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[8] A. series of glycolic acid ester containing prodrugs of levodopa has
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[15] Accordingly, a need exists for levodopa prodrugs and crystalline
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conventional formulation of the drug. ﬁed release"” refers to release
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aaftes-3-gelnyad tre peiotsiepaxammeiadelan Otabaut date-about 12
hours, relative to that achieved by oral administration of a conventional
formulation of the drug. [47] "Treating" or "treatment” of a disease
refers to arresting or ameliorating a disease, disorder, or at least one of

the clinical symptoms of a disease ordisorder. In certain embodiments,
"treating"” or "treatment” refers to arresting or ameliorating at least one
physical parameter of the disease or disorder, which may or may not be
discernible by the patient. In certain embodiments, "treating" or

“treatment” refers to inhibiting or controlling the disease or disorder, either
nhvecicallvs (e A4 otahilizatinn of 2 dicecarnible evmntam) nhyveinloaicallvy



[49] Reference is now be made in detail to certain embodiments of
compounds, compositions, and methods. The disclosed embodiments are

wwiinepded to be limiting of the claims. To the contrary, thepgliRS@ERiac273
intended to cover all'alternatives, modifications, and equivalents of the
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{ogin.2-amino-3-(3,4- d|hydroxyphenyl)propanoate mesylate or crystalline
form thereof can exhibit a compositional purity of at least about 90%, at
least about 91%, at least about 92% at least about 93%, at least about
94%, at least about 9Bvieleser : Bt about 97%, at least
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at least about 99%. In ceiLain embodiments, (2R

BRSO B R GRYPS I 5) éeaﬁirﬁwar@smnem&ﬁ@a%éﬁw@epmte

presytdtesohenystatinistosmathereof can exhibit a diastereomeric purity of
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ou

030 5t teast B S B9 AfESSPUALIPEEDE S SR nhihGioesrm eldds-
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t about 99%. [52]
92@ I%%%%ﬁﬁ%%ﬁgsx pgﬁ (25)-2-amino-3-(3,4-

d|hyci%’o@p%&‘}Wébﬁﬁéé@éﬁéﬁ?@%@mé‘f@quwgéwaf(éﬁbe?neric
ﬁﬁéﬁj}%arbonyloxypropyl (28)-2-amino-3-(3 4-dihydroxyphenyl)propanoate mesylate

crystallized from 1% water in isopropanol.

[029] Figure 3 shows an X-ray powder diffraction pattern of (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate
crystallized from isopropanol.

[030] Figure 4 shows an X-ray powder diffraction pattern of (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-diliydroxyphenyl)propanoate mesylate
crystallized from methanol/methyl-ters-butyl ether (1:7).

[031] Figure 5 shows an X-ray powder diffraction pattern of (2R)-2~
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate
crystallized from 0.5% water in methanol/methyl-tert-butyl ether (1:5).

[032] Figure 6 shows an X-ray powder diffraction pattern of (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate

crystallized from 1% water in acetonitrile.
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Accordingly, all possible tautomeric forms of

(2R)-2-phenylcarbonyloxypropyl (28)-

2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate are encompassed
WihtaeE0stHEYwise specified. All isotopically labeled forms of EARjU$2006/046273
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e DS RO Pt a wnder o corve tnresenving he copecpiration ofa
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f(%ﬁk-%@&f‘ém&ﬁﬂaﬁ@ﬁh‘a&BVWé AUC may be determined by measuring the
(25)-2-amino3-(14-dihydroxyphen I%proparloate mesyldte is a crystalline

TorAsTIRERHRlA CrmpeHIhentaciaRoirdh Rt Birtesi e {lpitarehes the
Mexstabing dedistn doRemieashanyaiRsaybmatography-tandem mass

AT ABEE e ASRo RS LIFAr B s, 16 15181813 et s
th i a2, chbdantPatl pi-Hddsid-2inde/ odrd.2 SlitaBleGnethods for calculating the
AUC from a drug concentration-versus-time curve are well known in the art. As
relevant to the disclosure herein, an AUC for levodopa may be determined by
measuring the concentration of lévodopa in the piasma or blood of a patient following
oral édrhinistration of a dosage form comprising (ZR)-2—i)henylcarbonyloxyi3ropy1 |
(25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate or crystalline form
thereof.

[034] “Bioavailability” refers to the amount of a drug that reaches the systemic
circulation of a patient following administration of the drug or prodrug thereof to the
patient and may be determined by evaluating, for example, the plasma or blood
concentration-versus-time profile for a drug. Parameters useful in characterizing a
plasma or blood concentration-versus-time curve include the area under the curve
(AUCQC), the time to peak concentration (Tmay), and the maximum drug concentration
(Cinax), where Cyax is the maximum concentration of a drug in the plasma or blood of
a patient following administration of a dose of the drug or prodrug thereof to the
patient, and Ty is the time to the maximum concentration (Cpay) of a drug in the
plasma or blood of a patient following administration of a dose of the drug or prodrug
thereof to the patient.

[035] “Diastereomeric purity” refers to the percent of one diastereomer of a
compound relative to all other diastereomers of the compound in a composition
containing more than one diastereomer of the compound. For example, a compésition}
having a diastereomeric purity of 97% of (2R)-2-phenylcarbonyloxypropyl (2.5)-2-
amino-3-(3,4-dihydroxyphenyl)propanoate mesylate when about 97% of the 2-
phenylcarbonyloxypropyl-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate in
the composition is the (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-



19.10.2,19.50.2,20.0 0.2,20.4 0.2,21.1 0.2,22.3 0.2,22.9 0.2, 23.1
0.2,23.3 0.2,24.30.2,25.0 0.2,
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dihydroxyphenyl)propanoate mesylate diastereomer and about 3% of the 2-
phenyloarbonyloxypropyl—Z-amino-3~(3 ,4-dihydroxyphenyl)propanoate mesylate in
the composition comprises one or more of the other isomers such as the (2R)- (2R)-,
the (25)- (2R)-, and/or the (25)- (25)- isomers. In some embodiments, the
diastereomeric purity is, for example, greater than or at least 90%, at least about 91%,
at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99%.

[036] “Levodopa prodrug mesylate” refers to (2R)-2-phenylcarbonyloxypropyl
(25)-2~-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate and crystalline form
thereof.

[037] “Parkinson's disease” is a clinical syndrome comprising bradykinesia
(slowness and poverty of movement), muscular rigidity, resting tremor (which usually
abates during voluﬁtary movement), and an impairment of posfural balance leading to
disturbance of gait and falling, Other symptoms include gait and posture disturbances
such as shuffling, decreased arm swing, turning “en bloc,” stooped, forward-reflexed
posture, festination, gait freezing and dystonia; speech and swallowing disturbances
such as hypophonia, festinating speech, drooling, non-motor causes of
speech/language disturbance in both expressive and receptive language, and
dysphagia; as well as fatigue, masked facies, micorpgraphia, impaired fine motor
dexterity and coordination, impaired gross motor coordination, and poverty of
movement. Non-motor mood disturbances associated with Parkinson’s disease
include mood disturbances such as depression; cognitive disturbances such as slowed
reaction time, executive dysfunction, dementia, memory loss, and medication effects;
sleep disturbances such as excessive daytime somnolence, insomnia, and disturb'ances
in REM sleep; sensation disturbances such as impair visual perception, dizziness and
fainting, impaired proprioception, reduction or loss of sense of smell, and pain; and
autonomic disturbances such as oily skin and seborrheic dermatitis, urinary
incontinence, constipation and gastric dysmotility, altered sexual function, and weight
loss.

[038] The Unified Parkinson’s disease Rating scale is the primary clinical tool
used for the diagnosis of Parkinson’s disease (see e.g., Gelb et al., Arch Neurol 1999,
56(1), 33-9; and Goetz, Mov Disord 2003, 18(7), 738-50).

[039] “Patient” includes animals and mammals, for example humans.



253 0.2,25.7 0.2,25.8 0.2,26.9 0.2,27.3 0.2,28.2 0.2,30.1 0.2,
30.5 0.2,32.0 0.2,33.8 0.2,34.3 0.2,37.6 0.2,and 38.40.2. In

WO 2007/067495 PCT/US2006/046273

[040] “Pharmaceutical composition” refers to a composition comprising (2R)-
2-phenylcarbonyloxypropyl (25)-2-amino-3~(3,4-dihydroxyphenyl)propanoate
mesylate or crystalline form thereof and at least one pharmaceutically acceptable
vehicle with which the compound is administered to a patient.

[041] “Pharmaceutically acceptable” refers to approved or approvable by a
regulatory agency of a federal or a state government, listed in the U.S.
Pharmacopoeia, or listed in other generally recognized pharmacopoeia for use in
mammals, including humans.

[042] “Pharmaceutically acceptable vehicle” refers to a diluent, adjuvant,
excipient, or carrier with which (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-
(3,4-dihydroxyphenyl)propanocate mesylate or crystalline form thereof is administered
to a patient.

[043] “Prodrug” refers to a derivative of a drug molecule that requires a
transformation within the body to release the active drug. Prodmgs are frequently,
although not necessarily, pharmacologically inactive until converted to the parent
drug. A carboxyl-containing drug may be converted to, for example, an ester of either
simple alkyl or acyloxyalkyl prodrug, which may be hydrolyzed irn vivo to provide the
carboxyl-containing drug. Prodrugs for drugs with functional groups different than
those listed above are well known to those skilled in the art.

[044] “Promoiety” refers to a form of protecting group that when used to mask
-a functional group within a drug 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.

[045] “Protecting group” refers to a grouping of atoms that when attached to a
reactive functional group in a molecule Iﬁasks, reduces or prevents reactivity of the
functional group. Examples of protecting groups can be found in Green et al.,
“Protective Groups in Organic Chemistry,” (Wiley, 27 ed. 1991) and Harrison ef al.,
“Compendium of Synthetic Organic Methods,” Vols. 1-8 (John Wiley and Sons,
1971-1996). Examples of amino protecting groups include, but are not limited to,
formyl, acetyl, trifluoroacetyl, benzyl, benzyloxycarbonyl (Cbz), tert-butoxycarbonyl
(Boc), trimethylsilyl (TMS), 2-(trimethylsilyl)ethanesulfonyl (SES), trityl and
substituted trityl groups, allyloxycarbonyl, 9-fluorenyimethoxycarbonyl (FMOC), 6-
nitroveratryloxycarbonyl (NVOC), and the like. Examples of hydroxy protecting
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certain embodiments, crystalline (2R)-2-phenylearbonyloxypropyl
(25)-2-amino-3- (3,4-dihydroxyphenyl)propanoatc mesylate exhibits an

w¥-J@ay/memder diffraction pattern substantially as shown in apy-p08,66s/046273
Figures 2-6. [54] One skilled in the art will recognize that slight
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release formulations achieve therapeutically effective concentrations of the drug in the
systemic circulation over a prolonged period of time relative to that achieved by oral
administration of a conventional formulation of the drug. “Delayed release” refers to
reléase of the drug or an active metabolite thereof into the gastroiﬁtestinal lumen after
a delayed time period, for example a delay of about 1 to about 12 hours, relative to
that achieved by oral administration of a conventional formulation of the drug.

[047] “Treating” or “treatment” of a disease refers to arresting or ameliorating
a disease, disorder, or at least one of the clinical symptomé of a disease or disorder.

In certain embodiments, “treating” or “treatment” refers to arresting or ameliorating at
least one physical parameter of the disease or disorder, which may or may not be
discernible by the patient. In certain embodiments, “treating” or “treatment” refers to
inhibiting or controlling the disease or disorder, either physically (e.g., stabilization of
a discernible symptom), physiologically (e.g., stabilization of a physical parameter),
orboth. In certain embodiments, “treating” or “treatment” refers to delaying, in
some cases indefinitely, the onset of a disease or disorder.

[048] “Therapeutically effective amount” means the amount of a compound
that, when administered to a patient for treating a disease in the patient, is sufficient to
effect such treatment of the disease. The “therapeutically effective amount” will vary
depending on the compound, the disease and its severity and the age, weight, etc., of
the patient having the disease to be treated.

[049] Reference is now be made in detail to certain embodiments of
compounds, compositions, and methods. The disclosed embodiments are not
intended to be limiting of the claims. To the contrary, the claims are intended to

cover all alternatives, modifications, and equivalents of the disclosed embodiments.
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25.04-0.2,25.8 0.2,28.2 0.2,30.1 0.2, and 37.6 0.2. An X-ray powder
WO 2007/067495PCI/US2006/046273 diffraction pattern that exhibits
characteristic diffraction peaks (20) at 5.0 0.2, 8.5+ 0.2, 13.6 0.2, 15.0
WO YD 2, 17.7 0.2,20.4 0.2, 21.1 0.2, 25,0 0.2, 25.8 KB USHY/373
30.1 0.2, and 37.6 0.2 will be substantially the same as the X-ray powder
diffraction pattern of crystalline (2R)-2-phenylcarbonyloxypropyl (28)-
2-amino-3-(3,4-dihydroxyphen@mmueandste mesylate.  [55] In certain
emt{@%}ﬂeﬁﬁ% 1ERERIRIneER); @zﬂw%ﬂ@ﬁmﬁyclagswxg) 1 (28)-2-amino-
2-amino-3- (3 4-dihydroxyphenyl)propanoate mesylate exh its a
iy agremsalBattice2 C.  [56] In certain
embodiments, crystalllne (2R)-2-phenylcarbonyloxypropyl
(28)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate is
characterized by a differential scanning calorimetry (DSC) thermogram
having an endotherfic peak at about 164.5 C, and in certain
embodiments at ab@‘.;t_ 64.512.0 C. An example of a DSC thermogram of

crystalline (2R)-2- phbnylcargoﬁyloxyprogyl (29)-2-amino-3-
li

(3,4- dlhydroxyphenQ)proa

certain embodiments, crystal
(28)-2:amino-3-(3,4-di
does not absorb mois
under typical phﬂg

A auwr i Figure 1 [57] In

(2R)-2-phenylca xypropyl
sdraxyphenyl)propanoate megyfate is stable, e.g.,

@ d/or convert to another isomorphic form

zal processing and/or storage conditions.

OH

(1)

and crystalline form thereof are disclosed.

[051] One skilled in the art will appreciate that although (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate
is disclosed, a sample of (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate can have various compositional and
diastereomeric purities. In certain embodiments, (2R)-2-phenylcarbonyloxypropyl
(28)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate or crystalline form thereof
can exhibit a compositional purity of at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, at least about 99%, and in certain
embodiments, in excess of at least about 99%. In certain embodiments, (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate
or crystalline form thereof can exhibit a diastereomeric purity of at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, and in certain embodiments, in excess of at least about 99%.

[052]  (2R)-2-Phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-

dihydroxyphenyl)propanoate mesylate may exist in several tautomeric forms.
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[58] The physical properties and characteristics of crystalline (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate
wilh esylaiesprepared by methods provided by the present disglesii@ @R146273

consistent with that of a single isomorph. By contrast, crystalline
AR ngenl tozdioln prosymeipy bt R8Y{A2.R)-2-phenylcarbonyloxypropyl (25)-
2R G N R SIS ARANCALS IV CUOUAS RIEDAIGA. Y
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(2B BRNYIEAIRRIY OXYRIARYho-3-(3,4-dihydroxyphenyl t lat
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fh BARRFRAAEEH HELISE ANSBYItR HSCHiFrnERsnp les gBjsotopes that may be
inedr)oai3B eyl CARDORylRXYRIEBYh (BB prdp3 M- -4 -3-(3,4- ,
B ereRce Leals e g i e el
"oeprotdiaionidsail. Neutralization formation2. Acidification

[053] In certain embodiments, (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-
3-(3,4~dihydroxyphenyl)propanoate mesylate is a crystalline form. In certain
embodiments, an X-ray powder diffraction pattern of crystalline (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate
exhibits characteristic diffraction peaks (°26) at 4.7 £ 0.2, 5.0+ 0.2, 8.5+ 0.2, 9.6
02,13.6+0.2,150+02,17.0+0.2,174+02,17.7 £0.2,19.1 £0.2, 19.5 £ 0.2,
20.0+£0.2,204+0.2,21.1+0.2,223+0.2,22.9+0.2,23.1+0.2,23.3+0.2,24.3 &
0.2,250£0.2,253+0.2,257+0.2,258+0.2,269+0.2,27.3+0.2,282+0.2,
30.‘1 +0.2,30.5+0.2,32.0+0.2,33.8+0.2,34.3£0.2,37.6 £ 0.2, and 38.4+0.2. In
certain embodiments, crystalline (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-
(3,4-dihydroxyphenyl)propanoate mesylate exhibits an X-ray powder diffraction
pattern substantially as shown in any one of Figures 2-6.

[054] One skilled in the art will recognize that slight variations in the observed
20 diffraction angles can be expected based on, for example, the specific
diffractometer employed, the analyst, and the sample preparation technique. Greater
variation can be expected for the relative peak intensities. Comparison of diffraction
patterns can be based primarily on observed °20 diffraction angles with lesser
importance attributed to relative peak intensities, Diffraction patterns demonstrating
the variations in the observed °26 diffraction angles and peak intensities for
crystalline (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate crystallized from different solvents is shown in
Figures 2-6. For the X-ray powder diffraction patterns shown in Figures 2-6, the
peaks that generally exhibit the most intensity are located at °26 diffraction angles of
50£02,85%202,13.6£0.2,150+£0.2,17.0£02,17.7+£0.2,204£0.2,21.1 =
0.2,250%£0.2,25.8%0.2,28.2+0.2,30.1 £ 0.2, and 37.6 £ 0.2. An X-ray powder
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Scheme 1  [060] Starting materials useful for preparing these

compounds and intermediates thereof are commercially available or can

be prepared by well-known synthetic methods (Harrison et al.,
WEBAIPERIum of Synthetic Organic Methods," Vols, 1-8, JoRGETNIfEY0aA¢s273

Sans, 1971-1996; "Beilstein Handbook of Organic Chemistry,"” Beilstein
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Trost et al., "Comprehenswe Organic Synthesis," Pergamon Press, 19
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non-polar solvent such as methylﬁmm ether (MTBE),
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acetonitrile, methanol, ethanol, isopropanol, MTBE, dioxane, acetone,
ethylacetate, ethylfolmate, hexane, dichloromethane, and mixtures of any
wobhthedoregoing. One skilled in the art can appreciate that opgarpsaifyadsz s
can be used to crystallize the mesylate salt 1, including, for example,
methods comprising stirring and/or seeding. [67] In certain embodiments,
cr stalline mesylate salt 1 obtained via any of the pregeding methods is
characterized by an X-ray powder diffraction pattern having peaks (20) at

2,50 0,2,85 0.2,9.6 0.2,13.6 0.2,15.0 0 .0+0.2,174
17.7 0.2,19.1 02, 195,0.2 20 0.
0 Ph
O/\:/O\H/Ph O/‘\E/ \ﬂ/
E 0 NH,HCl 2 O
2 3
Deprotection/ salt 1. Neutralization
formation 2. Acidification
H
OH
O
O/\:’/O\H/Ph
CH3SO,H- NH, =0
1
Scheme 1

[060] Starting materials useful for preparing these compounds and
intermediates thereof are commercially available or can be prepared by well-known
synthetic methods (Harrison ez al., “Compendium of Synthetic Organic Methods,”
Vols. 1-8, John Wiley and Sons, 1971-1996; “Beilstein Handbook of Organic
Chemistry,” Beilstein Institute of Organic Chemistry, Frankfurt, Germany; Feiser ez
al., “Reagents for Organic Synthesis,” Volumes 1-17, Wiley Interscience; Trost et al.,
“Comprehensive Organic Synthesis,” Pergamon Press, 1991; “Theilheimer’s
Synthetic Methods of Organic Chemistry,” Volumes 1-45, Karger, 1991; March,
“Advanced Organic Chemistry,” Wiley Interscience, 1991; Larock “Comprehensive
Organic Transformations,” VCH Publishers, 1989; and Paquette, “Encyclopedia of
Reagents for Organic Synthesis,” John Wiley & Sons, 1995). Methods of
synthesizing carboxyl ester levodopa prodrugs are described in Xiang ef al., U.S.
Application Publication Nos. 2005/0282891 and 2006/0020028, each of which is
incorporated herein by reference in its entirety. Other methods for synthesizing (2R)-

2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)ypropanoate
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204 0.2,21.10.2,22.3 0.2,22.9 0.2,23.1 0.2,23.3 0.2,24.3 0.2, 25.0
0.2,25.3+0.2,25.7+0.2,25.8 0.2,

WO 2007/067495 PCT/US2606/046273

mesylate will be readily apparent to one skilled in the art. Accordingly, the method
presented in Scheme 1 is illustrative rather than comprehensive,

[061] For example, (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4~
dihydroxyphenyl)propanoate mesylate 1 can be prepared from the corresponding
appropriately protected (2R)-2-phenylcarboxyloxypropyl (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate precursor 2 via a direct or an indirect route as shown in
Scheme 1.

[062] When Pg is Boc (fert-butoxycarbonyl), treatment of precursor 2 with an
appropriate acid such as hydrochloric acid in an organic solvent in which precursor 2
is soluble such as, for example, dioxane, dichloromethane, tetrahydrofuran, or
combinations of any of the foregoing at room temperature, followed by solvent
removal and crystallization of the resulting residue using an appropriate solvent such
as acetonitrile, can provide the hydrochloride salt 3. Other appropriate acids include
volatile acids such as trifluoroacetic acid and hydrogen bromide. Conversion of the
hydrochloride salt 3 to the corresponding mesylate salt 1 can be accomplished by
neutralizing the hydrochloride salt with an appropriate base such as sodium
bicarbonate (NaHCOj3) or potassium bicarbonate (KHCOs) in an appropriate solvent
such as water/dichloromethane (DCM), separating DCM from the water, and adding
methanesulfonic acid to the DCM solution. The mesylate salt 1 can precipitate from
the DCM.

[063] In certain embodiments, precursor 2 can be directly converted to the
mesylate salt 1 by treating precursor 2 with an excess of methanesulfonic acid, e.g.,
1.1-100 equivalents, in an organic solvent in which precursor 2 is soluble such as
dioxane, dichloromethane, ethylacetate, methyl teri-butyl ether, tetrahydrofuran, or
mixtures of any of the foregoing at a temperature from about 20 °C to about 100 °C.
The mesylate salt 1 can then be precipitated out in a non-polar solvent such as methyl
tert-butyl ether (MTBE), dichloromethane, or mixtures of the foregoing.

[064] In certain embodiments, precursor 2 can be converted to the mesylate
salt 1 using a one-pot procedure by treating precursor 2 with an excess of hydrogen
chloride in dioxane to produce the deprotected hydrochloride salt 3, and then adding
methanesulfonic acid to convert the hydrochloride salt 3 to the mesylate salt 1.

[065] The mesylate salt 1 can be crystallized from a solvent in which the

mesylate salt 1 is soluble and in which the solubility of the mesylate salt 1 is
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26.9 0.2,27.3 0.2,28.2 0.2,30.1 0.2,30.5 0.2,32.0 0.2,33.8 0.2,
34.3 0.2,37.6 0.2, and 38.4 0.2. In certain embodiments, crystalline

wiesyatesalt 1 obtained via any of the preceding methods ist/us2006/046273
characterized by an X-ray powder diffraction pattern having major peaks

teﬁ?&}ﬁ{u@ @e&gde%{? 2 as]-fﬁ(ﬁ)ropanol, methanol/MTBE, 1% water in

isopropanol, 1% water in acetonitrile, or 3% water in ethylacetate, to provide the
crystalline mesylate salt 1. In certain embodiments, the solvent used for crystallizing
the mesylate salt 1 can be selected from acetonitrile, methanol, ethanol, isopropanol,
MTBE, dioxane, acetone, ethylacetate, ethylformate, hexane, dichloromethane, and
mixtures of any of the foregoing. In certain solvent mixtures comprising two
solvents, the ratio of the two solvents can range from about 1:10 to about 10:1. In
certain embodiments, the solvent can further comprise less than about 10% water by
volume, and in certain embodiments, less than about 5% water by volume. In certain
embodiments, the solvent used for crystallizing the mesylate salt 1 can cofnprise a
mixture of methanol and MTBE in which the ratio (v/v) of methanol to MTBE is from
about 1:5 to about 1:7. In certain embédiments, the solvent used for crystallizing the
mesylate salt 1 can comprise from about 1% to about 4% by volume water in
isopropanol. Examples of useful solvents for crystallizing the mesylate salt 1 are
disclosed in Table 1.

[066] To prepare crystalline mesylate salt 1, a solvent in which the solubility
of the mesylate salt 1 is temperature dependent and mesylate salt 1, can be heated to
provide a solution. In certain embodiments, the solvent can be heated to a
temperature up to the reflux temperature, and in certain embodiments, up to a
temperature less than 75 °C. In certain embodiments, the concentration of the
mesylate salt 1 in the solution is less than about 500 mg/mL and in certain
embodiments is from about 50 mg/mL to about 200 mg/ml. The temperature of the
solution can then be changed to decrease the solubility of the mesylate salt 1 in the
solvent. For example, the temperature of the solution can be decreased to room
~ témperature (e.g., about 25 °C), and in certain embodiments to 0 °C. The time to
cool the solution can be selected to optimize the yield, compositional purity, and/or
optical purity of the crystalline mesylate salt 1. In some embodiments, the solution
can be cooled to a first temperature and the crystalline mesylate salt 1 isolated, and
the solution cooled further in a second crystallization and additional crystalline
mesylate salt 1 isolated. Crystalline mesylate salt 1 can be isolated from the solvent
by filtration. The filter cake can be washed in an appropriate solvent, such as, for
example, a low boiling point solvent that minimizes the amount of residue remaining

in the crystalline mesylate salt 1. Examples of appropriate wash solvents include
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0.2,15.0 0.2,17.00.2,172 0.2,20.4 0.2,21.1 0.2,25.0 0.2,25.8 0.2,
28.2 0.2,30.1 0.2,and 37.6 0.2.

WO 2007/067495 PCT/US2006/046273

acetonitrile, methanol, ethanol, isopropanol, MTBE, dioxane, acetone, ethylacetate,
ethylformate, hexane, dichloromethane, and mixtures of any of the foregoing. One
skilled in the art can appreciate that other methods can be used to crystallize the
mesylate salt 1, including, for example, methods comprising stirring and/or seeding.

[067] In certain embodiments, crystalline mesylate salt 1 obtained via any of
the preceding methods is characterized by an X-ray powder diffraction pattern having
peaks (°20) at4.7£0.2,5.0+0.2,85+0.2,9.6+0.2,13.6 £0.2, 15.0+£0.2,17.0 %
02,174+0.2,17.7+0.2,19.1+0.2,19.5 +0.2,20.0 £ 0.2,204 £0.2,21.1 £0.2,
22.340.2,229+02,23.1£0.2,233+0.2,24.3+0.2,250+02,253£02,25.7%
0.2,25.84£0.2,269:+£0.2,27.3+0.2,282+0.2,30.1 £0.2,30.5+0.2,32.0£0.2,
33.840.2,34.3+0.2,37.6£0.2, and 38.4 % 0.2 . In certain embodiments, crystalline
mesylate salt 1 obtained via any of the preceding methods is characterized by an X-
ray powder diffraction pattern having major peaks (°20) at 5.0+ 0.2, 8.5+ 0.2, 13.6
02,15.0£0.2,17.0£0.2,17.7£ 02,204 £0.2,21.1 £0.2,25.0 £ 0.2,25.8 £0.2,
28.2%£0.2,30.1 £0.2, and 37.6 = 0.2.

[068] In certain embodiments, formation and crystallization of the mesylate
salt 1 can be performed in a one-pot procedure at about room temperature, e.g., 25 °C.
For example, after deprotection and neutralization, (2R)-2-phenylcarbonyloxypropyl
(2S)-2-amino-3~(3,4-dihydroxyphenyl)propanoate can be dissolved in a solvent such
as ethylacetate, isopropanol/dichloromethane, or isopropanol/ethylacetate and treated
with 0.9-1.2 equivalents of methanesulfonic acid at ambient temperature. The
mesylate salt 1 can crystallize from the solution with or without stirring or seeding.

[069] As an example of the one-pot procedure for preparing crystalline (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate
mesylate, a solution of (2R)-2-phenylcarbonyloxypropyl (2.5)-2-(tert-
butoxycarbonyl)amino-3-(3,4-dihydroxyphenyl)propanoate in a solvent in which it is
soluble is prepared. Examples of suitable solvents include dichloromethane and
dioxane. The fert-butoxycarbonyl group is deprotected by adding an acid to provide
(2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate
acid salt. Suitable acids are not limited to volatile acids. Examples of suitable acids
for deprotecting the tert-butoxycarbonyl group include hydrochloric acid,
methanesulfonic acid, trifluoroacetic acid, and hydrogen bromide. After deprotection,

the first solvent can be removed and water added to the (2R)-2-
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[68] in certain embodiments, formation and crystallization of the mesylate
salt 1 can be performed in a one-pot procedure at about room
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(i) a decarboxylase inhibitor such as earbidopa, a carbidopa prodrug,
benserazide, or a benserazide prodrug, and (ii) a pharmaceutically active
waaRh/eebsas a COMT inhibitor or prodrug thereof, to treat -4i$R3§iR/Ms273

disorder such as Parkinson's disease. [75]
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or other suitable tissue of a mammal.  [077]
(2R)-2-Phenylcarbonytoxypropyl (2S)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate may be administered in similar
amounts and using a similar schedule as described in the art for levodopa.
For example, (2R)-2- phenylcarbonyloxypropyl
(2S)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate can be useful

in treating Parkinson's disease by administration of (2R)-2-
nhanvicarbonvioyyynronyl



[060.1 In addition to the use of (2R)-2-phenylcarbonyloxypropy!
(28)-2-amino3-(3,4-dihydroxyphenyl)propanoate mesylate and
compositions comprising (2R)-2- phenylcarbonyloxypropyl
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auxiliaries, which facilitate processing ofgievoclopa rodrug mesy?ate ore
crystalline form thereof and one or more pharmaceutically acceptable
vehicles into formulations that can be used pharmaceutically, Proper
formulation is dependent upon theysoute of administration chosen. In
certain embodiments, a pharmaceutical composition comprising levodopa
prodrug mesylate or crystalline form thereof may be formulated for oral
administration, and in certain embodiments for sustained release oral

administration. Pharmaceutical compositions provided by the present
Aicelaciira mav talke the form of enhiitinne criecnencinne amiilecionn tahlate
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administration to a patient. ~ [84] Pharmaceutical compositions for oral
delivery may be in the form of tablets, lozenges, aqueous or oily

wi'SRensiQss, granules, powders, emulsions, capsules, syru r elixirs,
for example. Orally administered pharmaceutical compositi09r1(ss’r?r}1}§1§})06 046273
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=10) I flayorin ts, preservatives, coloring agents,
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du%%:lrox henyl)propanoate mesylate as
m%?ar%%&é%ﬁ(?% BaptErRS e hrctEfeatisoing eleipimptapicarrietsietiluents
sygiagkor adjuvants. In forming the compositions,
(213)-2rphenylcarbonyloxypropyl (25)-2-amino-3-(3,4-
dih)ﬁlf()?rg y%lhcé“)ﬁ%lp?rg%{éf%g%% LseaRentico!bechipetvodnteat @Rigient,
phalimt@dobw@wmmpyb@émdma‘dmwmaﬁgﬁﬂ@gﬂmﬁﬂm%gggp@g@
m&Bf FFARSHE, &Eﬂe&eﬁ?ﬂeﬁ% rother Sc:ontai{;er. When an excipient serves
as a diluent, it can be a solid, semi-sond > orfguial ixtetal, Vomielvedn act

2Risarhemiqedearivryiomé didintem{BR}- G- phidhyleat DOy RIMRYhe
meR B} eArakhe Aedefhi an0ate mesylate. Thus,
asc%%mgc%ﬁ%irgns g@}/ be i%ﬁ{eé)%%%?égﬁ%%ﬁ%%%%r‘ér,efo%drfaé%,b ©
SACHEls L AR e ilarhess peheidnts raiadisiviosn sotitionbthang@yttips
effgcinsa;hulﬁ@;réfp?mmmﬂ, M&@é@ﬂ'@ﬁjﬁJﬁ}iéﬂ'ﬂgg{)&flyloxypropyl (285)-2-
R G L N e s
amino-3-(3,4-dinydroxyphe PAITSYRLe e ratwitising raosesepaiptey
esteithing drd getitime apbateseuticdDB ¢y PERAlNE SEARRQSHIGN. it
bloBRd i 2 carhonyloxypropyl
(25)-5?;%%ﬁ%%{3§3%%&i§% %iﬁ%ﬁ%}lﬁ%%p%ﬁlga@?ﬁ&ylate to provide an
appropriate particle size prior to combining with other ingredients. The
milled particle size of (2R)-2-phenylcarbonyloxypropyl
(28)-2-amino-3-(3,4- dihydroxyphenyl)propanoate mesylate may be
adjusted depending on the aqueous solubility, and in certain
embodiments, may be less than abbut 200 mesh and in certain
embodiments, about 40 mesh. Examples of suitable excipients include
lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum acacia,
calcium phosphate, alginates, tragacanth, gelatin, calcium silicate,

microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup,
and methvlealliiloce Compnocitinne mav, additinnallyvy inchiide hiibricatina



unit dosage form refers to a physically discrete unit suitable as a unitary

dosage for humans and other mammals, each unit containing a

predetermined quantity of active material calculated to produce an
WiRtNAee therapeutic effect, in association with a suitable pHAFREEHHGEA273

excipignt, di _carrier and/or. adjuyant. [89]
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envelope over and/or enclosing the fonner. The two components may be

separated by an enteric layer. The enteric layer may serve to resist
disintegration in the stBhaaoinendipe Quhibesifioas component to pass
intagkintoghe-duodenym, or to. delay rel . A variety of materials may
beafl?s%eu(]j for such enteric Pay%é%%}néé%%‘ﬁ%%a%ﬁ}éex%ﬁﬁ% TR TRarRHAlS
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(2R)-2-Phenylcarboncyloxypro%}P ,%%ag%;ﬁrﬁlfgggg&iﬁgmeld’ propylene,
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release of (2R)-2- phenylcarbonylo?(ypropy%ﬁ% gQJ{%, fin a%ldﬁmn’ auxiliary,
(28)-2-amino-3-(3,4-dihydroxyphenyppropanoate mesylate upon oral
administration. [94] In certain embodiments, a sustained release oral
dosage form can comprise beads $@at on dissolution or diffusion release
the prodrug over an extended period of hours, in certain embodiments,
over a period of at least about 4 hours, in some embodiments, over a
period of at least about 8 hours, over a period of at least about 12 hours,

over a period of at least about 16 hours, over a period of at least about 20
hoirire over a nearind nof at leact ahniit 24 hotire and in cartain




574).  [95] In certain embodiments, polymeric materials may be used for
oral sustained release delivery such as described, for example, in
wMeeligah feplications of Controlled Release,” Langer and Wige, (8953046273
CRC Press, Boca Raton, Florida (1974); "Controlled Drug Bioavailabllity,
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CRISAWRIG i1 589, Btontlo ah 99 chiard @hat e osuig 4989, 71, 105.
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SUSRSRAHOEE tAb ke kthechthepitadliufpbysdiffusion through a polymer, or by
flux through pores or by rupture of a polymer matrix as described, for
example, in Coleman etal., Polymers 1990, 31,1187-1231; Roerdink at at,
Drug Carrier Systefs2l Bharmagqutioat Cewngsétials, Adv. Drug Delivery
Rep0gB98Tn keﬁa@&%dﬁfpéﬁgg R"L—ia]__r,}%g Q mon Po rs,".
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oral sustained release éréﬁ'/eryu SVitBEETR @ﬁ\ﬂ?e@"éral., U .S. Patent No,
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thr andless el ific f ined release oral dosage form
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once or twice per day basis. Following oral administration, dosage forms
comprising (2R)-2-phenylcarbonyloxypropyl (19)-
2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate can provide a
therapeutic or prophylactic conceritration of levodopa in the plasma and/or
blood of a patient for a time period of at least about 4 hours, in certain
embodiments, for at least about 8 hours, for at least about 12 hours, for at
least about 16 hours, for at least about 20 hours, and in certain

embodiments, for at least about 24 hours following oral administration of
the docane form to the natient A tharanariticallyy or nronhvilacticallyvs




depend on a number of factors including, for example, the disease being
treated, the severity of the disease, the weight of the patient, the health of

the Hatient, and so forth.  [0103] Pharmaceutical compositionssprovided
WBf? E(“ﬁ?é%ient disclosure may be administered for therapeulfﬁTéV 2006/046273
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efficacy of (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate or levodopa and/or does not
whraflsee adverse combination effects.  [0108] PCT/US2006/046273
(2R)-2-Phenylearbonyloxypropyl (2S)-2-amino-3-(3,4-
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levodopa.  [0110] In certain embodiments,
(2R)-2-phenylcarbonyloxypropyl ‘
(25)-2-amino3-(3,4-dihydroxyphenyl)propanoate mesylate or crystalline
form thereof or phartnaceutical compositions comprising
(2R)-2-phenylearbonyloxypropyl (25)-2-
amino-3-(3,4-dihydroxyphenyl)propanoate mesylate or crystalline foun
thereof may be administered to a patient together with another compound

for treating Parkinson's disease, depression, attention deficit disorder,
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[0112] Examples of drugs useful for treating mood disorders such as
depression include tricyclic antidepressants such as amitriptyline,
amoxapine, clornipramine, desipramine, doxepin, intipramine, maprotiline,
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drugs useful for treating restless legs syndrome include dopaminergics
such as levodopa, pergolide mesylate, pramipexole, and rinirole
hydrochloride, benzodiazepines such as clonazepam and diazepam,
()Molds such as codeine, propoxyphene, and oxycodone, and
anticonvulsants such as gabapentin and carbamazepine.



[0118] Examples of drugs useful for treating movement disorders such as
tardive dyslcinesia include reserpine, tetrabenazine, and vitamin E.
wi93dRlExgmples of drugs useful for treating Huntington's di?%ﬁ%&%&%&m
pI

antipsychotics such as haloperidol, chlorpromazine, and olanzapine;
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ptyline:; ilizers such.as benzodiazepines, paroxetine,
e B i) e R A R Ve,
Pahyenereteinazepmi:tere Eowlliment:tadis. wit{elA0hEsaMPR I GRIgS ]

a}égggy)l fortigating, Jouette's syndrome include haloperidol, pergolide, and
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Zﬂﬁ{ﬂétgver a period of at least about 24 hours, and in certain embodiments, over a

g ata

period of more than about 24 hours. Prodrug-releasing beads may have a central
composition or core comprising (2R)-2-phenylcarbonyloxypropyl (28)-2-amino-3-
(3,4-dihydroxyphenyl)propanoate mesylate and at least one pharmaceutically
acceptable vehicle, and may include an optional lubricant, antioxidant, and/or buffer.
Examples of suitable timed-release beads are disclosed, for example, in Lu, Int. J.
Pharm. 1994, 112, 117-124; “Remington’s Pharmaceutical Sciences,” 21* Edition,
Lippincott Williams & Wilcox, (2005); Fincher, J. Pharm. Sci. 1968, 57, 1825-183 5;
and U.S. Patent No. 4,083,949). Examples of suitable sustained release tablets are
disclosed, for example, in “Remington’s Pharmaceutical Sciences,” 21% Edition,

Lippincott Williams & Wilcox, (2005). In certain embodiments, an oral sustained
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Examples  [0127] The following examples describe in detail preparation

of (2R)-2- phenylcarbonyloxypropyl .

(2S)-2-amino-3-(3,4-clihydroxyphenyl)propanoate mesylate and crystalline
WA THerddt, pharmaceutical compositions thereof, and useBERErEIN6/ 6273

i rent to one skilled in the art that many modifications, both to
r%égt%%a s%?nné1 }Fngtﬁ%eégggr??ayagéebrg@ﬁﬁé‘%l%oﬁédéﬁ%\?tﬂﬁ?rsc&ivﬁﬂne CRC
(géope/ oFiaedisithys 1S TEKaDple shdSprapberisr (01 23LIn the HXAmBles,
stygg following abbreviations have the following meanings. If an abbfeylatlo’n

is not defined, it has its generally accepted meaning. ACN=acetonitrile

13. 293 e s ekbasinRIDA pobtindpcetateielyzraUbEleat S @am hour
sUaLIRs] Kgléﬂﬁ’egﬁ%mrery such as described, for example, in “Medica] Applications of
Controlled Release,” Langer and Wise (eds.), CRC Press, Boca Raton, Florida (1974),
“Controlled Drug Bioavailability, Drug Product Design and Performance,” Smolen
and Ball (eds.), Wiley, New York (1 984); Ranger and Peppas, J. Macromol. Sci. Rev.
Macromol Chem 1983, 23, 61: Levy et al., Science 1985, 228, 190; During et al., Ann.
Neurol 1989, 25, 351; and Howard ez al., J. Neurosurg 1989, 71, 105.

[096] In certain embodiments, enteric-coated preparations may be used for
oral sustained release administration. In certain embodiments, coating materials
include polymers with a pH-dependent solubility (i.e., pH-controlled release),
polymers with a slow or pH-dependent rate of swelling, dissolution or erosion (ie.,
time-controlled release), polymers that can be degraded by enzymes (i.c., enzyme-
controlled release) and polymers that form firm layers that can be destroyed by an
increase in pressure (i.e., pressure-controlled release).

[097] In certain embodiments, drug-releasing lipid matrices or prodrug-
releasing waxes may be used for oral sustained release administration.

[098] In certain embodiments, controlled-release systems may be placed in
proximity to the target of (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate or levodopa metabolite, thus requiring only a
fraction of the systemic dose (see Goodson, in “Medical Applications of Controlled
Release,” vol. 2, 115-138 (1984)). Other controlled-release systems discussed in
Langer, Science 1990, 249, 1527-1533, may also be used,

[099] In certain embodiments, dosage forms may comprise (2R)-2-
phenylcarbonyloxypropyl (25’)—2-amino-3-(3,4-dihydroxypheny1)propanoate mesylate
coated on a polymer substrate. The polymer may be an erodible or a non-erodible
polymer. Representative biodegradable polymers are described, for example, in
Rosoff, “Controlled Release of Drugs,” Chap. 2, 53-95 (1989); and U.S. Patent Nos.
3,811,444; 3,962,414; 4,066,747, 4,070,347, 4,079,038; and 4,093,709.

[0100] In certain embodiments, a dosage form may comprise (2R)-2-

phenylcarbonyloxypropyl (2.5’)-2-amin0~3-(3,4~dihydr0xypheny1)propanoate mesylate
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kV=kilovolt LC/MS=liquid chromatography/mass spectroscopy
MeOH=methanol mm=minute mA=milliamp mg=milligram mLmilliliter

WB%WUE‘?@@ mmol=millimoles MTBE=methyl tert-butyl eth%;djl]}ﬁgga)rﬁa} |-
tiL=microliter
toaded mto a polymer that releases the prodrug by diffusion through a polymer, or by

flux through pores or by rupture of a polymer mairix as described, for example, in
Coleman et al., Polymers 1990, 31, 1187-1231; Roerdink ez a,Z.,’ Drug Carrier Systems
1989, 9, 57-100; Leong et al., Adv. Drug Delivery Rev. 1987, 1, 199-233; Roff et al.,
“Handbook of Common Polymers,” 1971, CRC Press; and U.S. Patent No. 3,992,518.

[0101] In certain embodiments, osmotic delivery systems are used for oral
sustained release administration (Verma et al., Drug Dev. Ind. Pharm. 2000, 26,
695-708). In certain embodiments, OROS" osmotic devices are used for oral
sustained release delivery devices (Theeuwes et al., U.S. Patent No. 3,845 ,770;
Theeuwes ef al., U.S. Patent No. 3,916,899),

[0102] Regardless of the specific form of sustained release oral dosage form
used, (2R)~2~phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate may be released from a dosage form such as an
orally administered dosage form, over a sufficient period of time to provide prolonged
therapeutic concentrations of levodopa in the blood of a patient enabling
administration of the dosage form on only a once or twice per day basis. Following
oral administration, dosage forms comprising (2R)-2-phenylcarbonyloxypropyl (25)-
2~amino~3-(3,4-dihydroxypheny1)propanoate mesylate can provide a therapeutic or
prophylactic concentration of levodopa in the plasma and/or blood of a patient for a
time period of at least about 4 hours, in certain embodiments, for at least about §
hours, for at least about 12 hours, for at least about 16 hours, for at least about 20
hours, and in certain embodiments, for at least about 24 hours following oral
administration of the dosage form to the patient. A therapeutically or prophylactically
effective concentration of levodopa in the blood and/or plasma of a patient can
depend on a number of factors including, for example, the disease being treated, the
severity of the disease, the weight of the patient, the health of the patient, and so forth.

[0103] Pharmaceutical compositions provided by the present disclosure may be
administered for therapeutic or prophylactic treatments. A therapeutic amount is an
amount sufficient to remedy a disease state or symptoms, or otherwise prevent,
hinder, retard, or reverse the progression of disease or any other undesirable
symptoms in any way whatsoever. In prophylactic applications, pharmaceutical
compositions or the present disclosure may be administered to a patient susceptible to

or otherwise at risk of a particular disease or infection. Hence, a prophylactically
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VamBdticom et al., Clin Neuropharmacol. 2004, 27(3), 124-8; Cho et al., Biochem.
Biophys. Res. Commun, 2006, 341, 6-12; Emborg, J. Neuro. Meth. 2004, 139, 121-
143; Tolwani et al., Lab Anim Sci 1999, 49(4), 363-71; Hirsch et al., J Neural Transm
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Betarbet et al., Bioessays 2002, 24(4), 308-18).

[0105] (2R)-2-Phenylcarbonyloxypropyl (28)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate or pharmaceutical compositions thereof may
be administered as sustained release systems, and in certain embodiments, as orally
administered sustained release systems. In certain embodiments, the compounds may
be delivered by oral sustained release administration. In certain embodiments, (2R)-
2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate
mesylate or pharmaceutical compositions thereof may be administered twice per day,
in certain embodiments, once per day, and in certain embodiments at intervals greater

than once per day.

Combination Therapy

[0106] In certain embodiments, (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-
3-(3,4-dihydroxyphenyl)propanoate mesylate or crystalline form thereof may be used
in combination therapy with at least one other therapeutic agent. Pharmaceutical

compositions provided by the present disclosure may include, in addition to (2R)-2-
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glycolacetal (10.0 g, 60.9 trunol) in hexane (100 mL) was added

Wlatg{m%ggcinamide (NHS) (11.9 g, 67 mmol, 11 eq). The E’WH@%GQ@GZB

mixture was stirred at room temperature ov_ernight._The suspension w
pfitteyedtimyighyGelite m-m@xﬁmaagemamw;%séﬁﬂ%&ggn :;agg _mdL),
%@Q&d with saturated Nat|/CO3 (100 mL), brined (10 , anddrie
Cover NaZ8od Retsr %}ﬁll:aaR%l CREFIY STSPiiNe Ko ireritunibiesredunatifferent

disrasetisqdes theditfiticompound (quantitative yield) as an) og.ﬂ l(\IMRl’H)
6.1 d,1=6.4 Hz, 3H), 3.58 (in, 2H), 5. m, ,
a3 (S e st of
(s %‘@C(W@WWIE@M@ 05502 o ped 3-(3 ,4—dihydroxypheé1y1)pro pano etlte
-3- -dihydroxypltenvBprgpanoate
“if’a%ﬁ%%?%%%fp?iﬁﬁ?ﬁﬁ%’f%%ﬁé? R A atRy Prish trato i os
aé% 5 B i IR BscembioplxdutHRs dr@monmiitane hesisito

- Bl i paesh tamide (100 inL) was
egﬁ?ggo:%?@ %ﬁg%§%?%%£%g@e§a%@%§e% f%der vacuum. Ethyl
O SRRYRbEDy, RSt EYiaie BRI afRr reaitan dossingibprsdasandsived

cm‘;ﬁjﬂ&@@@r@mem.S% NaHCOQO3, brine, and dried ok\]/ermNaatlgsg)AF]. Aifstieljirca ”

D R S SR loregsen s .
bt i s GG 51
:"; A fﬁ‘fg%ﬁ%? %’é%?é%‘% %%?Tﬁﬁ@?’(’&‘é?i-' % 11.6 Hz,

PR HI8BSBRevided by the pyesent disalpssrd Oatnbel Niyei586ad, chahide@i¢ Hz,
withifh ot Lribiz ot ke Geb thshpdifid ddgnd @}ﬁZhgég‘?%%c}Zﬁ%gB%éWé

60.(t J=7.6 Hz, 1H), 8,02 (d, = 7.6 Hz, 2H). MS (ESI) m/z 360.
e i S P e (o mprempemdoRypropy
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dihydroxyphenyl)propanoate mesylate. In certain embodiments, (2R)-2-
phenylcarbonyloxypropyl (2S)-2—amino~3-(3,4~dihydroxypheny1)propanoate mesylate
may be administered prior or subsequent to administration of another therapeutic
agent. In certain embodiments of combination therapy, the combination therapy can
comprise alternating between administering a composition provided by the present
disclosure and a composition comprising another therapeutic agent, e, g., to minimize
adverse side effects associated with a particular drug. When (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3 ~(3,4-dihydroxyphenyl)propanoate mesylate
or crystalline form thereof is administered concurrently with another therapeutic agent
that can potentially produce adverse side effects including, but not limited to, toxicity,
the therapeutic agent may advantageously be administered at a dose that falls below
the threshold at which the adverse side effect is elicited.
[0109] In certain embodiments, (2R)—2—phenylcarbonyloxypropyl (25)-2~amino-

3-(3,4-dihydroxyphenyl)propanoate mesylate may further be administered together

with one or more compounds that enhance, modulate, and/or control the release,

bioavailability, therapeutic efficacy, therapeutic potency, and/or stability of (2R)-2-
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“mL 60 1 mmol) %vas Slovily ga&wé tag%&%er C mpoun%r}gr treafing Parkinson’s
disease, depression, attention deficit disorder, schizophrenia, manic depression,
cognitive impairment disorders, restless legs syndrome, periodic limb movement
disorders, tardive dyskinesia, Huntington’s disease, Tourette’s syndrome,
hypertension, addictive disorders, congestive heart failure, or excessive daytime
sleepiness.

[0111] Examples of drugs useful for treating Parkinson’s disease include
amantadine, baclofen, biperiden, benztropine, orphenadrine, procyclidine,
trihexyphenidyl, levodopa, carbidopa, andropinirole, apomorphine, benserazide,
bromocriptine, budipine, cabergoline, eliprodil, eptastigmine, ergoline, galanthamine,

lazabemide, lisuride, mazindol, memantine, mofegiline, pergolide, piribedil,
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solution of (2R)-2-phcnylcarbonyloxypropyl
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such as dextroamphetamine and methylphenidate. Other antidepressants include
benmoxine, butriptyline, dosulepin, imipramine, kitanserin, lofepramine,
medifoxamine, mianserin, mirtazapine, viloxazine, cotinine, nisoxetine, reboxetine,
tianeptine, acetaphenazine, binedaline, brofaromine, cericlamine, clovoxamine,
iproniazid, isocarboxazid, moclobemide, phenyhydrazine, selegiline, sibutramine,
ademetionine, adrafinil, amesergide, amisulpride, amperozide, benactyzine,
bupropion, caroxazone, gepirone, idazoxan, metralindole, minaprine, nefazodone,
nomifensine, ritanserin, roxindole, S-adenosylmethionine, escitalopram, tofenacin,
trazodone, tryptophan, zalospirone, and Saint John’s wort. (2R)-2-~
Phenylcarbonyloxypropyl (28)-2-amino-3-(3 ,4-dihydroxyphenyl)propanoate mesylate
or crystalline form thereofand pharmaceutical compositions thereof may also be used
in conjunction with psychotherapy or electroconvulsive therapy to treat mood
disorders such as depression.

[0113] Examples of drugs useful for treating attention deficit disorder include
atomoxetine, bupropion, dexmethylphenidate, dextroamphetamine, metamphetamine,
methylphenidate, and pemoline.

[0114] Examples of drugs for treating schizophrenia include aripiprazole,
loxapine, mesoridazine, quetiapine, reserpine, thioridazine, trifluoperazine, and
ziprasidone.

[0115] Examples of drugs useful for treating manic depression include
carbamazepine, clonazepam, clonidine, valproic acid, verapamil, lamotrigine,
gabapentin, topiramate, lithium, clozapine, olanzapine, risperidone, quetiapine,
ziprasidone, clonazepam, lorazepam, zolipidem, St. John’s wort, and omega-3 fatty

acids.
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(3,4-dihydroxvphenyl)propanoate Mesylate (1) [0137] The mesylate salt

1 (10.0g, 22.0 mmol) was dissolved in 200 mL of isoprope}nol _at 70C 3ng

the resulting solution was cooled to room temperature. Fllltratlon affor e6273
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B Y e
asﬁmoﬁ?éﬂ%ﬁm@ﬁq@&mﬁw@blﬁma@w, carprofen, celecoxib, choline,

salicylate, cinchophen, cinmetacin, clopriac, clometacin, diclofenac, diflunisal,
etodolac, fenoprofen, flurbiprofen, ibuprofen, indomethacin, indoprofen, ketoprofen,
ketorolac, mazipredone, meclofenamate, nabumetone, naproxen, parecoxib,
piroxicam, pirprofen, rofecoxib, sulindac, tolfenamate, tolmetin, and valdecoxib;
acetylcholinesterase inhibitors such as donepezil, galantamine, rivastigmine,
physostigmine, and tacrine; and N-methyl-D-aspartate (NMDA) receptor blockers
such as memantine,

[0117] Bxamples of drugs useful for treating restless legs syndrome include
dopaminergics such as levodopa, pergolide mesylate, pramipexole, and rinirole
hydrochloride, benzodiazepines such as clonazepam and diazepam, opioids such as
codeine, propoxyphene, and oxycodone, and anticonvalsants such as gabapentin and
carbamazepine.

[0118] Examples of drugs useful for treating movement disorders such as
tardive dyskinesia include reserpine, tetrabenazine, and vitamin E.

[0119] Examples of drugs useful for treating Huntington’s disease include
antipsychotics such as haloperidol, chlorpromazine, and olanzapine; antidepressants
such as fluoxetine, sertraline hydrochloride, and nortriptyline; tranquilizers such as
benzodiazepines, paroxetine, venlafaxin, and beta-blockers; mood-stabilizers such as
lithium, valproate, and carbamazepine; and Botulinum toxin.

[0120] Examples of drugs useful for treating Tourette’s syndrome include
haloperidol, pergolide, and pimozide.

[0121] Examples of drugs useful for treating hypertension include acebutolol,
amiloride, amlodipine, atenolol, benazepril, betaxolol, bisoprolol, candesartan

captopril, careolol, carvedilol, chlorothiazide, chlorthalidone, clonidine, diltiazem,
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a0xazosun, enalapril, eplerenone, eprosartan, felodipine, fosinopril, furosemide,
guanabenz, guanethidine, guanfacine, hydralazine, hydrochlorothiazide, indapamide,
irbesartan, isradipine, labetalol, lisinopril, losartan, methyldopa, metolazone,
metoprolol, minoxidil, moexipril, nadolol, nicardipine, nifedipine, nisoldipine,
nitroglycerin, olmesartan, perindopril, pindolol, prazosin, propranolol, quinapril,
ramipril, reserpine, spironolactone, telmisartan, terazosin, timolo, torsemide,
trandolapril, valsartan, and verapamil,

[0122] Examples of drugs useful for treating alcohol addiction or abuse include
disulfiram, naltrexone, clonidine, methadone, 1-o-acetylmethadol, buprenorphine, and
bupropion.

[0123] Examples of drugs useful for treating narcotic addiction or abuse include
buprenorphine, tramadol, methadone, and naltrexone.

[0124] Examples of drugs useful for treating nicotine addiction or abuse include
bupropion, clonidine, and nicotine.

[0125] Examples of drugs useful for treating congestive heart failure include
alllopurinol, amiloride, amlodipine, benazepril, bisoprolol, carvedilol, digoxin,
enalapril, eplerenone, fosinopril, furosemide, hydrochlorothiazide, hydralazine,
isosorbide dinitrate, isosorbide mononitrate, lisinopril, metoprolol, moexipril,
nesiritide, nicardipine, nifedipine, nitroglycerin, perindopril, prazosin, quinapril,
ramipril, spironolactone, torsemide, trandolapril, triamcinolone, and valsartan.

[0126] Examples of drugs useful for treating excessive daytime sleepiness

include dextroamphetamine, methylphenidate, modafinil, and sodium oxybate.

Examples
[0127] The following examples describe in detail preparation of (2R)-2-

phenylcarbonyloxypropyl (ZS)-2~amino~3-(3,4—dihydroxypheny1)propanoate mesylate
and crystalline form thereof, pharmaceutical compositions thereof, and uses thereof,
It will be apparent to one skilled in the art that many modifications, both to materials
and methods, may be practiced without departing from the scope of the disclosure.
Example 7 is prophetic.

[0128] In the examples, the following abbreviations have the following
meanings. If an abbreviation is not defined, it has its generally accepted meaning,

ACN = acetonitrile
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DCM = dichloromethane
EtOAc = ethylacetate
eq = equivalents
g = gram
h = hour

= Joules
kg = kilogram
kv = kilovolt
LC/MS = liquid chromatography/mass spectroscopy
MeOH = methanol
min = minute
mA = milliamp
mg = milligram
mL = milliliter
mm = millimeter
mmol == millimoles
MTBE = methyl tert-butyl ether
ug = microgram
uL = microliter
Example 1

(2R)-2-Phenvlcarbonvioxypropyl (2.8)-2-( tert-Butoxvearbonyamino-3-(3.4-

dihvdroxyphenvhpropanoate (2)

Step A: (28)-3-(3.4-DihvdroxyphenyD)-2-( tert-butoxyearbonyl)amino]propanoic

Acid, Tetrabutylammonium Salt
[0129] A solution of N-Boc-(L)-Dopa (175 g, 0.59 mol) in methanol (1 L) was

cautiously mixed with a methanolic solution of tetrabutylammonium hydroxide (1.0

M, 0.55 L) at 0 °C for 30 min. The mixture was then concentrated under reduced
pressure and dried by azeotroping with toluene twice. The residue was crystallized
after cooling at 4 °C for 16 h. The resulting crystalline solid was washed with acetone
(400 mL x 3), collected on a Buchner funnel, and then dried under high vacuum to
afford 245 g (83% yield) of the title compound. 'H NMR (400 MHz, DMSO-dg): &
0.94 (t, /= 7.6 Hz, 12H), 1.30 (m, 17H), 1.60 (m, 8H), 3.18 (m, 8H), 4.58 (m, 1H)

3
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508 (4, /= 5.6 Hz, 1H), 6.30 (4, J= 7.6 Hz, 1H), 6.46 (d, J = 8.0 Hz, 1H), 6.51 (s,
1H), 8.85 (s, 1H); 8.94 (s, 1H).

Step B: (1R)-2-Bromo-1-methvlethvl Benzoate

[0130] A solution of (2R)-propylene glycol (20.0 g, 262.8 mmol), benzaldehyde
(33.4 mL, 328.6 mmol, 1.25 eq) and p-toluenesulfonic acid (2.5 g, 0.05 eq) in benzene

(200 mL) was refluxed for 8 h with removal of water via a Dean-Stark apparatus. The
cooled solution was diluted with diethy] ether (100 mL), washed with aqueous NaOH
(15%, 100 mL), brined (100 mL) and dried over Na;SO,. After filtration, removal of
solvent under reduced pressure gave 44 g of crude benzldehyde (2R)-propylene
glycolacetal as an oil.

[0131] To a solution of the above crude benzaldehyde (2R)-propylene
glycolacetal (10.0 g, 60.9 mmol) in hexane (100 mL) was added N-bromosuccinamide
(NBS) (11.9 g, 67 mmol, 1.1 eq). The resulting mixture was stirred at room
temperature overnight. The suspension was filtered through Celite and the filtrate
was diluted with hexane (300 mL), washed with saturated NaHCO; (100 mL), brined
(100 mL), and dried over Nay;SOs. After filtration, removal of the solvent under
reduced pressure gave the title compound (quantitative yield) as an oil. '"H NMR (400
MHz, CDCl): 6 1.48 (d, J = 6.4 Hz, 3H), 3.58 (m, 2H), 5.31 (m, 1H), 7.43 (t, J=17.6
Hz, 2H), 7.53 (t, /= 7.6 Hz, 1H), 8.05 (d, J = 7.2 Hz, 2H).

Step C: (2R)-2-Phenvlcarbonvioxvproepvl (2.8)-2-(tert-Butoxvecarbonvl) amino-3-

(3.4-dihydroxyphenvl)propanoate (2)
[0132] A suspension of (1R)-2-bromo-1-methylethyl benzoate (4.98 g, 20.6
mmol), N-Boc-L-DOPA-COOH (7.3 g, 25 mmol), and cesium bicarbonate (4.85 g, 25

mimol) in N, N-dimethylacetamide (100 mL) was stirred at 55 °C for 16 h. The solvent
was evaporated under vacuum. Ethyl acetate was added to the residue and the
resultiﬁg solution was washed with water, then 5% NaHCOs, brine, and dried over
Nay804. After removing the solvent under reduced pressure, chromatography (silica
gel, 30% ethyl acetate in hexane) of the residue gave 6.3 g (68% yield) of the title
compound 2 as a white solid. 'H NMR. (400 MHz, CD3;0D): 8 1.25 (s, 9H), 1.40 (d, J
= 0.4 Hz, 3H), 2.99 (dd, J = 7.6, 14.4 Hz, 1H), 3.10 (dd, J= 5.6, 14.4 Hz, 1H), 4.24
(dd, /=5.6,7.4 Hz, 1H), 438 (dd, /= 6.8, 11.6 Hz, 1H), 4.52 (dd,J=3.2,11.6 Hz,
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LH), 5.40 (m, 1H), 6.53(dd, J=2.2, 8.4 Hz, 1H), 6.66 (d, J= 2.2 Hz, 1H), 6.69 (d, J =
8.4 Hz, 1H), 747 (t, J = 7.6 Hz, 2H), 7.60 (t, J = 7.6 Hz, 1H), 8.02 (d, J= 7.6 Hz,
2H). MS (ESI) m/z 360.15 (M+H)* and 358.09 (M—H)".

Example 2
(2R)-2-Phenvlcarbonvioxvpropyl ( 2:8)-2-Amino-3-(3.4-

dihydroxyphenvlpropanoate Mesvlate (1)

Method 1:
Step A: ( 2R)-2-Phenylcarbonyvloxvpropyl ( 25)-2-Amino-3-(3,4-

dibydroxyphenvl)propanoate Hydrochloride (3)
[0133] A solution of (2R)-2-phenylcarbonyloxypropyl (28)-2~(tert-
butoxycarbonyl)amino-3~(3,4-dihydroxyphenyl)propanoate 2 (6.3 g, 13.7 mmol) in 50

mL of 4V HCl in dioxane was stirred at room temperature for 30 min. The reaction
mixture was concentrated to dryness under reduced pressure. The resulting residue
was dissolved in about 20 mL of anhydrous acetonitrile and 4 mL of ether. The
solution was refrigerated, and the resulting white precipitate was filtered, washed with
ether, and dried under vacuum to afford 4.7 g (87% yield) of the hydrochloride salt 3
as a white solid. "H NMR (400 MHz, CD;OD): & 1.40 (d, J= 6.4 Hz, 3H), 2.99 (dd, J
=7.6,14.4 Hz, 1H), 3.10 (dd, J = 5.6, 14.4 Hz, 1H), 4.24 (dd, /= 6, 8 Hz, 1H), 4.38
(dd, J=6.8,11.6 Hz, 1H), 4.52 (dd, J= 3.2, 11.6 Hz, 1H), 5.40 (m, 1H), 6.52 (dd, /=
2.2, 8.4 Hz, 1H), 6.66 (d, J = 2.2 Hz, 1H), 6.69 (d, /=8.2Hz, 1H), 747 (t, J="7.6
Hz, 2H), 7.60 (t, /= 7.6 Hz, 1H), 8.02 (d, J= 7.6 Hz, 2H). MS (ESI) m/z 360.15
(M+H)" and 358.09 (M-H)".

Step B: (2R)-2-Phenvlcarbonvioxvpropyl ( 2.8)-2-Aminoe-3-(3.4-

dibydroxyphenvl)propanocate Mesylate (1)
[0134] A solution of NaHCO5 (9.87 g, 117.5 mmol) in water (80 mL) was
slowly added to a solution of the hydrochloride salt 3 (31.0 g, 78.3 mmol) in water

(300 mL). The resulting aqueous suspension was extracted with EtOAc (2 x 400
mL). The cbmbined EtOAc extract was washed with water, then brine, and dried
through Mg80,. Methanesulfonic acid (6.04 mL, 93.12 mmol) was slowly added to
the EtOAc solution while stirred. White precipitate formed as soon as the addition of

methanesulfonic acid was complete. The suspension was stirred for another 30 min
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Synthesis and Crystallization of (2R)-2-Phenylearbonyloxypropyi

(28)-2-Amino- 3-(3,4-dihydroxyphenYOPropanoate Mesylate (1) [0140]
wosa ous solution of thg hydrochlprlde salt 3 (65.0 8, 164 mmol, 200

inL) W/géqca ded aqueous NaliCO3 solution (20.7 g, 246 mrn%ETéB%wr%/ 46273

sandhthemrexisactaelwith GIRAG2.408 Mik) e RAISY Qiganis extracts
d‘HSé%x‘!‘é%ﬁhﬁ‘% S"Q OPJC;E gn?ﬂii[ied over Na2S04. After filtration,
methanesttonis S5 5 B A RIS Hromesitryalidtatate tite fitidte
" ANTER {00 0V B2 00D GIN) Pe riadiar , respti e crystal _
filter gig%ro1 h2r féigg;z@n , @;s:iheeg Wﬁ%ﬁ%}f?é@ﬁ l%%% ?n\%lfggﬁld] B
' ﬁe8€ un érlff%gﬁ/a ud %1? 5@ g‘fb@ﬁ&?@ﬁ‘%@é g 2% 8idI8Hof 1hB, 4.38
(fdedyiaté, 210 TAffINMR 200dMHZ3 €D30D)z, 114§ gqm]%g 4.Hz, %ﬂ 1%, 70
177.8, 1 H), 3. ,J=5.6,14.4 Hz, IH), 4.24

s ot St B0 G s DGR 45 o Saia,
1 8:Hz, 1AIB A0/ 0812/ 8.44-H711H))3 6521(de; 35 22,812 Was 1H),

Bs7,0,355.872) , = 8Q-Hz, 1H), 7.47 (t, J= 7.6 Hz, 2H),
(7.6% (br t,ﬁl(%gﬁiz}%f%.%ogq(&qlz 6 Hz, 211). MS (PSI) m/z 360.07

(M+11) and 358.01 (M-H)7. Example 5 X-Ray Powder Diffraction (XRPD)
Muiadysis of Crystalline (2R)-2- Phenylearbonylmcypropyl
(2S)-2-Amjno-3-(3,4-dihydroxynhenvOnropanoate Mesylate (1) [0141]
XR &@ gﬁla%%@émoﬁé‘iﬁﬁ%éﬁw& Srintddyar XRO6O0RM T ay
sqjoiiver ofifRletophetetoaith:Glokaprasiatin-SThe INsmenhas squipred
(é"ﬂlﬁif'\?}( rggygggnf cus )éh@% tglb?. Ehe rube voltage and current were set to
401cV an APIRBERMIG & TH& diodrBaris B stiatarmi S s werie
stigechat Toamtltehe sentaivi i slitavdsiset atf. ¥aserrddiffrastedadiation yas

w i ANat cintillatio éig{tate -20 continyous scan at
3/§min , .Zﬂziﬁgo.oz si%é ’?r?r%y; %%@&a@ (et HsHigmant stiring.

ThsigsHiGRE farcerieakes i tardly Timfdisilebn standatddBiata WaEe with

metfieciechand analyzadvein Qftware. Five

A DT _enta?\%i _diffraction pa??e)éﬁg g‘g(?rgygg%i szr}ﬁglsej@tg%%ﬁ eé?’%?aﬁﬁ%d
oM %TTIQ@ " isopropanol, isopropanol, MeOH/M1BE (1:7), 0.5% H20
in MeOH/MTBE (1:5), and 1% H20 in acetonitrile are shown in Figures 2-6,

M&ﬁ%%tgvely, The presence of clearly resolved peaks at similar diffraction
angles confirms that the same crystalline faun of the mesylate salt 1 was

prodicéd GpotideysrliRzatimlicayidheseysolyemisy RXSMIPIES-
butoxycarbonyl)amino-l%-(3,4~dihydroxyphenyl)propanoate 2 (10.5 g, 21.1 mmol) in
34 mL (6.0 eq) of 4.0 N HCV/1,4-dioxane was stirred at room temperature for 1 h.

Methanesulfonic acid (1.48 mL, 22.8 mmol) was slowly added to the reaction mixture
while stirred at room temperature. The solution was concentrated under vacuum to

afford the mesylate salt 1 as a brown solid.

Example 3
Preparation of Crystalline ( 2R)-2-Phenvicarbonyloxypronvl ( 28)-2-Aming-3-

(3.4-dihvdroxyphenv)propanoate Mesvlate (1)
[0137] The mesylate salt 1 (10.0 g, 22.0 mmol) was dissolved in 200 mL of

isopropanol at 70 °C and the resulting solution was cooled to room temperature.
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Uptake of Levodopa Prodrugs Following Administration of Levodopa

Prodrugs and Carbidopa hi Rats  [0142] Sustained release oral dosage

forms, which release drug slowly over periods of about 6 to about 24
WhHaUIZ/0gesierally release a significant proportion of the dosePERIR2f46/046273

colan. Thus,.d suitable for use in such dosage fin-ins should be
R D A 5 g B d ot
cyyptalkiaasndidegulianioplasrea/bkegd levels of levodopa, following

intr ic.administration of levodopa prodrug mesylate with .
co-i@?n%s%%’t%aljﬁﬂgﬁ &%‘?&% SEEESBhicRy chirish erftdheiguoreskly),
cenpotratelrydete ninpoiivatsuitahniitinofulévedena piedroraesylate for use
DitraReal ined.release e form. Bioavailability of levodgopa
foIIovying1 (S:Q%-a r:%r?%slﬁ%ﬁlgnyoa?§\/8§d%a€auﬁ? &S&ﬁﬁ%@;ﬁ‘%ﬁ&% t4fbidopa
iyl catciome @ fératves rinsredl chdduisd hatibe alenogdopatand, DSC
{HERHRISIRRR o SRR 'séﬁmmﬁg%ﬁ{qt(aﬁ%ne 014%t§1%%%,£\{\(/)ere obtained

: db0¥ c nin
. commercially and were pre-cammlated in the both the ascending colon
ISQPTPRAROL IS Sherrein Eigitisdis were conscious at the time of the

expEsiBENDAY aniais e Asiethe vaIght Q-c{?{jxlﬂ?%ﬂlﬁ?éﬁéﬁom each
OSt'qi%?e'Q%&%gVOd a prodrug, Carbidopa was administered as a
a

SOThOR T W 18#%&1’8%%@8&??&?‘&8119‘}? HePapsHiehBRmypirgle, sharp
pémkrﬁicmérﬁdaﬂm aCa(ﬁmea&quo'vmfeﬂigtgra% nggrﬁfrgarbig%ﬁasﬁﬁﬁfggxﬁf &
t the same time or 1 hour after carbidopa dasing, levodopa HCL1 salt or
o Ry COBF5 B 0. & dbe comesponding DSC
patinyetrox\quidetheipio panpateuroesylated AWy @dministered as a solution
(in water) directly into the colon via the cannula at a dose equivalent to 75

mg of levodopa per kg. Blood samples (0.3 mL) were obtained from the
jugular cannula at intervals over &4iders and were immediately quenched

[01441 Methanol/ §%8ded to
HahkACGmAEppendorf tubes. Rat blood (3(¢spl) was collectegyigto
EP/Tﬁ kl)r?fscontaini g 75 ,ut, of sodium metabisulfite at different times
and vortexed to Mix A fixed volume of blooéﬁiéo uL) was imm%H%tely
dddedpatolthe Eppendorf tube and vonexed &3 mix. Ten microlitgrs of a
@ngfﬂ stock solution (0.04, 0.2, 1, 5, 25, and 100 ttg/mL) and
UL of the 10% $odium metabisulfite soluti8A-Was added to 883-f blank
rixfafdbNicBHdkeé)up a final calibration standangp(0.004, 0.02, Ogh, £.5, 2.5,
d Methanol/perchloric acid (300 tiL of 50/50) was then
gggéﬁ{mfge%&%%be followed by the additidR®P 20 tiL 97.2
i3 “eNIafo phishe &l AVITTBE The)samples were gortexed and centrifuged at
éﬁ,{%poegpm for 10 min. The supernatant was analyzed by LC/MS/MS.
tep & LC/MS/MS analysis  [0145] An ABY4000 LC/MS/IMS7-2
spedtneneter equipped with Agilent 1100 binggys pumps and a GG
d X ampler were used in the analysis. A Zorbax XDB C8 4.6 x
?S/Sfr:lng)r? I%lo uEr%%cwas used during the analy&é(;‘?he mobile phé§é§were
Vp G106 oM B IRTI(§B) accionitrile withs§.8% formic acid.ghhe
b diti % B for 0.5 min, th 98% B in 3 min, then
%Z%&%g%t‘%‘%@zy’?%@f@éﬁn The mobilzgrgtl?zase was then rggj?ned to
2958 Fof2miit)AcTurbolonSpray source wasiigsed on the API 40Q0. The
%@'M?Eﬁé"&@(‘? e in positive ion mode and1 MRM transition for each
analyte was optimized using standard solutio % MI, of each se%ﬁle was
injected. Non-compartmental analysis was performed using WinNonlin
software (v.3.1 Professional Version, Pharsight Corporation, Mountain
View, California) on individual animgl profiles. Summary statistics on
major parameter estimates was performed for Cru" (peak observed
concentration following dosing), 'max (time to maximum concentration is
the time at which the peak concentration was observed), AUC(0,0 (area

under the serum concentration-time curve from time zero to last collection
time cectimataed ricina the InaZlinear traneznoidal method) Al I1C(O™ (araa



curve nom time zero to infinity, estimated using the log-linear trapezoidal
method to the last collection time with extrapolation to infinity), and t1,22

- %rdﬁ,i g’ If-life).  [0146] Maximum concentrations of I‘evod a in the
glood}q 4l3agl values) and the area under blood concentratloﬁC\/T(i,?]rpﬁssﬁg()ﬁ/r%é273

CHERIAL v s after intracolonic dosing of

M%/ r@l'r onyloxypropyl (28)-2-amint?343,4- 78.0
dihydroxyphenyl)propanoate mesylate 1 with carbidopa were significantly
higher (> 2-fold) than those achieved for colonic administration of
levodopa with carbidopa. [0147] Intracolonic co-administration of
levodopa and carbidopa resultsl’:r’F%!de relative bioavailability of

SentideipafideCronyIBetpnosathro-adipiniriging 18YPAIR3 d1d -2-Amino-

arbilopa). Bg TR rison, co-adminitratlon of (ZR)-2Z-
pheny|carb0n
s b e e e el L .
2GRIRIGQRA & ited | elative biogavailapility of levodopa by at
: Ieastqz-fo_ld. The (?at%(lm eﬁr%ﬁles?fa 8tfsu ﬁ%)a ?cfg'r?a%h %/85’8 a OB drrpe
XBAiEdatath S xdaBositithebuitEineoteftegtive susiainad:erahiglaass,
bk Hptaks of levedapa p qgglé@i sylate and/or. levodopa from the colon.
Example 7 Use of éry%aiﬁne 2%1-%3 h%%@ car 1081\1/18%9@? p mL, 197

el ¥k sitesesul iilvefdigisichinstonandaenl esylatet (). famne
refURAINOHRBUINSAY S LISERSEd thINAS] Thed ‘?H&"‘f’:i”%s'%%i ‘%‘J@%‘t%g% .
in treatmg

be used to assess the efficacy of crystalline mesylate sa
190wk anicirebaader highyrgoppatiah S withiidiopathic ORAUling) biahe
QurReNSayane Riain iters, (TR et,at ) Neurol Neyrosur
mPg chiaby 1988, 51, 45%%%%@%?&%3%&% ion%‘%%’ ﬁ%&i@hort
3%%%%@%\/0’“68& Yedddnsdi1 514 sk &re élidible, foin¢lsiad, J = 5.8,
7-Elincitl, redevant peaksdose ayskingsias fllowing £adimoming 4956 of

their cuprent medication are a further pre-requisite. Patients are 4lso
J ;Z%%ir%e-é%ﬁﬁ%ﬁe ‘%éa% ‘%db“"rez&n & %ilgo dbse & (FedimeAttar HDesion ©f at
/ tedSttoné Mo grior=t0 steringiihe study« Datieats arergxglyded if they

ime i e w-release formulations of levodopa,
H%%ﬁ%ﬁ%ﬁﬁ%%%@gﬂ#n : ?C%I%I%%&E %ﬁ@ ‘or other drugs Et)hat
could potentially interfere with gastric absorption (e.g. antacids). Other
exclusion criteria include patierE%/vitI} gychotic symptoms or those on
antipsychotic treatment patients Withee inically relevant cognitive
5.-;;;:au Poxviax Dif{naetie RifNAe 5
it LSYShiaih Ry ] )
Hoehn & Yahr stage -status, Severe, T ed PR
and medical conditions such 28 d)cardiovascular disease or
moiErsth XR BBV e yeRal et Rematis dmpammertifil bR couptliver,
po%rnd ({%rllal function lﬁlpgd Eests are taken at baseline and after comple ion
i 2o tzhcaglrfneter with Cu Keradiation. The instrument was equipped with a

long fine focus X-ray tube. The tube voltage and current were set to 40.kV and 40

mA, respectively. The divergence and scattering slits were set at 1° and the receiving
slit was set at 0.15 mm. Diffracted radiation was detected using a Nal scintillation
detector. A 626 continuous scan at 3%min (0.4 sec/0.02° step) from 2.5 to 40 °20
was used. Instrument alignment was checked by analyzing a silicon standard, Data
were collected and analyzed using XRD-6000 v.4.1 software. Five representative

diffraction patterns of erystalline mesylate salt 1 crystallized from 1% H,0 in
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[0150] A randomized, double-blind, and cross-over study design is used.

Each patient is randomized to the order in which either LD/DC or one of

the two dosages of test compound is administered in a single-dose
WENNENREE R double-dummy fashion in three consecutive seBSibH§2006/046273

jzation. is b ion of a treatment number,
R L D b g AP, an
110159 maeionitzile adstitted to Bigossitab faspraveriatSR%AO o
ini i r } ate salt 1 the.next morning on three

e e o e e oyt
fospiop rrcipetinta setidatestivadvored rmom ighttihiezptiexitum dmscrysiatine

mesylate salt 1 is administered at exactly the same time in the morning in

each patient under fasting conditions.  [0152] Patients are randomized

to the order of the days on whick¥RBpleéeive placebo or crystalline

alylodé Belodlo AL kR FeDIRaIe A ehehysialiog MeSVas Al bdnaY,
be assessed by monltorlng pla_sma,levo lopa concentrati :

Prior to administration, a eter is inserted in a
patiédte2ictestrineBloleassarabies:nk Jonhaa @l elakeualhaselng and

5 120, 140,160, 180, 210, and 240 minutes
PR o R e oo PR 0 BPTARD A
desseritfenchreripthid bes drysanicrlednr240 iminvte® efterfofug sRgastien.
cshamalesase,seatiyaed mmeialelcBhile. e ol each asseesment and

stored deep frozen until assayed. Plasma levodopa an %f@jrangt -Dopa
re Bismelieed lerglyrginprderuriolguiscimorrelge adminsiRLE) oOn
lethﬂdpsﬁaa@(ﬁ@g&ﬂb@%ﬁd\diﬂpmh@@ﬁ%t%%rp@fQM&&[E){%%%%nic Iy
ica

inﬂ%”é% 8|r?e blood ﬁgﬁar, I:t;{%, and renal function. For cli
AR RAEMENY ot ih e AP Shysdetican itk thg Uittty aimedopa prodrug
mpsyikindonis DiseaseRating Gorle)mates scRigmandiBranTisst(Govanni
. | Neyrosurg Psychiatry 1999, 67, 624-629.), which is a
e R I O e e e ere
WikGHesldedralatipedp evimomdniThest cestiaraiopariad aub@bpaseline
and then immediately following each blood sample until patients reach
their full on-stage, and thereafter at 3 intervals of 20 min, and 30 min
igistatiendttefogol. Once patients reach

theif0 1]l Rexstaie, stiteaesmid] 5%@{@15%@@%%1&!&% ﬁ’iezﬁo{i@i”
S

intervals. Th follogviﬂg{_me tal and motor tasks, which have been shown
a

thfoalsﬁ?:rrleg%cafs e HF 5051, NABRASIBTa 19991008 3 4be S i
exprromitoreddLninigdacte detcd essiant(insiting stilbies honinted )

i lations; (3) putting on and byttoning a coat; (4)
L okt R Bt A 2 e Rine vk apee
CltgfE SoRedntispryttocdkanmpldrasolsivndiyfthalGoeuRatingiSealeasd the

cafSRRGIMRL lyoltintan: Mevements.Seale, CA&%}]JQA&%@@%%@%%%L@%&%%%‘E

HiglteSt comggund induced dysldnesia. 0154] Actual occurrehice a

Y S8y 4mhenricrstonsastyatmiti s ByarimesiaMbnitor (Manson et

dilgjdrakybliestia) hlepiasisgBsishiaty,? 800iR8e30s 2Qblnd e Hayies s
dhtgxc%fedl tgo?h@atl nt's. shoulder ?n their more affected side. The monitor

records durng he &ntire time b RLedestspinyg <t deibhmaatirsosioes per
kegmBémteaotriie Hequehoeanbanver oo the guring dyskinasias{1QL35kL,;

8 IRGRURARDRANANASY RiNg apprapriate statistical methods,

oxidation of levodopa and levodopa prodrug. Blood was then further quenched with
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[0156] Finally, it should be noted that there are alternativg ways of
implementing the embodiments disclosed herein. Accordingly, the present

ts are to be considered as illustrative and not reg %Fv] 06/046273
WS%&%@% the claims are not to be limited to the details given herein,

namhmﬂperﬂlﬂeﬂdhatt fol kbm@ﬂm@w@ Iyﬂﬁm&mﬁfﬁaoi&ré\d@LﬁBo%'aims
tls clalm IS; 51%I 8%16 ‘?T Icarbonyloxypropy

%@% AFninoY &35{/2?) ) yl)propanoate mesylate. 2. The
(2R)-2- phenylearbonyloxypropyl (2S)-2-amino-3-(3,4-

dihydroxygh )g gnoate metsxlalpe of IaLm , in crystalllne form. 10
3. The (2R’F§'—‘p‘h > :

dlhyﬁ}%ph’éﬂﬁbra)fmhmddaw amaisgﬂaﬁemf) @lam&ewhelsmﬂl&hl% @xﬁxsta"me
BAPSSEHEIRIIRE050 02 85,02 15 02 150 02
Igo 0.2, s K 7 i‘sﬁoe ot FIE 8 copipining 3:
ug@ﬂsed@,@, zan@lsmiae iﬁﬂkﬂenaralmﬁ(el@ayx@w‘t@{red Horagtion RBRE Mo lume of
sing Cu K |at
bl?hdaﬁz L )ch i né%ﬁ;/ 68‘)2?/ A%ﬁd(%? E’%ﬁﬂﬂ%}l@fémbe and vortexed to mix.
Tmhymkywheﬁyl Jpropancetednd sakcsofuel@inoavnereins the %gﬁfé@%ng
isti 5 0.2
u%qg) %%g ?P&?%tfetﬂgq%%es%ﬁlsu z r(r)nlzt%gigﬁﬁt% golgt%nowgs gdded to 80 pL of
blank rat 1t.>l(;od t.O make up a final calibration standard (0.004, 0.02, 0.1, 0.5, 2.5, and
10 pg/mL). Methanol/perchloric acid (300 pL of 50/50) was then added into each

tube followed by the addition of 20 pL of p-chlorophenylalanine. The samples were

vortexed and centrifuged at 14,000 rpm for 10 min. The supernatant was analyzed by
LC/MS/MS.

Step C: LC/MS/MS analvysis
[0145] An API 4000 LC/MS/MS spectrometer equipped with Agilent 1100
binary pumps and a CTC HTS-PAL autosampler were used in the analysis. A Zorbax

XDB C8 4.6 x 150 mm column was used during the analysis. The mobile phases
were (A) 0.1% formic acid, and (B) acetonitrile with 0.1% formic acid. The gradient
condition was: 5% B for 0.5 min, then to 98% B in 3 min, then maintained at 98% B
for 2.5 min. The mobile phase was then returned to 2% B for 2 min. A
TurbolonSpray source was used on the API 4000. The analysis was done in positive
ion mode and the MRM transition for each analyte was optimized using standard
solution. 5 pL of each sample was injected. Non-compartmental analysis was
performed using WinNonlin software (v.3.1 Professional Version, Pharsight
Corporation, Mountain View, California) on individua) animal profiles. Summary
statistics on major parameter estimates was performed for Cmax (peak observed
concentration following dosing), Trmax (time to maximum concentration is the time at
which the peak concentration was observed), AUCo.y (area under the serum
concentration-time curve from time zero to last collection time, estimated using the

log-linear trapezoidal method) AUC(0.0) (area under the blood concentration time
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200.2,17.0 0.2,17.4 0.2,17.7 0.2,19.1 0.2,19.5 0.2,20.0 0.2,20.4
0.2,21.1 0.2,22.3 0.2,22.9 0.2,23.1 0.2,23,3 0.2,24.3 0.2,25.0 0.2,
25.3 0.2,25.7 0.2,25.8 0.2,26.9 0.2,27.3 0.2,28.2 0.2,30.1 .0.2,

we0®B7062482.0 + 0.2, 33.8 0.2, 34.3 0.2, 37.6 0.2, and 38.BCU.Zsp0mrn46273
X ra% owder dlffractlon pattern measured using Cu Ka radiation. 25

2B RS SRS Byt Joarieer 3e¢Besoidal method to
thelikagti rolypiveniityer mm@ﬂnﬁﬁiﬂ%%%ﬁ@maﬂd W@o §; if%%]@ ﬁé’fl}%' ej“e

I f bout 157C to a
égi%zﬁéﬁekr?;feaa%g rttlyr/] o&% i?rff?sm ARG §19$180d (Crnay values) and the
aigiraiterylohé nyeprupaimeterme tylateunfqlair ey wiey i ihe,crysialine

from a 0.5C to about 161.3C. 57.The
d‘g@‘% ?Kg}%@%ﬁ%@&nﬁ% ropyl tgo Ezgl RBE3 43,4
‘Sﬂ WyerSR fmé}wém@p@tnm@meéytmh afoidimay evhepeiti dhesrysialline

Iorl etr t ermogram
2Mgﬁgfﬁiﬁﬁ?ﬁﬁ%ﬁ%ﬁii‘t@aﬁﬁi?%%ﬁ%%“‘(‘%%ﬁ g satypora

i oihinegienic ?&I@W@W’ZF@)@ W@W@ammlyﬁoppyésults in very
10@@%%%3:@0&@ tsm@wpm e DRBPANCAS MeSYIAIS.of claim 2,

rm is characterized by a dif erent al scanning

rein t e taI
le\% Erlnantry é t:%"?' RIS efraatRER e eRR HR&b8ut 164.5 |
P@Warbonyloxypmpyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate

1 with carbidopa exhibited improved relative bioavailability of levodopa by at least
2-fold. The data demonstrates that certain levodopa prodrugs can be formulated as
compositions suitable for effective sustained oral release and uptake of levodopa

prodrug mesylate and/or levodopa from the colon.

Example 7
Use of Crystalline ( ZR)~2~Phenvlcarbonifloxvpropvl (28)-2-Amino-3-(3,4-

dibydroxyphenvl)propanoate Mesvlate (1) for Treating Parkinson’s Disease

[0148] The following clinical study may be used to assess the efficacy of
crystalline mesylate salt 1 in treating Parkinson’s disease.

[0149] Patients with idiopathic PD fulfilling the Queen Square Brain Bank
criteria (Gibb et al., J Neurol Neurosurg Psychiatry 1988, 51, 745-752) with motor
fluctuations and a defined short duration levodopa response (1.5-4 hours) are eligible
for inclusion. Clinically relevant peak dose dyskinesias following each morning dose
of their current medication are a further pre-requisite. Patients are also required to
have been stable on a fixed dose of treatment for a period of at least one month prior
to starting the study. Patients are excluded if their current drug regime includes slow-
release formulations of levodopa, COMT inhibitors, selegiline, anticholinergic drugs,
or other drugs that could potentially interfere with gastric absorption (e.g. antacids).
Other exclusion criteria include patients with psychotic symptoms or those on
antipsychotic treatment patients with clinically relevant cognitive impairment, defined

as MMS (Mini Mental State) score of less than 24 (Folstein et al., J Psychiatr Res
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159,A pharmaceutical composition comprising_a pharmaceutically
acceptable vehicle and a therapeutically effective amount of the

Wi ghylearbonylonpropyl PET/US2006/046273
2 amlno -3-(3,4-dihydroxyphenyepropanoate mesylate o
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composition of claim 9, comprising a cate mms

b BB A i 2 m1f§ter%%ﬁéfﬁ$&fémﬁ:d1@mmnbﬁ dlammﬁfashlon in
tlmwmpﬂ&n@aél desai@}® aﬂﬁrﬂﬁﬂﬂﬁaﬁﬁﬁgﬁﬁ@mgsﬁﬂ%ﬁg@o@a geatment
E%?ha {ocatrg]de to 'trﬁ‘%‘?’l{?e%aﬁiégr%gcig the order of entry into the study.

[0151] Patients are admitted to a hospital for an overnight stay prior to
administration of crystalline mesylate salt 1 the next morning on three separate
occasions at weekly intervals. After withdrawal of all anti-parkinsonian medication
from midnight the previbus day crystalline mesylate salt 1 is administered at exactly
the same time in the morning in each patient under fasting conditions.

[0152] Patients are randomized to the order of the days on which they receive
placebo or crystalline mesylate salt 1. The pharmacokinetics of crystalline mesylate
salt 1 may be assessed by monitoring plasma levodopa concentration over time. Prior
to administration, a 22 G intravenous catheter is inserted in a patient’s forearm.
Blood samples of 5 ml each are taken at baseline and 15, 30, 45, 60, 75, 90, 105, 120,
140, 160, 180, 210, and 240 minutes after administering crystalline mesylate salt 1 or
until a full off-state has been reached if this occurs earlier than 240 minutes after drug
ingestion. Samples are centrifuged immediately at the end of each assessment and
stored deep frozen until assayed. Plasma levodopa and 3-O-methyl-Dopa levels are
assessed by high-pressure liquid chromatography (HPLC). On the last assessment
additional blood may be drawn for routine hematolo gy, blood sugar, liver, and renal
function.

[0153] For clinical assessment, motor function is assessed using UPDRS
(United Parkinson's Disease Rating Scale) motor score and BrainTest (Giovamni et al.,
J Neurol Neurosurg Psychiatry 1999, 67, 624-629.), which is a tapping test performed
with the patient's more affected hand on the keyboard of a laptop computer. These
tests are carried out at baseline and then immediately following each blood sample

until patients reach their full on-stage, and thereafter at 3 intervals of 20 min, and 30

min intervals until patients reach their baseline off-status. Once patients reach their
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14. The pharmaceutical composition or claim 9, formulated for sustained
5release oral administration. 15. Use qf thg 3.4
2R)-2-phenylcarbonyloxypropyl (28)-2-amino-3-(3,4- . '
Wélmmwy?ﬂ]enyl)propanoate mesylate of any one of_clalmslfr"tu}swom%ms
rlJ;panuftagture of a mecgicament for treating a disease in a patient. 10
1601]': a1
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. disease is Parkinson's disease. 20. The use o Bin the

HiEEsd8 FESEQ%’&P@HWSW%F@B@@@@ﬁ?@b‘_gﬂention deficit disorder,
SCh[ﬁﬁ%}ﬂ&&aﬂt&i&i&@ﬁ@@ﬁ&imeﬁggmkm%rmg{&wmd with a

Dyskinesia Monitor (Manson et al., J Neurol Neurosurg Psychiatry 2000, 68, 196-
201). The device is taped to a patient’s shoulder on their more affected side. The
monitor records during the entire time of a challenging session and provides a
measure of the frequency and severity of occurring dyskinesias.

[0155] Results can be analyzed using appropriate statistical methods.

[0156] Finally, it should be noted that there are alternative ways of
implementing the embodiments disclosed herein. Accordingly, the present
embodiments are to be considered as illustrative and not restrictive. Furthermore, the

claims are not to be limited to the details given herein, and are entitled their full scope

and equivalents thereof,
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disorders, restless legs syndrome, periodic limb movement disorders,
tardive dyskinesia, Huntington's disease, Tourette's syndrome,
hypertension, addictive disorders, congestive heart failure, and excessive
daytime sleepiness. 3021.A method of preparing MCSLLP
(2R)-2-phenylearbonyloxypropyl (2S)-2-amino-3-
(3,4-dihydroxyphenyl)propanoate mesylate comprising: MCSLLP
providing a solution of (2R)-2-phenyichinenyloxypropyl
(25)-2-(tertbutoxycarbonyeamino-3-(3,4-dihydroxyphenyppropanoate in a
solvent; adding an acid to convert the (2R)-2-phenylearbonyloxypropyl
Wis)-&-(lemiedtsxycarbonyDamino-3 -(3 ,4-dihydroxyphenyl)propanoate to
(2R)-2- 5phenylcarbonyloxypropyl
(25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate acid salt; adding
methahesulféAddciheodorrbontx PR gherd aatbenyléxdpropyl
Cﬁ%@}ﬁ%}g@mgyﬁﬁoﬁéﬂmgrr%gﬁlagéjyl)propanoate acid salt to (2R)-2-
phenylcarboriyloxypropyl
(2S)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate; and

10isolating thm@@kﬁz@pﬁawﬁamgylew&@w (ED LR {34

dihydroxyphenyl)propanoate mesylate from the solvent. 22. The
dihetousanensihPpanprraie il SoN et Lol catnbns dtMoromethane
and dioxane.

3. The (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate of claim 2, wherein the crystalline form has
characteristic peaks (°20) at 5.0 £ 0.2,8.5+0.2,13.6 £ 0.2,15.0+0.2,17.0+ 0.2, 17.7
+0.2,204+0.2,21.1+£02,25.0£0.2,25.8+0.2,282+0.2,30.1 £0.2, and 37.6 +

0.2 in an X-ray powder diffraction pattern measured using Cu Ka radiation.

4. The (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate of claim 2, wherein the crystalline form has
characteristic peaks (°2 0)at4.7+0.2,5.0+0.2,85+£02,96+0.2,13.6+0.2,15.0%
02,17.0+£0.2,174+0.2,17.7+£0.2,19.1+£0.2,19.5+0.2,20.0 £ 0.2,20.4 £ 0.2, 21.1
+0.2,223+02,22.9+0.2,23.1+£0.2,23.3+£0.2,243+0.2,25.0+0.2,253£0.2,
25.7+0.2,25.8+£0.2,26.9+0.2,27.3+0.2,282+0.2,30.1 £0.2,30.5+0.2,32.0+
0.2,33.8+0.2,34.3+0.2,37.6 £0.2, and 38.4 £ 0.2 in an X-ray powder diffraction

pattern measured using Cu Ko radiation.
S. The (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3.4-

dihydroxyphenyl)propanoate mesylate of claim 2, wherein the crystalline form exhibits

a melting point from about 157°C to about 162°C.
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15 23. A method of preparing (2R)-2-phenylcarbonyloxypropy!
(2S)-2-amino-3- (3,4-dihydroxyphenyl)propanoate mesylate comprising:

providing a solution of (2R)-2-phenylcarbonyloxypropyl MCSLLP

(25)-2-(tertbutoxycarbonyeamino-3 -(3 ,4-dihydroxyphenyl)propanoate in a
solvent; 20adding methanesulfonie acid to convert the
(2R)-2-phenylcarbonyloxypropyl

(23)-2¢(tert- bmm@daﬁbqﬂ)@@mmbeay@mwo%?phmwmreﬂamate to

R)-2- n arbon loxy
R R R B e B e st form extibic
ascdatingpihet(2B) 2iphe e afionyhbryp idpyd {€S)-2-amino-3-(3,4-
25dihydroxyphenyl)propanoate mesylate from the solvent. 24. The
method of claim 23, wherein the solvent is selected from dichloromethane,

ethyla?z,‘etate Fhe(ﬁyﬂ)térpmnyl@mbenydmwﬁﬁopmh@wwmémaﬂof
e ar Slja”me é%ﬁ?; x?q)glcfa cPa(fny YRR % fheo r?g]stalhne form is

roxyp propanoa & mes
chda@@tdnﬁed bypmizﬁﬂmglafécslwmmgfo(zﬂ&)rﬂepmehytumg(anylmwpmybndothermic

TAGT e iy o GRSt RIS Bl = sclvent

hefefh pheny carb oxyprop
(2 9-2-ainino-3-(3,4-dihydroxyphenyppropanoate mesylate in the solvent

Iste mg)'eratu [Iehg?Bﬁﬂg%ﬁénylcarbonyloxypropyI (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate of claim 2, wherein the crystalline form is
characterized by a differential scanning calorimetry thermogram having an endothermic

peak at about 164.5 £ 2.5°C.

9. A pharmaceutical composition comprising a pharmaceutically acceptable
vehicle and a therapeutically effective amount of the (2R)-2-phenylcarbonyloxypropyl
(25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate of any one of claims 1 to 8.

10. The pharmaceutical composition of claim 9, comprising at least one
other diastereomer of 2-phenylcarbonyloxypropyl-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate wherein the diastereomeric purity of (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate is
at least about 90%.

11, The pharmaceutical composition of claim 9, comprising an L-aromatic

amino acid decarboxylase inhibitor.

12, The pharmaceutical composition of claim 9, comprising a catechol-O-

methyltransferase inhibitor.
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5changing the temperature of the solution to lower the solubility of (2R)-2-
phenylearbonylox3propyl
(2S)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate in the solvent;
and isolating crystalline (2R)-2-phenylcarbonyloxypropyl
(25)-2-amino-3-(3,4- dihydroxyphenyl)propanoate mesylate from the
solvent. 10 26. The method of claim 25, wherein the solvent is
selectedl fronThepltenitrie;utiethenoposthamolf (daiprépanmiprising an L-aromatic

ety teriun etier, digyane, aselone, eVACRING, SN OIAG,or
exane, clichloromethane, and mixtures of any O oregoing.

27. A method of preparing crystalline (2R)-2-phenylcarbonyloxypropyl
(25)- 3;pmingsd; %{J%?g’g{t_‘?g&f%oﬁ(ﬁﬂﬁré?ﬁ%ﬁ%?atﬁnr@e?ﬁ@%tﬁ&%@ﬂﬂ%&%med

providing a solution -phenylcarbonyloxypropy
r¢R8yen (e rbuioxsicatibonyparnino-3-(3,4-dillydroxyphenyl)propanoate in a

first solvent; 20&protecting the tert-butoxycarbonyl group with an acid to

provide (2R)-2- phcnylcarbonyloxypropyl

(28)-21aminolBq 3 tlekiydrokpbhenihhropd aszpsonsid 38t 2 remiooid g e

- ) -2 ) I
R g DT AR st o
a medicament for treating a disease in a patient.

16. The use of claim 15, wherein the disease is Parkinson’s disease.

17.  The use of claim 15, wherein the disease is selected from depression,
attention deficit disorder, schizophrenia, manic depression, cognitive impairment
disorders, restless legs syndrome, periodic limb movement disorders, tardive dyskinesia,
Huntington’s disease, Tourette’s syndrome, hypertension, addictive disorders,

congestive heart failure, and excessive daytime sleepiness.

18.  Use of the pharmaceutical composition of any one of claims 9 to 14 in

the manufacture of a medicament for treating a disease in a patient.
19, The use of claim 18, wherein the disease is Parkinson’s disease.

20. The use of claim 18, wherein the disease is selected from depression,
attention deficit disorder, schizophrenia, manic depression, cognitive impairment
disorders, restless legs syndrome, periodic limb movement disorders, tardive dyskinesia,
Huntington’s disease, Tourette’s syndrome, hypertension, addictive disorders,

congestive heart failure, and excessive daytime sleepiness.

21. A method of preparing (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-
(3,4-dihydroxyphenyl)propanoate mesylate comprising:
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neutralizing the (2R)-2-phenylcarbonyloxypropyl (28)-2-amino-3-(3,4-
25dihydroxyphenyppropanoate acid salt with a base to provide (2R)-2-

phenylcarbonyloxypropyl MCSLLP

(2,9-2-amino-3-(3,4-dihydroxyphenyl)propanoate; extracting the
(2R)-2-phenylcarbonyloxypropyl (28)-2-amino-3-(3,4-
dihy:droxyphenyl)propanoate with a second solvent; adding
methanesuliapic adidito e 2Riragiken(2ER) b pylerytoafyd (35034 irapy |
30(28)-2-amino-3-(3,4-dillydroxyphenyppropanoate to.convert the (2R)-2-
RSB gt e N AR G 5 s i pembate
to MG8dine awrysidliineo(RRi): Trp iRy Rateoyideyprdpytypropyl (25)-2-(tert-
8)-2-aminor3-(3,4- dihydr henyepr t la3e; and
S R R
plRB)Raminpld«Brép iy droxsphenphrdpdhpdtexydsylsipfapangate acid salt
second selvent. The.met ' AW | '

oo s e an e S AR HRbcypropyd
(285)-2-amino-3-(3,4-dihydroxyphenyl)propanoate acid salt to (2R)-2-
phenylcarbonyloxypropy! (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate;
and

isolating the (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate from the solvent.

22. The method of claim 21, wherein the solvent is selected from

dichloromethane and dioxane.

23. A method of preparing (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-
(3,4-dihydroxyphenyl)propanoate mesylate comprising:

providing a solution of (2R)-2-phenylcarbonyloxypropyl (25)-2-(rert-
butoxycarbonyl)amino-3-(3,4-dihydroxyphenyl)propanoate in a solvent;

adding methanesulfonic acid to convert the (2R)-2-phenylcarbonyloxypropyl
(28)-2-(tert-butoxycarbonyl)amino-3-(3,4-dihydroxyphenyl)propanoate to (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate;
and

isolating the (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate from the solvent.

24. The method of claim 23, wherein the solvent is selected from

dichloromethane, ethylacetate, methyl tert-butyl ether, and dioxane.

25. A method of preparing crystalline (2R)-2-phenylcarbonyloxypropyl (25)-
2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate comprising:
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29. The method of claim 27, wherein the second solvent is selected from
10dichloromethane, ethylacetate, and a mixture of ethylacetate and

isopropanol. 30. The method of claim 27, wherein the temperature of MCSLLP

the solution at each step is about 25 C. 1531.The method of claim 27,
wherein deprotecting comprises adding an acid selected from hydrochloric
acid, trifluoroacetic acid, and methanesulfonic acid to the solution. 32.The
methoetofidiagm 27 uhibe i (2Rt raliciylr edomylses radoin 28 basen2®-3-(3,4-

SRIERY Srem NGRS ANdSUGO L B SR ein the solubility of (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate
in the solvent is temperature dependent;

changing the temperature of the solution to lower the solubility of (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate
in the solvent; and

isolating crystalline (2R)-2-phenylcarbonyloxypropyl (2S)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate from the solvent.

26. The method of claim 25, wherein the solvent is selected from
acetonitrile, methanol, ethanol, isopropanol, methyl-fert-butyl ether, dioxane, acetone,
ethylacetate, ethylformate, hexane, dichloromethane, and mixtures of any of the

foregoing.

27. A method of preparing crystalline (2R)-2-phenylcarbonyloxypropyl (2S5)-
2-amino-3-(3,4-dihydroxyphenyl)propanoate mesylate comprising:

providing a solution of (2R)-2-phenylcarbonyloxypropyl (25)-2-(tert-
butoxycarbonyl)amino-3-(3,4-dihydroxyphenyl)propanoate in a first solvent;

deprotecting the fers-butoxycarbonyl group with an acid to provide (2R)-2-
phenylcarbonyloxypropy! (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate acid salt;

removing the first solvent and adding water to the (2R)-2-
phenylcarbonyloxypropyl (2S5)-2-amino-3-(3,4-dihydroxyphenyl)propanoate acid salt;

neutralizing the (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate acid salt with a base to provide (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate;

extracting the (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate with a second solvent;

adding methanesulfonic acid to the extracted (2R)-2-phenylcarbonyloxypropyl
(25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate to convert the (2R)-2-
phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-dihydroxyphenyl)propanoate to
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crystalline (2R)-2-phenylcarbonyloxypropyl (2S5)-2-amino-3-(3,4-
dihydroxyphenyl)propanoate mesylate; and
isolating the crystalline (2R)-2-phenylcarbonyloxypropyl (25)-2-amino-3-(3,4-

dihydroxyphenyl)propanoate mesylate from the second solvent.

28. The method of claim 27, wherein the first solvent is selected from

dichloromethane and dioxane.

29. The method of claim 27, wherein the second solvent is selected from

dichloromethane, ethylacetate, and a mixture of ethylacetate and isopropanol.

30.  The method of claim 27, wherein the temperature of the solution at each

step is about 25 °C.
31.  The method of claim 27, wherein deprotecting comprises adding an acid
selected from hydrochloric acid, trifluoroacetic acid, and methanesulfonic acid to the

solution.

32.  The method of claim 27, wherein neutralizing comprises adding a base

selected from NaHCO3; and KHCOs to the solution.
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