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COATED PARTI CLE FORMULATI ON This invention provides an

i mproved pharmaceutically el.egant fornul ation of 2-nethyl-4-(4-

met hyl - | - pi perazi nyl)-10H-thi eno[ 2, 3-b][1,5] benzodi azepi ne, hereinafter
referred to as ol anzapi ne, and processes for the preparation thereof.

A anzapi ne ha¥O9¥M? great promise in the treatnent of psy YLV ents
and is currently being evaluated for that purpose. Certain tablet
formul ati ons of ol anzapi ne are known, as=-described in U S. Patent No.
5,229, 382. However, inproved oral fornulations were desired in |ight of

the noisture sensitive, netastefhfePAHIRE FORMDIAPIME. t he tendency of
ol anzapi ne to undesirably discolor in the known tablet formulation, that

is the fornulation disclosed in 5,229,382, and due to the surprisingly
potent nature of ol anzagikie iAvephionaprovides |an dimpyaemedgr anul e or

m croparticle ﬁQfﬂ&@éﬁﬁf&hﬂM?Se@%&ﬁﬁtaf$fhﬁﬁéﬁfdﬁjofSQCReﬁh9mUhE(4-

(ormutaton vegepyf! P alu i (T e B LIS 5 57 pRabiionsalie, .

relatively Iargerelméfmnrareierredhtoeas o harzz apriaveyl anﬁopnnbaSsea.for the
The di scol oratjp JoN y@@ egigpearance does not produce an increase in
t he nunber {EH su%stances however, the col or change and
appearance is not generally considered pharnaceutically desirable. The
color change coul d be Eranzapiael kasnshewn adteatf ropasecihhstheuf feri ng

from & PSychoti oSt I isycUeS: phbECRAL |60 1aoskrbhk el b ng eoc] Ve

ol anzapine is a patle ucl nat i ons sLons, and_| oss.
of touch with eV%ﬁ‘F?‘E?ﬁ‘ farudhag PHFHBPﬁt i &P%%&%ﬁgl Epzmulabions
appear ance i s obahz#ieine exke known, as déperilsedtin hve BaseaveNed t hat

glelrgﬁ 'eé coati Bgr»4 Nggp! aNZARVAE, SYREEEPEE M4 ALt TBRE GBEETdbiYrea
: in light of the moisture sensitive, metastable nature of

olanzapine, the tendency of olanzapine to undesirably
discolor in the known tablet formulation, that is the
formulation disclosed in 5,229,382, and due to the
surprisingly potent nature of olanzapine. A
pharmaceutically elegant granule or microparticle
formulation was especially desired. Such granule
formulation was particularly challenging in light of the
exacerbating effect of surface contact with ambient air and
moist environments and the relatively large surface area
inherent in a granule formulation.

The discoloration and mottled appearance does not
produce an increase in the number of total related
substances; however, the color change and appearance is not
generally considered pharmaceﬁtically desirable. The color
change could be particularly undesirable for patients
suffering from a psychotic conditions. 1Indeed, the patient
most likely to receive olanzapine is a patient suffering
from hallucinations, delusions, and loss of touch with
reality. Thus, a formulation having consistent color and
appearance is most desired.

Applicants have discovered that directly coating
the olanzapine substance with one or more carefully selected
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-2- pol ynmers can provide drug material that is resistant to such

di scol orati on when forrmulated as a granule. Additionally, the presently
clained invention is useful for tablet fornulations wherein a tablet
subcoating is undesirable. The presently clained invention
provides a RygégReAUtically el egant solid oral fornulation geqRiRodfdsito

ol anzapi ne as an active ingredient with one or nore pharnaceutically
accept abl e exci pi ents, wher ei n_the ol anzapine is coated with a
pol ymer selected fromthe group consisting of cetyl alcohol, cetyl esters

b hel | t earat e, droxypropyl
mothyl cel |l R VARTa; SePcPROV LB CH ey GO eniAn fPRE a1 6xF BERSIERE | 4R GRien
sodi um car boxdirasclpresliibnl when fydnukatrdmd eekirahale, padgitignhally,
pyrrol i done, difeelpdsaiiengebiytngRt HARH PR ngg%aiykaget%@fcgl est er

| ul ose,

copol yner, ethyl acryl ate-nethyl pet hac copol yner

ang e¥hy|ce|| fétl°ns “he ¥e+? ast ?ﬁiﬁ (ﬁHQ%PFﬁlﬁEeﬁérP%ﬁe¥¥%ﬂb¥?ma

ol anzapi ne coat does not contain polyethyl ene glycol. It is
especial | y desired that thaepsabesle £ A1aduid i¥eh@BohSpPodidll! £ It MY

be desired tha tio m cropart Ad anzapi ne,
a potent conp Wﬂ%ﬁﬂ ﬁ&ai Inf ?QﬁPteﬁﬂ%%ﬂ19Faﬂoﬁoﬁ§ﬂlﬁﬁl?me%@WPE}%ﬁ#%bhot|c
patients, tendslanzapdnenasaahabteive ntenglihty MeRUbHhEab: Ymewslesi red

d'500'Orat'0“pH¥¥$d@%ﬁ%@@§l§9r%gé%?éﬁ?#{%% EH%%@lety of the fi.nished

solid formul at’i i's€bver ed t hat olanzaplne
under goes undesi rabl e dreesedp h%rpmm a6t eaatpdhwitera apol ymex pi ent s

i ncl udi ng powcseegitedd € roftut hé egrotih econd istdne afi eatiys 83@&%113&&%%3}%/
noi s

o oy s e W, LN L SIORL SRl BadBL ol o,

produce an i n&'E€ALEtEn Pﬂérﬂﬁhﬁﬁﬁp¥ﬁ nefihyl celdvégse, hydroxyethyl ’
cellulose, methylhydroxyethylcellulose, sodium :
carboxymethylcellulose, hydroxypropylcellulose, polyvinyl
pyrrolidone, dimethylaminoethyl methacrylatemethylacrylate
acid ester copolymer, ethylacrylate-methylmethacrylate
copolymer, methylcellulose, and ethylcellulose. :

It is particularly preferred that the olanzaplne
coat does not contain polyethylene glycol.

It is especially desired that the solid oral
formulation is a granule. It may be desired that the
formulation is a microparticle.

Olanzapine, a potent compound showing promising
activity for use in treating psychotic patients, tends to be
metastable, undergo pharmaceutically undesired
discoloration, and demands care to assure homogeniety of the
finished solid formulation.

‘Applicants have discovered that olanzapine
undergoes undesirable discoloration when contacted with
certain excipients including powder blends. Further, the
discoloration is exacerbated by ambient air condltlons, at
elevated temperatures, and by moist environments.

Although the discoloration phenomenon does not
produce an increase in the number of total related
substances, the browning and mottling appearance is not
generally considered pharmaceutically acceptable for



subst ances, the browning and nottling appearance is not generally

consi dered pharmaceutically acceptable for WO 98/ 13027

PCT/ US97/ 16547 - 3- comer ci al purposes.
Further, the discoloration is particularly disturbing when a tabl et
formulation is adnmnistered to a psychotic patient, which patient nay be
especi al | y t WQAs/a®?by t he changi ng appearance of their ne 754547

The di scol orati on phenonenon is particularly troublesonme for a granule
formul ati on. Such formul ation inherently-Zxposes nore ol anzapine to
anbient or humd conditions by virtue of the increased outer surface area
relative to acefinbéciabl phrdesenl atFurtheFhethe edistoldruteinin dis provi des the

desired phar g@g@g%ggg%{&/%d&f%}‘bmg %gh f%ﬂ}c‘é@t ft&hulation is

Appl i cants h anzapi ne conpound with a
polyner sel ecpdpipishera’ EﬁcﬁuPSXEQQ§#§tPﬁﬁlﬁﬁtceW®4chﬂRRﬂﬁﬁnt ga8¥yPeesters

Wax, carnaubaegpéciasihgl t esublme By theBBARGENG SHiEed Pirfce Rfdtteipr opyl
nethyl ceIIu %é? P oxyethyl cel l ul ose, nethyl hydroxyet hyl cel | ul ose,
sodi um car boxy ﬁy cefTulose, hydroxypropylcellulose, polyvin
pyrrolidone, d|nethylaﬁhemﬁa$ﬁR1Qﬁa¢h96r9h§ﬂ@ﬁ%¥%@lh@r@ﬁ$ﬁk§u%§r Yest er

copol yner, eth¥b§§l¥ééﬁ@ f@%fﬁﬂdﬁﬁﬂﬁaﬁrfb%hﬁlﬁ@ﬂ@hynHSuchfEﬁﬂﬁdr%thH'Ose
and ethylcellu u coatlng rOV|de§éa uni f Qr.m

st enl ot npiphegenfiy “effdidd hatle oTHBERBLAE LS AR DrIBRAT 1| on
phenomenon |n°pdeti©nﬂu¢ﬂivithEﬂﬂi themingreaned ot pxflager @dky in  a

tablet form bhewg¥eve €53WSLILHEMIAL QBrﬁﬁﬂath&xllk’ﬁxeﬁrﬁ'es@Q&I red as

wel | . I met hyl
el 1l ose, hydPBRYpIOBPERTIdn 00 HEHy FroPRarBRes e LRI AFOBPFul ote. A
especi al |y pregirenndd pormwlatigmat is hydroxypropyl nethylcellul ose. '

It is especially preferiﬁﬁhié&ﬁté'H%vEOHEHE6§éPQd €Eﬁﬁfﬁdhﬂl wpet stable
anhydrous for erein, as see EP

| ||
8 850) *hove paanz S PRE “EomiSaund ST 8 obOSE a8y S5 ilan wnb8RaD | o

a consisting of cetyl alcohol, cetyl esters wax, carnauba wax,
: shellac, beeswax, magnes;um stearate, hydroxypropyl methyl '

cellulose, hydroxyethyl cellulose,
methylhydroxyethylcellulose, sodium carboxymethylcellulose,
hydroxypropylcellulose, polyvinyl pyrrolidone,
dimethylaminoethyl methacrylatemethylacrylate acid ester
cdpolymer, ethylacrylate-methylmethacrylate copolymer,
methylcellulose, and ethylcellulose; as a coating or
subcoating provides a uniform, physical stability and
effectively prevents the undesired discoloration phenoménoh
in the formulation. The formulation is most preferredly in
a tablet form; however, granule formulation and the like are
desired as well.

Most preferred polymer coats are hydroxypropyl
methyl cellulose, hydroxypropylcellulose, methylcellulose,
and ethylcellulose. An especially preferred polymer coat is
hydroxypropyl methylcellulose.

It is especially preferred that the formulation
contain the most stable anhydrous form of olanzapine,
referred to herein as Form II; (see EP 733,635) however,
other forms of olanzapine are contemplated. Form II has a
typical x-ray powder diffraction pattern as represented by
the following interplanar spacings:



typi cal x-ray powder diffraction pattern as represented by the follow ng
i nterpl anar spaci ngs: WO 98/ 13027

PCT/ US97/ 16547 -4-
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A typical example of an x-ray diffraction pattern
for Form II is as follows wherein d represents the



A typical exanple of an x-ray diffraction pattern for Formll is as

foll ows wherein d represents the WO 98/ 13027
PCT/ US97/ 16547 i nterplanar spacing and I/1[err] represents the typical
relative intensities: d [/1[err]
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2. 6432 1.26 2. 6007 0.77 WO
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-6- The x-ray diffraction patterns set out herein were

obtai ned using a Sienmens D5000 x-ray powder diffractoneter having a copper
Ka radiation source of wavelength, | = 1.541[err].

formul ati on WOBA®2T nyention preferredly contains subst antpcé'qu?mﬁﬁ? Form
Il as the active ingredient. As used herein "substantially
pure" refers to Form |l associated with lgss than about 5% undesired

pol ynmorphic form of ol anzapine (herein referred to as "Undesired Fornf)

preferably |l ess than ab % ' - r fg

than about 1@6Lhde5|rede#%r%ngéirqatéyggtfgﬁgé?égﬁkﬂg)git %&g" E?Qi% Yé?@
contain | ess ©Ob4aiABELYSing 3,5 ianansd D5008t ¥ntay, qudﬁﬂéﬂhffFéFEPégter

subst ances” reﬁ‘amiag hocupplelsmaectacdﬂammal soupuelctf emwwlengshdudl organic
solvent. In panti 3 "substantially pure" FormIl preferably contain

| ess than about % content of acetonitrile, nore preferably, |ess than
about 0.005% content oThecEemmikation of the invention refgsredY the term

“mammal " shal lcont¢b@hst Substgn el iphrel @smof1 agheie \witlivler ates. The term -
"mammal " incl%% % HE is not limted to, a human. The term "treating" as
used herein inc eS prophyl axis of the named condition or anelioration or

elimnation of the condhgiwsed dirxein "substanhizbivmuraiegefers to Form

Forml1l is thqm&tso&tiabéa Wiy B t&x&hﬂh%ut0$tﬁﬁi:ﬁﬂ§dl&elﬁnﬁwyﬁ\8_ﬁ|ph§c
therefore inparfant fg Q%%lnongﬁ&%f%rrg%ggkggnPnt Ofy rg%c§u%# y .
a

el egant fornuorF'ons Sriman undest¥ e I n
the presence dfreferabily %GF%e‘Fﬂ%ﬂ aﬁh?tléixél%pﬁéﬁ‘?éireq tﬁ?@fro@@d mﬁrﬁakl ng the
conposi tions Qfrelfe@ablyebesOnthdn dboutDi® URAes Efed Fatpararther,

formul ation usy s?:a%‘i%ggy défﬁsi}r (qu%ﬁﬂs I’iOFuiqu heall Sise@s ghgﬂ ?Lo&@e

ol anzapi ne substance can e convert
0.5% related substances, wherein "related substances" refers

to undesired chemical impurities or residual organic
solvent. In particular, "substantially pure" Form II
preferably contain less: than about 0.05% content of
acetonitrile, more preferably, less than about 0.005%
content of acetonitrile. '

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

Form II is the most stable anhydrous form of
olanzapine known and is therefore important for the
commercial development of pharmaceutically elegant
formulations. Olanzapine may form an undesired crystal
form in the presence of certain solvents and excipients,
therefore, in making the compositions of the invention it
is most desired to prepare the formulation using a method
which does not require dissolution of the olanzapine
substance. The desired Form II can be converted to less
desirable polymorphic forms by contact with methylene
chloride, for example. Additionally, for example,
polyethylene glycol contact with the olanzapine substance



desirabl e pol ynorphic forns by contact with methylene chloride, for
exanple. Additionally, for exanple, polyethylene glycol contact with the

ol anzapi ne subst ance WO 98/ 13027 _

PCT/ US97/ 16547 -7- produces undesired

di scol or ati ongw@htdgeul arly under noist conditions. PCT/US7/16547
Stability Stugr Uncoated tablets stored at anblent condi tions

(approxi matel y 23[err]C and 40%rel ative humdity) in anber, high density
pol yet hyl ene bottl es do not show signs of - scol oration after 24 nonths;
however, if the bottle is opened such that the tablets are exposed to open
air anbi ent " C pirdiduceBsuhdesi fed il Jodbir@8i 6k £ UsSr i dullidtly ueays.

A new solid or f r s prepared using ol anzapine that is coated
wi th hydr oxyprgdpr og’ygyhaitﬁ&f%el | ul ose. The new fornul ation is nonitored

for 90 days of open dish storage Sabidiidyy Btudéeserr] C, 40[err]C/ 75 9%RH,
anbi ent tenperature Wthuﬂéa/aﬂa tablets 868r&d at ARRVIMAL 'ébﬁd%i@n§5%

lycol | o rrch rerBRHEEEY 080 B Bbb PRlL 7% iRyl s ROpaiS Y ene
provi des an ef fhéghi 9@n§aty|mlxﬁéthué@me bnt»tbeammqte Sdhougssqbsttaflce and
exci pi ents whi ms&bgbtatﬂ&ﬂﬂe&f\t&e mm&atﬂbscm@é@éﬂ onf kde By8fPEeisthe

hydroxypropyl L.ce 0 L vides suff barrier to
prevent di scol o [ gnghg{' ,_S,gu‘tﬁ r{(%g& SP‘SI ?’6? h?ff%%sedg%s?cé’P ¥nfth is
comonly found ambléé'r:t aPRdi pionsrddent deacobqpamrs carirsoni Ehys. SThus t he
hydr oxypr opyl mg@@ylcellulose coated ol anzapine is a surprising and

(Rortant comonent of RAURSEIERLLY cEbEIP Sl Rbahe T LA 0" of
be conpl et ed -uSilAg2eRERRA| Thals starﬂolartsﬂ wbth HeydraxdpraproPyt exanpl e: L
methylcellulose. The new formulation is monitored fcr 90
days of open dish storage at 40°C, 60°C, 40°C/75 %RH,
~ ambient temperature with 75% RH, and at ambient
.temperature with 85% RH. The hydroxypropyl
methylcellulose coating which is free of polyethylene
glycol is much preferred to ensure that discoloration
does not occur. It provides an effective barrier between
the olanzapine drug substance and excipients which might
- otherwise cause discoloration. For example, the
hydroxypropylmethylcellulose coating provides sufficient
barrier to prevent discoloration attributable to
polyethylene glycol which is commonly found in certain
pharmaceutical expients and coatings. Thus the
hydroxypropyl methylcellulose coated olanzapine is a
surprising and important component of pharmaceutically
elegant solid oral formulations of olanzapine.

The coating of the olanzapine drug substance
can be completed using techniques familiar to the
artisan. For example:

1. SPRAY DRYING.

The mixture of olanzapine and polymer in a
so.vent is sprayed into a stream of hot air in a
conventional manner. This causes the solvent to



1.” SPRAY DRYI NG The m xture of ol anzapine and polyner in a
solvent is sprayed into a streamof hot air in a conventional manner. This

causes the solvent to WD 98/ 13027

PCT/ US97/ 16547 ' - 8- evaporate and the
powder is collected in the spray drying vessel. 2. EXTERNAL
LI QUI D PHASEWO 98/13027 The ni xture of ol anzapi ne and pol PEEUSSIIESE | s
in the formof a solution or suspension, is poured into a |liquid external

phase. The liquid external phase conpris%s a solvent which is inmscible
or partially inmscible with the ol anzapi ne/ pol ymer nixture.

Fol lowing the addition of ‘the ol anzapi ne/ pol m xture to the external
ki qui d phase, eVeRereh® hddanPoVErE Bt ﬁ?ﬁle%gﬁesd dfultler sREaYf FYEAnpl e

by rapid m xi mgsséhe enul sion fornmed may be either stable or unstable. The
solvent may be renoved by a nunber of ways famliar to the artisan. For
exanple, but not limted tQ assi ve renoval (evaporation during mxing),
heating, rotary film ev%por%ﬁmaéﬁg RiE * without heating, mcrowave
drying with or without Themimturer e€zelanyapine andl podymeke. which is

The artisan cap g lae’f{mﬁ‘ c?tesd rs%ﬁ.ufﬂ&ﬂ“{;i’té %eﬂﬂoﬁ,hgscgehggflq%aé)' ne

usi ng technlques
A diluent or B&Hﬁﬂﬁgeéb%¥ﬂa¥ﬂﬂﬁﬂﬁf -be The| digaid Q%¥ﬁﬁqéélaéa§ﬁ i ncrease in
tabl et size. Emmﬂ.i;esam scllvent! whizh ksoiwmibetibdes oropaekteallyp bul ki ng

agent whi ch }Usgi*ﬁ AN M She b rlhﬁ%giﬂﬁ%@f%&' HiReggeation time  that

S satlsfactor arnaceutlca usa %1 ki ng agent shoul d be
selected to prOV|de a t5pHawingithe addition of t
oclanzapine/polymer mixture to the external liquid phase,

the two phase mixture obtained is emulsified, for example"
by rapid mixing. The emulsion formed may be either -

- stable or unstable. The solvent may be removed by a .

" number of ways familiar to the artisan. For.examplé,'but' '
not limited to, passive removal (evéporation during' o .
mixing), heating, rotary film evaporator, vacuum with or _
‘without heating, microwave dryihg with or without vacuum,'v
freeze drylng, and the like. ' |

The artisan can select a desired formulation
for the coated olanzapine using techniques familiar to
the skilled artisan. For example:

' A diluent or bulking agent should be selected
to provide an increase in tablet size. The artisan can
utilize known methods to select a bulking agent which
provides hardness, friability, and disintegration time
"that is satisfactory for pharmaceutical usage. The
bulking agent should be selected to provide a tablet that
has characterstics desired by the patient as well as
comply with applicable regulatory guidelines.

One especially preferred diluent or bulking
agent is lactose. Various forms of lactose are
appropriate for such formulations including anhydrous,
hydrous, and spray dried forms. The most desired form of
lactose can be selected based on desired dissolution,
content uniformity, hardness, friability, and



has characterstics desired by the patient as well as conply with
appl i cabl e regul atory gui deli nes. One especially preferred

di tuent or bulking agent is |actose. Various forns of |actose are
appropriate for such fornulations including anhydrous, hydrous, and spray

dried forns. t desired formof |actose can be sele spﬁggg on
desired disdeﬁQ@EﬂE? content uniformty, hardness, friabilﬁ%ﬁﬁ’an
WO 98/ 13027 PCT/ US97/ 16547

- 9- disintegration tinme. The skilled artigsan is aware of the regulatory
requi renents for hardness, friability, and disintegration time and can

adj ust the di| 4¢BinPEgPAR I imRIENTRe USKDDL & YMEilsReNAE0HREré CoBCkHe Ve the
desired physi cal ghgraoterlst|cs. d The EgnnBLit#on shoul d

i ncl ude a bi nd&FIPSREQRY TIWLTFBEPFEnEPh PIFINGSSS. TFA&PAHFEan®®n choose
an “appropri at dibintiegratisad tdmet hpdacarpadiist \thecddilugnt apd belbsinged
hydration. Hydoge)PesOoRYind Uddwn0techii§8PEC S dchiReCtEr @dsipequse as a

bi nder in the gkanula I Qn step. . ghe hydr oxypropyl cellul ose nmay vary in .
particle size. FFﬁﬁagréhﬁ¥Q€%%ﬁ&f pF8pyl cellulose is especially preferred
for nost clained fornul &heorformulation shodldt igediuded af bindént fon uskl udes

a di si ntegrant jnf fhe UgLaril 4ti®ndseBE. Al tRE st iN B8 ERobSE &xNNi Ng
powders to facilitate the disjntegration €$ocess. ggzre .are vari ety of
grades avai | abPEBPTSRE 3t & efcOn HAR AERTAOSE ThSERRi B bl e

bat ch vari abi | degired hydwatiion.ar Hydporyerempydicsilindgseanisi sspeaisgldy done.
A fine grade pf.gLPse@VEdiontePaQYhdpsndef i WY lo¥andeatiah! St&onsi stency -
bet ween bat cheg The arti san nay choosé ag roEr ate, dry bi nders.
Usi ng_known ot RBABYSXIYPIARYdo FELIRTRPE BRY S ABGPERE IGLS 7 E2S hat |
satisfactory fFﬁabitra@eihydﬂuxabmepylhbellU¥n&ﬁ<¥sabbp¢Cﬁay1binder s - '
nicrocrystalIiﬁgeggfféacgﬁy mdy@m@ygimegtf@gmﬁmyyyga%Late dry binders may be
selected.  Such m crocryglal |l NeeGrbihdPSe B 13%11ude8 8" §MM Aegf ™
for use in the granulati¢n as well as in the running" s
_powders to:facilitate the disintegratioﬁ proéess. There
~ are a variety of grades avaiiahle, and the grade may be
 selected based on the acceptable batch variability. A
particularly prefered diSintegrant is crospovidone. ‘A
fine grade of crospovidone provides particularly
desirable consistency between batches.
The artisan may'choose appropriate dry binders
using known methods. Such binders should be selected to
assure that satisfactory friability is attained. Most
preferably, dry binder is microcrystalline cellulose;
however, other appropriate dry binders may be selected.
Such microcrystalline cellulose may be in a granular
form. '
The artisan can choose an appropriate >ubricant
to prevent sticking and picking of the tablets to the
compression tooling. One preferred lubricant is
magnesium stearate.
The artisan can readily choose other
appropriate aqueous dispersion film coats (color mix) for
application over the hydroxypropyl methylcellulose layer.
Typically, the color mixture is a dry blend of
ingredients which may be dispersed in water and used as



The artisan can choose an appropriate lubricant to prevent sticking and

pi cking of the tablets to the conpression tooling. One preferred | ubricant
i S nmagnesi um st earate. The artisan can readily choose ot her
appropriate aqueous di spersion filmcoats (color mx) for application over
t he hydroxypr net hyl cel l ul ose layer. Typically, the color mxture is a
dry bl>/end of W $¥?&%| ents which may be dispersed in water R AUR2{ 6542
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-10- an aqueous dispersion to filmcoat_piplid formlations. One exanple
of a typical color mxture is conprised of hydroxypropyl met hyl cel | ul ose,

pol yet hyl ene ¢l coI sorbate 8 titiani A
vari ety of edidfe? %EQP ﬁ%‘\ﬁl‘? Slf’ﬂegglrfr&g'hr?oaé-’ré E gﬁ’f‘f“éf%“%ﬁ‘i nprinting
the finished fOrengxanmie ofFar tyrinpl ol ntlyqtmal 1edc@tmr1$ﬁ\d iaf conpri sed
of shellac, eﬂyaiowb nie%apaeeﬂum@hqioly@tlwwae % f@m propyl ene

gl ycol, ammni y e sol |d

formul ation isP %%%%/ ?&aé:f ere(l}bl ﬁndpggf%\?ré%sqlﬁ@‘ Hﬁdroxypropyl

met hyl cel | ul ose coated ZXvVarigsynef g@iblkslinkst &nowhatoobheradrbisaiol i shed
using standar gr&eidiOebpraute %%rciiﬁﬁﬁi@@iﬂ@&ti@'fhﬁ'ﬂbﬂgd férm@f‘éﬁcﬁﬂ :

A anzapine is gffect | Ve over %gﬁ r}% he u% gose

adni ni st ered be? ’ﬁae“f;grﬁje ypg.ﬁg i ima el éisnﬁo’f‘ﬁ”éh & or exanpl e,
inthe treat néhelbictacﬂhﬂylh@:iGnsoldosa@wml fadleahaboue-louplto 50 ny,
preferably frogldohel 3hrpyland gRetoD) ediciiiun hydk8x28e /Tam@ FskRy nBYy be

used. A once § day dosage is normally sufficient, although divided doses
may be admi ni Pé?ed For treatnent of central nervous system disorders, a
dose range of from 1l to W@ mgligr §ermabition isompstnpreberaldyis sui tabl e.

Radi ol abel | ed Fps féd:h81ng hydrox p¥} meth lcellulose coated
et hyl - 4- (4- et {'X zap.??néoeral‘%'xI n)é igftrmularkq may be polished using
. standard methods such as carnauba wax pollshing, if
desired. '
Olanzapine is effective over a wide dosage
range, the actual dose administered being dependent on °
the condition being treated. For example, in the
treatment of adult humans, dosages of from about 0.25 to
50 mg, preferably from 1 to 30 mg;, and most preferably 1
to 25 mg per day may be used. A once a day dosage is
'normally sufficient, although divided doses may be
adninistered. For treatment of central nervous system
disorders, a dose range of from 1 to 30 mg, preferably 1
to 25 mg per day is suitable. Radiolabelled Form II 2-
methyl-4- (4-methyl-1-piperazinyl)-10H-thieno-[2, 3~
b][1,5]benzodiazepine, can be detected in the saliva and
thus the compound can potentially be monitored in
patients to assess compliance.
A preferred formulation of the invention is a

solid oral formulation comprising from about 1 to about
25 mg olanzapine as an active ingedient, wherein such
solid oral formulation is prepared using olanzapine that
is coated with hydroxypropyl methylcellulose. Especially
preferred is an oral formulation comprising from 1 to 25
mg of anhydrous Form II olanzapine as an effective amount



b] [ 1, 5] benzodi azepi ne, can be detected in the saliva and thus the conpound
can potentially be nonitored in patients to assess conpliance.

A'preferred fornmulation of the inventionis a solid oral fornulation
conprising fromabout 1 to about 25 ny ol anzapi ne as an active ingedient,

wherein suc %Rgb oral fornulation is prepared using ol ggRRbHREsiNL
Is coated with roxypropyl nethylcellulose. Especially preferred is an

oral formulation conprising from1l to 25 ng of anhydrous Form ||
ol.anzapi ne as an effective anount -11WM0 98/ 13027
PCT/ US97/ 16547 -11- of the active

Img% efli elnlt | pb(f\/itﬁédab’eﬁ{reszbﬁ‘réﬁirelﬁt][ I p'b:'§v1§é>&tﬁ€hﬂ/\1§dd¢hhl‘6=i“ﬁ;<!]0r9f)ﬂ[ ,

yl cel Iul os refera olid oral fornulation is
contained i'n 5{9@155& btﬂat?%?’foa’f%p V&hmﬁ%¥£ﬁiﬁﬁ€- SS-or nul ati on from

nmoi sture and |ight. ForMestrpteferablyabkbe pakidigined fermunlakionnks ude
éblmtoflr col Orgd c@nﬁlalﬁgas%ﬁ)’pa&@d’ mlaeaelapétmﬁah %JF’&F?CQOEHEG? gl ass
ottles, and q ontajpners nma ich_inhibits,

possage of I igalpESPh oG melhed aBalFRGE 0 AH EhehBlaacs Rt RS coant
pack. The contpickegingymatesizaldnglukdeaanbel wwelngred diilghbdessiétyt o provi de
the desired prﬁl%‘thﬁ)meﬁédbof@iég aighbREOdY b r&d afl.édst Ymttles, and otifér -

t s f th t t dDb
Var oty of  pr SERRAIREERORRIR it ARCERBL Lo ALY S ERF| PRASERR o

A anzapi ne cadilght.pr¥psateprefextddyyi bbed bycKngdnabeilli includs. aPat ent No
Tost tesi T abl ot a1 T g
Subst ant i ai 1y umsBugr S6FL bl flter o proviad itk i red prptRefon ald
crystalline ﬁ@nmtlannopam'a@t retakdy ilsyr. pr epar ed using the t echni ques
described herein by therksepatetiAk %@&‘:t tRé ;E‘n?é&xﬂ: '1%%?&1:10'1 can be

pattern anal yBSCRERBR oG BUTRGH &Y AndRgLres (HkFOSsEPFEP o -l et g
cal orinetery (toS€heset ofrandindny skil}sis the awit.er Olandapfiner¢amiNge
anaIyS|S for prepared as described by Chakrabarti in U.S. Patent No -

| 5,229,382 ('382), herein incorporated by reference in its
_entlrety. It is most desirable tp prepare a rapidly i
dlssolv:ng formulatlon comprising substantially pure-
crystalline Form II. Such substantially pure crystalline-
Form II olanzapine may be prepared using the techniqﬁes
described herein by the Preparation section herein infra.

Compound characterization methods include, for
example, X-ray powder pattern analysis, thermogravimetric
analysis (TGA), differential scahning calorimetery (DSC),
titrametric analysis for water, and H1-NMR analysis for
solvent content. '

The formulations are studied to assure that the
Form II polymorph is substantially pure using 13C Cross
polarization / magic angle spinning (CP/MAS) NMR. Spectra
were obtained using a Varian Unity 400 MHz spectrometer
operating at a carbon freguency of 100.577 MHz and equipped
with a complete solids accessory and Varian 5 mm or 7 mm VT
CP/MAS probes. Measurement conditions were optimized for
Olanzapine Form II and were as follows:- 90° proton xr.f.
pulse 4.5 ms, contact time 1.1 ms, pulse repetition time 5
s, MAS frequency 7.0 kHz, spectral width 50 kHz, and



sol vent content. The fornmul ations are studied to assure that the
Form Il polynmorph is substantially pure using 13C Cross polarization /
magi ¢ angl e spinning (CP/MAS) NVR Spectra were. obtained using a Varian
Unity 400 MHz spectroneter operating at a carbon frequency of 100.577 Mz
and equi pped wth a conplete solids accessory and Varian 5 nmor 7 mm VT
CP/ MAS pr obeWORHRYr eent conditions were optinized for EFEEHISNY For m
Il and were as follows: 90[err] proton r.f. pulse 4.5 ns, contact tinme 1.1
ms, pulse repetition time 5 s, MAS frqufggy 7.0 kHz, spectral width 50
kHz, and W 98/ 13027 '

PCT/ US97/ 16547  sed . . -12- acqui si tion ti 50 ns.
Cheni cal shi f ESWEFEIRR FHIR D &5 tﬁ8e&§a%fsj’h‘e§<tasne‘ia% | Egﬁf’éﬁ%"?%et:" 17.3
ppm by sanpl &er EBp Rehsitamethylbeprenet fd T orimd FFMYnBYoPa®RLS inventi on
DL ovi de subst&labuabémewre ﬁcgzlraﬂdreql @aéﬁpbﬁmp@&wﬁy_ Rt |thé§ invention

phar maceuti ca g ulation w thout _producin undesired .

pol ynor phi c t gﬁé’?érgn%ﬁ%%%&ﬂy purer 8@0??0%%@%P8§y5?5p5r3&iaded
for purposes pPbRrmerevticallin eleyamte fosmulatien oviidioute®raduringting the
SCOEG_Oflthe ghabgﬁﬂednyéiwmd¥bhic transformation. Preparation 1

Techni cal Grade o anzapppg éé?waing examples are provided for purposes
of illustration and are not to be construed as limiting the

scope of the claimed invention.

Preparation 1

Technical Grade olanzapine

- N.\.\QN:_

Intermediate 1

In a suitable three neck flask the following was added:

Dimethylsulfoxide {(analytical): 6 volumes

Intermediate 1 : 75 ¢ |
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.

A sub-surface nitrogen sparge line was added to remove the
ammonia formed during 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



Internediate 1 In a suitable three neck flask the foll ow ng was
added: D met hyl sul foxi de (analytical): 6 volunmes Internediate 1

. 75 g N-Methyl pi perazine (reagent) : 6 equivalents Internediate 1 can
be prepared using nethods known to the skilled artisan. For exanple, the

preparation Q{obfifsgzsd Nternediate 1 is taught in the '382 papemussmiess
sub-surface nitrogen sparge line was added to renove the anmmonia fornmed

during the reaction. The reaction was heated to 120[err]C and mai nt ai ned
at that tenperature throughout the duratil®T of the reaction. The reactions
were foll owed by WO 98/ 13027

PCT/ US97/ 16547HPLC until 5% of the intermediate 11®as léFt Qinwdadtesto of the

i'nternmedi ate 1,pas | € r e | %’a\ﬁa I he
m xture was alzliowed t?{)et rlé%%lﬁ’i‘gooaﬁ/ %%r ]t&g?g%%%r oﬁ%s%l.?%}'??e to
reaction mixt UFRCL HLWHYe kOt PANST EAPRHE 12 BORTSEDpr opRE 2FRAF UL THEER T ound
bottom f | ask awals vetiear thrahBfeFpedhts @oldppropriatd thged ateck mmamdadded 10

i I - .
vol unes reagegﬁo%&gleﬂrggt an| wQ?Qr N8, I ekt g_ggav\%g%ﬁ_%lgﬁ%ﬁ; 20[err] C

for 30 mnutes. Three 'volunes of water was a over abhout 30
mnutes. The #8hEdtian dagr pedadsle orlemes reag8RE 0952E¢ MeEhalP s 8PA ed
for 30 m nut esthd heegutiduc wasastittédrad 20°¢ the setmimkises waThaeehed with

chilled nethang 'gm{" twagake S | [ v 45[er 1] rni ght.
1 A wat 1yV3GHA 9

The product vvasé'l en |°f.| eg %s v ecﬁ%liécfl%lgpqaﬁzgpgne.%ou?w%elddl:g"%é%'i%

Pot ency: 98.10Fhe 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 methanol. The wet cake was dried in
vacuoc at 45°C overnight. The product was identified as

technical olanzapine.

Yield: 76.7%; Potency: 98.1%

Preparation 2
Form II-

A 270 g sample of technical gfade 2-methyl-4~ (4~
methyl-l-piperazinyl)~10H-thienc{2, 3-b][1, 5}benzodiazepine
was suspended in anhydrous ethyl acetate (2.7 L) . The
mixture was heated to 76°C and maintained at 76°C for 30
minutes. The mixture was allowed to cool to 25°C. The
resulting product was isolated using vacuum filtration. The
product was identified as Form II using x-ray powder
analysis.

Yield: 197 g.

The process described above for preparing Form II
provides a pharmaceutically elegant product having potency >
97%, total related substances < 0.5% and an isclated yield

y of > 73%.



Preparation 2 Form || A 270 g
sanpl e of technical .grade 2-nethyl -4-(4-

nmet hyl - 1- pi perazi nyl )-10Ht hi eno[ 2, 3-b] [ 1, 5] benzodi azepi ne was suspended

i n anhydrous ethyl acetate (2.7 L) . The mxture was heated to 76[err]C
and maintained at 76[err]C for 30 mnutes. The m xture wag_al | Oﬁ?&ato cool

to 25[err] CWeMAITLsy| ting product was isol ated using vacBGHUFYY tion.
The product was identified as Form 1| using x-ray powder analysis.
Yield: 197 g. The process desgyjbed above for preparing Formll

provi des a pharmaceutically el egant product having potency [err] 97%
total related substances < 0.5% and ﬁmﬂ:a{ed yield of > 73%

VWO 98/ 13027 === PCT/ US97/ 16547
-14- Olanzapine 5.0 h"Wibfeds (Fluid@z%ﬁzﬁ%”gra‘?m?lé@io?b' ets
(Flui di zed bed gr rocess) proctess
Quntity Nanmes of Ingr%dl ents (ng/table t)
Active | ngredi ent O anzapi ne (| goakiceey | /5. 50
O her Ingredients Names of dfigxedtents | (mg/tablebb. 50
Hydr oxypr opyl 8. 00 Cellul ggk
Cr ospovi done 10. 00 Active Ingredient \| ciocrystalline 20. 00
Cel | ul ose jOlanzapine {coated) 5.50
Othexr Ingredients
Lactose 155.50
Hydroxypropyl 8.00
Cellulose :
Crospovidone 10.00
Microcrystalline 20.00
Cellulose
Magnesium Stearate 1.00

The hydroxypropyl cellulose is dissolved in purified water

to form a solution for'granulation, The coated olanzapine is -
added to a fluidized bed granulator/dryer along with other
excipients, the diluent (lactose) , an a portion of the
disintegrant (crospovidone). This mixture is granulated in
the fluidized bed granulator/dryer with the hydroxypropyl
cellulose solution and subsequently dried. The dried
material may be appropriately sized and then added to a
blender. '

The outside powders consisting of microcrystalline cellulose
{granular), magnesium stearate , and the remainder of the
crospovidone are added to the granulation. The mixture is
blended and compressed with the appropriate tooling on
tablet compression equipment.



Magnesi um St ear at e 1.00 The hydroxypropyl cellulose is dissolved in
purified water to forma solution for granul ation. The coated ol anzapi ne
is added to a fluidized bed granul ator/dryer along with other excipients,
the diluent (lactose) , an a portion of the disintegrant (crospovidone).
This m xture %Q{l@rl ated in the fluidized bed granul at or /gtygdenydskh t he
hydr oxypropyl = cellul ose solution and subsequently dried. The dried
material nay be appropriately sized and then added to a bl ender. The
out si de powders consi sting of mcrocrystaklLbne cellul ose (granular),
magnesi um stearate , and the remai nder of the crospovidone are added to
the granulation. The mxture is bl endsathMer® @onpressed with the

appropriate tooling on tablet conpression equl pnent. WO 98/ 13027
PCT/ US97/ 16547 lanzapine 20.0 mg Granules
EXAMPLE 2 (Flu anulatidn @ss)
(Flui di zed bed granul ati on process)
Quantity NafreS of Tngrdrents |guaBést®sd)
Active | ngredient Names of Clrgmediente | oddasd) | 22. 00
O her Ingredients _ Active IAgmedient| 1928. 00
Hydr oxypr opyl 50. 00 Olanzapine (coatedhpt h23.-88| 1ullose The
, o e
hydr oxypropyl methyl cel | ul ose W"‘MW
Hydroxypropyl 50.00
methylcellulose

The hydroxypropyl methylcellulose was dissolved in purified
water to form a solution for granulation. The coated:
olanzapine is added to a fluidized bed granulator/dryer
along with the diluent (mannitol). This mixture is
granulated in the fluidized bed granulato:/dryer with the
hydroxypropyl cellulose solution and subsequently dried.
The dried material may be appropriately sized and packaged
as a granule formulation.

EXAMPLE 3

Olanzapine 20.0 mg Tablets (direct compression process)

Quantity
Names of Ingredients {(mg/table
' t)

Active Ingredient
Olanzapine {coated) 22.00

10ther Ingredients
Lactose 232,12
Hydroxypropyl 13.00
Cellulose
Crospovidone 16.25
Microcrystalline 40.00
Cellulose

‘ Magnesium Stearate 1.63

The coated olanzapine is added to a blender along with other
excipients, the diluent {(mannitol), disintegrant
(crospovidone), binders (hydroxypropyl cellulose and



water to forma solution for granul ation. The coated ol anzapine is added
to a fluidized bed granulator/dryer along with the diluent (mannitol).
This mxture is granulated in the fluidized bed granulator/dryer with the
hydr oxypr opyl cellul ose solution and subsequently dried. The dried

mat eri al nay be Eﬁroprlately si zed and packaged as a grapgh%ﬁ&@ Iatlon.

EXAMPLE 3 apine 20.0 ng Tablets (direct conpress

Quantity Nanes of Ingredients (ng/table

t) Active | ngredient ~1g- d anzapi ne
(coat ed) 22.00 O her Ingredients

t;:ﬁt ngse microcrysralidne cellulose}, and 1M52ﬁ¥p'i19§&ﬁe51mn 13.00

M crocrystalIFﬁ@aratgﬁT(Nyhls mlxtgre 1s blendqgﬂapg|5g@pressed with the
Magnesi um St eapprepriatie Gdolinghencbabbst campragisieni sqailseehtit 0 a bl ender
.along with other excipients, the diluent (mannitol), disintegrant
{crospovi done), binders (hydroxypropyl cellul ose and WO 98/ 13027
PCT/ US97/ 16547 - 16- m crocrystalline
cellulose), and lubricant (magnesium stearate). This mxture is bl ended
and conpressed with the appropriate tooling on tablet conpression

equi pnent .
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-17- C ai ns 1. Asolid oral
formul ati on conprising ol anzapine as an active ingredient with one or nore
pharmaceutically acceptabl e excipients, wherein the ol anzapi ne

i's coated W t Rygogagyer selected fromthe group consisti nOp@fusRiiessr
al cohol, cetyl esters wax, carnauba wax, shellac, beeswax, magnesi um

st earate, hydroxypropyl nethyl cel | ul ose, hydroxyethyl ceIIquse,

met hyl hydr oxyet hyl cel | ul ose, sodi um carboexyret hyl cel | ul ose,

hydr oxypr opyl cel | ul ose, polyvinyl pyrrolidone, dinethylam noethyl

met hacryl atemet hyl acryl ate acid ester capeliyser,

et hyl acryl at e- nethylnethacrylate copol ynmer, methyl cel | ul ose, and

et hyl cel I ul ose. A formulation as clainmed by Claim1 wherein

the polyner is selected 1f-r6rr§?hbd RRb milatiag eemPhiAimg pIessePinet hyl
cel l ul ose, hydraxygr eytivel LhypedientraiitH odlel BkOfiSre gpkh Midnisutalcaahgse.

3. A fornulathﬂﬁgﬁ, hﬁ WFQCQ¥1g1@§n12 wherein the polyner is
cellu

hydr oxypr opyl me 4. A fornul ation as clained by
Caim1 wherein the pol Yherein theolsmzardpp dFecorled|with a polymer 5 A
formul ation as sdladted lfyofil Bhen droviercdnsistangubat totyl ldohioaluketyl

6. A formul ati quq8 LhakTeda Py 2 ML Wighehy, tggeswax, magnesium
stearate, hydroxypropyl methyl cellulose, hydroxyethyl
cellulose, methylhydroxyethylcellulose, sodium
carboxymethylcellulose, hydroxypropylcellulose, polyvinyl’
pyrrolidone, dimethylaminoethyl methacrylatemethylacrylate
acid ester copolymer, ethylacrylate4methylmethacrylate
copolymer, methylcellulose, and ethylcellulose.

2. A formulation as claimed by Claim 1 wherein the
polymer is selected from the group consisting of
hydroxypropyl methyl cellulose, hydroxypropylcellulose, -
methylcellulose, and ethylcellulose. :

3. A formulation as claimed by Claim 2 wherein the
polymer is hydroxypropylmethyl cellulose.

4. A formulation as claimed by Claim 1 wherein the
polymer is free of propylene glycol.

5. A formulation as claimed by Claim 4 wherein
formulation is a granule.

6. A formulation as claimed by Claim 1 wherein the
solid formulation is a tablet.

7. A formulation as claimed by Claim 1 wherein the
solid formulation is agrannule.

* € L ®M § *



solid formulation is a tablet. 7. Aformulation as clainmed by .
Caim1l wherein the solid fornulation is agrannule. WO 98/ 13027
PCT/ US97/ 16547 - 18- 8. A
formul ation as clained by daim5 wherein each granule provides a dose of
ol anzapi ne selected fromthe group consisting of 1, 2.5,

Stz sy,

20 and 25 ng WO 98113027 9. Aformulation as clainmed by ere| n
each tabl et provides a dose of ol anzapi ne selected fromthe group
consisting of 1, 2.5, 5, 7.5, 10, 15, 20-3gd 25 ny. 10. A

solid formulation as clained by daim1l for wuse in treating a condition

sel ected fromthe groupg. CR”?&&BMEQC iYn g§yglig hed ﬁ%h?l i rseWh%'rg n

schi zophriform disorder, d anxi as r0|nt di sorder, and
acute mania. each granule pravides rﬁﬁasa P% ojanzeRinR Foheayed AremwkReei n
ol anzapi ne i s gthgt awnisaskyngust Forand,l 5pol7yBpr ph, hBEY, 1BP and 2¥pmgal Xx-ray
powder diffraction pattern as represented by the follow ng interpl anar

§paci ngs: . d (A . .

10. 2689 9. A formulation as glgjfed by Claim 6 wherein
7.4721 each tablet provides a dose of ddanzapine selected. from the
6. 1459

5 4849 group consisting of 1, 2.5, 5@'9?%, 10, 15, 20 and 25 mg.

10. A solid formulation as claimed by Claim 1 for
use in treating a condition selected from the group
consisting of psychosis, schizophrenia, a schizophriform
disorder, mild anxiety, a gastrointestinal disorder, and
acute mania. '

11. A formulation as claimed by Claim 1 wherein
olanzapine is substantially pure Form II poclymorph having a
typical x~ray powder diffraction pattern as represented by
the following lnterplanar spacings:

d (A)
10.2689
8.577
7.472%
7.125
6.1459
6.071
.4849
.2181
.1251
-9874
. 7665
. 7158
.4787
+3307
.2294
4.141
3.9873
3.7206
3.5645
3.5366
3
3

o M s B BB OV O

.3828
.2516
3.134

[ 3.0848

A A



5.2181
4.9874
4.7158
4. 3307
4.141

3. 7206
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3. 5366

3. 2516

3. 0848
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3. 0638

2. 8739

2.7217

2. 6007
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5.1251
4. 7665
4. 4787
4.2294
3.9873
3. 5645
3. 3828
31934

3.0638
3.0112 3.0111
2.8739 2. 8102
2.8102 2. 6432
2.7217
2.6432
2.6007
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