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20 subcortical dementia), hypertension, bulimia, anorexia, obesity, cardiac arrhythmias, gastric acid
hypersecretion, ulcers, pheochromocytoma, progressive supramuscular palsy, chemical
dependencies and addictions (e.g., dependencies on, or addictions to nicotine (and/or tobacco
products), alcohol, benzodiazepines, barbiturates, opioids or cocaine), headache, migraine, stroke,
traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntington’s chorea,

25 tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct dementia, age-related
cognitive decline, epilepsy, including petit mal absence epilepsy, attention deficit hyperactivity
disorder (ADHD), Tourette’s Syndrome, particularly, nicotine dependency, addiction and
withdrawal; including use in smoking cessation therapy.

The citrate salts of this invention may also be used in a pharmaceutical composition in combination

30 with an antidepressant such as, for example, a tricyclic antidepressant or a serotonin reuptake

inhibiting antidepressant (SRI), in order to treat both the cognitive decline and depression associated

with AD, PD, stroke, Huntington’s chorea or traumatic brain injury (TBI); in combination



with AD, PD, stroke, Huntington's chorea or traumatic brain injury (TBI);

i n conbi nati on WO 02/ 092597 PCT/1B02/ 01450 -2 with nuscarinic agonists in
order to woiomebze both central nuscarinic and nicotinic rrexdapboeigsd or the
treatment, for exanple, of ALS, cognitiye dysfunction, age-related
cognitive decline, AD, PD, stroke, Huntington's chorea and TBI; in

conbi nation with neurotrophic factors such as NG in order to maxim ze
chol i nergi ¢ enhancenent for the treatnent, for exanple, of ALS, cognitive
dysfunction, 5 age-related cognitive decline, AD, PD stroke, Huntington's
chorea and TBI; or in conbination with agents that slow or arrest AD such
as cognition enhancers, anyloid aggregation inhibitors, secretase
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triazatet HLagy&leol 10. 3. 1. 02. 11. 04’ 9] - hexadeca- 2(11), 3,5, 7, 9-pentaene citrate
salt hydrate (Form A) (upper trace) superinposed on the cal cul ated powder
X-ray diffraction pattern ar counts per second;
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linear counts per second; X in degrees 2 theta).

Figure 2 is the observed powder X-ray diffraction pattern of the citrate salt hydrate of

~ 5,8,14-triazatetracyclo[10.3.1 0%".0*-hexadeca-2(11),3,5,7,.9-pentaene (Form A) (y axis is

25 linear counts per second; X in degrees 2 theta).

Figure 3 is the observed X-ray diffraction pattern of  5,8,14-
triazatetracyclo[10.3.1.0%"".0**]-hexadeca-2(11),3,5,7,9-pentaene citrate salt hydrate (Form A)
(upper trace) superimposed on the calculated powder X-ray diffraction pattern for Form A (y axis
is linear counts per second; X in degrees 2 theta).

30 Figure 4 is the observed powder X-ray diffraction of the dehydrated anhydrous or nearly
anhydrous citrate salt of 5,8,14-triazatetra-cyclo[10.3.1.0%"".0*°-hexadeca-2(11),3,5,7,9-
pentaene (Form B) (y axis is linear counts per second; X in degrees 2 theta).

Figure 5 is the observed powder X-ray diffraction of the citrate salt anhydrous or nearly
anhydrous form of 5,8,14-triazatetra-cyclo[10.3.1.0*"'.0*%-hexadeca-2(11),3,5,7,9-pentaene



pentaene (FormB) (y axis is |inear counts per second; X in degrees 2
theta). Figure 5 is the observed powder X-ray diffraction of the citrate
salt anhywoaus9rw7 nearly anhydrous form of PCT/IB02/01450
5,8,14-triazatetra-cycl o[ 10. 3. 1. 02. 11. 04. 9] - hexadeca- 2(11), 3, 5, 7, 9- pent aene
WO 02/ 092597 PCT/1B02/01450 -3 (Form B) (upper trace) superinposed upon

t he observed powder X-ray diffraction of the citrate salt hydrate (Form A)
(lower trace) (y axis is linear counts per second; X in degrees 2 theta).
Figure 6 is the 13C NVR spectrumof the citrate salt FormA in the solid
phase as neasured by cross-pol arization magi c angle spinning (CPMAS) at 295
K on a Bruker 7mm w de- 5 bore magic angl e spinning (VWB MAS) probe
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In a preferred embodiment of the invention, the citrate of 5,8,14-
triazatetracyclo[10.3.1.0%"".0**]-hexadeca-2(11),3,5,7,9-pentaene is the citrate salt hydrate,
25  referred to herein as Form A. The term “hydrate” as referred to herein for Form A means that in
the solid form there is between 1 and 5% water present by weight in the crystal and does not
imply any stoichiometric relationship.
The citrate hydrate Form A is characterized by the principal x-ray diffraction pattern
peaks expressed in terms of 28 and d-spacings as measured with copper radiation (within the
30  margins of error indicated):



30 margins of error indicated): W 02/092597 PCT/1B02/ 01450 -4 Angle 29 (+
0.2) d-value (A (+ 0.2) 9.7 9.1 12.8 6.9 14.6 6.1 19.7 4.5 20.0 4.4
20.5 4.3 wpamBd 29.1 3.1 The citrate hydrate Form A cregatiah2/e1950
characterized in that it generally forng.plates or prisns. Further, the
citrate hydrate Form A is also characterized in that it fornms triclinic
crystals belonging to the P-1 space group. The citrate hydrate is further
characterized in having an onset of nelting transition/deconposition point
at about 167 C as neasured by differential scanning 5 calorimetry. Further,
the citrate hydrate of the invention is also characterized in having an
aqueous solubility of >100 ng/m and a native pH of 3.7 in agueous
solution. In addition, the T a7 at. gnoscopi city of
approximately 0.6% at 90% %@3}%%3@0% i r@m&f@@d‘?j 1te hydrate Form A
crystal is also characterifed i -fhat when ex&rﬂl ned by solid state 13C NMR
cross-pol ari zati on nagi ¢ anpgl e gpsnni ng techniecues it [exhibits the
following 10 principal re onanqgspeaKs downtigeld frofn 100 parts per
mllion ( 0.1 ppm relativp+teo—-an—adaraphtane—standareqat 29.5 ppn): 6
179.8, 174.8, 173.7, 145.9| 141187 124 and %20.9 ppm The citrate
hydrate Form A in the solifd staR@Oshould at | dast exhijbit the foll ow ng
princi pal resonance peaks dovvnfzbgl d frpm 100 mrts pgr mllion ( 0.1 ppm
relative to an adanmant ane [standard—at—p95—p 'H 149.8, 145.9 and 124.1
ppm 15 I n anot her enbodi npnt _of "t he lnlpnflnt%s ThP mtrate salt of 5,8, 14-
triazatetracycl o[ 10. 3. 1. 02| 11. 0299] - hexpdeca- 23(111l 3,%,7,9-pentaene is an
"anhydrous or nearly anhydrous™ polynorph, referred o herein as Form B,
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aqueous solubility of >100 mg/ml and a native pH of 3.7 in aqueous solution. In addition, the

citrate hydrate has a hygroscopicity of approximately 0.6% at 90% relative humidity.
The citrate hydrate Form A crystal is also characterized in that when examined by solid
state *C NMR cross-polarization magic angle spinning techniques it exhibits the following

10 principal resonance peaks downfield from 100 parts per milion (x 0.1 ppm; relative to an
adamantane standard at 29.5 ppm): 0 179.8, 174.8, 173.7, 145.9, 141.8, 124.1, and 120.9 ppm.
The citrate hydrate Form A in the solid state should at least exhibit the following principal
resonance peaks downfield from 100 parts per million (+ 0.1 ppm; relative to an adamantane
standard at 29.5 ppm): 5 179.8, 145.9 and 124.1 ppm.

15 in another embodiment of the invention, the citrate salt of 5,8,14-
triazatetracyclof10.3.1.0%"".0*%-hexadeca-2(11),3,5,7,9-pentaene is an “anhydrous or nearly
anhydrous” polymorph, referred to herein as Form B, formed when water is removed from the
crystal lattice of Form A. The term “anhydrous or nearly anhydrous” polymorph as used herein
with respect to Form B refers to a polymorph containing between 0 and 1% water by weight.

20 The citrate hydrate Form B is characterized by the principal x-ray diffraction pattern
peaks expressed in terms of 26 and d-spacings as measured with copper radiation (within the

margins of error indicated:



WO 02/ 092597 PCT/1B02/ 01450 -5 Angle 28 (+ 0.2) d-value (A (+ 0.2) 9.9
9.0 12.9 6.8 14.6 6.1 19.7 4.5 20.5 4.3 26.1 3.4 The citrate salt Form
B is furtwerozobzoact eri zed in having an onset of nelting PCT/IB02/01450
transition/deconposition point at about 168 C as neasured by differenti al
scanning calorinetry. The citrate salf FormB crystal is also
characterized in that when exam ned by solid state 13C NWVR
cross-pol ari zation magi ¢ angl e spinning techniques it exhibits the

followi ng principal 5 resonance peaks downfield from 100 parts per mllion
( 0.1 ppm relative to an adanmantane standard at 29.5 ppm: b 180.0,

175.2, 173.1, 142.0, 139.5, 126 1, and 119 4 ppm The citrate salt FormB
in the solid state shoul dpat exitrht-t—¢ v Ng princi pal
resonance peaks downfi el ?‘91?7?@ % trg“’ﬁ '@1( 02); ( 0.1 ppm relative
to an adamant ane standardjat 2999 ppn): 6 18000, 1752, 173.1, 126.1 and
119.4 ppm 10 Anot her embdi menf T The |nveng|30n relhtes to a
pharmaceuti cal conpositi of—corpfising—rthe—cirftrate—sajt of
5,8,14-triazatetracyclo[1Q.3 1 02" 11_049] - hpxgrjipra 2(11),3,5,7, 9- pent aene,
or at |east one of pol ynprphi cl9%rns A and B46her eof preferably Form A,
and a pharnmaceutically ag¢ceptadps carrfier oragxcipiept, particularly, one
for use in the treatnent ¢f inf;_';sdfmutury 'uuvve'£,,4 diseage (including but not
limted to uI cerative coI ls ——pvoderng gangre Snosum-al hd Crohn's disease),
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Ieast one g} polymorphic Forms A and B thereof, preferably Form A, and a pharmaceutically
acceptable carrier or excipient, particularly, one for use in the treatment of inflammatory bowel
disease (including but not limited to ulcerative colitis, pyoderma gangrenosum and Crohn’s disease),
15 iritable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis,
vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, sleep disorders, jet
lag, amyotrophic lateral sclerosis (ALS), cognitive dysfunction, drug/toxin-induced cognitive
impairment (e.g., from alcohol, barbiturates, vitamin deficiencies, recreational drugs, lead,
arsenic, mercury), disease-induced cognitive impairment (e.g., arising from Alzheimer’s disease
20 (senile dementia), vascular dementia, Parkinson’s disease, multiple sclerosis, AIDS, encephalitis,
trauma, renal and hepatic encephalopathy, hypothyroidism, Pick's disease, Korsakoff's syndrome
and frontal and subcortical dementia), hypertension, bulimia, anorexia, obesity, cardiac
arrhythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive supramuscular
palsy, chemical dependencies and addictions (e.g., dependencies on, or addictions to nicotine
25  (and/or tobacco products), alcohol, benzodiazepines, barbiturates, opioids or cocaine), headache,
migraine, stroke, traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis,
Huntington’s chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, muiti-infarct



m graine, stroke, traumatic brain injury (TBI), obsessive-conpul sive

di sorder (OCD), psychosis, Huntington's chorea, tardive dyskinesia,

hyper ki newioa2/003597 exi a, schi zophrenia, multi-infarct WO 02009B690 450
PCT/1B02/ 01450 -6 denentia, age-relateg cognitive decline, epilepsy,
including petit mal absence epilepsy, attention deficit hyperactivity

di sorder (ADHD), and Tourette's Syndrone. Another nore preferred

enbodi ment of the invention is wherein the pharnaceutical conposition above
is useful in the treatnment of nicotine dependency, addiction and

wi t hdrawal ; nost preferably, for use in snmoking 5 cessation therapy. The
present invention further relates to a the nethod of treating inflammtory
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25 thereof. Another more preferred embodiment of the invention relates to a method of treatment for

nicotine dependency, addiction and withdrawal, in particular for use in smoking cessation therapy
activity, comprising the administration of the citrate salt of 5,8,14-triazatetracyclo[10.3.1.0>"'.0*°%)-
hexadeca-2(11),3,5,7,9-pentaene, or either one of Form A or B thereof, preferably Form A, to a
subject in need thereof.

30 The invention also relates to a process for the preparation of Form A of the citrate salt of
5,8,14-triazatetracyclo[10.3.1.0%".0*%]-hexadeca-2(11),3,5,7,9-pentaene comprising the steps of

(i) contacting 5,8,14-triazatetracyclo[10.3.1.0%"".0*®]-hexadeca-2(11),3,5,7,9-pentaene in

a suitable solvent with citric acid; and

(i) collecting the crystals formed.
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5,8,14-triazatetracyc exa ca211 3,5,7,9-
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mITing, YRENAAL GRbteWalt'ny M8 s EfiafidtBEclolB.3.1.02".0*-hexadeca-2(11),3,5,7,9-
25 pentaene. In one embodiment, the drying is carried out by the steps of (i) reducing the particle
size of the citrate hydrate of 5,8,14-triazatetracyclo[10.3.1.0*'".0*%-hexadeca-2(11),3,5,7,9-
pentaene; and (ii) drying the resultant solid from step (i) under vacuum. The particle size
reduction in step (i) may be accomplished by jet milling, mechanical milling or other effective
means of reducing particle size. Preferably, the drying step (ii) is conducted in the temperature
30 range of between 20 and 60 °C.
In another embodiment, the drying process for preparing Form B is carried out by
dissolving Form A in an anhydrous solvent, preferably an anhydrous (C4-Cg)alkyl alcohol, a (C;-
Ce)alkyl ketone, a (C,-Cg)alkyl ether or any other suitable anhydrous solvent, driving off, if
necessary the water as an azeotrope, and allowing Form B to crystallize from solution. In a



means of reducing particle size. Preferably, the drying step (ii) is
conducted in the tenperature 30 range of between 20 and 60 C. |In another
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(C1-Co6) al kyl al cohol, a (C, - C6)al kyl ketone, a (Cl-C6)al kyl ether or any
ot her suitable anhydrous solvent, driving off, if necessary the water as
an azeotrope, and allowing FormB to crystallize fromsolution. In a WO
02/ 092597 PCT/1B02/ 01450 -8 further enbodi nent, the drying process is
effectuated by heating Form A to 60 to 120 C for between 30 m nutes and 24
hours, preferably, for at |east 12 hours. DETAILED DESCRI PTI ON OF THE
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gener al | y pagigérenaissalvediin a 50/50 acetone/water mixture is added to a citric acid solution in 50/50
acetone/water. A slurry is formed and allowed to stir at 20 to 25 °C for approximately 24 hours.

25  The product crystallizes on agitation to give the desired hydrate isolated as the solvent wet cake,
usually in approximately 85% yield. The product crystals are small and generally agglomerated
or aggregated together.

2-Propanol/water Method: This procedure is appropriate for 2-propanol/water mixtures in
the range from 50/50 to 90/10 (v/v). The preparation of the citrate hydrate form of 5,8,14-

30 triazatetracyclo[10.3.1.0%"".0*°-hexadeca-2(11),3,5,7,9-pentaene was carried out by adding to a
2-propanol/water solution of 5,8,14-triazatetracyclo[10.3.1.0>"'.0*°]-hexadeca-2(11),3,5,7,9-
pentaene a citric acid solution 2-propanol and water and stirred at 20 to 25 °C until dissolved.
The solution was held at 45 to 55 °C for several hours, preferably between 2 and 5 hours. The

mixture was cooled over 1 to 4 hours to 0 to 5 °C. In general, large prismatic crystals were



or aggregated together. 2-Propanol/water Method: This procedure is
appropriate for 2-propanol/water m xtures in the range from50/50 to 90/ 10
(v/v). Theoprepzmvati on of the citrate hydrate form of 5, 8PCAABRNN1450
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acitric acid solution 2-propanol and water and stirred at 20 to 25 C until
di ssolved. The solution was held at 45 to 55 C for several hours,
preferably between 2 and 5 hours. The m xture was cooled over 1 to 4 hours
to 0Oto 5 C In general, large prismatic crystals were WO 02/ 092597
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Alternatively, the drying of Form A to prepare Form B may also carried out by dissolving
Form A in an anhydrous solvent, preferably an anhydrous (C4-Cg)alkyl alcohol, a (C4-Cg)alkyl
25  ketone, a (C4-Cg)alkyl ether or any other suitable anhydrous solvent (and if necessary, driving off
the water present from the crystal now dissolved in the solvent as an azeotrope), andvthen
allowing Form B to crystallize from solution. In a further embodiment, the drying process is
effectuated by simply by heating Form A to 60 to 120 °C for between 30 minutes and 24 hours,
preferably, for at least 12 hours.

30  Differential Scanning Calorimetry

The solid state thermal behavior of both Forms A and B were investigated by differential
scanning calorimetry (DSC). The traces for Forms A and B are shown in Figures 9 and 10
respectively. The DSC thermograms were obtained on a Mettler Toledo DSC 821° (STAR®
System). Generally, samples between 1 and 10 mg were prepared in crimped aluminum pans
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The power x-ray diffraction patterns for both Forms A and B were collected
using a IPowBekey DB6AWO Batfefrsact omet er  (Bruker AXS, Madi son, W sconsin)
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was bet wees¥c®d® to 40.0 degrees with a step size of 0.04 degrees, a step
time of 1.00 segeRday fowsePafirattiod pateit bF 1S hydratdéitraad shitaF obrh PaFds @bsbuefed With .

20 a copper anode with wavelength 1 at 1.54056 and wavelength 2 at 1.54439 (relative intensity:

0.500). The range for 26 was between 3.0 to 40.0 degrees with a step size of 0.04 degrees, a
step time of 1.00 second, a smoothing width of 0.300 and a threshold of 1.0.
The diffraction peaks at diffraction angles (20) in a measured powder X-ray diffraction
analysis for the Form A are shown in Table I. The relative intensities, however, may change
25 depending on the crystal size and morphology. The actual measured powder diffractogram is
displayed in Figure 2.
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Form A with Intensities and Peak Locati ons of

Diffraction Lines. Angle d-value | Angle d-value |I Angle d-value | 28 (A
(rel.) 28 (A (rel.) 28 (A (rel.) 9.7 9.1 100.0 21.1 4.2 16.9 31.9 2.8
8.7 12.8 6.9 23.1 23.4 3.8 5.6 32.5 2.8 3.9 13.16,8 7.2 24.1 3.7 2.5
34.0 2.6 2.6 14.6 6.1 15.6 24.6 3.6 3.7 35.2 2.5 2.5 16.3 5.4 2.5 25.7
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5.6 27.3 Diffradtidh3des8 2.4 4.7 19. 3 4.6 18.4 28.0 3.2 7.5 38.4 2.3 2.6
19.74.521.02“.“”“1"“9904 20 2”.0’!"’777'70"""00’339.5
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(rel.) 9.79.%‘ ] L%é‘;.1§4’364 1"66 G.%}.SG 21.71'5.5 23250, 20.0
44 277 2@ d3f qﬁ’ . . 7] 35, 2. .
16.3 2.5 257 35 10.7 357 25 26
17.7 5.0 8.1 26.1 34 23.1 36.8 2.4 26
18.4 438 5.6 27.3 33 3.9 37.8 2.4 47
19.3 46 18.4 28.0 3.2 7.5 38.4 23 2.6
19.7 45 21.8 29.1 3.1 14.9 389 23 29
20.0 44 27.7 29.5 3.0 9.3 395 23 3.2
20.5 4.3 314 29.8 3.0 39 39.8 2.3 25
Table Il sets forth the 26, d-spacings and relative intensities and peak locations for the
powder x-ray diffraction pattern representative for Form A. The numbers as listed are computer-
5 generated.
Table ll. Powder X-ray Diffraction Intensities and Peak Locations
Representative of Form A.
Angle d-value |
20 (A) (rel.)
9.7 9.1 100.0
128 6.9 231
14.6 6.1 15.6
19.7 4.5 21.8
20.0 4.4 27.7
20.5 43 314
26.1 34 23.1
29.1 3.1 14.9
The x-ray powder diffraction pattern of the citrate salt Form B was measured with the
same equipment and under that same parameters used above for the measurement of Form A.
10  The diffraction peaks at diffraction angles (28) in a measured powder X-ray diffraction analysis for

the Form B are shown in Table Ill. Again, the relative intensities, however, may change
depending on the crystal size and morphology. The actual measured powder diffractogram is

displayed in Figure 4.
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Tabl e 1V, pnmﬁér”k;ii;” U189 s BAR lns 2Roil 1 32 ahobde B il oy nerated
Represent at]li Y&70f FoPm B. 84nglle2d40vql ud71 | 28-5(A] 3x®I|.) 29.9 $#3 100.0
12.9 6.8 34. 184 4.8 2.7 24.6 3.6 30 | 367 2.4 4.0

18.6 4.8 3.0 26.1 34 256 | 38.2 2.4 238

195 4.6 19.1 26.6 34 30 | 384 2.3 2.8

19.7 4.5 237 | 27.3 3.3 32 | 395 | 23 4.1

20.1 4.4 194 | 282 3.2 4.9

20.5 4.3 23.1 29.1 3.1 11.1

Table IV sets forth the 20, d-spacings and relative intensities and peak locations for the
powder x-ray diffraction pattern representative for Form B. The numbers as listed are coi’nputer-
5 generated.

Table IV. Powder X-ray Diffraction Intensities and Peak Locations
Representative of Form B.

Angle | d-value |

20 (A) (rel.)

9.9 9.0 100.0
12.9 6.8 321
14.6 6.1 18.5

19.7 4.5 237
20.5 4.3 231
261 34 256

As shown in Figure 5, the overlay of the hydrate citrate salt Form A on that of the
10  anhydrous or nearly anhydrous pseudomorph Form B shows some x-ray powder diffraction peak
shifting.

Single Crystal X-ray Analysis

A single crystal for the citrate salt hydrate Form A was obtained and investigated by x-ray
diffraction. A representative crystal was surveyed and a 1A data set (maximum sin ©/A=0.5) was

15  collected on a Siemens R4RA/v diffractometer. Atomic scattering factors were taken from the
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parameters (A2x 10%) for Form A. Table VIi lists the observed bond lengths [A] and angles [°] for

20 Form A. In Table VI, the anisotropic displacement parameters (A2x 103) for Form A are set
forth to allow calculation of the anisotropic displacement factor exponent which has the form:
-2n[ h? a*2Uqy + ... +2hka*b* Uz ]. Finally, in Table IX, below, hydrogen Coordinates (x 10%

and isotropic displacement parameters (A’x10°) for Form A are listed.
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Crystal Structure Data And Measurenent.q4Paraneters For Citrate Salt Hydrate

Form A Paraneter For Citrate Salt Hydrate (Form A)
Triclinic Space G oup P-1 Crystal Size,
F613 a 7.537A b 9.687A ¢ 14.100A a 99.610 Y 106.870

Crystal System
mm 0.08 x 0.30 x 0.22 X-ray Code
(3 96.170 Vol une

957.97A3 Density calc'd, p 1.461 g/cnB Tenperature 293(2) K Wavel ength
1.54178 A Z 2 Absorption coefficient 0.976 mMmm 1 F(000) 444 Reflections

collected 2174 | ndependent reflections 1976 [R(int) = 0.0185]

Ref i nement

met hod Ful | -matri x Irasiet vs quenssal 0StrueturdDadta/ AhdsMeasurement par aneters 1976
/ 0/ 293 Goodness-Barafﬁetersﬁomtrete%ﬁHiidratéFthiAdi ces [I1>2sigma(l)] R1L =

0. 0531, wR2

0. 148dtamétert | ncti on coef f i cFraflitrale BdBH(dig (Foem st di ff. peak

and hol e 0. 795 andCryglalBydtem. A"3  Enpiri cmcl"ﬁlerrml a C13H14N3+C6H70O7 H20

Formul a wei ght 421Spage Group
Crystal Size, mm

X-ray Code

=< Q OUTDN

Volume

Density calc'd, p
Temperature

Wavelength

z

Absorption coefficient
F(000)

Reflections collected
Independent reflections
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [I>2sigma(l)]
Extinction coefficient
Largest diff. peak and hole
Empirical formula

Formula weight

o os x 0.30 x 0.22
F613
7.537A
9.687A
14.100A
99.61°
106.87°
96.17°
957.97A3
1.461g/cm’
293(2) K
1.54178 A
2

0.976 mm-1

444

2174

1976 [R(int) = 0.0185]
Full-matrix least-squares on F?
1976 /0/293

0.966

R1=0.0531, wR2 = 0.1481
0.0165(18)

0.795 and -0.271 e A
C13H14N3 CGH7O7 *H;0
421.40




WO 02/ 092597 PCT/1B02/ 01450 -15 Table VI. Atom c coordinates (x104) And
Equi val ent Isotropic Displacenent Paraneters (A2x 103) For The Ctrate
Salt Hydreoen2/09159{eq) is defined as one third of the tracecafiBoi@4s50
orthogonalized Ug tensor.) x y z Ueq).s N(1) -8404(4) 4318(3) -418(2)
33(1) C(2) -9266(5) 2945(5) -858(3) 4131) C(3) -8934(6) 1752(4) -507(3)
45(1) N(4) -7745(5) 1936(3) 290(2) 40(1) C(5) -6864(5) 3358(4) 782(2)
28(1) C(6) -7201(5) 4558(4) 434(2) 26(1) C(7) -6353(5) 6019(4) 976(2)
29(1) (C(8) -5212(5) 6231(4) 1847(2) 25(1) C(9) -4828(5) 5031(4) 2183(2)
25(1) C(10) -5620(5) 3616(4) 1670(2) 28(1) C(11) -3572(5) 5628(4) 3164(2)
27(1) C(12) -4750(5) 5657(4) 3971(2) 29(1) N(13) -6197(4) 6404(3) 3759(2)
28(1) C(14) -5513aép VA7 9Atohic Tabilimdtes34x1bY) ARl IEquivatetd 7 (Sotropfl 6( 4) 2623( 2)
30(1) C(16) -259bisplacémdnt( Faramdfefd PA2x31B)LFor Thel Xitrate GAlk(Mydratd49(4) 3907( 3)
24(1) Q(2X) -19814(2q) is4i2thies) asidiieXhizd o8 Ahd JracéHOtp ortBbgdaBiedl¥52( 3) 3460( 2)
51(1) C(4X) -229Qe¢1)sor2)424(3) 3550(2) 21(1) C(5X) -370(5) 2339(4) 2450( 2)

30(1) C(6X) -4 684 {4206 7 X7 300(4)—4R5; 2486( 2)
39(1) q8X) - 2GA 3339 ‘;"“ O '7!‘ 258 33390 ) 4078(2)
27(1) C(10X) 135( ) 1017( 4),263% 9( 3) A3 1m(3)1930( 6)41822(4) 3496(3)
38(1) C(3) -8934(6) 1752(4) -507(3) 45(1)
N(4) -7745(5) 1936(3) 290(2) 40(1)
C(5) -6864(5) 3358(4) 782(2) 28(1)
C(6) -7201(5) 4558(4) 434(2) 26(1)
C(7) -6353(5) 6019(4) 976(2) 29(1)
C(8) -5212(5) 6231(4) 1847(2) 25(1)
C(9) -4828(5) 5031(4) 2183(2) 25(1)
C(10) -5620(5) 3616(4) 1670(2) 28(1)
c(11) -3572(5) 5628(4) 3164(2) 27(1)
C(12) -4750(5) 5657(4) 3971(2) 29(1)
N(13) -6197(4) 6404(3) 3759(2) 28(1)
C(14) -5513(5) 7795(4) 3378(3) 34(1)
C(15) -4247(5) 7616(4) 2623(2) 30(1)
C(16) -2591(5) 7222(4) 3104(3) 34(1)
C(1X) -2081(5) 2449(4) 3907(3) 24(1)
0(2X) -1981(3) 3429(3) 4623(2) 37(1)
0(3X) -3539(3) 1462(3) 3460(2) 51(1)
C(4X) -229(4) 2424(3) 3550(2) 21(1)
C(5X) -370(5) 2339(4) 2450(2) 30(1)
C(6X) -477(5) 3684(4) 2067(3) 27(1)
0(7X) 300(4) 4957(3) 2486(2) 39(1)
0(8X) -1452(4) 3334(3) 1187(2) 44(1)
0(9X) 1258(3) 3667(2) 4078(2) 27(1)
C(10X) 135(4) 1017(4) 3789(3) 28(1)
C(11X) 1930(6) 822(4) 3496(3) 38(1)
0(12X) 3425(4) 1479(3) 4100(2) 60(1)
O(13X) 1900(4) 76(4) 2690(3) 72(1)
o(1W) -14195(10) 347(6) -1062(5) 133(2)




Q(12X) 3425(4) 1479(3) 4100(2) 60(1) Q(13X) 1900(4) 76(4) 2690(3) 72(1)
0(1W -14195(10) 347(6) -1062(5) 133(2) 5 WD 02/092597 PCT/1B02/ 01450 -16
Tabl e VI Iwo@sersved Bond Lengths [A] And Angles [] For FomP@TABQ/dmMsx e Sal t
Hydrate. Bond Lengths N(1)-C(2) 1.308(f)- N(13)-C(14) 1.506(5) N(1)-C(6)
1.366(4) C(14)-C(15) 1.525(5) C(2)-C(3) 1.406(6) C(15)-C(16) 1.531(5)
C(3)-N(4) 1.313(5) C(IX)-Q(2X) 1.244(4) N4)-C(5) 1.368(4) C(1X)-Q(3X)
1.248(4) C(5)-C(6) 1.412(5) C(1X)-C(4X) 1.540(5) C(5)-C(10) 1.419(5)
C(4X)-Q(9X) 1.414(4) C(6)-C(7) 1.415(5) C(4X)-C(5X) 1.529(5) C(7)-C(8)
1.370(5) C(4X)-C(10X) 1.549(5) C(8)-C(9) 1.417(5) C(5X)-C(6X) 1.511(5)
C(8)-C(15) 1.516(5) C(6X)-Q(7X) 1.215(4) C(9)-C(10) 1.364(5) C(6X)-Q 8X)
1.309(4) T@(:B)VIIC(Qﬁs)ewledmei)an@(ﬂmi)Arﬁ(ﬂn@@s [1).Fot 66im A Cilfdtd Balgdratel . 519( 5)
C(11X) - (434 2 £ 16) 1. 527(5—6€39—01240—1-263(5)
C(12) - N( I Radrst i : S . -C(14)
115.6(3) pMeYd 2) - 356 &5
NC4) - O 3) -5 PoR 22 3(A0ge) - e ﬁ
O(8) - O L5)e(6iN@) 101. 24Bl5) N(4)-O(5)- O(6) 12130
108.2(3) N®HG(50( 5) - O.368(4)118. 8(3) C(11) - C( 1&)(1XxAEX) 100t 24864)
120)5(3)) GRGR 1 WA 117 105 WD o GOGIBALS tew
0(3X) - C(1>§(6 <Z><) 1163%%) eg ?) g%{S)
1.370(5) C(4X) C(10X) 1549(5)

C(8) C(9) 1.417(5) C(5X)-C(6X) 1.511(5)
C(8)-C(15) 1.516(5) C(6X)-O(7X) 1.215(4)
C(9)-C(10) 1.364(5) C(6X)-0(8X) 1.309(4)
C(9)-C(11) 1.509(5) C(10X)-C(11X)  1.510(5)
C(11)-C(12) 1.519(5) : C(11X)-0(13X) 1.236(5)
C(11)-C(16) 1.527(5) C(11X)-0(12X) 1.263(5)
C(12)-N(13) 1.505(5)

Bond Angles

C(2)-N(1)-C(6) 117.2(3) C(12)-N(13)-C(14) 115.6(3)
N(1)-C(2)-C(3) 122.4(3) N(13)-C(14)-C(15) 111.0(3)
N(4)-C(3)-C(2) 122.3(4) C(8)-C(15)-C(14) 110.2(3)
C(3)-N(4)-C(5) 116.5(3) C(8)-C(15)-C(16) 101.2(3)
N(4)-C(5)-C(6) 121.3(3) C(14)-C(15)-C(16) 108.2(3)
N(4)-C(5)-C(10) 118.8(3) C(11)-C(16)-C(15) 100.4(3)
C(6)-C(5)-C(10) 119.9(3) 0(2X)-C(1X)-0(3X) 126.2(3)
N(1)-C(6)-C(5) 120.2(3) O(2X)-C(1X)-C(4X) 117.1(3)
N(1)-C(6)-C(7) 119.1(3) O(3X)-C(1X)-C(4X) 116.6(3)
C(5)-C(6)-C(7) 120.6(3) 0O(9X)-C(4X)-C(5X) 111.5(3)
C(8)-C(7)-C(6) 118.2(3) O(9X)-C(4X)-C(1X) 109.7(3)
C(7)-C(8)-C(9) 121.2(3) C(5X)-C(4X)-C(1X) 112.0(3)
C(7)-C(8)-C(15) 130.8(3) O(9X)-C(4X)-C(10X) 108.5(3)
C(9)-C(8)-C(15) 107.9(3) C(5X)-C(4X)-C(10X) 109.1(3)
C(10)-C(9)-C(8) 121.6(3) C(1X)-C(4X)-C(10X) 105.8(3)
C(10)-C(9)-C(11) 130.4(3) C(6X)-C(5X)-C(4X) 118.1(3)
C(8)-C(9)-C(11) 108.0(3) O(7X)-C(6X)-O(8X) 122.2(3)
C(9)-C(10)-C(5) 118.4(3) O(7X)-C(6X)-C(5X) 125.6(3)
C(9)-C(11)-C(12) 110.2(3) 0O(8X)-C(6X)-C(5X) 112.1(3)
C(9)-C(11)-C(16) 101.9(3) C(11X)-C(10X)-C(4X) 113.1(3)
C(12)-C(11)-C(16) 107.8(3) O(13X)-C(11X)-0O(12X) 123.0(4)
N(13)-C(12)-C(11) 110.8(3) O(13X)-C(11X)-C(10X)  120.1(4)

0(12X)-C(11X)-C(10X)  116.8(4)
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0(9X)-C(4X)- C(1X) 109.7(3) C(7)-C(8)-C(9) 121.2(3) C(5X)-C(4X)-C(1X)
112. 0(3) WO(0Z)910B) - C(15) 130. 8(3) 0(9X) - C(4X) - C(10X) 108 PE[IAR02/01450
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C(9)-C(11)-C(12) 110.2(3) 0(8X)-C(6X)-C(5X) 112.1(3) C(9)-C(11)-C(16)
101.9(3) C(11X)-C(10X)- C(4X) 113.1(3) C(12)-C(11)-C(16) 107.8(3)
0(13X) - C(11X)-0(12X) 123.0(4) N(13) C(12)-C(11) 110. 8(3)
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9(2) 10(2)
C(10) 32(2) 28(2) 30(2) 9(2) 8(2) 14(2)
c(11) 24(2) 31(2) 27(2) 8(2) 3(2) 9(2)
c(12) 26(2) 31(2) 26(2) 10(2) 2(2) 4(2)
N(13) 27(2) 28(2) 27(2) 4(1) 7(1) 5(1)
C(14) 42(2) 27(2) 31(2) 1(2) 3(2) 11(2)
C(15) 35(2) 25(2) 28(2) 9(2) 3(2) 3(2)
C(16) 27(2) 38(2) 33(2) 13(2) 8(2) 2(2)
C(1X) 18(2) 22(2) 32(2) 8(2) 42) 5(2)
o(2X) 33(2) 37(2) 38(2) -3(1) 14(1) 8(1)
0(3X) 19(2) 48(2) 74(2) -14(2) 8(1) 7(1)
C(4X) 18(2) 17(2) 26(2) 2(2) 1(2) 2(2)
C(5X) 35(2) 28(2) 28(2) 4(2) 6(2) 12(2)
C(6X) 21(2) 35(3) 28(2) 6(2) 6(2) 11(2)
o(7X) 47(2) 28(2) 39(2) 8(1) -5(1) 10(1)
O(8X) 52(2) 44(2) 30(2) 7(1) -10(1) 12(1)
O(9X) 21(1) 24(1) 31(1) 3(1) 3(1) 2(1)
C(10X) 19(2) 31(2) 39(2) 12(2) 7(2) 11(2)
C(11X)  40(3) 23(2) 47(3) -1(2) -6(2) 16(2)
O(12X)  35(2) 70(2) 63(2) -18(2) 1(2) 20(2)
o(13X)  59(2) 88(3) 66(2) -16(2) -3(2) 42(2)
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C(15) 35(2) 25(2) 28(2) 9(2) 3(2) 3(2) C(16) 27(2) 38(2) 33(2) 13(2) 8(2
2(2) C(1 X) 18(2) 22(2) 32(2) 6(2) 4(2) 5(2) Q2X) 33(2) 37(2) 38(2)
-3(1) 14(Wwp 0322597 Q(3X) 19(2) 48(2) 74(2) -14(2) 8(1l) 7(1lpCcT@pdx)14308(2)
17(2) 26(2) 2(2) 1(2) 2(2) C(5X) 35(2) 28(2) 28(2) 4(2) 6(2) 12(2) C(6X)
21(2) 35(3) 28(2) 6(2) 6(2) 11(2) Q7X) 47(2) 28(2) 39(2) 8(1) -5(1) 10(1)
Q(8X) 52(2) 44(2) 30(2) 7(1) -10(1) 12(1) Q9X) 21(1) 24(1) 31(1) 3(1)
3(1) 2(1) C(1 0X) 19(2) 31(2) 39(2) 12@2) 7(2) 11(2) C(11X) 40(3) 23(2)
47(3) -1(2) -6(2) 16(2) Q12X) 35(2) 70(2) 63(2) -18(2) 1(2) 20(2) Q13X
59(2) 88(3) 66(2) -16(2) -3(2) 42(2) O0(1 W 189(6) 85(3) 150(5) 43(3)
45(4) 66(4) WO 02/ 092597 PCT/1B02/ 01450 -18 Table | X. Hydrogen Coordi nates
(x104) And | sotrappiiR. [yupbRmcOBdHinEREAREI‘EARd 1$APpld) B)splaeembmt Pardmbier¢ at e
Salt Hydrate. )(A’y(1(x’)ﬂ(rﬂ=&|>)-mpl-(:ui})ate§aﬂﬂr&11ra?t€52 -1425 80 H(3) -9580 798 -852
80 H(7) -6566 6812 3 2677 5086 3266

80 H(12A) -5374 46 4 e =3939—61F£8 3X) -7310(70)
5730(60) 3290(40) &l H(13Y)g 3@ ( Qg24340(40)8 80 H(14A) -4821
8605 3915 80 H(14R 7y 6582 8@5’@@ 3084 6303 H( 15)7473834 84%4 2343 80 H(16A)
-1613 7289 2703 80 H(10) -5353 2838 1896 80

H(11) 2677 5086 3266 80

H(12A) 5374 4655 4032 80

H(12B) -3939 6179 4586 80

H(13X)  -7310(70)  5730(60)  3290(40) 80

H(13Y)  -6630(70)  6680(60)  4340(40) 80

H(14A) -4821 8605 3915 80

H(14B) 6582 8031 3084 80

H(15) -3834 8494 2343 80

H(16A) -1613 7289 2703 80

H(16B) 2059 7843 3745 80

H(5XA) 713 2097 2249 80

H(5XB) 1476 1523 2130 80

H@BXX)  -1460(70)  4290(60) 920(40) 80

H(9XX) 720(70) 4240(60)  4480(40) 80

H(10A) 193 1062 4485 80

H(10B) 913 162 3456 80

H(12C) 4560(70)  1360(50)  3770(40) 80

H(1WX) -13520(70)  710(60) -270(40) 80

H(1WY)  -14530(80)  -450(60)  -920(40) 80




H(16B) -2059 7843 3745 80 H(5XA) 713 2097 2249 80 H(5XB) -1476 1523 2130
80 H(8XX) -1460(70) 4290(60) 920(40) 80 H(9XX) 720(70) 4240(60) 4480(40)
80 H(1 OAp 293259062 4485 80 H(1l 0OB) -913 162 3456 80 HEPTAGR21&EH) 70)
1360(50) 3770(40) 80 H(1 WK) -13520(70) 710(60) -270(40) 80 H(1 W)
-14530(80) -450(60) -920(40) 80 WO 02/092597 PCT/1B02/01450 -19 The powder
X-ray diffraction pattern was cal culated fromthe single crystal data
gathered for the citrate salt hydrate_fgorm A via the use of the XFOG and
XPOW conmput er progranms provided as part of the SHELXTLTM conputer |ibrary.
The cal cul ated powder pattern for FormA is shown in Figure 1. A

conpari son of the observed Form A powder pattern and the calculated 5

pattern result srhabaud&r Xpb)a&‘fﬂdctioﬁ ptatk@n XYL EdIcul e dRIAIRE smgne%wsai dafta hdred
pattern o IztthI cal cul at ed

P eior " pafrahe Hhrfte San Farel PR U2 e o SRR e XBQ Eothd it
cor r esponasovided as meé@%&MWT\ke eompater lrany a[The osleldatedopawder patteMifer pemek al

mat ch  betdaRan ihEgdria. w&an%rk%nlo@me%ts@rse& ﬂftﬁma%&ﬁdaepétteh%rvuetﬁ@ émifae R

sanpl e_and the correspondi stal S C
TherCh b1 aPaan SOl ey e NG BOWah P Ao RPN T RIP0 185 For m
B were climweapbtern zeesionds ¢ the cslt:laiated biiRier pattemn (froessindi@crystalgbsults) and the

appr oxi natl’\;gé,é( SQ{P(Qn @a're@&on%s cfl t.vetaQQH%tape&hﬁﬂ?ét@F@ F@Hegérg maLmner .

The 13C N ectra were co te usi ng Cross | zati on magl ¢ angl e
spi nni ng PEPRRS)ther twegBatferts "B’f‘%l@‘ér ‘th?g'\?\H“RMSb?fP"B% RoWset isgmelg any |th? 0 a
Wi de- bor e cBirasiseiding\siaenoRKsthdfdrdvHz NVR spectroneter. The sanpl es were spun
at 7 kHz. The cross-pol arization contact time was set to 1 ns. The total
of 5120sc&old Stete 8MBcqui red for nobst of the sanples resulting in

appr oxi mat el y ?ﬁ;le 'Eitr@fétélt@n?%!eslf&ﬂn% ahd %%th&?&:sS&%Eﬂ)ﬂaMﬁar%us F@rfneé eRped
usi ng ext ey nal

n’ﬁ mant ane w th nost %‘ﬂ){ m {?T%/ ? %nal set
'o 20,5 Fhafecioq sl st NG B0ONGIR RErRASS. SRR PO RS hIFTS Yehoun
i n Fi gur e tightlgrghckealr imtaB7inm ZfE) gpinmer.7. TRENECSHME eecd wehe callettedtusing adross-
pol ymor phg,oael ﬂy#@ﬁé.@é‘ﬁg@é‘%n)ﬁ VebMaL] 8'53& Reonpé}h@r 7R WEINEAS @Bbé&és‘itﬂné& ate
spectra qual It resoluti on was and e sensitivi
accept15bl dnto a w1de bore Bruker Avance DRX 500 z NMR spectrometer. The samples were spun at 7
kHz. The cross-polarization contact time was set to 1 ms. The total of 512 scans were acquired
for most of the samples resulting in approximately 30 minute acquisition times. The spectra were
referenced using external sample of adamantane with the most upfield methyl signal set to 29.5
ppm.
20 The resulting *C NMR CPMAS spectrum for Form A is shown in Figure 6 and Form B in
Figure 7. The samples of the citrate salt polymorphs behaved reasonably well from the point of
view of solid state spectra quality. The resolution was good and the sensitivity was acceptable.
The spectra features of all the compounds differ substantially from each other suggesting that
solid state NMR can easily resolve the minor physical/chemical differences between the samples.
25  All the peaks marked with asterisks (*) are spinning sidebands in Figures 6 and 7. The spinning
sidebands are displaced at multiple of the spinning frequencies along both sides of the real peaks
(centerbands). The spinning speed was set to 7 kHz which at the 500 MHz magnet translates
into 55.7 ppm. The sideband intensities depend on the spinning speed (the higher the speed the
lower the sideband intensity) and on the size of the anisotropic contribution of the chemical
30  shielding for the given carbon. They can be easily distinguished from centerbands by variable
spinning speed experiments. Carbonyl and aromatic sites tend to have very intense sidebands
due to their large chemical shielding anisotropies. CH and CH, type of carbons give origin to
relatively small spinning sidebands. Methyl groups (CHj3) usually don’t generate any sidebands.
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oral, transdermal (e.g., through the use of a patch), infranasal, sublingual, rectal, parenteral or topical
routes. Transdermal and oral administration are preferred. The active salt is, most desirably,
10  administered in dosages ranging from about 0.01 mg up to about 1500 mg per day, preferably from
about 0.1 to about 300 mg per day in single or divided doses, although variations will necessarily
occur depending upon the weight and condition of the subject being treated and the particular route
of administration chosen. HoWever, a dosage level that is in the range of about 0.001 mg to about
10 mg per kg of body weight per day is most desirably employed. Variations may nevertheless occur
15  depending upon the weight and condition of the persons being treated and their individual responses
to said medicament, as well as on the type of pharmaceutical formulation chosen and the time period
and interval during which such administration is carried out. In some instances, dosage levels below
the lower limit of the aforesaid range may be more than adequate, while in other cases still larger
doses may be employed without causing any harmful side effects, provided that such larger doses
20  are first divided into several small doses for administration throughout the day.

The active salt can be administered alone or in combination with pharmaceutically
acceptable carriers or diluents by any of the several routes previously indicated. More particularly,
the active salt can be administered in a wide variety of different dosage forms, e.g., they may be
combined with various pharmaceutically acceptable inert carriers in the form of tablets, capsules,
25 transdermal patches, lozenges, troches, hard candies, powders, sprays, creams, salves,
suppositories, jellies, gels, pastes, lotions, ointments, aqueous suspensions, injectable solutions,

elixirs, syrups, and the like. Such carriers include solid diluents or fillers, sterile aqueous media and
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aqueous propyl ene glycol can be enployed. The aqueous sol utions should be
suitably buffered (preferably pH greater than 8), if necessary, and the
i quid diWweantivrst rendered i sotonic. These aqueous solpalViBNB01ASE
suitable for intravenous injection purposes. The oily solutions are
suitable for 20 intraarticular, intramuscul ar and subcutaneous injection
purposes. The preparation of all these solutions under sterile conditions
is readily acconplished by standard phayjymaceutical techniques well known
to those skilled in the art. It is also possible to adm nister the active
salt topically and this can be done by way of creans, a patch, jellies,
gel s, pastes, ointnents and the |like, in accordance with standard 25
pharmaceutical practice. VE)02/09259§ E&b@;BOZ/01450 -22 Exanpl es The
following exanples illustrate the net nd conpounds of the present
invention. |t Welfqllowiag gxameplestitustiate thavmetbeds and compennds Rl BaPresant inventian.
limted tatvinse sHaestobl,howsanthf the ifveatidpli€ndt liditdd tb thatspedti! Exalyids.at e of
5,8,14-Triazatetracycl o[ 10. 3. 1. 02' 11 04.%- hexadeca-2(11), 3,5, 7, 9- pent aene

(FormA) CO2H NH NH HO'~ C02H N G Ef%'%did N ccoH N 2-Propanol i H20
water A 200 nl react GitrateeSaltdiydnatpend 5i8i 1Rt rinzatetfac 0*™.0*%)-
5,8, 14-triazatetracyclo | 193,%(,;1,)3_(@”11_]3;3%47@5_?6,{15@5@&@@( 11), 3,5, 7, 9- pent aene
(9 g; 0.047 nol), 2-propand ) g) and wat er ﬁ45. m, 10 0.5
m/g). The mxture was warned to 50 to 55 C to give a spfution. The m xture
was filtered to renovyenany specks and fibers_ppresent Ho Grified
solution (at 50 to 5 Nt reatigcheni th a/Alarified bwmt i on of citric
acid (11.5 g., 0.0 1%4 equiv—ti sgb |n\ ter (18 n) and 2-
propanol (18 m) over abButnNb to FFMHhutes. Therwixt urt®was stirred at 50
to 55 C for about. 1 hour all.ow crystallization to occyr e .G Wit al
slurry was coolbdO% "g7ciopwas ¢ha gg”'tﬁlﬁ%tﬁeelbaﬁ%%ﬂ%g'aéﬁtatr?%éo PPE’QH-O sl'%flfy was
stirred f dexadeca(1 D.Gnﬁ)hﬁ-peﬂfh@efﬁa 0047 rogls 2ipsapledl €29 rhy10nilig) and water, (4. pavhed
\r/]w th %o% QPR dmj).t _ﬁ'ﬂ@mlﬁu}e l@é&iméiﬁb@% & to %_Qf%_t: %da&b £sornRr TN@&HMP@d\fv?HfﬁI@Q@% 24
E)C: ;:n?” e Z%é?w%}[ngtsé%% a%f%gﬂ#éfﬁ\%rcllarihe% soEXiorP (%t (? tro gg;c?}{vas %reat&raale \(/:wttrll g n:
5, 8, 14- Tr icterifeddedoiutiary of aitficd &cicB(11.5Q12,, L5908 4ndB] 1.4 equiv.) dissolved in water (18 ml) and 2-

propanol (18 ml) over about 5 to 15 minutes. The mixture was stirred at 50 to 55 °C for about 1

hour allowing crystallization to occur. The crystal slurry was cooled to 0 to 5 °C over about 1 hour

15  and the final slurry was stirred for about 1 hour. The product was isolated by filtration, washed

with 2-propanol (18 mi) and dried at 20 to 30 °C under vacuum for about 24 hours. The identity of

Form A was verified by powder x-ray diffraction.

Example 2
Citrate Salt Polymorph of 5,8,14-Triazatetracyclo[10.3.1.0%"".0*9-

20 hexadeca-2(11),3,5,7,9-pentaene (Form B)
The citrate salt hydrate Form A from Example 1 (710.6 g) was jet milled using two passes

and dried under vacuum less than 1 hour at 45°C. The particle size reduced citrate hydrate Form
A yielded Form B, which was verified by powder X-ray diffraction.



20 hexadeca-2(11), 3,5,7,9-pentaene (FormB) The citrate salt hydrate Form A
fromExanple 1 (710.6 g) was jet mlled using two passes and dried under
vacuum | ew® @2wars9l hour at 45C. The particle size reduced peimiBat/@4byydr at e
Form A yielded Form B, which was verified by powder X-ray diffraction. WO
02/ 092597 PCT/1B02/01450 -23 CLAIM5 1. Acitrate salt of

5,8, 14-triazatetracycl o[ 10. 3. 1. 02' 11. 04- 9] - hexadeca-2(11), 3,5, 7, 9-

pentaene. 2. A conpound according to cl2aim1 which is a hydrate wherein
there is between 1 and 5 5% water by wei ght present. 3. A conpound
according to claim2 having an x-ray diffraction pattern characterized
substantially by an x-ray diffraction pattern peak as neasured w th copper
radi ation of a 28 of about 9.7. 4. Awampound according to claim2 having
an x-ray diffraction,pa ts%ﬁ fCE%r1%‘iﬁa%€eE§c§c|oﬁ93 BFo*’*‘ bbb d£¥1 n)tsho'e7,9-
foll owi ng principal X-Tay s Pact presse terns of
28 and dPQWamﬁngs as neasured mnth copper radlatlon Angle 20 d val ue (A
9.7 9.1 12.8 6. 14.6 6.1 19, .1 3.4 29.1
3.1 5 A corrpoan& comeediaseprdiog E’I‘%ﬂ'%1 2""1&‘?'?61? QEY@??%@Greﬁvh%{ﬁ so‘?‘Fé"é"'fe"oif and

mel t i ng/ dewavge D eight préseatnsi tion at 167-8 C. 6. A conpound according to
claim2 characterized in that when exam ned by solid state 15 13C NWR
cross- pol ari zaBi dncererpund asrgidingsipiciain Adhavieg lanixfae Sifffactienprttgint ehatagierized

fol I ow ng s&Hsta'ﬂﬁéllP%b an"x&8P BARCAon SRS pedil Ds Freaddted Ritir BEbpdPrhdibtion/of £o@ efrpound
according ¢ 8Ba|n12 characterized in that when exam ned by solid state
13C NWR cF%%% ol ari zation magi ¢ angle spinning techniques it exhibits the
fol I ow ng prl ngl %Lomﬂoﬁﬁ@ Q@c@%ggg% 2]1751%n§ an Zr%y %rffra:l:ggh [Zatte|:|14<§|agacte;i£é]d' 8,

124.1 and 120. 9. _ '
10  substantially by the following principal x-ray diffraction pattern peaks expressed in terms of 26

and d-spacings as measured with copper radiation:

Angle 26 d-value (A)
9.7 9.1
12.8 6.9
14.6 6.1
19.7 4.5
20.0 4.4
20.5 4.3
26.1 34
291 3.1

5. A compound according to claim 2 characterized by an onset of melting/decomposition
transition at 167-8 °C.

6. A compound according to claim 2 characterized in that when examined by solid state
15 C NMR cross-polarization magic angle spinning techniques it exhibits the following principal
resonance peaks: 179.8, 145.9 and 124.1.

7. A compound according to claim 2 characterized in that when examined by solid state
¥C NMR cross-polarization magic angle spinning techniques it exhibits the following principal
resonance peaks: 179.8, 174.8, 173.7, 145.9, 141.8, 124.1 and 120.9.

20 8. A compound according to claim 1 wherein there is between 0 and 1% water present in

the crystal.



20 8. A conpound according to claiml wherein there is between 0 and 1 %

wat er present in

the crystal.
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11. of

melting/decomposition transition at 167-8 °C.

A compound according to claim 8 characterized by an onset

12. A compound according to claim 9 characterized in that when examined by solid state
3C NMR it exhibits the following principal resonance peaks: 180.0, 175.2, 173.1, 126.1 and
119.4.

10

13. A pharmaceutical composition comprising a compound according to any one of

claims 1, 2, 3, 8 or 9 and a pharmaceutically acceptable carrier.

14. The use of a compound according to any of claims 1, 2, 3, 8 or 9 in the manufacture
15 of a medicament for the treatment of inflammatory bowel disease, ulcerative colitis, pyoderma
gangrenosum, Crohn’s disease, irritable bowel syndrome, spastic dystonia, chronic pain, acute pain,
celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder,
autism, sleep disorders, jet lag, amyotrophic lateral sclerosis (ALS), cognitive dysfunction;
drug/toxin-induced cognitive impairment arising from alcohol, barbiturates, vitamin deficiencies,
20  recreational drugs, lead, arsenic, or mercury; disease-induced cognitive impairment arising from
Alzheimer's disease, senile dementia, vascular dementia, Parkinson’s disease, multiple sclerosis,
AIDS, encephalitis, trauma, renal and hepatic encephalopathy, hypothyroidism, Pick's disease,
Korsakoff's syndrome, frontal dementia or subcortical dementia; hypertension, bulimia, anorexia,

obesity, cardiac arrhythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive



obesity, cardiac arrhythm as, gastric acid hypersecretion, ulcers,
pheochr onocyt oma, progressive WO 02/ 092597 PCT/ 1 B02/ 01450 -25

supr anuscwioan/opEbsy; chem cal dependenci es and addi cti ons Pam/IB02/41850

ni cotine, tobacco products, alcohol, benzodi azepi nes, barbiturates,

opi oids or cocai ne; headache, mgraine, stroke, traumatic brain injury
(TBI), obsessive-conpul sive disorder (OCD), psychosis, Huntington's chorea,
tardi ve dyskinesia, hyperkinesia, dyslsxia, schizophrenia, nmulti-infarct
dementia, age-related cognitive 5 decline, epilepsy, including petit ma
absence epilepsy, attention deficit hyperactivity disorder (ADHD), and
Tourette's Syndrone. 15. The use of a conpound according to any of clains
1, 2, 3, 8uQbmssclis ;SJIH? Hﬁﬂ\‘igaﬁ@épgﬁo%ngig ard HREiidne TRk td Rikotihd) QoA broE s, Of

ni coti ne dependency, addiction or wthdrawal i mal .
alcghol, benzc}(/ilazepines, barbiturates, opioids or cocaine; Rea%ag\%, migraine, stroke, traumatic

brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntington’s chorea, tardive
dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct dementia, age-related cognitive

5  decline, epilepsy, including petit mal absence epilepsy, attention deficit hyperactivity disorder
(ADHD), and Tourette’s Syndrome.

15. The use of a compound according to any of claims 1, 2, 3, 8 or 9 in the manufacture

of a medicament for the treatment of nicotine dependency, addiction or withdrawal in a mammal.



