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2,3:4,5-Di- O—1sopropylidene B-D-fructopyranose sulfamate. The molecular formula of

topiramate is C12H2NOsS, and its chemical structure is represented by formula I:
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25 Topiramate is a white crystalline powder with a solubility in water of 9.8 mg/mL, and

it is freely soluble in acetone, chloroform, dimethylsulfoxide, and ethanol. See, Physician’s
Desk Reference, 56 ed., pp. 2590-2595 (2002).
Topiramate is sold in the United States under the trade name TOPAMAX® (Ortho-
McNeil Pharmaceutical, Inc., Raritan, NJ, U.S.A.). TOPAMAX® has been approved for use
30 as an antiepileptic agent as an adjuvant therapy for patients with partial onset seizures, or
primary generalized tonic-clonic seizures. See generally, Physician’s Desk Reference, 56
ed., 2590-2595 (2002); see also, U.S. Patent No. 4,513,006. Adverse effects associated with
the administration of topiramate include, but are not limited to, somnolence, dizziness, ataxia,

speech disorders and related speech problems, psychomotor slowing, abnormal vision,
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seizure types can occur, from partial seizures to generalized seizures.

There are three classifications of partial seizures: simple, complex, and secondarily
generalized. A patient with a simple partial seizure (also called Jacksonian seizure) may
experience jerking or shaking in one area of the body, which may progress to other areas. A

25  simple partial seizure may also manifest .with somatosensory, visual, auditory, olfactory,
autonomic (sweating, pupillary dilation, epigastric rising), or psychic symptoms. With
complex partial seizures, the patient’s consciousness may be impaired, either immediately, or
gradually over time after simple partial onset. Patients experiencing a complex partial seizure
will often exhibit a blank stare followed by automatism, which may include lip smacking,

30  chewing, picking at clothing, or purposeless walking. Finally, secondarily generalized
seizures can evolve directly from simple partial or complex partial seizures, or progress from
simple partial to complex partial to generalized. See, Leppik IE. Contemporary Diagnosis
and Management of the Patient With Epilepsy. 4™ Bd., Newtown, PA: Handbooks in Health
Care Co (1999).
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'n Heal th &gﬂe?ahzcgd(t%glgc-gc)lc}nig seizures (also called "grand mal") are the ones most
commonly identified with epilepsy and are the most dramatic. They can occur at any age but
are rare in very young infants. See Morton et al., “Diagnosis and treatment of epilepsy in
25 children and adolescents”, Drugs. 51:399-414 (1996). They start with a sudden-onset tonic
phase, typically lasting less than a minute, and all of the skeletal muscles contract at once,
causing the patient to fall stiffly. In addition, the patient’s diaphragm and chest muscles will
contract, forcing out air in an sigh or "epileptic cry." During the clonic phase, the patient
may clench the jaws, biting the inside of the cheek or side of the tongue with the molars, and
30  consciousness may not return for 10 to 15 minutes. The patient will often be left feeling
confusion, fatigue, and headache, which can last several hours to several days. See, Leppik
IE. Contemporary Diagnosis and Management of the Patient With Epilepsy. 4" Ed.,

Newtown, PA: Handbooks in Health Care Co (1999).
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sonetines result in a noticeable quiver in the voice of the patient. 4
and more recent anticonvulsants, such as carbamazepine; valproic acid; felbamate;
gabapentin; lamotrigine; tiagabine; topiramate; levetiracetam, and oxacarbazepine. In most
cases, the newer anticonvulsants are approved as adjunctive therapy for use in conjunction
with other anticonvulsants, although some of these have been approved or demonstrated
25  efficacy as a monotherapy. See U.S. Patent No. 6,309,406.
Common tremors, including essential, familial, and senile tremors, are relatively
common in people over forty, but can also result from or be made worse by stimulants (e.g.,
caffeine) or during periods of stress or anxiety. In the beginning, tremors may be localized in
the upper extremities, such as the hands, but can also include movements or nodding of the
30 head, with both often occurring as a patient ages. In addition, the lips, tongue, jaw, and
larynx may be involved in tremors, and they can sometimes result in a noticeable quiver in

the voice of the patient.



WD 03/ 070738 PCT/ US03/ 04357 The nost comon treatnent for trenors are

bet a- bl ockers (e.g., propanolol) and sedatives (such as benzodi azepi nes and
bar bi t uatwe)o3/ofar3addi ti on, sone patients may "sel f- nmedi cRCE#US0FN43§7 al cohol
due to its sedative properties. 5 2.3. OBESITY Obesity is one of the nost
preval ent nedi cal disorders afflicting humans today, affecting nore than
30% of t heTRORdsAEHRhon B&IbYt ERNrdBSY| dre ibBtagb1DEIERE (e. 0 éﬂéﬁlﬁbld@%@a'

condi tions or conplications, including hypertension, cardiovascul ar

di seassdativeisdpwheas bepgediazepines jand erhitupies) shagrditions |semp papeeig may “self-

chol e it4S, Osteoarthriiti nd r. Body mass 10 index, or BM, is
commlﬁ&zlééet% 'S%n%raégao lﬁ)?gu%%)eltésl %9?%%8&5%%5& culated by dividing the patient's
wei ght in kilograns divided by their height in neters squared. The severity
or. degree of obesity is then determ ned by conparing a patient's BM with
sPandard devi at¥3¥ns éBEﬁH_Khe BM nmeans for males and femal es. At present,
scientists : o e I fs: i : rally it
15 occurs QPG o SHRTME RS pRAE bloviloh pileal i GRER, fiofhd MRHAR ARG % 1)
appeaftectihgaimogetheh i30% of thd ipppolativn.oObagty qahaysudt inel mumber tof @ tieroedicand

di stribytjon of bod¥, fat in atient, and this,. may alsg be ug,dgr sone

hor moiRRAItOgH 1 PTo|compligatique RepATE Chippgrignsgnneardpestiler ghseasyediepsBes pain
that heniass aEhe Rdisthtl SRBRERCAIBREFRNL Wsteodt i bhe Battr.| BE4PRIPNET 2
or central nervous system uropat hic pain includes, but Is no l1Tmted
tl®, nredexalogBd/L, iscogemimiaed hemeasung pbesity ades caculatad bpdiviging it matieat’s f or ns

o e, RIS LI BT Loty QRIS S By e pa
Tr endspeliisB&Pletertfihed byt ﬁélﬁg&‘:if%l? R@tgen(’ 3 95 witA RthnShridRROhtIBAHaBRK IHERS |

Trends Pharmacol. Sci., 20:1 999). dinical nmanifestations of
neur dpiil meanpr males@nddemalesensati on of burning or electric shock, feelings

of bodily dj rti -al | i i ] a i

Gescr bes ShEEhBnufs 48 BT | P s BEBLHEISERISnelE A Ghipbe el

Aai nfadeuRewheesnefdycintaks ex0edda@he@ly exbealitut! th aditiggiinappses thagensti@and

Val l ey, Cdin, Podiatr Med Sung., 11(1); .73-83 (January . 30 1994). 2.5. OTHER
DI SORPEREPNHIANEIYRIRE 8 £plgdn Ehy %@@é@l}d digihutien ﬁ’glm -%@arae@aéx%aﬁd B6t ar

di sorgder a1s85h8 uldP 9588 §b Psyghyatric disorders of unknown etiol ogy,
althou%atsﬁerg aere sorrex\ﬁﬁc;/npot%ese's that 5 WD 03/070738 PCT/ US03/ 04357

24. NEUROPATHIC PAIN

20 Neuropathic pain describes pain that is associated with damage or permanent

alteration of the peripheral or central nervous system. Neuropathic pain includes, but is not
limited to, neuralgia, trigeminal neurologia, diabetic neuropathy and other forms of nerve
damage, allodynia, paraesthesia, hyperaesthesia, phantom pain, phantom limb pain,
hyperalgesia, and tinnitus. See Taylor and Meldrum, Trends Pharmacol. Sci., 16:309-316
25  (1995); and Simpson and Davies, Trends Pharmacol. Sci., 20:12-18 (1999).  Clinical
manifestations of neuropathic pain include a sensation of burning or electric shock, feelings
of bodily distortion, allodynia and hyperalgesia. The term allodynia describes the
phenomenon of the perception of stimuli which are not painful per se, such as contact or
heat/cold, as pain. See Rogers and Valley, Clin Podiatr Med Surg., 11(1): 73-83 (January
30 1994).

2.5, OTHER DISORDERS

Manic-depressive illnesses, such as manic-depressive bipolar disorder, are progressive

psychiatric disorders of unknown etiology, although there are some hypotheses that
5
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pr ophy'&eét P%ﬂfamowgr };ngpqalr flergaqienidic A BEereige 7@%5]%&1 957 18 oveEe
PI0 NChd¥d8shehstin3 85 FdurYe db hbiR %pﬁﬁ $hat i$ SRDBENRIt afbayB! tocatll &h 3%6 ak! -
Inc., New York, p. 69 (1994).

of the head and throbbing; pain is aggravated by moving or physical activity; pain is often

accompanied with nausea, vomiting, sensitivity to light, sound, and odors. Following a
migraine attack, many patients will feel tired, washed out, irritable, or listless or have
impaired concentration.

25 There are a number of drugs that are currently available for prophylactic treatment of
migraine, including propanolol, amitriptyline, valproate, verapamil, phenelzine, and
methysergid, as well as aspirin-like drugs, including aspirin, naproxen, ibuprofen, mefenamic
acid, flufenamic acid, and tolfenamic acid. Typically, these drugs must be taken daily, and
some are associated with severe adverse effects or the high dosage amounts required for

30  effectiveness make them undesirable. In any event, the estimated probability of success with
any one of these prophylactic antimigraine drugs is about 60 to 75%. See, Harrison's
Principles of Internal Medicine, eds. Isselbacher et al., McGraw-Hill, Inc., New York, p. 69
(1994).



WO 03/ 070738 PCT/ US03/ 04357 C uster headache (al so called "m grai nous
neur al gi a") has been recogni zed for over 100 years, although the condition
has been wbDwan7etafy di fferent names, such as erythroprosepaluozag43Raeder ' s
syndronme, spenopal atine neuralgia, ciliary neuralgia, vidian neuralgia,
and hi stam ne cephal al gia. There are several types of cluster headaches,
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passage, .rhinorrhea, red _eye, and sweating and pal lor of the for ehséad and
cheekO%puonllyds it plsaiile.n Fein praplly hegiahie aowd, avabovextbe giie ot the tdinplgosi s. A
transjt i .S ]‘?H I RSI l.j d t 0Si S)
occuré}s1 hf?)%é‘l% \Rg%{s angggﬁgﬁ%gt Pgéni{lg:%n g{/ahg?lﬂe){% afr;r‘l?%eaag(griﬂnbs Q‘fagtq:ks, and
i1 hi glilajeralc had agérerdllyt effeaf thbeankusiterinhestsagieat otk orMerisdidity afkst £r
repeat.ed occurrences, rra%/‘hlgecorre ?’F%g a .permanent feature. C uster headache

mor e PPFASHTISHE fSREHrE st flste RaHeHB VIt atacks astipg SR teayarEanci ng
headaghgvhet Wed) Jrlke r?&%ﬁné’fn 4Gy ande ﬁﬁeﬁ(t@%r #nd %1@%}8' 9{%0 %&ﬁ@feﬁé%m%ﬁa?es can

start to occur as ear as the tirst decade an ate as the ei h
decadatacigthat ocgwmendym houVENTIYON Thi s i nventi on enconpasses salts of .

t opi t d_pol hs, . sol vat t hydr at es, co- tal s,
bbydrous. Theaosh Snteh BOsiatel Wb Pl Findatiol iitaion PR difpasses
[Hoar naeesit iteakffetspeide! | BNsddifich, dobdeked A4HE pa QAR | BidderhRhakaasguUthgal |y

accept abl.e salts_of topiramte, and EOl ynor phs, sol vates, hydrates,
dehy dfedsg ae%p@],lg,rsrg%ﬂ@,forehead and cheek are often found, but their absence does not

exclude the diagnosis. A transitory, partial Horner's syndrome (pupillary miosis and lid
ptosis) occurs in two-thirds of patients when they are examined during attacks, and is highly
characteristic of the cluster headache syndrome and, after repeated occurrences, may become

25  apermanent feature.
Cluster headache more often afflicts men than women, and most patients begin
experiencing headache between the ages of 20 and 50 years, though cluster headaches can

start to occur as early as the first decade and as late as the eighth decade.

30 3. SUMMARY QOF THE INVENTION

This invention encompasses salts of topiramate, and polymorphs, solvates, hydrates,

dehydrates, co-crystals, anhydrous, and amorphous forms thereof The invention further

encompasses pharmaceutical compositions and dosage forms comprising pharmaceutically

acceptable salts of topiramate, and polymorphs, solvates, hydrates, dehydrates, co-crystals,
7
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Specific salts enconpassed by the invention include, but are not limted
to, topi recaBe7Eesli um topiramate |ithium and topiramat e PCRAISAYB436M
Specific co-crystals enconpassed by the invention include, but are not
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anticonvul sant or antjepileptic agent. 20 3. 1. I NI TIONS As used herein,
t he tlePhHrmptst fadhts fPpisanee ssadiwmmiepiramade Jithivay alopiramatennetassiemysda her ei n,
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"pharmaceutically acCeptable”salt” or "phar accept abl e base
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ccoptinpEoSdptE nrt Sl ¥R LR PR IR SRR SR o 1 e
s@l ts contai ni ng pharmacol ogi cal |l y

3.1. DEFINITIONS

As used herein, the term “patient” includes mammals, and preferably humans.

As used herein, the term “topiramate” refers to 2,3:4,5-Di-O-isopropylidene-B-D-
fructopyranose sulfamate, and isomers thereof.

25 As used herein, the term “salt” encompasses salts that are pharmaceutically
acceptable, as well as those that are not. Salts that are not pharmaceutically acceptable are
preferably not administered to patients, but may be used to provide, for example, intermediate
or bulk forms of drugs.

As used herein, the terms “pharmaceutically acceptable salt” or “pharmaceutically

30  acceptable base addition salt” refers to a salt prepared with various pharmaceutically
acceptable bases. Bases that can be used to prepare pharmaceutically acceptable salts are
those that form non-toxic base addition salts, ie., salts containing pharmacologically
acceptable cations, such as, but not limited to, sodium, potassium, lithium, magnesium,
calcium, aluminum, zinc, procaine, benzathine, chloroprocaine, choline, diethylamine,

8



acceptabl e cations, such as, but not limted to, sodium potassium
l'ithium nagnesium calcium alum num zinc, procaine, benzathine,

chl or opr owaioam7o7ehol i ne, di ethylamne, 8 WD 03/070738 PCPCUSG83/04357
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cl oni éregoelllo%%%g&%bnésﬁreaﬁlgﬁo &F P}baﬁ?l@gé&]lnfi%}lyca?gpt?ﬁlree?h (Oglt%rlff § MY Cand
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epi | epsy and Lennox- Gastaut syndrome. 20 As used herein, the term
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As used herein, the term “cerebral function disorder” includes, but is not limited to,
disorders involving intellectual deficits such as senile dementia, Alzheimer’s type dementia,
memory loss, amnesia/amnesic syndrome, disturbances of consciousness, coma, lowering of

25  attention, speech disorders, Parkinson’s disease, autistic disorder, autism, hyperkinetic
syndrome, and schizophrenia. Also within the meaning of the term are disorders caused by
cerebrovascular diseases (including, but not limited to, cerebral infarction, cerebral bleeding,
cerebral arteriosclerosis, cerebral venous thrombosis, head injuries, and the like) where
symptoms include disturbance of consciousness, senile dementia, coma, lowering of

30 attention, and speech disorders.

As used herein, the term “method of treating Parkinson’s disease” means relief from
the symptoms of Parkinson’s disease, which include, but are not limited to, a slowly
increasing disability in purposeful movement, tremors, bradykinesia, ticks, rigidity, and

posture disturbance.
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As used herein, the term “depression” includes a disease or condition characterized by
changes in mood, feelings of intense sadness, despair, mental slowing, loss of concentration,
pessimistic worry, agitation, and self-deprecation. Physical symptoms of depression that may
be reduced or alleviated by the methods of the invention include, but are not limited to,

25 insomnia, anorexia, weight loss, decreased energy and libido, and abnormal hormonal
circadian rhythms.

As used herein, the term “cluster headache” includes, but is not limited to, migrainous
peuralgia, chronic migrainous neuralgia, erythroprosopalgia, Raeder's syndrome,
spenopalatine neuralgia, ciliary neuralgia, vidian neuralgia, histamine cephalalgia, episodic

30  cluster headache, and chronic cluster headache.

3.2. BRIEF DESCRIPTION OF THE DRAWINGS

Novel aspects of specific embodiments of the invention can be better understood with

reference to the figures described below:
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spenopal ati ne neuralgia, ciliary neuralgia, vidian neuralgia, histamne
cephal al gi a, episodic 30 cluster headache, and chronic cluster headache.
3. 2. BRI BFVODBSGRBFTI ON OF THE DRAW NGS Novel aspects of spexifsos04357
enbodi ments of the invention can be better understood with reference to
the figures described below 10 WO 03/070738 PCT/ US03/ 04357 FIGS. 1-3
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of topiramate |ithium Specifically, FIG 11 shows the thernogravinetric
anal yequévalentsf tytariopeid onpound, and FIG 12 shows the differenti al

scanning c¢ i i i 0 FLG. 13 .shpws the
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and pol ynor phs, | yat es, hydr ates, hydrates, cog-crystals, anhydrous and
anor pifERP o Fﬁﬁe?‘{ s ?ﬂé)r"}‘%é 343{%3’61;%3‘33%5%@? Pbihs camrorssage forns
conpri si NgrIeN3HNRERY the BhdrhaBAGHRIR R $atS BhES3® Ind/ QPR HBLES of topiramate

crystal form as compared to topiramate sodium trihydrate and topiramate sodium trihydrate

with added tartaric acid.

20 FIGS. 11 and 12 relate to analysis of topiramate lithium. Specifically, FIG. 11 shows
the thermogravimetric analysis (TGA) of the compound, and FIG. 12 shows the differential
scanning calorimetric (DSC) analysis for the compound.

FIG. 13 shows the thermogravimetric analysis (TGA) of topiramate potassium.

25 4. DETAILED DESCRIPTION OF THE INVENTION

This invention relates to salts of topiramate and polymorphs, solvates, hydrates,

dehydrates, co-crystals, anhydrous and amorphous forms thereof, pharmaceutical
compositions and dosage forms comprising pharmaceutically acceptable salts of topiramate
and polymorphs, solvates, hydrates, dehydrates, co-crystals, anhydrous and amorphous forms

30  thereof, and their use to treat or prevent a variety of diseases, conditions, or disorders in a
patient, and humans in particular.

One embodiment of the invention encompasses a base-addition salt of topiramate, or a
polymorph, solvate, hydrate, dehydrate, co-crystal, anhydrous, or amorphous forms thereof.
Preferably, the base-addition salt of topiramate is a pharmaceutically acceptable salt, and
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and pol ynorphs, solvates, hydrates, dehydrates, co-crystals, anhydrous and
anor phous forns 30 thereof, and their use to treat or prevent a variety of
di seases,womdri/Bons, or disorders in a patient, and hun®a3/uses/peasticul ar.
One enbodi nent of the invention enconpasses a base-addition salt of
topiramate, or a polynorph, solvate, hydrate, dehydrate, co-crystal,

anhy dinos ,préferadlRT HaoYssefaffont B e9f topirkmafeekadilg, fpRahasetidgeh! ign sal t
of topiramate is a pharmaceutically acceptable salt, and 11 WD 03/070738
PCT/ UShBrDaRIptassiyie of ediobiagspy, soltase, Bydente dighydrals, eabrysia anbpiroasare

sodi u ' Ighium or topiramate potassium or a polynorph,
soIva%g?&ﬁg%{gggﬁﬁa%:édrate, co-crystal, anhydrous, or anorphous form

t hereof . Adabther ebbditienesit thefintdndon RuEIHpRHeseNfRMNEIEpigardatt ANHak an
topiramate that has an 5 aqueous solubility at 25C of greater than about
10, 2Bueges solwglityd@5°6of grepsy thangmut 18.0Y), S00100. 250, ), 750, 106t AEYO,
enboq&mﬁgbn@%nhhe I nventi on enconpasses pharmaceutically acceptable salts
of topiramate, or a polynorph, solvate, hydrate, dehydrate, co-crystal,

anhydr ous, Aastheaembgdinust dfaheitveeti@oéncohipassep pRiIacadicald acicprble sAige
pharmaceutically acceptable salt of 10 topiramate is topiramate sodi um

t opi r¥ndQRiramaia| oinma PelmosRt lpyeadyda, dehydraiss| aepel. ashydiese or
hydr -Gy , er . More
oy of raprpHFRY R forc G0 16 i Rlre RRSGRIUE 1 RFRLARRUS, d bR

t18pi rmphmiaamdei irt]ctp;nanmlte sodiym)] tppiramphte 1’;’thlhnﬁ' ttc%)iralmembff pmAtessiLﬁﬁ,rmou ngdslgmorph, Con
co-crystal,. a rous, or anorphous rm t hereof. Anot her enbaqdi pent of the
i nverf%’?f?ﬁaeh%‘gﬁ%aé@g}édrﬁtﬁarcﬁ%)éﬁgi @ghy lyelely RSN OHESﬂ’GE?@&geMQSFnB
CONPrhefeidhlR {hR SRR GEITYaREpRbRPAR SCidphatnate & tfoﬁﬁéxkxéft% St otk 2
pharmaceutical | y acceptabl e sal? of toplraﬁ%te, or a polynorph, 'sol vate,
hydr aradymdeihy syl vate, hydeate, clelygirate, caaertystal, eolsydross, enamqipborss foomn hdréeft eof .
Preferably, the pharpaceutically .acceptable salt of topiramate is

Fopi r anat R0 BB RESARBE mFpidt OB P AbrafoieREr RS s 3nd

pisl yrdyspde fo@hy adotpridind at Berppeiyddlnt 6 PFEepISIatEtaly MRBYE AHHunOloragor phous
form 20 thereof, and nore preferably, the pharmaceutically acceptable salt

of t oifiarmpesuEcally aespptrblgwats of senitamete, oF apodungipbr gshvatedivdate, dehydiate:, e,

dehydr a 0; I, S ho f ereof .1 n. apot her
enbog%ﬁ%%??ﬁtﬂgﬁgﬁgghgéeu [ %ﬁgcgﬁggéﬁgggﬁs gﬁgﬁ%%%ggglfgﬁﬁgmc%gﬁac%ntain

one arccemnlide phiapfrapaambieds topiranmepdodhing tepieinmite fittumay topira@ite ipdtassilih, one
preferred enbodinent, the It%har ceutically alcéigécgbl e salt of topiramate is
25 t dffi f RAYBODGdisarea it &, fQraivital PBY . OTPREPEIGHS O he

1P rABRLE aAQ 8 ptcFerabl9Phe FARN SR L LB QLR tHiratnROINIRI ek hEr eof .
sodium, or a polymorph, solvate, hydrate, dehydrate, co-crystal, anhydrous, or amorphous

form thereof. In another embodiment, the pharmaceutical compositions and dosage forms
can contain one or more pharmaceutically acceptable excipients or a carrier.

In one preferred embodiment, the pharmaceutically acceptable salt of topiramate is

25  topiramate sodium, and the dosage form is a tablet. Preferably, the topiramate sodium is
topiramate sodium trihydrate, or a polymorph thereof.

In another preferred embodiment, the pharmaceutically acceptable salt of topiramate
is in a dosage form that is a controlled-release or extended release dosage form. In one
aspect, the controlled-release dosage form of the invention is an oral osmotic pump tablet.

30  Preferably, the pharmaceutically acceptable salt of topiramate in said dosage forms is
topiramate sodium, topiramate lithium, or topiramate potassium.

A further embodiment of the invention encompasses a method of treating or
preventing seizures or convulsions in a patient which comprises administering to a patient in

need of such treatment or prevention a therapeutically or prophylactically effective amount of
12



In anot her preferred enbodi nent, the pharnmaceutically acceptable salt of
topiramate 1is in a dosage formthat is a controlled-rel ease or extended
rel ease dwoagw7d768 m | n one aspect, the controll ed-rel ea®eTdsezgsst or m of
the invention is an oral osnotic punp tablet. 30 Preferably, the
pharmaceutically acceptable salt of topiramate in said dosage fornms is

t Opi I APBEASQRICHTY adcRPlabRI B Sf kdgiRUM oP4 péwmgﬁaﬂoﬁfﬁ%}ﬁ%y&aﬁéﬂr t her

embodi rent of the invention enconpassés a met hod of treating or _preventing
sei zue@srystal, corydiosisors amorphpes ifent thiteeh cofefarstdy, dunipharstaeeitivgllyo a

patient | need.of .such treatnent ot prevention. .a therapeutically or
b ophgcathie iy of BpiBertn it ok SWEwuP fiioims CoiRPaE OIEY
phar ne€ uidigabipy, 36KAR, aRifats alidhydiatd, OfJ-Ergsal @nhQdrods,PeY MiRfidus Seinyat e,
hydrate, dehydrate, co-crystal, anhydrous, or anorphous formthereof.

Prief ethatsiol; and morp Reaferablyuthe phirmaceniicad pragsptablasalt afftopisgmateisgopirangate
topir odi t Qpi e Jl4 1.hi topir t fassiu ar .a
poloy m?)dr&ghg ’ §ro€\?§%‘}°r§@dgr°§@‘?’ }Hle %;[gr cget%g,drago-cg r ;’%@r %&%‘ﬁ%ﬁ g)]lrjsm,nog‘?hogﬁor phous

f or m forinhksresif , and nore preferably, the pharmaceutically acceptable salt
of topiramate is topjramate sodium or a polynorph, solvate, hydrate,
dehydr at e, ABgther gbodiment pfyhe Biysntiosrengompisiseta methed pf tisatingdr Proveating r
enbodj Y i ) is enting
- opt Saepll elifie AR SACRTRARASS nilEkiite Tl o LhRAIA Rl oMl )

pHI | efrtatmentneedpefegionh a erbpemtitaliyntor oprophelaetindallgn effedtiver apeouditi ofl &y or

prophyl actically effective amount of a pharmaceutically acceptable salt of
Fop, rEfEnEccubpall SHoPyABlE St L GPREEGLe. 4y GroREPOWEn R aie s drei: desg,
anhy dé@b&%/staf?r?rﬁ%fo@@,o 3 etrﬁ&gh&ﬁse &8l thdPesH er aﬂqlgyeraﬁme R %héiﬁ%é\%dcﬁﬂir' y

acceptable salt "of topiranate is topiramate sodi um topiramate lithium
t opi r ageepteblp selasEiopirpmateris sdogiimatmsodinm, gopivanas lithidmatopiraneteypotassiom,

co-crystal . anhydrous r_,anorphoys form 15 thereof. and nor ref erably,
e e pectufitbn PR, gD E8HR SNt BRhFRone 0 s PR R
ors a fetepinhdhors ﬁféf@fh@l,y, e Phatr@aceGtedal§l addptabldsalt oFbsikam A INEpiASate OF
anor phous formthereof. In . another nethod enconpassed by these

enmbod$IdERR.sOr 2 RelypHuPhetdvate.caidrafe, debydistenlsoecr sttt aphydrosi oramospoys

adj ungt i ugly @dm nistered with another anticonvul sant or 20 antiepileptic,
i.e., e pharmaceutically acceptable salt of topiramate and additi onal

ant i convul manhother anéthepi érephipassad ebypditesel shidhodiinass, atheo phirnateaitally
concurrent| arately, .or sequentially by any itable route (e.g.,

oral | @“,celﬁé]?lé r?tt'gg%ﬁ f@ﬁa@ﬂ&n@d@amﬁm@ m’rﬂf’é%js éi‘flihy?r.l(’tgéd?nctlic%‘%llsam or
aty | cCamplisAR! S OF RN IRRhhERELAS, R&dpidfe DUt o2 Rpiahale Thd e8lidi®onal
car bamazepi ne, phenytoin, ethotiagabine, valproic gm d, ethosuxi m de,
f el basrdicenvigsabh pentanticpileptic are administered as a combination, concurrently but
separately, or sequentially by any suitable route (e.g., orally, parenterally, transdermally, or
mucosally). Additional anticonvulsants or antiepileptics include, but are not limited to,
carbamazepine, phenytoin, ethotiagabine, valproic acid, ethosuximide, felbamate, gabapentin,
25  lamotrigine, levetiracetam, and oxcarbazepine.

Another embodiment of the invention encompasses a method for treating or
preventing tremors in a patient which comprises administering to a patient in need of such
treatment or prevention a therapeutically or prophylactically effective amount of a
pharmaceutically acceptable salt of topiramate, or a pharmaceutically acceptable polymorph,

30  solvate, hydrate, dehydrate, co-crystal, anhydrous, or amorphous form thereof.

Yet another embodiment of the invention encompasses a method of treating or

preventing a cerebral function disorder which comprises administering to a patient in need of

such treatment or prevention a therapeutically or prophylactically effective amount of a
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25 lamotrigine, |evetiracetam and oxcarbazepi ne. Another enbodi nent of the
I nventi on enconpasses a nethod for treating or preventing trenors in a
pati ent vWO®h/0owapri ses adm nistering to a patient in need®CafUusesiedss?
treatnment or prevention a therapeutically or prophylactically effective
anount of a pharmaceutically acceptable salt of topiramate, or a

phar nigeMhés@cally Ae6RPE18RAE P, TR fHirmacdtiSlly\REEptall¥ PoBinforpll @bKdfeat €,

co-crystal, anhydrous, or anorphous formtheréof. "Yet another enbodi nent of

t he ilwdeatei dehydateo pparysed aahydsohs @r emorpheus fosg thereofr eventi ng a cer ebr al

function di,sorder i,ch conprises . adm nistering to a ient | d of
Sooh t 1 oat DSaE eotbubhert B3RS B Ruf Ll RDEH 9 sietuft AR Heatils GBLsOSE

ef f ecleight @aRUR aOpatient %idﬂ%&ﬁbﬁ?éﬂ&ﬁpiﬁ@]’driﬂ@oﬁl R4s¥biént phakshclautdfcal |y
acceptable salt of to, or a pharnmaceutically acceptabl e polynorph, solvate,

hydr atherapertinplly sfisctiveoampyrit ¢l a phamasewiically acoenige alt o flopirmderdor . A
A A . . :
ur lel%HPp%W'esggﬁt{e, g%c}réﬁéedélg%gﬂ{:,! %g&gﬁg@ﬁ%ﬁs& r f%&%}gﬂo&%{% rtﬁ@r%i?g

obesity’or nin at’i en onpri ses mnistering to a

pat i ePdefdrablpeebt tphermerbutically bbepapiutsalt abf togifanené | igetopiamate gddiam,

pharmaceutically acceptable salt of topi ramahe, or a pol yn&ir%p}), , sol vat e,
’ 0

hydr deBiragate i topiFRats PORESTURL Y drRplamogh, splptpnpikat &6t .
Pr ef h ' ] j
re e&g%% agﬂoyglﬁﬂt%, 9{%@}1&&%&%@}@%%@%& @efe&atﬁ{,, thBRAhATREBuinS or a

topira ramate |1thium topiramate potassium or a

pldl y n[ﬁrrlpﬂnp?ﬂn bu&mr;te,,hyﬂ?aﬂs, albl;ydraltehgcdca’fsml, aﬁllwdrmsy ot ahorphathwfdgp tlscreafy "
anor phous form thereqf, an re preferably, topiramate . sodium.or a

pol ynor ph, 288 te&bOaW%t%f, T{E%Hi‘}g?‘g’toél, o2 i a?,mﬁﬁ?ﬂgd?%ug,eatﬂlrg &8hor phous
f or m £8e48Rk neudpahiglaie IROsH RRMNVhR cbﬁ@ri!sé%‘éﬂﬂﬁhi@ﬂériﬁ? EPAPRARSER eeffBEhOd for
treating or  preventing neuropathic pain in a patient which conprises

adm ndushetr¢atigentoora pysaietitiont aitherﬁmtﬂicaﬁy oz yupphylasticatih effoetiver aveynti efna a

t herapeuticall vy, or prophylactically effective raceut i cal |
e ot pac Lol B0 SR L ik ik 8 hink o AN erln OARLIRERLT 20
15 sodolwidte, hyhlysls, adeydrdeh velicaystal, thydrots] at amamphyay fim thefeof MPr¢TaALE, f Or m
thereof. Preferably, the pharmaceutically acceptable salt of topiramate is
t opi r@febarmgpiiGaly ressptabiasat of topirampate i g?ﬂl wdiygnatepirgmate dithiym,

poly i r ; ' o

Py pRE e Dol By 48l ordZ NN, Sy SR, cARMAL SHRyarb, of

pol ynanpiphosoformt thereof) ydd ah@e paefhsabihya tepiraneie sodstra) or aphlydroopls ,sobate,

o oS S fercol £0sR St het et pent of fhe nvention

o0 WA RSOTEAR RSB St ABILLAN o, B

anounprewénting grhalifevtive disondsl iy azprtiept which eomprises admjmistenng o, a patient in

poly ngéea%f 518181 #H r%éntwg){re%[eﬁﬁorg g %ga{paeﬁﬁcdly or prophylactically effective amount of
a pharmaceutically acceptable salt of topiramate, or a polymorph, solvate, hydrate, dehydrate,
co-crystal, anhydrous, or amorphous form thereof.  Preferably, the pharmaceutically

25  acceptable salt of topiramate is topiramate sodium, topiramate lithium, and topiramate
potassium, or a polymorph, solvate, hydrate, dehydrate, co-crystal, anhydrous, or amorphous
form thereof. Another aspect of this embodiment of the invention comprising a method of
treating or prevention an affective disorder comprises administering to a patient in need of
such treatment or prevention a therapeutically or prophylactically effective amount of a

30 topiramate lithium, or a polymorph, solvate, hydrate, dehydrate, co-crystal, anhydrous, or
amorphous form thereof.

Another embodiment of the invention comprises a method of eliciting smoking

cessation in a patient which comprises administering to a patient in need thereof a
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co-crystal, anhydrous, or anorphous formthereof. Preferably, the
pharmaceutically 25 acceptable salt of topiramate is topiramte sodi um

t opi ramatwoloBomi7esn and topiramate potassium or a pol yneCphysoyedssat e,
hydrat e, dehydrate, co-crystal, anhydrous, or anorphous formthereof.
Anot her aspect of this enbodi nent of the invention conprising a nethod of

treatinBg eﬁndanﬁve%kh@@ affduRf 8 tphiEnabeSREUGT aceOFMIE S8 AABPiRInS4te) bing tO a
pati ent | n need such treat nént or Prevent ion a therapeuti cal Ity or
ta

pr ophmlampr@ascblyate;hseiwe \dghgdretgnco-erfystal, 30hydspis; anamerphpashiormtheseols
ponnDrph, oIv te, rate, .dehydrate, co cry stal , ,anh

Doy phous. ot ARG et bh 85 Wil saft it Emenfa Y Mt minice .
et hogh é)hulﬂhlh Platiéi OvISOR kbi@rises @dfAkisRfing o @ padikhieht neslliof RugoipithRasa
adn1n|ster|ng to a patient in need thereof a 14 WO 03/070738

G/ Uberpedssily affvstiupamoretap] § phameaceijeallynmsgentalle salt ghdepisaiadie ¢af| y
SS?S PR SoaBh bodePROIE S ol sGya@ by dRr fen Tl Mckery W o fronsy 1,

enbodbmmembrpbous Herm nvessfl OAnethen BRRSS 0f tlas repitdiinaft donpaiseng methodiofie in a

human pat.ient which conprises adninjistering to a patient |n need of such
t r eat fER¢ing ths frﬁ@reasmrl SYRTIly of FIRtEraipe Hnd UMIME PAUSIH aVhish e eRRIASS y

t h,
gglcgg%(gﬁhﬁtegﬁlgt toOfth Bid R TR foed %el%opggré@efcﬁ% Ay oRGF gﬂ@%}g@u@a ymorp

rat e, Co-cryst anhydr ous, ous torm
t Her emfceptablbrseh odﬁmacatma.‘né dr hai phaemiedticadiyt aoceptpbleg:e@nmrphtdwhdta)ﬁlydlramjum ng

the fr ency or severi f mgraine in man at Ient Lch.conprises
adni n@é’g’gﬁteng Py Hab pzif‘i‘/ié‘ﬁ us; %ﬁeéﬂloméo ot ti veﬁ{\gﬁlﬁ%ﬂ n&%
phar hi&aRchlYy %Qc@)%@@fsab |o? t§1§ﬁatmaﬁé itQ ﬁaaﬁraa& %odﬂﬁl aopiparABARBuhLal |y

accept abl e polynDrph sol vate, hydrate, drate, co-crystal, anhydrous,
or amepphoats yqbasmunhmr@qfolyrmreh,eﬂtmﬂt@; hytihaée hydipiec eveiysta Iayhﬁfb@bqatoabl e

pot asaramioet Tparyaehon SR SraShi o aXGRRhs’ HBlapi B T ©

apdy diopiamaR is @ﬁﬁéﬁh@uﬁ)dﬁ@ﬂi nort  @oB@horpANSLIARE, ehj&frﬁé eﬂﬁi@lﬂy’ate td’lﬁ-‘crystal
pharmaceutically acceptable salt of 15 topiramate is topiramte SOdI um or
a pol §Hvdps, eoimepeousHoar tieeofdehydrat e, co-crystal, anhydrous,

anor phous 0t BeLE0limn U L inFIHRAL BRI ALt faerﬁéwoemtfbp@rea%@asses a

met hod for treating or preventing cluster che I'n a patient I ch
conpr pieesntagnilmitatiendavfe iroa patjpat whith cxompmm:hdnhmsmmg td a patfane it ne:a:d of
pr event bon a therapeuticall

y. or rog{%I acti cal Icy ltl gftl ye anou f a 20
bhar nEHeBURFACRERY Of SESSPIR @ bERp A r R dactisplly S?tw?o?laﬂun s fat e,
hyglr abl?a_nng@aﬁfééﬁ}t/ SecepBieCdat Uf %plrefi‘ﬁ%ﬁé’ %’r%%olyﬂbrﬁa@élpﬁ@ Uisydr 6 Naldhy8F80f -

Pref erably, the phar maceutlca acceptable salt of topiramate’is
t opi r eovatystab odihydrousopirr mx)boms foinurthereohi r afefesalgpt s iphanmaceutically

acceptable salt of topiramate is topiramate sodium, topiramate lithium, topiramate potassium,
or a polymorph, solvate, hydrate, dehydrate, co-crystal, anhydrous, or amorphous form
thereof.

25 Another method encompassed by the invention comprises adjunctively administering
the pharmaceutically acceptable salt of topiramate, or a polymorph, solvate, hydrate,
dehydrate, co-crystal, anhydrous, or amorphous form thereof, with caffeine, wherein the
pharmaceutically acceptable salt of topiramate and caffeine are administered as a
combination, concurrently but separately, or sequentially by any suitable route (e.g., orally,

30 parenterally, transdermally, or mucosally). In one aspect, caffeine and a pharmaceutically
acceptable salt of topiramate, or a polymorph, solvate, hydrate, dehydrate, co-crystal,
anhydrous, or amorphous form thereof, are administered in combination. Preferably, the
pharmaceutically acceptable salt of topiramate is topiramate sodium, topiramate lithium, or
topiramate potassium, or a polymorph, solvate, hydrate, dehydrate, co-crystal, anhydrous, or
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or a polynorph, solvate, hydrate, dehydrate, co-crystal, anhydrous, or
anor phous form thereof. 25 Another nethod enconpassed by the invention
conpri seswadpunoss vel y admi ni stering the pharnmaceuti cal | yCcaasepogbt e sal t
of topiramate, or a polynorph, solvate, hydrate, dehydrate, co-crystal
anhydrous, or amorphous formthereof, with caffeine, wherein the
phar naa6ishbesAoli tl?é?@(ﬁpthﬁ&le%r%}a%ly?fhetﬁﬂﬁhﬁ%&ti@all?'%c 18 5d}ofAbfiramate
adm ni stered as a conbination, concurrently buf separately, or
sequelnttppirdamaty yodivg, sui pabineorplysobvates hydrateg deliydyate 3¢0-prysteh taghylroys, or
trans | | or, nucosally). In one aspect, caffeine and a

A8TRrlorg e

phar mac ptable salt of topiramate, or a pol ynorph, solvate,
hydrate, de@tr ahbodBeentd ¥Rl inverftidh diPkiSe allo-@YBRAPHOLSmpIE BY thgsigef . are
adm nistered in conbination. Preferably, the pharnmaceutically acceptable
sal t ¥ opisipapspharmaceupilrempositiopyianshiosegp farmseomprisingi athgrapeuticeldpi r anat e

pot asgi : te, rat rate. .co-crystal,

by o gt B BB TR P Bk S13 B B SRR M T B P BB 261 vore
pr ef etrediing and g_fevﬁﬁlﬁ[g mﬁﬁitidin@aﬂl b.y)?]’@ém ?fﬂchﬁlﬁn’g ﬁﬁl&éu‘chmi’tdgﬂbﬁ&%@ﬁhﬁ, cluSter I
topir te sodium _or a polymprph, solvate, hydrate, dehydrate, co-crystal,
an hydﬁ%ﬁ%&l% MEUTQREAKH BHE: RALYeh disarsiers, ﬂ?ﬁﬁl%rseﬁ%@di%ﬁ@@o@% ¢miepligvent i on
CO”Dréo?ﬁit%nQ,qF&ﬁéﬁ};ﬁa!d_ é%feb?a@ehcg?& Qﬁso?@ér%,%b%@ris %ﬁliﬁl@ﬁhﬁ&'&ﬁ& Batient in
pharmaceut 1 cal conpositions an 3osage or Cofgpl‘l sing a“therapeutically
o0 pr nged \if sedhi tosmbhgntef penentien atheraptutafalla oe prophykittdallyreffeotiya @xowrdt of

topi ramat g, Fnd rretlhod]i@g{e. tr ati.r;g and preventing conditions in a
pat i e?'nf?‘cﬁyﬁt@ AR A PHSLE S ORIy graine, cluster headache,
neur opat hi godigiiite &l RChh¥CuHhS P RS ﬁm}%@%lhwn 1§ BHosd! Elg_ﬁed ﬁlgcﬂé/ Wi SipgPS,

epileptic conditions, trenors, and cerebral function disorders, conprising
adni neXawld, mgethedsa foyathie eshemieal senthesisi ob ftopitanate raeatdesmibed rin gy 8v @atenbn a

t her uf i r prophyl acti.cal ly effective .amount of. . a co-crystal or
corrp?@?(' %# Ca@gﬁlﬁ%ﬂgﬁ%qﬁ%{g%ﬁg " re’%?)ﬁ?rg%ltnel%c T b “&%“?‘f& Vet i ous
nEst hoksowikeniavhe tat £ q€pasiap | thsiehnhdle bh§ A$d be nedd, iladME Sfor RRAMPISHo t he
chem cal. synthesis of topiranmate are described in U S Patent No.
4, 513%isdesed i S Batenic Hloso0st 18908y S387 dPBnc 8:298¥2n 5318432, S92y, O her
met ho [ . | i .pe used,
Tl a5 3P 45 2o il of PficPhERALIHal-ABIATRY ferlBlosta gt
5, 387snid@ies5, 258, 402, 5, 384, 327, 5,242,942, 4,792,569, 2,554,816 and
2,980,679, all of which.are incorporated herei.n by reference jn their
enti ret i esTPoTREHRe SBRPITH JRYRLF Gn e YBINPESiet HUSGERD 8ttt e GTUEBIR | t hat
the sOBORES)&rbup ePtoPRHANEAY sHENMcRTic LAPHTR TRdyeod 8 haldld /Rl ¥ndiatich 6f and
thus nmay be a handl e for generation of

salts, co-crystals, and complexes with the basic compounds such as, but not limited to,

caffeine, N-methyl pyrrolidine, nicotine, nicotinamide, and ethers such as PEGs (examples

include but are not limited to PEG 200 and PEG 300). Salts are often associated with

improved chemical stability and increased solubility of drugs leading to better delivery of

25  drug to the body, by reducing unwanted degradation product exposure and increasing levels

of drug in the body. Salt forms of drugs therefore constitute a useful set of options for
development of drug formulations.

Pharmaceutically acceptable salts of topiramate can be prepared by treating

topiramate with appropriate bases, such as organic or inorganic bases. Bases that can be used

30 to prepare pharmaceutically acceptable salts of topiramate are those that form non-toxic base

addition salts, i.e., salts containing pharmacologically acceptable cations, including, but not

limited to, sodium, potassium, lithium, magnesium, calcium, aluminum, zinc, procaine,

benzathine, chloroprocaine, choline, diethylamine, ethylenediamine, N-methylglucamine,

benethamine, clemizole, diethylamine, piperazine, tromethamine, triethylamine,
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salts, co-crystals, and conplexes with the basic conpounds such as, but not
limted to, caffeine, N-nethyl pyrrolidine, nicotine, nicotinamde, and

et hers suwb 0a®7@B>s (exanpl es include but are not |imtedCTaSPE@3200 and
PEG 300). Salts are often associated with inproved chem cal stability and
increased solubility of drugs leading to better delivery of 25 drug to the
body, etdhol-BHHE! NelethAALHRE, dﬁ%[niﬁe?}t iPind)" Qelddinee XRbYMIAmARI DRAGILASL NY

| evel s of drug in the body. Salt fornms of drugs therefore constitute a
usef Lneng'épromnog,pt i 2orwinped-methel-d | Jopiopanedadl, drtmlg(?wdmmymthyb)ﬁ@.momethane,

Phar ticall cec abl al t.s ;0f. topi.ramat e can be.prep reating
P L S O DN SR W G g o AN
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art. For instance, saturation of an aqueous solution of the salt can be
i ncr asséddpy teotd peagirops dvithh evatero| dnfisolvent awalitanwith madetselinfonant aed t he
partigle propenrties.(e.g., size, habit) that result froma crystallization
pr océ’gls??m eflé?arllgfcleyte#‘:é;’ addition of an anti-solvent (or non-solvent), such
as an 10 aC&ehstalwdndabohpiexerbe fopifataiddnd @idr\eenipoutdcabbeys@shréOudifcr ease
saturation of the salt formin the nedium and hence effect nucleation and
gr owmgengentiongk erystallizeionfechaiquss, g Tew| spdRioas comprising topitamale @nddke | i i t ed
to, iSAs;P RS, 1 tehanaleits B " bLinanel 3 ed, due
to i togﬂgzgé)ot r opJg,\S wagﬁtam%ag?? ant ?{-eéglovg%{acﬁ]%a%/ﬁf % tﬁ n&éﬂgl gé‘%ﬁ ?l%l?rns, and
phar riecesetli toaprepare epicaystds ot somplaxey of dbiraarde. c divpleg@plepfa does@iystalhat e and

ot her conpoupds. can be . prgpared using caonventional, crystallization
{ echMogt: otopirate gid CHTERP G PE GHITEIS My bpe e S AN s e
Q@”D%I@)%ng GQicdhstoadobl, Rdn &htéd%i‘ﬂ@‘tﬂﬁkén%at@fméltoﬁitﬁ TRt randiifah@FeiRMaynds may

also be used to prepare co-crystals or conplexes of topiramte. For
exanpillowing this ©rgpst. aln particular method, caffeine is melted and recrystallized between a

glass slide and glass cover slip on a hot-stage microscope (such as a Mettler-Toledo
FP950tstage mounted on a Zeiss Axioplan II polarized light microscope). The hot-stage is
allowed to cool to about 30°C. Topiramate is then placed on a glass slide in contact with the
25  edge of the glass cover slip. The solid topiramate is melted and the melt is allowed to come
into contact with the recrystallized caffeine. The temperature of the hotstage is lowered (e.g.,
to about 70°C) and held there overnight. During that time the melted topiramate
recrystallizes and a cocrystalline phase crystallizes between the caffeine and topiramate
regions. The slide can then be heated to determined the melting point of the
30 caffeine:topiramate co-crystal.

The pharmaceutically acceptable salts of topiramate, or polymorphs, solvates,
hydrates, dehydrates, co-crystals, anhydrous, and amorphous forms thereof, and
pharmaceutical compositions and dosage forms thereof, of the invention possess potent
activity as antiepileptics, anticonvulsants, anti-obesity agents, and mood stabilizers. For
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conpl ex of topiramate and caffeine can be prepared by nelting and
recrystallizing caffeine, 20 allow ng such to cool, then contacting
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caffeine:topi ramate co-crystal. The pharmaceutically acceptable salts of
topi ramate, or pol ynorphs, solvates, hydrates, dehydrates, co-crystals,
anhydr ous, and r‘mm ~and pharmaceutical conpositions
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dto
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di sor B [ . c r 4 . oF JIVENT AND
preVERT O Th 8 B R bt Bl ead AN MRt e xR S bR
atk i vieginmgs edpardd inntheHiterahe andtrecomimeidednincthoePiagRBN Defk Refdi-arade or
disordeg will vary with the dj sease qr disqrder  itself, the specific
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fr equesselor 1RE pﬂ%ﬁhceﬁ@éﬁll?la%eep\fﬁlé/ ts@i‘t: G tGhiln 4O L@&?irbﬁg%b%fn%ﬂt of [tfig PONSE,

and the past “medical hisStory he patient. Suita oSl ng regi nens can
be r dawertipngelldetthat which issafslant lefdctivar (pigsdns wictlved negutoryiagprosai)on of such

factors by, foll owng, for ex | e, dosages and dose .15 reginens reported in
the | ter AU BE AP IlERteh dBE TN phg o PRADAcQtically, desehehln calt PP ( s6t h
exd , t3pRdhate UY. €5 sopitdied slivimdit6iitithte tiNAivRRIBEH ttePRaRite 2pREQRMY) agtic or

t herapeutic dose of the pharmaceuti cal lf/ acceptable salt of topiramate
used 3dministeggryasdiesess ingn ampunt of from about 10 mg to about 1500 mg, preferably in an

amount of from about 25 mg to about 1000 mg, more preferably in an amount from about 50

mg to about 75 mg, and most preferably in an amount of from about 100 mg to about 500 mg.

When considering dosing and comparisons of clinical data resulting from the use of the

25  pharmaceutically acceptable salts of topiramate of the invention, the skilled artisan will

readily understand that the equivalents of topiramate in the salt form should be considered.

For example, the ratio of molecular mass of topiramate sodium trihydrate to free form

topiramate is 1.224, and thus a dose of about 122 mg of topiramate sodium trihydrate is

equivalent to about 100 mg dose of topiramate. The dosage amounts and frequencies

30  provided above are encompassed by the terms “therapeutically effective,” “prophylactically
effective,” and “therapeutically or prophylactically effective” as used herein.

The suitability of a particular route of administration employed for a particular active

ingredient will depend on the active ingredient itself (e.g., whether it can be administered

orally without decomposing prior to entering the blood stream) and the disease or disorder to
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invention will be that which is safe and effective (e.g., has received
regul atory approval). In, one enbodi nent of the invention, the

phar maceuwwpaaloror3accept abl e salt of 20 topiramate (e.g., PCOfiSORNMBSE
sodium topiramate lithium or topiramate potassium is admnistered as
needed in an anount of from about 10 ng to about 1500 ng, preferably in an

anounbe éatéd Qprakdedd. 2hor @Qaﬁlgle,aﬂ@@wal AR srdtion B3It PpipAIBS Srefiplell forraatingnount
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di seases Or di sorder ereas’trans ut aneous routes of

abm nergitalatofosafiehn. t Pirmatduyicklecenpisaioad ahd runitr dahgee fdrner ofpthe ievedntiom of a
chronj c. dj.sease or . di sorder. 4. 2. PHARyACEUTI L COVWPCOSI T ,g\ls AND DOSAGE
FORMVEYRIFAPR AP A SRRt e Qfdﬁ‘&&é’?’?li‘?ﬂ?ﬁu’%ﬁ% Y AERCREE S ORI Of HeChl§vent i on

conpri se aPhleﬁ%émi%ﬁLﬂﬂitc@dsEQ’e REHEBF AR BvaRioh 29f siliRBie BFBiE miRlosA (e.g.,
pharmaceutically acceptabl e pol ynorph, solvate, hydrate, ‘dehydrate,

co- cryasallspblingwgld rvagimal, drucealn op hestad), frarantarbleteepf int8pmisédlar ssbdutaneows,

topiramate include, but are not.li.mted.tq, taqpiramat odi.um. . t opi ramat e
[ hi VR TRl o ehacisshtnstaRieeh o dinsi el samistisn Crace
20| upiienb UEx e Of ddshgd forfhs itlude biddar€ hyshimited @f: @Blefseafets;Ragsui@ceut i cal
conpositions and unit dosage forns of the invention typically also

conpr fusk asniard eelabn cappidesnard soft elastiy caletia rappiles; ereliehi; drchesy lozgngerent s.
dispersions; suppositories; ointments; cataplasms (poultices); pastes; powders; dressings;
creams; plasters; solutions; patches; aerosols (e.g., nasal sprays or inhalers); gels; liquid
dosage forms suitable for oral or mucosal administration to a patient, including suspensions

25  (e.g, aqueous or non-aqueous liquid suspensions, oil-in-water emulsions, or water-in-oil
liquid  emulsions), solutions, and elixirs; liquid dosage forms suitable for parenteral
administration to a patient; and sterile solids (e.g., crystalline or amorphous solids) that can
be reconstituted to provide liquid dosage forms suitable for parenteral administration to a
patient.

30 The composition, shape, and type of dosage forms of the invention will typically vary
depending on their use. For example, a dosage form used in the acute treatment of a disease
or disorder may contain larger amounts of the active ingredient than a dosage form used in
the chronic treatment of the same disease or disorder. Similarly, a parenteral dosage form
may contain smaller amounts of the active ingredient than an oral dosage form used to treat
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Phar maceutical unit dosage fornms of this invention are suitable for oral,
mucosal (e.g., nasal, sublingual, vaginal, buccal, or rectal), parenteral
(e.qg., invoanizwes ar, subcutaneous, intravenous, i ntraar PeME03/ 0457 bol us
injection), topical, or transdermal adm nistration to a 20 patient.

Exanpl es of dosage forms include, but are not limted to: tablets; caplets;
capsuthessansdiclibea® Baldikoa®irat TheseaRsd lofifer aRtlyss &f twiRdASpdEhid HodddentorRRS Ul es;
cachets; troches; |ozenges; _dispersions; suppositories; ointnents,

cat apPicomPagssd vt thisegyentipasvidlsvary dinge pre anptherswitlgls readilye apparentitashases;
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type osage fornms af. the inyention will typically vary depending on
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ways patembiat dosigedbihs: T8S 3G G a PAGRTRASEEFichY mbliadso MpeAd AN | |
vary fromone another will be readily apparent to those skilled in the
art. speeificeaciive imgradisgisdn’ the Prsaasaionnt | Beonl exsmimecths dee@npositihn, ofvaerke

Publ i shi ' tical i i d
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Kifownwater.t hAsigves kidrédiehts rthitheorapiiscopripasy 18 Ci¢cidaryp AaineRC &t paticul

non-limt |’§? exanpl es Ofgﬁgﬁ‘igt abl e .exci pients are provi ded herein. et her
a par{Pemt et@i&%’i‘%ﬁ‘ﬁfﬁt PRRBFHEOR-or i ncorporation into a pharnmaceuti cal

conposi ti Ofhe HveHOSAGSHP (ggﬁpag }%pm 1€, " I wn in
the art inclepdivﬁg, but r?otem_’:LO ign%%fpe t%,:e\ﬁta%l %nﬁ%#o%%@%%ﬁ%edfgggge form
wi | | that coamprive one oe thore cempanide Hiat rdduce theantel ty, whioh ah adibesigerefientwilsuch as

tabl ets or capsules may contai.n excipients not suited for.use in

par en‘ieecf’gllpoﬁem%&é ?O&l’_r‘?é’.’&%ﬁ"_' 1%??58%&?&}0 B?feéfl ?)Sarsﬁb Chp B’fﬁﬁﬁa B2y al so
dgpengbtdinitdito, apESifldrts achi aée@sb&%_[ceﬁidi@,gﬁﬁ Yulfekh @r QS BARE O adiRlonexanpl e,
t he deconposition of sone active ingredients can be accel erated by sone

exci prhefnacestiedl eanpositiops @r dopagrhirmaxgiobednyantion may contain one or more
solubility modulators, such as sodium chloride, sodium sulfate, sodium or potassium

phosphate or organic acids. A specific solubility modulator is tartaric acid.
Like the amounts and types of excipients, the amounts and specific type of active
25  ingredient in a dosage form may differ depending on factors such as, but not limited to, the
route by which it is to be administered to patients. However, typical dosage forms of the
invention comprise a pharmaceutically acceptable salt of topiramate, or a pharmaceutically
acceptable polymorph, solvate, hydrate, dehydrate, co-crystal, anhydrous, or amorphous form
thereof, in an amount of from about 10 mg to about 1000 mg, preferably in an amount of
30  from about 25 mg to about 750 mg, and more preferably in an amount of from 50 mg to 500

mg.
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15 water. Active ingredients that conprise primary or secondary am nes are
particularly susceptible to such accel erated deconposition. The invention
further ewomapawses pharmaceuti cal conpositions and dosagecarseso43shat
conpri se one or nore conpounds that reduce the rate by which an active
ingredient w II deconpose. Such conpounds, which are referred to herein as

"stabilizers," include.l1.bORALDOSAGHE FORMEed to, antioxidants such as
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Typi cles@lvedOSRDEOIbARE S éﬁtst NSNSt ORiFERSs RURRAL Efgr QY. goERibRg the

pharmaceutlcalijé acceptab e salt of topiramate in an intimate adm xture
with @esapeiermsdee., rovedess, é@hlefagwsldcm@nd@apbtWemludﬂaédut preanardineitetd wal

CoMPOURAS RN BRI, AT K80, e G i TS o, o
edanpbiaders xmidffignegratitig hedpte for use in oral liquid or aerosol dosage
Due to their ease of administration, tablets and capsules represent the most
advantageous solid oral dosage unit forms, in which case solid pharmaceutical excipients are
used. If desired, tablets can be coated by standard aqueous or nonaqueous techniques. These
dosage forms can be prepared by any of the methods of pharmacy. In general,
25  pharmaceutical compositions and dosage forms are prepared by uniformly and intimately
admixing the active ingredient(s) with liquid carriers, finely divided solid carriers, or both,
and then shaping the product into the desired presentation if necessary.
For example, a tablet can be prepared by compression or molding. Compressed
tablets can be prepared by compressing in a suitable machine the active ingredient(s) in a
30  free-flowing form, such as a powder or granules, optionally mixed with one or more
excipients. Molded tablets can be made by molding in a suitable machine a mixture of the
powdered compound moistened with an inert liquid diluent.
Examples of excipients that can be used in oral dosage forms of the invention include,
but are not limited to, binders, fillers, disintegrants, and lubricants. Binders suitable for use
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forms include, but are not limted to, water, glycols, oils, alcohols,
flavoring agents, preservatives, and col oring agents. Exanples of

exci pi entwodnioteBs e for use in solid oral dosage forns (@CFUSIPOWBSET S,

tabl ets, capsules, and caplets) include, but are not limted to, starches,
sugars, mcrocrystalline cellulose, kaolin, diluents, granulating agents,
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Disintegrants are used in the compositions of the invention to provide tablets that

disintegrate when exposed to an aqueous environment. Tablets that contain too much

disintegrant may swell, crack, or disintegrate in storage, while those that contain too little

may be insufficient for disintegration to occur and may thus alter the rate and extent of

25  release of the active ingredient(s) from the dosage form. Thus, a sufficient amount of

disintegrant that is neither too little nor too much to detrimentally alter the release of the

active ingredient(s) should be used to form solid oral dosage forms of the invention. The

amount of disintegrant used varies based upon the type of formulation and mode of

administration, and is readily discernible to those of ordinary skill in the art. Typical

30  pharmaceutical compositions comprise from about 0.5 to about 15 weight percent of
disintegrant, preferably from about 1 to about 5 weight percent of disintegrant.

Disintegrants that can be used to form pharmaceutical compositions and dosage forms

of the invention include, but are not limited to, agar-agar, alginic acid, calcium carbonate,

microcrystalline cellulose, croscarmellose sodium, crospovidone, polacrilin potassium,
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Starch 1500 LM 15 Exanples of fillers suitable for use in the
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sol d sferenssoln geralf lagosa-Bre coppositions eruprise @spheracenticallyracgeaple salt
of topiramate (e.g., topiramate sodium), a binder/filler, and a lubricant in pharmaceutically

compatible and pharmaceutically acceptable amounts. Preferred lactose-free dosage forms
comprise a pharmaceutically acceptable salt of topiramate, microcrystalline cellulose, pre-
25  gelatinized starch, and magnesium stearate.

This invention further encompasses anhydrous pharmaceutical compositions and
dosage forms comprising active ingredients, since water can facilitate the degradation of
some compounds. For example, the addition of water (e.g., 5%) is widely accepted in the
pharmaceutical arts as a means of simulating long-term storage in order to determine

30  characteristics such as shelf life or the stability of formulations over time. See, e.g., Jens T.
Carstensen, Drug Stability: Principles & Practice, 379-80 (2™ ed., Marcel Dekker, NY, NY:
1995). Water and heat accelerate the decomposition of some compounds. Thus, the effect of

water on a formulation can be of great significance since moisture and/or humidity are
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pref efdaegﬁ% the use of an optimally designed controlled-release preparation in medical treatment

is characterized by a minimum of drug substance being employed to cure or control the
condition in a minimum amount of time. Advantages of controlled-release formulations
include: 1) extended activity of the drug; 2) reduced dosage frequency; 3) increased patient

25  compliance; 4) usage of less total drug; 5) reduction in local or systemic side effects; 6)
minimization of drug accumulation; 7) reduction in blood level fluctuations; 8) improvement
in efficacy of treatment; 9) reduction of potentiation or loss of drug activity; and 10)
improvement in speed of control of diseases or conditions. Kim, Cherng-ju, Controlled
Release Dosage Form Design, 2 (Technomic Publishing, Lancaster, PA: 2000).

30 Conventional dosage forms generally provide rapid or immediate drug release from
the formulation. Depending on the pharmacology and pharmacokinetics of the drug, use of
conventional dosage forms can lead to wide fluctuations in the concentrations of the drug in a
patient’s blood and other tissues. These fluctuations can impact a number of parameters,

such as dose frequency, onset of action, duration of efficacy, maintenance of therapeutic
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packaged using materials known to prevent exposure to water such that they
can be included in suitable fornulary kits. Exanples of suitable packaging
i ncl ude, Wwotosargssiot limted to, hernetically seal ed foi PEI/USOHESLIFTS, unit
dose containers (e.g., vials) with or without desiccants, blister packs,
and strip packs. 15 4.2.2. CONTROLLED AND DELAYED RELEASE DOSAGE FORMS
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26l eaxe1GIVRMETE, 80, 3,598,123; 4,008,719; 5674,533; 5,059,595; 5,591,767; 5,120,548;
5,073,543; 5,639,476; 5,354,556, 5,733,566; and 6,365,185 B1; each of which is incorporated

herein by reference. These dosage forms can be used to provide slow or controlled-release of

one or more active ingredients using, for example, hydroxypropylmethyl cellulose, other
polymer matrices, gels, permeable membranes, osmotic systems (such as OROS® (Alza
25  Corporation, Mountain View, CA USA)), multilayer coatings, microparticles, liposomes, or
microspheres or a combination thereof to provide the desired release profile in varying
proportions. Additionally, ion exchange materials can be used to prepare immobilized,
adsorbed salt forms of topiramate and thus effect controlled delivery of the drug. Examples
of specific anion exchangers include, but are not limited to, Duolite® A568 and Duolite®

30 AP143 (Rohmé&Haas, Spring House, PA USA).
One embodiment of the invention encompasses a unit dosage form which comprises a
pharmaceutically acceptable salt of topiramate (e.g., a sodium, potassium, or lithium salt), or
a polymorph, solvate, hydrate, dehydrate, co-crystal, anhydrous, or amorphous form thereof,
and one or more pharmaceutically acceptable excipients or diluents, wherein the
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One epbodi .of i nyention enconpasses a unit dosage form which
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03/ 07, S 7 tical . it d f i
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delivery systemis referred to as OROS(r) (Al za Corporation, Muntain
Vi ew,LaEEAY A§P.A:'I2IQPQ)-t dbnadYaiARe oA uck deFagy fpansaisdhetade ddelivers retefdhe i very

e S T
6, 342lepd@leBl solubility can be delivered at a constant rate regardless of the pH of the delivery
medium. But because these advantages are provided by a build-up of osmotic pressure
within the dosage form after administration, conventional OROS® drug delivery systems
cannot be used to effectively delivery drugs with low water solubility. Id. at 234. Because
25  topiramate salts and complexes of this invention (e.g., topiramate sodium) are far more
soluble in water than topiramate itself, they are well suited for osmotic-based delivery to
patients.
Consequently, a specific dosage form of the invention comprises: a wall defining a
cavity, the wall having an exit orifice formed or formable therein and at least a portion of the
30  wall being semipermeable; an expandable layer located within the cavity remote from the exit
orifice and in fluid communication with the semipermeable portion of the wall; a dry or
substantially dry state drug layer located within the cavity adjacent the exit orifice and in

direct or indirect contacting relationship with the expandable layer; and a flow-promoting
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cé@ivemlawlmpom@is(thy efpaiglabiiel layen; yfh@ ﬁmg hayer campoisingea Ui, taotied fagenn vely

deliv S | qw r I 234 Bec 5t | ramat e
sal ts%%é]%ﬂg nglégs.édo& p‘é’?o b ve%lg {’11] éoraus Ha% SAREPE %%Efgnf Lt ar

nor e csmpadmbﬁ forcevaifdcichtta I‘foﬁnﬁ) aucbm@w@d tiugahfer vh’ﬂﬁs){lt ﬁgﬁmﬁ{tlexﬁ&udoﬁ%ff or
osnoti.c-hased deliver to pat| ents. Consequently, a specific dosage form

of t héhs etk peifvecagrst ifemaulationydhe dgsasentony epticzally thavingha Riagebo Hayerng an
exit QiuwfebS thef f gr@lla t on.of the 30
| B o R T Gu e T ot sEER Rl WBlseh 67,

r &hot ealf pbtoptitasage i dr aappl‘ynmplarmblvama fhyldrede cdnhyﬂmte; adok@msts Tahhﬁd’ﬂ@us or
semperrreb rt f y O supstantially dry state drug

| ayer *P5EaPE f&ﬂ‘ hﬁreloﬁ %g?n% algﬂt%eﬁf’ téﬁ%@e&‘& ’gPl $tEetyY afly VYIHC dfrect or
i ndi rﬁﬁb@wﬂécﬁl@érélﬂg)yr@fe@éﬂcgnshl p with the expandable |ayer; and a

flow pronoting 26 WD 03/070738 PCT/ US03/ 04357 |ayer interposed between

the inner surface of the wall and at | east the external surface of the
drug | ayer |ocated TS rei rug | ayer conprises a
salt of topiranate, rzlg aPE}}?JIﬁi;ITU Ju?t‘ ri? te, dehydrate,

c20 cryst al Parembipd rdosa@e formsaeanr e wlsinfs@Edn trofwne@tfs by vagiBudrontes PRCRIAingNO -
6, 368, 626, the enti reténof whi ch is incorporated Kerel n by reference. 5

Anot hBY 795 dimyried do gbeyianeqiis Mngrveness (ingladmgdivlesominciien)s inteanwstulaend ni ng a

cavi t ¥piraarterial. Since administration of parenteral dosage forms typically bypasses the patient’s

natural defenses against contaminants, parenteral dosage forms are preferably sterile or
capable of being sterilized prior to administration to a patient. Examples of parenteral dosage

25  forms include, but are not limited to, solutions ready for injection, dry products ready to be
dissolved or suspended in a pharmaceutically acceptable vehicle for injection, suspensions
ready for injection, and emulsions. In addition, controlled-release parenteral dosage forms
can be prepared for administration of a patient, including, but not limited to, administration
DUROS®-type dosage forms, and dose-dumping.

30 Suitable vehicles that can be used to provide parenteral dosage forms of the invention
are well known to those skilled in the art. Examples include, without limitation: sterile water;
Water for Injection USP; saline solution; glucose solution; aqueous vehicles such as but not
limited to, Sodium Chloride Injection, Ringer’s Injection, Dextrose Injection, Dextrose and
Sodium Chloride Injection, and Lactated Ringer’s Injection; water-miscible vehicles such as,
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the wall having an exit orifice fornmed or formable therein and at |east a

portion of the wall being sem perneabl e; an expandabl e | ayer | ocated
Wi thin t hwomawira7gs renote fromthe exit orifice and in fl @Ca/usosroass cati on
with the sem perneable portion of the wall; a drug layer |located within

the cavity adjacent the exit orifice and in direct or indirect contacting

10 r ebutoo Higdiief toyictiyl bikehalX palpetdblefe kBY6Y, and POpHIeHE olyRYE an€ AORAGSIONY 2
l'iquid, active agent fornulation absorbed in porous particles, the porous
parti a I 0 gt 9 S Pal, € orma

i Yhades, gichpsa Aapredimged daj e oglp pplienspesh ofl.opesayt eilf sasame wil, eyl
conpagitad ; | hanificant exudation of the liquid, active
agent f%?’ﬁu‘?%’??}g%ﬁ{sha\g’%gggé%& ggﬂn‘%og%ti onal |y having a pl acebo | ayer
bet ween t h€ompounds thdt alter andodifiethd solgbilizy of a phdignedutichiteaceptable salyoint
formul ation c rigﬁs a 15 ﬁalg of topiramate, or a polynorph, solvate,
h%r a‘PB{ra‘H%tﬁfg‘?C sgd hersin:capsalsg be Hcpipgrded ntg the parentpiabdesage fommslithef . See
U.S.  Bat@ith, MludthedRvadBnal HA SHEbIGL oGt rdiSiosd rated herein by
reference. 4. 2.u3. g%%R‘I/ENTE&%\L DOSAGE %C%%?\%issgg%ggéﬂﬁgﬁﬁgqg{ggge forms can be
adm nistered to patients by various routes, including, but not limted to,
subcut aneous, intrav u Locl udi i.njection), intranmuscular, and
intraarterial. Since ggm \ ?R&f‘i’gﬁg‘&ﬁgb ALfave a dosage forns typically
bypasses the patient's rA\I MUGCEPALBOSALE FORMSHt ani nant s, par ent er al
desage f or gpiad @oRies remRAPLdnS ifehtitn Meluded iR L prior
to adm ni s]tar!fpa{ti og tgg a patient. eEiarrp Ceug% (o] %g‘?ﬁ%ﬁtlgglg%d]%bégg%éh’ébﬁ&%fns
i ncl udetmenty, galseshaotpobs,mptad, sapsdy|sohitions, enedsiynd, and iothee ddinenknalv Yo

product s ady. to be j ssol v or suspgpded in. a pharmaceytically
accep?llgb?é%gﬁpcﬁ%_g %r %lfﬁj eét i%%ﬁ?m%’%ﬁ " 84756”"1‘35%9’817%& I?g‘j &dpi Mack and
ermul shyblishinkNEAMEH, _tmpm999y;%ﬁ%b@%&@h%%apﬁa@%@&@boﬁgé YPms My, can be
prepared for adm nistration of atient, including, but not [imted to,

a
admi rliest & diebigsr, Pbirtodphia.-RA (08§ s Egrencfmasmy,abhmfopms@samﬁirmg,_ vigDuSto t abl e

hi ) t ] S .provide parenteral dosage forns of th
80 e bl or SO RSpltS b Bl 8 R B Rprec S R Lo el i e,
wi t haupickl apptiedtionrand $ibeing laclyn@in®r viscodlty preférablyl diéR&t th@DwhisPareSghic sy
sol uti on; e(%llrucgs,e ol ution;, aquequs vehi cles such as but not Imted to,
Sodi FRRATS: i d8vifahle dermplatipns daslude, | withewt dimitaens seliEony| aspprsinnsDext r ose

and ki i i i h 'S hecli-on: .

it er TR, erCafle Sk Hol @, AAEhGE AL o TR PORBGFY BBy o

| i m tstetilized @t mpled awitlo rolkiliapy lagedth \(k.gn eprgteyctives, astabiizarpy vettiag glogar) ; and

2%n-abz§ous Vlfk)]ifdei such agl, but not. Iim'}} ed to, corn oil, cottonseed
vl 3‘ Hat™ SPIF°) 1L UHHEP RS Varkyus aroPSigasich % & GRpIPlmAsMetig MEsssWiid benzyl
benz aather sufaBRAYHIEE dofdle fBihEcRide ?ﬁ‘ayiﬁle h&18sc1 Phdpatdtiohy whkrefh the active

pharmaceutical ly acceptable salt o
ingredient, preferably in combination with a solid or liquid inert carrier, is packaged in a

mixture with a pressurized volatile (e.g., a gaseous propellant, such as freon), or in a squeeze

bottle. Moisturizers or humectants can also be added to pharmaceutical compositions and

25  dosage forms if desired. Examples of such additional ingredients are well known in the art.

See, e.g., Remington’s Pharmaceutical Sciences, 18 Ed., Mack Publishing, Easton, PA
(1990).

Transdermal and mucosal dosage forms of the invention include, but are not limited

to, ophthalmic solutions, patches, sprays, aerosols, creams, lotions, suppositories, ointments,

30 gels, solutions, emulsions, suspensions, or other forms known to one of skill in the art. See,

e.g., Remington’s Pharmaceutical Sciences, 18™ Ed., Mack Publishing, Easton, PA (1990);

and Introduction to Pharmaceutical Dosage Forms, 4" Ed., Lea & Febiger, Philadelphia, PA

(1985). Dosage forms suitable for treating mucosal tissues within the oral cavity can be

formulated as mouthwashes, as oral gels, or as buccal patches. Additional transdermal
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5 topiramate discl osed herein can also be incorporated into the parenteral
dosage forns of the invention, including conventional and controll ed-
rel ease papaeaber7as dosage forns. 4.2.4. TOPI CAL, TRANSDERWAII/USNEN4SEICOSAL
DOSACE FORMS 10 Topi cal dosage fornms of the invention include, but are not
limted to, creans, |lotions, ointnents, gels, shanpoos, sprays, aerosols,
sol utdaage fo@mslifdloNs resdrtoiptiper of OMARIXIIBYY bchRN&hRh cakibelapplied fethart .
See, e.g., Rem ngton's Pharmaceutical Sciences, 18th ed. _l\/gck Publ i shi ng,
East o¥in pid prpor: a siegificriteriod 9F tinsntor rermKdherneraitaion of Bulssigrsl #aeyrt of 4t h
ed., aclti%gix%ggcﬁgﬂtger’ Phi | adel phia, PA (1985). For non-sprayabl e topical
dosage forrs, Vviscous to 15 sem-solid or solid forns conprising a carrier
or one or HExamplexof pﬂaﬁSﬁe&rblf:lOdmagé mmlSV\%ﬁd']meﬂ@ﬂb oAl adﬁﬁmkﬂrs:tailtn: that azm:llbbavidng a
dynam c ,vi scosity preferahly greater an water, are typically. e oyed.
stﬁ] t abed te Semimister s astive I ngediepi(Pndy eIlilYﬁnPﬁ’EIilﬁﬂl,ldes&“gﬁeo%,h@ﬁé%%si ons,
emul s : Qi . 4 &ddH t S | .ke,

! ShORSisAbRATR. US! PhERNNS:.. PRINIESS 4 435072 0lgR7 433 ¥9§7,§§4‘d‘g’4é§]{t§4d(dé_ -

which are, if desired, sterili’zed or mxé auxi I ar
pr eset.§34.978:54,8%1,a18;1 4,880,633; we917,805; at)92i1,687; 209501 Tler 503 98945 a,0%1), 1 §6or

ot hor e 001 S2t ot SRR ST St B oo SR S BHER A ons

wher &3 871 b as b ¥ 816;1 N1@6EU6R 400685, 5,869 y58; 5 SoUTHE1nas 5@To M. thses sali d or
liquid inert carrier, is acka%%gsl na mxture wth a pressurized volatile

(W), g.2:030,38% 0067, P& pahP&7; B Hs 174613, B770.81% S8idedie 5.8013132%.

Mbi st ugd ) ect al,s e added to rmacepti cal conpositions
and 2%&%@%733?%78%2?? aaéc}%@?’m ?a(%(%ﬁ?bﬁ]?lgliargfm%%ﬂ%g’gﬁﬁ%H%fe%?rﬁﬁ?eedi ents are
wel | knownSuitabldeciifiénts (¢3€ Ecarerd and BETRMAYIRA’ othdPhadtdRgethat 6281 beGdcBREES,
18t h Ed., Mack Publishing, Easton, PA (1990). Transdernmal and nucosal

dosagBovige rigansfermab andvieReasaindesses Jaems lsngompassasoby |thisi insentionoareoyell hal i ¢
sol uty , , | ot.i . ' i s,
of i raeg 2 o R e SR ARERREN e, ShE AR L BRuc TUPRER: LELEEY, o
Kirfowrtotvehicine gifengiiatrhadentitadh eompositiGeer desage forRewilhd applied PHvdiimaee gick cal
Sci ences, ,18th Ed.,. Mack Publishing, Easton, PA (1990); nd .| nt roduction
to PHErRERSe bR cxpipent nﬁl&}a“rrsb,u" ﬂ%nﬁgl}f,m%‘g&’ yafstnicgitne, Pﬂ%ﬁ@%@hﬁlﬁ%, PA

( 1985)1ycdPop@@91ehO ol of WikARl 16341, LsbF@biNgyRkis ' id Hhielape oral
cavi f%{yccan&%g? K orgﬁloat ed as .rmut’hvva@%ggl, lglas o%gﬁéosiedlp?ﬂ%l?mﬂé’ Ef‘f@%%?

pat c ik anddanixtinss dhereofane demmalosageafonds 0B4t076 788:-PLIT/ 480 BhOu@Euticdidp age
forns iaé}ﬁ%blide "reservoir type" or "matrix type" patches, which can be

appliaé: fhe skin and worn for a specific period of tine to permt the

[@enet r at i ddeprhdigd@s thcageciiouiRbucdlo baataty® ddaaiedi esthponents may be used
prior to, in conjunction with, or subsequent to treatment with pharmaceutically acceptable
salts of topiramate of the invention. For example, penetration enhancers can be used to assist
in delivering the active ingredients to or across the tissue. Suitable penetration enhancers
include, but are not limited to: acetone; various alcohols such as ethanol, oleyl, an

25 tetrahydrofuryl; alkyl sulfoxides such as dimethyl sulfoxide; dimethyl acetamide; dimethyl
formamide; polyethylene glycol; pyrrolidones such as polyvinylpyrrolidone; Kollidon grades
(Povidone, Polyvidone); urea; and various water-soluble or insoluble sugar esters such as
TWEEN 80 (polysorbate 80) and SPAN 60 (sorbitan monostearate).

The pH of a pharmaceutical composition or dosage form, or of the tissue to

30  which the pharmaceutical composition or dosage form is applied, may also be adjusted to
improve delivery of the active ingredient(s). Similarly, the polarity of a solvent carrier, its
ionic strength, or tonicity can be adjusted to improve delivery. Compounds such as stearates
can also be added to pharmaceutical compositions or dosage forms to advantageously alter
the hydrophilicity or lipophilicity of the active ingredient(s) so as to improve delivery. In this
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Exanpl es of transdernmal dosage forns and nmethods of adm nistration that can
be 5 used to administer the active ingredient(s) of the invention include,
but are rwoO Blomi78®ed to, those disclosed in U S. Patent NeET/USA3/6847 665;
4,655, 767; 4,687,481; 4,797,284; 4,810,499; 4,834,978; 4,877,618;

4,880, 633; 4,917, 895; 4,927,687; 4,956,171, 5,035, 894; 5,091, 186;

3, 1636:%69@,? stéardB2 cdiP Brv® a2 34ipfPishi8e 2dBthe FormBa2oid af 2f enbilSHBHagent or
5,356, 632: 5, 358, 715: 5, 372, 579; 5,421, 816: 5, 466; 465: §f4%g,6§o-
5. 5o5udBgants and as sgieliveryswbanpme onpawiatiqn-enhpgcinggiggnts Bitfesers by dindss,

5,698, 217, 5, 74] , 783, 0, ; 8 al;gtgp 8iofm338f the

5, 83 ,eé}i ;teg,, g%mgééﬁ g%lcziété?@g%?@&?%éa%&?%?é%%h ar eh(?lr?corpora_t ed herein
by r efhareaeeticallSuiccithisle 8xic bpiopithmateeag.be wed td Brthenadjustithupiopeitieantl ot her
materjals that can be used to provide transdernmal and nmucosal dosage forns
eRc orParssBing\coOpwPSitiPkyent i on are wel |  known to those skilled in the

phar maceuti cal arts, and depend on the particular tissue or organ 15 to

whi ch a gi ven pharmaceutical conposition or dosage formw || be appli ed.
Wth that fact in m&@5. tKEI8al excipients include, but are not limted to

ter, .ethanol , ethyl | yeol | LyGal:
but ane- | StaRGi. eap sy poras Behlan B pRiGENS, BBl o 0 o) |

and %@ﬁ%ﬂ( £5th 8RR Aime 0P tyth&Nsaae 36t fITdinihRBhtiG. € ThBNnv&ition thedfore
pharmaceutically acceptable. 20 Depending on the specific ti Sﬁgxe_ 0 be
[

t eat endpmadsies | itsalwhidhp sient vseda Py béhey geeflicabr prgetifiener,i gar oHR fi with,

b t to.treatnent with i cal | t abl Its of
Copt 1A aRon REATERG AL by R i ele AufEREP Dl cere can be used

to assist Aifpral kitfithg iveatiac tomeribdags adit elokaget forar ofax phamackgicallgsue.
Sui t abl e penetration enhancers incl ud% bu% are not limted t11_°: ztatcetone;
var i owsepibblglselt ofJopiranaate ank areit despas formy At o seeqnd, HIRRIQRSALLY aFHYe |

sul foxj des guch as di l, s h&midl BBt RMlieARBli@&M deprefiraBy hyth

for rraéri'%ngpeo; gbl %}lec?lhyﬁqe%Hga?ﬁ)?’co%ﬂ;tfcgé{r}@%}t%ones sd%lﬁ. gé pol yvrieny! %l/r r ofi done;
Kod | i plewmgcadieslly éRepiatpnalt dPabyivimigaé) topieeate sodiimaiopvamatgditbiuns @rubl e or

i | ubl st h T N.8 te 80 P 0
(Sor biOPRTABELSR R POTROBI SEVAEe SRR s es CEonpuL BReolr Fosage
form mﬂ@gﬂgﬁ ﬁ%ntth&é&'ig N16re p'f'&”lef’éﬂBlﬁ e iR RRLITBARUCCERAbIE BATPORObir@Nater

dosage rmis applied, may al so 'be adjusted to inprove delivery of the
act i vis topigareate endis), or Sipelymaorply, solveee, fureats, tdghydratg, eorehl ahydops. orj ¢ s

active & Th y o SIPE . . . _ g
such asoetat: Bradheredf) & b ml Ryl BOPHALES alflod BRI Qbedfed kPl dunds
s a0fef20h i infedicht ARk ag Ry ST Yuchldeeices inomudbylsln aphidtilinited toy sykingepkribi ci ty

of the active ingredient(s) so as to inprove delivery. In this 29 WO
03/ 07bxBarHtRsUSEENDASS7  regard, stearates can serve as a lipid vehicle

for the T Of(ri?glo?tthé) ﬂlveﬁlﬁorﬁganeﬂj&léﬂ. é&hﬁ%e%ﬂha&ﬁﬁcaﬂy acceptable vehicles that
can be used to administer one or more active ingredients. For example, if an active ingredient

is provided in a solid form that must be reconstituted for parenteral administration, the kit can

25 comprise a sealed container of a suitable vehicle in which the active ingredient can be
dissolved to form a particulate-free sterile solution that is suitable for parenteral
administration. Examples of pharmaceutically acceptable vehicles include, but are not
limited to: Water for Injection USP; aqueous vehicles such as, but not limited to, Sodium
Chloride Injection, Ringer's Injection, Dextrose Injection, Dextrose and Sodium Chloride

30 Injection, and Lactated Ringer's Injection; water-miscible vehicles such as, but not limited to,
ethyl alcohol, polyethylene glycol, and propylene glycol; and non-aqueous vehicles such as,

but not limited to, corn oil, cottonseed oil, peanut oil, sesame oil, ethyl oleate, isopropyl

myristate, and benzyl benzoate.
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surfactant, and as a delivery-enhancing or penetration-enhanci ng agent.

D fferent hydrates, dehydrates, co-crystals, solvates, polynorphs,

anhydr ouswoas/ozmes phous forns of the pharmaceutically aceeptisbé/es3ssalt of
topiramate can be used to further adjust the properties of 5 the resulting
conposition. 4.2.5. KITS Typically, active ingredients of the invention are
pr ef er abl y Thetinwatibniis fietled definal bpaiferente &t thehfellsaing dxafplr bwvillhe same

route of administratjqgn. This invention therefore. 10 enconpasses kits
whi ph?P%@ﬁTﬁé e&@ﬁkﬁé%edm ot @%tmﬁhéﬁ%t&nScé?fhép Aperia)s prmethods,
adm Nk bbila0fafwiafRl ATl e ATNBObE AR in¥GulRar edi ents to a patient. A

typical kit of the invention conprisesS a unit dosage formof a
pharmaceutically acceptable salt of topiramate and a unit dosage form of a

segond phaLnmaco 1.6ally, active conpound, such as caffeine,

an%:i convul §ant smmm | eptics. Preferably, the 15 pharmaceutically
accept abl eCeahih &hbdARIhBNEY ehel faveRitid, TBLEN SRAb4HRin tRRLT %E@yﬁeiﬁetz{éhum or
topi ramat e potassium or a polynorph, solvate, hydrate, dehydrate,

co- cr pdvantagenefihe inigstionmare @Wmfﬁbgﬁhfecfckhwimgmoﬂimiﬁbg exgngleer ably, the
pharmaceutically acceptable salt of topiranmate is topiramate sodium or a
pol ynor ph, sol vate, hydrate, dehydrate, co-crystal, anhydrous, or

anor phous form slier eBXAMPLE 1:7"SYNTHESE ANDAN SEYSIglevi ce that can be

used to adnminister 2QF POPMIRAMATISOBIUSNMTRIESAIRAGS: Of such devices
include, but are not'Trmted to, syringes, arip bags, patches, and

inhalers. Kits of the invention can further conprise pharmaceutically

accept abl e vehicles t WM ctive

i ngredi ents. For exa?rgralé, 8 Eﬁ) s0 fﬁm solid
form that ni8tg dfetopieanis(Cheth@r DatigsPBiE HRIeAlbaddNUDI BafcANO PO t can
25 cog,pri se a_seal ed contajner of a suitable vehicle in which the acCtive

i ngr e§PRAYsPeRdpdpie 1Q)imls of Wistilled walerninga peintillatignaviel  deemdt of 1 1M Ne®Hit i on
that ewgUi r.ent dod i SLrat i I

pirﬂgr rrgceut’ ivgg{?lt?egtg%g%? éﬁ# ea%\Elle foc?lgsgghl%n@% tﬁlg&eé 62’gﬁt}th ar 'nlgtSr E%Iflior‘ﬁj'tcg%lteiio:

Wat er magneticnjtielodri v hiSPlateasiineo usere ekéd e brisgiahe asmpbwitd 1106 sblutibi, ediek O,

Sodi . i de l.nj.ecti Ri ' l.nj.ection, t e | nj ection,
Dext r BLISTARE aBRFlioh s Pliwedgohptoa ¢l 6HEt bonat (WBea8d i RGLn SORSF ect | on:
vat er cdhit£ifin laQiry GIHFTICRS-cM6d s@bar. biife tiAker WS hedhifed with Wdrind!iG g%?feﬁge such

pol yet hyl ene glycol, and propylene glycol; and non-aqueous Vvé&hi
as, tatvohsee pf hetselption, todbe noint bf supst senstied. dlilie, bepleanuis sored as esmme oi | |

NARNeIN j: I istate, and benzyl nz e. 30 3(.070738
Al BB e L b 1R, B Blorl REaoB A R TBy S refr ShleDPEC ik
f ol I oonystalsexcaerpbesved by vptidal Becroscopy at 100-fold magnification. On the fourth day,

two large crystals were seen which had the approximate dimensions of 0.5 cm x 0.5 cm x 0.2

cm. The resulting product was a clear colorless birefringent crystalline substance. The

crystals are square plates with angled sides. The crystals lose waters of hydration above

25  50°C, decomposes above ~150°C. Alternatively, storage under low humidity conditions

(close to zero percent, controlled by the presence of phosphorous pentoxide) removes the
water of hydration from the crystals even at room temperature.

Thermal microscopy indicates more than one polymorph, or hydration state, exists. In

this analysis, a small crystallite was cleaved from a large crystal of topiramate sodium

30 trihydrate prepared in this example. The crystal extinguished on the polarizing microscope

when the crystal edges were aligned with the polarizer and analyzer. Conoscopy showed that

the crystals were biaxial. The crystallite was loaded into a glass crucible and covered with

the crucible’s glass cover, and then placed into a FP900 Hotstage microscope (Mettler

Toledo). The sample was heated from 30°C to 180°C at 10°C/minute, in 5°C increments.
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apparent to those skilled in the art that many nodifications, both to

mat eri als and net hods, can be practiced w thout departing fromthe scope
of this iwoeeabiwss 5 5. EXAMPLES Certain enbodi ments of tIRETIUSOBM3SDN, as
wel | as certain novel and unexpected advantages of the invention, are
illustrated by the followng non-limting exanples. 5.1. EXAVPLE 1:
SYNTHBEStvicAND ENAL ¥SPS, thd GirefrinbehlRMMAIE] SEDMUNE TRIsHY RS - aln&g?&héNTHESI S
OF TOPI RAVATE SODI UM TRI HYDRATE 0.50 g of topiramate (Chem nor ugs Ltd.,
Hyder &Blldke mqas avithesimilar bapeT o the) 00ginalerystalys g ftbedflowingoliquid ofasdiatt i | | ed

wat er jn._a intillati val . 1.4 of . 1 15 West st er,
PA) vvgls)geévaﬁcﬁg% tB’S tgp%s&?&emtﬁé‘e&’r ‘ffés%t Wcmgﬂﬁh@%ﬂnﬁ&%eéﬁgdmt gnetic
stirbae V\%q]dik@@ﬁd%k.a%e el Er§5taMRKBNMAGIEAWLAY 1hE Grishf AEPRRGIIZRELwEA! Ut i on,
after ich the warm solution was filtered through a #l filter paper

( Vihat thenpolptizes aad cinebyaerh stk B20°Ccatheminystaly gredr ip. TERtsONrysials edtisguistedr . The
beaker .was, t hen £§§t ed with stirring to reduce the volune of the solution

to t h&DsBithe corstad sHees ware,pet flighed Tith thes pelarigersansk gralyrent Af?béﬁ?othe
i | b ' Aft 8o ,
St | PRpifugence, Rty ofINREC Ao bHied 81115 GV BRREA L ADC Al F2C 457 T o

magni bf thetcrpials Melied ENG oryistals fdayed upomcdoding theGeyatind Mmeled RakaeNowdmh had
t he approximate_di nmensjons of 0.5 cmx 0.5 cmx 0.2 cm The resulting

pr odufaPREEYU:- The ForaBingd |obsarvaiins rdemegaimte dhs presencen! Eisopelimermbs e

cryst ahditigh & YRR AiES Witihapghed sides. The crystals | ose waters of
25 50C, de

hydr ati on above conposes above -150C. Alternatively, storage

under | ow HWusanaiple yofdbediotiponsd pfeplansieatiove zeasothprrexamiinedcionpoatiée-fy t he
prese of p 0f,0uUs pent oxi.de) .rennyv the . water of hydration fromthe
cryst gﬁﬁ“‘&?@r&%o@“ﬂ‘? B .alylshsg&r‘r:@= ﬂ’i‘c&i’éﬁ%‘&ﬁl ‘?‘ﬁ%ﬁ?‘é&f’é@“ﬁ’ﬁ]"r@ t han
one pabSOREPLet foh PMEwati on state, exists. In this analysis, a small
crystallite was cleaved froma |large crystal of topiramte sodium 30
trihydrate prepared in this exanple. The crystal extinguished on the

ppt ari zi ng m croscop en~t NevEIY BN Ah v R A ¢ repaldgned with the

pgflf ari zer and anal yzg'rl.' *Ce ‘a’*‘* 3L BA AR L P fre—efystal s were biaxial .
The cryst alAl pdvedenaSrdyodidlesttiontpattendonds @It%@in@ldé%@ o€ QY i€ Bk ath318 wak he

cruci bl ? s gl ass cover, _and then placed into a 900 Hot st age ni croscope

( Vet t Perormegustg)a DAviex Rapid|diftigatometaad RigakwdinGotha Woedlewlntd X1 d6fMihut e, in
SC i nghee aq i 3 / / : t he
birefri ngeﬁgceg Egnﬁ%ac}@@é&oé%g@t e cr@?ﬁlﬁ%ﬁgisﬁ?&#%ggﬁﬁg% gel™like
mass wérsiondli.On) 998 Ripakut GoHhén eddijomahe aayymisdofiwiré nee WéreWING Ramdi d was
nf% display software, version 1.18 (Rigaku/MSC), and JADE XRD Pattern Processing, versions

5.0 and 6.0 (°1995-2002, Materials Data, Inc.).

For the PXRD analysis, the acquisition parameters were as follows: source
wasCu/K,1.54064; x-y stage was manual; collimator size was 0.3mm; capillary (Charles
Supper Company, Natick, MA, U.S.A.) was 0.3 mm; reflection mode was used; the power to

25  the X-ray tube was 46 kV; the current to the X-ray tube was 40 mA; the omega-axis was
oscillating in a range of 0-5 degrees at a speed of 1 degree/minute; the phi-axis was spinning
at an angle of 360 degrees at a speed of 2 degrees/second; 0.3 mm collimator; the collection
time was 60 minutes; the temperature was room temperature; and the heater was not used.
The sample was presented to the X-ray source in a quartz capillary.

30 In addition, the analysis parameters were as follows: the integration 2-theta range was
2-60 degrees; the integration chi range was 0-360 degrees; the number of chi segments was 1;
the step size used was 0.02; the integration utility was cylint; normalization was used; dark

counts was 8; omega offset was 180; and chi and phi offsets were 0.
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observed at this tinme. At 110C new crystals, rectangul ar birefringent

bl ades, grewwithin the gel-like nmass. The new crystals extingui shed when
t he crystwiboasigess were aligned with 5 the polarizer and amaiTyuses/04381 120C
ot her crystals grew in. These crystals extinguished when the crystal edges
were not aligned with the polarizer and analyzer. At 160C t he

bi ref ri ngehe RXRPBapAteniforothet Rgukihy Stomuhd r(topiragiatel $8Gumt hithydhed)wsen 170C
and 175C al |__ of th&@t%gfystal s nmel.ted. No crystals forned upon cooling the
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exan Q000 Pifferantds] Skammyg Cdlorfmaert (Tan InsRXRE)ts, Néve Castie, AVENBIS.AQ, whizhysi s
(TGA), and. differentd scanni.n ifetr DSC), .as set fg | ow. 15
515 busAbvbube By UK R rebae iR, e AT e Rifoers 20 MR or

for 1t hRudmkhisSWER]E €.107) PR £fllitidh, tthé %nﬁ%}?@!)ﬁwé&%%se@%efsoUﬁﬁr@rsﬂﬁ 'AE!IQI,yéisD/ Max
Rapi d diffractometer (Ri gaku/ MSC, The odl ands, TX, U S.A), which uses
as i t 80@bfer Windwis Wé/ZRDWTRaYﬁrsiOEanE;Bhﬂ@&I.Mﬂe(@’ZPO}géﬂAl IRstpingkieRD,

ver si % 1.1%1 ((c)1999 Rigaku Co.). In addition, the analysis software used
were RIRT %’d 20 di splay software, version 1.18 (R gaku/ MsC), and JADE
XRD Pat t er RoPihe CECS anidllysis/ eSS gastused ¥l df Birbgdn), HRORI2ORE mABt R =8!S

Data, | nc.%y. For the PXRD anal ysis, the acquisition paraneters were as

f ) | ot emply pleminugerpothatayvas, sausA; and fie sampje Pikes wasPanL/misitel mat or si ze

was 0. 3mm I g a p, . [Fel' L. SqA:) was 0.3
nm reflectl gﬁbﬁrgl esy\c/)\lélag{’23 ugse{é%j;ﬁ etvf?'{eé %e%%n%&?@?%a?ﬁg%é lré)a][f/l tufbslegmv%es nilén kV; the
cur r ealuntiourh pen Mdthaycrinyed pw&l(gsﬁre?nq?he;slwiﬁgl’;eg@emmﬁ Waﬁs20°ﬁsﬁ't}i d Bédting i n a
range of 0O-5 degrees at a speed of 1 degree/m nute; the phi-axis was

spi nnf%OPé(? (‘gﬁll%ﬁlaéd@?e 2 Esganseaduig Was 200eed Tore rosuling BSST aedisivds 0.3 mm
col |'i gt in HikeocOl l ection tine was 60 minutes; the tenperature was room
tenperature; and the heater was not used. The sanple was presented to the
Xty ay sour F6A mndyguaf thze sapistthpleypre@ed i ddsliekarople whe penfiaimedi ssiggananet er s

wer e | ows: t.he integrati -t heta range S - grees; the

i nt egﬁipé ﬁlrﬁlegﬂ?gr?‘ﬁﬂ’ﬁg“\%gg‘éﬁ%ﬁ{&déﬁﬁ’@g’?t%ﬁ% &%&Dgf %S%ge)s ¥¥Swas 1;
t he sh@Parithgee foiS@W-Bages) vedior 19.0.78, BlicdhnhO A dvhithsd Re@ge 2) (T0d1 TA _
normal i zati on was used; dark counts was 8; onega offset was 180; and chi

and phistremesistWaige L&C). I3raddii /thy erdpsiPeiivge 3/sed 385 UtiverspixRDelysist er n

; ; ) g . ) h )
L L M SR fo N AT R AL B0 A B 0.
20  Water LLC).

For all of the TGA experiments, the purge gas used was dry nitrogen, the balance
purge was 40 mL/minute N, and the sample purge was 60 mL/minute Nj.
TGA of the sample from this example was obtained by weighing 4.159 mg of sample
in a platinum pan and placing it in the analyzer. The starting temperature was 20°C with a
25  heating rate of 10°C/minute, and the ending temperature was 300°C. The resulting TGA
analysis is shown in FIG. 3.
Sample crystals from this example were submitted to single-crystal X-ray analysis:
Nonius Kappa CCD diffractometer, Mo (K, radiation (A=0.71073 A), Collect data collection
software (Nonius 1998), Denzo data reduction software (Z. Otinowski and W. Minor 1996),
30 cell refinement carried out using HKL Scalepack (Z. Otwinowski and W. Minor, 1997),
structure solution using SIR92 (A. Altomare, G. Cascarano, C. Giacovazzo, M. C. Burla, G.
Polidori, M. Camali, 1994), structure refinement using SHELXL-97 (G. M. Scheldrick,
1997). The structure parameters are shown in Table 1. The combined data show that

topiramate sodium trihydrate, distinct from topiramate, was prepared.
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Final R indices [[>2sigma(I)

R1=10.0488, wR2 =
0.1172

Crystal size

0.41 x0.34 x0.22 mm

R indicies (all data)

R1 = sum||Fo|-|Fc|//sum|Fo|,
wR2=root
(sum(w*D*D)/sum(w*Fo*Fo))
where D = Fo*Fo — Fc*Fc
Weighting scheme

Calc w = 1/[s**(Fo?) +
(0.0811P)*2 + 0.0000P where
P=(Fo’ + 2Fc?)/3

R1=10.0666, wR2 =
0.1267

Absolute structure

0.84 (14)

parameter

Largest difference peak and hole

0.228 and —0.220 e.A”
3
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TABLE 1: Single Crystals X-Ray Structure Data Enpirical formula
C12H26NNaOL1S Refl ections for indexing 771 Fornula wei ght 415.39 g/ nol
Thet a ramngedsfori3giat a coll ection 3.44 to 23.24 deg Tenperamrurses/@s37 (3) K
| ndex ranges -7<=h<=7, -8<=k<=8, -42<=1<=43 Wavel ength 0.71072 A

Ref |l ections collected / unique 2543 / 2543 [R(int) _ 0.062] Crystal
description / B.2ck EXAMPLEQSECONDSYNTHESIS ANIZ3. 34 96. 6% col or
Crystal system spacgN@IIVSISTOFFOPICRVPAPE SEDIUMITRIMYDRAEE on Nuneric

group Unit cell dinensions A = 6.6060 (2) A MaX. and m n. transm ssion
0.9481 and 0.9062 al pha 90 deg b =7. 4490 (2) A beta 90 deg c =
39.1170(12) A ganmeg WE :
FuII-matrlxIeast- squar e ‘

/ 5restrai nits09 gp@mtrﬁﬂicﬂesamtdplrhﬁlate Eﬁﬁemlﬁbls @r@gs D,td C@B}ﬁéﬂabad?nltndﬁl 245
mm 1 GOOd%EQé};Of fit on F2 1. S =root(s

(ot datch REORLT 0B wtsoplocsddn 750 b bepsd tqugﬁé{ifﬁwaée AAE wRo

0. 1173 s =

0. 0666, L Ry UG Ko IR I T e aled |30 et bithdled Yrtbalthn =

(_ S un(hlydlf\wdil)d SugroaFoEdny, MOIBRA L& 99HE11QEF})was &dddefand Wel rgixtura ;yas ctima Calc w
= U1 S%h (aF"Plg%LOFN@’( coate%llp ne%c+st1ro b%(r)%gi?lg\l\g] ot plate/s(tlr P ate ZJF:}?eZmn?ture was

10 heated to 60°C to dissolve. The solution was filtered and evaporated at 60°C while blowing

air over the surface using a TYGON tube attached to an air source to reduce the volume to 15
ml, and the flask was placed in a cold room (4° C) overnight. Crystals grew overnight. The
mixture was filtered and dried to yield 305 mg topiramate sodium as large, block-like
crystals. Elemental analysis: calc. C 34.70, H 6.31, N 3.37%; found C 34.90, H 6.04, N
15 3.36%. mp 80-85 °C, recrystallization from melted material 110-120 °C, second mp 170-175
°C. PXRD Cu-Ko radiation (1.5406 A) first 8 peaks (peak number/2® value), #1/4.51°,
#2/12.09°, #3/12.709°, #4/13.67°, #5/15.01°, #6/16.17°, #’7/17.19", #8/17.55°. The pH of a
400 mg/mL solution of the compound in distilled water was about 11.2, which was
determined using a Thermo Orion pH meter, Model 525A+ (Orion Research, Inc., Beverly,
20 MATUSA).

5.2.2, ANALYSIS BY PXRD AND RAMAN

Raman spectroscopy of a sample from this example was performed using a Nicolet

Almega Dispersive Raman Spectrometer/Microscope, controlled by Omnic software v. 5.2a.
25  Spectra ranges were 3250 to 105 cm™, using 10 um pinhole aperture, and ten consecutive 2-
second exposures. The resulting spectra were displayed using Omnic software v. 5.2a.
The resulting Raman spectrum is shown in FIG. 4, which shows the characteristic
shifts for -SO,-NR; were observed at 1380, 1162 and 529 ecm™.
A powder X-ray diffraction pattern for the salt sample prepared in this example was
30  performed using a the same methods and equipment described in this example. The PXRD
pattern for the resulting compound (topiramate sodium trihydrate) is shown in FIG. 5.
These data indicate that topiramate sodium trihydrate, distinct from topiramate, was

prepared.
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Absol ute structure 0.84 (14) Largest difference peak and hole 0.228 and
-0.220 e. A" paraneter 3 34 WO 03/070738 PCT/ US03/ 04357 5.2. EXAMPLE 2: A
SECOND SYWOHBSI@B3\ND ANALYSI S OF TOPI RAMATE SODI UM TRI HYDRATHISS3/@43%7
SYNTHESI S OF TOPI RAVATE SODI UM TRI HYDRATE 5 10.09 g (29.73 mol es) of
topiramate (Chem nor Drugs Ltd., Hyderabad, India, Batch TP0O01 JOO) was

pl aced in a 250 nlL be r : e water (JT Baker,

Phi Il i psburg, NJ USA, §1E% rioNbif80 §,d (34.0 mol es) of sodi um

hydr oxi de ('Hn&gMublﬁty oflthel m(g);rafw@td.@@;mhmm&ﬂkﬂ@ ﬁ?@)aredlaﬁ thid deaimpledn ter(r xt ur e

was st ) coate netic s bar using a hot
pl at e/% ;}P%%nolﬂﬁﬁg\l ésaa@tﬁﬂgv%?@an%t BIRIGUE R8T sphent
sol ut '1%@6%@1%/ hidids618 4 13 neYARAL 8f €€ 8l n M. séeﬁer@ll QW Qe irfed?ﬁrf‘d’ Lt Ne

surface using a TYGON tube attached to ourcé to reduce vol une
t 0515 ofrthe camgourtewhs plokednimsa phalt gthss miah and|therr smdvent 4va€laddeedpghise at

Cryst ewo ern| ture. sflltee and dried to |eId 305
Ny toéJP?rélgn% %Ego Vé?@& n})‘ﬁ&@ﬁ‘a’l negdn the y a&g? SpF tafls Qﬁ

cal c. e@p@ﬂm@ﬂbar&ﬂs&f&-lhlﬂ\ifg%]é?)i%/@]owund C 34.90, H6.04, N 15 3.36% rrp 80 85
C, recrystallization fromnelted material 110-120 C, second np 170-175 C.

PXRD Cu-Ka radiation (1.5406 A) first 8 peaks (peak nunber/20 val ue),
#1/4.51, #2/12.09, Y/ 7, #6/ 16. 17, #7/17.19,
#8/17.55. The pH of reAREEd %Oﬁééﬁlfyglﬁ@i\}‘gﬁg&gonpound in distilled
wat er| Sukeerbout | Meight vhiophranhse d<PtA&ﬁ6ﬂ1ﬁ6d Selubfitg Thermo OalvemmgH neter,

Model| 525A+ (O il Qadines aMydrate NC. BFS&"VE% (a%&uM%ﬂé%ﬁ»)im —sf’,lu LYSI S BY
PXRD |AND RAMAN Raman spectroscopy pf a sanp ﬁLJfQ@‘VE@)S exa

perfcr\m Usinga Nicotet Amega Drspersive Raman—Spectroneter+-M-—er “TCOpe,
D

cont o[58 oY, ik aglvare v, S P 25 Pegit gyanaes el g 3250 to] 105

exposH _gz_ﬂrb'grhe (= é‘l Imgnn snpgt ra .\ B?’Q“ﬁl in b;ﬂs gﬁmlnn Qmic|software V.

5. 2a.| Bthgnol, I8¢ REnAn spect rum P8 #khown| 38 BE@L 4 whi ch shows t he

char aciféf i stic |dRIGME for -S02- NRR24epk obsét¥ed/mb (B8O, (1162 and 5R9

cm1.) A powder X-ray diffraction pattern forovehstisate) sanpl e prepared|in

t hi s |Meatipbed: was 30 perfornmed usipng a the [sane net hods and| equi prment

descri beghliln t hi g4exagpl e. The PXRDs3s5 pgtter m b@k/mithe resul t| ng conpouhd

(t opilr apgdje sodi URth, hydrate) 'S F‘W)’YE |—f & Wse—da ﬁ4i7%ghﬁat et hat

t opi nang.g ssodi yRERrI fydrate;—dist PELLT onri op! /. giret e nes
10

These data indicate that the pharmaceutically acceptable salts of topiramate, such as
topiramate sodium, of the invention offer increased solubility, which allows the
pharmaceutically acceptable salts of the invention to be formulated in various desirable
routes, such as a low volume injectable, rapid oral dissolve or a controlled- or extended

15  release dosage form.
FIG. 6 provides results of a comparison between the aqueous solubility of
topirimate sodium trihydrate with that of topiramate. The sodium salt was found to be over
100 times more soluble at 1.3 g/mL vs. the literature value of 9.8 mg/mL. Independently, a
set of dissolution curves were obtained in 0.01 N HCI (representative of a modestly acidic
20 stomach), and these are shown in FIG. 7. Three preparations were tested: (1) topiramate
crystal form (Reddy Cheminor), (2) topiramate sodium salt trihydrate and (3) topiramate
sodium salt trihydrate dry mixed with 1.1 equivalents of tartaric acid. Dissolution was found
to be rapid with all forms, and was essentially complete in 5 minutes. Relative to (1) and (3),
sample (2) showed increased solubility at the equilibrium condition, with an associated pH of

25 9.5. The nominal concentration of drug in each case was about 110 mM (37 mg/mL free acid
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prepared. 35 WD 03/070738 PCT/ US03/ 04357 5.2.3. ESTIMATION OF SOLUBILITY
The solubility of the topiramate sodiumtrihydrate prepared in this exanple
i n wat er , woaizanrte$ , net hanol, and THE was estinmated by detremnisas/agst he

m ni rum anount of solvent necessary to dissolve a known anmount of the
conpound. In general, a predeterm ned armunt 5 of the compound was pl aced

in a smll d t solv - WM
e M R A R R ]
det ai | the efid 681D ex Hthent are set forth in Table 2 bel ow TABLE 2:
SOLUBI LI TY ESTI MATI ON Sol vent Wi ght of topiramate Anmount Sol ubility
Average sodiumtrihydrate of Solvent (am)unt of solid in Solubility nL of
solvent) Water: ri 25 25 € g/m_ Trial2 24.7 ng
205| 1. 235 g/ nL Ehangl., a8 v ! Ny 240 pL 44.2
mg/~mL (slight overestifo Ve thato ; 2 -28 g/ nL
Tr|aI2481ng30L160g/n1_147g/rrL Tr|al3383n9125AL153g/n1_
10 These data indi cate that the phar rraceutl caII I%t abl e salts of

t opi ramat e, such as 234 r B ’ ANEA 115 D01 eased
lubilit 0 | h
Toventi on 1hePep 0%“?%2“92‘???3%%5*0% ??% “Oqﬁ%%t@?& Raff dot 2L af00

vol unmelN iNaoET ¢od mmdl)awled: anlldadl tocki glagy heakar warmahdén ohbtpthte 608 tand dioed 15

rel ease dosage form provi des results ari son between the
Aot &y (i ORGE0ated s gF DB Bt SHRFE hyche SE AP RRA AR IVEE I

t opi raa{gatlpzsﬂ; t&odi um salt was found to be over 100 tines nore soluble at
1.3 g/ nL vs. e [iterature value of 9.8 ng/nL. Independently, a set of

di ssol ut i oriTIszoletmn/\wae fidtotedi theaigh 2 4 GlteNb MG afid dppnefered attd wecledn wial

modest] Xh achglngN coated stir bar. The solution was concentrated by evaporation until solid
formed. The mixture was dried further by blowing air over the vial. The dried solid was

15  dissolved in 5 mL of 2% water (v/v) in ethanol. The solution was concentrated and cooled in

a refrigerator at 4 °C overnight. Fine white crystals formed and were filtered, dried, and

weighed (0.85 g, 88%)).

5.3.2. ANALYSIS BY TGA AND PXRD
20 A sample of the compound prepared above was then examined by TGA and

PXRD using the same procedures and equipment described in Example 1.

TGA of a sample from this example was observed by weighing 3.0630 mg of sample
in a platinum pan and placing it in the analyzer. The starting temperature was 20°C with a
heating rate of 10°C/minute, and the ending temperature was 190°C. The resulting TGA

25  analysis is shown in FIG. 8. Mass losses of 13% and 39% at 41°C and 174°C, respectively,
were observed by TGA.

A sample of the compound prepared in this example was examined by PXRD using a
collection time of 10 minutes. The PXRD pattern for the resulting compound (topiramate
sodium trihydrate) is shown in FIG. 9. A PXRD pattern for topiramate sodium trihydrate

30  includes the identifying features listed below in Table 3:
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20 stomach), and these are shown in FIG 7. Three preparations were tested:
(1) topiramate crystal form (Reddy Chem nor), (2) topiramate sodi um salt
trihydratwoana7q73§ topiramate sodiumsalt trihydrate dry Pairdesd3mssh 1.1
equi val ents of tartaric acid. Dissolution was found to be rapid with all
forms, and was essentially conplete in 5 mnutes. Relative to (1) and (3),
sanple (2) showed increased sol meg a3t the equilibriumcondition, with
an associated pH of 25 9.5. The n F concentration of drug in each case
was about 110 nM (37 ng/ nmirépieemaeiSddigh TihRAfR/0738 PCT/ US03/ 04357
concentration) and hencej(lizand (3) renghpgdjtpS suspensions while (2) was
not saturated at the JIEEXpE "::ﬁq 3. EXAVPLE 3: A THI RD
SYNTHESI S AND 5 ANALYSI S (Pl RAMATE SO Rl HYDRATE 5. 3.1 SYNTHESI S OF
TOPI RAVATE SODI UM TRI HYBRATEYY9. 97 g (2. 9 %PBBs) of topiramate (Cheninor
Ltd.), 10 rL distilled W&+ 0.04nd 2.8 nL MefiuaOH (2.8 mml ) were added to
a gl ass beaker, warnmed on a hotplate to 60C and stirred 10 with a

TEFLON- coat.ed st. ar._an magneti c..stirplate. The id.topiranate

fi ool ved 1 Thessath T35 fks JoBERRNE, Sdi PR T i BRPRAR M.
filterprgpes. and transferred into a clean vial wth a TEFLO\-coated stir
bar . ‘Iphe sol ution was concentrated by evaporation until solid formed. The
mXture was dried further by blowing air over the vial. The dried solid was
15 dissolved in 5 nL 29 Vg " hanol . The sol uti on was
concentrated and cool%%l‘si PHISEAL S AR ﬁt 4 C overnight. Fine white
crystal s formeeghyaivdl wabidityf bf tiereirardsitt addivan dihydeitg pegbated. i85hi, ex@iiffile

5.3.2. ANALYSI S BY TGA AND PXRD 20 A sanple of the conpound prepared above
was t HE Bty ryaluglpd Al GAqd Whpﬂaﬁ%r%ﬁiswe@ et SherByFaiscsbars reecta et prent

descri; i T I : L : db
r ghiingtghp AHerPATuithor (P bn SnIAER Funiid B an e A RuibRRnABREET DY
and@ yzenduciéik irs tghask i igls t e nreseattemperwases 28@ wottivllad tebdive ngnridities.of The

10C/ m,nut.e,. and the ending tepperature s,.190C. Th esul ting TGA 25
ral vangfied Ao S ERE b o TR beagsaiped Sibio s 158 Hoac
re?%%if@(@ﬂ%a%ﬁﬁc@?ﬁﬂ%@ﬂS SY98_|3%9~- A@\o‘@l?éifﬁérﬁ &Etu&é’&?ﬂfe%%ﬁ%@lﬁ Béﬁ@d in
this exanple was examned by PXRD using a collection tinme of I0 m nutes.

The PxiHowgsdinmiditf emitoheAftes Merksy saopiss ahvuons ppaditiensevers setadnast TGy dr at e)
1SS hoa‘]?{ﬁ IJ)&]E Itg:‘ ass%‘ss vAvheRc cBrDchB%%};s?arl Ii]nef t%}r)iretmqgtle '3 1u}netrﬁlcy)lg%alflen}etmralirpe)éqlra%tcte or

15 not. The data in Table 4 summarize findings after 2 weeks of incubation.

TABLE 4: Physical Stability Study After 2 Weeks

Temp (°C) % Relative Humidity Result
5 Ambient (refrigerated) Trihydrate
25 <5 Trihydrate & some amorphous
25 31 Trihydrate
25 75 Trihydrate
40 Ambient (<20) Trihydrate
40 75 Trihydrate
60 Ambient (<10) Amorphous
30 Ambient (<5) Amorphous

These data further support the physical stability of the topiramate sodium trihydrate
20  over a range of temperatures up to and including 40 °C, as well as relative humidities from

about 5% up to and including 75%. No chemical degradation is observed by HPLC analysis
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30 includes the identifying features listed belowin Table 3: 37 WD

03/ 070738 PCT/ US03/ 04357 TABLE 3 Topiramate Sodium Tri hydrate 2-theta

| nt ensi t yWo43510739. 05 Medium 13.65 0.05 Strong 19. 15 0. @PETNSd3/mIsThese
data show that topiramate sodiumtrihydrate, distinct fromtopiramte, was
prepared. 5 5.3.3. PHYSICAL STABILITY The physical stability of the

t opi rmbﬁh I:‘e@di:ttifélit fdrhxdwaéle fr epaced Y%nredlive Bxalidye RIMAS2S 10/81 RN,
eval uat e dem)nstrat ed that the hydrate stays intact up to

and i ﬁcWé. »ﬁ%&é@cmmhwrﬂﬁéi A0 BB s Nehemicabegredation isoB®myde from
this e P and
cont ro?ﬁggte %ﬁ%ﬁs\}/sg Iﬁ%ﬁ%q}gi:%lggﬂe&%k a>s]% Wegkffggsspgredﬁ?%%renperat ure
Wer e (26 ﬁCH(SI%EH (113 40@0/97&%1@;& eDegaldhtes olerd dlawesvef I8eHPLC WhenunaitrialRoar rr m
z 47- 48 (1983)). At aother tenperatures, the oven configurations

owéEPr 08 RbYY ecSh{r or at lgpsterveekgeeks, sanpl es at various conditions were
tested by TGA and PXRD t 0 assess whet her the crystalline topiramate sodi um
trihydrate remained intact or 15 not. The data in Table 4 summari ze
findings after 2 weeks of incubation. TABLE 4: Physical Stability Study

After 2 Weks e ( lent (refrigerated)
Tri hydrate 25 <£"Ilrfi r[%"(% %eégkiﬁ hydrate 25 75

Trihydrate 40 Anbi e M TR At e” 60 Anbient (<10)

phy;ngrsst@g A&PL‘% ht& E})t?é)\%éggdgxtézld-sgg | u tr| l\g‘ﬁg{t@g&ms%éérd {gqﬁegnge of

t enpendttupiesnatp ;Brcwaa@l bynQI)depﬁgrmi& codiam Wﬁiyidras dndl atBy eombifiativhi & from

topiramate sodium trihydrate dry mixed with 1.1 equivalents of tartaric acid using male

Sprague-Dawley rats dosed with oral gavage of size 9 gelatin capsules (Torpac, Fairfield,
NJ). The capsules contained an amount of solid powder sufficient to provide a dose

15  equivalent to 30 mg/kg (mpk) of free topiramate (corrected for any counterion, hydrate and
tartaric acid constituent). Plasma samples were analyzed by LC/MS/MS using a method
based on a human plasma assay of topiramate. Tests were conducted by MDS Pharma
Services (Montreal, Canada).

The in vivo data yielded by these tests are shown in FIG. 10. The crystalline salt in

20  (2) has a very fast onset time, with the peak of plasma concentration being observed at the
first time point of 0.5 h. A statistical difference (p=0.01) was found between the time to peak
plasma levels (tmax) of (2) vs. (1) and (3). The data for (2) are comparable to an oral solution
of TOPAMAX®. The neutralized formulation (3) behaves similarly to (1), and no statistical
difference was seen between their t,. values (p=0.38).

25 The comparison between (1) and (3) illustrates the possibility of modulating the rate
of absorption of the sodium salt by changing formulation in the solid oral dosage form. On
the other hand, the fast absorption of the sodium salt in the absence of acidifying agent
suggests its usefulness in immediate release formulations for the treatment of pain, emerging
convulsion episodes, or other conditions. The sodium salt may further be used in controlled

30 release dosage forms that require higher solubility and greater intrinsic osmolality than is

provided by topiramate itself.

39



about 5% up to and including 75% No chem cal degradation is observed by
HPLC anal ysis 38 WD 03/070738 PCT/ US03/ 04357 in sanples stored for 2
weeks at WD 0GNzB38 rel ative humdity (RH), 25 C 31 %RH, 2PETWSEYHRH, 40
C ambient RH, or 40 C/ 75 %H. No chem cal degradation is observed by HPLC
analysis in sanples stored for >12 weeks at 25 C/ <5 %H, 25 C/ 31 %&H, 25
C/ 75 9%RH, or 405@ 752EXMPPgUsaseNTsIpsISeANDser ved by HPLC when materi al

was 5 stored at or AbONEYSES OF POPIRANMATE Briafls s 5 4. EXAMPLE 4. IN
VI VO CHARACTERI STI CS™ OF TOPTRAVATE SODT UM TRT HYDRATE 10 The

bi oavailability of topiramate provided by (1) TCPANAX(r) was conpared to

that of topiramate 5§On’;t &‘iﬁkﬂpﬁﬁ.}s@ O&‘ofbi’i]g@‘sl‘ 3, s I!J ydrate and a (3)

conbi nati on of topi et ryeree g—w< h 1.1 equivalents

of 5tartari @ 2@indl wsihfilfationl €ial HAs agded RaM €18 .6 &b (ﬂmﬁnﬁm)hofotbaﬁaﬁméage of
si ze 9 gelatin capsules (Torpac, Fairfield, NJ). The capsul es contained an

amoun{Clsmisen Paigs dvide Hydarabad lagie, Batelr GR0GI09) and 40 mal ERLIG aladatvates 30

ng/ kg (o] ed,.f - unt eriy o e and
tartapl(igggic?rdfp%rrlgseou%%ent) ﬁé‘gxgi’sané)l es1 ﬁer%lﬁlg?\@) S)DOP?&H%@% usi ng
a met h@dohmaed(mandl hSmBImm)d alsimamaw 95%; qwtr(maum) m§trﬁ1xwr1ﬁ genduct ed

by MDS PharrrZ Seryi ces %r eal da). The in vivo data_ yiel ded by
t hes e \PHMAtCoV eI §NNHPY ‘}?HFQ Eﬁbowte@r%@% barn d he splutipp wag beqtgq OMas a

VES Y halard RS Shisshiv® filiddaN i binP ' %?served

at the éfal rst tsisrre g]ieré\fetd #ﬁ&fg% ﬁ%ﬁ%@é{?@@%&&gﬁ ?fénggell()?a@g&

f ound Sbienagechnn Hebcm, M WA pethe sqbllltammasi mneém:ra(tedm abbui 2jnlvand fldgeddnd (3).

The d ta ar.e cg abl e, n sol ution_ of TOPAMAX(r). The

neut r %bgf ?%ﬁtl %tfqug 4% Oﬁgﬂlﬁiﬁasa‘s B}II‘VaSt i?ﬁ( 117"““}%(?"%?91’%?% 58 cal

d'”%&!ﬁﬁﬁx%%@%@@%ﬂ%ﬁ Feof FBSutY 'u rison

between (1) and (3) illust Irl/g%lggﬁtfﬁ% posts?lgl ?%ré/p}g%d u aU% gﬂ?‘gte of

absor poweary eflid.he sodi um salt by changing fornmulation in the soI id oral

dﬁ age form On the other hand, the fast absorption of the sodiumsalt in
e absence of acidifying agent suggests its usefulness in imed ate

rel ease fornul ati onsskr WNALYSHE BYWsofawpiTgAemer ging convul sion

epi sodes, or other conditions. The sodiumsalt nmay farther be used in
cont rol | edAzempld efbibe campaued pisparsd ebeie wesfibien exdrhighé by sedrmbiztavingetrind

gr eal Sl R £, CEIRIANLE YeahAD chiBrinRSVDRRY, Rind AR hATT&elitiShha 39 VO

equipment described in Example 1.

20 TGA of the sample from this example was observed by weighing 3.2880 mg of
sample in a platinum pan and placing it in the analyzer in dynamic mode. The starting
temperature was 20°C with a heating rate of 50°C/minute, and the ending temperature was
400°C. The resulting TGA analysis is shown in FIG. 11. A mass loss of 3.1% was observed
at 149 °C by TGA.

25 DSC analysis of a sample of the compound synthesized in this example was
performed by placing 4.713 mg of sample in an aluminum pan with a crimped pan closure.
The starting temperature was 30°C with a heating rate of 20°C/minute, and the ending
temperature was 300°C. The resulting DSC analysis is shown in FIG. 12.

These data show that topiramate lithium, distinct from topiramate, was prepared.
30
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5.5. EXAMPLE 5: SYNTHESI S AND ANALYSI S OF TOPI RAMATE LI THHUM 5.5. 1

SYNTHESI S OF TOPI RAMATE LITHHUM 5 A 20 nL scintillation vial was | oaded

wi th 528.WOormg/o(@3%58 mol s) of topiramate (Chem nor Drug®Crtwso3/o4dgter abad,
I ndia, Batch TP0O1l.J00) and 10 nmL HPLC grade water (J.T.Baker,

Philli psburg, NJ USA, Lot V32El17). 71.4 ng (1.702 mmols) of solid LiOH
nonohydrate (Al 8l6. ChEXAMPL®!6S SYNIHIESIS AXNIPS5% Lot 00331KI) was m xed in
the topiramate/wat emﬂYSiS)OFU?bPMDIEEE%TQ@S?G’y?“ rring bar. The
solution was heated on a otplate Issolve, frftered through a 0.2 m
GELMAN ACRODI SK filter (Pall Life Sciences, Ann Arbor, M USA). The

sol ution was concent d aLl efrigerator at
about 4-8C over ni ght g%&e .S@ﬁi EBF%MAR)I&? gebjﬁégﬁgfl onin a

vaguum oveA 20 nib5Seibtilfiaionagluwas tdaae@b@mts%éen{go r@wm&g%ﬁep@ﬁ%@hous
white powdery solid. 15 5.5.2 ANALYSI S BY DSC AND TGA A sanple of the

conpo{friemipen bisovHydiabadn dndiaxBaiche BPW\ - JORe enddr snli FEIEr (Ygmandt.ysi s
TGA j i . i t
b oc ekt s O GSREN0 LSk, EECINITS L BPIN DEREXofidide gHSYPR (B9 RETEH1 e 11 om

this emaiyl ef\eaﬁddb@Hr (Spdcioym\e LghPDNP6S0 R 8B6 digsobfed BRfR @piramatepEFi num
pan a?ﬂPpI acing it in the analyzer in dynam ¢ node. The starting

t enpe & selghonap alowed e pypPREIR oas?mahaamvm EmpgruteHaadngipng
t 4 1. A
n‘é"g‘s’e%l%‘;?‘@é“@&f@ PO solf ot Sl WP DERIARA Woh % pip Wit flor ] Ryl

sanpl britge solid conpound synt hesized in this exanple was perforrred by
placing 4.713 ng of sanple in an alum numpan with a crinped pan cl osure.
The starting tenperature was 30C with a heating rate of 20C/ m nute, and the

ending tenperature 3g3 SARALYSR Bgsp{ghi ng DSC anal ysis is shown in FIG
12. These data show that topiramate rrthium distinct fromtopiramte, was

prepared. Azgmde vOUE3LOTPNRE PETAeSEBIGABEY theh, drantided\Py FC5\ USYNTRES| S AND
ANAL Yl (e ksl p e Rt M a3 chimpR TV HES! S OF TCPIRAMATE POTASSI UM

TGA of a sample from this example was observed by weighing 6.4900 mg of sample

L

in a platinum pan and placing it in the analyzer and running in dynamic mode. The starting
temperature was room temperature with a heating rate of 50°C/minute, and the ending
temperature was 400°C. The resulting TGA analysis is shown in FIG. 13. Cumulative mass

20 losses of 2.1%, 2.8% and 2.7% at 85, 132 and 172°C, respectively, were observed by TGA
relative to the starting mass in the pan.

These data indicate that topiramate potassium, distinct from topiramate, was prepared.

5.7.  EXAMPLE 7: SYNTHESIS OF
25 TOPIRAMATE AND CAFFEINE CO-CRYSTAL

Hot stage miicroscopy experiments were carried out to generate a co-crystal of

topiramate and caffeine. Caffeine (anhydrous, 99.0+%, Fluka, Lot 384769) was melted (mp.

= 234-236°C) and recrystallized between a glass slide and a cover slip on a Mettler-Toledo
FP950t stage mounted on a Zeiss Axioplan II polarized light microscope. The hotstage was
30  allowed to cool to 30°C. Topiramate (Cheminor Ltd., Batch TP001J00) was then placed on
the glass slide in contact with the edge of the cover slip, and was melted (mp. = 124-125°C)
and the melt came into contact with the recrystallized caffeine by capillary action. The

melted topiramate recrystallized overnight while held at 70°C.
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5 A 20 nL scintillation vial was | oaded with 556.8 ng (1.641 mmls) of
topiramate (Chem nor Drugs Ltd., Hyderabad, India, Batch TP0OOl1l.J00) and 1
mL THE (Svorea/07@888 Louis, MO USA, 99.0+% Lot 50k1485), &aa/tshs/ 04367t he
topiramate dissolved. 89.9 ng (1.602 mols) of solid KOH (Spectrum Lot
PNO690) was dissolved in the topiramate/ THF solution. The solution was

al | owed t o Thedtorfatial regien begieen e mem;ﬁmnmmmdma&eineaaging was cxil_y@taﬁimr phous

sol i d. sol j vvasfuther ried b cin vacu mde tor 1
o t o g ey gl Smbphelogy dhdgnERertoE Rak® Rhisshr Theb Fiale

pr eparsﬁﬂvl??ﬂd’&e‘ﬁﬁt%rfﬁ&]@ﬂe%ﬁ%é?@ﬁb@%ve-gﬁ':ﬁ‘om5?19116'635°C15 sane pr Ocedur es and
equi pnent " described in Exanple 1. TGA of a sanple fromthis exanple was

observed byheeilhicey 0f. MeI0Qlenwnadif regaons| eutdotics) piditatadu thapaenlanehepparsi ng i t
n.the anal yzer..and runni dynam ¢ node. The starting tenperature was

rogm E%W{?gf% Eﬁfge’\ﬁ?%cqsﬁai@%?@ﬁﬁseyﬁ % of 50C/ nminute, and the ending

tenperature was 400C. The resulting TGA analysis is showmn in FIG 13.

Cunul ative mass 20 losses of 2.1% 2.8% and 2. 7% at 85, 132 and 172C,
respect i velWhilexhednvsntion hasibeep deemibed avith fegpect & the@asicalaricmbodiments, i t he

an a di,c t. t
Fopi r SAarE, Siaol REVERL GotioR i REL R uBOL SRl Cha b b BShiend Bl bre anp
CAFFEIln&e Q(amaavsaﬁmlrpfmﬁi ﬁ]@%piﬂt(alhd SCORyofethp énvaiEth as \defifedciarthe ethimsit to
generate a co-crystal of i.ramat e, and caffeine. Caffeine. (anhydrous,
9@00+9%uclrcm9|éﬁ“wams agealﬁesu)te d tordalk wighip ihe scope obthe apprnded slimecr yst al | i zed
between a glass slide and a cover slip on a Mettler-Toledo FP950t stage
nounted on a Zeiss Axioplan Il polarized |ight mcroscope. The hotstage was
30 allowed to cool to 30C. Topiramate (Chem nor Ltd., Batch TP001J00) was
then placed on the glass slide in contact with the edge of the cover slip,
and was nelted (np. = 124-125C) and the nelt canme into contact with the
recrystallized caffeine by capillary action. The nelted topiramte
recrystallized overnight while held at 70C. 41 WD 03/070738 PCT/ US03/ 04357
The interfacial region between the pure topiramte and caffeine region was
crystalline and had a different norphology than either of the pure phases.
The sanple was heated slowy and the interfacial region nelted between
105C and 106.5C. The absence of multiple nmelt regions (eutectics) indicated
that only one pure 5 topiramate-caffeine co-crystalline phase exists.
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VWhil e the invention has been described with respect to the particular
enbodi nents, it wll be apparent to those skilled in the art that various
changes awo oaodi788 cati ons may be nade without departing fPcamsohes3spirit
and scope of the invention as defined in the clains. 10 Such nodifications
are also intended to fall wthin the scope of the appended clainms. 42 WO

03/ 070738 PCT/ US03/ 04357 CLAI M5 ks clainmed is: 1. A salt of

topi ramate, or a pol ynorph, sol vate, rate, dehydrate, co-crystal,
anhydr ous, Véhatanw@aiptedus f orm t hereof, and optionally, one or nore of the
f ol | ow ng:

a) the salf is topiramte sodju topiramate lithium or

t opi ramat e I pot %%ﬁh‘ﬂ’ft‘)&rmpﬁ » 8f 0 yén(trﬁlﬁwist%}i‘f?’é@@ vdests, dishydratey ee-stvstalor a
pol yn@m@t@ h : | [ ' i:hydrate having
a fine | atr %‘;esf &f iﬁﬁimg%sfﬁgﬁlt%&f’s%ﬂ %L{?%aﬁmgﬁfel@sa t% riﬁt‘;lhgfﬂdfr?ﬁx}d . powder X-ray
diffraction peaks at approximately 4.5, 13.6, and 19.1 degrees 2-Theta; e)
said salt of topl rarrﬁte@aﬁss toppiamatead i, dapiramaie tidpumbbetoppahyteor ph,

sol vat e, hydrate, dehgt(ggs%e, anhydrous, or anorphous formthereof; f) the
topiramate of (e) i sP opi 'dnmat e sodi um topiramate lithium or topiranate
potassium g) the topiramate of (f) is topiramate sodium h) the topiramte
of (g) is topiraatetiodilunist fophysibrt eodion aihydedy,mof ph gdigreeh; i) the
topiramate is a pharmaceutical unit dosage of any one of (a) - (g); j) the
phar maceuti cal unit Eeé?&e formof (i) is formulated for controlled

rel ease; or k) the controlled rel ease of the conposition of (j) occurs by
osnosis; 43 WO Qf’/ 07%@%§ltE§E{eQ§19§érﬂé{§§gdium trihydrate having a fine lathe-

like crystalline solid;

d) the salt has a unique powder X-ray diffraction peaks at
approximately 4.5, 13.6, and 19.1 degrees 2-Theta;

€) said salt of topiramate is a pharmaceutically acceptable
polymorph, solvate, hydrate, dehydrate, anhydrous, or

amorphous form thereof;,

) the topiramate of (e) is topiramate sodium, topiramate lithium,

or topiramate potassium;

g) the topiramate of (f) is topiramate sodium;

h) the topiramate of (g) is topiramate sodium trihydrate, or a
polymorph thereof;

i) the topiramate is a pharmaceutical unit dosage of any one of (a)
- (8

1) the pharmaceutical unit dosage form of (i) is formulated for

controlled release; or

k) the controlled release of the composition of (j) occurs by

0SIMOSIs;
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2. Aformof topiramate which has an aqueous solubility: a) greater than
about 10 ng/m at 25C, b) greater than about 50 ng/m at 25C, or «c¢)
greater twawsaoous 100 ng/m at 25C. 3. A co-crystal or caqilesosnizs?
topiramate, and optionally, further wherein: a) said co-crystal or conplex
is a co-crystal or conplex of caffeine and topiramate. b) a pharmaceuti cal
conposition conprises.sai - Cf: &pb!gg +of topiramate; or c) the
phar maceut fcal Ilr?%sc’if?qpér%m%?e‘%]%ﬁ&%e?@% uesai hlg)igliu?'rystal or conplex is a
co-crystal or conplex of caffeine and topiramate. 4. Use of a

phar maceut i cal | vy accgphbtienebopadihyml atd53;i sing topiramate, or a

phar maceutical |y acceptable salt, polynorph, solvate, hydrate, dehydrate,
co-crystal, anhydrous, or anmorphous formthereof to treat or prevent a

di sease, conditbbn oeregtesgraaabontylamgpiat éntCihi ch conpri ses admi ni stering
to a patient in need of such treatnment or prevention a therapeutically or
prophyl actical |y effect]ve anpunt.of I iramate, and optionally,
further wherei n?x“) a) g5 rﬁ?agglgglgt,lo@omn%ﬁlgg%ﬂg di sorder is a seizure; b)
the seizure of (a) is a partial seizure or a generalized seizure; and
optionally, further c) said use further conprises the adjunctive

adm ni stration of another anticonvul sant; 134 \\D ﬁ’/ 8{75%%38 PCT/ US03/ 04357
d) the ant Beonvdt aafiysial oy EMNleX QAP PEFHR3E T é’PuB‘Wg Y T WEPHSHY agabi ne,

val proi c acid, ethosuxim de, felbamate, gabapentin, |anotrigine,

I evetiracetam %?a OXGAHbBFERIsAE orClompled Wi §e@SerystaPReli Edmplewrofdi sorder is
trenors, mgraine or neuropathic pain; f) said use reduces the frequency
or severity of said seffaine end topremmsies, ni grai ne, or neuropathic pain; g)
said neuropathic pain is neuralgia; h) said disease, condition or disorder
I's a cerebral f%?Ctl cz)lnphalrmaceutical composition comprises said co-crystal or

complex of topiramate; or

!

c) the pharmaceutical composition of (b) wherein said co-crystal
or complex is a co-crystal or complex of caffeine and

topiramate.

4. Use of a pharmaceutically acceptable composition comprising topiramate, or a
pharmaceutically acceptable salt, polymorph, solvate, hydrate, dehydrate, co-crystal,
anhydrous, or amorphous form thereof to treat or prevent a disease, condition or disorder in a
patient which comprises administering to a patient in need of such treatment or prevention a

therapeutically or prophylactically effective amount of said topiramate, and optionally,

further wherein:
a) said disease, condition or disorder is a seizure;
b) the seizure of (a) is a partial seizure or a generalized seizure;
and optionally, further
c) said use further comprises the adjunctive administration of

another anticonvulsant;
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di sorder; i) the cerebral function disorder of (h) is Al zheiner's disease;
j) the cerebral function disorder of (h) is Parkinson's disease; k) said
di sease, wonwioross, or disorder is obesity or weight gain;PCTI)S0S@4337

di sease, condition or disorder is an affective disorder; m the affective
di sorder of (1) is a manic condition, an acute nmania, manic ragid Cécling,
bi pol ar nood di sgr der o] ni bi |sor er
m)gd stabili zatcBon %Sstmtlér-\bglgﬁfgﬁtc%sftr 18 fég%rmg’%%p\{ |p Bgﬁsﬁ&m

anxi ety di sorder, ait&ﬂmnagmndafi@mpnﬂ¢samﬂﬁr etdbdugirhiden dﬂbmﬁmk dlsorder
wth hyperactivity, onpuIS|ve or . qQbsessi ve- conpul sive dlsorder

nar col epsy, premenst r$REPIRJABOEIEING frvsHiacepm, PHc EpReRBYe, seasonal
affective disorder, substance abuse or addiction, or nicotine addiction or

craving, n) saig di SRAB BlisesRN TohdifiBn r Qis&Qfefi% thetndts, Chiighf feadache; or
0) the use is to'elicit snDklng cessati on.

neuropathic pain;

1) said use reduces the frequency or severity of said seizure,

tremors, migraine, or neuropathic pain;

) said neuropathic pain is neuralgia;

h) said disease, condition or disorder is a cerebral function
disorder;

1) the cerebral function disorder of (h) is Alzheimer’s disease;

i) the cerebral function disorder of (h) is Parkinson’s disease;

k) said disease, condition, or disorder is obesity or weight gain;

D said disease, condition or disorder is an affective disorder;

m) the affective disorder of (1) is a manic condition, an acute

mania, manic rapid cycling, bipolar mood disorders or
condition, manic-depressive  bipolar  disorder, mood
stabilization, post-traumatic stress disorder, depression, an
anxiety disorder, attention deficit disorder, attention deficit
disorder with hyperactivity, compulsive or obsessive-
compulsive disorder, narcolepsy, premenstrual syndrome,
chronic fatigue syndrome, seasonal affective disorder,

substance abuse or addiction, or nicotine addiction or craving;
n) said disease, condition or disorder is a cluster headache; or

0) the use is to elicit smoking cessation.
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