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ANALOG 1. Field Disclosed herein is a crystalline formof an anal og of
-y-am nobutyric acid and 5 nethods of making the crystalline formthereof.

These anal ogg g@m?@; used as therapeutic agents in the grheabiERE0 certain
di seases and c?i sorders, including, for exanple, neuropathic palin and

post - herpetic n i u Cr | line forns of
drugs are pref e&%%lm%wrwgkﬂlﬁ?ﬁbmAﬂ%ﬁ‘,ac‘loecause of
their superior stability. For exanple, in many situations, an anorphous

drug converts to a crystalline drug form upon storage. Because anorphous
and crystalline forms of a drug typi cal¥ldhave differing physical/chenical
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undesirabl e for reasons 1 n pharmaceut adm nfstration. A key
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behavi or of, such.a materjal. Po rphs. are crystals of .the me nol ecul e
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cont ai ns  a egirhflgmetiopahicaagemfositerydlt eeuhigs. The different physi cal
properties exhibited by pol ynorphs affect inportant 20 pharnmaceuti cal
paraneters such as storage, stability, conpressibility, density (i nportant
in formulation and product manuf,act UighpErefRl§ di ssol ution rates (inportant
in determning bioavailability). Stabi fferences may result from
changed0i n cheln gakrat, sactalluiet fprnfseaf giygs dicffrefesat 0wl amprhholiy®irss of oxi dat i on,

such t hat dosage form discol ors re.rapidl en conpr.ised of one
pol ynor ph ?ﬁgﬁ’lﬂlﬂgﬁ beGHISE P§t§81r5?pe§grn§qulgtﬁegorp% B}f}l,anrpjnsé{%lﬁté?ﬂstaé’l changes
(e.g., tablgbfphetiddral €orbRrts tod @gQalise @ug kiriipos aloragel Beesgd crystalline fofrm
converts to thernodynam calele?/ nore stable crystalline fo_rn? or, both (e.qg.,
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situations; resul’t In transitions to crys ine forns that l'ack potency or
ar e 30 16 oxsefetylrensankdinphamactiizaljpldysnistedtiopr Apkey chasctafsticlo€agy yst al | i ne form

Crystal |1 neoeaiee ke ROTACESERS a0 DooRBROaut o5 gt FEFRR mor e 01111 cul ¢ to
filter andpeBafriisee: @ystalFBiihe khfSmolehad waldhdhvd @iffeFen phygical Particl e shape
and size distribution mght be different between
properties because the crystal lattice contains a different arrangement of molecules.
The different physical properties exhibited by polymorphs affect important
20  pharmaceutical parameters such as storage, stability, compressibility, density
(important in formulation and product manufacturing) and dissolution rates (important
in determining bioavailability), Stability differences may result from changes in
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).



one crystalline formrelative to other fornms). 1 WD 2005/ 037784

PCT/ US2004/ 033979 Agenci es such as the United States Food and Drug
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15  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.
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Compound (1), prepared as described in Gallop et al., International
Publication No. WO 02/100347, is isolated as a glassy solid after lyophilization from

20

aqueous acetonitrile. The material obtained by this process is partially or wholly
amorphous and certain alkali metal salt forms are hygroscopic, However, amorphous
25  solids and particularly hygroscopic solids are difficult to handle under pharmaceutical
processing conditions because of low bulk densities and unsatisfactory flow
properties. Moreover, handling of hygroscopic solids requires speciél 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



properties. Mreover, handling of hygroscopic solids requires special
techni ques and equi pnment to obtain, for exanple, reproducible anmounts of
active conpound or solid fornulation stability. Furthernore, drugs that are

hygr oscopi gygneimtofesspackaged in 2 WO 2005/ 037784 PCT/ US@@?,%%},&@@W speci al
contai ners that have water vapor barriers thus substantla 'y increasing the

cost of such .products cordin need exists f crystallln fornms of
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acid with ofsseHabigis. physi cochem cal properties that may be used

advant ageously in pharnmaceutical processing and pharnaceutical conpositions.
3. Summary A cr ;fglcandmghe afr@pqlmasts for crystalline forms of 1-{[(a-
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i sobut anoyl oxyet hoxy) car bonyl ] anm nonet hyl } - 1- cycl ohexane acetic acid,

met hods of Pha@pasguidabrresspsingand plarmageytieal compositions.

1-{[ (a-i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl ) - 1- cycl ohexane acetic acid
and pharmaceutical conpositions thereof to treat or prevent 15 various

di seases and net hods of maki ng crst alﬂgm__at}pr ms of 1-{[((I-

i sobut anoyl oxyet hox % Zon I i no th -1-cycl ohexane.acet.i :ilci d In a
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are provided. The pharmaceutical conpositions conmprise 1-{[(a 25

i sobut anoylcwlyb@%&we@alaﬁéﬁw phgrmaetied pppasiteps themeot ihecal @BPIE¥edci d t hat
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di ffractogram and a
In a first aspect, crystalline 1-{[(c-isobutanoyloxyethoxy)carbonyt]-

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° £ 0.3°, 14.9° % 0.3°, 16.4° +

200 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.

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-{[(c-

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° 4+ 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 treating or preventing epilepsy, pain (especially,
neuropathic pain and muscular and skeletal pain), depression, anxiety, psychosis,
faintness attacks, hypokinesia, cranial disorders, neurodegenerative disorders, panic,

inflammatory disease (i.e., arthritis), insomnia, gastrointestinal disorders, hot flashes,



pharmaceutically acceptable vehicle. 30 In a third aspect, nethods for
treating or preventing epil epsy, pain (especially, neuropathic pain and
muscul ar and skel etal pain), depression, anxiety, psychosis, faintness
attacks, hypokiweshs crani al disorders, neurodegenerat@&%nghﬁg&g?hs, pani c,
inflannatory di sease (i.e., arthritis), insomia, gastrointestina

di sorders, % flashes, 3 WD 2005/ 037784 PCT/ US2004/ 033979 restless |egs
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0.3, 23.3 10.3, 25.3 0. 3 and . 6 in .an X-ra

Ina fifth pgg\aé%f ﬂmﬁ}m gﬁ%?rglfaww@e a%@tsaqranﬁﬁ%aﬁat eflt@neef% of such

i sobut 51'30}’|t@éﬁﬁéﬁ@%ﬁ&@&ﬁl@ﬁ'alﬂlldrﬁﬁ’éhﬂ‘%ﬁ?tem&th%hﬁﬁﬁﬂ gyﬁﬁx@@ac@&ﬁ:hl c acid that
has characteristic absorption peaks™(20) at 7.0 t 3, 8.2 0.3, 10.5 0.3,

12.8 0.3 compogtiom;nf l@[(ﬂﬂs@utmﬁyE@®0XYBa@nﬁ] amh@109@ty]} - 2@y@©h€€xa® 25 23.3
0.3, 25.3 1 acetw ac1c[] %atzhas charactcnstlc a sr})réiorne]%alpso( at 7%' L raacé 991 8@’ are
10.5°+0.3°% 12.8°% 0.3°% 14.9°+£ 0.3°,16.4°+ 0.3°% 17.9°4 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
20  diffractogram.

In a fifth aspect, methods for making crystalline 1-{[(c-
isobutanoyloxyethoxy)carbonyl]aminomethyl}-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°,

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 crystailine 1-{[(ct~

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



provided. 4. Brief Description of the Figures Figure 1 illustrates an X-ray
powder diffractogramof crystalline 1-{[(a- 30
i sobut anoyl oxyet hoxy) car bonyl ] am nomet hyl } - 1- cycl ohexane acetic acid; and 4

WO 2005/ 031,( %0563744452004/ 033979  Figure 2 illustrates Qc‘ﬂhfsio‘ﬁifﬁ%%-}gal
scanning cal orinetery thernogram of crystall | ne

1-{[ (a-1sobuta oxyget hoxy) car.bonyl ] am no I - cycl ohe acetic
acid. 5 5. Det ?%ﬁ%ﬁ%ﬂe i“l FFreI%l‘/‘{lJCBE?‘%? ‘l éﬂ"‘ﬁ"ﬁﬁ’@%‘f cally

accept abl ecry@Aliifd £[(BEESHSmbloRyetidxYRBMbonA H@}Héthyl?ﬁcé)@loﬁeianeor carrier
with which 1-{[(a-isobutanoyl oxyethoxy)carbonyl ]am nomethyl} 10

1-cycl ohexf&ﬁ*éc agedtic acid is administered. "Patient" includes humans. The
ternms "human" and "patient" are used interchangeably herein. 15
"Preventinj" or ° revention" refers to a reduction in risk of acquiring a
di sease& or disorder (i.e., causinpefiled Basdripgioa of the clinical synptons of
the disease not to develop in a patient that nmaybe exposed to or

predi sposed to the disease but does not yet experience or display synptons
of the disease). 20 "Pronoiety" gef epifhRicasf or m of protecting group that
when used to nmask a functional grou—"TﬁTTi a drug nol ecul e converts the

drug into a pro&wﬂ%ﬂm_ﬁh@&ﬂf&m@@wdﬂuﬁm aBueant, 4RIt 0 t he drug

12,00 LR R Y B PR SR, T2, 1 Y0

embodi ent - cjcqblﬁﬂaiela@étaidcnglstahmuﬂht@aase or disorder (i.e., arresting or
reduci ng the devel opnent of the disease or at Ieast one of the clinical

synptons thereof). In another enbodinent "treating"” or "treatnent” refers
to aneliorating: ’ ANGmABLY$h LRI PR t ” h Jot be

di scerni bl e by lzgﬁeﬂltp ﬁ?fgﬁt I ndi)lgegtfIll anotsﬁer % ﬁ{gog%nngn?%"t reating" or

"t r eat mentititercbfegesblydietaithi bi ti ng t he di sease or disorder, either

physically, (e. g., stabilization of a discernible syrrptor‘r),

physi ol ogically, (e.g., stabilization of a physical paranmeter), or both. In
yet angt her enbegivamite” or tpre@dntibe” refers to a reduction in risk of acquiring a

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 “treatment” 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 “ireatment” 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 physical parameter), or both. In yet another embodiment, “treating”

or “treatment” refers to delaying the onset of the disease or disorder.



or "treatnment"” refers to delaying the onset of the disease or disorder. 5 WO
2005/ 037784 PCT/ US2004/ 033979 "Therapeutically effective anmount' neans the
anount of a corrpound that, when adm nistered to a patient for treating a

di sease, igq szuq ;.,?fnt to effect such treatnent for t I SHA @ww'l'he

"therapeutically eftective amount”™ wll vary dependi ng on t e conpound,
the disease and its severity and the age, weight, etc., of the patient to
be treated. Reference will now be made in detail to preferred enbodi nents.

Al though pr ef e“TPreE’ap%@Eﬁg TR Sre 3 uxﬂeﬁﬁaﬁst{ﬁé’mbﬁm‘g%%o ngolhkﬁ%&sw()d t hat
the invention is I ed 10 thoSe preferred enbodi
contrary, when sdministmeikid atpcaticm\fetrh:emnaa disvang tis sfBiental effeat suchons and

equi val ent S i nclu thint r| t an of0) he invention
aa o | nedtE s OE S disple TS GBI SRR dn ) B RR el o1

[ (a- | sobut aimth¢lcompeidil ie)daseainy lits sevatityQing tivydde; Weightc bohekmapathmet i ¢ Aci d

15 and Pr egﬁ{ﬁati on Thereof Crystalline forns of

1-{[((x-is t oxyet hoxy) car bonyl ] am nonet hyl }-1- cycl ohexane acetic

acid and met hodﬁefa;eng@&ugg)rﬂaﬁ%&én%ﬁe@@ﬂ&?@ﬁ&nﬁe& eibblibnts. Although

i sobut anoyl oxyet hoxy) carbo -cycl ohexane acetiT acid are
di scl osed puefedesti girbodiigreptisrare Q@cmbedsﬂhwluemeiemmdﬁhattﬂmdnvmm fsgfoérral to

1-{[ (a-isoput.a cycl ohexane acetic acid
i ncl udes af }tgﬁgjytkgﬁ?ypf%thﬁr?y%@g@%?x F@%n f Ilt}lﬁ %‘fldﬁflg O ¢4 oneric forns
of thel0 comueimitives) alodtitatibiaind SlivalEnts @s they bd @bﬁde@mum spidl aadl |
isotopically | abeled derivatives of this conpound (e.g., 2H, 3H 13C, 14C,
15N, 170, %80¢ okths mventyon asdefinsdbyt W@l%‘ﬁ@é}sﬁl&% perefrom.
1-{[ (a- i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1- cycl ohexane acetic acid)
can be made according to procedures disclosed in Exanple 13 of Gallop et
al., International Publicati onS.Rlo. mgnmmgr Exanpl e 12 of Gallop et
[ .. 60,606, 637,
At oxyalkyl

Car banpg e Prodr UQS " In one %%B%Eparﬁﬁ&ﬁi‘ﬁéﬂebﬂe

1-{[ (a-isobut anoyl oxyet hoxy) carbonylT-
Crystalline forms of 1-{[(x-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-

cyclohexane acetic acid and methods of making crystalline forms of 1-{[(c-
isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid are
disclosed in detail herein.

20 1t should be understood that referral to
1-{[(a-1sobutanoyloxyethoxy)carbonyl]laminomethyi}-1-cyclohexane acetic acid
includes all substantially racemic mixtures, all possible tantomeric forms of the
conventional chemical structure for this compound and all isotopically labeled
derivatives of this compound (e.g., °H, *H, 1*C, 1*C, N, 70, ¥0, etc.).

25 The starting material (i.e.,
I-{[{o~isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid) can
be made according to procedures disclosed in Example 13 of Gallop et 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 Carbamate Prodrugs.”

In one aspect, crystalline 1-{[{a-isobutanoyloxyethoxy)carbonylj-
aminomethyl}-1-cyclohexane acetic acid is provided. In some embodiments,

crystalline 1-{[(a-isobutanoyloxyethoxy)carbonyl]-aminomethyl}-1-cyclohexane



am nonet hyl } - 1- cycl ohexane acetic acid is provided. In sone enbodi nents,
crystalline 1-{[(a-isobutanoyl oxyet hoxy) carbonyl]-am nonet hyl }-1-cycl ohexane
6 WD 2005/ 037784 PCT/ US2004/ 033979 acetic acid has char acteristic
absorptionysaksSedts,’-0 0.3, 8.2 f 0.3, 10.5 0.3,
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to a solvent to forma solution or suspension. As used héréin, the terms
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1-{[{c-isobutanoyloxyethoxy)carbonyl]aminomethyl }-1-cyclohexane acetic acid

20  melts between about 64 °C and about 66 °C. In still other embodiments, crystalline
1-{[(o-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-cyclohexane acetic acid
melts between about 63 °C and about 64 °C.

In some embodiments, crystalline 1-{[(o-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 circurnstances where
1-{[(o~isobutanoyloxyethoxy)carbonylJaminomethyl }-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-{[(c-isobutanoyloxyethoxy)carbonylJaminomethyl} -1-cyclohexane acetic acid

exhibits temperature dependent solubility. In general, solvents or solvent



pl aced in a solvent or solvent m xture regardl ess of solubility. The sol vent
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1-{[ (a-i sobut anoyl oxyet hoxy) car bon am no -1-cycl ohexane acetic acid.
thereof.

Preferably, the dissolution process is carried out at elevated temperature, up to
20  and including the boiling point of the solvent or solvent combination. Accordingly, in
some embodiments, 1-{[(c-isobutanoyloxyethoxy)carbonyl]aminomethy!}-
1-cyclohexane acetic acid is dissolved in a solvent or solvent mixture with heating
and optionally, with shaking and stirring. The heated solution may be kept at elevated
temperature to ensure complete dissolution of
25 1-{[(c-isobutanoyloxyethoxy)carbonyllaminomethyl} -1-cyclohexane acetic acid.
The heated solution may also be filtered at elevated temperature to remove any
undissolved components. |
Preferably, the solution is cooled slowly to provide crystalline
1-{[(a-isobutanoyloxyethoxy)carbonyllaminomethyl}-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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acetic acid.

In yet other embodiments, 1-{[(a-isobutanoyloxyethoxy)carbonyl}-

20  aminomethyl}-1-cyclohexane acetic acid is dissolved in a mixture of
methylcyclohexane/methyl #-butyl ether (the volumetric ratio of methylcyclohexane-
to methyl ¢-butyl ether between about 5:1 to about 20:1, preferably, around 10:1) at a
temperature between about 20 and about 40 °C and the concentration of
1-{[(v-isobutanoyloxyethoxy)carbonyl]-aminomethyl}-1-cyclohexane acetic acid in

25  the methylcyclohexane/methyl -butyl ether mixture is between about 0.1 g/mL to
about (.25 g/mL. The solution is then cooled to between about 0 °C and about 25 °C
to provide crystalline 1- {[(o-isobutanoyloxyethoxy)carbonyl]aminomethyl}-

1-cyclohexane acetic acid.

30 53  Therapeutic Uses
Crystalline forms of 1-{[(«-isobutanoyloxyethoxy)carbonyljaminomethyl}-

1-cyclohexane acetic acid and/or pharmaceutical compositions thereof may be

administered to a patient, preferably a human, suffering from epilepsy, pain
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neur opat hi Caﬂﬂ?dr'{i’hm&a'c@utfcﬁﬁﬁﬁﬁﬂwﬂmns thereof may be used for the prevention of one
disease or disorder and concurrently treating another (e.g., prevention of psychosis
20  while treating gastrointestinal disorders; prevention of neuropathic pain while treating
ethanol withdrawal syndrome).

The suitability of crystalline forms of 1-{[(a-isobutanoyloxyethoxy)carbonyl]-
aminomethyl}-1-cyclohexane acetic acid and/or pharmaceutical compositions thereof
in treating epilepsy, pain (especially, neuropathic pain and muscular and skeletal

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 et 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 et a/., 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 et al., United States Patent No. 6,028,214; Horwell et al.,

10
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f ai nt ness atitomddes neimpdedenamt veadisardan,ipabic, mﬂammatory disease (i.e., arthritis),
insomnia, gastrointestinal disorders, hot flashes, restless legs syndrome, urinary
20  incontinence or ethanol withdrawal syndrome using known procedures described in
the art (see references above).

The compound disclosed herein, may be more efficacious than the parent drug
molecule {e.g., gabapentin or other GABA analog) in treating or preventing epilepsy,
pain (especially, neuropathic pain and muscular and skeletal pain), post-herpetic

25  mneuralgia, depression, anxiety, psychosts, 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 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 t., than gé.bapentin 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

11
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gabapentin is beljeved,to be acti.vel ransporter acraoss the gut, wall by a
carrier transpor kag?auf%glglcpygauqdrﬁlfcﬁc@%ﬁ\bﬁlﬁ‘ "g‘hé‘“r ﬁ’@ﬁ@%’ ' ﬁ??alﬁ%éelﬁﬁ%apEnti n
transponper fornful®daé Wiich praviddsgek stbaizbd redasoeh aperidibofaivatiihtoqhe gabapentin
absorbed into the blood is not E)roporti onal to the anmpunt of gabapentin

that is admigasoiestigaldracyandpagiicalasiycrelogse wthip e folo®y t nechani smis

saturated, fiusth ' ' es. £ 0.

o ani 11 cant iy SRR A At HAARERRCE b RER e BARKY
herein, is atssblelﬁeﬂeaﬁﬁbmﬁmsttllfﬂ@d@b‘apenﬁhﬁnmé.aﬁﬁgoﬁprgv@ﬁhge%impsy,ipain 01;l tCI he I |
gastrointestinal _tract, including t col.on ecause the compou i scl ose
herein can BePsodhupairerpthip P@Hép‘é?‘ﬁ‘é?ﬁ?fép@é@ta PO PPSTIRIIS NENRHEL h

provi degsf Oﬁcp%s%ic%i, ﬂﬁ@et&,%s?&ﬁ@is?fﬁﬁ&ne@s ﬁ&&ké}ﬁyﬁbﬁdﬂéﬁﬂf&mﬁﬂt&s&&@s,
gastrointestinal tract and particularly, release within the colon,

1- {[ (a- i sobueuadsgenstyietebsoyjara meninyinflaminaomnedibsab ¢ & exuitthdrsongiacet i ¢ aci d

may also b 3 i i L0 i i . ting
epi l epsy, p it n?eesg%%lcdﬁ%%ﬁlleg#%H{eﬂeggﬁsg%%ﬁ%gg%s i gﬁod'g %‘%ﬁ?g?&é%‘ﬁé@g et al
pai n), post ethefigletiihdraveil saldgbrAs. The ability of the compound disclosed herein to be

used in sustained release oral dosage forms reduces the dosing frequency necessary

20  for maintenance of a therapeutically effective drug concentration in the blood.

54 Modes of Administration

Crystalline forms of 1-{[(on-isobutanoyloxyethoxy)ca:rbonyl]aminomethyl}-

1-cyclohexane acetic acid and/or pharmaceutical compositions thereof may be

25  advantageously used in human medicine. As previously described, crystalline forms
of 1-{[(c-isobutanoyloxyethoxy)carbonylJaminomethyl}-1-cyclohexane acetic acid
and/or pharmaceutical compositions thereof are useful for the treatment or prevention
of epilepsy, pain (especially, neuropathic pain and muscular and skeletal pain), post-
herpetic neuralgia, depression, anxiety, psychosis, faintness attacks, hypokinesia,

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

urinary incontinence or ethanol withdrawal syndrome.
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15 depression, anxiety, psychosis, faintness attacks, hypokinesia, cranial
di sorders, neurodegenerative disorders, panic, inflammtory di sease (i.e.
arthritis), insomia, gastrointestinal disorders, hot flashes, restless
| egs syndrqgﬁgmﬂkgﬁ§;y incontinence or ethanol w thdrayal syndeop®. The
ability of the conmpound disclosed herein to be wused in sustalined rel ease

oral dosage for reduces the dosing, frequency necessary 20 for_maintenance
of a therapeuti cRiney ugadsta tept Pﬁervﬁ’&qh%?b@gﬁg‘lsﬁ%? 8h lﬁﬂa?rﬁecrﬁt@{%‘? forsS 4 Mbdes

of Admi ni st ¢@f QR i{di¥iBhd 1@%& I)amin 1}-1-cycloh tic acid
1-{[ (a-1sobut af[lfcz)ylloxyet h!'c')xy car}@%nylofg no%%%%}-cyf-oc% gﬁgilgr?g acetic acid
and/ or phar sedeErhrnscembosnpdstioss thhepfnhy basdnbieisRiedahapplialpamils by used in

h di cine. ,As.. iously d i | talline f f
LT Car T sobtm amigrR) S Sarms TR SR RD1 1 - 1 cyel ohexane acetic aci d
and/ or ghar iy &L&%@ml@dnoympaﬁm?mnmﬁﬁmfmmw-pwdﬂexmrqc&ﬁwacid eat ment or

prevention of epilepsy, pain (especially, neuropathic pain and nuscul ar and
skel et al pagngyor acelfoabeampositions GexgpEmayialpe esadnainistesgdarappliedpsychosi s,

o sor dor o, AR &7 in SRR 18 s Bk Aty "RLUE LRy IRRABAET O VO
gast r oi nt esGABA ardiger ders, hot flashes, restless |egs syndronme, urinary

i nconti nence or ethanol _w thdrawal syndrone. 12 2005/.037784
PCT/ US2004/ 0330 74ethoeof tRamert and proghyiais HF Btayifted O} QUGN &3se or

di sor dgps, ﬁzﬁﬁéﬁttﬁia“h&ﬁpgélﬁﬁﬂﬁr &bective amount of a crystalline form of _ _
1-{[ (a-1 sobut anoyl oxyet hoxy)car bonyl ] anwi nonet hyl } - 1- cycl ohexane acetic acid

and/ or phar hdfedsdtatanoglonpabery)aronyHenisohethyl) - lseyciahekanesceliceatidor  appl i ed

singly, or in conmbinatiop with.other agepts. .Crystalline forns of 5

1 (T (a1 sonti el atsalsp g et nowmeeigt ey Sy Binaldiofeeti ¢ acid
and/ or phar peibly, aahart@ap 8sd fb&pseftraslySOkuniamy al so be admi ni stered or
applied singly or in conbination with other pharnmaceutically active agents,
i ncl udi ng ot her Crza@ling dermsd 1 - {x-isobigansyloxyetheknearbenytapropifiyiixi s are

provi 09 by SATHALAR! ALEONh Gydlor HnRRLhER! ooflpoebREBARSE ALNMS T eCti v

anount of a C

1-{[ (a- i sobainsinRiraxtEl ¥ OFHFGaIne Fstitslod M {NerBblirinoylbxgatad:ahexeomglacet i ¢ aci d
and/ or pharmaceutical conpositions thereof. The patient may be an animal, is

nore pr ef edBBpPethylinaAvRiPhexapriachitacihndfos phimacomicpl gogpositions thereof

may also be administered by any other convenient route, for example, by infusion or

bolus injection, by 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- {[(o-isobutanoyloxyethoxy)carbonyl]aminomethyl}-
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, crystailine forms of
30 1- {[(oc-isobutanéyloxyethoxy)carbonyl]a.minomethyl}—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

13



Crystalline fornms of 1-{[(a-isobutanoyl oxyethoxy)carbonyl]am nonethyl}- 15
1-cycl ohexane acetic acid and/or pharmaceutical conpositions thereof, are
preferably adm nistered orally. Crystalline fornms of

1-{[ (a- i soRud spQKi-Ssyet hoxy) carbonyl ] - am nonet hyl) - | - cygrpRayaM8eRCEL i C
acid and/or pharnaceuti cal conp05|t|ons thereof nmay al so be adm ni stered by
any ot her cpnve

absor pti on fh?%’aéﬁanegﬁ{ t%#érf%r TfPo(Slr fﬁ%&&tgﬁ&tg?’f’ 1(46%8 k'sugi;]g ect| on. by

nmucosa, rec&za,lmwdwm@eg;mabmq;sa etc.). Adm n| st rati on can be syst em c
or local. Various delivery stens are known, . encapsul ation in

| i posones, mi crBpAh ﬁtfleglbéglm P@E@E‘%ﬁm@nﬁlﬁ,aﬁs@ﬁ %d(N"@l‘)a that can be used
to adnini st gp ik B%néd)li 8P d CRC P Rat

1-{[ (a- |sobuP%h%yI?ﬁ(§)S§<€edt: oxy) car E(1)ny angﬁrﬁ%rrgvl %‘S) -cycre%hBe?(cgnea(glcetl c acid
and/ or phar Redda(iSi4); “€ompcdbdﬂ)1ug181ctahalabdiﬁy” P Prdduad Degign ankdvi ni st rati on

i r aper i ¢ obgarente ppligtt Bed el WRERIEY Yt QR At 1993 or o

subl i ngual , J. ¥#d-6mpRSE Reu Mdca&@éze@ﬁeai 2316mtsreamglmayezdzr BYBHI S e, rectally,
by inhalation, or topically, particularly to the ears, nose, eyes or skin.

I'n sone enbdh: ABAtAunngrey ¢f 21 98P ndk Hewrel. 36:350; Howard ef al., 1989, J.

1- a-isob o] tic acid
anglE f)r phar%@gutk ]%lﬁﬁslg ﬁ%%nﬁltatftgér%g @gigo ﬂ}{%ﬁc Ié%t#%lgefg%?é% glﬁisat ai ned
rel easel0 syslsmdlpiezesbelehﬂﬁry Pdymbrs sncdidei fmeebcanqﬂeaséumyst ens. In one

nbodi nent , 1 005/ 037784, P 52004/ Q33 d (L ,

Supra. | Sef | e BRI TeHEes. ny RS @mﬁg@ S St

1989, N Enwdmx},zeﬂiywéuuﬁ?elﬁpﬁérhbly,l op%mgummos@) l@ﬁhét'&?l'ldl@se”ﬁt erl al s
|

can be used (" Mdi cal cations of ntroll ed Rel ease,"” Langer and W se

(eds.), m@tmrébave%ée@ab%@ﬂdmdm eIan(am?Zith &d5ad. 6 B84 3B
Bi | abi | d Bal |
D 2Vl | 01 b8 Vi 8 0 R 0L RSB AR L Of AR rbaMRd Ball

Macr onols Oimmdeé?:&bsclm theeﬁé]BanbaLewgz et JaPharm1 98B, 2Si7ence 228: 190; During
t t, 1989, Al 2 .
oL 305) in st i e sbna R iR prezelofs R e wpd far O oa T o or al

10 sust ai neghsfagle8 3816asd eahmﬁﬁmanofotmﬁg snadalUd8ndd, ®ir RuBPR] PolyrB@ei um
car boxynet hy| cel | ul ose droxy yl cel | ul ose, hydroxypro yl met hyl cel | ul ose
and with a pH~dependent solubilify (i.e. pH—controlled release), polymers with a slow of

pH-dependent rate of swelling, dissolution or erosion (i.e., time-controlled release),
20 polymers that are degraded by enzymes (i.e., enzyme-controlled release) and
polymers that form firm layers that are destroyed by an increase in pressure (i.e.,
pressure-controlled release). |
In still other embociiments, 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-{[(o-isobutanoyloxyethoxy)carbonyljaminomethyl}-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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hydr oxyet | ryl cel l ul ose (preferably, hydroxypropyl nmethyl cellul ose). O her
cellul ose ethers have been described (Alderman, Int. J. Pharm Tech. &
Prod. Mr. 1984, 5(3) 1-9). Factors affecting drug rel ease are well known
to the skille |.san and have 15 been described in th et at,
Int. J. Phg%%ﬁm?%égﬁ 2, 307). In other enbodi nents, entgqﬁggggﬁggae
preparations can be used for oral sustained release adm nistration. Coating

material s iserayel 2o 18%Add(1984ho Ofhre pantrolled-releasp systrapeligurred &bl ubil ity
(i.e., pHgggl EOhb&f stoh @)tsz?ﬂ%yf&%al‘té‘& bougqs! ow or ~ pHdependent rate of
swel ling, disSofutidn or erosion (i.e.; tinme-controlled release), 20

pol ymers that ar@rysieljinedethsloy 1 €ii@yssiitdnoy®xyetiongjoaebonglidminbiettiyl}el ease) and
polymers that formfirmlayers that are destroyed by an jncrease in pressure
(i.e., presSureheagfacenq el M@a@@wwwcg&qomp089%%11@%%3?1%@%@5, “osmotic
delivery Sysb@Hs pifaBettRtithoh @k vidh SaminftigticH tH%%aﬁ&Jt.emle%@%&hﬁﬂgrt@t ion (Vernma
et at., Drug Dev. Ind. Pharm 2000, 26:695- 25 708). In sone éenbodi nents,
OROSTM os ndtouad b dlieons thermomgisty dferystalline femsstadi ned rel ease del i very devices

(Theeuwes et ,at,. Unjted States, Pate No. 45, 770, . Theeuwes..et at, United
States Pat glﬁﬁ%@%ﬁ{,@i 0 °.X_3q°_ %ﬁgﬁﬁlﬂ%tpégﬁﬁgb‘?yﬁg’m’?fw ﬁoeg‘SﬁFlrdol | ed-rel ease
system can /@ pBatfichilicaliofipobitibys BéredfitBay ¥ @b edéithef Misdnatdilynadoer ms of 30
1-{[ (a-i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1- cycl ohexane acetic acid

an/ ﬁr pharetgge#tqalisl Ose apmera anayses preseaion the siersachelgiastingl duream, y ? fracti loln ;
Ret easdO?” SRR SGRE 5 rer R8s e ABEUE Bl BER hEBHARRY DL OTL 025

(1984)). Odewe cppromblegtoficeysease: foyad es{[(h-obsatdldxyethbry)gebonyl 890,
Sci ence 249:1527-1533 may _al so be used. Crystalline forns of
1-{[ (a-i soARIBpBSHEY et Yangrasesifyacidarilion Rarmpsautical comppsifnsdbrgecfcet i ¢ aci d

and/ of_pharfRGRlhLESh of OBARL 1 AR InbOEhE FreBpl2 EARbIn sBrfiady) de_gabapentin

upon in vivo admnistrationto a patlent. Ing t bound by
t heory, t helgvegmoifergmoittics fxgn die arystallinerfosn of

1- a- Lsohut anoyl oxyet.hoxy) car bonyl.] am no | }-1-cycl ohexane acetic acid
anf:lg (()r1 halr)lﬁga@‘éﬁ%/qlblfaﬁoﬂ g"l"g’)c&ﬁ’é’x}d %W%Q‘XD%C@’P%&W@PH r chenmically
and/ or  enzyaRk beAda¥eutMEoRlpo SRS (BEAENTREs Rt 888 shibstdnfa] GlaRiilGbf

i ntestinal |unen,
y-lactam contaminant (preferably, less than 0.5 % by weight, more preferably, less

than 0.2 % by weight, most preferably less than 0.1 % by weight) which is formed by

intramolecular cyclization of the y amino group with the carboxyl functionality. The
20  extent of lactam formation from crystalline forms of
1-{[(a-isobutanoyloxyethoxy)carbonyl)aminomethyl} -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 promoiety of crystalline forms of
25  1-{J(w-isobutanoyloxyethoxy)carbonyl]aminomethyl}-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 lumen) 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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10 intestinal tissue, blood, liver, brain or any other suitable tissue of a
mammal may cl eave the pronoiety of crystalline forns of 1-

{[ (a-i sobut anoyl oxyet hoxy) car bonyl ] - am nonet hyl }- 1-cycl ohexane acetic acid
and/ or pha‘wg%(%kbgjﬁgl conposi tions thereof. The nechani&R@hspsRayage is
not inportant. Preterably, gabapentin formed by cleavage of pronvieties
fromthe crystalline form of

: 15 :
1- {[ (( x- i sdBEttmsbyi e rremped) Lar pering famsfdnet hyl } - 1- cycl ohexane acetic acid

and/ or pharnggetd.; LIy %?I; ﬂgqf' . i stanti al
guantities lg?{&?;&go})g%th?ﬁn oﬁlt%% °%§§ft‘ﬁ%g{ et er ab 3,0 Pégg}&%gdneﬂ&%%@% by wei ght,
nor e pr ef eraathoy phdrmassutitdl @omPoftiSastifervefiaghtlcavedsfier pbefrpticadiiythé ess than 0.1 %
by wei ght) ich is formed i ntramol ecul ar cyclization of the y am no

of oup. i t h SRR Pel T QAT AnFio rogE Ty e iRuRed B EREISH or mat | on
from crygst alitchidgod QtRBbPHassive diffusion, active transport or by both passive and active

1-{[ (a-1 sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl }- 1- cycl ohexane acetic acid
and/ or pharrtefeesgéi cal conpositions thereof nmay be assessed using standard in

vitro analyti C%ttligﬁmg&?’o%&?ﬁ%@%%w ng to bound by theory, the
a or 0

pronoi ety of crys I ne
1-{[ (a- i soluf{emnissborsy@ihgxthbeakiboyyjaaimdnemel yicyclbheat adeexacieé acetic acid

and/ or pharmaceutical conpositions thereof may be cleaved prior to
absor pt i on 38Y/°F plarmgerutied campasitions tharpofas clgaved aftergpsarplipn ighe t onmch or

| ntestigpal dlfpMRAY, @ RABRA0L Aol i TICuRapbiMinll s nal tract

(e.g., inintestinal tissue, er ~or "ot her table tissue of a
manmal ) . | fabschibedaniortbe exstenué cicouatioal framibe laygemtesfined On this situation,

1-{[ (a-i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1-cycl ohexane acetic acid
and/ or phal‘:ﬁﬁ?ﬂ@b‘{ﬁfg‘iﬂ){s %@ﬁﬁ 11%536%3/%1‘}?_@’2}?8?55?@%})@%@%@5?‘ to absorption by
the gast qud}kﬁ)ﬁE&dﬁ@!acétfcaalefd an%?ﬁﬁﬁﬁfabéﬁti@ﬁi%&%p@é%&{st?ﬁ‘éi‘edf’&%@pr&ﬂaf‘abﬁ{y3 temc

circulation “conventionally (e.g., via the large neutral am no aci
t ranspor t eradingdsiered as sustainsdselgase syBenD [p OB OBYGEMemSTITYSH igboB8Y 79

i ntesti.pe). th I onoi e f cr al.line forns .0 .

L ECatPsonatlast PRt S r Tin ety o Shepes srisait acet ¢ aci d
and/ or phari@eepiiintatentONROnhddins thdarerfdet@efbranmeshstidedneladdsor pti on by
the ogastrointestinal tract, this GABA anal og prodrug nay be absorbed into

the syst enieémBigratien) Brefwrbliiin these pyboskiments engiallingdpams ofact i ve transport or
by both pa%ﬂ[t/o?—is%&ﬂa&%ﬁ&x\grgtho%)ggﬁglﬁﬁﬁinjnomethyl}-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]aminomethyl}-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-{[(c-isobutanoyloxyethoxy)carbonyl]aminomethyl} -
I-cyclohexane acetic acid and pharmaceutically acceptable vehicles are preferably

30 sterile. Water is a preferred vehicle when a crystalline form of
1-{[(c-isobutanoyloxyethoxy)carbonyl]aminomethyl} -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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| f the pronoiety of crystalline fornms of

1-{[ (a-1 sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1- cycl ohexane acetic acid
and/ or pharmaceutical conpositions thereof is cleaved after absorption by
the 10 gaswcpgoﬁ%@g;gctnal tract, this GABA anal og prodr ng{‘?f?ﬁsﬁ@&l& he
opportunity to be absorbed into the system c circulation romt%e | ar ge
intestine. In this situation,. crystalline _forns of

1-{[ (a- i sotSutiaRlpphasmaesukigalyeRislen 9Fﬂ°§¥#ﬁ6ﬂ%‘?ﬁ§ﬂ}"% 24 sty gle%sne acetic acid

and/ or phanggRseuubodd, sRIRARAL HRBSdRLER! sil%’c,faegel?"s@&i%%%ai/ate, 3fetp] stered as
sust ai ned rel ease systens. In sone enbodinments, crystalline fornms of 15

1- {[ (a- i sobumastesrhisxinlst snsiiyh chlotide yiripd shimaniBe, Bhcsrol, pegpylanheslswd acetic acid
and/ or pharmceutical . c [ ti.0 of. qar i.ver | sustained
rel ease admnls J‘rng ’ieéch%&%%sg’!rnac@ﬁjﬁgﬁé&t ﬁggsrér%%%b%ég}éﬁgﬁ §£@$§§t alline forns
of I -{B(( emonnd uf aenink ox ytlifyivg agedmommpH hifferingegdnyd. }in kddiyieh,ohexane acetic
Gay (more 0TBREHENABN CiHEB ORI 218 CooRRaF BN i Eomposi {1 ons. The
present pharmac Wédn?@éml%?i‘ﬁﬁ@ﬁté,ttﬁeg%ﬁnﬁ%ﬁﬁ’éa[‘c@nﬁo@ﬁbﬁ?@fﬂr&&ﬁiﬁé’foﬁﬁé ective

anount of a crystalline form of

1- {[ (a- i solfif difoyiscbutatolybmytbarhonydnyanmomethiyl} - §-ciclahes bnshrestioasicacet i ¢ aci d
t th ith i tabl t _of h ti dy. bl hi cl e,
as to " pr oF RGP fick SO s SEmeR ARG Rt b Vel Gt &5 PERE . vihen

adm ni gper %ﬁ'lbb@in@ntspﬁxta?ﬁﬂ’mae&ftﬁéﬁlt@Hpbﬂﬁpﬁﬁf@@sﬁﬁine forms of _ _
1-{[ (a-1 sobut anoyl oxyet hoxy) car bonyl' ] am nonet hyl }- 1-cycl ohexane acetic acid

and phar magde{lfd-sabitynayboepthaby)earbemilomammethylipt-sydekdxhye acglc acidpicl e. \Wat er

is a prefer vehi ¢ en rvstalline formof, . .

LT SRR EPS HER PreltB i o B Yo R B hane acet i c
acid is adtdn freegsh (préfe@BBNRSthyn 0.5 ladtem $9 eighgnsorapetfagbledes dextrose
and glycerol solutions can_al so ed as |iquid vehic|es,

I be enpl oy
par ti cul ar IBAnfR" fagfage by Hewhs arast Prsﬁsa%?ﬂéesv\@alzéd%’? eI WEFIS2004/ 033979
Sui tabhg phar ”aﬁﬁéﬁriaealticéﬂeéah%gﬁﬁoﬂ &ﬁ}?gi?@kﬁdﬂ@taﬁ?ﬁ% RS such as starch,

gl ucose, |actose, sucrose, atin, rice, flour, chalk, silica gel,
sodi um st edr@feisogitymaimdycthmoy)cabasil jatéonictiyt} -1 spdohmmndidostic sed mdyi ed skim

mlk, glycerol, propylene, glycol, water, ethanal, etc, .The present
conposi ti o?f% magy a&‘@vgﬁdrbéfd?eﬂegﬁ}(gﬂngsntpa mixipe, dissolving, granulating,

dragee-making, levigating, emulsifying, encapsulating, entrapping or lyophilizing

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-{[(o~isobutanoyloxyethoxy)carbonylJaminomethyl}-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, emulsions, 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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5 anounts of wetting or enulsifying agents or pH buffering agents. In
addition, auxiliary, stabilizing, thickening, |ubricating and col oring
agents may be used. In sone enbodi nents, the pharnaceutical conpositions of

crystal | i ngof fa6dkB7759f /US2004/033979
1-{[(a-i sogut anoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1- cyc]i'co esxam/a acetic acid

are free of |actamside products formed by intranolecular cyclization. In

ot her 10 erfeiahbripanuleied forrnapldglivany.ipediculedinfuviralisuvigined redaesest al | i ne forns
of 1-{[(a-aid§1%fi gyl oxyet hoxy) car bonyl ] am nonet hyl } - 1- cycl ohexane acetic
acid are stable to extended storage (preferably, greater than one year)

wi t hout subst antPhaimackaicabennfimsitiahs fonofapdeiveryabiybhe indbesfornad tables)o | act am by
wei ght, nor.e preferabl l.Less than 0.2% | actam b i ght st preferably,

| ess t han d?lfgé“’rsa%‘{‘%ﬂ?%?f %@isamefls.mrﬁgrﬁwgﬁ’rﬁﬁ‘gg? ’féu\psgcgﬁp%a?fs@?sons conpri si ng
cryst al§i neyfups, s eBtirs, for example. Orally administered compositions may contain one or

1-{[ (a-1sobut ano%LIr oxyet hoxy) car bonyl ] ani i nonet hyl } - 1- cycl ohexane acetic acid

may be naAATE SPRSAgNtsy S SXaBple, SHEASHEE ARRRES SHEK A EUCIORC sSR!
granul atin - = i Vi i.ng: i M ioNg,
ot appi ng e G IRGORE Mat: Bt Bhh Rl IR B FUEBRTIAKEY, ) be
f or mul at ed agente anljgaderdng hgents) trerro@0e siphanmaceuticaly puatablpprgsarationgi cal | y
accept abl el\garri er di | ugl%sf g ci p{hen s or auxiliar..es, ich facilitate
processi ng ?re%‘f%\f re i tableh et » the pharmaceutical compositions may be

I - { [ (a1 sokuhtadaydedydtin@xalien kiPabbd aon m%gﬂﬁb%tdsﬁﬁal@a@tbﬂ%%? acetic acid
into preparations which can be used pharmaceutically. Proper formulation is

dependent PIRyaHng Asustypedacsion auerianicsierdpdinsrod poiéan . Saeptivply nsrmacabist

phar maceut i LIRS C : g d i - nsi ons,
enul si on, tng bet S, %ﬁ‘]‘% %s)aé fég}oé?ﬁg’g%% %@@c%éngéﬁgﬁgﬂg%%t%%ﬁﬁ\%ﬂfi qui ds,
powder s, suwsdlbiadeduaistetirgte compouidatidasnpositippodistlosed dsreire inltlsdsohagesr aer osol s,

, . th f i table for | -
enbodi mrent PIAtRREs S framdht FRdiRyeucEapriRais eule s Fbled BBl e (e. .,
G osswes d @kivadg-coml Bﬁﬁc}?@vhﬁiﬁéﬁﬁs to3spitivl R agblt- or géﬁ@mrﬁﬁ@sﬁﬁo%@?h ?Xarrpl es of

sui t abl e pharnmaceuti cal vehicles have been ™ described in the ar see
Remi ngt on' $nppghyecBiase dalivese pletetas capprovidgan shieatiablyl 2eegerdergielimisdr macy and

B TCe) L BE i ARl SRR B KA BN Ol
are 17 WOd2RQ biad3iaY S4hRERI WIS AbhaBatTO0r giyeetad sebiate thay med bd wed.f or or al
delivery, Q)arg.ltcio%nlf)logl%hgs ga%rincﬁla(%l sta%ﬂgd%ie&%fjes glﬁ: %g?n%nnitol, lactose, starch,
20  magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, efc. Such
vehicles are preferably of pharmaceutical grade.
For oral liquid preparations such as, for example, suspensions, elixirs and
solutions, suitable carriers, excipients or diluents include water, saline,
alkyleneglycols (e.g., propylene glycol), polyalkylene glycols (e.g., polyethylene
25  glycol) oils, alcohols, slightly acidic buffers between pH 4 and pH 6 (e.g., acetate,
citrate, ascorbate at between about 5 mM to about 50 mM), ete. Additionally,
flavoring agents, preservatives, 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 administration, 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-{{(a-isobutanoyloxyethoxy)carbonyl]-
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adm ni stration. Pharmaceutical conpositions for oral delivery may be in the
formof tablets, |ozenges, aqueous or oily suspensions, granules, powders,
enul si ons, capsules, 5 syrups, or elixirs, for exanple, Orally adm nistered

conposi t i oRY ARYpssRAt ai n one or nore optional agents, FouBIATRIS
sweet eni ng agents such as fructose, aspartane or saccharin, flavoring

agents such as peppermint. oil of wintergreen or cherry cojorin agents and
preserving %ml}ﬁk-é%&sb?%e _éceBF\ 3‘?‘%&’&@@&%5}09“%?&\?%?%8?@{’15 ¥ Slﬂglf’ ation.
Noreover, vhgEablyiht 3drRlac&iticRly dccEfivR véniide RNAIFIRCRAUE b AtooQWRe] i ons may
be 10 coated to del af/ i sintegration and absorption in the gastrointestinal

d
tract, thepebythylsnegiyeehey perfivamcaibenOpitanaby wobher mpersdnesyheddgatPod of
time. Sel ecti ; S r.oundi i: active
ar v ng. cots iterPE! B80S o (T RIARG - bRt AR dkioer BT T
and conpos htiemn Prefemblyp dedmbierialiinliqdid suches en kiabtlasl, glpdohtpobypioel drlaui d from t he

envi ronnent. sur roundi n he capsule is inbi bed by the 15 dri vi. conmpound,
whi ch swel %aétytaﬁlddi : ?ra‘g%tf"‘?qefé’f g‘gﬁ'katlﬁg iﬁb‘gﬁlﬂ"_‘gﬁﬁ’ﬁﬁ%&“ 5 %‘W?Wﬁﬁﬂgglean
aperture. F3eseifRkdskPdslidek alellAbFH t&HBsdBIAHICR I brEESERY!, Bidsyls@er o or der
del i very rofile as opposed to the spi ked profiles of Inmediate rel ease

f or nul at i oRsitehStafesPateyieNenys, Wit 98| Biesalské,Hnited gitatesdtagint NonbatG@llat e or

gl ycerol stearat al.so,pe. used. . Or C osi 1 ons_can.. ncl ude standard
vehi cl es sf}c“‘ﬁysgglﬁﬁ%ﬁ%‘ﬁo Ii:{[ O&Ef"?)@%‘?%"f‘&%?ﬁﬁ 9 gﬁ%@?ﬁﬁ?’%’%}éar ate, sodium
sacchargnej- ?@lbh&daﬁ@ BoetiBEA @Sy HNoR TRt 8] inGb&al oPuEFInal\CBRb6diksnsar e
preferably of pharmaceutical grade. For oral |iquid preparations such as,

for exanpl 8ichaySpresitesies or EITBEOR SNURAS, €& of WEHHAS coygnions]| &Ippesiteer s,

exci pi ents ' [ - Sal 4 Al ﬁﬁﬁl s (e.g.,

propyl ene 8 f?:%]\%h%?g% ?é’?%lfﬁgﬁ’éﬁ@g@é%rfd?@(%‘Tbgflft“’géﬁ%{? y gﬁn%HéS gl ycol) oils,
al cohol s, descghtd prewoudy,a drystdlbuesfobrvfieen pH 4 and pH 6 (e.g., acetate,

citrate, ascorbate at between about 5 pMt bout .50 , etc, Additionally,
| avor o Lodreom oy By p0 SIS By S st S4B car i £1 nos

and thes | i kigo baBYmARAAHGGepH BH! 56 108 PRI HirhRSiohPhap@ei Ni stration
via other routes nay also be "30 contenplated. For buccal adm nistration,

t he conposhdrilipisterediy makentatiom (fayemample subblaneayislyl oo mdraguisculatyy or bpr nul at ed in
conventi ongl noer... .Ligui d,dr formul ations. suitable for use with
nebul i zer s%gﬁ%ﬁf|u$atfinae%tplna$h8%3?rceé(§m§%daEﬁ%aglgﬁg%gﬁ&gevi ces wll typically

include a cr{ystbhitaRyloyemely)dabdnly(]aninsalthyBDyQueridtasy caideay | ] -

be formulated with suitable polymeric or hydrophobic materials (for example, as an

20  emulsion in an acceptable oil) or ion exchange resins, or as sparingly soluble
derivatives, for example, as a sparingly soluble salt.

In some embodiments, a crystalline form of
1-{[(a-isobutanoyloxyethoxy)carbonyl]aminomethyl }-1-cyclohexane acetic acid is
formulated as a pure active agent. In other embodiments, a crystailine form of

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

-{[(a-isobutanoyloxyethoxy)carbonyl]laminomethyl} - 1-cyclohexane acetic acid.

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

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 treat or

prevent diseases or disorders such as epilepsy, pain (especially, neuropathic pain and
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18 WO 2005/ 037784 PCT/ US2004/ 033979 am nonet hyl }-1-cycl ohexane acetic acid
with a pharmaceutically acceptable vehicle. Preferably, the
pharmaceutically acceptable vehicle is a liquid such as al cohol, water,

pol yet hyl E‘gﬁﬁﬁ"ﬁ%?’ﬂk“ or perfluorocarbon. Optionally, a”%t}ﬁfszdﬁ%ﬁﬁhal may be

added to e aerosol properties of the solution or suspension of the
conpounds disclosed 5 herein. Preferably, this material is Iiquid such as an
al cohol , gmpsenlar gndlsipejeipbpsin)odengessiont anyietye peychasish &intressabarksof fornul ati ng

liquid dru Ut j on ; ' | I ] I | devices are
known to t%@%‘%%{aé&r??@f @%&?ﬁ%ﬂ%@%ﬁ@%@ﬁ% (glsor&%%é)éﬁlﬁ’slﬁl?ﬁ&@% ed States

Pat ent No. dbspdstZi & 2thrifls)e fdbsikia, gddabineedtifal disardeddalice diasHde, redileSHlegH11) . A
crystalline formof.  I-{[((x-isobutanoyl ogxyethoxy)carbonyl i ngnet hyl } 10
¥yl ohex SRTGRE rizac P aG R L 6B PORIAL SOt Be VAP ape JABE el |
CONPosist i 0B 1. FALRRRrDYRRIShSBHLRSor9|ahiBbRethl O D1 -SSR aneSoltio ackPNt @i ni ng
conventional suppository ases’'such”as cocoa butter or other glycerides. In
addi ti on t end/hepfaonmehtital orrspositass thdoed aggradmirosteies or sppdieg st al | i ne f or m of

1-{[ (a-i sobut anoyl axy oxy).carbonyl ] am nonet hyl } - 1- cycl ohexane acetic acid
may 15 al's eﬁ@e]fl%(fﬁﬂﬁlegf%gﬂ'eﬁ%’ogn epot preparation. Such long acting

fornul ati ons mayhbemo@d ¥ BicSisRIAR fHiyn bMPI antation (for exanple
subcut aneously or intranuscularly) or by intramuscular injection. Thus, for

exanpl e, a Ll (esisabytageylgxyethpit)carl onyl]amigomethyl}—l-cyclohexane acetic acid . |
{1 (g oot anau QUGhAPX SO aaud AaPTR! Wl ds ol ohexang 5ot | ¢ act d

may be formnu yimeric or birc materials (for
exanpl e, agpamiouladdiesrdérsireonditioddiseloed @bl willalehgndosn thonatevectfdtizge resi ns, or

o Shar | NGl oL UL JorL VUL YES, LS ARG e B oh D © S

In sone e

1-{[ (a- | soly fNnapr&xyal @R deRvdidamNersbhvhivolxéys haheyanangcet i ¢ acid
is fornulated as a pure active agent. In other enbodinments, a crystalline

f orm of 25bgemployed wdieln idemify optimahdpesgecandsonThd amoumd aea erybtplline cycl ohexane
ti id i | at ed ] .t h. ot h | 1] f f
L el onimaf Tk RbE S R SR D b ons g e B S T O sBe T aci o

5. 6 Dosagescid@ndlofphbsiad dutifrd cél‘ﬂgéﬁiﬁfns thereof administered will, of course, be _ _
1-{[ (a-i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1-cycl ohexane acetic acid

and/ or phafeRsadeit csaimessesiftdiandhe sbjsbeingfrdarcdgthsareaght pf 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-{[(«-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-{[(c-isobutanoyloxyethoxy)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-{[(o-isobutanoyloxyethoxy)carbonyl]aminomethyl} -1-cyclohexane acetic acid

and/or pharmaceutical compositions thereof may be adjusted to provide between

20



be used in an anmount effective to achieve the intended purpose. For use to
treat or prevent diseases or disorders such as epilepsy, pain (especially,
neuropat hic pain and 19 WD 2005/037784 PCT/ US2004/ 033979 nmuscul ar and
skel etal pgighhesdpRh €ssion, anxiety, psychosis, faintnegs,abhAcksire

hypoki nesi a, cranial disorders, neurodegenerative disorders, panic,

bl . . >0 heii ; ; it fined
i sor der s o A e nd Bt b Meudgy RO RRE RS BRERt | nence or
et hanol  wirhfydapued absyiNtho0 iy 8dyeo fGabaei)] DRsdgerifized nfal be readily

1-{[ (a-i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1- cycl ohexane acetic acid
and/ or phdictarmEgd by shethadikpave fo ke Skiled &H$Dar e adni ni stered or applied in a

t herapeuti cal | ypff ?%@EE'- Ex, t. The anobunt of a crystalline form of
1-{[ (a-1sobut anoylc;xyet o>(<)y cgfbonyl ] am nonet hyl } - 1- cycl ohexane acetic acid

10 and/Sor Ipfldnimbetaho datyedmxpaibbhylfmnitdredtieg} - 1tdyaloherdnk abeticatitiecti ve in the
treatnent of a articul ar di s,cerdet{a or_condjtion disclosed hgrei n wiil

depend on BETR eeuicalicqupogifiagthereoldre RIgHRERPLY Bayedda viEe R & det er ni ned by

standard g)iiJleGdhe dRGENHEHBER WophPlactiWREiFMY, pRidr RN @Y iPMahasdescri bed. In
addition, in vitro or in vivo assays may optionally be enployed to help

i dentify dJieferably, ddvaepsuticaliyesfectivealosmaf rorystallize forpsohl | i ne 15 forns of

| -{[ (a-isobutanoyl oxyet ho carban amn hyl }-1-cycl ohexane acetic acid
and/ or phglr ﬁ[&%éi;oié?%%%/ﬁ?%'ﬁg%)ﬁﬁ?fg’ﬁ%%hﬁ%%%ﬂ}g&2{“&%‘?}‘8’?%‘8 a%tﬁcla, raof course, be
dependent #8/or phagcaitidglcotnpesifbss thérber destpibed herbi@i will préedd Bekapduie wei ght  of

the subject, the severjity of the affliction, the manner of adm nistration

and t he j (¥geRirithoyt causiag splstantipldpRigitp nexicdiyd crystlimsfometpl e, the dosage
may be del{ yered. i [ {10 i hgl

adm ni stralt [g‘%?QB{;QHQIF%F@@%{W@#@%@@?YIEclm F%}é% er%ﬁr&gé@g. In sone
irﬂ{i)t)((?li Mentasd/ok bmrtlifayﬁitiairt]lwoﬁ?oéiﬁgﬂﬁhﬁéof may be deLennined using Ftalfl]dard _ -
- a- i sobut anoyl oxyet hoxy) car bony nomet hy| } - 1- cy: exane, acetic aci
and/ or phd%?‘ﬁ’é"é@_ﬁ‘t‘t_icéme&Wsain@Wﬁ?etrﬁgﬁlééﬁceﬁ?%e‘{j%f &‘Gé’%‘_@ Hisay dibesust ai ned
rel easg  ZRsaib Bt td:30and hEHFAAR bifect isths HREH ARG BIHe SosdoB e

crystalline forns of

1-{[ (a- i satfetyatatinediamst dfdx{{)c-dsobotaydlenyethoxmcarpdidlanmiyghatipdcane acetic acid
and/ or phar ma tical co itio t hereaf are .adm ni stered.,tw ce per da
(nore Br }%ﬁ%ﬁne&ﬁ% %Bfﬂsﬂ@ifirPﬁ@&ﬁ?ﬂﬁ*ﬁ%ﬁ%ﬁﬁ%ﬁﬁ%ﬁ%@ﬁ?%&&m tt gnt ly, ymaty

be provi defrein will preferably be within a range of circulating concentrations that include an

effective dose with little or no toxicity.
20
5.7 Combination Therapy
In certain embodiments, crystalline forms of
1-{[{o-isobutanoyloxyethoxy)carbonyl]aminomethy!}-1-cyclohexane 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-{[(x-isobutanoyloxyethoxy)carbonyl}aminomethyl} -1-cyclohexane 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  I-{{(c-isobutanoyloxyethoxy)carbonyljaminomethyl}-1-cyclobexane 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-{[(a-isobutanoyloxyethoxy)carbonyl]laminomethyl} -1-cyclohexane acetic acid or a
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al one or in conbination with other drugs and may conti nue as | ong as

required for 30 effective treatnent of the disease state or disorder. In

sonme enbodi ments, the dose of the crystalline forns of

1-{[ (a- i soRiiRsasbRxyet hoxy) carbonyl | am nonet hyl } - 1- cyc| ohexane acetic acid

and/ or phar maceut?cgl conposi ti ons thereof may be adj ustEd"8MIFEV de

bet ween 20 WD 2005/ 037784 PCT/ US2004/ 033979 about 500 ng/day and about 7000

ng/ day of @ifserntpharmgequiisd! campestiehdnrihrsenbadimenss, 4kaapasenticdbo0 ny/ day of

gabapentin . i determ ned by net hods known to the
Ao ARIEE s PR30 b

skilled arti a ornms of 5
1- {[ (a- i sobyf(arieydunacielorgetiincacaiamyljiaitometel} Flyticichegyel soktexaaiitisacet i ¢ acid
and/ or pharpmaceutical conpositions thereaof are %rﬁef erably assaéed invitro

and in  vi YEUDRETCd PTPE SYhserpepHerdpEuTiaton et BOBISHIPRPEY 2881 FPty, prior to
use | N AUTBple, BRLEHAR tfm 8¢ | NREARHtE Abk et REfol ] AR Ay 1R

crystal

1-{[ (a- i sobuydoimxhoxseetit aciy ynagbb adwinidercdmroehibylaliod withah elmexdoes aceti ¢ aci d
10 and/ or pharmacgutical conpositiqns thereof described herein will provide
t her apeut i E’mﬂgﬁéﬁr%lS\RFWH*EHYP"&’S@Q?‘)E@”EWEJ?QWPP‘&F Y56 Tcﬁﬁﬂ?l}ﬁxaq%??té‘f ty of
crystal i ngid oheOdrystatline f ‘

1-{[((x-i sot%u’t anofll &’iletlﬁ%xoy coet;r bonyl ] am nonet hyl } - 1- cycl ohexane acetic acid
and/ or phat+{faesttiutaloybapgbsiy)tadronyl] iememethpyl -beladbek @rracetedicidsi ng st andar d
phar ma .and may be readily ascertained by the skilled

ﬁ@uti al procedure
artisah’ apentiy OT p1eeabd il bet ween toxic and therapeutic effect is the

t herapeutic i ndex. The dosage of crystalline forns of
1-{[ (a-i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1-cycl ohexane acetic acid
and/ or pharmaceutical conpositiofs thExampleslescri bed herein will preferably

be within a range circul ati ng conce ions that i.ncl.ude an effective
dose with littl eof(rahﬂ‘_gn‘igoe% C ’f[e .gesﬁgbe@.n%@m%pﬁgﬁr%ﬁnﬂggﬁg V In certain
enbodi nent BobinegloxltthBe,)ERbérE1]aMminomethyl}-1-cyclohexane acetic acid and a _ _
1-{[ (a-i sobut anoyl oxyet hoxygcar bonyl ] am nonet hfﬂlﬁé1 1- cycl ohexane acetic acid
and/ or 1phatriretelline foral thetsel Jsill baappedsal ta drose slilleskin daet that B#HbI nat i on

E)Per apy W fBaifiRatitins| 5 o ARErAL AR mLdSIPRGYE FraB R withbBEaepiniag al | 1 ne forns

from the scope of the invention.

-
-

In the examples below, the following abbreviations have the following

meanings. If an abbreviation is not defined, the generally accepted meaning applies.

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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1-{[ (a-i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1- cycl ohexane acetic acid
and/ or pharnmaceutical conpositions thereof and the other therapeutic agent
can act additively or, nore preferably, synergistically. In some

enbodi nmen haf,maceutical conposition conprising a f or m of
30 1- {[(a%o@u?anoyl oxyet hoxy) car bonyl ] am nomet hyl } - 1@%@%@%@(&3%‘@ acetic
acid is admnistered concurrently with the adm nistration of another

t her apeuti c agent, Wi ch can be part 0F1°}faﬁe same pharmaceutical conposition
as the crystalline fgfm of - nute

1-{[ (a-i sobut anoyl oxyet hoxy) car bonyl ] an| [ norret hyl } - 1- cycl ohexane acetic acid
or a 21 WD 2005/ 0377284 PCT/ US2004/ 6339 7auilliliief f er ent phar naceuti cal
conposition. In ot her frbodl nents, _a phgﬁﬁl&%%gtl cal conposition conprising
a crystalline form of

1-{[ (a-d sobut anoy| oxyE§hoxy) car bonyl ] anNrigdrixfpsickmimidgcl ohexane acetic acid

i adm ni stered prigQr_or subsequent to agh ni stration of another

erapeutic agent. 5 exanple, a cry&fanidrofarapor m of

1-{[ (a-i sobut anoy| oxymes hoxy) car bonyl ] amfiRgREclcid - cycl ohexane acetic acid
maybe adm ni stered in conbination wth an anorphous form of

1-{[ (a-i sobut anoy! ox'EIe(tT hoxy) car bonyl | anthirolagerisytomatogzgnhiyohexane aceti ¢

aci d, anot her cryst Fne formof _ methvlsil

1- {[(a i sobut anoyl oxyet’hoxy) car bonyl ] an?1 Fh)ﬂ} 1- cycl ohexane acetic acid,
10 gab@apentin or pregabalin. 6. Exanpl eﬁuc'fdsmelf ol l owi ng exanpl es describe in
detail the preparation of 1- {[(a-

i sobut anoyl oxyet hoxyMar bonyl ] ami nomet hgnuqrormoles/cl ohexane acetic acid and a
15 crystalline for m‘;[\pereof It w |l ﬁ)tgg{ votiur%u% those skilled in the art
that many nodificatiohs, both to materlg SUand’ et hod may be practiced

wi t hout departing from the scope of the invention. | n t he exanpl es bel ow,
the foll owi ng abbreviations have the foll ow ng meani ngs, |If an abbrevi ati on
i s not defined, €deExmnpledr Lil(adsebutanovigxyethexy)sarhonyl nefltyl-— at nosphere
Boc =qtert- but yllo aohelQi¥ lAce&bﬁclElvg Bﬂﬂﬁﬂéﬂvﬁ’ﬁﬁer %@rmedlate

di cycl ohexyl car

is
th

Step A: 1-{[(c-Chloroethoxv)carbonyllaminomethyl}-
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 mL, 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 1o 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 (CDCls, 400 MHz): & 1.41 —1.57 (m, 10H), 1.78 (d, 3H), 2.33 (s, 2H), 3.27 (d,
2H), 5.42 (br. s, 1H), 6.55 (g, 1H).
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DVAP = 4- N, N-di met hyl am nopyri di ne 25 DVMF = NN-di net hyl f ormam de DMSO =
di met hyl sul f oxi de Fnoc = 9-fl uorenyl net hyl oxycarbonyl g = gramh = hour 30

HPLC = high pressure liquid chromatography L = liter LM = liquid
chromat ogreghyysiss; spectroscopy 22 WO 2005/ 037784 P%%ﬁé{&%ﬁ%w?g M=
molar mn = mnute nL =mlliliter nmmol = mllinoles =

N- hydr oxysuccinimde THE = tetrahydrofuran TFA = trifluoroacetic acid TLC
= thin | ayer chromatography TMS = trinethylsilyl 10 L = microliter M=

m cronolar v/v = volume to volune 6.1 Exanple 1:

1-{f (a- I sobut anovl oxyet hoxv) car bonvl | am nonet hyl } - 15 1-Cvcl ohexane Acetic
Acid via Tri rrethyl silyl Ester Internediate Step A

1-{[ (a- Chloroetg carbonyl | am ; ic Acid In a
5-1iter, 3-neckd®P&ind bdeiligalsobuts ‘ ‘ AIBEMENNHe (1.6 L) 20
was addgd gabapentin (120.4 gl-Q:cfé%xz{H%"&cehQAcﬁl’\Ed by triet hyI amne (294 ni,
2.11 rmol). Chlorotrimethylsilane nmol ) was slowly added while
mai ntai ni ng  t h&ordaliter, Smeckmpendaiation ek vas adslecisahtyrinecid &25412 2&g
suspension Wfoﬁs%éc[ g)gj meﬁ{ylan%ne (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), aqueous 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-{[(a-isobutanoyloxyethoxy)carbonyl]aminomethyl}-1-

20 cyclohexane 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-Iscbutanoyloxyethoxy)carbonyllaminomethvyl}-

1-Cvclohexane Acetic Acid via Allyl Ester Intermediate

Step A: Allyl 1-Aminomethyvl-1-Cyclohexane Acetate Hydrochloride
A dry 3 L, three-neck, round-bottomed flash fitted with a magnetic stirring bar
30  and a 500 mL pressure-equalizing addition funnel 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 chloride

(225 mL, 360 g, 3.0 mol) was added dropwise over a period of I h to the stirred
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mn. 1-Chloroethyl chloroformate (100 g, 0.704 nol) was then added slowy
while maintaining the tenperature below 15C. After the addition was
conplete, additional 25 triethylamne (88 nL, 0.63 nol) was added and the

resul ting \?&?Jﬁ?ﬁﬂ%@” was stirred at roomtenperature fer, 30 WhNg-qThe
resulting silyl ester was converted via acidic work-up to the correspondi ng

acid by washing the reaction mxture with water (2 x 1 L), followed by 1IN
HO (2 x 2 sojutiohe Ahpraapion(mixkursp@s aliowed A stisrat thoyl tgrperatiire faARRaSYs sodi um
sulfate anged SR PinINthe? p ER cblled RUC iRl ofligy (190 30 0)
was obtai ned as an orange ol nd used In Step B w tthout further

puri fi cat imimtes WhithlvRs{alsoinded, #Bidh Mdze collédted By filttatio MheTodde prdduz8 (d, 3H),

203, 57 e b By s o e 8o e o Ll 200
1-{f (a5 sqhuhareyd %ﬁ@&d}ﬁ%yﬁ@gsmE\ﬁ%.ﬂg.amﬂm.hWI ngcb\;@b,omxane Acetic
(0]

Acid To a 3-liter, 3-neck, round om fl ask was added |sobut¥ric acid (254

g, 2.9 WM{Z)I@:II-Md4W, 10H)e2 by (W) 8.053a2H) 4-62(@{1?@?,.2}31"@ 2 ea_c'éli ](c)n -
The above Wdaber it seaty T haelg Y 63 ik s b7 2 e et P et OB ) e

added in anf;QHY Qb €ESTH &1 120 WiidYE. 10 nei ntaining the tenperature bel ow 30
T. The resulting pale yellow solution was stirred overnight. The reaction

m xture was then diluted with one volume of dichl oromet hane and washed with

{fgt er 5@8 rXrL;SQQeR%) Mlgquﬁ%&hpo%aﬁ% grbl%ﬁg;nhgm&.;iﬁ .ég@ﬁe,mnbvafng f b; ihge

solvent in vacuo afforded the crudeApstaguct as a dark 15 red oil (87 g). A
portion (35 g) .of this pr.gduct s, | oaded qn an 0 Bi ot ageTM nor nal
phase silica géﬁ%%%&ﬁm&& O‘éﬁ\i:@’dé‘fcgfé’é‘ge\?\ﬁ"t Kﬁz?cﬁ%oggé?fﬁw ether in hexane (6
L), whi ch AéHieometRBY AlL)¥fas dR1SRIdYE NchiofbeHAE HiRokdriatqdot henIpr oduct as a
col orl ess oil &)13.5 ). This was repeated with a second 35 ghglj_ortl on of

Tpno

crude prodd@s &0&2dnely Bhe reegtion srixteg: Wasgopled to 0°C and 4-methylmo ine
L (1o ot geovheny=Lbmhony SO0 Lo LoaTs b b, ocot ¢
hept ane ( 32bmptrptuad ofI6ssEharf MI°C o Thelrebyitisg mvbid seiliiorgwasstitedat robmnper at ure. The
o Le CrYStaberhife B 0 Brndiar 190 mPSSvat 2ded b tnEYeaction mktewas 11 "9 POl Nt

stirred at room temperature for 1 h. The reaction mixture was then diluted with ether

(2.5 L), washed with water (1 L) and brine (1 L). The organic phase was dried over

20  sodium sulfate and concentrated to give the title compound as a light yellow viscous

liquid (282 g, 100%). 'H NMR (CDCls, 400 MHz): § 1.35-1.58 (m, 10H), 1.78 (d, ] =

5.6 Hz, 3H), 2.32 (s, 2H), 3.22 (d, J = 6.8 Hz, 2H), 4.57 (d, ] = 5.6 Hz, 2H), 5.25 (dd,

J1=104 Hz, J, =1 Hz, 1H), 532 (dd, J; =172 Hz, J,= 1.6 Hz, 1H), 5.52 (br, 1H,

NH), 5.90-5.94 (m, 1H), 6.54 (q, J = 5.6 Hz, 1H).

25
Step C: Allyl 1-{[{a-Isobutanoyloxyethoxy)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 oceurred 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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25 6.2 Exanmple 2: 1-{[(a-Isobutanoyl oxvet hoxy) carbonvl | am nonet hvl } -

1- Cvcl ohexane Acetic Acid via Allyl Ester Internediate Step A- Al lvyl

| - Ami nonet hyl -1 - Cvcl ohexane Acetate Hydrochloride A dry 3 L, three-neck,

r ound- bot shiash fitted with a magnetic stirring bapr 3%0dRdsA 500 Nl
pressure-equal1zing addition funnel was flushed with nitrogen gas. The
flask was charged with gabapentin (171 g, 1.0 m)l% and allyl alcohol (1 L,
852 g, 14. %ganﬁﬁ)wbaseawesdqﬁé@ﬁﬁqdwmﬁwra@dme%%¢ @ ddde itk an i ce-water

bath. Thi g ri se over a
period of ?X]Il}? %om%heﬂ%to}lélr%@gd ?Zg\&)@o@s/%%bpgﬂ %@%O@ggg > sol ution.
The react iJon7.01He 61 1183s1.58 (o881 103 15(s) 2H)a2.51 qampaponatiu: 86 16 h, then
was diluted wth hy| h 2 and cooled to O i t rrlng Af ter
sever al U8 (G t%b yﬁba%g“kaﬁ ned 10 \%‘O? fz_ \Aﬁi‘:el‘i@w&?’%@ﬂ‘idfl by1 filtration.
The C“SdeHPz’@PH@tZHé"@H? rsemxs%t@blswslgﬁg M, 4478 (4,3 .6y .eM8f et hanol
and et hyl ether product ‘as a white solid (220 g 88%.
mp.: 138- (Eﬂbw/ziwwt QD, 400 MHz): S 1.36-1.54 (m 10H), 2.57 (s,
2H) , 305(s 2H), 4.61 (d, J = 6 Hz, 2H) 5.22 (dd, J, =10.4 Hz, J2 = 1.2
Hz, 1H), 5.33 dd . .2 = \Y%S
(ESI) mz 212. -
1-{f (a- Chl or oet hoxy) car b%‘ﬁhb e M{,ﬁéﬁng&%@{pxane Acetate To a
AR

solution of the above hydrocC 89 mol) in
di chl dlonet hando(stiyredyaespeisim gf aau@remnfomw@r(ble?t 2yll7 whl)on ohanahéi® (101.7 ni,

132.3 g, 0]

4- et hyl ngrrﬂ?)ﬁw{goa!ﬁﬂeiedt}ggg?é\%%‘ﬁk{%?e{g%ﬁ&ub%8\%%@.}8%%1}13?%&@%8%(15&% over a
peri od of vhdér adiirbgennmhodpherel Agteas hpthpetaionmeixoie vessotkledup LYC. The
resulting gurbid_solution s stirred at roog e re for . Et hanol
(150 L) ?“Hﬂﬂg&hea‘i‘i’{?l}(sﬁe SeAtalysh W ap qlgltgjgga &Rgl"ra?éﬁ )aﬁléélr-ﬁ terrperature
for 1 h. Hgakepelicombifed had @va teiN&he SHulidbrBGuctintal dREAPEd inether(d) . Washed
with water (1 L) and brine (1 The o}(lganl c phase was dried over 20 sodi um

sul f atlé ada a@@ﬁ@aﬁgmmuswaagwwe@w@hwt ('él(%e;rﬁieljﬁ@ora\@rrathm ght yel | ow

Tory. 1. 7ty $3¢ioRond 30, AybABab i idipe R INELT LTl iimgty 2 )
4.57 (d, L)~Tke eﬁhdrlZa,yeQH)ls drfed2ivef stdium shilfate ahl cdnddatratd@topite e crutiel) , 5. 32 (dd,
Jo = 17.2 plljlozduct as av1scousl_Equ1c}l_94O g, 8?;) (br, 1H,

20  Step E: Crystallization of 1-{[(o-Isobutanoyloxyethoxy)carbonyl]-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
(min.) (Internal
temp)
1 0 18.0 Solid in solvent Started heating oil bath
2 10 48 Turbid Slow dissolution of product
4 20 58 Clear solution Turn 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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NH), 5.90-5.94 (m 1H), 6.54 (q, J = 5.6 Hz, 1H). 25 Step C Al lyl
1-{f (a-1sobut anovl oxyet hoxy) car bonyl | am nonet hyl | - 1- Cvcl ohexane Acetate To
a mxture of isobutyric acid (432 nL, 391.5 g, 4.4 nol) and 4-

met hyl mor RhghigdRs 1§88 Nk, 449 g, 4.4 nol) was added a $eirhish@Pobret he 30
chl orocarbamate fromthe previ ous step (282 g, 0.88 nol) in isobutyric acid

(432 ni, 'M_WWI od of 30
b SOMIPR rlod at room temmerature for 16

m n. The : | AP
h. The reaction mxture was diluted with ether (25Lg and washed with
wat er (3x 500 r’fﬂ)effadtwmmcdp}edlto%(éqwnab sigghgi(ec ghe(6x 500 nl)

then brine i Q5/ 4. P rganl c phase
was dried %é}gfogkbaqrﬁ%cgvﬁ%@eée VB iﬁ}lﬁpg%l e?g’?%g?t e% conmpound
as a Vi scouflet tetdet pfedstBe (25 mMAQYHg (Qm%)lmforfl@@thﬂyﬁld S 1 15 (?a J =
7.2 Hz, 611) 9 , J =
5.6 Hz9 211:[5(01-*S?%Bfenqyépxyﬁth“@%bwﬂm?llbf’meﬁly%z}zﬂfMQJOhC}iﬂfﬂfe‘ilrzm@J Q§5 1 H, 1H),
5. 32 (dd @%sawwte%g)ﬁumé%oml 2 Hz, 1H), 5.35 (br, 111), 5.84-5.94 (m
111), 1H. M5 (ESI) mz 392.24 (MtH)+. Step D

Depr ot ect ion of Allvl 1-1f(a-Isobut anoyl oxyet hoxy) car bonyl I -

am nonet hyl }- 1- ohexa et . \ d DENSI an of ammoni um
formate (112 g%rclj%! f gmj QARSI of SI3 e~above allyl
ester (3281-g[jgaﬁs&ﬁt@%&io%we_iﬂ@sm%ﬂmnka?/mE’ -1- clghexauad@@u@Aeidt rogen

at nosphere ter e reactron m xture was worked-u riltering off
the caklal yst. TPheaseraeydffragiograpsFRPLRaE costelling|sampleso 50 nmL) and the
filtrates di ssolved in
cther (2 Lo B e o o R B 0 € 221 T
convert tkmodmmlrmbndhg;talﬁxainptesltah«ﬂabdu& wane meaduadd vavtedBinkenB8hi ng with

wat er and brine ( The ether_ | ayer was dried over sodiumsulfate
and conceh%ﬁs%ﬁvéﬁxtféy ww%rflhﬁ'afé%ﬁer usged it radiationy j e pumERiis d (240 g,

829 . wﬁl 1lbZ A two-dime: STAR area detector.
1-ff(a- Is?qut gno oxyet iz/l? ir;@‘%ony -am ncl)irsrltg%l yl'}- 1-Cvcl oegxane Aceti c
Acid 15 Thetube voltage and amperagc were set to 40 kV and 40 mA, respectively. The

alline

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-{[(¢-Isobutanoyloxyethoxy)carbonyllaminomethyl}-
1-Cyclohexane Acetic Acid

Melting points of crystalline samples of
30 1-{[(crisobutanoyloxyethoxy)carbonyl]aminomethyl } -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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A 3 L round-bottom flask was equi pped wwth a hearing oil bath, a nitrogen

I nl et adapter, an internal thernoneter, an overhead nechanical stirrer, and
a reflux condenser. The flask was flushed with nitrogen and charged with a
1/10 (v/v ] 25 of ethyl acetate / heptane (1.2 rude

pr oduct frx%(?nloié%{g%gsr“ecedi ng reaction (240 g). The flaské%gggﬂﬁggge% until the
product dissolved, then cooled according to the follow ng schedule: Entry
Time Tenp (O RiffeantahseanmagmaRsmeiry(PSG) appiysis oherlysteBimp pamplepof18. 0 Solid in

3720 55 /ol E RGP ERGRAy iAot feBh 2GR B i

tenp. reaghabicedbacdardihy td ExbingleCh apb2ialsbve weteahtasared uging@ PRekifvElrkgr sol ut i on

Seeded Wit . f. materi 05/.037784, PCT/,1JS2004/ Q33979 8 90 24
ot i SOTER| BRI TR ARG OG0 OB Aeb AU P ORE PR ot 11 ng
(cooling iéﬁl&{o%\b(f%xetsﬁﬂpley\h@ ced TR ANirSidba han@sd fhe chpe@dpand washed with

X

heptane (2x 100 niL), then dried under reduced pressure (25 nmof Hg (0.033
atm) at 3Jbwifayanygyisible seam betered the cap and the pan. An empty pan was prepared

T

Di f fracti dialokmadters iThe afatdtiay shatuh iahthe appropriate temperature program

s L e R
1-{[ (a0 sakdHnapan as¥e iMPRMCR IR al R showRL fyénkiodreaiiRisuanritacet i c aci d

produced according to Exanples 1 and 2 above were neasured with a Bruker D8
Di scover Xnoaset popgesiurg nggé((’:@ onba 6H ofi $2.89 Jigu A¢sha pagk gndashermRié3 -nst r unent
is equi p%%g:%t h par ?Iibl el eam opt ics and a two-dinmensional H -STAR area
detector. T &4 é’sv&”%? & and anperage were set to 40 kV and 40 nA,
respectively. The collinmated X-ray beam was reduced to a spot size of about
0.5 nun in dianeter. The

6.5 Example 5:_{[(1-Isobutanoyloxyethoxy)carbonyllaminomethyl}-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 diluted with methyl ferz-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 tert-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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area detector was placed 15 cmfromthe center of the gonioneter and the
angular resolution is approximately 0.033/pi xel. The detector covered a
range of 35 in 2- theta (28) within one frame. The angl e between the X-ray
beam and t{@ Reyds#Rpt al 20 sanple plate was set to 4 a /4}@\9\@@9{95 of the
area detector was set to an angle of 18. This geonetry e
nmeasurenment of 2-theta from4.5 to 39.5 within one franme. Typical averaging

time was 3lAstriveand rat reiichvirPDsdn eation wopt dednited to sdgiwtlim sanpl e (NI ST
1976) was i XReh 4 - {}TPﬂaﬁﬁ( ave

equi val entélgﬁq}e%ég%’%ggrng%g%glto?gir%ﬁs,1 as&??‘{oggfg?d;%qg}j@%&ﬁfégr e 1. SgS 6.4

Exanpl e 4:isvirigtliengfroRoi All pelritabifsfand patbnta bitSderom ag iCakmoratekby v Anal ysi s of
Crystalline.1-{f(a:l.sohutanoyl oxyet hoxv) carbonyl | am nonet hyl }- 1- Cvcl ohexane
Aceti c Acirﬁfeﬁ?@h frﬁaelbgﬁﬁf@' of crystalline sanples of 30

1- {[ (a-3 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 an

El ectrot hennal 9200 nelting point apparatus and determined to be 63 - 64C.
27 WD 2005/ 037784 PCT/ US2004/ 033979 Differential scanning calorinetry (DSC)
anal ysis of crystalline sanples of

1-{[ (a-1 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 instrunent, scanning from 25C to 250C at a scan rate of
5 mnute. Atest 5 portion of the sanple was placed in an al um num pan and
the cap crinped to elimnate any visible seam between the cap and the pan.
An enpty pan was prepared in the same nmanner as a bl ank. The pans were
placed in the Differential Scanning Calorineter. The material was run at
the appropriate tenperature program (Equilibration at Initial Tenp,

| sothermal, Ranp Rate, Final Tenp) to produce the 10 t hernogram shown in
Figure 2. DSC anal ysis showed an endothermc transition with an onset
tenperature of 58.3 C and a AH of 72.39 J/g. At the peak endot herm of 63 -
64C the sanple visibly nelted. 6_5 Exanple 5:

{f(1-1sobutanoyl oxyet hoxv) car bonyl | am nonet hyl | -1- 15 Cycl ohexane Acetic

Aci d
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To a solution of gabapentin (6.8 g, 0.04 nole) in water (40 nL) was added a
solution of [(1-isobutanoyl oxyethoxy)carbonyl oxy] succinimde (10 g, 0.036
nmol) in acetonitrile (40 nL) over a period of 30 mnutes. The reaction was
stirred at anbient tenperature for 3 hours. The reaction m xture was
diluted with nethyl tert-butyl 20 ether (200 nlL), washed with water (2x100
m.) and brine (50 nL). The organic phase was separated, dried over
anhydrous sodiumsul fate, filtered, and concentrated in vacuo to afford the
title conpound as a white solid (12 g, quantitative). Crystallization: The
solid conpound (12 g) was suspended in nmethylcycl ohexane: nethyl tert-butyl
ether 10:1 (60 nlL). The suspension gagsgkowWy 25 heated up to 50 C over a
period of 30 mnutes. The clear solution was then allowed to cool to room
tenperature. The t @ripitadlimg bt [fndsobasns g@exhathoaty jdarbonpigamoihombayt}k t | € conpound
in crystalli form The mxture was further cooled to 0-4 C for 2 hours.
The soIid'ﬁ@ggﬁﬁpeﬂ&§wﬁ¥ﬁkered and washed with methyl cycl ohexane (2x 10 nlL)
to yield the title conpound as a white crystalline solid (10 g, 83%yield).
The crystalline 30 solid material had a nelting point of about 64-66 C as
measur ed by open c&jpystdibmey!-{tetisabmgpnpybatetidatl warbonglfaroinomethggtly, it shoul d
be noted that .there are alternative ways of inplenenting the esent
nvent | orl SARDBTE AGTLY < Bedh L o S PE AR PUGhERRFod as 28
WO 2005/ 03P 48ghPEDF WS2007) 933979 12igP LwsPr af 9ovuen 3Ndnd1 06 47280 iitdd ¥, and the
invention is not to be limted to the details given herein, but nay be

nodi f i ed réw phder dHEagegpe usig @l vadiations of any clain(s) issuing herefrom
Al'l publications and patents cited herein are incorporated by reference in
their entirety. 5 29 CLAIMS 1. Crystalline

1-{[ (a-i sobut anoy| @xysilHaxy-) Réfi&ﬂﬂl@nbﬂﬂimmgﬁﬂb}onyI}arﬁM@ﬂn@ﬂh@l&ane acetic
acid. 2. Crystalline 1-{[(a-1sobutanoyl oxyet hoxy)carbonyl ] am nonet hyl }-

1- cycl ohdxestohaxaseiaeetisdcdl aseerdinditaflaim Idrayingan %w pryvashdifbiedtegragt i c

ggzoagfnggggﬁﬁgagﬁkyﬁh%hmgm%dth%UWQZB, 10.5 0.3, 12.8 0.30, 14.9 0. 3,

4, Crystalline 1-{[(a~-isobutanoyloxyethoxy)carbonyl]laminomethyl}-
1-cyclohexane acetic acid according to Claim 1 having 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.

5. Crystalline 1-{[(a-isobutanoyloxyethoxy)carbonyllaminomethyl}-
I-cyclohexane acetic acid according to Claim 1 having a melting point range of between

about 64°C and about 66°C as determined by open capillary melting point determination.

6. Crystalline 1-{[(a-isobutanoyloxyethoxy)carbonyl]laminomethyl}-
l-cyclohexane acetic acid according to claim 2, further having a characteristic absorption

peak at 17.9° £ 0.3° in the-X-ray powder diffractogram using Cu Ka radiation.
7. Crystalline 1-{[(a-isobutanoyloxyethoxy)carbonyllaminomethyl}-

1-cyclohexane acetic acid according to claim 2, further having a characteristic absorption

peak at 18.1° + 0.3° in the X-ray powder diffractogram using Cu Ka radiation.
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ray powder diffractogramusing Cu Ka radiation. 3. Crystalline

1-{[ (a-1 sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl }- 1-cycl ohexane acetic acid
according to Caiml having an X-ray powder diffractogram using Cu Ka
radiation illustrated in Figure 1. 4. Crystalline

1-{[ (a-i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1-cycl ohexane acetic acid
according to Caiml having a nelting point range of between about 63C and
about 64C as determned by differential scanning calorinetry at a scan rate
of 5C/ m nute. Crystal.li 1- { .

[ (a-i sobut anoyt oxyQ/r}‘ﬁ!')‘ﬂb?ecg'gHBHWlﬂ”éﬁ‘?f’HBWWP’)C}“]’OTYI&%‘I“BW&M% acetic acid

accordi ng éﬁlc@%ﬁdn@‘a@etﬂaa\élcﬂ&cérdﬂ%'té 'cﬁﬂn ROfuRther 12\ QhahBlelBRubsapay 64C and
about 66C ds determ ned by open capillary melting point determ nation. 6.

Cryst al | insek 2 18[9 &0-3obtheaXogy poydsr ddkyitegrabonin]Gnknordettiopl } - | - cycl ohexane
acetic acid according to claim2, further having a characteristic absorption
peak at 17.9 0.3 in the-X-ray powder diffractogramusing Cu Ka radiation.

7. Crystallineg 1- {[drﬁstélﬁ@éom{ﬁaqyé&wspxhq@ya&%ca%mW}aamnaﬁl%ynyI}
| -cycl ohexane acetic acid accordin claim?2, further having a

char act erl- @mic&leaaj@@pqmq agid acperdingdo cman 2, furtbet:;ﬂawmgtahélamsteayt Qahapiprion
di ff t di at
1I {[E:CI O osdylrlgoxg-lpﬁ %%}Iéﬁ%‘%ﬁeyfj]fé?ﬁt%ﬁetl%ﬂg} 4 fia r%gceft Rexane acetic acid

accordi ng to claim 2, further havi ng a characteristic absorption peak at

18.9 0.3 in the X—ra Bowder diffractogramusing Cu Ka radiation. 9.
Crystal line 1-10 (ﬁlry%f& 08 b BgtispbyeanapRyyetrmisaghopaiemiaamety| )y -

1-cycl oh &t ?oh%? Gf\lte Ia&:t cgd ﬁ%or%[(n%g? %51%9 g,ci’ugllhg] I‘I?a’r\]/n'igh ethg%ctehgt\{d er%tion

characteri Stic absorption - pea -ray po

di f fract qgalasn23s3°a0). Clin e X agy péwdun diffrbctogPamsisilgl Guni€a radiation.
1-{[ ((x-isobutanoyl oxyet hoxy) car bonyl ] am nonet hyl } - 1-cycl ohexane acetic
acid according to claim?2, further having a characteristic absorption peak

at 23.3 0.3 iR th i %&[ i di ation.
Crystalline l-lf (a%lr ; lﬁ%{eag gi‘i@'ﬁ%‘é@%ar "2{29?@2219%@8@% 1-cycl ohexane
acetic acl- chemﬁlangnctamcbdcaomhr% to tlairh Refurthentianhgan dhbhmceeistdr atsbdipdombsor pti on
peak at 25.3 0.3 i er..di ffractogr usi ng. Cu Ka radi ati on.
12. O ystPePf e 3 i{([% ar t@&ﬁﬁhﬂ@ﬁ%ﬁgﬁ@@%@%ﬁ%&ﬁ%f FHHisHet hyl } -

| - cycl ohexane acetic acid according to claim2, further having a

characteristic absorption
12.  Crystalline 1-{[{x-isobutanoyloxyethoxy)carbonyl]aminomethyl}-

I-cyclohexane acetic acid according to claim 2, further having a characteristic absorption

peak at 26.6° = 0.3% in the X-ray powder diffractogram using Cu Ko radiation.

13.  Crystalline 1-{[(¢t-isobutanoyloxyethoxy)carbonylJaminomethyl}-
l-cyclohexane acetic acid according to Claim 1, having characteristic absorption peaks 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°,
18.9°+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.

14, Crystalline 1-{[(a-isobutanoyloxyethoxy)carbonyl]Jaminomethyl}-
|-cyclohexane acetic acid according to Claim 1, having characteristic absorption peaks 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°, 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 Ko radiation.

31



peak at 26.6 0.3 in the X-ray powder diffractogramusing Cu Ka radiation.
13. Crystalline 1-{[ (a-isobutanoyl oxyet hoxy)carbonyl ] am nonet hyl }-

1-cycl ohexane acetic acid according to Caim1, having characteristic
absorption peaks at 7.0f0.3,8.20.3, 10.50.3, 12.80.3, 14.90.3, 16.4f0. 3,
17.9t0.3, 18.9 0.3, 20.9f 0.3, 23.3 0.3, 25.3 0.3 and 26.6 f 0.3 in the
X-ray powder diffractogramusing Cu Ka radiation. 14. Crystalline

1-{[ (a-i sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl }- |-cycl ohexane acetic acid
according to Claim1l, having characteristic absorption peaks at
7.00.3,8.20.3, 10.50.3, 12.80.3, 14.90.3, 16.40.3, 18.1f0.3, 18.9 0.3,

20.9 0.3, 23,3 OC%'sta%%e%-g@aﬁsoj@wn%ﬁoﬂethgxéc;’ﬂgoﬁ)flﬁnﬁgélﬂ&hﬂ?m er

di ffract ogram usi ng ‘Cu Ka radi ation. "31°15. sta
1- {[ (a- i datyulbherayt aocyie tabidXagdwdinp om¢lajrarti homes diptacteridticahsbphien aerksacet i ¢ aci d

52 050G G Th BTG ENIFRENG R P o F ey a1

0.3, 18.98.10+3,3°2(.9 + §382028+3.3°1033° 12938258 3 03¢nL66.6° 10.38ii et he  X-ray
powder diffractogramusing Cu Ka radiation. 16. Crystalline

1- {[ (a- i Sottrandyt &ifiestdgony heoag bod fadintieroret hyl } - | - cycl ohexane acetic acid
according to Caim2, having a nelting point range of between about 63C and
about 64C as determned by differential scanning calorinetry at a scan rate

of 5C/ minute. 147. Crys&dialel 1i-[{Ea-]iso’o{ltanoyloxyethr(])x?/)c?rbonyl]aminomethyl}-
r y

[ (a-isobut anoyl oxyet hoxy) carbonyl ] am nonet - 1-cycl ohexane acetic acid

accor di nd-welolpxgneracesic apigvacerjdiag ieltaimg, baiitg a maliige pemt range pelegtiwesiout 63C

and abou E?q{%ng% 0 %IQJE%@LF%{}%S %ﬁeﬂhi&gﬁ B? Q#}e?éntiﬁps%m&ggcaqﬁjir%ti')rﬁtars&n at a scan

rate of

1-{[ (a- i sabuf Hidmimxeyet hoxy) car bonyl ] am nonet hyl ) - 1-cycl ohexane acetic acid
according to Caim 14, having a nelting point range of between about 63C
and about 64C as determ ned by differential scanning calorinmetry at a scan

rate of 5C m pate. ol iy St@lidBbanoyloxyeth bonyilaminomethyl}-
1-{[ (a-i sobut anoyl ogg?leat oxyﬂ?gr%ogn?m)é%ygor%yﬁ% f”—]y E‘%i}%{f}%h&ane acetic acid
accor di nd-dyolobbanenddic abidwucogdiag meCtaimd 3 plaivirig a aelgeg pbint aageveen about 63C

and abombet?vdégn gbsou? gg"% arlgdna%(ﬁj)utbéﬁPelafs fdgtgeren'rlllgulsfllay gi(f:%perﬁltiggscgne}llilggr cl:a or'l[rrrl try

at a scan rate of 5°C/minute.

18.  Crystalline 1-{[(x-isobutanoyloxyethoxy)carbonyl]aminomethyl}-
l-cyclohexane acetic acid according to Claim 14, having 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.

19, Crystalline 1-{[(c-isobutanoyloxyethoxy)carbonyl]aminomethyl}-
1-cyclohexane acetic acid according to Claim 15, having 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.
20.  Crystalline 1-{[(a-isobutanoyloxyethoxy)carbonyl]aminomethyl}-

I-cyclohexane acetic acid according to Claim 2 having a melting point range of between

about 64°C and about 66°C as determined by open capillary melting point determination.
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at a scan rate of 5C/mnute. 20. Crystalline | -{

[ (a-1 sobut anoyl oxyet hoxy) car bonyl ] am nonet hyl }- 1-cycl ohexane acetic acid
according to Caim2 having a nelting point range of between about 64C and
about 66C as determ ned by open capillary nmelting point determ nation. 32
21. Crystalline 1-{[(a-isobutanoyl oxyet hoxy)carbonyl]am nonet hyl } -

1-cycl ohexane acetic acid according to Caim13 having a nelting point range
of between about 64C and about 66C as determ ned by open capillary nelting
poi nt determ nation. 22. Crystalline )

1-{[ (a- i sobut &hoy!l Qw&l'l‘ft:?xkr}/[&‘a'rlBlbh&ﬂﬂ?)d%)ﬁ&%v}@wb}my11“’@9@‘!“@‘%‘)}ane acetic acid
accordin i . _havi . W Lnt T - t 64C and
bout 668 ol acehic B A ChrlR) LI 1B 3bhe o TR befipl 205
Cryst al | iabeut]o4{( ad atmabéd ansyderxyidied 6X ypeasabdiay hakting palt tatbgnindtiioaycl ohexane
acetic acid according to Caim215 having a nelting point range of between
about 64C and about 66C as determ ned by open capillary nelting point

determ nationgy 33cyystalline 1-{[(a-isobutanoyloxyethoxy)carbonylJaminomethyl}-
1-cyclohexane acetic acid according to Claim 14 having a melting point range of between

about 64°C and about 66°C as determined by open capillary melting point determination.
23, Crystalline 1-{[(a-isobutanoyloxyethoxy)carbonyl]laminomethyl}-

1-cyclohexane acetic acid according to Claim 15 having a melting point range of between

about 64°C and about 66°C as determined by open capillary melting point determination.
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