
CYCLOPROPYL FUSED INDOLOBENZAZEPINE HCV NS5B
INHIBITORS CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S.
Provisional Application Serial Numbers 60/801,125,
filed May 17, 2006; 60/802,005, filed May 19, 2006;
60/852,084, filed October 16, 2006; and 60/894,757,
filed March 14, 2007. BACKGROUND OF THE INVENTION
Hepatitis C virus (HCV) is a major human pathogen,
infecting an estimated 170 million persons worldwide -
roughly five times the number infected by human
immunodeficiency virus type 1. A substantial fraction
of these HCV infected individuals develop serious
progressive liver disease, including cirrhosis and
hepatocellular carcinoma (Lauer, G. M.; Walker, B. D.
N. Engl. J. Med. 2001, 345, 41-52). HCV is a
positive-stranded RNA virus. Based on a comparison of
the deduced amino acid sequence and the extensive
similarity in the 5'-untranslated region, HCV has been
classified as a separate genus in the Flaviviridae
family. All members of the Flaviviridae family have
enveloped virions that contain a positive stranded RNA
genome encoding all known virus-specific proteins via
translation of a single, uninterrupted, open reading
frame. Considerable heterogeneity is found within the
nucleotide and encoded amino acid sequence throughout
the HCV genome. At least six major genotypes have been
characterized, and more than 50 subtypes have been
described. The major genotypes of HCV differ in their
distribution worldwide, and the clinical significance
of the genetic heterogeneity of HCV remains elusive
despite numerous studies of the possible effect of
genotypes on pathogenesis and therapy. The single
strand HCV RNA genome is approximately 9500
nucleotides in length and has a single open reading
frame (ORF) encoding a single large polyprotein of
about 3000 amino acids. In infected cells, this
polyprotein is cleaved at multiplesites by cellular
and viral proteases to produce the structural and
non-structural (NS) proteins. In the case of HCV, the
generation of mature non-structural proteins (NS2,
NS3, NS4A, NS4B, NS5A, and NS5B) is effected by two
viral proteases. The first one is believed to be a
metalloprotease and cleaves at the NS2-NS3 junction;
the second one is a serine protease contained within
the N-terminal region of NS3 (also referred to as NS3
protease) and mediates all the subsequent cleavages
downstream of NS3, both in cis, at the NS3-NS4A
cleavage site, and in trans, for the remaining
NS4A-NS4B, NS4B-NS5A, NS5A-NS5B sites. The NS4A
protein appears to serve multiple functions, acting as
a cofactor for the NS3 protease and possibly assisting
in the membrane localization of NS3 and other viral
replicase components. The complex formation of the NS3
protein with NS4A seems necessary to the processing
events, enhancing the proteolytic efficiency at all of
the sites. The NS3 protein also exhibits nucleoside
triphosphatase and RNA helicase activities. NS5B (also
referred to as HCV polymerase) is a RNA-dependent RNA
polymerase that is involved in the replication of HCV.
The HCV NS5B protein is described in "Structural
Analysis of the Hepatitis C Virus RNA Polymerase in
Complex with Ribonucleotides (Bressanelli; S. et al,
Journal of Virology 2002, 3482-3492; and Defrancesco
and 



Rice, Clinics in Liver Disease 2003, 7, 211-242.
Currently, the most effective HCV therapy employs a
combination of alphainterferon and ribavirin, leading
to sustained efficacy in 40% of patients (Poynard, T.
et al. Lancet 1998, 352, 1426-1432). Recent clinical
results demonstrate that pegylated alpha-interferon is
superior to unmodified alpha-interferon as monotherapy
(Zeuzem, S. et al. N. Engl. J. Med. 2000, 343,
1666-1672). However, even with experimental
therapeutic regimens involving combinations of
pegylated alphainterferon and ribavirin, a substantial
fraction of patients do not have a sustained reduction
in viral load. Thus, there is a clear and important
need to develop effective therapeutics for treatment
of HCV infection. DESCRIPTION OF THE INVENTION One
aspect of the invention is a compound of formula
Iwhere: R1 is CO2R5 or CONR 6R7; R3 is hydrogen, halo,
alkyl, alkenyl, hydroxy, benzyloxy, alkoxy, or
haloalkoxy; R4 is cycloalkyl; R5 is hydrogen or alkyl;
R6 is hydrogen, alkyl, alkylSO2, cycloalkylSO2,
haloalkylSO2, (R9)2NSO2, or (R10)SO2; R is hydrogen or
alkyl; R8 is hydrogen, alkyl, cycloalkyl,
(cycloalkyl)alkyl, alkylcarbonyl, cycloalkylcarbonyl,
haloalkylcarbonyl, alkoxycarbonyl, alkylSO2,
cycloalkylSO2, haloalkylSO2, aminocarbonyl,
(alkylamino)carbonyl, (dialkylamino)carbonyl, benzyl,
benzyloxycarbonyl, or pyridinyl; R9 is hydrogen,
alkyl, or cycloalkyl; and R10 is azetidinyl,
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, homopiperidinyl, or homomorpholinyl
and is substituted with 0-3 alkyl substituents;or a
pharmaceutically acceptable salt thereof. Another
aspect of the invention is a compound of formula I
where R1 is CO2R5 or CONR6R7; R3 is hydrogen, halo,
alkyl, alkenyl, hydroxy, benzyloxy, or alkoxy; R4 is
cycloalkyl; R5 is hydrogen or alkyl; R6 is hydrogen,
alkyl, alkylSO2, cycloalkylSO2, haloalkylSO2,
(R9)2NSO2, or (R10)SO2; R is hydrogen or alkyl; R8 is
hydrogen, alkyl, cycloalkyl, (cycloalkyl)alkyl,
alkylcarbonyl, alkoxycarbonyl, benzyl,
benzyloxycarbonyl, or pyridinyl; R9 is hydrogen or
alkyl; and R10 is azetidinyl, pyrrolidinyl,
piperidinyl, piperazinyl, N-(alkyl)piperazinyl,
morpholinyl, thiomorpholinyl, homopiperidinyl, or
homomorpholinyl; or a pharmaceutically acceptable salt
thereof. Another aspect of the invention is a compound
of formula I where R1 is CONR6R7; R6 is alkylSO2,
cycloalkylSO2, haloalkylSO2, (R9)2NSO2, or (R10)SO2;
and R7 is hydrogen.Another aspect of the invention is
a compound of formula I where R3 is hydrogen. 



Another aspect of the invention is a compound of
formula I where R3 is methoxy. Another aspect of the
invention is a compound of formula I where R4 is
cyclohexyl. Another aspect of the invention is a
compound of formula I where R6 is (R9)2NSO2 or
(R10)SO2. Another aspect of the invention is a
compound of formula I where R6 is (dimethylamino)SO2.
Another aspect of the invention is a compound of
formula I where R6 is alkylSC^. Another aspect of the
invention is a compound of formula I where R6 is
isopropylSO2. Another aspect of the invention is a
compound of formula I according to the following
stereochemistry. Another aspect of the invention is a
compound of formula I according to the following
stereochemistry.Any scope of any variable, including
R1, R2, R3, R4, R5, R6, R7, R8, R9, or R10, can be
used independently with the scope of any other
instance of a variable. Unless specified otherwise,
these terms have the following meanings. "Alkyl" means
a straight or branched alkyl group composed of 1 to 6
carbons. "Alkenyl" means a straight or branched alkyl
group composed of 2 to 6 carbons with at least one
double bond. "Cycloalkyl" means a monocyclic ring
system composed of 3 to 7 carbons. "Hydroxy alkyl,"
"alkoxy" and other terms with a substituted alkyl
moiety include straight and branched isomers composed
of 1 to 6 carbon atoms for the alkyl moiety.
"Haloalkyl" and "haloalkoxy" include all halogenated
isomers from monohalo substituted alkyl to perhalo
substituted alkyl. "Aryl" includes carbocyclic and
heterocyclic aromatic substituents. Parenthetic and
multiparenthetic terms are intended to clarify bonding
relationships to those skilled in the art. For
example, a term such as ((R)alkyl) means an alkyl
substituent further substituted with the substituent
R. The invention includes all pharmaceutically
acceptable salt forms of the compounds.
Pharmaceutically acceptable salts are those in which
the counter ions do not contribute significantly to
the physiological activity or toxicity of the
compounds and as such function as pharmacological
equivalents. These salts can be made according to
common organic techniques employing commercially
available reagents. Some anionic salt forms include
acetate, acistrate, besylate, bromide, camsylate,
chloride, citrate, fumarate, glucouronate,
hydrobromide, hydrochloride, hydroiodide, iodide,
lactate, maleate, mesylate, nitrate, pamoate,
phosphate, succinate, sulfate, tartrate, tosylate, and
xinofoate. Some cationic salt forms include ammonium,
aluminum, benzathine, bismuth, calcium, choline,
diethylamine, diethanolamine, lithium, magnesium,
meglumine, 4-phenylcyclohexylamine, piperazine,
potassium, sodium, tromethamine, and zinc. Some of the
compounds of the invention possess asymmetric carbon
atoms (see, for example, the structures below). The
invention includes all stereoisomeric forms, including
enantiomers and diastereomers as well as mixtures of
stereoisomers such as racemates. Some stereoisomers
can be made using methods known in the
art.Stereoisomeric mixtures of the compounds and
related intermediates can be separated into individual
isomers according to methods commonly known in the
art. The use of 



wedges or hashes in the depictions of molecular
structures in the following schemes and tables is
intended only to indicate relative stereochemistry,
and should not be interpreted as implying absolute
stereochemical assignments. Synthetic Methods The
compounds may be made by methods known in the art
including those described below. Some reagents and
intermediates are known in the art. Other reagents and
intermediates can be made by methods known in the art
using readily available materials. The variables (e.g.
numbered "R" substituents) used to describe the
synthesis of the compounds are intended only to
illustrate how to make and are not to be confused with
variables used in the claims or in other sections of
the specification. Abbreviations used within the
schemes generally follow conventions used in the art.
Methyl 2-bromo-3-cyclohexyl- lH-indole-6-carboxylate
can be hydrolyzed to
2-bromo-3-cyclohexyl-lH-indole-6-carboxylic acid (See
Scheme 1). This compound can be condensed with a
variety of sulfonyl ureas, using for example, 1,1'-
carbonyldiimidazole in combination with
l,8-diazabicyclo[5.4.0]undec-7-ene in anhydrous THF.
The resultant acyl sulfamides can be subjected to
known coupling reactions with a diversity of 2-formyl
boronic acids or esters, using for example, Suzuki
coupling conditions, to provide cyclic hemiaminal
intermediates of the type depicted. These compounds
can be converted to indolobenzazepines derivatives by
treatment with methyl 2-(dimethoxyphosphoryl)acrylate
under the influence of cesium carbonate in DMF via
consecutive Michael and Horner Emmons
reactions.Related fused cyclopropyl ester derivatives
can be generated by methods known in the art,
including treatment of the indolobenzazepine esters
with trimethyl sulfoxonium iodide under strongly basic
conditions in DMSO. The residual aliphatic ester
moiety in the resultant fused cyclopropanes can be
hydrolyzed and the product acids can be condensed with
a variety of alkyl-bridged piperazines. For example,
O- (lH-benzotriazol-l-yl)-N,N,
N',N'-tetramethyluronium tetrafluoroborate and
diisopropyl ethyl amine in DMSO can give alkyl bridged
piperazine carboxamides.Scheme1. N-protected
piperazines can also be coupled to the intermediate
indolobenzazepine acids and the resultant piperazine
carboxamides can be deprotected using methods known in
the art and derivatized using a variety ofsynthetic
protocols, some illustrative examples of which are
shown below (See Scheme 2). Scheme 2. An intermediate
useful for the synthesis of some compounds of the
invention involves the preparation of the tert-butyl
ester indolobenzazepine shown in Scheme 3.Scheme 3.
t-Butylation either: This methodology involves base
catalyzed hydrolysis of the indole methyl ester shown,
followed by its reaction with either thionyl chloride
and potassium tertiary butoxide, or alkylation with
silver carbonate and tertiary butyl bromides. The
resultant compound can be transformed using chemistry
analogous to that outlined previously to provide the
mixed ester indolobenzazepines shown above. These
intermediates are useful in an alternative procedure
that can be 



employed for the preparation of acylsulfamide and
acylsulfonamide alkyl-bridged piperazines, as shown in
Scheme 4. Cyclopropanation of an intermediate t-butyl
ester indolobenzazepine and subsequent cleavage of the
t-butyl ester group can generate the acid which can be
coupled to a diversity of sulfonamides and
sulfonylureas. Subsequent hydrolysis affords the
related aliphatic acid, which can be coupled with a
diversity of alkyl-bridged piperazines. For example,
0-(1Hbenzotriazol- 1-yl)-N,N,
N',N'-tetramethyluroniumtetrafluoroborate and
diisopropyl ethyl amine in DMSO can give the alkyl
bridged piperazine carboxamides. Scheme 4. Some
examples exist as stereoisomeric mixtures. The
invention encompasses all stereoisomers of the
compounds. Methods of fractionating stereoisomeric
mixtures are well known in the art, and include but
are not limited to; preparative chiral supercritical
fluid chromatography (SFC) and chiral high performance
liquid chromatography (HPLC). An example using this
approach is shown in scheme 5.Scheme 5. An additional
method to achieve such separations involves the
preparation of mixtures of diastereomers which can be
separated using a variety of methods known in the art.
One example of this approach is shown below (Scheme
6).Scheme 6. Diastereomers separated by reverse phase
HPLC Some diastereomeric amides can be separated using
reverse phase HPLC. After hydroysis, the resultant
optically active acids can be coupled with bridged
piperazine derivatives (Scheme 6). For example,
O-(lH-benzotriazol-l-yl)-N,N, N',N'-tetramethyluronium
tetrafluoroborate and diisopropyl ethyl amine in DMSO
can be used to give the alkyl bridged piperazine
carboxamides. Other standard acid amine coupling
methods can also be used to give optically active
carboxamides.Schemes 7-9 illustrate other methods of
making intermediates and compounds.Scheme 8. Scheme
9.Biological Methods The compounds demonstrated
activity against HCV NS5B as determined in the
following HCV RdRp assays. HCVNS5B RdRp cloning,
expression, and purification. The cDNA encoding the
NS5B protein of HCV, genotype Ib, was cloned into the
pET21a expression vector. The protein was expressed
with an 18 amino acid C-terminal truncation to enhance
the solubility. The E. coli competent cell line
BL21(DE3) was used for expression of the protein.
Cultures were grown at 37 C for ~ 4 hours until the
cultures reached an optical density of 2.0 at 600 nm.
The cultures were cooled to 20 C and induced with 1mM
IPTG. Fresh ampicillin was added to a final
concentration of 50 mg/ml and the cells were grown
overnight at 20 C. Cell pellets (3L) were lysed for
purification to yield 15-24 mgs of purified NS5B. The
lysis buffer consisted of 20 mM Tris-HCl, pH 7.4, 500
mM NaCl, 0.5% triton X-100, 1mM DTT, ImM EDTA, 20%
glycerol, 0.5 mg/ml lysozyme, 10 mM MgC12, 15 ug/ml
deoxyribonuclease I, and Complete TM protease
inhibitor tablets (Roche). After addition of the lysis
buffer, frozen cell pellets were resuspended using a
tissue homogenizer. To reduce the viscosity of the
sample, aliquots of the lysate were sonicated on ice
using a microtip attached to a Branson sonicator. The
sonicated lysate was centrifuged at 100,000 x g for
lhr at 4 C and filtered through a 0.2 mm filter unit
(Corning). 



The protein was purified using three sequential
chromatography steps: Heparin sepharose CL-6B, polyU
sepharose 4B, and Hitrap SP sepharose (Pharmacia). The
chromatography buffers were identical to the lysis
buffer but contained no lysozyme, deoxyribonuclease I,
MgC12 or protease inhibitor and the NaCl concentration
of the buffer was adjusted according to the
requirements for charging the protein onto the column.
Each column was eluted with a NaCl gradient which
varied in length from 5-50 column volumes depending on
the column type. After the final chromatography step,
the resulting purity of the enzyme is >90% based on
SDS-PAGE analysis. The enzyme was aliquoted and stored
at -80 C.Standard HCVNS5B RdRp enzyme assay. HCV RdRp
genotype Ib assays were run in a final volume of 60 ml
in 96 well plates (Costar 3912). The assay buffer is
composed of 20 mM Hepes, pH 7.5, 2.5 mM KCl, 2.5 mM
MgC12, 1 mM DTT, 1.6 U RNAse inhibitor (PromegaN2515),
0.1 mg/ml BSA (Promega R3961), and 2 % glycerol. All
compounds were serially diluted (3-fold) in DMSO and
diluted further in water such that the final
concentration of DMSO in the assay was 2%. HCV RdRp
genotype Ib enzyme was used at a final concentration
of 28 nM. A polyA template was used at 6 nM, and a
biotinylated oligo-dT12 primer was used at 180 nM
final concentration. Template was obtained
commercially (Amersham 27- 4 110). Biotinylated primer
was prepared by Sigma Genosys. 3H-UTP was used at 0.6
mCi (0.29 mM total UTP). Reactions were initiated by
the addition of enzyme, incubated at 30 C for 60 min,
and stopped by adding 25 ml of 50 mM EDTA containing
SPA beads (4 mg/ml, Amersham RPNQ 0007). Plates were
read on a Packard Top Count NXT after >lhr incubation
at room temperature. Modified HCVNS5B RdRp enzyme
assay. A modified enzyme assay was performed
essentially as described for the standard enzyme assay
except for the following: The biotinylated oligo dT12
primer was precaptured on streptavidincoated SPA beads
by mixing primer and beads in assay buffer and
incubating at room temperature for one hour. Unbound
primer was removed after centrifugation. The
primer-bound beads were resuspended in 20 mM Hepes
buffer, pH 7.5 and used in the assay at final
concentrations of 20 nM primer and 0.67 mg/ml beads.
Order of addition in the assay: enzyme (14 nM) was
added to diluted compound followed by the addition of
a mixture of template (0.2 nM) , 3H-UTP (0.6 mCi, 0.29
mM), and primer-bound beads, to initiate the reaction;
concentrations given are final. Reactions were allowed
to proceed for 4 hours at 30 C. IC50 values for
compounds were determined using seven different [I].
IC50 values were calculated from the inhibition using
the formula y = A+((BA)/( l+((C/x) LD))). FRET Assay
Preparation. To perform the HCV FRET screening assay,
96- well cell culture plates were used. The FRET
peptide (Anaspec, Inc.) (Taliani et al,Anal. Biochem.
1996, 240, 60-67) contains a fluorescence donor,
EDANS, near one end of the peptide and an acceptor,
DABCYL, near the other end. The fluorescence of the
peptide is quenched by intermolecular resonance energy
transfer (RET) between the donor and the acceptor, but
as the NS3 protease cleaves the peptide the products
are released from RET quenching and the fluorescence
of the donor becomes apparent. The assay reagent was
made as follows: 5X cell Luciferase cell 



culture lysis reagent from Promega (#E153A) diluted to
IX with dH2O, NaCl added to 150 mM final, the FRET
peptide diluted to 20 mM final from a 2 mM stock. To
prepare plates, HCV replicon cells, with or without a
Renilla luciferase reporter gene, were trypsinized and
placed into each well of a 96-well plate with titrated
test compounds added in columns 3 through 12; columns
1 and 2 contained a control compound (HCV protease
inhibitor), and the bottom row contained cells without
compound. The plates were then placed in a CO
incubator at 37 C. Assays. Subsequent to addition of
the test compounds described above (FRET Assay
Preparation), at various times the plate was removed
and Alamar blue solution (Trek Diagnostics, #00-100)
was added per well as a measure of cellular toxicity.
After reading in a Cytoflour 4000 instrument (PE
Biosystems), plates were rinsed with PBS and then used
for FRET assay by the addition of 30 ul of the FRET
peptide assay reagent described above (FRET Assay
Preparation) per well. The plate was then placed into
the Cytoflour 4000 instrument which had been set to
340 excite/490 emission, automatic mode for 20 cycles
and the plate read in a kinetic mode. Typically, the
signal to noise using an endpoint analysis after the
reads was at least three- fold. Alternatively, after
Alamar blue reading, plates were rinsed with PBS, 50
ul of DMEM (high glucose) without phenol red was added
and plates were then used for luciferase assay using
the Promega Dual-Glo Luciferase Assay System. Compound
analysis was determined by quantification of the
relative HCV replicon inhibition and the relative
cytotoxicity values. To calculate cytoxicity values,
the average Alamar Blue fluorescence signals from the
control wells were set as 100% non-toxic. The
individual signals in each of the compound test wells
were then divided by the average control signal and
multiplied by 100% to determinepercent cytotoxicity.
To calculate the HCV replicon inhibition values, an
average background value was obtained from the two
wells containing the highest amount of HCV protease
inhibitor at the end of the assay period. These
numbers were similar to those obtained from nave Huh-7
cells. The background numbers were then subtracted
from the average signal obtained from the control
wells and this number was used as 100% activity. The
individual signals in each of the compound test wells
were then divided by the averaged control values after
background subtraction and multiplied by 100% to
determine percent activity. EC50 values for a protease
inhibitor titration were calculated as the
concentration which caused a 50% reduction in FRET or
luciferase activity. The two numbers generated for the
compound plate, percent cytoxicity and percent
activity were used to determine compounds of interest
for further analysis. Representative data for
compounds are reported in Table 1. Table 1.POLYMORPH
FORMS OF (2S) - (4E) -N-METHYL-5- O-ISOPROPOXYPYRIDIN)
YL] -4-PENTEN-2-AMINE FOR THE TREATMENT OF CENTRAL
NERVOUS SYSTEM DISORDERS This application claims
benefit of U.S. Provisional Patent Application No. 5
60/746,821, filed May 9, 2006. Field of the Invention
The present invention relates to novel polymorph forms
of (2S)-(4E)-Nmethyl- 



5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine
p-hydroxybenzoate, as well 10 as pharmaceutical
compositions including the polymorph forms. The
present invention also relates to methods for treating
a wide variety of conditions and disorders, and
particularly conditions and disorders associated with
dysfunction of the central and autonomic nervous
systems, using the novel polymorph forms. 15
Background of the Invention In the formulation of drug
compositions, it is important for the drug substance
to be in a form in which it can be conveniently
handled and processed. This is of importance, not only
from the point of view of obtaining a
commercially-viable manufacturing process, but also
from the point of view of subsequent manufacture of 20
pharmaceutical compositions comprising the active
compound. Further, in the manufacture of drug
compositions, it is important that a reliable,
reproducible and constant plasma concentration profile
of drug is provided following administration to a
patient. Chemical stability, solid state stability,
and "shelf life" of the active 25 ingredients are also
very important factors. The drug substance, and
compositions containing it, should preferably be
capable of being effectively stored over appreciable
periods of time, without exhibiting a significant
change in the active component's physico-chemical
characteristics (e.g. its chemical composition,
density, hygroscopicity and solubility). 30 Moreover,
it is also important to be able to provide drugs in a
form, that are as chemically pure as possible. The
skilled person will appreciate that, typically, if a
drug can be readily obtained in a stable form, such as
a stable crystalline form, advantages may beprovided,
in terms of ease of handling, ease of preparation of
suitable pharmaceutical compositions, and a more
reliable solubility profile. The compound
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-pen
ten-2- amine is known to provide benefits in the area
of the treatment and/or prevention of central nervous
system disorders. The compound, its synthesis, and its
use in methods of medical treatment, is described, for
example, in PCT WO 99/65876 to Caldwell et al. and in
US application 11/270,018, the contents of which are
hereby incorporated by reference in their entirety.
Summary of the Invention The present invention relates
to two polymorphic forms of (2S)-(4E)-Nmethyl-
5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine
p-hydroxybenzoate (hereinafter referred to as
Polymorphs A and B), methods of preparing the
polymorph forms, and pharmaceutical compositions
including the polymorph forms. Polymorphs A and B of
the p-hydroxybenzoate salt of
(2S)-(4E)-N-methyl-5-[3-(5-
isopropoxypyridin)yl)]-4-penten-2-amine are
specifically disclosed. The present invention also
relates to methods for treating and/or preventing a
wide variety of conditions or disorders, and
particularly those disorders characterized by
dysfunction of nicotinic cholinergic neurotransmission
including disorders involving neuromodulation of
neurotransmitter release, such as dopamine release.
The present invention also relates to methods for
treating and/or preventing disorders, 



such as central nervous system (CNS) disorders, which
are characterized by an alteration in normal
neurotransmitter release, and also for treating
certain conditions (e.g., alleviating pain). The
methods involve administering to a subject an
effective amount of the novel polymorph forms, or
pharmaceutical compositions including such polymorph
forms. The polymorph forms can be provided in the form
of a pharmaceutical composition that includes an
effective amount of the one of the polymorph forms or
mixtures thereof, as described herein. The
pharmaceutical compositions incorporating the
polymorph form(s) of
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-
penten-2-amine p-hydroxybenzoate, which, when employed
in effective amounts, interacts with relevant
nicotinic receptor sites of a subject, and hence has
acts as a therapeutic agent to treat and prevent a
wide variety of conditions and disorders,particularly
those disorders characterized by an alteration in
normal neurotransmitter release. The pharmaceutical
compositions are believed to be safe and effective
with regard to prevention and treatment of a wide
variety of conditions and disorders as described
below. The foregoing and other aspects of the present
invention are explained in detail in the detailed
description and examples set forth below. Detailed
Description Two polymorph forms of
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-
4-penten-2-amine p-hydroxybenzoate, pharmaceutical
compositions, methods of preparing these forms, and
methods of treatment and/or prevention using these
forms, are described in detail below. According to a
further aspect of the invention there is provided a
salt of the invention in substantially crystalline
form. Although we have found that it is possible to
produce salt forms of the invention in forms which are
greater than 80% crystalline, by "substantially
crystalline" we include greater than 20%, preferably
greater than 30%, and more preferably greater than 40%
(e.g. greater than any of 50, 60, 70, 80 or 90%)
crystalline. According to a further aspect of the
invention there is also provided a salt forms of the
invention in partially crystalline form. By "partially
crystalline" we include 5% or between 5% and 20%
crystalline. The degree (%) of crystallinity may be
determined by the skilled person using X-ray powder
diffraction (XRPD). Other techniques, such as solid
state NMR, FT-IR, Raman spectroscopy, differential
scanning calorimetry (DSC) and microcalorimetry, may
also be used. The term "stability" as defined herein
includes chemical stability and solid state stability.
By "chemical stability", we include that it may be
possible to store salt forms of the invention in an
isolated form, or in the form of a composition in
which it is provided in admixture with
pharmaceutically acceptable carriers, diluents or
adjuvants (e.g. in an oral dosage form, such as a
tablet, capsule etc.), under normal storage
conditions, with an insignificant degree of chemical
degradation or decomposition. By "solid state
stability", we include that it may be possible to
store salt forms of the invention in an isolated solid
form, or in the form of a solidcomposition in which it
is provided in admixture with pharmaceutically
acceptable 



carriers, diluents or adjuvants (e.g. in an oral
dosage form, such as a tablet, capsule etc.), under
normal storage conditions, with an insignificant
degree of solid state transformation (e.g.
crystallisation, recrystallisation, solid state phase
transition, hydration, dehydration, solvatisation or
desolvatisation). Examples of "normal storage
conditions" include temperatures of between minus 80
and plus 5O0C (preferably between 0 and 4O0C and more
preferably room temperatures, such as 15 to 300C),
pressures of between 0.1 and 2 bars (preferably at
atmospheric pressure), relative humidities of between
5 and 95% (preferably 10 to 60%), and/or exposure to
460 lux of UV/visible light, for prolonged periods
(i.e. greater than or equal to six months). Under such
conditions, salt forms of the invention may be found
to be less than 15%, more preferably less than 10%,
and especially less than 5%, chemically
degraded/decomposed, or solid state transformed, as
appropriate. The skilled person will appreciate that
the above-mentioned upper and lower limits for
temperature, pressure and relative humidity represent
extremes of normal storage conditions, and that
certain combinations of these extremes will not be
experienced during normal storage (e.g. a temperature
of 500C and a pressure of 0.1 bar). I.
(2S)-(4E)-N-methyl-5- [3-(5-isopropoxypyridin)yl]
-4-penten-2-amine The compounds described herein are
polymorphs of (2S)-(4E)-N-methyl-5-[3-
(5-isopropoxypyridin)yl]-4-penten-2-amine
p-hydroxybenzoate, which has the formula: The manner
in which the
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-
penten-2-amine p-hydroxybenzoate, in its polymorphic
forms, can be prepared can vary. Approaches for
preparing
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-pen
ten-2-amine are described, for example, in PCT WO
99/65876 to Caldwell et al. and in US application
11/270,018, pertinent portions of which are summarized
below. One synthetic approach involves a convergent
synthesis, in which the side chain,
(2S)-N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine
is coupled with the 3-substituted 5-halo-substituted
pyridine, 5-bromo-3-isopropoxypyridine, under Heck
reaction conditions, followed by removal of the
tert-butoxycarbonyl protecting group. Typically, the
types of procedures set forth in W. C. Frank et al.,
J. Org. Chem. 43: 2947 (1978) and N. J. Malek et al.,
J. Org. Chem. 47: 5395 (1982) involving a
palladium-catalyzed coupling of an olefin and an
aromatic halide are used. The required
(2S)-N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine
can be synthesized as follows: (i) (2R)-4-Penten-2-ol
can be prepared from (R)-(+)-propylene oxide,
according to procedures set forth in A. Kalivretenos,
J. K. Stille, and L. S. Hegedus, J. Org. Chem. 56:
2883 (1991), and then treated with p-toluenesulfonyl
chloride in pyridine to yield (2R)-4-penten-2-ol
p-toluenesulfonate. (ii) The resulting tosylate can be
heated with 20 molar equivalents of methylamine (as a
40% aqueous solution) in dimethylformamide to yield
(2S)-N-methyl-4-penten-2-amine. (iii) The resulting
amine can be allowed to react with di-tert-butyl
dicarbonate in ether to yield the side chain,
(2S)-N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine
. The halo-substituted pyridine, (e.g.,
5-bromo-3-isopropoxypyridine) can be synthesized by
two different routes. In one preparation,
3,5-dibromopyridine is heated at 14O0C for 14 hours
with 2 molar equivalents of potassium isopropoxide in
dry 



isopropanol in the presence of copper powder (5%, w/w
of the 3,5-dibromopyridine) in a sealed glass tube to
yield 5-bromo-3-isopropoxypyridine. A second
preparation of 5-bromo-3-isopropoxypyridine from
5-bromonicotinic acid can be performed as follows: (i)
5-Bromonicotinic acid is converted to
5-bromonicotinamide by treatment with thionyl
chloride, followed by reaction of the intermediate
acid chloride with aqueous ammonia (ii) The resulting
5-bromonicotinamide, previously described by C. V.
Greco et al., J. Heteocyclic Chem. 7(4): 761 (1970),
is subjected to Hofrnann degradation by treatment with
sodium hydroxide and a 70% solution of calcium
hypochlorite, (iii) The resulting
3-amino-5-bromopyridine, previously described by C. V.
Greco et al., J. Heteocyclic Chem. 7(4): 761 (1970),
can be converted to 5-bromo- 3-isopropoxypyridine by
diazotization with isoamyl nitrite under acidic
conditions, followed by treatment of the intermediate
diazonium salt with isopropanol to yield
5-bromo-3-isopropoxypyridine. The palladium-catalyzed
coupling of 5-bromo-3- isopropoxypyridine and
(2S)-N-methyl-N-(tert-butoxycarbonyl)-4-penten-2-amine
is carried out in acetonitrile-triethylamine (2:1,
v,v) using a catalyst consisting of 1 mole %
palladium(II) acetate and 4 mole %
tri-o-tolylphosphine. The reaction can be carried out
by heating the components at 800C for 20 hours to
yield (2S)-(4E)-Nmethyl-
N-(tert-butoxycarbonyl)-5-[3-(5-isopropoxypyridin)yl]-
4-penten-2-amine. Removal of the tert-butoxycarbonyl
protecting group can be accomplished by treatment with
30 molar equivalents of trifluoroacetic acid in
anisole at 00C to afford
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-pen
ten-2-amine. II. p-Hydroxybenzoate Salt of
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]
-4-penten-2-amine Typically the p-hydroxybenzoate salt
of (2S)-(4E)-N-methyl-5-[3-(5-
isopropoxypyridin)yl]-4-penten-2-amine is prepared by
reacting about one equivalent of p-hydroxybenzoic acid
with
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-
penten-2-amine in some suitable solvent, such as
methanol, ethanol, isopropyl alcohol, acetone, ethyl
acetate, or acetonitrile. Sometimes water is present
in the reaction mixture. These procedures are
described in detail in US application 11/270,018. III.
Polymorphs of
(2S)-(4E)-N-methyI-5-[3-(5-isopropoxypyridin)yI]-4-pen
ten- 2-amine - hydroxybenzoate salt Polymorphs A and B
of the p-hydroxybenzoate salt of (2S)-(4E)-N-methyl-5-
[3-(5-isopropoxypyridin)yl)]-4-penten-2-amine are
disclosed. The polymorph forms of
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl)]-
4-penten-2-amine p-hydroxybenzoate are prepared by
recrystallizing the salt in various solvents.
Representative procedures are given in the Examples. A
variety of solvents may be utilized in the formation
of polymorphs A and B. Appropriate choice of solvents)
for recrystallization provides either polymorph A or B
in relatively pure form (i.e., greater than 95%
polymorph A or greater than 95% polymorph B). The
invention thus provides both polymorph A and polymorph
B in relatively pure form (greater than 95%
polymorphic purity).Depending upon the manner by which
the polymorphs described herein are formed, the
polymorph can have crystal structures that occlude
solvents that are present during polymorph formation.
Thus, the polymorph can occur as hydrates and 



other solvates of varying stoichiometry of solvent
relative to the (2S)-(4E)-N-methyl-
5-[3-(5-isopropoxypyridin)yl]-4-penten-2-amine
p-hydroxybenzoate. Representative solvents that can be
used to prepare and/or recrystallize the polymorphs
include, without limitation, ethanol, methanol,
isopropyl alcohol, acetone, ethyl acetate, and/or
acetonitrile. A series of solid-state techniques can
be used to evaluate two polymorphic forms of the
p-hydroxybenzoate salt of (2S)-(4E)-N-methyl-5-[3-(5-
isopropoxypyridin)yl)]-4-penten-2-amine. X-ray Powder
Diffraction (XRPD) was used to evaluate the unique
crystalline phase and structural characteristics of
the polymorphs and mixtures. Differential Scanning
Calorimetry (DSC) may also be performed. One aspect of
the invention relates to a mixture of polymorph A and
polymorph B. Li one embodiment the ratio of polymorph
A to B is 40 to 60. In another embodiment the ratio is
30 to 70. In a further embodiment the ratio is 20 to
80. Li yet another embodiment the ratio is 10 to 90.
Li yet another embodiment the ratio is 5 to 95.
Likewise, in one embodiment the ratio of polymorph B
to A is 40 to 60. In another embodiment the ratio is
30 to 70. In a further embodiment the ratio is 20 to
80. In yet another embodiment the ratio is 10 to 90.
In yet another embodiment the ratio is 5 to 95. Thus,
the invention also provides mixtures of polymorphs A
and B in ratios ranging from 5:95 to 95:5. IV. Methods
of Treatment The salt forms described herein can be
used in methods for preventing and/or treating a
condition or disorder in a subject susceptible to such
a condition or disorder. For example, an effective
amount of a compound effective for providing some
degree of prevention of the progression of a CNS
disorder (i.e., provide protective effects),
amelioration of the symptoms of a CNS disorder, and
amelioration of the reoccurrence of a CNS disorder,
can be administered to a patient in need thereof. The
compounds can be used to treat and/or prevent those
types of conditions and disorders for which other
types of nicotinic compounds have been proposed
astherapeutics. See, for example, Williams et al. DN&P
7(4):205-227 (1994), Arneric et al., CNS Drug Rev.
1(1): 1-26 (1995), Arneric et al., Exp. Opin. Invest.
Drugs 5(l):79-100 (1996), Bencherif et al., JPET
279:1413 (1996), Lippiello et al., JPET 279:1422
(1996), Damaj et al., Neuroscience (1997), Holladay et
al., J. Med. Chem 40(28): 4169-4194 (1997), Bannon et
al., Science 279: 77-80 (1998), PCT WO 94/08992, PCT
WO 96/31475, and U.S. Patent Nos. 5,583,140 to
Bencherif et al., 5,597,919 to Dull et al., and
5,604,231 to Smith et al the disclosures of which are
incorporated herein by reference in their entirety.
The compounds modulate nicotinic receptors in the
patient's brain. As such, such compounds have the
ability to express nicotinic pharmacology, and in
particular, to act as nicotinic partial agonists.
Receptor binding constants provide a measure of the
ability of the compound to bind to half of the
relevant receptor sites of certain brain cells of the
patient. See, Cheng, et al., Biochem. Pharmacol.
22:3099 (1973). The (2S)-(4E)-N-methyl-5-[3-(5-
isopropoxypyridin)yl]-4-penten-2-amine compound used
to prepare the salt forms has 



extremely high affinity for the relevant receptors,
with a binding affinity in the low nM range. The
compounds have the ability to demonstrate a nicotinic
function by effectively modulating neurotransmitter
secretion from neurons. As such, such compounds have
the ability to affect relevant the release of
acetylcholine, dopamine, and other neurotransmitters
by neurons. The compounds, when employed in effective
amounts in accordance with the methods described
herein, are selective to certain relevant nicotinic
receptors, but do not cause significant activation of
receptors associated with undesirable side effects at
concentrations at least greater than those required
for modulation of CNS neuronal activity. The
selectivity of the compounds against those
ganglia-type receptors responsible for cardiovascular
side effects is demonstrated by a lack of the ability
of those compounds to activate nicotinic function of
adrenal chromaffin tissue at concentrations greater
than those required for modulation of CNS neuronal
activity. Thus, administration of the compounds
provides a therapeutic window in which treatment of
certain CNS disorders is provided, and certain side
effects are avoided. That is, an effective dose of the
compound is sufficient to provide the desired effects
upon the CNS, but is insufficient (i.e., is not at a
high enough level) toprovide undesirable side effects.
The pharmaceutical compositions are useful in the
treatment of a variety of CNS disorders, including
neurodegenerative disorders, neuropsychiatric
disorders, neurologic disorders, and addictions. The
pharmaceutical compositions can be used to treat
cognitive deficits (age-related and otherwise),
attentional disorders and dementias (including those
due to infectious agents or metabolic disturbances);
to provide neuroprotection; to treat convulsions and
multiple cerebral infarcts; to treat mood disorders,
compulsions and addictive behaviors; to provide
analgesia; and to control inflammation (such as
mediated by cytokines and nuclear factor kappa B) and
treat inflammatory disorders. Among the disorders,
diseases and conditions, that pharmaceutical
compositions of the present invention can be used to
treat, are: age-associated memory impairment, mild
cognitive impairment, pre-senile dementia (early onset
Alzheimer's disease), senile dementia (dementia of the
Alzheimer's type), Lewy body dementia, vascular
dementia, Alzheimer's disease, stroke, AIDS dementia
complex, attention deficit disorder, attention deficit
hyperactivity disorder, dyslexia, schizophrenia,
schizophreniform disorder, schizoaffective disorder,
Parkinsonism including Parkinson's disease, Pick's
disease, Huntington's chorea, tardive dyskinesia,
hyperkinesia, progressive supranuclear palsy,
Creutzfeld-Jakob disease, multiple sclerosis,
amyotrophic lateral sclerosis, epilepsy, depression,
panic disorders, bipolar disorders, generalized
anxiety disorder, obsessive compulsive disorder, rage
outbursts, Tourette's syndrome, autism, drug and
alcohol addiction, tobacco addiction, obesity, acute
pain, neuropathic pain, inflammatory pain, ulcerative
colitis, irritable bowel syndrome, cachexia,
osteoarthritis, psoriasis, rheumatoid arthritis,
endotoxaemia, sepsis, asthma, atherosclerosis and
idiopathic pulmonary fibrosis. Thus, the present
invention relates to the salt forms mentioned above
for use in therapy. The present invention further
relates to the use of said salt forms, in the 



manufacture of a medicament for treatment of a central
nervous system disorder. Also provided is a method for
treatment of a central nervous system disorder,
comprising administering to a mammal in need of such
treatment, a therapeutically effective amount of the
salt forms of the present invention. Further provided
is a method for treatment of disorders selected from
the group consisting of age-associated memory
impairment, mild cognitive impairment, pre-senile
dementia (early onset Alzheimer's disease), senile
dementia (dementia of the Alzheimer's type), Lewy body
dementia,vascular dementia, Alzheimer's disease,
stroke, AIDS dementia complex, attention deficit
disorder, attention deficit hyperactivity disorder,
dyslexia, schizophrenia, schizophreniform disorder,
and schizoaffective disorder. Even further provided is
a method for treatment of disorders selected from the
group consisting of the treatment of mild to moderate
dementia of the Alzheimer's type, attention deficit
disorder, mild cognitive impairment and age associated
memory impairment. V. Pharmaceutical Compositions
According to one embodiment of the present invention
there is provided a pharmaceutical composition
comprising as active ingredient a therapeutically
effective amount of salt forms of
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-pen
ten- 2-amine, in association with one or more
pharmaceutically acceptable diluents, excipients
and/or inert carriers. The manner in which the
compositions are administered can vary. The compounds
can be administered by inhalation (e.g., in the form
of an aerosol either nasally or using delivery
articles of the type set forth in U.S. Patent No.
4,922,901 to Brooks et al., the disclosure of which is
incorporated herein in its entirety); topically (e.g.,
in lotion form); orally (e.g., in liquid form within a
solvent such as an aqueous or non-aqueous liquid;
intravenously (e.g., within a dextrose or saline
solution); as an infusion or injection (e.g., as a
suspension or as an emulsion in a pharmaceutically
acceptable liquid or mixture of liquids);
intrathecally; intracerebroventricularly; or
transdermally (e.g., using a transdermal patch or by
powder injection). Although it is possible to
administer the compositions in the form of a bulk
active chemical, it is preferred to present each
compound in the form of a pharmaceutical composition
for efficient and effective administration. Exemplary
methods for administering such compounds will be
apparent to the skilled artisan. For example, the
compositions can be administered in the form of a
tablet, a hard gelatin capsule or as a time release
capsule. The administration of the pharmaceutical
compositions described herein can be intermittent, or
at a gradual, continuous, constant or controlled rate
to a warmblooded animal, (e.g., a mammal such as a
mouse, rat, cat, rabbit, dog, pig, cow, or monkey);
but advantageously is preferably administered to a
human being. In addition, the time of day and the
number of times per day that the pharmaceutical
composition is administered can vary. Administration
preferably is such that the activeingredients of the
pharmaceutical composition interact with receptor
sites within the body of the subject that effect the
functioning of the CNS. More specifically, in treating
a CNS disorder administration preferably is such so as
to optimize the effect upon those relevant receptor
subtypes, which have an effect upon the functioning of
the CNS, while minimizing the effects upon muscle-type
receptor subtypes. The appropriate dose of the
compound is that amount effective to prevent 



occurrence of the symptoms of the disorder or to treat
some symptoms of the disorder from which the patient
suffers. By "effective amount", "therapeutic amount"
or "effective dose" is meant that amount sufficient to
elicit the desired pharmacological or therapeutic
effects, thus resulting in effective prevention or
treatment of the disorder. Thus, when treating a CNS
disorder, an effective amount of compound is an amount
sufficient to pass across the blood-brain barrier of
the subject, to bind to relevant receptor sites in the
brain of the subject, and to modulate the activity of
relevant nicotinic receptor subtypes (e.g., modulate
neurotransmitter secretion, thus resulting in
effective prevention or treatment of the disorder).
Prevention of the disorder is manifested by delaying
the onset of the symptoms of the disorder. Treatment
of the disorder is manifested by a decrease in the
symptoms associated with the disorder or an
amelioration of the reoccurrence of the symptoms of
the disorder. The effective dose can vary, depending
upon factors such as the condition of the patient, the
severity of the symptoms of the disorder, and the
manner in which the pharmaceutical composition is
administered. For human patients, the effective dose
of typical compounds generally requires administering
the compound in an amount sufficient to modulate
relevant receptors to effect neurotransmitter (e.g.,
dopamine) release but the amount should be
insufficient to induce effects on skeletal muscles and
ganglia to any significant degree. The effective dose
of compounds will of course differ from patient to
patient but in general includes amounts starting where
CNS effects or other desired therapeutic effects
occur, but below the amount where muscular and
ganglionic effects are observed. Typically, the
effective dose of compounds may require administering
the compound in an amount of less than 5 mg/kg of
patient weight. Often, the compounds may be
administered in an amount from less than about 1 mg/kg
patent weight to less than about 100 mg/kg of patient
weight, and occasionally between from 10 mg/kg to less
than 100 mg/kg of patient weight. The foregoing
effective dosestypically represent that amount
administered as a single dose, or as one or more doses
administered over a 24 hour period. For human
patients, the effective dose of the compounds may
require administering the compound in an amount of at
least about 1, but not more than about 1000, often not
more than about 500 mg/ 24 hr./ patient. The compounds
also can be administered in composition compositions
that incorporate other ingredients, such as those
types of ingredients that are useful in formulating a
diagnostic composition. Compositions useful as
diagnostics can be employed as set forth in U.S.
Patent Nos. 5,853,696 to Elmalch et al. and 5,969,144
to London et al., the contents of which are hereby
incorporated by reference. The compounds can also be
formulated and/or administered in combination with
other therapeutic compounds, such as those used in the
treatment and or prevention of CNS disorders. US
Provisional Application Serial Nos. 60/746,808 and
60/746,821 are incorporated herein by reference in
their entirety. VI: Experimentals Example 1: Analysis
of the Two Polymorphic Forms 



The Polymorphs A and B were generated as described in
Example 4. A. Methods X-ray powder diffraction
analyses were performed using a PANalytical X'Pert Pro
MPD diffractometer for 96 minutes from 1 to 60 2Qwith
and without internal standard reference. The 2Q angles
were corrected with regard to the standard values
whereafter calculation into d-values (distance values)
was done. The d-values may vary in the range 2 on the
last given decimal place. The sample preparation was
performed according to standard methods, for example
those described in Giacovazzo, C. et al (1995),
Fundamentals of Crystallography, Oxford University
Press; Jenkins, R. and Snyder, R. L. (1996),
Introduction to X-Ray Powder Diffractometry, John
Wiley & Sons, New York; Bunn, C. W. (1948), Chemical
Crystallography, Clarendon Press, London or Klug, H.
P. & Alexander, L. E. (1974), X-ray Diffraction
Procedures, John Wiley and Sons, New York.The term
"stability" as defined herein includes chemical
stability and solid state stability. By "chemical
stability", we include that it may be possible to
store salt forms of the invention in an isolated form,
or in the form of a formulation in which it is
provided in admixture with pharmaceutically acceptable
carriers, diluents or adjuvants (e.g. in an oral
dosage form, such as a tablet, capsule etc.), under
normal storage conditions, with an insignificant
degree of chemical degradation or decomposition. By
"solid state stability", we include that it may be
possible to store salt forms of the invention in an
isolated solid form, or in the form of a solid
formulation in which it is provided in admixture with
pharmaceutically acceptable carriers, diluents or
adjuvants (e.g. in an oral dosage form, such as a
tablet, capsule etc.), under normal storage
conditions, with an insignificant degree of solid
state transformation (e.g. crystallisation,
recrystallisation, solid state phase transition,
hydration, dehydration, solvatisation or
desolvatisation). Examples of "normal storage
conditions" include temperatures of between minus 80
and plus 500C (preferably between 0 and 4O0C and more
preferably room temperatures, such as 15 to 300C),
pressures of between 0.1 and 2 bars (preferably at
atmospheric pressure), relative humidities of between
5 and 95% (preferably 10 to 60%), and/or exposure to
460 lux of UV/visible light, for prolonged periods
(i.e. greater than or equal to six months). Under such
conditions, salt forms of the invention may be found
to be less than 15%, more preferably less than 10%,
and especially less than 5%, chemically
degraded/decomposed, or solid state transformed, as
appropriate. The skilled person will appreciate that
the above-mentioned upper and lower limits for
temperature, pressure and relative humidity represent
extremes of normal storage conditions, and that
certain combinations of these extremes will not be
experienced during normal storage (e.g. a temperature
of 500C and a pressure of 0.1 bar). B. Results
Characterization of Polymorph A A sample of pure
Polymorph A was provided and tested "As-Is" by XRPD
and shown in table 1. 



Characterization of Polymorph BA sample of pure
Polymorph B was provided and tested "As-Is" by XRPD
and shown in table 2. The diffractability and
preferred orientation of the two polymorphic forms
were studied to determine if a method could be
developed to minimize preferred orientation without
increasing the amorphous content or altering the
polymorphic form. This study involved attempts to
randomize the sample presentation such that during
data collection the powder pattern intensities remain
somewhat constant. The crystals must be reduced to
mimic the size of the other samples. Table 1. Selected
Unique X-Ray Powder Peaks for Polymorphs A. Corrected
2Q distance (A) ReI intensity 6.4 13.9 V W 7.6 11.7 V
S 8.2 10.7 W 10.2 8.6 V W 14.7 6.0 V W 15.2 5.8 S 16.4
5.4 V W 17.7 5.00 V W 18.1 4.89 V W 19.0 4.67 W 19.7
4.51 m 21.9 4.05 V W 22.2 4.01 V W 22.6 3.93 V W 22.8
3.89 V W 23.5 3.79 m 23.8 3.73 V W 24.2 3.68 V W 27.2
3.28 W 28.5 3.13 V W30.6 2.92 m 34.9 2.57 vw 36.6 2.46
vw Definitions used: % Relative intensity* Definition
100 - 50 vs (very strong) 50-10 s (strong) 10-2 m
(medium) 2-0.7 w (weak) 0.7 > vw (very weak) An
embodiment of the invention is
2S)-(4E)-N-methyl-5-[3-(5-
isopropoxypyridin)yl]-4-penten-2-amine
p-hydroxybenzoate which exhibits at least the
following characteristic X-ray powder diffraction
peaks (expressed in degrees 2Q) : 



(1) 7.6 and 15.2 and 19.7, or (2) 6.4, 7.6, 15.2 and
19.7, or (3) 6.4, 7.6, 15.2, 19.7 and 30.6, or (4)
6.4, 7.6, 8.2, 10.2, 15.2, 19.7 and 30.6. *The
relative intensities are derived from diffractograms
measured with variable slits. Table 2. Selected Unique
X-Ray Powder Peaks for Polymorphs B. Corrected 2Q
distance (A) ReI intensity 7.7 11.4 S 8.0 11.0 VS9.6
9.2 m 10.5 8.4 VW 15.5 5.7 m 16.1 5.5 S 16.9 5.2 m
18.4 4.82 W 19.0 4.66 W 21.1 4.20 VW 21.9 4.05 VW 22.9
3.87 VW 23.5 3.79 VW 23.7 3.75 VW 27.0 3.30 VW
Definitions used: % Relative intensity* Definition 100
- 70 vs (very strong) 70 - 40 s (strong) 40-10 m
(medium) 10-5 w (weak) 5 > vw (very weak) *The
relative intensities are derived from diffractograms
measured with variable slits. An embodiment of the
invention is (2S)-(4E)-N-methyl-5-[3-(5-
isopropoxypyridin)yl]-4-penten-2-amine
p-hydroxybenzoate which exhibits at least the
following characteristic X-ray powder diffraction
peaks (expressed in degrees 2Q) : 1) 8.0, 9.6 and
16.1, or 2) 8.0, 9.6, 16.1 and 16.9, or 3) 8.0, 9.6,
16.1, 16.9 and 18.4, or 4) 8.0, 9.6, 10.5, 16.1, 16.9
and 18.4. Example 2: Determination of Binding to
Relevant Receptor SitesBinding of the compounds to
relevant receptor sites was determined in accordance
with the techniques described in U.S. Patent No.
6,953,855 to Mazurov et al. Inhibition constants (Ki
values), reported in nM, were calculated from the IC50
values using the method of Cheng et al., Biochem,
Pharmacol. 22:3099 (1973). Low binding constants
indicate that the compounds of the present invention
exhibit good 



high affinity binding to certain CNS nicotinic
receptors. Example 3: Synthesis of
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-
penten-2-amine p-hydroxybenzoate
(2S)-(4E)-N-Methyl-5-[3-(5-isopropoxypyridin)yl]-4-pen
ten-2-amine phydroxybenzoate was prepared according to
the procedures described in US application 11/270,018.
Example 4: Preparation of Polymorphs A and B Polymorph
A: A 10 g sample of
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-pen
ten- 2-amine p-hydroxybenzoate was dissolved in
refluxing acetone (81 ml) and 0.94 ml water. The
solution was cooled to 48 0C and seeded with 100 mg of
said compound. The resulting slurry was allowed to
crystallize for 50 min at 48 0C. This was then cooled
down to 00C during 3 hr and left overnight at O0C. The
recrystallized material was collected by vacuum
filtration, washed with 40 ml acetone and dried in a
vacuum oven at 60 0C, for 24 hr to give polymorph A.
Polymorph B: A 10 g sample of
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-pen
ten- 2-amine p-hydroxybenzoate was dissolved in
refluxing acetone (81 ml) and 0.94 ml water. The
solution was cooled to 48 0C and seeded with 100 mg of
said compound, slurried in 1 ml acetone, and
additionally washed with 1 ml acetone. The resulting
slurry was allowed to crystallize for 50 min at 48 0C.
This was then cooled down to 00C during 3 hr and left
overnight at 00C. The recrystallized material was
collected by vacuum filtration, washed with 40 ml
acetone and dried in a vacuum oven at 60 0C, for 72 hr
to give polymorph B. This salt form was also dried up
to 1 week in this last step.The foregoing is
illustrative of the present invention and is not to be
construed ing thereof. The invention is defined by the
following claims, with equivalents laims to be
included therein.Claims: 1. A crystalline polymorph A
of (2S)-(4E)-N-methyl-5-[3-(5-
isopropoxypyridin)yl]-4-penten-2-amine
p-hydroxybenzoate, exhibiting an X-ray powder
diffraction pattern having characteristic peaks
expressed in degrees (2-q) at around 7.6 and 15.2 and
19.7. 2. A crystalline polymorph B of
(2S)-(4E)-N-methyl-5-[3-(5-
isopropoxypyridin)yl]-4-penten-2-amine
p-hydroxybenzoate, exhibiting an X-ray powder
diffraction pattern having characteristic peaks
expressed in degrees (2-q) at around 8.0, 9.6 and
16.1. 3. A mixture of polymorphs comprising the
polymorphs A of claim 1 and B of claim 2 in ratios of
5:95 to 95:5. 4. A polymorph of
(2S)-(4E)-N-methyl-5-[3-(5-isopropoxypyridin)yl]-4-
penten-2-amine p-hydroxybenzoate, wherein the
polymorph is isolated by recrystallization from
ethanol, methanol, isopropyl alcohol, acetone, ethyl
acetate and/or acetonitrile. 5. The crystalline
polymorph A having an X-ray powder diffraction pattern
substantially the same as that shown in table 1. 



6. The crystalline polymorph B having an X-ray powder
diffraction pattern substantially the same as that
shown in table 2. 7. The polymorph according to any
one of claims 1 to 6, for use in therapy. 8. Use of
the polymorph according to any one of claims 1 to 6,
in the manufacture of a medicament for treatment of
central nervous system disorders.9. A method for
treatment of central nervous system disorders,
comprising administering to a mammal, in need of such
treatment, a therapeutically effective amount of the
polymorph according to any one of claims 1 to 6. 10.
The method of Claim 9, wherein the disorder is
selected from the group consisting of age-associated
memory impairment, mild cognitive impairment, pre
senile dementia (early onset Alzheimer's disease),
senile dementia (dementia of the Alzheimer's type),
Lewy body dementia, vascular dementia, Alzheimer's
disease, stroke, AIDS dementia complex, attention
deficit disorder, attention deficit hyperactivity
disorder, dyslexia, schizophrenia, schizophreniform
disorder and schizoaffective disorder. 11. The method
of Claim 9, wherein the disorders selected from the
group consisting of the treatment of mild to moderate
dementia of the Alzheimer's type, attention deficit
disorder, mild cognitive impairment and age associated
memory impairment. 12. A pharmaceutical composition
comprising as active ingredient a therapeutically
effective amount of the polymorph according to any one
of claims 1 to 6, in association with one or more
pharmaceutically acceptable diluents, excipients
and/or inert carriers. 13. The pharmaceutical
composition according to claim 12 for treatment of
central nervous system disorders. 14. An agent for
treatment of central nervous system disorders, which
comprises as active ingredient a polymorph according
to any one of claims 1 to 6. 


