CRYSTALLI NE FORM OF 7- AM NOBUTYRI C ACED ANALOCG 1. Field Discl osed
herein is a crystalline formof an anal og of -y-am nobutyric acid and
5 nmet hods wbh mwsisrg4t he crystalline formthereof. These@Emgdzonmssmmy
be used as therapeutic agents in the treatnent of certain di seases

and di sorders, cRYEHADINE FORMEIPAMINGBUARAIT ACPBIANANDG
post - hei petic neural gia. 2.Background 10l n general, crystalline forns

of drugs are preferred over anorphous forns of drugs, in part,
because of their superior stabili - Fﬂe]dexanpl e, in many situations,
an anor phous drug converts to a crysta e drug form upon storage.
Because anor phisl@aadhaemdt atdystading frmeofah analog ofyy-suipbetltiy adid el

differing sj cal / chem cal .operties, .paienci es and/.or

b oy etk SEneEnE e eyt o gt Theh Gl e U usrd 15 saf ot y
reasons !%@J{i}ﬁﬁﬁ@ﬁ@ﬁ{sﬁﬁ &e tAdihdit St dethib Aseadds kRYdisdtaaaGheidigg ifer of any
crystalline drug substance is the polynorphic behavior of such a

mat eri al . SEEPRIRCICHIPPahCD A Jskneptcshepretic Heralgife nol ecul e whi ch have

di fferent physical properties because the crystal lattice contains a
di fferent arrangenent of nolecules. The different physical properties
exhi bi ted by pol ynmol phs af f ect 2 npoBuagkgrofidphar naceuti cal paraneters

such storag st abi | i ressibilit densi t LNMPOLt ant ~i n
Formutd s on and BPEECH Al QER B ORS St B PRy bl bt

(i npor t antinigs, id ey tecanise of thicRavribadiitilityy For Slagdpild, i yath fifvatieizcas may
result fromc ang&;ﬁi n chem cal &ﬁgcéi Vit ]Se. g , differential

hydrol ysi STSFOGRS SHRE PORETS tfhoryHaline g S nos ieges B5FBHE. nor e

rapi dly WasRmheiPida@ehtfinORemPel VP plaRP nVeRTGMHEhySiesl/cAtmRal

anot her pol ynorph), nechani cal changes (e g., tablets crunble on
storage a®r@erichgoresiep @@@F@@@ﬂl@ﬂ?@@aﬁum HECTEQIV plsion AL/ Edesirably for

th i ; i f Y

tab) et3 opreaeuskal B Rl RablafEh Aol A R Hha Bt or e 3t i gh

hum di t y) crySellulsidnig spbetaideas tha pekymbgilneteshapot gfsuclphsaresigl. | n extrene
ituati |t i t j LI t talline t h | Kk

ot ency _oFPRFETHs Gyt B BRe mufteiE Kol i BBl s of ¢ he

cryst i’:ll i @ﬁ)pfeﬂre_abmlausehﬁe b@ﬂ@llrllh;ﬁieé ciﬂ%hhﬂ'@diﬁlﬁ?ﬁﬂi&@@fmﬁﬁ@ﬁﬁﬁﬁécﬂ@s. Fg _rI
exanpl e, pariicular crystalline_form y fonn solvates nore readlly
or may be i ity pRsisel iPBCTF] SGibieh e RVHOMIS aEH ties than

ot her 2§ or BRartdac&rticalRAfdnfdr@ AP RoRBE sbARy, Hombidsbilit BerBitght be
di fferent between one crystalline formrelative to other formns).
Agenci es §irrertas ip femultipe andpraducs TRpeEctareE) BRd §isaelwiion retep friperant

g'r 8; e: % ;%Pgﬁé&hggjgg giog%%%%ﬁh SEbfY 8B enls hilR-Q6L A if RAEROACNT Of a
chemical reactivity (e.g., differential hydrolysis or oxidation, such that a dosage form
discolors more rapidly when comprised of one polymorph than when comprised of

25  another polymorph), mechanical changes (e.g., tablets crumble on storage as a
kinetically favored crystalline form converts to thermodynamically more stable
crystalline form) or both (e.g., tablets of one polymorph are more susceptible to
breakdown at high humidity). Solubility differences between polymorphs may, in
extreme situations, result in transitions to crystalline forms that lack potency or are

30  toxic. In addition, the physical properties of the crystalline form may be important in
pharmaceutical processing. For example, a particular crystalline form may form
solvates more readily or may be more difficult to filter and wash free of impurities

than other forms (i.e., particle shape and size distribution might be different between

one crystalline form relative to other forms).
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Compound (1), prepared as described in Gallop ef al., International
Publication No. WO 02/100347, is isolated as a glassy solid after lyophilization from
aqueous acetonitrile. The material obtained by this process is partially or wholly

20

amorphous and certain aikali metal salt forms are hygroscopic. However, amorphous
25  solids and particularly hygroscopic solids are difficult to handle under pharmacentical
processing conditions because of low bulk densities and unsatisfactory flow
properties. Moreover, handling of hygroscopic solids requires specié.l techniques and
equipment to obtain, for example, reproducible amounts of active compound or solid

formulation stability. Furthermore, drugs that are hygroscopic must be packaged in



speci al containers that have water vapor bathers thus substantially
I ncreasi ng the cost of such products. Accordingly, a need exists for
crystal | i nwofwosms7mh 1- {[ (a- PCT/US2004/033979
i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl | - 1-cycl ohexane acetic acid

with SSupe)r, e&ﬁgﬁ&@qﬁﬁa&%@f&@%&ﬁ&s i buTRYi 8, MSking e cost

advant ageousl’y i'n pharmaceutical processing and pharaceutica
conposi ti onﬁsucapﬁnery A crystalline form of

1-{[ (oc-isobuta thox carb a nmet hyl } - 1OCycI ohexane

acetic acid is Bféyﬁﬁéﬁf @3ﬁ§g¥¥@%mﬁh@2 ﬁﬁ 0 needs. Al so

provi ded aighRhAsYIRERHIKGR brb%agmh&maﬂﬁ}qtcﬁmém& a&éﬂc@@ldquﬂm of

1-{[ (ai sobut anoyl ox et hoXy) car bonyf | am nonet -1-cycl ohexane acetic
y Y %#’a

aci d, et hewsrief plusiceghernicalprgpertigsithal may be wpeskadvantageously in

2ol (o R R ot DU 2 Y ohesare

prevent 15vari ous dlseases and net hods of making crystalline forns of
1-{[ (a- i sobutanoyl oxyet hoxy) car bpnyl ]am nonet hyl | - 1- cycl ohexane
acetic acid. In a first aspett, i ne

1-{[ (a-i sobut an@b’d&éﬁé’lﬁh@M&QLH%YS%%ta@ﬂdi@%kaLdrbém&@mmgﬂﬁl-

acetic acid is provided that has characteristic absorption 20 26.6 th

0.3 | ridan wlaiponaseri ards mwdgd e safisfies thase pndsetbeimgedss pdes
T L L R
acid are , mbm@&ﬁkyeﬁhﬁy}mmbﬁﬂ@@nlh&mahyl@am@Mhbxzma acationpid| methods of
R SR g U g SRR LU A T am R P AR MU N e it A
cyclohexane acetic acid and pharmaceutical compositions thereof to treat or prevent
15  various diseases and methods of making crystalline forms of 1-{[(c~
isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid.

In a first aspect, crystalline 1-{[{c-isobutanoyloxyethoxy)carbonyl]-
aminomethyl}-1-cyclohexane acetic acid is provided that has characteristic absorption
peaks (20) at 7.0° & 0.3°, 8.2° £ 0.3°, 10.5°% 0.3°, 12.8°4 0.3% 14.9°: 0.3%, 16.4°

20 0.3% 17.9°+0.3°, 18.1°+ 0.3°, 18.9°+0.3°% 20.9° + 0.3°,23.3°+ 0.3%, 25.3° £ 0.3° E_lnd
26.6° & 0.3° in an X-ray powder diffractogram.

In a second aspect, pharmaceutical compositions of the crystalline form of 1-
{[(c-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid are
provided. The pharmaceutical compositions comprise 1-{[(a- |

25  isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid that has
characteristic absorption peaks (20) at 7.0°+ 0.3° 8.2°£ 0.3% 10.5°+ 0.3°, 12.8° &
0.3°, 14.9° £ 0.3°, 16.4° % 0.3° 17.9°+0.3°% 18.1° = 0.3%, 18.9°= 0.3°%,20.9° £ 0.3°,
23.3°0.3°% 25.3°+ 0.3° and 26.6° + 0.3° in an X-ray powder diffractogram and a
pharmaceutically acceptable vehicle.

30 In a third aspect, methods for freating or preventing epilepsy, pain (especially,
neuropathic pain and muscular and skeletal pain), depression, anxisty, psychosis,-
faintness attacks, hypokinesia, cranial disorders, neurodegenerative disorders, panic,

inflamnmatory disease (i.e., arthritis), insomnia, gastrointestinal disorders, hot flashes,
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characteristic absorption peaks (26) at 7.0° 0.3°, 8.2°+ 0.3%,10.5°£ 0.3%, 12.8° %
0.3° 14.9°: 0.3°%, 16.4°+ 0.3° 17.9° = 0.3°, 18.1° % 0.3°, 18.9°+ 0.3%, 20.9° £ 0.3°,
25  23.3°£0.3° 25.3°+ 0.3° and 26.6° £ 0.3° in an X-ray powder diffractogram are
provided.

4. Brief Description of the Figures
Figure 1 illustrates an X-ray powder diffractogram of crystalline 1-{[(a-

30 isobutanoyloxyethoxy)carbonyl]laminomethyl}-1-cyclohexane acetic acid; and



4.Brief Description of the Figures Figure 1 illustrates an
X-ray powder diffractogramof crystalline 1-{[(a30
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and Figure 2 illustrates a differential scanning calorinetery
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"Pharmaceuti.cally acceptable vehicle" refers to a diluent, adjuvant,
exci pi ent 255 i er with which

1- {[ (a-i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl | - 101- cycl ohexane ,
acetic_acid is adm ni stered. “"Patient" includes humans. The
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group within a drug nol ecule converts the drug into a prodrag.

Typi cif | y1-oyelehsxapepsedie acidiis pdmjaisigiadached to the drug via bond(s)
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25" Treating"” or "treatnment"” of any di sease or disorder refers, in one
enbodi ment, t o“Bateht”’ dnchedes fumhes. dihe e “bymali sind dpatiegl” age usedr r est i ng
or reduci ﬂgeghe gﬁ)geﬂqunqent of the disease or at |east one of the
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disease or disorder (i.e., causing at least one of the clinical symptoms of the disease
not to develop in a patient that may be exposed to or predisposed to the disease but

does not yet experience or display symptoms of the disease).

20 “Promoiety” refers to a form of protecting group that when used to mask a
functional group within a drug molecule converts the drug into a prodrug. Typically,
the promoiety will be attached to the drug via bond(s) that are cleaved by enzymatic

or non-enzymatic means in vivo.

25 “Treating” or “ireatment” of any disease or disorder refers, in one
embodiment, to ameliorating the disease or disorder (i.e., arresting or reducing the
development of the disease or at least one of the clinical symptoms thereof). In
another embodiment “treating” or “treatment™ refers to ameliorating at least one
physical parameter, which may not be discernible by the patient. In yet another

30 embodiment, “treating” or “treatment” refers to inhibiting the disease or disorder,
either physically, (e.g., stabilization of a discernible symptom), physiologically, (e.g.,
stabilization of a plysical parameter), or both. In yet another embodiment, “ireating”

or “treatment” refers to delaying the onset of the disease or disorder.
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{[ (ai sobut anoyl oxyet hoxy) car bonyl’] am nomet hy1} - 1- cycl ohexane acetic
acid are disclosed in detail herein. 20lt should be understood that
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Crystalline forms of 1-{[(a-isobutanoyloxyethoxy)carbonyljaminomethyl}-1-

cyclohexane acetic acid and methods of making crystalline forms of 1-{[(c-
1sobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid are
disclosed in detail herein.

20 1t should be understood that referral to
1-{[(c-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid
includes all substantially racemic mixtures, all possible tautomeric forms of the
conventional chemical structure for this compound and all isotopically labeled
derivatives of this compound (e.g., >H, *H, 1C, 1*C, I*N, 170, 0, ezc.).

25 The starting material (7.e.,
1-{[{c-isobutanoyloxyethoxy)carbonyllJaminomethyl} -1-cyclohexane acetic acid) can
be made according to procedures disclosed in Example 13 of Gallop ef al.,
International Publication No. WO 02/100347 or Example 12 of Gallop et al., United
States Provisional Patent Application Serial No. 60/606, 637, filed August 13, 2004,

30 entitled, "Methods for Synthesis of Acyloxyalkyl Carbainate Prodrugs.”

In one aspect, crystalline 1-{[(c-isobutanoyloxyethoxy)carbonyl]-
aminomethyl}-1-cyclohexane acetic acid is provided. In some embodiments,

crystalline 1-{[(a-isobutanoyloxyethoxy)carbonyl]-aminomethyl}-1-cyclohexane
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In some embodiments, crystalline 1-{[(ci-isobutanoyloxyethoxy)carbonyl]-
aminomethyl}-1-cyclohexane acetic acid may be prepared by first adding

25  1-{[(a-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid to a
solvent to form a solution or suspension. As used herein, the terms solution and
suspension are used interchangeably and are meant to include circumstances where
1-{[(a~isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid is
placed in a solvent or solvent mixture regardless of solubility. The solvent used in

30  crystallization may be either a homogenous solvent, a combination of solvents, or a
solvent or solvent combination in which the

1-{[(a-isobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid

exhibits temperature dependent solubility. In general, solvents or soivent
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Preferably, the solution is cooled slowly to provide crystalline
1-{[{c-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid,
30  which may be separated from residual solvent by filtration and/or drying under
reduced pressure. In some embodiments, the solution is cooled between about 0 °C
and about 25 °C. Other methods, known to those of skill in the crystallization arts,

(e.g., solvent evaporation, drowning, chemical reaction, seeding with a small quantity
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30 5.3  Therapeutic Uses

Crystalline forms of 1- {[(«-isobutanoyloxyethoxy)carbonyl]aminomethyi} -
1-cyclohexane acetic acid and/or pharmaceutical compositions thereof may be

administered to a patient, preferably a human, suffering from. epilepsy, pain



(especially, neuropathic pain and nmuscul ar and skel etal pain), =
post - herpetic neural gia, depression, anxiety, psychosis, faintness
attacks, hwpakessgisa, crani al di sorders, neurodegener at pyRUSHIGOGEEY S,
panic, inflammatory disease (i.e., arthritis), insomia,

gastroi nt egld [ : : | .egs r :

e hary | nespeaE bEBbORER pallnd hASNESd CERTAS) SAELNN AR g
certai n endepicsseon, spxielyypsiyelidsisnirfiagssrattaoks, hypokinesia, cranial disorders,

ga-i sobut a | oxyet hoxy).carbonyl | am.nomet h -1-cycl ghexane acetic
oo 0 andl oA RIS REARS Y SROSS ebier PrRREE LR e G R Gl ©, 4
patient, peeafeimbdtinalbdifurdas, hodfadhef) taes ek isyiRiromeasuiharydaentifénce or
various_di seases .gor. disorders. Crystalline fornsg

B L e b ABg s S E B o R FROTHEL o bepers Sraling fermsali | o
10 acid anq/ @fq REsEARSEGRK i tﬁﬁ'}e-'l-%gél?ﬁgﬂné)&eﬁc acid

€
adm ni stered as a preventatlvjé) measure to a pati ént having a
pr edi sposi ahdiar plormegeutiend sgmpprtions (lesged eicakdinyistaed toppatient ppdérablaad
muscul ar a kel et al My ost - herpet.i c neural gi.a, depressi.on
o oty pUgeRed vl meP elpERakb G B 8 of iRord BN ICERTARRS

di sor ders, faigisloddegenibbithnslciysMbaOEsbongHRinfonlefiyl a0t ekt £ehse
(i.e., arthritis), insomia, 15gastrointestinal disorders, hot

flashed0 ragifirad/sr phegmacsitionl sAEPosiEqns dhoyeol megbeioAapagerst as2 hanol

wi t hdr awal L4 Ly i Ne: . _ .

{[(a-i sobu};ge\r?gl%ﬁ%gye? o%zg’g?rgg%ﬂnﬁﬁ?ﬁ%?%ﬁ?ﬁ“ﬁﬁgﬁ%ne ai:eti c
aci d and/ ofesptrazliyaoeucpathit peivrmpd siustudarsn et fpaimyypobiehenpstid nbwlgihe
preventi ondofres%gloe di sease &'Eosgi?ordegsra@ag%mﬁono urerient %Jﬁalt .eaeisng

anot her (e. 69, prné%(ﬁ? I’ O psfg%m S 1q Péat d SOXACES,
gastroi nt eatre]ﬂraaetgedérsﬁmtﬁfcﬁ?erarlﬁgienihﬂaﬂm@fformﬁwaw@bb bﬁ]gﬂri?s),ﬁnm%rﬁ@
treati et hanol w t:hdra S one) . The suitability .o

cryst af i it sorﬁw@?/ﬁ@@a% %Biﬁﬁb%s? 5 CERFAepptinence or
am nonet hy bthandivaiakAHeXAIRRE CALLrdsd1Y RNeiRte B8R srCceut i cal

conpositions thereof in treating epilepsy, pain (especially,

neur opat hi &-{Hi-iscbuienoylesyethexy)earbonyklemeoaletytp kicyolohgyenst achier pad i ¢
neural gi a, Si .anxiety..pswchosis, .faintness attacks,

nypoki neo! AT SpmaRui T s AR NRRAT il bt BAFGF oBh B B

i nf | ammat odigeats sedisardér and. coneurtdatly testing ahsthaniigy prayastionafpbrbbiinal

di sorders, t flashes, restless legs syndrong, urinpary.incontinence
or et h§¢10| h qF FFB‘i"t‘aﬂﬁaﬂ“%%f&?tﬂﬁgﬁlﬁ%@ef%é’rﬁy@*é?lh?rﬁﬁal%9%%‘6@?%%%i n
the art (eeffianolSathatRGEEyRtomé), United States Patent No. 30
4,024,175, Satzinger et at, United States Patent No. 4,087,544,

Woodr uf f,  Uni t edhssuitabiitiPe asyistalNee fosnosi! - {6@-isoBntaveylemisthery)sarborxi]-t ed

St at es Pa’F no .. -% 1%11 ‘ap !1 48 nci %&/ h % ticg E { sifions thereof
6, 001, 876; rvveeFf % ni't e ?a €s en . B, , 5,
Si | ver man &t tresting pildpey pSinalegmciziy,eptropighic pa2Bd 2ddoulomdakdletal  at

25  pain), post-herpetic neuralgia, depression, anxiety, psychosis, faintness attacks,

hypokinesia, cranial disorders, neurodegenerative disorders, panic, inflammatory
disease (i.e., arthritis), insomnia, gastrointestinal disorders, hot flashes, restless legs
) syndrome, urinary incontinence or ethanol withdrawal syndrome may be determined

by methods known in the art (e.g., Satzinger ef al., United States Patent No.

30  4,024,175; Satzinger et al., United States Patent No. 4,087,544; Woodruff, United
States Patent No. 5,084,169; Silverman ef al., United States Patent No. 5,563,175;
Singh, United States Patent No. 6,001,876; Horwell et al., United States Patent No.
6,020,370, Silverman ef al., United States Patent No. 6,028,214; Horwell et al.,
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pain (especially, neuropathic pain and muscular and skeletal pain), post-herpetic

25  neuralgia, depression, anxiety, psychosis, faininess attacks, hypokinesia, cranial
disorders, neurodegenerative disorders, panic, inflammatory disease (i.e., arthritis),
insomnia, gastrointestinal disorders, hot flashes, restless legs syndrome, urinary
incontinence or ethanol withdrawal syndrome because the disclosed compound may
require less time to reach a therapeutic concentration in the blood, i.e., the compound

30  disclosed herein has a shorter tmay than gﬁbapentin when taken orally, Without
wishing to bound by theory, it is believed that the compound disclosed herein is
absorbed from the gastrointestinal lumen into the blood by a different mechanism than

that by which gabapentin and other known GABA analogs are absorbed. For
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1-{[ (a-i sobu%téjnsg%ql%(&l%ﬁ%%y)qgar b?%\%/%‘arg% %i nonet ‘nyje fqmig%uycldésﬁgggne
aceti c aci dersay issbsarbbkagrossdhegitivwedolangs grenser pgrioneé the gasirointestsat i ng
or preventi i | in (especially, neuropathic pain and
muscul ar ah%gts%gugﬁ%ﬁﬁ%%@%’, post - herpetic neural gia, 15depression,
anxi ety, psychoBesausé therbmpsmndaditcdased hereinpak b& &sinalatetriaBisdined release

di sorders, .neurodegenerativ i sorders, .panic, infl t ory dj sease
(i o 107} ERmabpns pHco P Ades JoimrBig ltasnarer apeindRiontito e ashes.

restless | %Qﬁro%ﬂéb@i_h@l%ct S d pedaldrRC MO RRESR ) coffnanol  wi t hdr awal
syndrone. The ability of the conpound disclosed herein to be used in

sust ai ned defleatsebwandylakysthgey)tabonyllemdnpneathyl ht-chdehexgng rasticiagié pay
necessary 2 or Lat enan of a therapeutical ffectiv ug
Concentr xt 5% oF ol eERARR Wi Bere R REEthk S YerPb 81D o, e
forms of 1{dshécdallysaburbpatiy baix\wal hoxy)laani aksldtllaainhguet-lnrfdtic neuralgia,
1-cycl phexgne acetic.,acid and/ of.pharnmaceuti cal conposi.tj.ons thereof
my” be 156 SRS BOILTyP LT, FTR e e R BTy
descri bed, nelir¥@dedhérhiies digrddks, Yhnic, inflammatory disease (i.e., arthritis), insomnia,
1-{[ (a-i sobut anoyl oxyet hoxy) car bonyf| am nonet hyl} - 1-cycl ohexane

aceti c aci GasieErestingbsonest ot Baphes spessiless Synirerie UEHAYAReON{BYICE P! f or

the treat (- wjnﬂi?c i I [ :

neur opat hing&%%@ﬁv 1ang mﬂgcu aﬂrﬁ'aﬁ% éb%g? é{ gﬁ%@?é\@?%@%@h&eyggp it(():be

neur al gi a, uskelgn eswtaioed rebease wrldosgesfomusiedyce$ tiedbsing Geqitenay keressary
hypoki pesi 30 crania i_sorder L odegeneratjve .disaorders,

pani o, 20t RexanEn s BLa BBty AR ARREP AR RS
gastrointestinal disorders, hot flashes, restless | egs syndrone,
urinary incontinence or ethanol wthdr | .syndrone. When
used to treat or prevent thé'%bo&p—d@ﬁ-@g‘gﬁm”ders, crystalline

forms of Crystalline forms of 1-{[(c.-isobutanoyloxyethoxy)carbonyl]aminomethyl} -
1-{[ (a-1sobut anoﬂsoax%et ﬁ%(sygcaé%orﬁol ilgnn%)%owrrgt ﬁiﬂr)l - 1-%%/]cl ohexanye}

aceti c aci d-cyridheanp heetinrcid ani/onphamapuéiclicompositioas dekcofmeyibe

adm ni stered or a ied.si.naly, or .in ¢onbination wth othear ents.

Crysta %i n 8&%{%81%*3’ 12 7 Adhaly m&dicihd XS previously 86801%6({‘ crys%ﬁmeq’gxms
of 1-{[(a-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid

and/or pharmaceutical compositions thereof are useful for the freatment or prevention
of epilepsy, pain (especially, neuropathic pain and muscular and skeletal pain), post-
herpetic neuralgia, depression, anxiety, psychosis, faintness attacks, hypokinesia,

30  cramal disorders, neurodegenerative disorders, panic, inflammatory disease (i.e.,
arthritis), insomnia, gastrointestinal disorders, hot flashes, restless legs syndrome,

urinary incontinence or ethanol withdrawal syndrome.
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51- { Ra- i sobut anoyl oxyet hoxy) car bonyl | am nonet hy1} - 1- cycl ohexane
acetic acid and/ or pharnmaceutical conpositions thereof may al so be
adm ni st erwd 2005/@pp%i ed singly or in conbination wth oidwus2004/033979
pharmaceutical Iy active agents, including other GABA anal ogs. Methods

of treatnent an@aﬁ%qegw oaﬁ‘éar?l?;r@v [ QY LHGA BT ;lbﬁfefsar: I thﬁ'ms

10patient of a therapeutica ective anount of a cfyst Ine form
of 1-{Ra-i sﬁM{(@umgﬁlmanoeidxaemgmomhnﬂﬂhmmmme&ryﬁt—hy}m}lehbxmdceheme

acetic acid and/ or har.naceuti cal Si t The at i ent
e e ar SR B T S S o ons R M S8 Bt onied PREL T,
a_human. Qﬂ&rﬁﬁﬁéﬂbﬁ Wit SBegeidts. Crystalline forms of

{Ra- i sobut anoz/m %/et hoxy) car bonyl | am nonet hyl | - 151-cycl ohexane

aceti c saci d-d utgriayvedery)earborsdlepdmetihl 1 chielpkesane agetic acid

preferably f
ot - sobut Z00t BBl T ol B B Bisgded prsmplied acer s o
aci d and/ osinpheosriimcatibinatidn wm:mﬂmsn phaonsetiiatle eftiverygents, Sicliding other

adm ni st er tgg aﬂg ot her convenient rout; for exanple, by |nf usi on
or bol us i @318%y absorption through epithelial or mucocutaneous

linings (e.g., Mdllodd@rUERERAnt arnﬁ%@hym atdWrEEHER) adMERERiorEb G ) -
Adm ni stration can be systemc or local. Various deli very systens are

known,1Q e. gatiens pbapstapatticelly pfeqtivp swemof 2 knskdmademe el |
m cr OCap.S“geﬁ% fs@ﬁﬁ%&{ ‘}&oxy%%x})c&rﬁéblﬁﬁ%o%ﬂ&ﬁﬁ@'-oE/aoRé%é‘ac%E@Ecid

crystallin
{[(a-is obuhﬂﬂmmmmﬁwabmpmis}tmwom patichflmeyod aheniank isag®ti C

acid and/ or ceutical co siJ_ti s thereof. Methods of
3Saim i 5t PILREHD, FEAAL B 0] oGO0, ANEEE to, 1 ntrader mal
intranuscul ar, CofskARRY fohﬁ@@ﬂi {E(&Hédbﬁtéﬁ@ﬂbb@eﬂr%ﬂ?ﬁ%@ﬁ'ﬁ omethyl}-
I ntranasal , epidural, oral, I ngual , 1 ntranasal, hatracerebral,

i nt r avidyi n&+cycloh@mdecpmlamdrae;dioapha}mawtwai [eanpeositims ﬂmreﬂtfopii peetfdrgbly

particularly to the e es Ki.n one.e
crystallin g&ﬂw%eg?r@ Cr){s?etﬁgﬁ %%B gligx-xsobutanoyﬁoxyethoxy car lbonyrf]t
yl oxyet hox ymeantgiy] - BFt1008RNhE Ydetic imwﬁ(ﬂ/@fmam@;eaﬁ@u b@npésﬁtdmam{»@f

phar maceuti cal , conpaqsi ti ons ther t?f can he deliVered vja su t ai ned

rel ease syt bsRdmiRigBIe] bY GRY PHET CONMPHAY 1QUlY: darrramp'ey By hig9n Bne
embodi Ment ks MRy absorption through epithelial or mucocutaneous linings (e. g., oral

20  mucosa, rectal and intestinal mucosa, efc.). Administration can be systemic or local.

Various delivery systems are known, (e.g., encapsulation in liposomes,
microparticles, microcapsules, capsules, efc,) that can be used to administer
crystalline forms of 1-{[(c-isobutanoyloxyethoxy)carbonyl]laminomethyl} -
1-cyclohexane acetic acid and/or pharmaceutical compositions thereof. Methods of
25 administration include, but are not limited to, intradermal, intramuscular,
intraperitoneal, intravenous, subcutaneous, intranasal, epidural, oral, sublingual,
intranasal, intracerebral, intravaginal, transdermal, rectally, by inhalation, or topically,
particularly to the ears, nose, eyes or skin.
In some embodiments, crystalline forms of
30 1- {[(oz-isobutanéyloxyethoxy)carbonyl]aminomethyl}-l -cyclohexane acetic acid
and/or pharmaceutical compositions thereof can be delivered via sustained release

systems, preferably, oral sustained release systems. In one embodiment, a pump may
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be used (Langer, supra; Sefton, 1987, CRC Crit Ref Mnied. Eng.

14: 201; Saudek et al., 1989, N Engl. J Med. 321:574). I n ot her
enbodi mentwo 2pediopmsE i ¢ naterials can be used ("Medi cal PFpUS20@t0GENIS

of Controlled Rel ease,” Langer and Wse (eds.), CRC Pres., Boca

Rat on, 5 Fhgr

RO Sk PRI i GaRSabBP > v RoB DIl Lingl Bk

York (1984, 1989 & Eegl. & WMed1 8BR574). Macrompl . Sci. Rev. I\/acrom)l

oL g0, Ann. R OlE e ls Bupymehinneri GEE ySaT by 1 M ©
71: llO?%) SLm}g):Imdttionsbfl@Dr;tmib(eid@e\t;néiﬁ, SLaFr)xgled :;mirEW lsie rgﬁrlhg,etzRG]EPiersaéB%;aJRletgnj or
cod! um Sar BIRYRUN A SREfplELD R aeiiiERy Tus R deepetin md™ ™

hydr oxypr opytioRhidiek,Sehdlel SEERANGALY GviRsy ?’E@@W&E tigshps_ange%ﬁéze&m Y,

hydr oxypr opyl et hyl ‘cel | ul ose). Ot her cellulose ethers have been

descri bed ¢AMaaiomioh SciRev Meiama). Chen23:@; pragtlsakovy el a4 988, Sgienge 9) |
Factors af hegtigpdpdnH %{d?' % %‘W‘?BZWW@I&‘%{&Q% sfgs?l d artisan

and have 15been descrTbhed’in t e art hann.
1979, 2, SM)HOSWg 71:10%). dn kiglf ombamaiodemdnds, pelyireric mateoiaisedt used for oral

prepar gpi o can s for ed rel eas adm ni stration.
Coal i ngb na?'zsrt?ué dSIelﬁBrE]lSC % et (I)Jro{y%(eésnlf)lslgge ‘H‘?‘ﬁ@] g T a pH dependent

sol ubi | i t y chdbogymethyledlidse tiydeskyp@baasiaNosepydrsmhopyintdihyacesiuee aid
pH depende | ution_ or

ti rre cont rgtvﬂfbg§$%ﬁ%%€'gl ¢ gf%&bf&ﬁﬁexmwyhaﬁ@%@gﬂ%ﬁa}eoo@? ‘@HE&Q%S

(i.e., enzyifersant b @scr{vel EAREIMANG:: ROPY S, %gmpww o4m, sepers
that are destroyed by an increase in pressure (i.e

pr essur e- cdrdr SRtteis affertingsys rolegseare mell snpen teths skillpdaitisan avd ey c
del i ve S sust Al dm ni stration
(Ver maﬁ%t a?ﬁé%ned[?réug e%e#/ﬁ%%ﬁgﬁgﬁﬁé%}nalggogmg’g’éggg’aégo‘g%) . In sone
enbodi nent s, OROSThtrosnxingends vhices ceatel prepulatfoms car ted ussdifrarated

rel ease del i Vi C .Theeu et al United States, Pat.ent No.
3 845, 770; SHE ‘%ﬁ%&g easG 2 %fﬂ“gls ity adie i ueips hehe @r ey lcs PRt

In yet ot h@ﬁth&fﬂl@db}fﬂnﬂér& solabitiong. @QbH&ﬂnﬁ@lﬂ@l&&Eaé’e}l?b%e@%ﬂb@ sliwaged

t thet et of crystalline forns
IC%(r)]lpE f?:am. B%IDQOPP tSHE) chag-% P%&ﬁpﬁeﬁ&%mwn&ryﬂwoﬁ@%

aceticpgci g ?ﬁ@f&hat@?@ﬁé&&ﬁﬂ ?(‘éﬁiynfé@ W%n%&ﬁ@-%oﬁthﬂé@ gleasé)rh‘riﬁ

reqU|r|ng on a fraction of the system c dose (e. , Gooddson, in

" Medi cal Ap@lw@wth@irfgn@ﬁmdﬁwrsdhat@w dReiresed dy an | mcre&se in pressure (i.e.,

pressure-controlled release).

In still other embodiments, osmotic delivery systems are used for oral
sustained release administration (Verma et al., Drug Dev. Ind. Pharm. 2000, 26:695-
25  708). In some embodiments, OROS™ osmotic devices are used for oral sustained
release delivery devices (Theeuwes et al., United States Patent No. 3,845,770;
Theeuwes et al., United States Patent No. 3,916,899).
In yet other embodiments, a controlled-release system can be placed in
proximity of the target of crystalline forms of
30  1-{[(c-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid
and/or pharmaceutical compositions thereof, thus requiring only a fraction of the

systemic dose (e.g., Goodson, in “Medical Applications of Controlled Release,”
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supra, vol. 2, pp. 115-138 (1984)). O her controlled-rel ease systens
di scussed in Langer, 1990, Science 249:1527-1533 may al so be used.
Crystal | i ne¢of20emms788 1- PCT/US2004/033979
{[ (a-i sobut anoyl oxyet hoxy) car bonyI i am nomet hyl | - | -cycl ohexane acetic
aci d_and/ oty phALEmS i | £ CATBAS! biRNSrkBAEERIcBE &R Yusls B OVi de
gabapentin uUpon in Vivo adm hi stfation to a patl ent

wi shi ng t o Lsogerdi ¥, Stigoe 24911627 -p5maetlyo bf usedyst al | i ne forms of 1-

{ Ra- i sobut anoyl car nonet h 1- exane acetic
aci d and/ or pha?ﬁéﬁj@lg gﬁgiﬁ@‘ Tﬁ‘??é‘mal %%ﬁ??‘ﬁ?ﬁ%’ Bgl?%‘?%% Yigi t her

chem cal | y 1adionex £ 2¥ER: dofPdrdior Pma@éunemrcsmgsﬁﬁaﬂ%&h&éﬁ%ram y the

stomach, intestinal lumen, 10 infestinal tissue, blood, I'iver, “brain

or any -t h&FO\ags sabapetinupen & vito adrmpisheliontay petieshy Whilhsofowishibg ta y of
crystallin oxy) car bony1] -

am nomnet hyﬁf&%ﬁiﬂ%{)g’g\% %&%ﬁ%é %?g}}gfgﬁ%ggar%ﬁtg? phar maceuti cal
conposi ti oﬂs{[(d}mobmhndsrl@cye‘émhv)narbnmydjamﬂc&mmpl+cyclnhéxandsrmt1t asit.

LY PR L o ond S5 Vb RLIIPEE Snl el ah e

{[(cc- Is0baﬁ@mﬁaﬂc@we@ﬂ@e@ﬁw@reﬁmﬂés]p@abﬁtm{e%ﬂmﬁ iakedANexRRE acetic

acid and/ or pharmaceuti cal conpaositions thereof does not contain

subst arf? i afnteiiaat fispedlesd, Tvardueiner ewnatherisndaie {yreskampngal megs t han
05 %b
or of or oy ‘;,"@1669955 L the ﬁg{lﬁ%&%%&%fﬁ&h%m f‘#]l?fs%ftl D Dot %}éé“"’th&ﬁcarbony

i ntranol ec ainatonmqthjl}-zlaiynhhcxmhe téetic dcid mhdYor ﬂfaﬁﬂﬂ:emlédh ccﬁﬂaposamnbmeyéof
functi onal T e.20 tent of |actamf on from crystalllne
orms of - 170¥ PeRbRisR A i Phe R et ey R THHOYp osAOHORER fPFacd b

- 1- cycl ohexrae ge@epfdﬁl@giegﬁ@ﬁﬁﬂlgerymﬁ{nwﬂ cal conpositions thereof
may be assessed using standard in vitro anal ytical methods. Wile not

wi shing to lﬂ&@héowanqym?ﬂwmearb@mmnmoweﬁﬁlb tyytiohdxamreackte agd of

251- cC; th

acetlf:{ <(310| %arﬁ%%gﬁér%gég |caq%§ ﬁp&fgl?sng %%%%?nﬂé %”3%5?8 ved
prior to ammm bm‘tal’ﬁiﬁadﬂ @r@asm;;,qemmlto 5ed byt weight, ﬁﬁleqﬂefevublw IdRs t he
stomach or intestinal .| ume and/ or after absorpt lon b

gast r oi nt e R4 % %]%Ya‘?f‘flglétemﬁs" prefaraplytless thandh 1 1o @’s%&hthé’&H is formed by
ot her suit ffplgoldcft 8yd@ator GHTREY dminb ferdu Sviftf tﬂgpirﬁé)ﬁrl BfncbsitR Filene

fornms of
20  extent of lactam formation from crystalline forms of

1-{[{o-isobutanoyloxyethoxy)carbonylJaminomethyl }-1-cyclohexane acetic acid
and/or pharmaceutical compositions thereof may be assessed using standard in vitro
analytical methods.
While not wishing to bound by theory, the promoisty of crystalline forms of
25  1-{[(c-isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid
and/or pharmaceutical compositions thereof may be cleaved prior to absorption by the
gastrointestinal tract (e.g., within the stomach or intestinal lwmen) and/or after
absorption by the gastrointestinal tract (e.g., in intestinal tissue, blood, liver or other
suitable tissue of a mammal). If the promoiety of crystalline forms of
30  1-{[{o-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid
and/or pharmaceutical compositions thereof is cleaved prior to absorption by the
gastrointestinal tract, gabapentin may be absorbed into the systemic circulation

conventionally (e.g., via the large neutral amino acid transporter located in the small
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301- {[ (a-isobutanoyl oxyet hoxy) carbonyl ] am nonet hyl}-1-cycl ohexane
acetic acid and/ or pharnmaceutical conpositions thereof is cleaved
prior to aWe@oNa3Lis4by the gastrointestinal tract, gabapemuso#maye7de
absorbed into the systemic circul ation conventionally (e.g. , via the

| ar ge neut riﬁﬂestﬁfé?{nﬁt@&ﬁl‘émb{e@gﬂwﬁtﬁﬁnéﬁﬁﬁé&d in the small

intestine). If the pronoiety of crystalline forns of 1-

{[ (a- i sobutlafi€sispkyanodsyyetwrpompohdirmiomesthyl ) -elohetanh exdicacidcet i ¢

acid and/ or ceutical co sitions. thereo re.cleaved after
absor pt 1 on B °F REREELER coBSPRAGH bR et el Rori S Poar ug
may be absguitedniestinal trhe, hiGABA enil6g podhatrhabeaibbBed BYo Mo SEtenEc

di ffusign, active transport, or by both passive and active processes.
|f the Sr or?B'F‘é]fl?OIb‘Flﬂ't?F ggPWWF qEisipn,gctiye transport or by both passive and active
1-{[ (a-i sobutiagney! oxyet hoxy) car bonyl ] am nonet hy1} - 1- cycl ohexane
acetic acid and/or pharnmaceutical conpositions thereof is cleaved
after absor pti odf thy prameoigly of eiystabinaferstsiofial tract, this GABA anal og

prodrug may_hay e opportunity. to.be.absor into the systenic
circul ati 0?1i Q%ﬁ°@’%8“?>§$’aghﬁ°ﬁ¥)8@%f%° eﬁl?)gﬁgﬁyrf}lﬁg? °a é“flg]l line
forms of 1-andlér plsehutarionlcoxyedibiensyheeatRoslyivba sl aBEspida by the

1-cycl ib]exane acetjc acid and/ or pharmaceutical cqnpositions thereof

are pr &P er SBTNPIUERnA] ©3ch g GABA guileg madrugapaydere theopperinity fo Bane

enbodi ment spsoebebShd the Eb‘f:‘stefnﬁé BRcuMtiohFom the large intestine. In this ituation, .
{[ (cc-isobut anoyl oxyet hoxy) car bonyl ] am nonethyl}- 1-cycl ohexané acetic

aci d and/ orrystlimedonns ¢iclal[(etwpusneionsthohgeabinydjeminehdtdl-ed by oral
ol 1 S PRERE Tl SR Bl SR ¥ b hidnd Hect B ey

aa- i sobut andministsred hoxaded belvyse ispTRAG MRt bmBodidehio @Y B ahd 6
aci d and/ or @Par ceutical conpositions thereof are adm ni stered
a6

twice per d wanqylexyethaxpprrponydlaminameidiz{ cyclshaphargstic eqid i cal

Conposi ti 0Bsd/or pharmaceutical compositions thereof are delivered by oral sustained release
administration. Preferably, in these embodiments, crystalline forms of
1-{[(a-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid
and/or pharmaceutical compositions thereof are administered twice per day (more

20  preferably, once per day).

5.5  Pharmaceutical Compositions

The present pharmaceutical compositions contain a therapeutically effective

amount of a crystalline form of

25  1-{[(c-isobutanoyloxyethoxy)carbonyl]laminomethyl}-1-cyclohexane acetic acid
together with a suitable amount of a pharmaceutically acceptable vehicle, so as to
provide the form for proper administration to a patient. When administered to a
patient, crystalline forms of 1-{[(a-isobutanoyloxyethoxy)carbonylJaminomethyl} -
1-cyclohexane acetic acid and pharmaceutically acceptable vehicles are preferably

30  sterile. Water is a preferred vehicle when a crystalline form of
1-{[(o~isobutanoyloxyethoxy)carbonyljaminomethyl}-1-cyclohexane acetic acid is
administered intravenously. Saline solutions and aqueous dextrose and glycerol

solutions can also be employed as liquid vehicles, particularly for injectable solutions.
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The present pharmaceutical conpositions contain a therapeutically
effective anmount of a crystalline formof 95 1-

aa- i sobut awoyesogetslhhoxy) car bonyl j am nonet hyl | - | - cycl ohexanes»aeaizso
acid together with a suitable amobunt of a pharmaceutically acceptable

vehicle, s ' f I LN t] 0 a
pati ont. AL oRn EeVRRcleP R aR ok T Ak SRR b,

1-{[ (a- i solutoaryayérosey etlatix,\mala ribe Mipkt, ahalkoeihitlpgl] bediim cleatatd) ghyasrel
acetic acid an arnmaceut i cal.l y, agcept abl i cl f bl
S st er 1 emopgaRapu. s Phionted BRREHER I el Brd fnR il m of
1- 1[ (a- i sohdteRneanei ¥t I'mg}egsaitle@wbéiamsmma,lc}mmssw@lﬁt@;heﬁﬁaae
acetic acid is adm ni stered |intravenousl éélﬂlsal I ne sol utions and
J2

aqueous’® degnperRobifeftine pr apwlsiiyag ageniy fisrinpagsatse A peditien-as

i quid vehigl: it | : l-pieGt L4 abl e
phar maceut Fl%!altﬁ ,esﬁ%(ﬁ:l?ieﬂgéi att?é%éﬁlu{ ¢ Pltljj gg&tglg calﬂg F%ﬂlt%gé %sggcfrg\ I}lgag bset%aét%% h,
gl ucose, | act osk somecanatmdjmeds, dte pharmacketical ¢ogrpositibniief, crydtedline foghs i ca

gel , sodium.stear.ate. glycerol ostearate, .talc di um chl ori de,
i ed”ski PR g SR raRE A feBr o fef e e B e
The pr esenbreGRIRO fctanOside Fﬂoﬁu@l_@ Siried by &RRnRdleMlac @Rl A Hon NN Sthed
anmounts of wetting or enulsifying agents or. pH buffering agents. In

addi ti bh, eamRedimgrly, the phasmepaitisy copppeifieans of glystellise famsifg and

col oring agent.s: ogli o
A P S S
{[ (u-i sobustalsieyd extsrelcti atoyjgedpiatanytly, andatcy themlopd yedt) withdu kebstantialacet | ¢
acid are free of | act i roduct rned, by i ntranol ecul.ar

el oati olctmioppaa B AL O SRR Y Yt Bl P TR RS r 1 ons
of cryst al {Han®. 0P leBrDby Weight, most preferably, less than 0.1% lactam by weight). _
{[ (a-i sobut anoyl oxyet hoxy) car bgnyl ] ar ni nhonet hyl } - 1- cycl ohexane acetic

aci d al® st abl ePhamaseuEncanPeEHeRseoppriens FRrBRline TEWOEr t han one

L2, BB A SO B s g LR

wei ght, nob¢ mpnehanad by, mdaas sf ¢dnsentdndmixagt dissobyngyerapia)ing,

15Phar mace gt | e IO e S SRR s S St Btk Bhg' o2 Ty Wzing
processes. Pharmaceutical compositions may be formulated in conventional manner

20  using one or more physiologically acceptable carriers, diluents, excipients or
auxiliaries, which facilitate processing of crystalline forms of
1-{[(c-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid into
preparations which can be used pharmaceutically. Proper formulation is dependent
upon the route of administration chosen.

25 The present pharmaceutical compositions can take the form of solutions,
suspensions, emulsion, tablets, pills, pellets, capsules, capsules containing liquids,
powders, sustained-release formulations, suppositories, eraulsions, aerosols, sprays,
suspensions, or any other form suitable for use. In some embodiments, the
pharmaceutically acceptable vehicle is a capsule (e.g., Grosswald et al., United States

30 Patent No. 5,698,155). Other examples of suitable pharmaceutical vehicles have been
described in the art (see Remington's Pharmaceutical Sciences, Philadelphia College
of Pharmacy and Science, 19th Edition, 1995). Compositions of crystalline forms of

1-{[(c-isobutanoyloxyethoxy)carbonyl|aminomethyl}-1-cyclohexane acetic acid are
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1- {[(a-isobut anoyl oxyet hoxy) car bonyl ] am nonet hyl ) - 1- cycl ohexane
acetic acid may be manufactured by neans of conventional m xing,
di ssol vi ngwogesmstati ng, dragee-maki ng, |evigating, emupcibsdongnszoro
encapsul ating, entrapping or |yophilizing processes. Pharnmaceuti cal

conposi tions farmyl.at ed j n._conventi onal nner. 2 sing one or
nore physi ﬁﬂf&%ﬁgﬁﬁ?ﬁéﬁé ra%%ede ‘éelf}”ip&ﬁkcfﬂaglyﬁ.ﬂe%% f?gﬁlﬁl%‘i?f#%ﬁ? s or
auxi | i ari esdmiibtedtiohaci | itate processing of crystalline forns of 1-
{[ (ot -isobutanoyl| oxyet hoxy) car bonyl ] am ngonet hyl} - 1- cycl ghexane acetic
acid into pr _epaﬁ%‘f‘ﬁ“é’?@u%{w&?‘éwoﬁ%}oﬂgﬁé dﬁW&FW}H@_ééﬁ ‘inéﬁ? ’?Oﬁm bt
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magnest um (ﬁ%\rfol)rl%%azitggﬂts,eptrg&iervsa}fll%g]s, coloring agents, bile salts, acylcarnitines and the like

may be added.
Pharmaceutical compositions for administration via other routes may also be
30  contemplated. For buccal adminisiration, the compositions may take the form of
tablets, lozenges, efc. formulated in conventional manner. Liquid drug formulations
suitable for use with nebulizers and liquid spray devices and EHD aerosol devices

will typically include a crystalline form of 1-{[(c-isobutanoyloxyethoxy)carbonyl]-
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formulated as a pure active agent. In other embodiments, a crystalline form of

25  1-{[(c-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid is
formulated as a mixture with other crystalline forms of

-{[(c-isobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid.

5.6 Dosages
30 A crystalline form of 1-{[(a-isobutanoyloxyethoxy)carbonyl]Jaminomethyl} -

1-cyclohexane acetic acid and/or pharmaceutical compositions thereof, will generally
be used in an amount effective to achieve the intended purpose. For use to freat or

prevent diseases or disorders such as epilepsy, pain (especially, neuropathic pain and
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In sonme enbodi nents, a crystalline formof 1-
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or ethanol 1W[{dsoBuhoaNREHR c%@nﬁlaﬁﬁﬁ@ﬁéthﬁf-lfcﬁl’:ﬁﬁaléﬁé adktic acid
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crystallin orm
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ge ranges. The anount of a crystalline
dependent on, among other factors, the subject being treated, the weight of the
subject, the severity of the affliction, the manner of administration and the judgment
of the prescribing physician.
20 For example, the dosage may be delivered in a pharmaceutical composition by
a single administration, by multiple applications or controlled release. In some
embodiments, the crystalline forms of
1-{[(c-isobutanoyloxyethoxy)carbonyl]aminomethyl} -1-cyclohexane acetic acid
and/or pharmaceutical compositions thereof are delivered by oral sustained release
25  administration. Preferably, in these embodiments, the crystalline forms of
1-{[(a-1sobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid
and/or pharmaceutical compositions thereof are administered twice per day (more
preferably, once per day). Dosing may be repeated intermittently, may be provided
alone or in combination with other drugs and may continue as long as required for
30  effective treatment of the disease state or disorder.
In some embodiments, the dose of the crystalline forms of
1-{[(a-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid

and/or pharmaceutical compositions thereof may be adjusted to provide between
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20
5.7 Combination Therapy

In certain embodiments, crystalline forms of
1-{[(x-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclobexane acetic acid
and/or pharmaceutical compositions thereof can be used in combination therapy with

25  atleast one other therapeutic agent. The crystalline forms of
1-{[(o-isobutanoyloxyethoxy)carbonyl]Jaminomethyl}-1-cyclobexane acetic acid

* and/or pharmaceutical compositions thereof and the other therapeutic agent can act

additively or, more preferably, synergistically. In some embodiments, a
pharmaceutical composition comprising a crystalline form of

30  1-{[(c-isobutanoyloxyethoxy)carbonyl]laminomethyl}-1-cyclohexane acetic acid is
administered concurrently with the administration of another therapeutic agent, which
can be part of the same pharmaceutical composition as the crystalline form of '

1-{[(o-isobutanoyloxyethoxy)carbonyl]aminomethyl}- 1-cyclohexane acetic acid or a
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20 Atm = atmosphere
Boc = tert-butyloxycarbonyl
Chbz = carbobenzyloxy
DCC = dicyclohexylcarbodiimide
DMAP = 4-N,N-dimethylaminopyridine
25 DMF = N, N-dimethylformamide
DMSO = dimethylsulfoxide
Fmoc = 9-fluorenylmethyloxycarbonyl
g = gram
h = hour
30 HPLC = high pressure liquid chromatography
L = liter
LC/MS = liquid chromatography/mass
spectroscopy
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+ 5 exanple, a crystalline form of

1-{[ (ari sobut anoyl oxyet hoxy) car bonyl] am nonet hyl } - 1-cycl ohexane
acetic aci@Womys3esadm nistered in conmbination wth an gpiIUsSsHer m
of 1- {[(a-isobutanoyl oxyethoxy)car.bonyl]am norret hyl |l -1-cycl ohexane
aceti:c acid, another Pﬁrystal l'i ne form of

{[ (a-i sobut anoy!l oxyet hoxy) car bonyl ] ani n&ﬂ%l%yl }-1-cycl ohexane acetic
acid, 10 gabapentin @inpregabal i n. 6. Exaniph®s The fol |l owi ng

exanpl es describe in detail the prepar am | -

{ Rai i sobut anoyl oxyet ARbxy) car bonyl ] am no ﬂdﬁ’rl -1 -cycl ohexane acet.ic
acid and a 15 crystaldmdie form thereof. Jfilimblkd be apparent to those
skill ed in the art that many nodifications, both to materials and
met hodsS may be prachNESed without depar tN-Aytprysseimseidtope of the

i nvention. | nrhe exanpl es hel ow, thesfallow ng abbreviations
have the follow ng neanings. If an abbreviation s not defined, the
general |y accept ed n##A ng appl i es.= 20Attrifedromsiihasid

Doc=t ert - but yl oxycar Cbz=car bobenzy

DCC=di cycl ohexyl car b@gl i m de DVAP=4- N, N@Fﬁ%ﬁ%&ﬂ?ﬁqg@]ﬂ'dl ne
25DVF=, N-di net hyl f or mMshi de DVBO=di=set hythisuihkRiiide

Fm)c:9i(f)l uor enyl net hi/LIL‘oxycar bonyl gram hour

microliter
uM = micromolar
viv = volume to volume

6.1 Example 1: 1-{[(a-Isobutanoyloxyethoxy)carbonyl]Jaminomethyli-
15 1-Cyclobexane Acetic Acid via Trimethvlsilyl Ester Intermediate

Step A: 1-{[{a-Chloroethoxy)carbonyl]aminomethyl}-

1-Cyclohexane Acetic Acid
In a 5-liter, 3-neck, round bottom flask containing dichloromethane (1.6 L)

20  was added gabapentin (120.4 g, 0.704 mol) followed by triethylamine (294 mi, 2.11
mol). Chlorotrimethylsilane (178 mL, 1.40 mol) was slowly added while maintaining
the reaction temperature below 15 °C and the resulting suspension was stirred for 30
min. 1-Chloroethyl chloroformate (100 g, 0.704 mol) was then added slowly while
maintaining the temperature below 15°C. After the addition was complete, additional

25  triethylamine (88 mL, 0.63 mol) was added and the resulting suspension was stirred at
room temperature for 30 min. The resulting silyl ester was converted via acidic
work-up to the corresponding acid by washing the reaction mixture with water (2 x 1
L), followed by 1N HCI (2 x 2 L) then brine (2 x 500 mL). After drying over
anhydrous sodium sulfate and removal of the solvent in vacuo, the crude product (190

30 g) was obtained as an orange oil and used in Step B without further purification. 'H
NMR (CDCl3, 400 MHz): § 1.41 — 1.57 (m, 10H), 1.78 (d, 3H), 2.33 (5, 2H), 3.27 (d,
2H), 5.42 (br. s, 1H), 6.55 (g, 1H).
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30HPLC=hi gh pressure |iquid chromatography liter LC/ Ms=liquid
chr omat ogr aphy/ mass spectroscopy M=nolar mn.mnute mb=mlliliter

mol . m | | i e aesaMgp. N-hydr oxysucci ni m de THF=t et r ahy dr gd-#&004/033979
TFA=.trifluoroacetic acid TLC=thin |ayer chronatography

TMS=trinmethylsilyl 10lit=m croliter JIM=m cronol ar

Step B: 1-{[(c-Isobutanovloxvethoxy)carbonyllaminomethyl}-

5 1-Cvyclohexane Acetic Acid
To a 3-liter, 3-neck, round bottom flask was added isobutyric acid (254 g, 2.9

mol) followed by triethylamine (395 ml, 2.84 mol). The reaction mixture was cooled
to room temperature and a solution of crude acid from the above reaction step (190 g,
0.69 mol) in dichloromethane (80 mL) was added in a controlled fashion while

10  maintaining the temperature below 30 °C. The resulting pale yellow solution was
stirred overnight. The reaction mixture was then diluted with one volume of
dichloromethane and washed with water (6 x 500 mL), aquecus potassium
bicarbonate (3 x 500 mL), and brine (2 x 500 mL). After drying over anhydrous
sodium sulfate, removal of the solvent in vacuo afforded the crude product as a dark

15  redoil (87 g). A portion (35 g) of this product was loaded onto an 800 g Biotage™
normal phase silica gel flash column and eluted with 40% diethyl ether in hexane (6
L), which after removal of the solvent in vacuo afforded the product as a colorless oil
(13.5 g). This was repeated with a second 35 g portion of crude product yielding a
further 13.5 g of 1-{[(x-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-

20  cyclobhexane acetic acid. A sample of the product (25 g) was recrystallized by
dissolution in heptane (325 mL) at 70 °C, followed by slow cooling to room
temperature. The white crystalline product (23 g) was isolated by filtration. Melting
point: 63-64°C.

25 6.2 Example 2: 1-{[(c-Isobutanoyloxyethoxy)carbonyl]aminomethyl}-

1-Cyelohexane Acetic Acid via Allyl Ester Intermediate

Step A: Allyl 1-Aminomethyl-1-Cyclohexane Acetate Hvdrochloride
A dry 3 L, three-neck, round-bottomed flash fitted with a magnetic stirring bar

30  and a 500 mL pressure-equalizing addition funne] was flushed with nitrogen gas. The
flask was charged with gabapentin (171 g, 1.0 mol) and allyl alcohol (1 L, 852 g, 14.6
mol) and the entire mixture was cooled to 0°C in an ice-water bath, Thionyl chioride

(225 mL, 360 g, 3.0 mol) was added dropwise over a period of 1 h to the stirred
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v/ v.vol une to vol une 6.1 Exanple 1:

1-11( a- | sobut anoyl onet hoxy) car bonyl | am nonet hyl | 151- Cycl ohexane
Acetic Acigouogsobiisget hyl silvl Ester Intermediate Step porysaons/ssere
A:l'i cc- Chl or oet hoxyl car bonyl | am nonet hYR- 1- Cycl ohexane Acetic Acid
In a 5-liter, . 3- neck round bottom fl ask contai ni ng di chl oronet hane
(1.6 L) 205SkBtions dthederphinn parpreves pllowad g stipatzoom igpperapiedueth Ihyhen
triethylar %@@m{tg@ammezh Perhde (70 knd CUQNOYIC HRIDM:Bhk AR5k 7Bal L

1.40 nmol) was slow mai ntai ning the reaction tenperature
bel ow 15 Oﬂamﬂest"h]@terfé’kﬁﬁﬂﬁ fqargleéu@p@m@rg gollgeteddryi Hirattbnf Ghe gudepmduct

1- Chl I
wni e ot nba eERSRIRE AR ELE 00 Hiets (PR fpd BRIIEP ALAB T GE. Y
conpl et®, ptddmuasaaﬂutBthd {220 Ig\BB%Yi me.:(188-142°C. JHRSMRO(QD0&s 46@lded and

the resul t] S o) rre er m n.
The 1 esul t MIESH TP ek an 105 3t 2fnehod feaslak Akl gt & 20, SeRe

corr espondidag yasiy i t I 818 r t ronl 1
0. fouow‘edzggﬂﬁ“?‘?‘zcﬁ?‘s‘%z?@zzl AR SR Ry
dryi ng ovefm }dM@SL@SBG?@FF@lﬁ@ fGh'e and renoval of the solvent in
vacuo, the crude product (190 30 g) was obtained as an orange oil and
used in Step B without further purification. 111 Nfra (CDCl3, 400
MHz) : £0 1. 41 Stdp BY 1-108-0hlorbeitdxt @arbdhi)| amihodeih |} -1 ohegank/ (d,
211), 5.42 (hr. s, 111), 6.55 (q, 1|—A|). VO

2005/ 037784PCT1US2004/ 033979 Step Acetate

B: 1-Va- | sobut anﬁyh@aﬁﬁw&mambﬁw&m&me% %'0855310631&' ohexane
Acetic Acid 3-liter, 3-neck rou tomflask was added

i sobut yri cdla@D@m@MeélL)zﬁ’@ stetly ad@ﬂllmmoﬁbyltchlomfhlymﬁmlﬁé 7895 m ,

2. 84 nol nd

sol uti on) o %fddaﬁ;m g Fﬂ% %021 a glgé%%ego% %ﬁ%b?%&%%ﬁyﬁﬁ&gﬁﬁgl nol )
in di cH or@ﬁﬁhﬂaﬂéS@@lBﬂ)nolp\sasaﬂiﬁdg addbdawem@armldloéd hfvelsitel maintalnidge 10
mai ntaining, the te at ure I re t|n ale yell ow
S0l ut fon vBSTBETHREAT oLt UL LineeskEine K saRtph PBS s | ut ed
Wi th one viehgsrueé failah! Bhaivet 5o na.)ane 2deeded tHUﬁaEbtmtnﬂf(mfeﬁwa‘s 500
m.), aqueous potassi um bicarbonate (3 x 500 nL), and brine (2 x 500

m) . Aft erStgiedidhipogy e PwsRyeIFs d - s’%mﬁﬁ%mpawé wag ghepdilpted prithypgher
sol vent Ir(z\sas)ue«agﬁédcwl@iﬁaatkm 19 2HE 6rifd mgctqctrheaﬁ%@@gksaen%srdﬁ@d gidr (87

ortion (35 Q) t hi s" product | oade
B| ot ag%%Tm wdnmmlfﬂtﬁa@@ ooh¢entratedtd giv¢ tetitle obmponndrag aélghit wd;lowvushom%

Vacuo af t RORHURRE SR 0B em (UG PRy £ TRYT g, 1R AT ="
][ 3P?ﬁte (radl\éw 65 HzﬁSH}?Q(BICts 3B1)03.20(d, T e%.9Hz IHIL 5P(D A6, 6 leeim) BQ5&dd,

([l Sobuh oyt Hylerots R 3] dnrABAEmer L 4Bz, 15D, 552 o, LEL
NH), 5.90-5.94 (m, 1H), 6.54 (g, T = 5.6 Hz, 1H).
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Step C: Allyl 1-{[(a-Isobutanoyloxvethoxy)carbonyl]aminomethyl}-
- 1-Cyclohexane Acetate
To a mixture of isobutyric acid (432 mL, 391.5 g, 4.4 mol) and 4-
methylmorpholine (488 mL, 449 g, 4.4 mol) was added a solution of the
30  chlorocarbamate from the previous step (282 g, 0.88 mol) in isobutyric acid (432 mL,
391.5 g, 4.4 mol). The addition occurred at 0°C over a period of 30 min, The

resulting turbid solution was stirred at room temperature for 16 h. The reaction
mixture was diluted with ether (2.5 L) and washed with water (3x 500 mL) followed
by 10% aqueous potassium bicarbonate (6x 500 mL) then brine (500 mL). The
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20 cycl ohexane acetic acid. A sanple of the product (25 g) was
recrystallized by dissolution in heptane (325 nlL) at 70C, followed by
sl ow cool i #g hexgz9an tenperature. The white crystalli neP(pff@ﬁH&tmg@g,
g) was isolated by filtration. Melting p0| nt: 63-64C. 256.2 Exanple
2: 14 f(a-1sobut anoyl oxyet hoxyl ear bon am nonet hyl | - 1- Cycl ohexane
Aceti c Aci BFEg4 PAPSeyYas @P@qurﬁf’@l“ﬁ‘éd?é? éﬂds%oétﬁe’%&ateﬂdt? yield the title

1- Am nonet ﬂtﬁi
t hr ee- neck%ﬁﬁ%ﬁ%%gﬁg@mgﬁﬁéﬁtopgg t atﬁgglr%\’eﬂ o st?‘rarll }hsg ar
30 and a 506 7z, ftBsk85-¢-58dmall 1), @(jldsjdHD i200 yAEB) 3. V&6, fESshHd, wi t h

nitrogen g fla t 7 0 1)
and oyl BT drdie h2 3 HE3ET AR, 5 TR BRI M drv e Th B dde
cooled 30 H&; Le mmcm);vassr(blbmmsﬁts% 18h) 78 @eT 32514 TH)364S g,
3.0 nmol) added dro ¢ over a period of 1 h to the stirred

sol uti on. P r&ﬁ}ﬁture was allowed to stir at room
tenperature for 16 h ~then was d||uted wth ethyl ether (2 L) and
cooled to OC V\@%e ] oS | al s
fornmed, which we
recrystal l'ized from a 1/ Sammmﬂethvl}@um\elahfexmetheand et hyI et her (2

L) t th t t | 2 0

Taer 248k C) | 1R B Ren riiostn atdé €T en 1 iy Stisngi5p8.

211) 3. 05mﬁ'_§wa2§dd)ed tlfe z@;@av& ﬁilyl%ster (@2 ,10 Slchd], to%eﬁ@r fvﬂﬁ 110%]P(FC¥QS & Hz,
13 .

12 -= 1.2
5. 90- 6. 00 M@r &mhjogewn\oweye né\iierzﬁﬂz thy reawleqmm@dgswr@d-m by

1-{f (a-Chl 0 a
ol Ut on of {EEE Ahay AR Mk Pon i ey ShaRFLER AP Bidul

di chl or onefilyates \ﬂ(enigonmgedsﬁndm@poaajdbdlmcume@rwwdts d;*slobnedﬁrm:that(é
(101.7 e _\was ooledto 0oC
and 4- 1rrgleﬁt_hL %@rtg | ne%ﬁﬁ%gaﬁﬁ@m (iP( gﬁrl" (fcﬁn v% ®s1 owl y
added over ammpmmmndxito thetncidhiots, mlomcbb}rwamgmg wignpgeatlurendbrihedls
than 10C. The resultin dsol tion was stirred

t enper at ur®- gr ey i Aped PUS oM FuRR AT R S

m xt ure o&ﬁdtﬁ@dméﬁus'lﬂﬁi@(ﬁmg%' pagpure for 1 h. The reaction mxture
was then diluted with ether washed with water (1 L) and

brine (1 L). The organic phase was dr| ed over
20 Step E: Crystallization of 1-{[{a-Isobutanoyloxvethoxy)carbonvl]-aminomethyl}-

1-Cyclohexane Acetic Acid

A 3 L round-bottom flask was equipped with a heating oil bath, a nitrogen
inlet adapter, an internal thermometer, an overhead mechanical stirrer, and a reflux
condenser. The flask was flushed with nitrogen and charged with a 1/10 (v/v) mixture

25  of ethyl acetate / heptane (1.2 L} and the crude product from the preceding reaction
(240 g). The flask was heated until the product dissolved, then cooled according to

the following schedule:
Entry { Time Temp (°C) Appearance Remarks
(oin. ) (Internal
temp)
1 0 18.0 Solid in solvent Started heating oil bath
2 10 43 Turbid Slow dissolution of product
4 20 58 Clear solution Turmn off oil bath
5 25 60 Clear solution Maximum temp. reached
6 45 43 Turbid Compound crystallizing
7 60 36 Milky solution | Seeded with pure ref, material
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20 sodium sul fate and concentrated to give the title conpound as a
l'i ght yellow viscous liquid (282 g, 100%. 111NWR (CDC13, 400 MHz): 5

1.35-1. 58 ﬁ,brkonagl@-;%)' 1.78 (d, J 5.6 Hz, 311), 2.32 (s, PCQI‘J‘I}-E}ZOM%S%%

(d, J = 6.8 Hz, 4.57 (d, J = 5.6 Hz, 211), 5 25 (dd =

Hz, 3-2 . —5.
(br, 1H, 56 |-|7 1) 25 Step
C Alyl! 14 [(a | sobut anovl onet hoxy) ear bonyl | ami nonet h Il -

| - Oycl ohexane Atk fiask was then cqojeditord & touemight Wllth@bmﬂﬁt(fl‘fc@hgg lrdprpﬂf@th,
391.5 g, I
was adged géldgolr% @%gucﬁwagﬁhg%hc 4%%%8%@ hrﬁ%gﬁgnﬂzx 16@%&9 ﬂrl%r%/l ous st ep

(282 g, 0. @@ierpddncddpréssmb{23/mircofafy @.033 A8n)ylai 3BA o051 &h toébneldm)l) The
additio at over a peripod.of 3 i,n. The resul.tin bi d
SoTUti o oE e Bo ooy Ry Bt veioherns retie af (185

m xt ure wag) 4id whitryddlneadolier (2.5 L) and washed with water (3x 500

nm) followed by 10% aqueous potassium bi carbonate (6x 500 ni) then
brine (500 m). The organic phase was dried over sodiumsulfate and

concentrated to ,
1009 . 111 NWR (%%“‘t’lgg'o T —
1 35-1. 58 1H{I(cARdHNtandyl Lo | cli)]]-lizﬁa %e;ic?&fﬁi HS

Hz, 21 4.56 J Jd o= , = ,
1H), 1183,2 (dd, *‘fﬁlpﬂ“ﬁd%ﬁgﬁﬁigi @é 111’56 S§EIP E% 111),

5.84-5.94 (J{I(a—’k!‘s@butaﬁoﬂ&x)(eﬂmxs])carbénﬁ]aﬁﬁnonielﬂs)l} IN@cl()Eéﬂaﬁe Rtig 2892. 24
(MtH) +. Step D. Deprotection of

Al y11- { | (eedycsg Berosdipg fodiermise))aad Aisbaveryere measured with 2 Bruker D8
am nonet hvbisc&ve%ﬂa? B%@é}%ﬂﬁ‘ﬁ%ﬁgﬁr using Cu Ka radiation. The instrument is

equipped with parallel beam optics and a two-dimensional HI-STAR area detector.

15  The tube voltage and amperage were set to 40 kV and 40 mA, respectively. The
collimated X-ray beam was reduced to a spot size of about 0.5 mm in diameter. The
area detector was placed 15 cm from the center of the goniometer and the angular
resolution is approximately 0.033%pixel. The detector covered a range of 35° in 2-
theta (20) within one frame. The angle between the X-ray beam and the horizontal

20  sample plate was set to 4° and the center of the area detector was set to an angle of
18°. This geometry allowed the measurement of 2-theta from 4.5° to 39.5° within one
frame. Typical averaging time was 3 minutes for each XRPD pattern collected. A
corundum sample (NIST 1976) was used to calibrate the XRPD instrument. Both
samples gave equivalent diffractogram patterns, as illustrated in Figure 1.

25

6.4 Example 4: Melting Point and Differential Scanning Calorimetry

Analysis of Crystalline 1-{[(c-Isobutanoyloxyethoxy)carbonyl]aminomethyl}-
1-Cvclohexane Acetic Acid

Melting points of crystalline samples of
30  1-{[(crisobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid
produced according to Examples 1 and 2 above were measured using an

Electrothermal 9200 melting point apparatus and determined to be 63 — 64°C.
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10To a stirred. suspension of ammoniumformate (112 g, 1.7 nol) in
et hanol (500 nL) was added the above allyl ester (328 g, 0.88 nol)

t oget her Wylghodi%afgd/ C (15 g) under a nitrogen atnospheg@pydhdsfBsdo N,
the reaction m xture was vvorked up by filtering off the catal yst The

catal yst was h et han theflltr wer e
conbi %ed and ﬁ%&r%@ SCARHBE & e@?@éﬁ@%? Bﬁd‘"srgﬁ?%%l %qt er (2
15 L) and fhype0sdhatinsyBRAFEMRArboaANSHnthéthy1 $Y éﬂ@ibh(azzané adetle)acldo

convert the ammoniumsalt _into the acid forrn, followed by washing

wi th wat er Prosluged agepadip gt Exqmples) 1 alrﬂﬁ’eabevwﬁr6|naﬁgpéwredva§naafé@m51@wr
di I 0

T scous | S TAHRSRRE SRl 25081y 950 Ot £ hHTaBlo? 3 Ehidi. %A s

[ (a- | sobut amﬁvhoﬁ@ne‘smmnibmsbtmgdmaaaiunmmmpgd:indthe Gycdrohyeddoe Aceti c

Acid A 3 bot t K wa th a heatin

bath. a ni il A PBSRalt mveet ia o aph e rRR e A eReRe Y B0ERead

mechani cal insthé bdney masaiedlaa b, umeq-@ﬁeiﬁérs elaced imahé DaSdsemas Stdoumaed
and char ged (v/v) mxture 25 of ethyl

with nitro th a 1/10
acetate / %é%flﬁlﬁ@r('{hﬁszBe“\é\anSt%até\“%@@rWWd@PP?rﬁWFﬁ PREPY ecedi ng
reaction (@E%fﬁﬂﬂi‘auoylﬁhﬁﬁﬁ%ﬂﬁaﬁotﬂ%a?q{akﬂﬂ’tRalte,tF‘ﬁ?al %ﬁlg}'ﬁ)zprgﬂﬁ%mevﬁg

then cool ed according to | om ng sChe
(O (1Her ﬂ)gnnqgﬁp)ahm@p@dﬁgwgg DSC analy31s showed an ‘endothermic transition with

an onset temperature of 58.3 °C and a AH of 72.39 J/g. At the peak endotherm of 63 —

64°C the sample visibly melted.

6.5 Example 5:_{[(1-Isobutanovloxyethoxy)carbonyljaminomethyl}-1-

15  Cyclohexane Acetic Acid
To a solution of gabapentin (6.8 g, 0.04 mole) in water (40 mL) was added a

solution of [(1-isobutanoyloxyethoxy)carbonyloxy] succinimide (10 g, 0.036 mol ) in
acetonitrile (40 mL) over a period of 30 minutes. The reaction was stirred at ambient
temperature for 3 hours. The reaction mixture was diiuted with methyl terz-butyl
20  ether (200 mL), washed with water (2x100 mL) and brine (50 mL). The organic
phase was separated, dried over anhydrous sodium sulfate, filtered, and concentrated
in vacuo to afford the title compound as a white solid (12 g, quantitative).
Crystallization: The solid compound (12 g) was suspended in
methylcyclohexane: methyl ert-butyl ether 10:1 (60 mL). The suspension was slowly
25  heated up to 50 °C over a period of 30 minutes. The clear solution was then allowed
to cool to room temperature. The turbid mixture was seeded with 5 mg of the title
compound in crystalline form. The mixture was further cooled to 0-4 °C for 2 hours.
The solid product was filtered and washed with methylcyclohexane (2x10 mL) to
yield the title compound as a white crystalline solid (10 g, 83% yield). The crystalline
30  solid material had a melting point of about 64-66 °C as measured by open capillary
melting point determination.
Finally, it should be noted that there are alternative ways of implementing the

present invention. Accordingly, the present embodiments are to be considered as
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Remarks 1 0 18.0 . Solid in solvent Started heating oil bath 2 10 48
Turbid Sl ow di ssolution of product 4 20 58 Clear solution Turn off

oi I bath o 2008037784 PCT/US2004/033979

illustrative and not restrictive, and the invention is not to be limited to the details
given herein, but may be modified within the scope and equivalents of any claim(s)
issuing herefrom. All publications and patents cited herein are incorporated by

reference in their entirety.
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5 25 60 Cdear solution Maxinuun tenp. reached 6 45 43 Turbid Conpound
crystallizing 7 60 36 MIky solution Seeded with pure ref. materi al

-

N -30-

CLAIMS

1. A pharmaceutical composition comprising crystalline 1-{[(a-isobutanoyloxyethoxy)
carbonyllaminomethyl}-1-cyclohexane acetic acid and a pharmaceutically acceptable
vehicle,

wherein the crystalline 1-{[{a-isobutanoyloxyethoxy)carbonyljaminomethyl}-
1-cyclohexane acetic acid_has characteristic absorption peaks at 7.0° + 0.3°,
8.2°+£0.3° 10.5°+£0.3°% 12.8°+£ 0.3° 14.9° £ 0.3°, and 16.4° £ 0.3% in an X-ray

powder diffractogram using Cu Ka radiation.

2. - A pharmaceutical composition accerding to claim 1, wherein the crystalline
1-{[{a-isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid has an
X-ray powder diffractogram using Cu Ka radiation illustrated in Figure 1.

3. A pharmaceutical composition according to claim 1 or 2, wherein the crystalline
1-{[{a-isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid has a
melting point range of between about 63°C and about 64°C as determined by

differential scanning calorimetry at a scan rate of 5°C/minute.

4, A pharmaceutical composition according to claim 1, wherein the crystalline
1-{[{a-isobutanoyloxyethoxy}carbonyl]laminomethyl}-1-cyclohexane acetic acid has a
characteristic absorption peak at 17.9° + 0.3°in the-X-ray powder diffractogram using
Cu Ka radiation.

5, A pharmaceutical composition according to claim 1 or 4, wherein the crystalline
1-{[{a-isobutanoyloxyethoxy)carbonyljaminomethyl}-1-cyclohexane acetic acid has a
characteristic absorption peak at 18.1° £+ 0.3° in the X-ray powder diffractogram using
Cu Ka radiation.

6. A pharmaceutical composition according to any one of claims 1, 4, and 5, wherein
the crystalline 1-{[(a-isobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane
acetic acid has a characteristic absorption peak at 18.9° + 0.3°% in the X-ray powder
diffractogram using Cu Ka radiation.



WD 2005/ 037784PCT/ US2004/ 033979 8901 24Solid in sol ution The
flask was then cooled to 4C overnight with stirring (cooling inproves
the yield). The product was filtered and washed wi th heptane (2x 100
m.), then dried under reduced pressure (25 mmof Hg (0.033 atm) at
30C for 18 h to yield 51- i
{{(ot-isobutanoyloxyethoxy)carbonyljaﬁlhonethyl} 1- cycl ohexane acetic

acid (18p g) /-@?hé?m‘%ﬂ& al%ﬁﬁﬁ%ﬁﬁd&eﬁgcfrﬁﬂg 'tcgjangpon% BT £arti 4 65 &herein

Powder Diffraction Analysis
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1- ?pRa i sobut ATBFINVUTERPLF BIRIPT ani nomet hy1} - 1- cycl ohexane aceti ¢

acid produced according to Exanples 1 and 2 above were neasured with
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X-ray beam was_reduced o a spot sl ze of 5 nun

The area det SH{BHOUAE PiNgEKABAEHPYr om t he center of the goni omet er
and the angul ar resolution is approximtely 0.033" 3/ pi xel. The

det ect or, cov d a of 35.in 2-the 0 t hi n on The
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set to 4 and thdnewtelhrnae‘r {[(of-isohiaraypayaisdechdionyviasiatettiyt}- ‘acyc&:hgt@eof
18. This georﬁ%&ﬁc)’ad’fg Ilnég %apﬂ?ergﬁ@%go%ﬁ'beﬂ at%BtSE'@tO%"fr{ @X%aigh@glg%

wi thin one frane. pi cal averaging t m nut es or e
pattern col | é&ﬁ@?ﬂ"g"ﬂ“é@'ﬁa@‘d?ﬁ rs”éﬁ'ﬁ?'é (NI ST 1976) was used to
calibrate the XRPD i nstrunent. Both sarrpl es gave equi val ent

diff t t | | ustrat F 6 | e 4:

Vel i ng 001 R BTRIES R Sampet SR miiiing e uTe e A os, gherein
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30 1- aa-isobu noy oxye car
acetic acid ﬁ#*fﬁeﬁﬁ%@“a@tﬁlgicdllﬁgraﬂ@t@(arrpl es 1 and 2 above vvere
measured using an El ectrothermal 9200 nelting point apparatus and

determ ned to be 63 -
A pharmaceutical composition according to claim 1, wherein the crystalline

1-{[(a-isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid has
characteristic absorption peaks at 17.9° + 0.3° 18.9°+ 0.3°, 20.9° + 0.3°, 23.3° £ 0.3°,
25.3°+0.3% and 26.6° £ 0.3° in the X-ray powder diffractogram using Cu Ka radiation.

12. A pharmaceutical composition according to claim 1, wherein the crystalline
1-{[(a-isobutanoyloxyethoxy)carbonyljaminomethyl}-1-cyclohexane acetic acid has
characteristic absorption peaks at 18.1° + 0.3°, 18.9% £ 0.3° 20.9° £ 0.3° 23.3° £ 0.3°,
25.3° + 0.3° and 26.6° + 0.3° in the X-ray powder diffractogram using Cu Ka radiation.

13. A pharmaceutical composition according to claim 1, wherein the crystalline
1-{[(c-isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid has
characteristic absorption peaks 17.9° £ 0.3° 18.1°+ 0.3°, 18.9° + 0.3°, 20.8° + 0.3°,
23.3° £ 0.3° 25.3° + 0.3° and 26.6° £ 0.3° in the X-ray powder diffractogram using
Cu Ka radiation.



Differential scanning calorimetry (DSC) anal ysis of crystalline

sanpl es of 1-

{[-(a-i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1- cycl ohexane acetic
acid produced according to Exanples 1 and 2 above were neasured using
a Perkin Elmer Series 7 instrument, sganning from25C to 250C at a
scan rate of 5C/ mnute. Atest 5 portion of the sanple was placed in
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L
bet ween the cap and. pan. An enpty pan was prepared In the sane
manner as a Hirel$KstanRd releass dRe?ee PBMiced in the Differential Scanning
Calorinmeter. The material was run at the appropriate tenperature
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[ (1-i sobut andﬂ?%étﬂ%ﬂ@”@%yﬂgm%xy] succi ninmde (10 g, 0.036 mol )
in acetonitrile (4berdntheestalingar{(odoblitaddyovyatibescarddrgl)dmiacmhemn)-was
stirred at anpj t.ur ol rs., The r i ] Xxt.ure was
diluted wit h’ﬁbﬁ%ﬁb?hﬁgﬁ%:@uﬁ&% “8%}%%3%{5236’ °rﬁ’ﬁ3r3 S e T
(2x100 mlL) arfeR’r9-#ie 1980t R3], TRHR 6k Ham- € phasenddS 452 pAF mandX-rayr i ed

over anhydr oygwagdhisateafiilshg ¢ ki Biffionand concentrated in vacuo to
afford the title conmpound as a white solid (12 g, quantitative).

Crystallization: The solid conmpound (12 g) was suspended in
net hyl cytd. ohessanecordiay lity blaive s, wheisit the thyetalli® 1 X(&Roblthnoyldxgethoxy)

suspensi on was. sl 5 ed to 50.C over a period of .30

it es, The CereanAri e o Lk i Pt B 8T St ifactogram

t enper at ur e. uFing QGuifdiadiativrx llustetedds Figeeded with 5 ng of the title
conpound in crystalline form The m xture was further cooled to 0-4 C
for 2 hours. The solid product was filtered and washed with

net hyl cyth ohédegrmecqrding &P aieim t3oonyiSeyviereindhe erystalling rflsuigebdancalonrqtihexy)
cr %/st al : i RedFc@Hoﬁlﬂa_ﬂr@nc@net%}i@-wfd&iré)(aqeﬂggticg%&cgﬁﬁ 4 h@lﬂnéﬁoiﬁﬂ%hgb of
materi al had a, ne ng point .o - 66 S pepasure - open

Capi 11 ary meltEMREnaBPReees Ara B e dsisainey B dPREsaf sheBtingior e

t hat there arcalodintiey ated $oae rae s 5tW/minofe. enent i ng t he present

i nvention. Accordingly, the present enbodi nents are to be considered

as WD 2005/ 037784PCT/ US2004/ 033979
18. Use according to claim 15, wherein the crystalline 1-{[{a-isobutanoyloxyethoxy)

carbonyljaminomethyl}-1-cyclohexane acetic acid has a characteristic absorption
peak at 17.9° + 0.3%in the-X-ray powder diffractogram using Cu Ka radiation.

19. Use according to claim 15 or 18, wherein the crystalline 1-{[(a-isobutanoyloxyethoxy)
carbonyllaminomethyl}-1-cyclohexane acetic acid has a characteristic absorption
peak at 18.1° £ 0.3° in the X-ray powder diffractogram using Cu Ka radiation.

20. Use according to any one of claims 15, 18, and 18, wherein the crystalline
1-{[(a-isobutanoyloxyethoxy)carbonyljaminomethyl}-1-cyclohexane acetic acid has a
characteristic absorption peak at 18.9° £ 0.3° in the X-ray powder diffractogram using

Cu Ka radiation.



illustrative and not restrictive, and the invention is not:to be
limted to the details given herein, but may be nodified within the
scope and equivalents of any clain(s) issuing herefrom Al
publ i cations and patents cited herein are incorporated by reference
intheir entirety. ,.- 30 - CLAIMS 1s3A pharnmaceutical conposition
conprising crystalline 1-{[(a-isobutanoyl oxyethoxy)

car bonyl 3am noseeicbyrtinglo M EPeRINRs 86 8hd 8 RR00wREHEinahe crystalline

phar maceutic .accept abl e vehi cl e . rein the crystalljne
T (e sobur iy PR ABLS e s tammanlb iy roreiohe gt ebisni s =
aceti c aci d_hhsracteastacibsoiption peakizt @0 8¢ + 013° patak X-ray pawder dfrastedBarl using
0.3, 10.5 0.8, kdAdhtiold:- 3> 14.9 0.3, and 16.4 0.3 in an X-ray
powder diffractogramusing Cu Ka radiation. 2. A pharnmaceuti cal
conposition according to claim1, wherein the crystalline

1-{[ (a- 1 snbuligyeQitboravgtd1 ey dreadr RING fThP 1B DY IhindreR)td BYQ¥ARNE acetic
r. di ffractogram usin adi atio

acid has an X-ray powdle L Cu Ka n .
i|lustrated ?ﬁﬁ{[@r'ﬁg’f“ “2¥'°’9{ethﬂx¥9ﬁ%ﬁbPr%léﬁ‘t’]"ﬁ’&ﬁw%rﬁ?S'QF'?’fa&ﬁ agRlcAo g @ o
claim1l or 2,chakereestic dblaerptitrysdakldt 2BE° £ 0.3° in the X-ray powder diffractogram using
1-{[(a-i sobutﬁpgg}amgﬁ hoxy) car bonynam nonet hy1}- 1- cycl ohexane acetic
acid has a nelting pornt range of between about 63C and about 64C as
determ ned by differential scanning calorinmetry at a scan rate of

S5C m nutgs 4.y RBGHMBESHY &R of CRIMOT SAPTB BEEOKREBA thdcrfdianind 1.

wherein the crystalline , o
1-{[(a-i spbut1a 9?‘?5’%&?@?!‘16’5&3?}*19&()5@{#9%’18%WBWHB’W royelebexpap é‘ﬁ%@@aﬂ‘fé’ has a
acetic acid hasraatefiftRIabebfibropdak 220537 PIO M the Altappovlder QiffrAttayram using
t he- X-ray po ey diffractogramusing Cu Ka radiation. 5. A

phar maceut i car” CORSBEPTi on according to claim 1 or 4, wherein the
crystalline

1- { Ra-i sgput ) r &E{gal I ai acetic
aci d hasﬁg cﬁ%%g&aé?iﬁéw %Wa so@%@yﬁéﬂ%a atBré?B\%’qe’]re'g?{@é 'l'orgﬁtéI e X-ray
powder di f f r dcii@dsbmiansyionyethoxraarpamlaninemetilJrurrbeene peeic acid hasa
COWD?S: It I ON RHEREBHAE dbSordtidh SER 006.6% 80BBinkhe R-rapPslvder diRRERIa LSiRg
crystalline -

1-{[ (a-i sobutBH& 12882 hoxy) car bonyl ] ami nonet hyl } - 1- cycl ohexane
acetic acid has a characteristic absorption peak at 18.9 0.3 in the
X-ray p er i ff - j . iaLion, . -

phar nac(e)éllﬁi ca ecagEﬁg@Q?c? @%@C% Sll%r:ngllﬁg 8@%‘9‘?‘%hgﬁ%+s°8ﬁéf‘%°z‘?fet§?fé¥’4 to
6, wherein t H:ért@ny ingnpaiiayl}-1-cyclohexane acetic acid has characteristic absorption

1-{[ (a- i sobutapryhar\ettoiey)£er by bbam: pareisy il 3 536 phexane
acetic acid has_a characteristic %Bf?orptl on peak at 20.9 0.3 in the
X-ray powder 4% flxtibhedinayeengeriretogran usthadt Karadrtighar maceut i cal
conposition according to any one of clainms 1 and 4 to 7, wherein the
crystal ljne . . . . .

1-{[(a-i %%bm“ﬁc?ﬁ%%‘?%t‘%%%‘y LarbsiN raRBiae dlG-spbUaRiReaRy)
acetic aci d hasoayijpminaudtey; btidohebarer etioacipbaskcratacRsiste atiodtion t he
X-ray powder bid £3@l10QIAHR 1156100 S 260 | 3% 33l 012-0.3°, 25.3° + 0.3 and

26.6° + 0.3° in the X-ray powder diffractogram using Cu Ka radiation.

27.  Use according to claim 15, wherein the crystalline 1-{[(a-isobutanoyloxyethoxy)
carbonyl]aminomethyl}-1-cyclohexane acetic acid has characteristic absorption
peaks 17.9° £ 0.3° 18.1°+ 0.3°% 18.9° £ 0.3°,20.9° + 0.3°,23.3°+ 0.3°, 25.3° + 0.3°
and 26.6° £ 0.3° in the X-ray powder diffractogram using Cu Ka radiation.



9. A pharnmaceutical conposition according to any one of clains 1 and
4 to 8, wherein the crystalline

1-ffia-isobutanoyl oxyet hoxy) car bonyl ] am nonet hyl1}- 1- cycl ohexane
acetic acid has a characteristic absorption peak at 25.3 0.3 in the
X-ray powder diffractogram using Cu Kggqradi ation. 10. A
pharmaceutical conposition according to any one of clains 1 and 4 to
9, {\[N?er e'28]bt I‘LﬂseC‘;IclxtSrHHdg|teirJ] BBy one of t;:IaimT il5 to 27, in tth] ma?ufacture cltf ahmedicament for
1- a- i sobut oxyet hoxy) car bonyl ] am nonet hy1}- 1- cycl ohexane
acetic acid ﬁ%s%magg %rt%?‘ée@ﬁﬁ%%'?'i c absorption peak at 26.6 0.3 in the
X-ray powder diffractogramusing Cu Ka radiation. 11. A

E??Lﬁffﬁ lecahse%eaefnb% BinRes, Ardtdidsdi@ p&h A HBufopatties i N the

1-{[ (a-i sobut anoyl oxyet hoxy) car bonynam nonet hyl}- 1- cycl ohexane acetic
aci d has3ghanaetfeblingto aRseHddficiing €62 7ain the’ mInufBetdre k- rlediddmdnt for
20.9 0.3, 23.3. 0.3, 25,3 0.3 and 26.6 0.3 in the X-ray powder

di f f r act ogr a3 hY REEVeRInG Ak on. 12. A pharrmmceutical conposition
according to claim1, wherein the crystalline

1-{[ (a-igpbut b -1-cyc

acetic a%fl?d h@%%kg@%@?ﬂ?@%ﬁ%%ﬂﬁ% lﬁ)ﬂpoir??ggé{é%%f%?f@él&%g& %ﬁ%ﬁ?n bfor
0.3, 20.9 O.t@atimgerpre\@nting stharw! wilh@awalgyrso®e. 0.3 in the X-ray
powder diffractogramusing Cu Ka radiation. 13. A pharnmaceuti cal
conposi tjon accordi n% to claim1, wherein the crystalline )

1-{[(a-i %but%ﬁ’cﬁﬁ%&@ﬁ%ﬁ%&?'@a&fﬁ@m 120 A otRdbniprbufactuseqf gesdigament for
acetic aci d hestiehermeleatingépiepabsor pti on peaks 17.9 0.3, 18.1 0.3,
18.9 0.3, 20.9 0.3, 23.3 0.3, 25.3 0.3 and 26.6 0.3 in the X-ray
powder diffractogramusing Cu Ka radiation. - 32 - 14. A

phar macelg i cdlsecsnpdivoté ey ereca cime 14 o 23nin tommaotfactlimi ofe Medicamest for
which is an qfalingstsrdlenfsh ihsdmase dosage form 15. Use of
crystalline

1- {[ (u-i sobut anoyl oxyet hoxy) car bonyl | am nonet hy1}- 1- cycl ohexane

acetic agd d iUsetde€oramgid amt oHef lainds TERIZTARBING mbRlifadthRaf bMtedament for
preventing epile s$/, gaiﬁ de reisi on, .anxi ety, psychosis, faintness
attacks, hyp E?PWE% rpreveplig repliass 189S EMYOMBeyr odegener at i ve di sor der s,
pani c, inflammtory disease, insomia, gastrointestinal disorders,
hot fl asfes, r i | i ;

W thdr auy Sy Ry SegorgiE Y R ERIR: 1t 7 ind RERGLLORNTS ilacShidffr
1-{[ (a- i sobutt®aAbid eeyeenting/hat Hasheay| i ani nonet hy1}- 1-cycl ohexane
acetic acid has characteristic absorption peaks at 7.0 0.3, 8.2

0.3, 10.5 0}%’9 12.8 0.3, 14.9 0.3, and 16.4 0.3 in an X-ray
powder df% f r 2EEGGFARNALS Al 0 9kglainil Sieisdnin thsmapgacturedh A dissipatmsnt for
clai m 15, wherteaiiny dripeeventirsi @inahyircohtifdr(cy- | sobut anoyl oxyet hoxy)

car bonyl ] am nonet hyl } - 1- cycl ohexane acetic acid has an X-ray powder
diffractogramusing Cu Ka radiation illustrated in Figure 1. 17. Use
accor di ny-t o Uskaicperdibg ¢y aryGnewti elaani1d tee36cwiyartialthe medicament is an oral

1-{[ (a-isobu onyl ] am nonet hyl } - 1- cycl ohexane
acetic acid tﬁggg%le?rﬁﬁsﬁg%%%%eﬁta%?ange of between about 63C and about
64C as determned by differential scanning calorinetry at a scan rate
of 5C/ m nute.



18. Use according to claim15, wherein the crystalline @

1- {[ (u-i sobut anoyl oxyet hoxy) carbonyl]am nonet hyl}-1-cycl ohexane
acetic acid has a characteristic absorption peak at 17.9 0.3 in

t he- X-ray powder diffractogramusing Cu Ka radi ation. 19. Use
according to claim 15 or 18, wherein.ghe crystalline

1- {[ (a-i sobut anoyl oxyet hoxy) carbonyl]am nonet hyl }-1-cycl ohexane
acetic agg.d hergstalishef[asisebitaidyxpdIsayRhtenyRpemtonedthyli81-tydohexshe dtefidie

Ty pover BN AR oG B e o, 081 0

1-{ Ka- i sobut amsighorsyehbsi faintaetsoatiacksa hyposinesinydranidl-dispoleshexane acet i c

aci d has a chafarkdesdive dRBRRIPHLEAL iRBHMAy URedse, hsdmhid 54 onltesal
a rad SRR TS

powder diffractogram using adiation. < _ accordi ng
to any one ofdigrdarsrhot Brshng) rediesplegosyngraies HANGTh BCeRtpeneg ¢riseanol

1- {[ (a-i sobutiamapwaryeidhmg) car bonyl i am nonet hyl } - 1- cycl ohexane
acetic acid has a characteristjc sQorption peak at 20.9 0.3 i he
Koy powder d f { MIBILPE ARG ‘e RGBT oA taRiser g
to any one of1-gicwhesangacativdaclBhdsochaiactevibiey abisorptidrepeaky st a0 + 08°,

1-{[ (a-i sobut H r o] ALNOIERE A o b 1

acetic acid h@%&.%gﬁ.gcgé#,gﬁég%a '%b?%%iioér}gpgé%}l%% gﬁ%%@%’n t he
X-ray powder Re¢wHercdifraciggmm uskiafgu Ba radistieadi ati on. 23. Use accordi ng
to any one of clainms 15 and 18 to 22, wherein the crystalline

1- {Ra-i sgbut ano%il oxyet ho_xg%{_gar bonyl | ami nonmet hyl } - 1- c¥cl ohexane acetic
aci d has3% cHdye@Ine 1-gta-gokutrnoyioxyedipxpicatponyllapyiometinlizi-pypighryang aeglr
povvde][ d: ffrmtdmaglnggd: aiginCBB,Iéamerefudihatciy@ml|in24,{[(&1|$saba1©ﬁoy1@uysmom any
one of clains_15 1 erein the crystalline .

T Ca | soburanR SRy AtRaRys EarBRS i neelienal Mot AT Rgsee gipstosram
acetic acid hamhgduwharedition illgstiatecdibS@mupt 1.on peak at 26.6 0.3 in the
X-ray powder diffractogramusing Cu Ka radiation. 25. Use according
to claim15, wherein the crystalline 1-{[b(u-i sobut anoyl oxyet hoxy)
car bonyl 4% forasaline rilE-iggkytaeaieryrahoxylsaibendieminomethbhas grangtacetic
absorption pealsacaérdihg tclaith 38 orldd, AheRindhe é9stllind 13 (a-BdbRand)ioRyethdxyB
0.3 and 26.6 %33 1n.the F( ?[y%c;?%mder di I.fraéltPogrank,um ng, Cu Kaf

radi ation. | 262 HaBYlaTIATR Y EuheXaR A8lC AFRPR HENES BPYLRST Phe

1- {[ (a- i sobuttetveehabyetG30R whd ebol 6430 jsadaterorinediby|diffetertiptdcahtingne
acetic acid . r j S jon peaks at 18.1 0.3, 18.9
0.3, 20.9 0ggﬁr.@g%9@%&%%@%@5@5@@@d 26.6 0.3 in the X-ray
powder diffractogramusing Cu Ka radiation. 27. Use according to

cl ai m 1541, whetrdtalidd ([ - ¥ S8t royRRyethdxfRalbe Ad oML YL BREYane acetic

carbonyl | am nopet hy11-1-cycl ghexane acetic acid has characteristic
Sbsorpti on pasREced s oSy 98 herd Ge Shtayne o lucRpigRodoyshoR) 5
0.3, 25.3 0.c3rtang)adtndmetyl31-tycidheeand-acalc gud\bker a cidricteristio gbsomtiosi ng

Cu Ka radi at 'p%gk at 17.9° £ 0.3%in the-X-ray powder diffractogram using Cu Ka radiation.

42, Crystalline 1-{[{c~isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic
acid according to claim 38 or 41, wherein the crystalline 1-{[{a-isocbutancyloxyethoxy)
carbonyllaminomethyl}-1-cyclohexane acetic acid has a characteristic absorption
peak at 18.1° £ 0.3° in the X-ray powder diffractogram using Cu Ka radiation.



- 34 - 28. Use according to any one of clains 15 to 27, in the S
manuf acture of a medi canent for treating or preventing pain. 29. Use
aecording to claim28, wherein said pain is neuropathic pain. 30. Use
according to any one of clainms 15 to 27, in the manufacture of a

nmedi cament for treating or preventingggoxiety. 31. Use according to
any one of claims 15 to 27, in the manufacture of a medi canent for

treatinganr [CrpstaNd ng(oer@;h@nmoymyaﬂd@yuafboﬁmﬂfmthy% cyeitheREeAdling
to any one of ¢ ture of nedi cament for

nu
treating or pgF ﬁ?fdwa§%3“¥ NS Gpa’a‘gs g%sng ¥ ﬁr&"}tﬂe sl of
clains 15 to Qq(g—nsabutdneylnmﬂfmw)bmbenp]ﬁm&:om&yl;armnlbhémhetabetaiadigwasra

preventing i N9 RieAst 036%5?7@28“ Bé:e&c%tqp 89: H%e e Rr}g¥ ngé:er%i%ctoéq?ar%%s%g

in the manufacture of or treatl
restl ess | egLumepdigien. 35, Use according to any one of clainms 15 to
27, in the manufacture of a nedicanent for treating or prevent| ng hot

flashes 36. Use accordi nﬁito ap}g one of clains 15 to 27, in the
manuf acttft e STysialined]-Higachutansyloxyelanycgroopyisminraativi! -erciqhgrgne acetic

I ncont i nence.aciiacctiding ac 810 shegf claim 88 ate! ©f43ChRére®m tHdciytaffe

\é\'gef egg t g? S tg(ﬁc?or%%%oylgxy%%o%)%érbon ?]té%ﬁn%%%thryﬁl&c%%l%héjx%%\g%cenc acrg has a

1-{[(a- |sobuuaamwkwﬁwemhmmvmtmﬁﬁdmyﬂﬂénﬂﬁbhﬂhmyiyynmmymhmhﬂmammnumng
acetic acid fQrgdsQizigh.a method of treatnent or prevention of
epi | epsy, pain, depression, anxiety, psychosis, faintness attacks,
hypoki nesi a, cranial disorders, neurodegenerative disorders, panic,

} Inf I ﬁmmta)r yt(?ysﬁﬂﬁifeﬂ {[daﬂséﬁﬁfﬁr\%ylogﬁ‘iﬁdx?}caib@ﬁﬁlhﬁ?{on@tiﬁﬂ}fﬂ@’cﬁhe% acetic

ashes, restless s . syndr ur i i nence or et hanol

wi t hdr anal sydr5 ﬁ@gﬁg to'dny °'W:§r°l§‘frﬂs ?@@R/dc‘{‘ §t4g1 ‘P’h"ﬁﬁ'“ he CWSta'IP

1- {[ (cf ri sobut{f{ndsdootanetitryrinpedcdboylijiamemetigl-Hycltlohdaoy atatlivacaites a
ti i d g | o ;

qocti ¢ agld MEabHRALROLEAbAL] SochD 98¢ L 87 RARER ) ahidd? gifactogréin Bsing

powder di ffr&t'ﬁig?aﬁﬁi'%l ng Cu Ka radiation.

46. Crystalline 1-{[(a-isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic
acid according to any one of claims 38 and 41 to 45, wherein the crystaliine
1-{[(a-isobutanoyloxyethoxy)carbonyl]Jaminomethyl}-1-cyclohexane acetic acid has a
characteristic absorption peak at 25.3° £ 0.3° in the X-ray powder diffractogram using
Cu Ka radiation.

47, Crystalline 1-{[(a-isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic
acid according to any one of claims 38 and 41 to 46, wherein the crystalline
1-{[{a-isobutanoyloxyethoxy)carbonyllaminomethyl}-1-cyclohexane acetic acid has a
characteristic absorption peak at 26.6° + 0.3° in the X-ray powder diffractogram using
Cu Ka radiation.

48, Crystalline 1-{[(u—isobutanoyloxyethoxy)carbonyl]_aminomethyl}-1 -cyclohexane acetic
acid according to claim 38, wherein the crystalline 1-{[(a-isobutanoyloxyethoxy)
carbonyl]laminomethyl}-1-cyclohexane acetic acid has characteristic absorption
peaks at 17.9° £ 0.3° 18.9° + 0.3° 20.9° + 0.3°, 23.3° £ 0.3°,25.3° £+ 0.3° and
26.6° + 0.3° in the X-ray powder diffractogram using Cu Ka radiation.



39. Crystalline

1- Wa- i sobut anoyl oxyet hoxy) car bonyl ] am nonet hy1}- 1- cycl ohexane acetic
agi d according to claim38, wherein the crystalline

1-{[ (a-i sobut anoyl oxyet hoxy) carbonynar ni nonet hyl }-1-cycl ohexane
acetic acid has an X-ray powder diffragtogramusing Cu Ka radiation
illustrated in Figure 1. 40. Crystalline

1-ifia- '@bUt@QQMh@W ﬁt&@éﬁ&%f&%ﬁd@j&FHBHﬁ}aeruc}melhﬁ}YﬁEﬁb%ﬁé?ﬁ acetic

acetic acid accord |ng oclaim3 rein the crystalline
1- { a- i sobut arfS{A FXYPENRIX R 3F BER{AN %Cﬁ@ﬁ’i@?ﬁy@%@%&?mﬂ%ﬁt&ﬁ&
acetic acid hasonylERiibomghaei -Bicldherge: éﬁetlb@élﬁ\ﬂ&’lcrﬁwﬁnsﬁéébs@mﬁoﬂboUt

64C as determ.n at@é 1d| fcfxﬁ ﬁé;éd aﬁ 3‘556%9 %93, cﬂ 3Qr |61§,t 5&/3@&0% d’in rate

of 5C mi nut e.PF1°

1-ffia-i sobut%rﬁ?yﬂ@?y@tﬁedk;aymwbmm&admmmmu}u Ha cagidtiohexane acetic
acid according to claim38, wherein the crystalli ne

1-{[ (a-i sobut anoyl OXﬁet hoxy) carbonyli am nonet hyl) - 7%/cl ohexane

acetic aed-d Heustalling i[ﬁt@%ﬁq‘%ﬂy'@xwmm@ﬂylbgﬁﬂ@“ﬁthﬂ} -gyclohegprierpcetic
the-X-ray pOV%Hachrﬁfn@Q@blﬁﬂf @eﬂmrmth@m&%urnad aJagaButaﬂaylo@msiﬁl l'ine

1-ifia-isobuta nynani nQnet. h cI Qhexane acetic
aci d accordi rf§ rl’t% '%"ﬁ i)f Yfi?‘ WeHe ?‘ﬂ% risﬂ‘éab”mtm“

1-{[ (a- i sobutpzaky1D:e0. Bbxy)ﬁﬁm:ﬁo‘r&)@"]m"nm‘thgb} 23:3¢ y Ol 35 Ec3iae0. 3°
acetic acid L] L. .0 3 in the
Xray ponder PPastoor e gk go %@éﬁm&%’é‘a@ﬁ%ﬁ-ﬂla&u ~Epglianpy
Crystalline

1-ffia- I@obut@wmqut&:@mé@w@wﬁ& Hﬁ%hﬁﬂ&nelhﬁ})/ﬁ%ﬁmﬁéﬁé?ﬁ acetic
acetic acid accordi n% to any one al ns , wherein
the cr yst al | i35id according to any one of clalms 38 to 50, for use in'a method of treatment or

1- { Ra- i sobut gmexehtityetpaimxy) car bonyl i am nonet hyl } - 1- cycl ohexane acetic
acid has a characteristic absorption peak at 18.9 0.3 in the X-ray
powder diffractogramusing Cu Ka radiation. 44. Crystalline

1-{[ (a- i BobutCysilinexirticHiesiaraylbryejhidxeamonylamdcmethyilyeticlvbsxane acetic
acet 'cfygf:aﬁ RO O Y5 L Wheltin SlidbdlR isHRutidftlodi® 43, wherein
1- { Ra- i sobut anoyl oxyet hoxy) car bonyl j am nonet hyl } - 1- cycl ohexane acetic

aCiMd]I haZ""?f Cft&;]s’t@[ﬁlﬁi ﬁ{d—lﬁotﬂhﬁfbylﬁwéﬂébxvﬁ%oﬂ}l]a&ﬂlo%etr@l}?ﬂ -&ytlohBan¥-acalc
(0] er | racr,o a a
LT Ca- | soburBHAPoRpaIs B e BENTH Poin FoRe bR HEbSL et er

acetic acid graenihrmy angieigny one of clains 38 and 41 to 44, wherein
the crystalline

1-{[ (a-i sobut anoyl oxyet hoxy) car bonyl | am nonet hy1} - 1-cycl ohexane
acetic atdd Havstalinenhiiecisehutanoylexveiiyy)seibonylisaenemethylldi-grclopexanemcetite
X-ray powder MigfdcEaaing®s a4 dhal i 8lalms ¥BtolsadicAliddlin a Mi&thodbitEkahdnit BE

1- {[ (a-i sobut anoy| oxyet hox@ ar bonyl ] am nonet hyl } - 1- cycl ohexane
acetic acid &%6 B‘?"n‘éepﬁna t(?'ﬂlf?é”ab V”ET“&‘?ems 38 and 41 to 45, wherein

the crystalline

e P Y B0 BB NS S 3 ©
powder di f f r &cidrgrerding e any @¢ QKalammwatm SOnfor 4sk in@mpathed dfitreatment or
1-{[(a-i sobutp@é@w,@mf fgbgy) car bonyl ] am nonet hyl } - 1- cycl ohexane

&
acetic acid according Po any one of clainms 38 and 41 to 46, wherein
the crystalline

1-{[(a- I%0butc&manIlwv&mwmylbmm&@mmem%}nelhgmcéﬁbﬂéme acetic

1 d 1 1 th
T oy povater MR ARG ST Bl d G R Rl P a Aot ettt e

1- {[ (a- i sobutpeeveydicowaf @tslkomia) car bonyl | am nonet hyl } - 1- cycl ohexane
acetic acid according to claim 38, wherein the crystalline



51. Crystalline

1- {[ (a-i sobut anoyl oxyet hoxy) car bonyl | am nonet hy1}- 1- cycl ohexane
agetic acid according to any one of clainms 38 to 50, for use in a
nmet hod of treatnment or prevention of pain. 52. Crystalline

1-ffl a-i sobut anoyl oxyet hoxy) car bonyl ] ggi nonet hyl} - 1- cycl ohexane
acetic acid according to claimb51, wherein said pain is neuropathic
Eai{ [1( 5357. bOf t)@?é%bl,iﬂ\e’\ﬁ-{[%cxﬁisobutanoyﬁxyet?oxy)c_arbonyll{arr:uir}o)me{hyl}-1—i:yc;]ohexane acetic
- a- i sobut anoyl oxyet hoxy) car.bpon 0 -1- exan

aceti o aoid- EBARPbOS S et o B HOREu  apet b pr AT o
met hod of tr ge¢ventidn afregileeylegs swwrapie.anxi ety. 54. Crystalline

1- { Ra- i sobut anoyl oxyet hoxy) car bonynam nonet hyl } - 1- cycl ohexane acetic
acid according to anrﬁone of clainms 38 to 50, for use in a method of

t r eat menf8-or Qiy¥eilan 1-Ute-isebusanexiesyetitxylearandlamiomtiotie! -cigphexane acetic
Crystal line acid according to any one of claims 38 to 50, for use in a method of treatment or
1-{Ra-|sobutanqélqg%eth0é¥ car bonyl i am nonet hyl}- 1- cycl ohexane acetic
aci d accor di MEeeBiHef oh#AsHes-cl ai ms 38 to 50, for use in a nethod of
treatnment or prevention of epilepsy. 56. Crystalline

1- { Ka-i sgbut gnoyl.n0x 0X arbonyl | am nonmet hyl ) - 1- cycl] ohexane acetic
R P e A R e e e b e e
treat nent or goideaceordingrto efiy onesdtziras 38 to31); fobUse iQrayrsethdd piteeatment or

1- {Ra-i sobut i am nonet hyl ) - 1- cycl ohexane acetic
acid according thﬁﬁﬁgkﬁﬂé¥éﬁﬁéﬁgﬁﬁé 38 to 50, for use in a nethod of
treatnent or prevention of restless |legs syndrone. 58. Crystalline
1-{[ (a-i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1- cycl ohexane
acetic acid according to any one of clains 38 to 50, for use in a

met hod of treatnment or prevention of hot flashes. 59. Crystalline
1-ffia-isobutanoyl oxyet hoxy) car bonyl j am nonet hyl | - 1- cycl ohexane
acetic acid according to any one of clains 38 to 50, for use in a

met hod of treatment or prevention of urinary incontinence.
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