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| NTERMVEDI ATES AND PROCESS FOR PREPARI NG OLANZAPI NE Thi s invention rel ates
to a process for preparing

2- met hyl - W {ég | - Pi perazinyl)-10+thieno[2,3- 5 PCT/US97/16499
bl [, 5]benzo | azepine (referred to herein as "olanzaplne") and to certain

di hydrate I nternmedi ates. O anzapine is useful for treating psychotic
patients and is currently being investigateli~-for such use. Applicants have
di scovered that Form 1l ol anzapine is the 10 nost stabl e anhydrous form
of ol anzapi ne, proviIGTREMEDIATES cAND PROCRES {RORNHREPARING ONDANZAPINE

phar maceuti cal | y desired characteristics, (See European Patent

Speci fication . 733, 6352} Careful preparation and controlled conditions
are necessary to assure Shbst dpveatrion Hplates fo @ Breseapi fer Breparing

product (herei rlavfxﬁéthy&eﬁer(ﬂeﬂetﬂyﬁsl-ﬂlﬁlﬁéﬁddiﬂyl)hﬂ\ﬂﬁ\»‘thaeﬂepﬁJE—antS have

di scover a pr, S$ e t ' Form L i p i hydr.at e
ol anzapi ﬁéej |nt ﬁﬁgd AE’ éggé%glg%u? %%‘f%ﬁs?’e?ﬁ%egsai %l%?%él%eo g
Form 11 which laasl lt@eﬁeptébar@elhﬁbﬁlﬁ%rimaéiﬂsvent may be 20

particul arly advant ageougianZeffn&ofdnude it erdrartraawageﬁswmf@ aqueous

sol vent provides.assurance that the t
substantial ly &AtIER ﬁnﬁegsbfv‘é‘ﬁfr?%gf%g;eesm n%egﬁéggggécg%r p?lb?/l'f &
especi al | y ecolAppildabhgsdbsve adisconaran that p‘m diInglanzapine risl ther m 25
I'l. The 1y esenHo%tCE%hBEQ hﬁﬂﬁéﬁ-éﬁ’é‘ 305 'die%l‘i'n'%)égﬁ.ﬁb? Bk@ﬁl&ﬂkd‘ea "H?:'a‘iﬁé S
espeC|aIIy usefu S an nter d] atelbtg‘r %ﬁaﬁﬂ@ﬁ gl?_ ;8 %
ol anzapi ne. Thé& PYPI ﬂ’é'““l1 My F; -GV o ?%b% |
An especi al | y phefrectedidthgdr af3ee @ummmem:ySpat:ifneanmmcme D
ol anzapi ne pol yAar Bbsf her ghpefef %fé&hﬁéll%% 'égdh)é@hékélpe& Mdﬂcﬁlst ¥Riecal
X-ray powder dlffractlon attern as reqp %'P‘é'a‘l y, ge foH V\i rgz _
i nt er pl anar spRechgsard)t a?;%'fr‘? oFIRF AR §sForm 11 olarzapine
product {(hereinafter referred to as "Form II"); however,
Applicants have discovered a process for preparing the
desired Form II using a dihydrate olanzapine intermediate
under aqueous conditions. In certain situations, Form II
which has been prepared from an aqueous solvent may be
20 particularly advantageous. Such Form II material prepared
from an aqueous solvent provides assurance that the Form II
material is free of substantially all organic solvent
residues. This process can provide an especially
ecologically desirable method for providing the desired Form’
25  II.

The presently claimed invention provides dihydrate
olanzapine which is especially useful as an intermediate for
the preparation of Form II olanzapine. The crystalline form
may be particularly advantageous.

30 An especially preferred dihydrate is the stable
crystalline Dihydrate D olanzapine polymorph (herein
referred to as "Dihydrate D") having a typical x-ray powder
diffraction pattern as represented by the following
interplanar spacings (d) as set forth in Table 1:
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. 098/ 12199 PCT/ US97/ 16499 -2- Table 1 d
9.4511 7.7098 7.4482 6.9807 6.5252 5.7076 5.5539 5.223 4.9803 4.8908 4.784
4.6947 4.4271 4.3956 4.3492 4.2834 4.1156 3.7837 3.7118 3.5757 3.482 3.

3758 3. 32748 oddhde 3- 1879 3.135 3.0979 3.016 2.9637 2.907 3(:,”@&&“%97914

2. 7317
-2

- ' Table 1
d
9.4511
7.7098
7.4482
6.9807
6.5252
5.7076
5.5539

5.223
4.9803
4.8908

4.784
4.6947
4.4271
4.3956
4.3492
4.2834
4.1156
3.7837:
3.7118
3.5757

3.482
3.3758
3.3274
3.2413
3.1879

3.135
3.0979

3.016
2.9637

2.907
2.8256
2.7914
2.7317
2.6732
2.5863



2..6732 2.5863 WD 98/ 12199

PCT/ US97/ 16499 -3- Another especially preferred dihydrate internediate is
the crystalline Dihydrate B ol anzapi ne pol ynorph (herein referred to as

"Di hydrate Bwobgighedg a typical x-ray powder diffraction patRCIVUSYZ$6499
represented by 5 the follow ng interplanar spacings (d) as set forth in
Table 2: Table 2 d 9.9045 6.9985 6. 763 6.4079 6.1548 6.0611 5.8933 5.6987
5.4395 5.1983 5.0843 4.9478 4.7941 4.696 4.%272 4.4351 4.3474 4.2657 4.1954

4. 0555 3.9903-3.9244 3.8561
- Another especially preferred dihydrate

intermediate is the crystalline Dihydrate B olanzapine
polymorph (herein referred to as "Dihydrate B") having a
typical x-ray powder diffraction pattern as represented by
5 the following interplanar spacings (d) as set forth in Table
2:
Table 2

d

9.8045

6.9985

6.763

6.4079

6.1548

6.0611

5.8933

5.6987

5.4395

5.1983

5.0843

4.9478

4.7941

4.696

4.5272

4.435)

4.3474

4.2657

4.1954

4.0555

3.9903

3.9244

3.8561

3.8137

3.7671

3.6989

3.6527

3.5665

3.4879



T

3.8137 3.7671 3.6989 3.6527 3.5665 3.4879 W08/ 12199

PCT/ US97/ 16499 -4- 3.3911 3.3289 3.2316 3.1982 3.1393 3.0824 2.9899 2. 9484
2.9081 2.8551 2.8324 2.751 2.7323 2. 6787 2.6424 2.5937 Another preferred
di hydrate internmediate is the crystalline D hydrate E ol a '

e ) ynor ph
(herein ref¥PHREWY as "Dihydrate E') having a typical x-ray pomﬁgrQ;S
diffraction pattern as represented by the follow ng interplanar spacings

(d) as set forth in Table 3: Table 3 d 9-8410 9.5514 6. 9575 6. 1410

- 3.3911
3.3289
3.2316
3.1982
3.1393
3.0824
2.9899
2.9484
2.9081
2.8551
2.8324

2.751
2.7323
2.6787
2.64214
2.5937

Another preferred dihydrate intermediate is the
crystalline Dihydrate E olanzapine polymorph (herein
referred to as "Dihydrate:E") having a typical x-ray powder

5 diffraction pattern as represented by the following
interplanar spacings (d) as set forth in Table 3:

Table 3
d
9.8710
9.5514
6.9575
6.1410
6.0644
5.9896
5.8774
4.7721
4.6673
4.5171
4.4193



6. 0644 5.9896 5.8774 4.7721 4.6673 4.5171 4.4193 W08/ 12199
PCTUS97116499 -5- 4.3540 4.2539 4.2369 4.0537 4.0129 3.8555 3.7974 3.6846
3.5541 3.4844 3.4740 3.4637 3.3771 3.1245 2.9403 The x-ray powder
diffracti on padédasy Set forth herein were obtained with a emasyicisi
wavel ength = 1.541 A The interplanar spacings in the colum nmarked "d" are
reported in Angstrons. The detector was a Kevex silicon 5 lithiumsolid
state detector. The presently clained i nvemion further provides a process
for preparing-Form Il ol anzapi ne conprising drying an ol anzapi ne di hydrat e,
for instance, in a vacuumoven, at about 4Q0gsyg about 700C until the
desired FormlIl is 10 formed. Applicants gave di scovered that
2- et hyl - 4- (4- 4.2539

4.2369

4.0537
4.0128
3.8555
3.7974
3.6846
3.5541
3.4844
3.4740
3.4637
3.3771
3.1245
2.9403

The x-ray powder diffraction patterns set forth
herein were obtained with a copper k of wavelength = 1.541
A. The interplanar spacings in the column marked ngw are
reported in Angstroms. The detector was a Kevex silicon

5 lithium solid state detector.

The presently claimed invention further provides a
process for preparing Form II olanzapine comprising drying
an olanzapine dihydrate, for instance, in a vacuum oven, at
about 40°C to about 70°C until the desired Form 1II is

10 formed.

Applicants have discovered that 2-methyl-4-(4-
methyl-1-piperazinyl)-10H-thieno[2, 3-b] [1, 5]benzodiazepine,
which is a compound of Formula(I):



. met iyl -| - pi perazinyl)-104-thieno[ 2, 3-b][1, 5] benzodi azepi ne, which is a
conpound of Forruul a(l): WO 98/ 21199
PCT/ US97/ 16499 -6- [err] exists as two different anhydrous forns which are

di stingui shabl e by x-ray powder diffractonmetry. The nost 5 e
anhydr ous f SYhIBAZ é”been designated Forml1l. Though Forn1|Pq¥H§34§y’
prepared using carefully controlled conditions, Applicants have di scovered
that an ol anzapi ne di hydrate can be used dg+ the preparation of Formll.

U. S. patent No. 5,229,382 is hereby incorporated by reference in 10 its
entirety. The pol ynor ph obt ai nabl e by t process taught in the '382 patent
is an anhydrate formwhich is not as des|rable for pharnaceuti cal

formul ations as FormIl. The anhydrate optainable by the process of the
'382 patent will 15 be designated ast Form 1 and has a typical x-ray
powder diffraction pattern substanti al s follows, obtained using a

Si emens D5000 x-ray powder diffractoffeter, erein d represents the

i nterplanar spacing: d 9.9463 8.5579} 8. 2445 WO 98/ 12199

PCT/ US97/ 16499 -7- 6.8862 6.3787 6.2839 5.5895 5. 3055

N (1)

/ \

CH.

exists as two different anhydrous forms which are
distinguishable by x-ray powder diffractometry. The most
5 stable anhydrous form has been designated Form II. Though
Form II must be prepared using carefully controlled
conditions, Applicants have discovered that an olanzapine
dihydrate can be used for the preparation of Form II. U.S.
_ patent No. 5,229,382 is hereby incorporated by reference in
10 its entirety.

The polymorph obtainable by the process taught in
the '382 patent is an anhydrate form which is not as
desirable for pharmaceutical formulations as Form II. The
anhydrate cbtainable by the process of the '382 patent will

15 be designated as Form I and has a typical x-ray powder
diffraction pattern substantially as follows, obtained using
a Siemens D5000 x-ray powder diffractometer, wherein d
represents the interplanar spacing:

d

9.9463
8.5579
8.2445



4.9815 4.8333 4.7255 4.6286 4.533 4.4624 4.2915 4.2346 4.0855 3.8254 3.7489
3.6983 3.5817 3.5064 3.3392 3.2806 3.2138 3.1118 3.0507 2.948 2.8172 2.7589
. 2.6597 2.6336 2.5956 A typical exanple of an x-ray diffraction pattern for
Form | is asphedinws Wherein d represents the interplanar spCRAUSIYIGH
I/I1[err] represents the typical relative 5 intensities: d /1

WD 93/ 1219 PCT/ US97/ 16499 9. 9463 100. 00_ 8. 5579 15. 18 8. 2445 1.96
6. 8862 14.73 =7-

- 6.8862
6.3787
6.2439
5.5895
5.3055
4.9815
4.8333
4.7255
4.6286

4.533
4.4624
4.2915
4.2346
4.0855
3.8254
3.7489
3.6983 .
3.5817
3.5064
3.3392
3.2806
3.2138
3.1118
3.0507

2.948
2.8172
2.7589
2.6597
2.6336
2.5956

A typical example of an x~-ray diffraction pattern
for Form I is as follows wherein d represents the
' interplanar spacing and I/I; represents the typical relative

5 intensities:

d 1/13



6. 3787 4.25 6. 2439 5.21 5.5895 1.10 5. 3055 0.95 4.9815

6.14 ‘4. 8333 68. 37 4.7255 21.88 4.6286 3.82 4.533 17.83 4. 4624
5.02 4.2915 9.19 4.2346 18. 88 4. 0855 17.29 3.8254 6.49 3.7489
10. 64 3.6983 14. 65 3.5817 3.04 3.5064 9.23 3.3 7
3. 2806 WO4§§12199, 1 3 2.52 3.1118 4.81 3.0507 i%.‘gsé"i%gs
2.40 2.8172 2.89 2.7589 2.27 2.6597 1.86 2.6336 1.10 2.5956

1. 73 The x-ray powder diffraction patternag-herein were obtained with a
copper Ka of wavelength 1 = 1.541A. The W98/ 12199

PCT/ US97/ 16499 -9- interplanar spaci i th I mar ked "d" are in
Angstrons. The typical relative int eﬁgﬁﬁ;s a&gfhme

8.5579 15.18
8.2445 1.96
6.8862 14.73
6.3787 4.25
6.2439 5.21
5.5895 1.10
5.3055 0.95
4.9815 6.14
4.8333 68.37
4.7255 21.88
4.6286 3.82
4.533 17.83
4.4624 5.02
4.2915 9.19
4.2346 18.88
4.0855 17.29
3.8254 6.49
3.7489 10.64
3.6983 14.65
3.5817 3.04
3.5064 9.23
3.3392 4.67
3.2806 1.96
3.2138 2.52
3.1118 4.81
3.0507 1.96
2.948 2.40
2.8172 2.89
2.7589 2.27
2.6597 1.86
2.6336 1.10
2.5956 1.73

The x-ray powder diffraction patterns herein were
obtained with a copper Ka of wavelength 1 = 1.541A. The



colum marked "lI/1[err]". As used herein "substantially pure" refers to
Form 5 Il associated wth | ess than about 20% sol vated and | ess than
-about 5% Form |, preferably |ess than about 5% sol vated and/or Form I, and
nor & pref er aQbwghAss t han about 1% sol vated and Form |. Fur pOPrUs9716499
"substantially pure” Forn1|| will contain | ess than about 0.5% rel ated
subst ances, 10 wherein "rel ated substances" refers to undesired
chenmical inpurities or residual organic soPvent. Advantageously, the
pol ynor ph prepared using the process and internmedi ates of this invention
Wil be-free firdrexplemacakspacingsetn the ¢olbmumearkedsfdfigase ime 15

substantially zmgs%r%ﬂlrsm | Irhel bypScaEPeEiAtive Biictisiedekhatet e ghidiydrate
internediate is selectegﬁgrqu £ group consisting of pure D hydrate B,

D hydrate D, £ Used herein the term"pure"” refers to |ess
t han about 2096unde5|re552ﬁsed héreimlr'stubstavirialdyepereddrgferficta Fom

refers to | essy hanahanbal3tHNYEss el iy LoriBYeRCasPEA ! |y

preferred that "pure ers to less than 0 596 ndes rate.
typi cal exanpltasy abquk. ﬁﬁyFﬂFPfFac?’r’%EF al]t |lir? han f ?ub ﬁ%/ogl‘gk‘@tﬁq s
as foll ows whearmi/ord Foepr &seahd nbree | prefgxtaniyr lesacithgnaabloht |{%rr]
represents th I erint S'n [

100 60" F00p SIMRRR 208 ForyCr! g@fg&éﬁ ogipstantiphl gl ghiey ki rr,
5.7076 4wid 15 °95§91n lesg Bhan zbou ¥ redated\pubsianaes,

PCT/ US9¥8 1649%herein "related substances” refers to undesired chemical

impurities or residual organic solvent.

Advantageously, the polymorph prepared using the
process and intermediates of this invention will be free
from chemical solvates, for instance existing as the |

15 substantially pure Form IT,.

It is especially preferred that the dihydrate
intermediate is selected from the group consisting of pure
Dihydrate B, Dihydrate D, and Dihydrate E. As used herein
the term "pure" refers to less than about 20% undesired -

20 Dihydrate. More preferredly, the term refers to less than
about 10% undesired dihydrate. It may be especially
preferred that "pure” refers to less than about 5% undesired
dihydrate.

A typical example of an x-ray diffraction pattern

25 for Dihydrate D is as follows wherein d represents the
interplanar spacing and I/I; represents the typical relative

intensities:

d I/1a

9.4511 100.00
7.7098 14.23
7.4482 22.43
6.9807 5.73
6.5252 5.45
5.7076 4.24
5.5539 1.60

5.223 62.98



-10- 4.9803 22.21 4.8908 15.03 4.784

4. 4271 13. 00 4. 3956 16. 63 4.3492
4.1156 18.32 3.7837 5.30 3.7118
3. 482 . 375B 24.87 3.3274

3. 1879 “gﬁgéﬂs%.lss 3.18 3.0979
2.9637 0.48 2.907 2.42 2.8256
2.7317 1.47 2.6732 5.19 2.584%-
d

1. 541A. The interplanar spacings I{;ééh: colu
Angstrons. - The typical relative int es ar

5.15

27.81 4.6947

34. 43 4. 2834 51. 38
1.56 3.5757 0.71

13.49 3.241 ,Us,.,,ml;,w

1.43 3. 01aﬁcr

7.46 2.7914 3 61

10. 62 The x-ray powder
Ka of wavelength 1

iffraction patterns herein were obtained with a copper
rked "d"

are in 5
the col unm mar ked

"I/1[err]". A typical exanple of an &k&%%ﬁ(ﬂffrk§H03m1 pattern for the

D hydrate B polyrmrph is as follows whejgg n d

4.6947
4.4271
4.3956
4.3492
4.2834
4.1156
3.7837
3.7118
3.5757

3.482
3.3758
3.3274
3.2413
3.1879

3.135
3.0979

3.016
2.9637

2.907
2.8256
2.7914
2.7317
2.6732
2.5863

27.81
5.15
13.00
16.63
34.43
51.38
18.32
5.30
1.56
0.71
9.39
24.87
13.49
5.97
1.04

3.18

1.43
1.95
0.48
2.42
7.46
3.61
1.47
5.19
10.62

The x-ray powder diffraction patterns herein were

obtained with a copper Ka of wavelength 1 =

1.5414.
interplanar spacings in the column marked "d" are in

The

5 Angstroms. The typical relative intensities are in the

column marked "I/I;".

A typical example of an x-ray diffraction pattern

for the Dihydrate B polymorph is as follows wherein d



W0 98/ 12199 PCT/ US97/ 16499 -11-
represents the interplanar spacing and I/ 1[err] represents the typical

relative intensities: d [/1[err] 9.9045 100. 00 6.9985 0. 39
6. 763 V098118194079 0.13 6.1548 0. 85 6. 0611 peTse7/16499°
5. 8933 0. 35 5.6987 0.12 5.4395 1.30 5.1983 0. 67
5. 0843 0.24 4.9478 0.34 4.7941 6.53 4.696 1.26
4.5272 2.65 4.4351 2.18 4.34741- 1.85 4.2657 0. 49
4.1954 - 0.69 4.0555 0.42 3.9903 0.89 3.9244 1.52
3.8561 - xaresedtd7 the interplladaryosgacing and 3713. 6&8Cesents the’8
1S MRGCHewe bR LS 0
d I/1,
¢ 2.9045 100.00
6.9985 0.39
6.763 0.17
6.4079 0.13
6.1548 0.85
6.0611 0.99
5.8933 0.35
5.6987 0.12
5.4385 1.30
5.1983 0.67
5.0843 0.24
4,9478 .34
4.7941 6.53
4.696 1.26
4.5272 2.65
4.,4351 ' 2.18
4.3474 1.85
4.2657 0.49
4.1954 0.69
4.0555 0.42
3.9903 0.89
3.9244 1.52
3.8561 0.99
3.8137 1.44
3.7671 0.82
3.6989 1.78
3.6527 0.60
3.5665 0.34
. 3.4879 1.41
3.3911 0.27
3.3289 0.20

3.2316 0.31



W08/ 12199 PCT/ US97/ 16499 -12-

3.1982 0.19 3.1393 0.35 3.0824 0.18 2.9899 0.26 2.9484
0.38 2.9081 0.29 2. 8551 0.37 2.8324 0.49 2.751 0.37
2.7323 W0 9842189 6787 0.23 2. 6424 0.38 2.5937 pepmsthnede

typi cal exanple of an x-ray diffraction pattern for D hydrate E 1s as
follows wherein d represents the interplanar spacing and I/I[err]

represents the typical relative 5. imb?rsities: d [/1[err] 9.9178
100. 00 9. 6046 16.75 7.0163 2.44 6.1987 8.78 6.0971 10. 62
5.9179 1.73 4.8087 50. 14 4.%}f9 10.2& 5335 14. 20 4. 4531
7.80 4.3648 3.04 4.276 4.5 4.%%86 *2.76 3.8717 5. 09
3. 8292 13.39 3.7053 17.24 3.1393 0.35

3.0824 0.18

2.9899 0.26

2.9484 0.38

2.9081 0.29

2.8551 0.37

2.8324 0.49

2,751 0.37

2,7323 0.64

2.6787 0.23

2.6424 0.38

2.5937 0.21

A typical example of an x-ray diffraction pattern
for Dihydrate E is as follows wherein d represents the
interplanar spacing and I/I; represents the typical relative

5 intensities:

d I/I1

9.9178 100.00
9.6046 16.75
7.0163 2.44
6.1987 8.78
6.0971 10.62
5.9179 1.73
4,8087 50.14
4.714 10.24
4.5335 14.20
4.4531 7.80
4.3648 3.04
4.276 4.50
4.0486 2.76
3.8717 5.09
3.8292 13.39

3.7053 17.24



WD 98/ 12199 PCT/ US97/ 16499 -13- 3.5827 4.82 3.4935 13. 22 3.3982

2.01 3.3294 1.30 3.2026 0.98 3. 145 2.66 3.1225 1. 63
-3. 088 2.11 2.9614 2.49 2.9014 1. 03 2.8695 2. 06

2. 8359 wo SR2ibe 7647 1. 95 2. 7582 1. 68 2. 749@CTUSING6A9984

2. 7421 1. 03 2. 7347 1.36 2.6427 2.01 The x-ray powder

diffraction patterns herein were obtained with a copper Ka of wavelength 1
= 1.541A. The interplanar spacings in t he~¢drum marked "d" are in 5
Angstrons. .The typical relative intensities are in the colum narked
"1/1[err]". A typical exanple of an xsragp¢i ffracty @p pattern for the
anhydrous Form 1| polynorph is as foIIogﬁggherelgéd25epresents t he

i nterplanar spacing and I/1[err] reprgs t he . typical relative
intensities: d I/1]err] 10.2688982 100.@Q008.577 7.96 7.4721
1.41 7.125 6. 50 6.1459 3. 3235094 1.30
. 3.2026 0.98
3.145 2.66
3.1225 1.63
3.088 2.11
2.9614 2.49
2.9014 1.03
2.8695 2.06
2.8359 1.63
2.7647 1.95
- 2.7582 1.68
2.7496 1.84
2.7421 1.03
2.7347 1.36
2.6427 2.01

The x-ray powder diffraction patterns herein were
obtained with a copper Kz of wavelength 1 = 1.541A. The
interplanar spacings in the column marked "d" are in

5 Angstroms. The typical relative intensities are in the
column marked "I/I1".

A typical example of an x-ray diffraction pattern
for the anhydrous Form II polymorph is as follows wherein d
represents the interplanar spacing and I/I; represents the

10 typical relative intensities:
d I/1
10.2689 100.00
: 8.577 7.96
7.4721 1.41
7.125 6.50
6.1459 3.12

6.071 5.12



6. 071 5.12 W08/ 12199

PCT/ US97/ 16499 -14- 5.4849 0.52 5.2181 6.86 5.1251 2. 47
4.9874 7.41 4.7665 4.03 4.7158 6. 80 4.4787 14.72 4.3307
1.48 4.2294 23.19 4.141 11.28 3.9873 9.01 3. m,% 62%4. 04
3.5645  WO9BM219 5366 4.85 3.3828 3.47 3.2516 FCHUSYHIAD 3 134
0.81 3.0848 0.45 3.0638 1.34 3.0111 3.51 2.8739 0.79
2.8102 1.47 2.7217 0.20 2.64334- 1.26 2.6007 0.77 As
used herein, the term"mammal"” shall refer to the Mammalia cl ass of higher
vertebrates. The term "mammal " includes, but is not limted to, a human.
The term5 "treating" as used hér-d8A% ncl ud®srophyl axis of the named

condition or anelioration or elimndg.i2agiof the e®@sditi on once it has been
establ i shed. The conpounds and proc%§§3%lof thezpﬁgsent

4.9874 7.41
4.7665 4.03
4.7158 6.80
4.4787 14.72
4.3307 1.48
4.2294 23.19
4.141 11.28
3.9873 9.01
3.7206 14.04
3.5645 2.27
3.5366 4.85
3.3828 3.47
3.2516 1.25

3.134 0.81
3.0848 0.45
3.0638 1.34
3.0111 - 3.51
2.8739 0.79
2.8102  1.47
2.7217 0.20
2.6432 1.26
2.6007 0.77

As used herein, the term "mammal" shall refer to
the Mammalia class of higher vertebrates. The term "mammal"
includes, but is not limited to, a human. The term

5 "treating” as used herein includes prophylaxis of the named
condition or amelioration or elimination of the condition
once it has been established.

The compounds and processes of the present
invention are useful for preparing compounds having

10 beneficial central nervous system activity. Certain
compounds and conditions within the scope of this invention



I nvention are useful for preparing conpounds having 10 benefi ci al
central nervous systemactivity. Certain conpounds and conditions within
the scope of this invention WO 98/ 2199

PCT/ US97/ 1649, vdizefl € Preferred. The foll ow ng condition 69ad4bP N
enbodi nent s, ﬁ%ﬁ@é’ﬁ%ound characteristics listed in tabul ar S‘1:.:c')l‘r’ﬁrrl‘1j§nay be

| ndependently conbi ned to produce a variety of preferred conpounds and
process conditions. The following 5 | i-d5-of enbodi nents of this
invention is. not intended to limt the scope of this invention in any way.
Sone prefered alter pebeersédcs THe tfvld owingnicoadittiohsdeitventfiod owi ng: 10
A) An internedi | at ' | ] : : r ph
of o|anzapine;e§§8ﬁg%§ﬁg%nr%?%&#éﬁ##@?%:§§323%§9§§ ?éff ltﬁﬁ%?lﬁnﬁy %@?ggD
pol yjor ph; 15 form may be indgpendentiler @@P&P@ddﬁﬁyam%%cm creyletynef
Dihydrate preferr&dpebmpinds eGind ipriozepisneonBitions Nt eriedciileowing

di hydratg whi cf s Lhe BOVALAIE of tnis javenBRbTEPHoRT MAMEAPIRS D
Process for prepatlng orm conprising diying’ an
ol-anzapi ne di hydmitethe scere imtdien ixvensdon So[aryY|W®Y-F) Form | |
prepared using a dihydrate is used for treating a condition selected from
the group consisting of sychasi s,, s¢chi zophrenia, a 25.. . .

schi zophreni f or m di sor de o $ﬁ?§é€%ﬁﬁqﬂé%?rgﬁ§e5&ﬁ écﬁnﬂgaﬁhﬁi RVEBEASPat i on
conpri si ng For éncludadthebfolawindly pure Dihydrate D; and H) A fornul ation
conprisigpg Form 11l and 30 substantially pure D hydrate B. The

starting materials for F&F r%ﬁ&%&ﬁ %%%%' thdrate which is the

Dihydrate D polymorph of olanzapine:
B) A compound which is the substantially pure
Dihydrate D polymorph;

15 C) An intermediate dihydrate which is the
Dihydrate B polymorph of olanzapine;
D) An intermediate dihydrate which is the
Dihydrate E polymorph of olanzapine;
E) Process for preparing'Form II comprising drying
20 an olanzapine dihydrate in a vacuum oven at

about 50°C.;
F) Form II prepared using a dihydrate is used for
treating a condition selected from the group
consisting of a psychosis, schizophrenia, a
25 schizophreniform disorder, mild anxiety, and
acute mania;
G) A formulation comprising Form II and
substantially pure Dihydrate D; and
H) A formulation comprising Form II and
30 . substantially pure Dihydrate B.

. The starting materials for the present invention
can be prepared by a variety of procedures well known to
those of ordinary skill in the art. The material to be

35 employed as starting materials in the process of this
invention can be prepared by the general procedure taught by



can be prepared by a variety of procedures well known to those of ordinary
skill in the art. The material to be 35 enpl oyed as starting materials
in the process of this invention can be prepared by the general procedure
taught by W98/ 12199

PCT/ USQ7/ 16WOIBNAMY Chakrabarti in U S. Patent No 5,229, 38BCTUSHAMMO o, ¢j
I ncorporated by reference in its entirety. The D hydrate D is prepared by
extensive stirring of technical ol anzapingg-which nmay be prepared as
described 5 by Preparation 1, under aqueous conditions. The term

aquequs coNdidpalal 955 .8 2BaRGHENNS 5036 Y ShaTaypbeeeh her vater

or a solvent wat er “and_ah ‘or'gani c So Ich is
sufficiently %ﬁﬁQﬁPQﬁ%ﬁﬁ Ihy F@ SreBRet ha %EﬁLﬁ#Q&fﬁ@ﬂb|chlonetr|c quantity
of water to be 10 mmhyuﬁatbensﬂévﬁf&pﬁéd lHye extehsadveok¥epting Xt ure

s utilized, the or.gani l,yent avi_n behlnd t he
wat er, and/ or® e‘?ﬁ Mcf% tqﬁa%z%@ﬂﬂg,rheﬂyéﬁ ’9 %xtf gjars?? PPi ﬁss Eh%?ﬁl be
from ab®ut orhaY (Byepanation 4bo@pd§rxage§oway%ondﬂm The &sermsan will .
appreci ate 15"aquedd@tcdﬂﬁttlbﬁ%"\/\ﬂrleteyaft’oV&ﬁ hadutduse 3elliveRtCRRSER i Ry such

as tenperatu ssure, and_sql ve ref.er.red that ex en5|ve
stirring ref % %ﬁ; i "eSt Psuf Eﬂﬁgﬁgﬁ %1£§§&?s;4ﬁﬂ§ﬁ5PPgd ?ng mt
aqueous cond|than;qraﬂhnﬁ@tawhaqbeeasssﬁfwcmnntxx)water miscible fihe
conpl etion of,1Nsy NAACIHRYhiFRM QQoEEHi&xQé@f‘:.é’Scid&ixt&“trya)bfpﬁ\é‘géi ghfhgaction

and ot such nethods fam liar to the skilled arti eye such

t echni gﬁes ark®¥ |1l5‘e(ﬁ"§el 8@/ Egnf}oﬁﬁ‘&r%har)gfct%ﬁ@gﬁn(ynmﬁréizﬂﬁﬁsl? ncl ude,
for 25 exXatniol igede- rtenp thecprganier sohventy siust tiee remgvadi nkeaving
anal ysi s (TGAenid fﬁf&%&'r,sﬁﬁﬁ?bﬂgréﬁié’ééMﬁW waltael. . ‘i‘hEr aaﬁhri ¢

AORPIER . £ MICHIC I IR S G AT
about six (6) days; however, the artisan will appreciate

15 that the time will vary with the reaction conditions such as

' temperaturé, pressure, and soclvent. It may be preferred
that extensive stirring refers to at least four (4) hours.
It is preferred that the aqueous conditions include an
aqueous solvent. ’

20 The completion of the reaction may be monitored
using x-ray powder diffraction and other such methods
familiar to the skilled artisan. Several such techniques
are described below.

Compound characterization methods include, for

25 example, x-ray powder pattern analysis, thermogravimetric .
analysis (TGA), differential scanning calorimetery (DSC),
titrametric analysis for water, and Hl~-NMR analysis for
sclvent content.

The dihyrates described herein are true dihydrates

30 having two water molecules per drug molecule, wherein the
water molecules are incorporated into the crystalline
lattice of the dihydrate compound. _

The following examples are provided for purposes
of illustration and are not to be construed as limiting the

35 scope of the claimed invention.



30 havi ng two wat er nol ecul es per drug nol ecul e, wherein the water
nol.ecul es are incorporated into the crystalline lattice of the dihydrate

- conmpound. The foll ow ng exanpl es are provided for purposes of illustration
and are not strued as limting the 35 scope of pdagusoheésned

i nvention. Hﬁ&&ﬁ§§?€2199

PCT/ US97/ 16499 -17- Preparation 1 Technical G ade ol anzapi ne [err]
Internediate 1 5 In a suitable three neck $¥&sk the foll owi ng was added

Di net hyl sul foxi de (analytical): 6 volunmes Internediate 1

75 g 10. N- Met hyl pi per azi ne (reagqugﬁ§ra&ieguivalents Internediate 1
can be prepared using nethods kpgo | ..san. For exanpl e,
the preparation of the Interned?gpgn&g?% Euéﬁudgg$4gégh 382 patent. 15

A sub-surface nitrogen sparge |line was added to renove the ammonia fornmed
during the reaction. The rgaction was heated to 128f nd mai nt ai ned at
t hat tenperature throughout 23 ki on of the reactidem. e reactions
were. foll owed by HPLC unti | af—{t he i nternedi ate ft unreacted. 20
After the reaction was conpﬁ- ’ ' o cool slowy to
20[ err] (about 2 hours). The rfactijon mixture was the§ tralNsferred to an

appropriate three neck round P&t oAaN | ask and water . Jo this solution
with agitation was added 10xo|u A

eagent grade nﬁi d 25 t he
reaction was stirred at 20[err]C 30 mnutes. T ps of water

was added slowly over about 30 m n#fes. The reaction slurty-was cooled to
zero to S5[err]C and stirred for 30 m nutes. The product was filtered and
the wet cake was washed with chilled ngipanmdaiaie wet cake was dried in

S5
In a suitable three neck flask the following was added:

Dimethylsulfoxide (analytical): 6 volumes
Intermediate 1 : 75 g

10 N-Methylpiperazine (reagent) : 6 equivalents
Intermediate 1 can be prepared using methods known to the
~skilled artisan. For example, the preparation of the
Intermediate 1 is taught in the '382 patent.

15 A sub-surface nitrogen sparge line was added to remove the

ammonia formed cduring the reaction. The reaction was heated
to 120°C and maintained at that temperature throughout the
duration of the reaction. The reactions were followed by

) HPLC until 5% of the intermediate 1 was left unreacted. _

20 After the reaction was complete, the mixture was allowed to
cool slowly to 20°C (about 2 hours). The reaction mixture
was then transferred to an appropriate three neck round '
bottom flask and water bath. To this solution with

. ' agitation was added 10 volumes reagent grade methanol and

25 the reaction was stirred at 20°C for 30 minutes. Three
volumes of water was added slowly over about 30 minutes.
The reaction slurry was cooled to zero to 5°C and stirred
for 30 minutes. The product was filtered and the wet cake '
was washed with chilled methancl. The wet cake was dried in
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vacuo at 45[err]C overnight. The product was identified as technical _
ol anzapi ne. Yield: 76.7% Potency: 98.1%5 Exanple 1 Dihydrate D A 100 g

sanpl e of technical grade ol anzapi ne (see 10 Prepar at i
suspended i WORBAE® (500 nl). The nixture was stirred at ag(gﬁg 'Eél err]C for

about 5 days. The product was isolated using vacuumfiltration. The product
was identified as D hydrate D ol anzapi ne-1gs4 ng x-ray powder anal ysis.
Yield: 100 g. TGA nass |oss was 10.2% 15 Exanple 2 Dihydrate E A 0.5 g
sanpl e of tec\thfn@'at%%de BUBPRIGhAE Wiife FroductSWakendedriniegyd acetate
(10 nL) and tol uene 30.6 nL%.,The m xture was heated to 80[err]C until al
the solids dit@Mi&R! eA8728PLRFon was cooled to 60[err]C and water (1 i)

was added slowy. As the solution cooled to roomtenperature, a crystal

slurry formed; e Weo.@}g(}t PBeerSy: ogippl ated using vacuumfiltration and
dried under anbient conditions. T%e product was identified as Di hydrate E
usi ng x5ray powder analysis and solid state 13[err]C NVR TGA nmass | oss was -
10.5% Yield: 0.3 g. 30 Example 1 Exanple 3 D hydrate B
A 10 g sanple of technical grade ol apy 'Q?tgag suspended in water (88 ni).
The m xture was stirred at about 25[er??é or hours. The product was

i sol ated using 35 vacuum filtration. The product was identified as
D hydrate B ol anzapi ne au3ionggxsanyleovfictechrnigl yyradecbdanzlpbie g(see
10 Preparation 1) was suspended in water (500 mL). The mixture

was stirred at about 25°C for about 5 days. The product was
isolated using vacuum filtration. The product was
identified as Dihydrate D olanzapine using x-ray powder
analysis. Yield: 100 g. TGA mass loss was 10.2%.
15
Example 2
Dihydrate E

A 0.5 g sample of technical grade olanzapine was

20 suspended in ethyl acetate (10 mL) and toluene (0.6 mL)..
The mixture was heated to 80°C until all the solids
dissolved. The solution was cooled to 60°C and water (1 mL)
was added slowly. As the solution cooled to room
temperature, a crystal slurry formed. The product was

25 isolated using vacuum filtration and dried under ambient
conditions. The product was identified as Dihydrate E
using x-ray powder analysis and solid state 13¢c NMrR. TGA
mass loss was 10.5%. Yield: 0.3 g.

30 Example 3
Dihydrate B

A 10 g sample of technical grade oclanzapine was
suspended in water (88 mL). The mixture was stirred at
about 25°C for 6 hours. The product was isolated using

35 vacuum filtration. The product was identified as Dihydrate
B olanzapine using x-ray powder analysis. Yield: 10.86 g.
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-19- Exanple 4 Form Il The D hydrate D of

‘ol anzapi ne, prepared as described by Exanple 1, is dried in a vacuum oven
at about 5 wooiﬁ?@_“”der about 100 to 300 mm vacuum for a peigshishesabout
27 hours. The resulting material is identified using x-ray powder anal ysis
and identified as FormlIl. Exanple 5 10 The Di hydrate B of

ol anzapine, is dried in a vacuum oven at ab%ut 50 [err] C under about 100 to
300 nm vacuum for a period of about 30 hours. The resulting material is
identif4ed using x-ray powder anal ysis Exahpleecdtified as FormlIl. 15
Exanpl e 6 The D hydrate E of ol anzapi ne,gd.5, §¢ €d in a vacuum oven at about
50 [err] C under about 100 to 300 mm vacuumfor a period of about 30 hours.
The resulting naterial iBre@ihydragenPi f L IRIFRINEr RFEPSKEE 28nal ysis and
i Flenti fied gjsh&@wtibed by -Ez&mpmean;rgia. dridd chimpurtuti ovens _aangbout _

ol anzapi ge di t c o] rein i is
an isnter %edi at %ﬁl‘?%r&pdr%paaﬁoﬁg Egramg{)]l 3@‘? a’%gﬁﬂﬁjgm\l\%sr hAp%g?rﬁgu%% %@%;ai ns
| or 14 wherei &7 theurs hy e gesulEipgtnatenta g ddendifiedansapyny-ray

pol ymor ph havi pgwderd a3 2%d' ddeROVEEsd i fFaad ilgn pattern as
represented by the follow ng interplanar spacings (d) as set forth in Table

2: Table 2 d
Example 5
10 The Dihydrate B of olanzapine, is dried in a

vacuum oven at about 50 °C under about 100 to 300 mm vacuum
for a period of about 30 hours. The resulting material is '
identified using x-ray powder analysis and identified as
Form II.
15
. Example 6
The Dihydrate E of olanzapine, is dried in a
vacuum oven at about 50 °C under about 100 to 300 mm vacuum
for a period of about 30 hours. The resulting material is
20 identified using x-ray powder analysis and identified as
Form II.
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- Claims
1. A compound which is an olanzapine dihydrate.

S 2. A compound of Claim 1 wherein the dihydrate is
an intermediate for preparing Form II olanzapine.

3. A compound of Claim 1 wherein the dihydrate is
crystalline Dihydrate B olanzapine polymorph having a
10 typical x-ray powder diffraction pattern as represented by
the following interplanar spacings {d) as set forth in Table
2:
Table 2

d

9.9045

6.9985

6.763

'6.4079

6.1548

6.0611

5.8933

5.6987

5.4395

5.1983

5.0843

4.9478

4.7941

4.696

4.5272

4.4351

4.3474

4.2657

4.1954

4.0555

3.9903

3.9244

3.8561
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3.0824 2.9899 2,9484 2.9081 2.8551 2.8324 2.751 2.7323 2.6787 2.6424 2.5937
4. . A D hydrate B of daim3 \/\her,mnwmug , ative intensity pattern
ts the follomnng 5d /1] ﬂl,‘ 00. 00 6.9985 0 39
6. 763 17 6.4079 6.1548 " s .85 6.0611

5. 8933 orknsistog; 012 5 4308 1.30 REPLACERERT &

-22- 5.1983 0.67 5.0843 0.24 4.9478 0.34 4.7941

6.53 4. 696 1.26 4.5272 2.65 4-3851 2.18 4.3474
1.85 4.2657 . . 0.49 4.1954 0. 69

3.8137
3.7671
3.6988
3.6527
3.5665
3.4879
3.3911
3.3289
3.2316
3.1982
3.1393
3.0824
2.9899
2.9484
2.9081
2.8551
2.8324

2.751
2.7323
2.6787
2.6424
2.5937

4. A Dihydrate B of Claim 3 wherein a typical
relative intensity pattern is the following:

5 ' a I/1I4
9.9045 100.00
6.9985 0.39
6.763 0.17
6.4079 0.13
’ 6.1548 0.85
6.0611 0.99
5.8933 0.35
5.6987 0.12
5.4395 1.30
[ —
"



4. 0555 0A2 3.9903 owz 3. 8561 0. 99
3. 8137 1.44 3.7671 IH@” 1.78 3.6527 0. 60
3. 5665 0.34 3, 4879 1. .27 3.3289 0. 20
3. 2316 31 3.1982 m”m””, 35 3.0 TUSOTIIGA .18
2.9899 wo 9% . 9484 o 38 2.9081" *0.29 2.8 1649y 37
2.8324 0.49 2. 751 0.37 2.7323 0.64 2.6787 0.23
2.6424 0.38 2.5937 0.21 -2%-5.  Adihydrate of daim4

wherein the dihydrate is pure, that is contains | ess than 20% undesired
di hydrate. 6. A compound of Caim] or Claim5 wherein the dihydrate is
crystalline Dihydrate E ol anzapi ne pot ph hav@n@a 5 typical x-ray
powder diffraction pattern as represgnt®B by theofod | owi ng i nterpl anar
spacings (d) as set forth in Table 335 Jgpde 3 d 5. 34

4.7941 6.53
4.696 1.26
4,5272 2.65
4.4351 2.18
4.3474 1.85
4.2657 0.49
4.1954 0.69
4.0555 0.42
3.9903 0.89
3.9244 1.52
3.8561 0.99
3.8137 1.44
3.7671. 0.92
3.6989 1.78
3.6527 0.60
3.5665 0.34
3.4879 1.41
3.3911 c.27
3.3289 0.20
3.2316 0.31
3.1982 0.19
3.1393 0.35
3.0824 0.18
2.9899 0.26
2.9484 0.38
2.9081 0.29
2.8551 0.37
2.8324 0.49
2.751 0.37
2.7323 0.64
2.6787 0.23
2.6424 0.38
2.5937 0.21
ThlS Sheet Has Been Re; laced




9.8710 9.5514 6.9575 6.1410 6. 0644 5.9896 5 8774 4 7721 4.6673 4.5171
4.4193. 4, 3540 4.2539 4.2369 4.0537 4.0129 3.8555 3. 7974 3. 6846 3.5541
3.4844 3.4740 8.4637 3.3771 3. 124E|H MEI" "ljﬂﬁm? A Di hydrate E of
Claimé6 vvherelnat%glcal relativ |sthefoh,b9ms

I/1[err] 9.91%® 100. 00 9. 6046 16.°75°7. 0163 .44 6 1987
8.78 6.0971 10. 62

-23-

- 5. A dihydrate of Claim 4 wherein the dihydrate is
pure.
6. A compound of Claim 1 wherein the dihydrate is
crystalline Dihydrate E olanzapine polymorph having a
5 typical x-ray powder diffraction pattern as represented by
the following interplanar spacings (d) as set forth in Table

3:

Table 3
d
9.8710
9.5514
6.9575
6.1410
6.0644
5.9896
5.8774
4.7721
4.6673
4.5171
4.4193
4.3540
4.2539
4.2369
4.0537
4.0129
3.8555
3.7974
3.6846
3.5541
3.4844
3.4740
3.4637
3.3771
3.1245
2.9403

10 .
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5.9179 1.73 4.8087 ‘_~—5U‘Tﬁ*ﬁrﬁ4¥L—____ 10. 24 4.5335

14.20 4.4531 7.80 4. 364 4.276 4.50 4.0486
2.76 3.8717 5.09 3. 8292ﬁ"’"””'”"!li IEM%S 17.24 3.5827

4.82 3.4935 13.22 3.3982 * 04 é,%ﬁ 2026

0.98 3.145WOMM2M 5 g5 3 1275 1. 63 3. 088 PCTRSYH16899614

2. A9 29014 1.03 2.8695 2.06 2.8359 1.63 2.7647

1.95 2.7582 1.68 2.7496 -bg84 2.7421 1.03 2.7347

1.36 2.6427 2.01 -25- 8. A conpound of Claim?7 wherein the

di hydrate i s pure, thag |§ ﬂﬁ $F Eh gng%wgggfﬁ rgq:r?g; hydr ate.

A process for prepar| ng substant| pure Faorn_I1l  containi 1%8ss than

0. 5% undesi r && éﬁéﬁ?céPt?Pﬁ&ﬁYtR4£$§ﬂ'l§e§P8u§P LPYERIt sol vent conpri sing

dryi ng an ol anzapi ne di hydrate untdl the dddiIned Form Il is

9.9178 100.00 |
9.6046 16.75
7.0163 2.44
6.1987 8.78
6.0971 10.62
5.9179 1.73
4.8087 50.14
4.714 10.24
4.5335 14.20
4,4531 7.80
4.3648 3.04
4.276 4.50
4.0486 2.76
3.8717 5.09
3.8292 13.39
3.7053 17.24
3.5827 4.82
3.4935 13.22
3.3982 2.01
3.3294 1.30
3.2026 0.98
3.145 2.66
3.1225 1.63
3.088 2,11
2.9614 2.49
2.9014 1.03
2.8695 2.06
2.8359 1.63
2.7647 1.95
2.7582 1.68
2.7496 1.84
2.7421 1.03
2.7347 1.36
-_ 2.6427 2.01
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prepared. 10. A process of Claim9 wherern the ditiydrate is dried in a

vacuum oven at 40 Cto 70 0 C. d aim 10 wherein the
di hydrate is Dihydrate D. 12. A]”" Mjmﬁmﬂm 10 wherein the dihydrate
i's Di hydr ate‘? of Process of Caiem whes the di hydrgdgudeTiies99

D hydrate E 2 A compound of Clainms 1 or 2 wherein the dihydrate Is
crystalline Dihydrate is crystalline D hydrate B ol anzapi ne pol ynor ph
havi ng an x-ray powder diffraction pattem+@3+h the foll ow ng interplanar
(d) spacings.i.n Angstrons: 9.90, 5.44, 4.79, 3.92, 3.77, 3.65. 15. A
conmpound- of Claim1 wherein the di hydrate is crystalline D hydrate E

ol anzapi ne pol ynmor ph having aP. | ffr i t ' td
foll owi ng interplanar (d) spaC| naégl?{n (g«n S arig'kms_l]:c @%EEQHQQgé gi%&%&loﬁe
4.81, 4.71, 4.33re} 45, 3.83, 3.71, 3.49. REPLACEMENT SHEET

9. A process for preparing substantially pure Form
5 I1 comprising drying an olanzapine dihydrate until the
desired Form II is prepared.

10. A process of Claim 9 wherein the dihydrate is
dried in a vacuum oven at about 40°C to about 70°C.

10
11. A process of Claim 10 wherein the dihydrate is
Dihydrate D. '
12. A process of Claim 10 wherein the dihydrate is
15 Dihydrate B. '

13. A process. of Claim 10 wherein the dlhydrate is
Dihydrate E.

._\
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