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Varenicline tartrate (V) has been isolated and characterized in US Patent
15 6890925. The intermediates (I, Il and Ill) and the free base of varenicline (IV) have
been isolated and generically characterized in US Patent No. 6410550. The
disclosures of these patents are incorporated herein by reference thereto.

The intermediate compound | is known and identified as:

cl H CAS Name: 1,5-Methano-1H-3-benzazepine-
2
*N 2,3,4,5-tetrahydro-, hydrochloride

CAS Number: 230615-52-8
Molecular Formula: Cy; Hys N« H Cl

Molecular Weight: 195.69
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It has been discovered that the isolated compounds of formulas Il and Ill as
well as the formula IV, free base varenicline, exist in crystalline form states which have
not been previously synthesized, isolated or even characterized.

Generally, the present invention comprises previously unknown, and

10 uncharacterized, crystalline forms of compounds Il, Iil and IV, individually and/or in
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Itis a further object of the present invention to provide a process wherein said
35  non-chlorinated solvent or solvent combinations selected from the group consisting of
toluene, xylenes, hexanes, cyclohexanes, heptanes, n-heptane, octanes, nonanes and
decanes.
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Crystalline form of Compound Il
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Compound Il has been determined to have at least two crystalline forms, with
35 the two being designated Form A and Form B.
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10  ethyl acetate, methanol and toluene indicated that Form A is more stable than Form B
at ambient temperature and 60°C. Form A has a melting point of ~177°C and Form B
has a melting point of ~170°C.

Form A was determined to have a monoclinic crystal system with a P21/c
space group. The unit cell parameters are: a=9.6 A,b=77A c=18.7A a=y=

15 ' 90° B = 96.9°, cell volume = 1381.8 A®,

Form B is determined to have a triclinic crystal system with a P-1 space group.
The cell parameters are:a=82A b=95A c=98A a=81.4° 3=806° y=67.8°
cell volume = 697.4 A®,

Table 1 is a tabular comparison of x-ray powder diffraction patterns for Forms

20 A and B (up to approximately 33 degrees two-theta; generated with a Siemens D5000
diffractometer as described above; see Figures 2a and 2b). Reflections with relative

intensity greater than approximately 2% are included.

Table 1.

Form A Form A Form B Form B
2-theta Relativity Intensity | 2-theta Relativity Intensity
(degrees) (%) (degrees) (%)
9.2 6.5 9.2 16.9
9.5 25 10.1 3.7
12.4 25 14.0 13.9
14.0 100.0 14.3 71.9
14.7 2.7 15.7 3.1
15.1 2.7 16.8 58.2
15.8 3.6 18.5 15.8
18.1 17.1 19.3 22.1
18.5 7.5 19.9 73.9
19.8 15.0 20.2 96.8
21.3 3.0 214 14.8
21.9 8.5 21.9 14.7
22.3 2.5 22.8 13.3
229 17.9 23.1 8.1
234 14.5 23.5 100.0
25.0 19.5 24.3 13.7
27.2 2.8 25.3 12.9
28.3 17.1 26.1 25.8
30.0 3.5 26.3 19.3
30.6 8.8 28.3 9.4




10 Various solvents and conditions were utilized to
provide the A and B crystalline forns, either

WoapHyeb8y or in adni xture. Tables 3 and 4 suRRAS2Y7/023683
the solvents and conditions, with resultant yields:
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cool [of saturated | + B sol uti g3Vt iyl et hyl|FHgto
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m nor 008/ 060487 PCT/ US2007/ 023683 8 Crash cool
of sairfﬁL @fed B solution Fast evaporation B + A
Slurry A Tetrahydrofrunan (THF) SFowi ool A Slufry A
Slurry 60C A Sl ow2dbeté A + B | spRditetd from Et CH
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The above identified two crystalline forms of compound i were generated and
5  designated as Form A and Form B. Form A is an anhydrous, non-hygroscopic,

crystalline form that has a melt with an onset at approximately 177° C.

Form B is an anhydrous, non-hygroscopic, crystalline form that converts to
Form A upon heating. Form A is more stable than Form B at ambient temperature and
at 60°C.

10 Various solvents and conditions were utilized to provide the A and B crystalline

forms, either separately or in admixture. Tables 3 and 4 summarize the solvents and
conditions, with resultant yields:

Table 3.
Solvent Conditions Results
Fast evaporation A+B
Slurry A
Acetonitrile (ACN) Slow Cool A+B
Crash cool of saturated A
solutions
Fast evaporation A+B
Methylene chloride (DCM) | Slurry A
Slow Cool A
Fast evaporation A + B minor
Diethy! ether Slurry A
Slow cool A
Fast evaporation A+B
Slurry A
Slow cool A+B
Ethanol (EtOH) Slurry A
Slow cool A
Crash cool of saturated A+B
solution
Methy! ethyl ketone (MEK) | Fast evaporation B
Slurry A
Slow cool A + B minor
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Form A of compound Ill is a crystalline, anhydrous, non-hygroscopic solid.

Form A + B of compound Ill is a crystalline, anhydrous, non-hygroscopic solid.

CRYSTALLINE FORM PREPARATION AND PROCEDURES

Analytical

X-ray Powder Diffraction (XRPD)

Form A X-ray powder diffraction (XRPD) analyses were performed using a

Siemens D5000 diffractometer as described above.
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19.6 24.3 T\ﬁ%c%st%hrf forms'were generate]d ofwhlgh one was’ new phIS material was

designated as Form B. Form B was obtained from solvent/antisolvent evaporation in
methanol and isopropyl ether. Form B was obtained only as a mixture with the

25  previously known Form A. Figures 2a and 2b are X-ray powder diffraction patterns of
Form A and Form A + B of compound I

Characterization
Form A
30 Crystalline solids generated exhibited XRPD patterns consistent with the
starting material were designated as Form A.
Form A+B
A crystalline solid generated from a methanol/IPE antisolvent crystallization
exhibited an XRPD pattern similar to Form A with some additional peaks shown in
35  Figure 2b. This solid material was a mixture of Form A and a new crystalline material
“Form B". The mixture was designated as Form A + B and formed with a
solvent/antisolvent (MeOH and IPE) crystallization when the starting material was
initially subjected to evaporation. Form A was obtained in the absence of pre-
evaporation.
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conpound 1V, have been di scoveled. The respective
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crystals were aki d-t+o0 asi urry16f5f cryst allide
compound 1V in “ethyl—acetate: Hile ¢l "rry was stirred
for one hour at anbient conditions. The solid was 15
i sol aCestabineffiorms at Compodrdriyh C A.  Unseeded process
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Form C

A. Unseeded process

Varenicline tartrate (15 g) was dissolved in water (75 mL), then toluene (255
mL) was added. The mixture was heated to approx. 38 °C, then 50% NaOH (7.29 g)
20  was added. After 1.5 hours, the mixture was treated with a slurry of activated carbon
(0.75 g) in toluene (5 mL), and then filtered through a cake of diatomaceous earth. The
filter cake was washed with toluene (22.5 mL).
The filtrate layers were separated, then the aqueous layer was extracted once
with toluene (75 mL). The layers were separated, and then the two toluene layers were
25  combined and filtered through a 0.2 um filter. The filtrate was transferred to a reaction
vessel pre-rinsed with toluene filtered through a 0.2 um filter. The mixture was distilled
under ca 300 Torr until a pot volume of ca 75 mL was reached, and then brought to
60°C.
While holding the process at 60°C, n-heptane was added (144 mL). The
30  process was held at 60 °C for 40 minutes. The batch was then cooled to 45 °C over 20

minutes. Once the batch temperature reached 45 °C, spontaneous crystallization
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Unseeded Process Seeded Process
HPLC potency 98.4% 100.0%
HPLC purity 99.81% API 100.0% API

0.18% toluene
0.01% unknown

XRPD Form C match Form C match

TGA 1.693% wt loss between 30 - 0.513% wt loss between 30 -
143.5°C 143.5°C

Residual 0.62% 0.03%

toluene

Residual 0.84% 0.02%

heptane
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cake isolated and stored in a sealed glass vial at 5C
Solids of conmpound IV (varenicline free base Form A,
WORPHE483nd Form E) 5 were characterized by p8addiS2007/023683
X-ray diffraction on a Sienmens D5000 diffractoneter as
above. Solids of conmpound |V (vi{’ eni cline free base,
Form D) were characterized by rngle crystal X-ray
diffr o ffr ctlon t J .
wes cATSS e PR BERS Cbls redifh FRpPEHG L overmont
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(ng-‘gr @@r%)cgz?ra&er@eg :tl)_)é &v@fﬂ%réb dlfga&onzgn gSleJn%nsr’DQOOB duffla%to‘ﬂheter as
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12. 2 sifigle Bysts . X2ray BiBradtichdnd theBwderX-By dBftactforGualtern 2As Galculated
7.5 294 H 6.8 30.87.2 31.76.8 32.87.2
34.7 6.8 m%Q %stal?b%t 39.6 5.4 The relative intensity
may vary depPRdiipgthsrosar feaiveintensitesphal repkpibat hage a relative
2(08/ PEAGE of RpFéiAROP 7599 Ba@Ben 3 and 40° 26 in the sample for Form A of

compound V.

Table 9.
2-theta Reiativity Intensity*

(degrees) (%)
7.9 6.8
8.5 414
8.8 20.2
11.5 ' 9.7
15.4 26.4 ’
15.9 13.4
16.2 14.9
17.1 100
17.8 432
19.0 34.4
20.5 11.3
21.0 13.1
22.0 12.1
22.9 11.9
24.0 12.2
243 15.2
25.4 14.2
26.1 7.8
26.7 8.1
27.6 7.5
29.4 10.8
30.4 6.8
30.8 7.2
31.7 6.8
32.8 7.2
347 6.8
37.4 5.4
39.6 5.4

" The relative intensity may vary depending on particle size and shape.
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al |

for Form C of
Relativity Intensity’
13.4 13.4 8.2 14.2
84.3 19.8
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wappsaed4sat el y >3% between 3 and 40 0 28 in t hECETAIRI0E/023683
conmpound 1V. Table 10 2-theta

11.3 100.0 12.2
7.3 40.0 19.4

(degrees

10.5 16.0%% 8 1

intensity of

12 fypndodihdlgag ool ggoly iy Jaus dyefve

32.2 Bonfpourdn8 10.0 34.6 4.7 34.9 4.2 36.1 6.1
37.3 19.5 39.6 3.2 5 The relative intensity may vary

depentlamgi@n particle size and shape.

the 28 and rel ati ve frtensti
of2 tagtproxi

arelative

(varenicline free ba

I ntensity*

intensity of approximately >2% between 3 and 40 ° 26 in the sample for Form D of

i nt ensi t

Table 11 lists the 20 and relative intensities of ali peaks that have a relative

Fa¥al

Tabl e

af ol l
O

11 lists
t hat have

\vxe)

AT T

RastRltyink2a8ybet ween 3

el ativity

11.3 100.0
12.2 134
13.4 8.2
14.2 10.5
16.0 6.8
17.3 40.0
19.4 84.3
19.8 29.4
204 58.0
20.6 73.5
22.0 65.5
225 6.4
22.8 6.8
24.4 3.7
254 4.7
26.9 30.8
27.2 4.6
27.4 16.4
28.3 13.0
29.4 12.2
314 4.4
31.8 53
32.2 5.8
33.8 10.0
34.6 4.7
34.9 4.2
36.1 6.1
37.3 19.5
39.6 3.2

compound IV (varenicline free base).

Table 11.

" The relative intensity may vary depending on particle size and shape.

2-theta
(degrees)

Relativity Intensity*

(%)

5.5

76.3




(degrees) (%9 5.5 76.3 WD 2008/ 060487
PCT/ US2007/ 023683 17 6.9 25.5 7.6 23.6 9.9 54.3
WOR00B/05648% 11.4 100.0 13.1 6.3 13.4 19.3 1BCE/US2007/023683

14.5 77.0 15.3 64.7 15.5 33.5 15.9 14.6 16.1 13.9
16.3 13.9 16.7 20.3 17.5 22.1 _18.0 6.6 18.8 44.8
19.0 54.8 19.7 10.5 20.0 13.8'720.8 16.7 21.2 25.2
21.6 8.2 21.7 7.6 p24606—230115 232 12.5
23.7 20.6 24.3 8.2 | 24.558 9 24 9 #5 29 2 5 7
25.6 4.3 26.0 15.9 | 26 5782 7 |26.728% 4 7.1 89.5

9.9 54.3

11.14 58.6

114 100.0

13.1 6.3

13.4 19.3

13.8 8.4

14.5 77.0

15.3 64.7

15.5 33.5

15.9 14.6

16.1 13.9

16.3 13.9

16.7 20.3

17.5 22 .1

18.0 6.6

18.8 44.8

19.0 548

19.7 10.5

20.0 13.8

20.8 16.7

21.2 25.2

216 8.2

21.7 7.6

224 6.0

23.0 11.5

23.2 12.5

23.7 20.6

24.3 8.2

24.5 99

249 12.9

25.2 57

25.6 43

26.0 15.9

26.5 327

26.7 53.4

27 1 89.5

27.8 20.7

28.1 151

28.4 50.3 .

29.2 8.1

29.6 18.1

29.9 48.7

30.3 38.3

30.6 15.5

31.1 23.6

31.9 2.2




27.8 20.7 28.1 15.1 28.4 50.3 29.2 8.1 29.6 18.1
29.9 48.7 30.3 38.3 30.6 15.5 31.1 23.6 31.9 2.2
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4.4 33.0 6.8 33.3 12.5 33.9 4.7 34.3 8.6 34.5 6.4
35.1 6.9 36.4 9.4 36.8 3.2 37,02.8 37.2 2.4 37.6

4.0 37.9 3.8 38.2 2.9 38.9 8.
relative intensity nmpy—vaty

and shape. Table 12

intensities of all p

intensity of approxi

in the sanple for Fo

free base). 5 Table

(degrees) (%9 5.5 3
.1 3.5 9.8 4.4

1

39.4 6.2 The
v Ao o v\l\l: no AN nAar 1 1
i SLL:::;2t3hZC|;F| ;L59$§:| pa t6| cle size
aks 36at have a 44l ati Ve
t e|38.0>0, 5% bet v®&n 3 and 40 20
rm E 33onpound | M26var eni cl i ne
12. 23tcheta |Rel at4yity lntensity*
8.4 4.8 2.1 7.5§.4 .8 1.1
34.5 6.4
35.1 6.9
36.4 9.4
36.8 3.2
37.0 2.8
37.2 2.4
37.6 4.0
37.9 3.8
38.2 2.9
38.9 8.3
394 6.2

" The relative intensity may vary depending on particle size and shape.

Table 12 lists the 28 and relative intensities of all peaks that have a relative

intensity of approximately >0.5% between 3 and 40 ° 26 in the sample for Form E

compound IV (varenicline free base).

5 Table 12.

2-theta Relativity Intensity*

(degrees) (%)
5.5 38.4
6.8 21
7.5 9.4
7.8 1.1
9.1 3.5
9.8 4.4
11.0 44.8
11.3 100.0
13.3 2.9
13.6 0.9
14.4 8.8
15.1 27.4
16.1 13.0
16.5 20.1
17.2 1.0
18.5 3.3
18.8 1.4
19.5 2.7
20.5 3.6
20.9 1.6




11.0 44.8 11.3 100.0 13.3 2.9 13.6 0.9 14.4 8.8
15.1 27.4 16.1 13.0 16.5 20.1 17.2 1.0 18.5 3.3
WOZ0eB/060487 19.5 2.7 20.5 3.6 20.9 1.6 WO 2008CHBH2%7/023683

PCT/ US2007/ 023683 19 21.3 5.7 22.2 2.7 22.7 11.1
23.6 1.4 24.1 0.9 24.7 0.7 259 1.6 26.7 6.5 27.5
3.4 27.83.6 28.16.3 29.11'® 29.51.1 29.9 1.8
30.4 4.4 32.2 1.4 3265733615 335 1.3 34.3
1.3 34.8 1.1 36.1 142 B2 4114 339% 1 138.9 0.9
39.3 1.8 22.2 2.7

22.7 11.1

23.6 14

24 1 0.9

247 0.7

25.9 1.6

26.7 6.5

27.5 3.4

27.8 36

28.1 6.3

291 1.0

29.5 1.1

29.9 1.8

30.4 4.4

32.2 1.4

32.6 57

33.0 15

33.5 1.3

34.3 1.3

34.8 1.1

36.1 1.2

37.4 1.4

38.4 1.1

38.9 0.9

39.3 1.8

39.8 1.0

" The relative intensity may vary depending on particle size and shape.

Compound IV of the present invention may exist in anhydrous forms as well as
hydrated and solvated forms and are intended to be encompassed within the scope of
the present invention. Table 13 shows the unique identifying peak sets (+ 0.2 °28) for

5  each of the crystal forms of Compound IV.

10

Table 13.
Form A Form C Form D Form E
2-theta 2-theta 2-theta 2-theta
(degrees) {degrees) (degrees) {degrees)

8.5 11.3 5.5 5.5
8.8 17.3 9.9 9.1
15.4 19.8 15.3 9.8
17.1 20.6 17.5 16.5
19.0 22.0 27.1 22.7

Solids of compound IV (varenicline free base Form C) were characterized by

infrared spectroscopy using an llluminatiR™ Fourier transform infrared (FT-IR)

microspectrometer (SensIR Technologies) equipped with a 10 volt ceramic IR source,

a potassium bromide (KBr) beamsplitter, and a mercury-cadmium-telluride (MCT)
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The d %% ed spectra result fromthe arithnetic mean

of the ree individual spectra. Peaks were
identified using the Ther%oNi colet Omic version 7.3

10 software peak picking avgamutben(esi)ng a sensitivity
setting of 85 and an intensity threshold of 90.0 for

the region 650-1900 cm' and a @@nsitiyity setting of

85 and an intensity threshold pf3 82.8|for the region

2400- 3400 cm 1. Typically,/ The Rls" OT associated with

this instrument nmethod is{—4 c,n.;g Damond spectr al
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present in all FT-ATR spe¢t+a ’8:1'4””, N.; Nogues 15
Carulla, J.M D anond and|Rel m&ﬁﬂ Materials 1996, 5,
598- 602. Thongnopkun, P.; | _FEkga887t, S. |Di anond and
Rel ated Materials 2005, 14, 159331599. |The FT-1R
spectrum of Conpound IV [Form ®13s proyided in Figure
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Solids of compound IV (varenicline free base) Form C were characterized by

Raman spectroscopy using a ThermoNicolet 960 FT-Raman spectrometer equipped
with a 1064 nm NdYAG laser and InGaAs detector. Prior to data acquisition,
instrument performance and calibration verifications were conducted using polystyrene.
S5  Samples were analyzed in glass NMR tubes. The spectra were collected using 0.5 W
of laser power and 100 co-added scans. All spectra were recorded using 2 cm-1
resolution and Happ-Genzel apodization. Four spectra were recorded for each sample,
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100-1700 cm 1 region usingan _intensify threshold of
0.017 and a sensitivity offl_88. Wsth this nethod, the
positional accuracy of these peaks is|+1- 2 cm 1. The
FT- Raman spectrum of conmpound T3§sForm |C i s provided
in Figure 10. 10 Table 15[ Vavepgnber (cni) 115 130
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Solids of compound IV (varenicline free base) Form C were characterized by

Solid-state Nuclear Resonance Spectroscopy at ambient temperature and pressure on
a Bruker-Biospin 4mm BL CPMAS probe positioned into a wide-bore Bruker-Biospin
Avance DSX 500 MHz NMR spectrometer. Approximately 80 mg of sample was tightly
5  packed into a 4 mm ZrO, spinner and the sample was positioned at the magic angle
and spun at 15.0 kHz. The fast spinning speed minimized the intensities of the
spinning side bands. The number of scans was adjusted to obtain adequate S/N.
The "°C solid state spectrum was collected using a proton decoupled cross-
polarization magic angle spinning experiment (CPMAS; Table 16). The cross-
10 polarization contact time was set to 2.0 ms. A proton decoupling field of approximately
90 kHz was applied. 480 scans were collected. The recycle delay was adjusted to 380

seconds. The spectrum was referenced using an external standard of crystalline
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angle and spun at 15.0 kHz. The fast spinning speed
mnimzed the intensities of the spinning side bands.

The nunber of Teben$. was adj usted to obtai n adequate

S/N. The 13C solid state spectrum was coll ected using

a proton decoypl e€c chesisal SRas®r i zati on rragl c, angl e
spinni ng exper|i ment (@BMAS, Tabl ¢ 16). "I*H‘és"léross 1(
pol ari zati on coﬂi—act—qi;@?—mo se 620 Ap—Aproton
decoupl i ng fi gtd—of QL FXT metet 96 k'rizm"}vas—app{—'red.
480 scans wer g cot equ&yg TheTegycte ucl]fld wars
adj usted to 380 SECOIjg?g The—spectTum WSy T eferenged
using an exterfmal stamggg d of crystatting WO
2008/ 060487 PCT/USZ200445@23683 2@ adamant ane, Settiing
its upfield rgsonance &6 29.5 ppm Typi caldy, the
error associ ated (aMRdreréMEs tbn&aérharemmprréetoh%ud § 0.2
ppm The 13C CPMAS spectra ¢ ag‘aggnd IV FormCis
provided in Figure ase§€a'ﬂﬁnﬁ'§e B8fds are not ed
wi th an ast eri sk. (b5 Defifddeas] 6eaklB®hGheriteaaltieSlaard t sa

Intensityb 1ppm  yary depending on the actual setup of the
10 CPMAS experimental parameters and the
thermal history of the sample. CPMAS

U

intensities are not necessarily quantitative.
(c) Peak shoulder.
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N- car boxyvar eni cl i ne adguct and a N-fornyl adduct of
Compound 1V. The N-carboxy adduct of Conpound IV is of
the structure HHNOIr0O N /™M M~~-N 5 -85 HO and
is observed when Form C i s storéd:at high humdities.
The known crystal form of 9 ncar boxyvarenicline
adduct exhibits the X-ray pewde iffraction pattern
provided in Figure 12 and n spectrumis
provided in Figure 13. They d to generate this
X-ray powder diffraction aﬁdJRa data may contain
residual 10 conpound IV Form Cy Th
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speci %e%f?rfa%wﬁf niiagaqguct g piits; X1y Agpes difsagiign p3ilern provided
f ol | ovi Figure 0nahid the Remaaspeenunsispedvided |n0:|gl.1r%3‘|31m@40t ubddvb
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i njection volunme. The N-fornylvarenicline adduct is a

known compound and has been di scl osed
H/O

Z—O

N N

NI/

15 andis observed in the mother liquor of the crystallization process described in the
specification. It can be detected by HPLC using the following conditions:
aqueous buffer 0.1% H3PO4, 5mM OSA in water: Methanol (66:34, v/v)
Agilent Zorbax SB-C18 column, 150mm length x 4.6 mm I.D.
Column temperature — 50 degrees Celsius; UV detection (210 nm
20 1.5 mL/min flow rate using a 5 micro liter injection volume.

The N-formylvarenicline adduct is a known compound and has been disclosed
in United States Patent Application Publication Number 2004/0235850. The known
crystal form of the N-formyl adduct exhibits an X-ray powder diffraction pattern
consistent with the calculated pattern provided in Figure 14.

25 Solids of the N-carboxyvarenicline adduct were characterized by powder X-ray
diffraction on a Siemens D5000 diffractometer as above. These solids may contain
residual compound IV Form C. Solids of the N-formylvarenicline adduct were
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i nt endpllg 16f approxi mately >0.5% between 3 and 40 20

in the sanple of therN S FRLPOXYRELFM fhiténléffy*addum'
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Table 17. 2-theta Re 1 grees) 7.9
7.8 9.2 100.0 11.117%1 6163 18 51 16.0
1.1 16.8 2.7 17.3 p-9—93% 6 210 189902 1 | 185 10.3
19.3 2.5 19.7 1.3 R0 14 2055H7 21.07.0 21.5
2.1 23.01.4 23.3 5 PP 7 312 2468 1.2 | 25.4 3.2
25.8 6.9 26.52.0 R7.58%5 274.8 1.78

16.0 1.1

16.8 27

17.3 2.9

17.6 2.0

18.0 2.1

18.5 10.3

19.3 25

19.7 1.3

20.1 4.0

20.5 5.0

21.0 7.0

215 2.1

23.0 1.4

23.3 1.5

23.7 3.2

24.8 1.2

25.4 3.2

25.8 6.9

26.5 2.0

27.5 6.5

27.8 1.7

28.5 4.4

29.1 7.3

29.6 5.4

30.2 1.4

30.6 25

322 1.8

335 1.9

34.5 14

35.4 1.5

35.8 1.7

36.2 2.0

36.6 1.5
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The relative intensity nmay vary depending on particle

size and shape. Table 18 lists the 20 and rel ative

intensities of all peaks that h&Ve arelative

intensity of approxii 5 W

in the sanple for theN

Conpound 1V. 5 Tabl e

(degr ei%"j refliye Intengly ”Tévﬁ’y e‘le”g'ia%p IQysizej2ndegsharsy. o
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formylvarenlclme adduct of Compound IV.

S5 Table 18. ‘
2-theta Relativity Intensity”
{(degrees) (%)
8.8 16.9
124 6.1
14.6 35.9
15.8 100.0
16.5 68.2
17.6 53
17.8 9.1
19.6 57.8
19.9 18.9
21.2 6.4
224 9.5
22.8 4.8
23.3 22.5
23.7 28.6
24.9 424
26.2 211
26.9 26.7
27.3 23.9
29.2 6.8
293 8.6
29.6 3.5
30.3 2.0
30.5 1.0
32.0 24
323 4.8
32.8 3.3
33.3 3.5
34.1 94
34.8 0.7
35.8 1.9
37.3 2.7
'37.5 3.8
38.0 2.0
39.0 3.9
39.2 3.5
39.7 1.4
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2008/ 060487 PCT/ US2007/ 023683 28 The rel ative

intensity may vary dependi ng ong%arti cle size and

shape. Table 19 shows the uni qué®sets of identifying

X-ray V?Qé’\ggqivedihtfeféitgﬂagg%ﬁ rd?éénﬁﬁé iRﬁ)Pg'rticlé ?Ee nl?iesha e.

N- car boxyvareni c var eni ¢l ne.

Tabl e 109. TaRiedQﬁb@véyb%wwecsmsméidwﬁmgﬁwav@pwﬁrdlffra@éon reflections
adducCtiorZhe NL84rBox %réﬁ@uﬁ@a&d@@@n@‘?ﬂbrmﬂ\g%kw) 7.9 8.8
92124%%2 65 16.8 17.8 18.5 19.6 5 Solids of
the N-carB areni cline adduct were characterized by
Ranman spectroscopyN@mba(dewncrmN O0Forrhyl @héhidtide Raman
spectroneter equi gped wedduca 1064 nm2MNdxAG | ager and

| nGaAs det ector ag abovetie®abl e 20). (Téwsess)sol ijds may
contain residual |conpédeaeges)V Form C. Peak picking for

t he N-carboxyvarenicline’@ddduct was 10 &8rst performed

for the 2800-3400 |cm 1 r&di on usiing an12At ensitly
t hreshol d of 0. 045 _and %1 Qensitilvity 46570
Subsequent |y, peak—pickiHf was pe 8 e

108- 1700 cm1 region us] 5g an iritensit19'6thr ol d of

. 051 and a sensitivity of 81. Wth this nethod, the
posi ti onal Satdswf theWN-Girbdxivesmicieeddsiudt svere/ cha@cierizell.by Raman

Tabl e sa&lroé%xf&“mﬁerrmgﬁi%@t 960 FT-Raman spectrometer equipped with a 1064

nm NAYAG laser and InGaAs detector as above (Table 20). These solids may conlain

residual compound IV Form C. Peak picking for the N-carboxyvarenicline adduct was

10 first performed for the 2800-3400 cm-1 region using an intensity threshold of 0.045 and
a sensitivity of 70. Subsequently, peak picking was performed for the 100-1700 cm-1
region using an intensity threshold of 0.051 and a sensitivity of 81. With this method,
the positional accuracy of these peaks is +/- 2 cm-1.

Table 20.

Wavenumber (cm™)

134
160
196
218
245
284
311
343
359
364
382
402
420
450
470
487
494
550
577
597
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937

616

658

730
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1248

1266
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1446

1458

1472

1483

1528

1550

1574

1581

1637

2854

2871

2900

2926

2955

2973

3031

3054

359 364 382
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21 shows uni que FT-Raman bands for the

N- car boxyvar eni cl i ne adduct t hat’®® can be used to

differentiate the N-car bom-dduct from

compound IV Form C. 5 Ta ; ber (cm) 343

402 550 887 1012 1458

5

10

15

20

25

Table 21 shows unique FT-Raman bands for the N-carboxyvarenicline adduct that
can be used to differentiate the N-carboxyvarenicline adduct from compound IV Form
C.

Table 21.

Wavenumber (cm™')

343
402
550
887
1012
1458

All of the above crystalline forms and mixtures thereof may be effectively
utilized in the process scheme described above in all the various permutations and
combinations. The various crystalline forms may be utilized as both intermediaries or
final products as applicable for the specific application. In such final form, compound IV
has utility for use in a transdermal patch as a means for medicinal introduction on an

extended basis.

Example 1 — Matrix type transdermal patch

Varenicline free base form C is mixed with the aqueous dispersion of NACOR
72-9965 (hydrophobic acrylic copolymer from National Starch) to achieve a 2% (w/w)
concentration of active ingredient in the dried film after film casting. The adhesive
mixture is cast on a release coated polymer film (Rexam Release Technologies; W.
Chicago, IL) and is dried at 60°C in a convective oven and cut to achieve a 2 mgA dose
of the active ingredient. The dried film is laminated to a polyester film laminate
(SCOTCHPACK #1012, 3M Pharmaceuticals; St. Paul, MN).

Example 2 — Matrix type transdermal patch systems

(1) Varenicline free base form C is dissolved or dispersed in a polyacrylate
solution, such as Duro-Tak® 387-2052 adhesive. Appropriate solvent, enhancer and/or
filler is added in the adhesive dispersion, and mixed well. Air is removed from the

resulting mixture and laminated on a release liner, such as Medirelease® 2228, to form
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(1) Varenicline free base form C is dissolved or

di spersed in a polyacrylate solution, such as

Dur o- Tak(r) 387-2052 adhesive. Appropriate solvent,
enhancer and/or filler is added in the adhesive

di spersion, and mxed well. Air is renoved fromthe
resulting mxture and | am nated on a rel ease liner,
such as Medirel ease(r) 2228, to form W 2008/ 060487
PCT/ US2007/ 023683 31 a coating thickness of 0.5 - 2
mm The adhesive layer is dried at roomtenperature
for 5-10 min and then at 40-80C for 15 - 30 min to
renove all volatile solvents. A backing sheet, such
as Mediflex(r) 1200, is coated on the adhesive side.
The resulting patches of a desired size are stored in
seal ed packages. 5 (2) Varenicline free base formCis
di ssol ved or dispersed in a polyisobutylene (PIB)
based adhesi ve, such as Duro-Tak(r) 87-6173. The
follow ng procedures are simlar to those described
in the previous section. (3) Varenicline free base
formC is dissolved or dispersed in a silicone-based
adhesi ve, such as Bi 0o-PSA(r) 7-4302. The follow ng
procedures are simlar to those 10 described in the
previ ous section. WD 2008/ 060487 PCT/ US2007/ 023683 32
What is clainmed is: 1. A conposition conprising
substantially pure varenicline free base Form C
suitable for admnistration to a human subj ect
conprising 5 a) less than 2% by wei ght of a first
impurity N-fornylvarenicline, relative to the total
wei ght of varenicline, and b) |less than 2% by wei ght
of a second inpurity N-carboxyvarenicline adduct,
relative to the total weight of varenicline. 10 2. The
conmposition of claim1 wherein said first and second
inmpurities are less than 1



% by weight. 3. The conposition of claim1l wherein
sai d conposition of varenicline conprises a

WOrRaesie+48fal patch wherein the substantially p&RES/US2007/023683
varenicline free base FormC is a 15 dispersed
particul ate suspension. 4. A progcess to form
substantially pure varenicline f3%e base form C
suita ton. . i nistration to a human subj ect
conpr iq}v#at Ham '@s than 2% by wei ght of
N-fornylvarenicline, and 20 b) |less than 2% by wei ght

of N-car Rex¥yAItiemtéhiidRg ackdttatialy E@r@naﬂeaikm B Basit FPm @f suitable
cryst ﬁl l i m,@]%r varenicline fromihe crystallization
I
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to form Su%t%%ié.ar@t)ﬂ%reﬂtéﬁr%, }éﬁgeni cline free base form
or m

C suitable nistration to a hunan subj ect
conpri si Hb igps thar 3%tbh agight afpisgcane inguritydy-carboxyvarenicline adduct,

N-f or nyl varremiivelth e totanigh) ofh&Ssicingan 1 % by wei ght of
N-ca rboxyvarenicline adduct. 6. The process according

to Caim4 wherein said non-chlorinated sol vent or

sdlOver TrBOcoppnbiianat cleim 1 shesah eaid et dnd sesdnh énmpritasare less than 1
consi s, bpgeght t 0l uene, xyl enes, hexanes,

cycl ohexaneS, heptanes, n-heptane, octanes, nonanes

and decanes 7. The process according to Caim®6

wher eidn The cadog@ion of@rains ®Wwerdin saidrtbinpsition Bf Vasenidifd ¢tapdses a

and n- . . RO accordi ng. t.0 i_m ,
Fur ¢ naeis patih OBl B BRAR e e Y Fom c 2
siigl | elispgisgeparfryiate seensioh. substantial ly pure

varenicline free base formC.

4. A process to form substantially pure varenicline free base form C suitable for
administration to a human subject comprising
a) less than 2% by weight of N-formylvarenicline, and
20 b) less than 2% by weight of N-carboxyvarenicline adduct,

comprising the step of crystallizing varenicline from the crystallization solvent or solvent

combination comprising an organic non-chlorinated solvent.

25 5. The process of Claim 4 to form éubstantially pure varenicline free base form C
suitable for administration to a human subject comprising
a) less than 1% by weight of N-formylvarenicline, and
b) less than 1% by weight of N-carboxyvarenicline adduct.

6. The process according to Claim 4 wherein said non-chlorinated solvent or solvent
30  combination is selected from the group consisting of toluene, xylenes, hexanes,

cyclohexanes, heptanes, n-heptane, octanes, nonanes and decanes

7. The process according to Claim 6 wherein the solvent or solvent combination is
toluene and n-heptane.

8. The process according to Claim 4 further comprising seeding is used to prepare

35 smaller sized particles of substantially pure varenicline free base form C.



