 which
returns the dried substrates 170 to an empty slot in
one of the wafer storage cassettes 114. One embodiment
of a cleaning module that may be adapted to benefit
from the invention is a DESCIA (r) cleaner, available
from Applied Materials, Inc., located in Santa Clara,
California. [0062] Figures 7A- D respectively are top,
front, back and side views of one embodiment of an
overhead transfer mechanism 700 of the cleaner 104
which may be utilized to advance the substrates 170
through the modules of the cleaner 104. In one
embodiment, the overhead transfer mechanism 700
includes a pair of transfer devices 702. The transfer
devices 702 are laterally staggered such that one of
the transfer devices 702 has a range of motion
sufficient to retrieve substrates 170 from the shuttle
140 and advance the retrieved substrate through at
least the megasonic cleaner 146 and the two brush box
modules 148. The other transfer device 702 has a range
of motion sufficient to retrieve and advance
substrates 170 from the brush box module 148 through
the spray jet module 150 and the dryer 152. It is
contemplated that transfer mechanisms having other
configurations may be utilized. [0063] In one
embodiment, the transfer device 702 includes a guide
704 that may be selectively positioned along a main
rail 706 by an actuator 708. In one embodiment, the
actuator 708 is a lead screw driven by a stepper
motor. It is contemplated that other types of
actuators may be utilized to selectively position the
guide 704 over portions of the cleaning module 144.
[0064] A cross member 7 10 is coupled to the guide
704. Two end effector assemblies 712 are coupled to
opposite ends of the cross member 710. The cross
member 710 is coupled to the guide 704 offset from its
midpoint so that each end effector assembly 712 is
centrally located above each of the cleaning modules
144, as illustrated in Figure 7A. The rail 706 may be
coupled to a support frame or structure 720 that
suspends the transfer mechanism 700 above the cleaner
104. [0065] Each end effector assembly 712 includes a
first gripper assembly 722 and a second gripper
assembly 724 coupled to a vertical support member
732.The vertical support member 732 is coupled to the
cross member 710. Each gripper assembly 724, 722
includes a gripper 734 coupled to a rail 730 by a
guide 728. The rails 730 are coupled to the vertical
support member 732. An actuator 726 is provided to
selectively position the guide 728 along the rail 730
so that the gripper 734 may be extended and retracted
relative to the support member 732. The gripper 734
includes a plurality of fingers 736 which define a
slot in which the substrate 170 may be secured. In
operation, the first pair of the gripper assemblies is
positioned to service a front end of each cleaning
module while the second pair of the gripper assemblies
is positioned to service a back end of each cleaning
module. For example, the first gripper assembly 722
may be utilized to retrieve a brushed substrate from
one of the modules, for example, the brush box module
148 of the cleaning module 144. Once the first gripper
assembly 722 is retracted to position clear of the
brush box module 148, the end effector assembly 712 is
translated to position the second gripper assembly 724
over the now-empty brush box module 148. The second
gripper assembly 724 is then extended to deposit
another substrate 170 in the brush box module 148. The
now-empty second gripper assembly 724 is then
retracted clear of the brush box module 148 and the
end effector assembly 712 is translated to the next
module, such as the spray jet module 150. The empty
second gripper assembly 724 is extended to retrieve a
washed substrate from the spray jet module 150. The
end effector assembly 712 is then translated to
position the first gripper assembly 722 over the spray
jet module 150, thereby allowing the brushed substrate
retrieved from the brush box module 148 to be
transferred to the now-empty spray jet module 150 by
the first gripper assembly 722. [0066] Thus, the
sequence for loading the polishing module 106 with
substrates to be polished has been described along
with one mode of operation for passing substrates
returning from the polishing module 106 through the
cleaner 104 on route to the factory interface 102. As
discussed above, the substrates entering the polishing
module may be processed utilizing a number of
sequences, some of which are illustrated below. It is
contemplated that the polishing system 100 provides
sufficient flexibility for other sequences to be
utilized.[0067] Figures 8A-13C depict various modes of
operation of the polishing system 100 described above.
The illustrative polishing sequences are not 



intended to be exhaustive of the possible polishing
sequences which may be beneficially practiced in the
polishing system 100, but merely illustrative of
certain modes of operation. [0068] Figures 8A-D
illustrates one embodiment of a polishing sequence for
serially polishing substrates on two polishing
stations 124. The sequence is preformed on a polishing
module 106 having two polishing stations 124, two load
cups 122 and four polishing heads 126. The polishing
heads 126 are supported on a carriage (not shown) in
Figure 8A which may be utilized to selectively
position the polishing heads 126 respectively over the
polishing stations 124 and load cups 122 as desired.
As shown in Figure 8A and other following figures,
each of the polishing heads 126 are designated with
the Arabic numerals 1, 2 , 3 or 4 while the polishing
stations 124 are designated A or B to illustrate the
sequential movement of substrates retained in the
polishing heads 126 through the polishing module 106
during operation. In the embodiment depicted in Figure
8A, the polishing head 1 is shown engaged with one of
the load cups 122 to receive a substrate to be
polished. Polishing head 2 is positioned on polishing
station A to polish a substrate 170 thereon. Polishing
heads 3, 4 are shown positioned to engage substrates
with the polishing station B located in the lower left
corner of the polishing module 106. [0069] While
polishing, a polishing fluid is provided to the
polishing surface 130 with the polishing head 126 and
polishing surface 130 is rotated while in contact with
the substrate that is rotated by the polishing head
126. The polishing head 126 may optionally be swept
back and forth during processing. As indicated by the
arrows, the sweep of the polishing heads 126 are only
limited by the area of the polishing station 124, due
in one embodiment by the continuous nature of the
track upon which the carriage is adjustably positioned
thereon. [0070] After a predetermined polishing
period, the carriage having polishing head 1 secured
thereto is actuated to position the polishing head 1
in the polishing station A. As shown in Figure 8B, the
movement of polishing head 1 is decoupled from the
motion of polishing heads 2 , 3 , which remain in
theirrespective positions engaged with the polishing
stations A, B of the polishing module 106. Polishing
head 4 moves from polishing station B to release a
polished substrate 170 in the load cup 122. [0071]
During this time, the wet robot 108 transfers a
substrate to be polished into the empty load cup 122
adjacent the load cup 122 containing the polished
substrate. At Figure 8C, polishing head 4 , now empty,
moves to the load cup 122 retaining the substrate to
be polished so that the substrate may be loaded in the
polishing head 4 . Polishing head 3 moves to the
opposite side of the polishing station B to make room
for the polishing head 2 leaving polishing station A.
[0072] Polishing head 1 then moves to the opposite
side of the polishing station B. At this point, the
polishing head 4 , now holding a substrate ready to be
polished, is ready to move to polishing station A,
similar to as shown in Figure 8A. [0073] Figures 8A-D
depict one mode of operation wherein the substrates
are processed in at least two polishing stations 124.
An exemplary polishing process having such a sequence
includes a process having a bulk removal of a
conductive material, such as copper or tungsten, on a
first polishing station followed by a residual removal
of copper and/or a barrier layer on a second polishing
station. Other two-step polishing processes may also
be performed in this manner. In the configuration
described above, a two-step copper polish (each step
on a separate polishing station) may have a throughput
of about 80 substrates per hour. For oxide removal
processes, about 170 substrates per hour may be
realized. [0074] Figures 9A-D depict another
embodiment of a polishing sequence which may be
practiced on the polishing system 100. The polishing
sequence depicted in Figures 9A-D are illustrative of
a two-step polishing process wherein the substrates
are polished in pairs, first on one polishing station
followed by a polishing on a second polishing station.
As shown in Figure 9A, polishing heads 1 and 2 are
interfaced with load cups 122 to retrieve substrates
to be polished. The polishing heads 3 and 4 are
positioned to process substrates in the polishing
station A. Once the substrates to be polished are
loaded into polishing heads 1, 2 , the polishing heads
1, 2 are then rotated over polishingstation B, as
shown in Figure 9B. When the substrates disposed in
polishing heads 3, 4 have completed processing,
polishing heads 3 and 4 are rotated to engage with the
load cups 122 as shown in Figure 9C. The polished
substrates are transferred from the polishing heads 3,
4 to the load cups 122 where they are then retrieved
by the wet robot 108 and moved to the cleaner 104. The
wet robot 108 additionally transfers a new pair of
substrates to be polished to the load cups 122, where
they are then transferred to the polishing heads 3, 4.
The polishing heads 3, 4 are then transferred to the
empty polishing station A located in the upper right
corner of the polishing module 106, thereby freeing
the load cups 122 to engage with the polishing heads
1, 2 which are now ready to transfer polished
substrates from the polishing module 106 and to
receive a new pair of substrates to be polished, as
shown in Figure 9D. [0075] Figures 10A-D depict
another embodiment of a polishing sequence which may
be practiced in the polishing module 106. The sequence
depicted in Figures 10A-D illustrates a sequence in
which substrates are polished in pairs on a single pad
prior to removal from the polishing module. [0076] In
the embodiment depicted in Figure 10A, polishing heads
1, 2 are 



positioned over the load cups 122 to retrieve
substrates 170 to be polished. Polishing heads 3, 4
are positioned over polishing station A. The polishing
heads 1, 2 then transfer the substrates to the empty
polishing station B. As shown in Figure 10B, after the
substrates retained in polishing heads 3 , 4 have been
polished, polishing heads 3 , 4 are rotated to
interface with the load cups 122 as shown in Figure
10C. The polishing heads 3 , 4 transfer the polished
substrates to the load cups 122. The polished
substrates are then removed from the load cups 172 by
the wet robot 108. The wet robot 108 then loads a new
pair of substrates to be polished into the load cups
122. The new pair of substrates is then transferred to
the polishing heads 3 , 4. The polishing heads 3, 4
then move the new substrates to be polished to the
empty polishing station A, as shown in Figure 10D,
leaving the load cups 122 free to accept polished
substrates from the polishing heads 1, 2 when
processing is complete at polishing station B. [0077]
Figures 11A-H depict another embodiment of a polishing
sequence which may be practiced in the polishing
module 106. The sequence depicted inFigures 11A-H
illustrates a sequence in which substrates are
polished in pairs on two polishing surfaces 130 prior
to removal from the polishing module 106. A second
pair of load cups 122 is utilized in the corner of the
polishing module 106 opposite the wet robot 108 as a
buffer to enhance system throughput. The staging robot
136 (shown in Figure 1) utilized to transfer
substrates between load cups 122 is not shown in
Figure 11A-H for sake of clarity. [0078] In the
embodiment depicted in Figure 11A, polishing heads 1,
2 are positioned over the load cups 122 to retrieve
substrates 170 to be polished. Polishing heads 3, 4
are positioned over polishing station A. The polishing
heads 1, 2 then transfer the substrates to the empty
polishing station B, as shown in Figure 11B. After the
substrates retained in polishing heads 3, 4 have been
polished, polishing heads 3 , 4 are rotated to
interface with the load cups 122 opposite the load
cups 122 closes the wet robot 108, as shown in Figure
11C, as the substrates retained in polishing heads 1,
2 continue to be polished on polishing station B.
[0079] As illustrated in Figure 11D, the polished
substrates (designed by 3C, 4C) remain in the load
cups 122 while the polishing heads 3, 4 rotate to the
load cups 122 adjacent the wet robot 108 to retrieve a
new pair of substrates 170 to be polished while the
substrates retained in polishing heads 1, 2 are
transferred to polishing station A. The polished
substrates 3C, 4C are then transferred between load
cups 122 by the staging robot 136, as shown in Figure
11E. The polished substrates 3C, 4C are eventually
removed from the polishing module 106 by the wet robot
108, as shown in Figure 11F while the substrates
retained in polishing heads 1, 2 are transferred to
the load cups 172 from polishing station A after
completing a two station polishing sequence. [0080] As
shown in Figure 11G, the polished substrates 1C, 2C
are left in the load cups 172 while the polishing
heads 1, 2 return to the load cups 172 closest the wet
robot 108 to loads a new pair of substrates to be
polished. The polishing heads 1, 2 transfer the new
pair of substrates to be polished to the empty
polishing station A, as shown in Figure 11H, while the
polished substrates 1C, 2C are transferred by the
staging robot 136 to the load cups 172 closest the wet
robot 108 where they are eventually removed from the
polishingmodule 106 and transferred to the shuttle 140
of the cleaner 104 to the wet robot 108. [0081]
Figures 12A-C depict another embodiment of a polishing
sequence which may be practiced in the polishing
module 106. The sequence depicted in Figures 12A-C
illustrates a sequence in which substrates are
polished in pairs sequentially through at least three
polishing stations 124 prior to removal from the
polishing module. [0082] In the embodiment depicted in
Figure 12A, polishing heads 1, 2 are positioned over
the load cups 122 to retrieve substrates 170 to be
polished. Polishing heads 3, 4 are positioned over
polishing station A, while polishing heads 5 , 6 are
positioned over polishing station A. The polishing
heads 5, 6 then transfer the substrates to the empty
polishing station C, while the polishing heads 3, 4
advance to the now vacant polishing station B and the
polishing heads 1, 2 advance to the now vacant
polishing station A, as shown in Figure 12B. The
polishing heads 5 , 6 then transfer the substrates to
the load cups 122 from polishing station C, while the
polishing heads 3, 4 advance to the now vacant
polishing station C and the polishing heads 1, 2
advance to the now vacant polishing station B, as
shown in Figure 12C. After the polished substrates are
exchanged for to be polished substrates at the load
cups 122, the polishing heads 5 , 6 then transfer the
substrates to the polishing station A, repeating the
sequence begun at Figure 12 A. [0083] Figures 13A-C
depict another embodiment of a polishing sequence
which may be practiced in the polishing module 106.
The sequence depicted in Figures 13A-C illustrates a
sequence in which substrates are polished sequentially
through at least three polishing stations 124 prior to
removal from the polishing module. [0084] In the
embodiment depicted in Figure 13A, polishing head 1 is
positioned over one of the load cups 122 to retrieve
substrates 170 to be polished. Polishing heads 2 , 3
are positioned over polishing station A, while
polishing heads 4, 5 are positioned over polishing
station B and polishing head 6 is positioned over
polishing station C, as shown in Figure 13A. The
polishing head 6 then transfers a polished substrate
to the load cup 122 from the polishing station C,
while the polishing head 5 advances to the now
vacantpolishing station C and the polishing heads 4,
3, 2, 1 advance to next counter 



clock-wise polishing station A, B, C, as shown in
Figure 12B. The polishing head 6 then receives a new
substrate to be polished in one of the load cups 122,
as shown in Figure 13C. [0085] While the foregoing is
directed to embodiments of the present invention,
other and further embodiments of the invention may be
devised without departing from the basic scope
thereof, and the scope thereof is determined by the
claims that follow.What is claimed is: 1. A polishing
system comprising: a polishing module; a cleaner; and
a robot having a range of motion sufficient to
transfer substrates between the polishing module and
cleaner, the polishing module comprising: at least two
polishing stations; at least one load cup; and at
least four polishing heads configured to move
independently between the at least two polishing
stations and the at least one load cup. 2 . The
polishing module of claim 1, wherein the at least four
polishing heads are coupled to a circular track. 3.
The polishing module of claim 1, wherein the cleaner
comprises: two cleaning modules, each cleaning module
comprising a megasonic cleaning module, a brush box, a
fluid jet module and a dryer. 4. The polishing module
of claim 3, wherein the cleaner comprises: a transfer
mechanism having two pairs of gripper assemblies,
wherein a first pair of the gripper assemblies is
positioned to service a front end of each cleaning
module and a second pair of the gripper assemblies is
positioned to service a back end of each cleaning
module. 5 . The polishing module of claim 4 further
comprising: a shuttle configured to move substrate
between the robot and the transfer mechanism. 6. A
method for polishing a substrate comprising:
simultaneously polishing two substrates retained in
independently movable polishing heads on a first
polishing surface of a polishing module;moving the two
substrates retained in the independently movable
polishing heads to a second polishing surface of the
polishing module; and simultaneously polishing the two
substrates retained in the independently movable
polishing heads on a second polishing surface of the
polishing module. 7 . The method of claim 6, wherein
moving the two substrates retained in the
independently movable polishing heads to the second
polishing surface of the polishing module further
comprises: simultaneously transferring the two
substrates from the first polishing surface to the
second polishing surface. 8. The method of claim 6,
wherein moving the two substrates retained in the
independently movable polishing heads to the second
polishing surface of the polishing module further
comprises: sequentially transferring the two
substrates from the first polishing surface to the
second polishing surface. 9 . The method of claim 6,
further comprising: simultaneously transferring the
two substrates from a pair of load cups to the first
polishing surface prior to polishing the two
substrates. 10. The method of claim 6, further
comprising: simultaneously drying the two polished
substrates in a pair of cleaning modules. 11. The
method of claim 6, wherein moving the two substrates
retained in the independently movable polishing heads
to the second polishing surface of the polishing
module further comprises: rotating the polishing heads
along an a overhead track. 12. The method of claim 6
further comprising: simultaneously transferring the
two substrates to a pair of load cups to a shuttle;
transferring the two substrates laterally while one
the shuttle; and transferring the two substrates from
the shuttle to a pair of cleaning modules. 13. A
polishing system comprising: a polishing module
comprising: at least two polishing stations; at least
two load cups; a plurality of carriers coupled to a
overhead track disposed over the at least two
polishing stations, the carriers independently
rotatable along the overhead track; and at least two
polishing heads, each polishing head coupled to a
respective one of the carriers, wherein the carriers
are configured to independently position the polishing
heads over the at least two polishing stations and the
at least one load cup. 14. The polishing system of
claim 13, further comprising: a cleaner coupled to the
polishing module, wherein the cleaning module includes
at least two cleaning modules, each cleaning module
comprising a megasonic cleaning module, a brush box, a
fluid get module and a dryer. 15. The polishing system
of claim 13, further comprising: an accessory device
coupled to one of the carriers. 


