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(57) ABSTRACT 

The present invention provides controlled release dosage 
formulations of compounds having the Formula: 

R3 O 

n Dut N 
HN 21N, Y(CH3).-Z 

R2 

O R1 

or pharmaceutically acceptable Salts thereof, and in particu 
lar, aplindore. The dosage forms are useful, inter alia, for 
reducing Side effects from administration of Such com 
pounds. 



US 2005/0095292 A1 

SUSTAINED RELEASE PHARMACEUTICAL 
COMPOSITIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. provisional 
application Ser. No. 60/515,315 filed Oct. 29, 2003, which 
is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

0002 This invention relates to sustained release formu 
lations of dopaminergic compounds, including S-2-(Ben 
Zylamino)-methyl-2,3,8.9-tetrahydro-7H-1,4-dioxino 2,3- 
elindol-8-one (aplindore) and pharmaceutically acceptable 
salts thereof. 

BACKGROUND OF THE INVENTION 

0003 Compounds having the 2-(Aminomethyl)-2,3,8.9- 
7H-4-dioxino 2,3-e-indol-8-one structure have been 
reported to have significant activity at the dopamine recep 
tor, as well as the ability to modulate dopamine Synthesis. 
See U.S. Pat. No. 5,756,532, incorporated by reference 
herein in its entirety for all purposes. These compounds are 
useful in the treatment and prevention of a variety of 
dopaminergic disorders including Schizophrenia, Schizoaf 
fective disorder, symptoms of Parkinson's disease, 
Tourette's Syndrome, psychosis in Lewis Body disease, 
psychosis in Alzheimer's disease, hyperprolactinemia, drug 
addiction and acute mania in bipolar disorder. The potent 
and selective D2/D3 partial agonist aplindore (S-2-(Ben 
Zylamino)-methyl-2,3,8.9-tetrahydro-7H-1,4-dioxino 2,3- 
elindol-8-one) has been identified as a treatment for Schizo 
phrenic patients. 

0004. The administration of aplindore results in high 
initial drug concentrations. Such an “immediate release' 
pattern can pose difficulties, which include failure to main 
tain optimal exposure levels over time, and unpleasant Side 
effects from having too large initial dose. Thus, there is a 
Significant need for controlled release aplindore formula 
tions capable of increasing T and/or decreasing C 
without reducing overall drug exposure. This invention is 
directed to these, as well as other, important ends. 

SUMMARY OF THE INVENTION 

0005. In some embodiments, the present invention pro 
vides controlled release dosage formulations comprising a 
compound of Formula I: 

I 

X N R4 

2 NN 
HN O (CH2)-Z 

R2 

O R1 

May 5, 2005 

0006 wherein: 
0007) R' and Rare, independently, hydrogen, alkyl 
of 1 to 6 carbon atoms, phenyl or benzyl, 

0008) or R' and R, taken together, are benzylidene 
optionally substituted with R as defined below or 
alkylidene of up to 6 carbon atoms, 

0009 or R' and R, taken together with the carbon 
to which they are attached, form a carbonyl moiety 
or a cycloalkyl group having three to 6 carbon atoms, 

0010 R is hydrogen, hydroxy, halo, trifluorom 
ethyl, trifluoromethoxy, alkyl of 1 to 6 carbon atoms, 
alkoxy of 1 to 6 carbon atoms, arylalkoxy of 7 to 12 
carbon atoms, alkanoyloxy of 2 to 6 carbon atoms, 
amino, mono- or di-alkylamino in which each alkyl 
group has 1 to 6 carbon atoms, alkanamido of 2 to 6 
carbon atoms or alkaneSulfonamido of 1 to 6 carbon 
atoms, 

0011) R' is hydrogen or alkyl of 1 to 6 carbon atoms; 
0012 n is one of the integers 0, 1, 2, 3, 4, 5, or 6; 
0013 Z is hydrogen, hydroxy, alkyl of 1 to 6 carbon 
atoms, alkenyl of 2 to 6 carbon atoms, alkynyl of 2 
to 6 carbon atoms, alkoxy of 1 to 6 carbon atoms, 
cycloalkyl of 3 to 8 carbon atoms, polycyclic alkyl of 
7 to 15 carbon atoms, phenyl optionally substituted 
with R as defined above, phenoxy optionally sub 
stituted with R as defined above, naphthyl option 
ally substituted with R as defined above or naph 
thyloxy optionally substituted with R as defined 
above, heteroaryl or heteroaryloxy, in which the 
heterocyclic ring of the heteroaryl or heteroaryloxy 
group is Selected from thiophene, furan, pyridine, 
pyrazine, pyrimidine, indole, indazole, imidazole, 
chroman, coumarin, carboStyril, quinoline, ben 
Zisoxazole, benzoxazole, pyrazole, pyrrole, thiazole, 
Oxazole, or isoxazole and the heterocyclic ring is 
optionally substituted by R as defined above; 

0014 or a pharmaceutically acceptable salt thereof. 
0015. In some preferred embodiments, the compound is 
2-(Benzylamino)-methyl-2,3,8,9-tetrahydro-7H-1,4-di 
oxino 2,3-eindol-8-one, or a pharmaceutically acceptable 
Salt thereof. In Some especially preferred embodiments, the 
compound is S-2-(Benzylamino)-methyl-2,3,8,9-tetrahy 
dro-7H-1,4-dioxino 2,3-eindol-8-one (aplindore), or a 
pharmaceutically acceptable Salt thereof: 

O 

'', 1 
HN O 

O 

Aplindore 

0016. In some preferred embodiments of each of the 
controlled release dosage formulations described herein, the 
compound is aplindore fumarate. 
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0.017. In some embodiments, the controlled release dos 
age formulation is an oral dosage formulation. 
0.018. In some embodiments, the formulation comprises 
one or more microparticles, which can be, for example, 
pellets, beads, tablets, Spheroids or combinations of two or 
more thereof. 

0019. In some embodiments of the oral controlled release 
dosage formulations of the invention, the compound is 
released from Said dosage form at a rate effective to increase 
the time it takes to reach maximum therapeutic concentra 
tion (i.e., T) as compared to the T of an instant release 
formulation, for example, So that the T of the controlled 
release dosage formulation is at least about 1.5 times, 2 
times, 2.5 times, 3 times, 4 times, 5 times or 5.5 times the 
Ta of an instant release formulation. 
0020. In some embodiments, the compound is released 
from Said dosage form at a rate effective to decrease the 
maximum therapeutic concentration of Said compound (i.e., 
Cas) compared to the C of an instant release formula 
tion, for example, So that the C of the controlled release 
dosage formulation is less than about 0.75 times, 0.60 times, 
0.50 times, or 0.40 times the C of an instant release X 

formulation. 

0021. In some embodiments, the compound is released 
from the dosage form at a rate effective to increase the 
pharmaceutically effective concentration of the compound 
in a mammal Over a time period (i.e., area under the plasma 
(serum or blood) concentration versus time curve, AUC, 
Such as AUC) relative to an instant release formulation, 
for example, So that the AUC of the controlled release 
dosage formulation is at least about 1.05 times, 1.1 times 1.2 
times, 1.3 times, or 1.4 times the AUC of the instant 
release formulation. 

0022. In some embodiments, the compound is released 
from a 0.1 mg dosage form at a rate effective to provide an 
area under the plasma (serum or blood) concentration versus 
time curve (AUC) from zero to twelve (12) hours (AUC) 
from about 260 pgh/mL to about 2400 pgh/mL, while for 
other such embodiments the AUC is from about 290 
pgh/mL to about 1300 pgh/mL. AUC can be measured as 
described in Principles of Drug Action: The Basis of Phar 
macology, 3" ed., W. B. Pratt & P. Taylor, eds., (Churchill 
Livingstone: New York), 1990. In some embodiments, 5 mg 
of the compound provides an AUC (area under the curve at 
steady state, from 0 to 12 hours) from about 36000 pgh/mL 
to about 109000 pgh/mL, while others provide an AUC 
from about 36000 pgh/mL to about 75000 pgh/mL. In 
Some embodiments, 30 mg of the compound provides an 
AUC, from about 121000 pgh/mL to about 890000 pgh/ 
mL, while other Such embodiments provide an AUC 
from about 170000 pgh/mL to about 760000 pgh/mL. 

0023. In some embodiments, the compound is released 
from 0.1 mg dosage form at a rate effective to provide a 
maximum plasma (serum or blood) concentration (C) 
from about 40 pg/mL to about 190 pg/mL, and in other such 
embodiments from about 40 pg/mL to about 180 pg/mL. 
Maximum plasma concentration is measured as described in 
Principles of Drug Action. The Basis of Pharmacology, 3" 
ed., W. B. Pratt & P. Taylor, eds., (Churchill Livingstone: 
New York), 1990; Human Pharmacology: Molecular to 
Clinical, K. Kist, ed. (Mosby-Year Books: Philadelphia), 
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1991. In some embodiments, 5 mg of the compound pro 
vides a C from about 4000 pg/mL to about 14000 pg/mL, 
while in other Such embodiments, the C is from about 
6000 pg/mL to about 12000 pg/mL. In some embodiments, 
30 mg of the compound provides a C from about 18000 
pg/mL to about 110000 pg/mL, in other such embodiments, 
the C is from about 20000 pg/mL to about 92000 pg/mL. 

0024. In some embodiments, dosages are gradually 
increased (i.e., titrated) over time (e.g., days or weeks) to the 
desired dosage to avoid or lessen the Severity of possible 
Side effects Such as nausea or other indications of patient 
intolerability. For example, some embodiments of the 
present invention provide for the administration of increas 
ing dosages incrementally where the Starting dose ranges 
from about 0.05 mg to about 0.4 mg per day. In other 
embodiments, the dosages are increased incrementally over 
a period of time to an ending dose, which it or a dose of a 
greater amount is administered on a daily basis thereafter, 
and which may range for example, from about 2 mg to about 
75 mg per day. In other embodiments, the dose titration 
period to reach the ending dose is at least about 3 days, at 
least about 5 days, at least about 12 days, or at least about 
15 days. 

0025. In other embodiments, a set of controlled release 
dosage forms, which comprise a plurality of individual 
controlled release dosage forms, where two or more of the 
individual dosage forms comprise different amounts of the 
compound. The individual dosage form may be a single unit 
dosage (e.g., one tablet or capsule), or may include multiple 
unit dosages (e.g., 2 or more tablets or capsules). In Some 
embodiments, the Set of controlled release dosage formula 
tions has 2 or more individual controlled release dosage 
forms containing a starting dose and an ending dose (where 
the ending dose or a dose of a greater amount is administered 
on a daily basis thereafter and the ending dose is greater than 
the starting dose). For example, the set may contain two or 
more different individual controlled release dosage forms 
ranging from about 0.05 mg to about 30 mg of compound. 
In other embodiments, the Set of controlled release dosage 
formulations have at least two or more of the individual 
controlled release dosage forms selected from 0.05 mg, 0.1 
mg, 0.2 mg, 0.25 mg, 0.3 mg, 0.4 mg., 0.5 mg, 0.6 mg, 0.75 
mg, 1 mg, 1.5 mg, 2 mg, 3 mg, 4 mg, 5 mg, 6 mg, 8 mg, 10 
mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg, 16 mg, 17 mg, 20 
mg, 23 mg, 24 mg, 25 mg, 26 mg or 30 mg of the compound. 

0026. In some embodiments, the set of controlled release 
dosage formulations has at least two of the individual 
controlled release dosage forms containing a different 
amount of the compound with the amount of the compound 
in each of the different dosage forms differing by at lease ten 
percent, and more preferably at least 20 percent. In other 
embodiments, each of the individual dosage forms provides 
an AUC-2 ranging from about 260 pgh/mL to about 
890000 pgh/mL. 

0027. In some embodiments, the oral controlled release 
dosage formulations include at least Some of microparticles, 
which include an inert core; a layer of the active compound 
disposed on the inert core; and a coating comprising at least 
one release rate controlling polymer disposed on the layer of 
the compound. In Some embodiments, all of the micropar 
ticles include the inert core, the layer of compound, and the 
coating. 



US 2005/0095292 A1 

0028. In some embodiments, the oral controlled release 
dosage formulations include at least Some of microparticles, 
which include an inert core; a coating layer disposed on the 
inert core, the coating layer including the compound and at 
least one release rate controlling polymer. In Some embodi 
ments, all of the microparticles include the inert core and the 
coating layer. 

0029. In further embodiments, the oral controlled release 
dosage formulations include at least Some of microparticles, 
which include a core that includes the active compound; and 
a coating layer disposed on the core, the coating layer 
including at least one release rate controlling polymer. In 
Some embodiments, all of the microparticles include the 
core that includes the compound, and the coating layer. 
0.030. In some embodiments, the oral controlled release 
dosage formulations include at least Some of microparticles, 
which include a core, the core including the compound and 
at least one release rate controlling polymer; and a coating 
layer disposed on the core, the coating layer optionally 
including at least one release rate controlling polymer. In 
Some embodiments, all of the microparticles include the 
core that includes the compound and the coating layer. 
0031. In some embodiments of the oral controlled release 
dosage formulations of the invention, the percentage by 
weight of the active compound in the formulation is from 
about 1% to about 25%, preferably from about 2% to about 
15%, preferably from about 5% to about 10%. 
0032. In some embodiments of the oral controlled release 
dosage formulations of the invention, the formulation 
includes capsules containing the microparticles. In Some 
embodiments, the microparticles are compressed into a 
tablet or a pellet. 
0033. In some embodiments, the oral controlled release 
dosage formulations include one or more pellets. In Some 
embodiments, the pellets further include a coating that 
further includes at least one release rate controlling polymer. 
In Some embodiments, the pellets are contained within a 
capsule. 

0034. In some embodiments of the oral controlled release 
dosage formulations of the invention, the formulation fur 
ther includes one or more ingredients Selected from fillers, 
disintegrants, excipients, and combinations of two or more 
thereof. In Some embodiments, the pellets and ingredients 
are compressed into tablets. 
0035) In some embodiments of the controlled release 
dosage formulations of the invention, the percentage by 
weight of the active compound in the formulation is from 
about 1% to about 25%, preferably from about 2% to about 
15%, preferably from about 5% to about 10%. 
0036). In some embodiments of the oral controlled release 
dosage formulations of the invention, the formulation com 
prises a wax matrix, preferably wherein the formulation is a 
tablet. In Some Such embodiments, the wax is present in a 
total amount by weight of from about 10% to about 60%, 
preferably from about 20% to about 40%, preferably. 
0037. In some embodiments, the wax includes carnauba 
wax, cetostearyl alcohol, fatty acids, or a mixture or two or 
more thereof. In Some embodiments, the wax-containing 
formulation further includes at least one release rate-con 
trolling polymer. 
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0038. In some embodiments, the oral controlled release 
dosage formulation is a tablet further including a coating 
that includes a water Soluble polymer, and/or at least one 
release-rate controlling polymer. 

0039. In some embodiments, the oral controlled release 
dosage formulations of the invention include a polyethylene 
oxide matrix, preferably wherein the formulation is a tablet. 
In Some embodiments, the tablet includes a polyethylene 
oxide matrix. 

0040. In some embodiments, the polyethylene oxide is 
present in a total amount by weight of from about 5% to 
about 40%, preferably from about 10% to about 20%, of the 
formulation. 

0041. In some embodiments, the oral controlled release 
dosage formulation is a tablet that includes at least one 
release rate controlling polymer. In Some preferred embodi 
ments, the dosage form is a co-compressed tablet. In Some 
preferred embodiments, the co-compressed tablet includes a 
core and an outer compressed coat, wherein the core 
includes active compound and at least one release rate 
controlling polymer. In further embodiments, the co-com 
pressed tablet includes a core and an Outer compressed coat; 
wherein the compressed coat includes active compound and 
at least one release rate controlling polymer. In Some pre 
ferred embodiments, the co-compressed tablet includes a 
core and an outer compressed coat, wherein each of the core 
and the compressed coat includes active compound and at 
least one independently selected release rate controlling 
polymer. In Some preferred embodiments, the core and the 
outer compressed coat each contain at least one high vis 
cosity matrix forming hydroxypropyl methyl cellulose, and 
at least one low Viscosity matrix forming hydroxypropyl 
methyl cellulose. Preferably, the low viscosity matrix form 
ing polymer comprises a hydroxypropyl methylcellulose 
selected from Methocel K10OLV, Methocel E50LV, Metho 
cel E5, Methocel E15LV or a combination of two or more 
thereof; and the high Viscosity matrix forming polymer 
includes a hydroxypropyl methylcellulose Selected from 
Methocel K4M, Methocel K15M, Methocel K10OM, 
Methocel E4M and combinations of two or more thereof. In 
Some especially preferred embodiments, the low Viscosity 
matrix forming polymer includes Methocel K10OLV, and the 
high Viscosity matrix forming polymer includes Methocel 
K4M. 

0042. In some embodiments of the oral controlled release 
dosage formulations of the invention, the formulation 
includes at least one matrix forming polymer, which pref 
erably is Selected from waxes, gums, hydroxypropyl meth 
ylcelluloses, hydroxyethyl celluloses, hydroxypropyl cellu 
loses, carbapols, polymethacrylates, polyethylene oxides, 
and combinations of two or more thereof. 

0043. In some embodiments of the oral controlled release 
dosage formulations of the invention, the active compound 
is present in an amount of from about 0.02% to about 16% 
by weight, preferably from about 0.02% to about 4% by 
weight of the formulation. 

0044) In some embodiments of the controlled release 
dosage formulations of the invention, the formulations 
include one high Viscosity hydroxypropyl methyl cellulose 
and one low Viscosity hydroxypropyl methyl cellulose. 
Preferably, the high Viscosity matrix forming polymer 
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includes a hydroxypropyl methylcellulose Selected from 
Methocel K4M, Methocel K15M, Methocel K10OM, 
Methocel E4M and combinations of two or more thereof. 
Preferably, the hydroxypropyl methylcellulose is present in 
an amount by weight of from about 15% to about 80%, 
preferably about 25% to about 50%, and is preferably 
Methocel K4M. Preferably, the low viscosity hydroxypropyl 
methyl cellulose includes Methocel K10OLV, Methocel 
E5OLV, Methocel E5, Methocel E15LV or a combination of 
two or more thereof, preferably in an amount by weight of 
from about 15% to about 80%, preferably from about 20% 
to about 50%, and is preferably Methocel K10OLV. 

0.045. In some embodiments, the oral controlled release 
dosage formulations of the invention can include a water 
Soluble excipient, preferably in an amount by weight of up 
to about 50%, preferably from about 2% to about 25%. In 
Some preferred embodiments, the excipient is a Sugar. 

0046. In some embodiments, the oral controlled release 
dosage formulations of the invention can include a water 
dispersing excipient, which is preferably microcrystalline 
cellulose, colloidal Silicone dioxide, Silicified microcrystal 
line cellulose, Starch, a Super disintegrant, or a combination 
of two or more thereof. Preferably, the water dispersing 
excipient is present in an amount by weight of from about 
2% to about 50%, preferably from about 5% to about 25%. 

0047. In some embodiments, the oral controlled release 
dosage formulations of the invention include one or more of 
antioxidants, Stabilizers, chelating agents, acidic pH modi 
fiers, basic pH modifiers, or combinations of two or more 
thereof. 

0.048. In some embodiments, the oral controlled release 
dosage formulations of the invention include one or more of 
a binder, a flow aid, lubricant, or a solubility modifier, which 
can be a Surfactant, an acidic compound or a basic com 
pound. 

0049. In some embodiments the oral controlled release 
dosage formulations of the invention include a coating that 
includes a water Soluble polymer and a coloring agent, 
and/or a pH dependent release rate controlling polymer, a pH 
independent release rate controlling polymer, or a combi 
nation thereof. 

0050. In some of the foregoing oral controlled release 
dosage formulations of the invention, the dosage form 
includes one or more release rate controlling polymers, 
which can be, for example, one or more of polymethacry 
lates, methacrylic acid-methacrylic acid ester copolymers, 
cellulose acetate phthalate, ethyl cellulose, polyvinyl 
acetate-phthalate, hydroxypropylmethylcellulose phthalate, 
or combinations of two or more thereof. In some preferred 
embodiments, the release rate controlling polymer can be 
one or more of polymethacrylates, methacrylic acid-meth 
acrylic acid ester copolymers, ethyl cellulose, or combina 
tions of two or more thereof. 

0051. In further embodiments, the release rate controlling 
polymer is Selected from high Viscosity matrix forming 
hydroxypropyl methyl celluloses and low Viscosity matrix 
forming hydroxypropyl methyl celluloses. 
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0052. In some embodiments, the high viscosity matrix 
forming polymer comprises a hydroxypropyl methylcellu 
lose selected from Methocel K4M, Methocel K15M, Metho 
cel K100M, Methocel E4M and combinations of two or 
more thereof. 

0053. In some embodiments, the low viscosity matrix 
forming polymer comprises a hydroxypropyl methylcellu 
lose selected from Methocel K10OLV, Methocel E50LV, 
Methocel E5, Methocel E15LV or a combination of two or 
more thereof. 

0054. In some embodiments, the release rate controlling 
polymer comprises of one or more of Eudragit RS, Eudragit 
RL, Surelease, or combinations of two or more thereof. 

0055. In some embodiments, the oral controlled release 
dosage formulations of the invention include one or more 
Solubility modifiers, for example Surfactants, acidic com 
pounds, basic compounds, and combinations thereof. 

0056. In some embodiments, the oral controlled release 
dosage formulations of the invention include one or more of 
antioxidants, pH modifiers, metal chelators, or combinations 
of one or more thereof. 

0057. In further embodiments, the oral controlled release 
dosage formulations of the invention can include one or 
more of fillers, disentegrants, binders, or combinations of 
one or more thereof. 

0.058. In some embodiments, the oral controlled release 
dosage formulations of the invention include one or more 
fillers, binders, disintegrants, lubricants, Stabilizers, pH 
modifiers, antioxidants or combinations of two or more 
thereof. 

0059. In some preferred embodiments, the oral controlled 
release dosage formulations of the invention include a 
pharmaceutically effective amount of an active compound; a 
high Viscosity hydroxypropyl methyl cellulose in an amount 
of from about 20% to about 60% by weight; and a low 
Viscosity hydroxypropyl methyl cellulose in an amount of 
from about 20% to about 60% by weight. 

0060. In some further embodiments, the oral controlled 
release dosage formulations of the invention include a 
pharmaceutically effective amount of an active compound, a 
water Soluble compensating excipient in an amount of from 
about 0.5% to about 5% by weight; a water dispersible 
excipient in an amount of from about 5% to about 30% by 
weight; a high Viscosity hydroxypropyl methyl cellulose in 
an amount of from about 20% to about 60% by weight; a low 
Viscosity hydroxypropyl methyl cellulose in an amount of 
from about 20% to about 60% by weight; and, optionally, a 
lubricant in an amount of from about 0.1% to about 1% by 
weight. 

0061. In some further preferred embodiments, the oral 
controlled release dosage formulations of the invention 
include a pharmaceutically effective amount of an active 
compound; a water dispersible excipient in an amount of 
from about 10% to about 30% by weight; a high viscosity 
hydroxypropyl methyl cellulose in an amount of from about 
20% to about 40% by weight; a low viscosity hydroxypropyl 
methyl cellulose in an amount of from about 20% to about 
40% by weight; and, optionally, a lubricant in an amount of 
from about 0.1% to about 1% by weight. 



US 2005/0095292 A1 

0.062. In some embodiments the present invention pro 
vides methods of treating a disorder of the dopaminergic 
System that include administering to a patient in need of Such 
treatment a controlled release dosage formulation according 
to the invention. 

0.063. In some further embodiments, the present inven 
tion provides methods for the treatment of Schizophrenia, 
Schizoaffective disorder, Parkinson's disease, Tourette's 
Syndrome, psychosis in Lewis Body disease, psychosis in 
Alzheimer's disease, hyperprolactinemia, drug addiction or 
acute mania in bipolar disorder, comprising administering to 
a patient in need of Such treatment a controlled release 
dosage formulation according to the invention. 
0064. In some further embodiments, the present inven 
tion provides methods for the treatment of Symptoms of 
Parkinson's disease, comprising administering to a patient in 
need of Such treatment a controlled release dosage formu 
lation according to the invention. 
0065. The present invention also provides processes for 
preparing the formulations provided herein, and products of 
those processes. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.066 The present invention provides controlled release 
dosage formulations that include as an active ingredient a 
compound of Formula I: 

O 
X N 

2 N 
HN O N(CH3)-Z 

R2 

O R1 

0067 
Supra. 

wherein the constituent variables are as described 

0068 AS used herein, the term “active compound” is 
intended to refer to compounds of Formula I, and particu 
larly 2-(Benzylamino)-methyl-2,3,8.9-tetrahydro-7H-1,4- 
dioxino 2,3-elindol-8-one, S-2-(Benzylamino)-methyl-2, 
3,8.9-tetrahydro-7H-1,4-dioxino 2,3-eindol-8-one 
(aplindore), and their pharmaceutically acceptable Salts, 
preferably but not limited to their fumarate Salts, and pro 
drugs of the foregoing. 

0069. The dosage formulations described herein facilitate 
the controlled release of active compounds in a mammal 
through many routes, including oral administration. In Some 
preferred embodiments, the formulations include the com 
pound S-2-(Benzylamino)-methyl-2,3,8.9-tetrahydro-7H 
1,4-dioxino 2,3-eindol-8-one, referred to as aplindore, pref 
erably the fumarate salt thereof. 
0070 Aplindore may form pharmaceutically acceptable 
Salts with various acids including inorganic acids Such as 
hydrochloric acid, hydrobromic acid, phosphoric acid, per 
chloric acid, nitric acid, iodic acid, and the like as well as 
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organic acids Such as Oxalic acid, fumaric acid, Succinic 
acid, acetic acid, benzoic acid, glycolic acid, malic acid, 
citric acid, methane Sulfonic acid, benzene Sulfonic acid, 
Salicyclic acid, para-toluene Sulfonic acid, adipic acid, and 
the like. Formulations including all Such Salts are within the 
Scope of the present invention. 

0071 AS used herein, the term “prodrug” has its accus 
tomed meaning of a covalently modified derivative of a 
compound or a pharmaceutically acceptable Salt thereof, 
wherein Such modification results in a derivative that is 
metabolically labile and after administration to a mammal, 
and results in liberation of the parent compound in the gut, 
plasma or tissue. Such derivatives may be prepared by 
esterification, acylation or otherwise modifying the com 
pound in Such a way as to incorporate a physiologically 
labile group. 

0072 Aplindore contains one chiral center and is used 
predominately as the S-isomer. However, activity also 
resides in the R-isomer. The formulations of the present 
invention include both isomers, and are not limited to a 
Single enantiomer or particular enantiomeric mixture. 

0073 For purposes of this invention, the terms “instant 
release”, “instant release formulation” refer to formulations 
that provide a rapid and non-gradual release of active 
compound from the formulation; i.e., formulations that 
contain active compound and a rapidly dissolving carrier 
that does not retard the release of the active compound from 
the formulation. Such instant release formulation are either 
devoid of release rate controlling polymers or other Species 
that retard the release of the active compound from the 
formulation, or contain Such polymers or Species in amounts 
that are sufficiently small such that the release of the active 
compound from the formulation is not retarded relative to an 
otherwise identical formulation lacking Such polymers or 
Species. One example of Such an “instant release' formula 
tion is active compound blended in the microcrystalline 
cellulose Avicel, which results in greater than 75% dissolu 
tion of aplindore or a pharmaceutically acceptable Salt 
thereof in less than 0.25 hours in a 0.1 NHCl Solution as 
described infra. 

0074 The terms “slow release”, “medium release” and 
“fast release' are controlled release formulations as 
described herein, above, that release active compound at a 
rate that is slow, medium or fast rate relative to each other. 

0075 AS used herein, the terms “controlled release”, 
“controlled release formulation”, “controlled release dosage 
formulation” and the like refer to formulations that contain 
materials that retard the release of active compound from the 
formulation relative to an “instant release' formulation as 
described above, e.g., relative to an otherwise identical 
formulation lacking the release rate controlling polymer or 
other release-retarding materials. Thus, the term “controlled 
release” can apply to any number of extended release forms 
and will be considered substantially synonymous with 
delayed release, time release, prolonged release, time pro 
grammed release, time released, time coated release, Sus 
tained release, Slow acting, long acting, delayed acting, 
Spaced release, time Spaced release, extended acting, 
extended action, and the like. 
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0.076 It will be appreciated that controlled release for 
mulations can result in a release of active compound from 
the dosage form at a rate effective to increase the time it 
takes to reach maximum therapeutic concentration (i.e., 
T) as compared to the T of an instant release formu 
lation, for example, So that the T of the controlled release 
dosage formulation is at least about 1.5 times, 2 times, 2.5 
times, 3 times, 4 times, 5 times or 5.5 times the T of an 
instant release formulation. Controlled release formulations 
can also result in release of active compound from the 
dosage form at a rate to decrease the maximum therapeutic 
concentration of Said compound (i.e., C.) compared to the 
C. of an instant release formulation, for example, So that 
the C of the controlled release dosage formulation is leSS 
than about 0.75 times, 0.60 times, 0.50 times, or 0.40 times 
the C of an instant release formulation. Controlled 
release formulations can also result in release of the active 
compound from the dosage form at a rate effective to 
increase the pharmaceutically effective concentration of the 
compound in a mammal over a time period (i.e., area under 
the plasma (serum or blood) concentration versus time 
curve, AUC, Such as AUC) relative to an instant release 
formulation, for example, So that the AUC of the con 
trolled release dosage formulation is at least about 1.05 
times, 1.1 times 1.2 times, 1.3 times, or 1.4 times the 
AUC of the instant release formulation. 

lax 0077 “C, and “AUC” values reported herein, 
unless Stated as being “mean' values, refer to the values 
observed in an individual patient. Moreover, Ca, T and 
AUC values, unless otherwise Stated, may be values 
observed at Steady State when dosing at regular time inter 
vals (e.g., every 12 hours) for multiple days (e.g., multiple 
dose administration) or values for a single dose administra 
tion. 

lax 

0078. As used herein, the term “release rate controlling 
polymer' is intended to denote any polymer material Suit 
able for pharmaceutical dosage forms that retard the release 
of drug Substances from Such dosage forms. Examples of 
Suitable release rate controlling polymers can be found in 
Remington's Pharmaceutical Sciences, 18th Ed., Gennaro, 
ed., Mack Publishing Co., Easton, Pa., 1990), incorporated 
by reference herein in its entirety for all purposes. Some 
preferred release rate controlling polymerS Suitable for use 
in the present invention include, without limitation, one or 
more of polymethacrylates, methacrylic acid-methacrylic 
acid ester copolymers, cellulose acetate phthalate, ethyl 
cellulose, polyvinyl acetate-phthalate, hydroxypropylmeth 
ylcellulose phthalate, high Viscosity matrix forming hydrox 
ypropyl methyl celluloses such as Methocel K4M, Methocel 
K15M, Methocel K10OM, Methocel E4M, and low viscosity 
matrix forming hydroxypropyl methyl celluloses Such as 
Methocel K10OLV, Methocel E50LV, Methocel E5, Metho 
cel E15LV or a combination of two or more thereof. Further 
preferred release rate controlling polymers include one or 
more of Eudragit RS, Eudragit RL, Surelease, or combina 
tions of two or more thereof. 

0079. It will be appreciated that the different release rate 
controlling polymers confer different release rate properties 
to the formulation. By varying the type and amount of Such 
polymers in the formulation, a wide variety of release 
profiles of active compound can be achieved. Those skilled 
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in the art are credited with the ability to Select appropriate 
polymers in appropriate amounts to achieve desired release 
rates of active compound. 

0080 Controlled release solid formulations of aplindore, 
or pharmaceutically acceptable Salts of aplindore, can 
include any of the many dosage forms known in the art, 
including tablets, for example co-compressed tablets and 
matrix tablets, encapsulated dosage forms Such as capsules 
or pellets containing microparticles in the form of pellets, 
beads, tablets, spheroids or combinations of two or more 
thereof, powders and the like. 

0081. In accordance with some preferred embodiments, 
the controlled release formulation can contain micropar 
ticles that contain active compound, and at least one release 
rate controlling polymer in a location Suitable to retard 
release of the active compound. Such microparticles can be 
in the form of, for example, pellets, beads or spheroids. In 
Some embodiments, the microparticles include a core and at 
least one coating layer. Either of the core and the coating 
layer can either be inert (i.e., contain no active compound) 
or can contain active compound, provided that at least one 
of the core or one coating layer contain active compound. In 
Some embodiments, the microparticles are contained within 
a capsule, or compressed into a tablet. 
0082 The microparticlate dosage formulations of the 
invention can contain active compound in any convenient 
percentage by weight. Typically, the formulation contains 
active compound in percentage by weight of from about 1% 
to about 25%, preferably from about 2% to about 15%, 
preferably from about 5% to about 10%. 
0083. In addition to active compound and release rate 
controlling polymer, the formulations of the invention can 
contain any of a variety of additional materials that confer 
beneficial properties to the formulation. Such materials 
include, for example, Solubility modifierS Such as Surfac 
tants, acidic compounds and basic compounds, antioxidants, 
acidic and basic pH modifiers, chelating agents, fillers, 
disentegrants, binders, lubricants, Stabilizers, excipients 
including water Soluble excipients Such as Sugars and water 
dispersing excipients Such as microcrystalline cellulose, 
colloidal Silicone dioxide, Silicified microcrystalline cellu 
lose and Starch. 

0084. Nonlimiting examples of water soluble or water 
dispersing excipients include lactose, mannitol, Sucrose, and 
the like. The water Soluble excipients may be present in a 
range depending upon the particular therapeutic objective 
required. In general, the range of water Soluble excipients is 
from 0 to 50%, or 2 to 25%. Examples of water dispersible 
excipients include microcrystalline cellulose, colloidal sili 
cone dioxide, Silicified microcrystalline cellulose (Pro 
Solve), starches, Superdisintegrants Such as croScarmelose 
Sodium and the like. The range of water dispersible excipi 
ents is typically from about 5% to about 50%, preferably 
from about 10% to about 30% by weight. 
0085. Non-limiting examples of stabilizers include anti 
oxidants such as BHA, BHT, ascorbic acids, tocopherols, 
and the like. Nonlimiting examples of Suitable metal chela 
tors include EDTA, citric acid and the like. Nonlimiting 
examples of pH modifiers that are either acidic or basic 
compounds Such as citric acid, Sodium citrate, fumaric acid, 
Sodium fumarate and the like. Nonlimiting examples of 
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binders include starches, PVP, HPMC, HPC and the like. 
Nonlimiting examples flow aids include magnesium Stearate 
and the like. Nonlimiting examples of solubility modifiers 
include Surfactants like SLS or Tween 80, and the like. 

0.086. In some preferred embodiments, the formulations 
of the invention are in the form of coated pellets or Spheres. 
One nonlimiting example of Such formulations is spheres 
containing a core of active compound in an inert matrix, 
coated with a release rate controlling polymer as disclosed 
herein. Nonlimiting examples of a Suitable release rate 
controlling polymers are pH dependent or independent poly 
mers, Such as polymethacrylates Eudragit L/S, Eudragit 
RS/RL, cellulose acetate phthalate, ethyl cellulose and the 
like. Further examples include one or more of high Viscosity 
matrix forming hydroxypropyl methyl cellulose, and low 
Viscosity matrix forming hydroxypropyl methyl celluloses 
as described herein. 

0087. In some embodiments, the formulations of the 
invention are in the form of pellets. Examples of Such 
formulations include those containing pellets that contain a 
layer of active compound on top of an inert core, for 
example a Sugar Sphere, and a Surface coating containing 
one or more release rate controlling polymers. 

0088. In some embodiments, the formulations of the 
invention are in the form of tablets. In Some Such embodi 
ments, the percentage by Weight of active compound in the 
formulation is from about 1% to about 25%, preferably from 
about 2% to about 15%, preferably from about 5% to about 
10%. Nonlimiting examples of such tablets are co-com 
pressed tablets (i.e., a "tablet-in-tablet), and matrix tablets. 
0089. Typically, the co-compressed tablet includes a core 
and an outer compressed coat. Either or both of the core and 
the outer compressed coat can contain active compound 
and/or one or more release rate controlling polymers. In 
Some preferred embodiments, the dosage form is a co 
compressed tablet wherein both the core and the outer 
compressed coat contain active compound, and at least one, 
preferably two, release rate controlling polymers, one of 
which is preferably a high Viscosity matrix forming hydrox 
ypropyl methyl cellulose, and the other of which is prefer 
ably a low Viscosity matrix forming hydroxypropyl methyl 
celluloses. Preferred high Viscosity matrix forming polymers 
include a hydroxypropyl methylcellulose Selected from 
Methocel K4M, Methocel K15M, Methocel K10OM, 
Methocel E4M and combinations of two or more thereof, 
preferably Methocel K4M. Preferred low viscosity matrix 
forming polymers include hydroxypropyl methylcelluloses 
selected from Methocel K10OLV, Methocel E50LV, Metho 
cel E5, Methocel E15LV or a combination of two or more 
thereof, preferably Methocel K10OLV. 

0090. In some preferred embodiments, the tablet is a 
matrix tablet. The matrix forming composition may contain 
waxes, gums, polyethylene oxides, carbapols, hydroxypro 
pyl methylcelluloses, hydroxyethyl celluloses, poly 
methacrylates or other release rate controlling polymers as 
described herein. In Some embodiments, Such matrix tablets 
are prepared by blending the active compound and the 
matrix forming polymer together, and compressing the 
blend. 
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0091. In some embodiments, the tablet is a matrix tablet 
that includes a wax matrix. Such tablets maybe prepared by, 
for example, by melting a wax Such as carnauba wax, 
cetoStearyl alcohol or fatty acids, or combinations thereof, 
and adding active compound along with a filler Such as 
microcrystalline cellulose as well as other excipients, fillers, 
lubricants and the like, and allowing the mixture to cool. The 
formulations prepared maybe optionally coated with or 
contain one or more water Soluble or release rate controlling 
control release polymers. Typically, the wax is present in the 
formulation in a total amount by weight of from about 10% 
to about 60%, preferably from about 20% to about 40%, 
preferably from about 10% to about 60%. A wide variety of 
Suitable waxes are amenable to the present invention. Non 
limiting examples of Such waxes include carnauba wax, 
cetoStearyl alcohol, fatty acids, or a mixture or two or more 
thereof. The matrix tablet also can contain one or more 
release rate-controlling polymers as described herein. 

0092 A further nonlimiting example of such a matrix 
tablet is a tablet that includes a polyethylene oxide matrix, 
for example and not limitation, polyethylene oxide resins 
such as SENTRY POLYOX (Union Carbide Corp.) or 
equivalents. Suitable POLYOX’s include POLYOX WSR 
N-10, N-60 K, WSR-1105N, WSR 303. The POLYOX used 
may have a molecular weight in the range of 100,000 to 
7,000,000 or 900,000 to 5,000,000. Typically, the polyeth 
ylene oxide is present in the formulation in a total amount by 
weight of from about 5% to about 40%, preferably from 
about 10% to about 20% of the formulation. The matrix 
tablet also can contain one or more release rate-controlling 
polymers as described herein. 

0093. A further nonlimiting example of such a matrix 
tablet is a tablet that includes one or more release rate 
controlling polymers as described herein as the matrix 
forming polymer. In Some preferred embodiments, Such 
tablets include one or more high Viscosity matrix forming 
hydroxypropyl methyl celluloses, and/or one or more low 
Viscosity matrix forming hydroxypropyl methyl celluloses 
as described herein as the matrix forming polymer. In Some 
preferred embodiments, it is advantageous to use a high 
viscosity hydroxypropyl methylcellulose such as Methocel 
K4M at an amount by weight of from about 15% to about 
80%, preferably about 25% to about 50%. Other high 
Viscosity polymerS may also be used Such as Methocel 
K15M, Methocel K10OM, or Methocel E4M and the like. In 
Some embodiments, a low Viscosity hydroxypropyl methyl 
cellulose is used Such as MethocelB50LV, Methocel E5, or 
MethocelB15LV or combinations thereof and the like. In 
certain embodiments, both a high Viscosity and a low 
Viscosity hydroxypropyl methylcellulose are used in the 
matrix together wherein the low Viscosity hydroxypropyl 
methylcelluloses is present in a range of from about 15% to 
80%, preferably from about 25% to about 50%, and the high 
Viscosity hydroxypropyl methylcellulose is present in an 
amount by weight of from about 20% to about 50%. 
0094. In general, active compound may be contained 
within any layer of a dosage form of the invention, and 
controlled release of the active compound can be achieved 
by the use of a release rate controlling polymer either 
contained within the layer containing the active compound, 
or in any layer encompassing the layer containing the active 
compound, for example an enteric coating. Such an enteric 
coating may also be applied to pellets, beads or spheroids 
containing active compound, or the active compound can be 
contained within the enteric coating itself. 
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0.095. In some embodiments the controlled release dos 
age formulation is a matrix tablet formulation where the 
active compound is present in an amount by weight of from 
about 0.02% to about 16%, preferably from about 0.02% to 
about 4%. 

0096. The tablets of the formulations of the invention can 
be coated with water Soluble polymer coloring agents, or 
coated with pH dependent or pH independent polymers to 
further control the rate of release of active compound. In 
Some embodiments, the tablets of this invention are coated 
with a Subcoat, an enteric coating or an overcoating, or any 
combination thereof. 

0097. The types of formulations contemplated by the 
present invention are not limited to the examples presented 
herein. Rather, the examples indicate that a vast number of 
formulations fulfill the general goal of the invention and one 
of ordinary skill in the art will recognize that varying the 
formulations beyond those of the examples is contemplated 
where the formulation so varied still accomplishes the 
general goal of the invention by providing a controlled 
release of active compound. 
0098. In especially preferred embodiments of each of the 
formulations of the invention, the active compound is aplin 
dore. Aplindore and pharmaceutically acceptable Salts 
thereof are particularly well-Suited to treating various dis 
orders of the central nervous System and more particularly to 
those central nervous disorders relating to the dopaminergic 
system. Because aplindore (or any drug) requires a Sufficient 
exposure level to achieve its desired effects, the drug must 
be dosed in a manner Sufficient to achieve the particular 
blood plasma level over a period of time deemed sufficient 
to meet the clinical objective Sought. However, it has been 
discovered that in certain cases, dosing of Subject patients 
with aplindore resulted in Side effects including nausea and 
vomiting which has been correlated with the time period 
where aplindore reached its maximal plasma levels. Simply 
reducing the dose would not always be Satisfactory Since, 
while the Side effects might lessen or disappear, the overall 
drug exposure levels might not be Satisfactory to treat the 
particular condition. Rather, what is desired is a treatment 
regimen that maintains or increases the efficacy of the drug, 
but does not provide the relatively large initial blood con 
centration Seen with administration of instant release doS 
ages of aplindore. 

0099 Thus, in accordance with the present invention 
there are provided controlled release dosage forms that 
ameliorate the deleterious Side effects of instant release 
aplindore administration, including oral and non-oral con 
trolled release dosage formulations. Accordingly, the present 
invention includes each of the numerous technologies that 
exist for controlled release non-oral dosage formulations 
including pumps, implants, patches, depot injection, injec 
tion with controlled release carrier, and the like. Delivery of 
active compound in accordance with the present invention 
can be via mucosal, vaginal, rectal, ocular, transdermal, 
intrauterine, routes and the like. 

0100. In other embodiments, it has been found desirable 
to gradually increase the dosage of aplindore in a mammal 
to a desired dosage over a period of time (i.e., titrate) to 
reduce initial possible side effects of aplindore. Thus, the 
present invention provides a method of administering aplin 
dore that includes administering to a mammal in need 
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thereof a starting controlled release dosage formulation 
comprising aplindore, and thereafter administering to the 
mammal at least one other controlled release dosage formu 
lation comprising aplindore, wherein the Starting controlled 
release dosage formulation contains a lesser amount of 
aplinodre relative to the other controlled release dosage 
formulation. In Some embodiments, the Starting controlled 
release dosage formulation comprises from about 0.05 mg to 
about 0.4 mg of aplindore. 

0101 Also included in accordance with the present 
invention are any of the numerous technologies that exist for 
attaining Sustained release oral formulations including those 
described above, as well as micro and macroencapsulation, 
fibers, matrices both polymeric (high Viscosity and low 
Viscosity) and non-polymeric, foams, liposomes, micelles, 
gels, physically dispersed drug in polymeric, porous, 
Slightly porous or non-porous matrices, adsorption onto ion 
eXchange resins, mixing with or adsorption onto chemically 
or biologically degradable matrices and the like. The active 
compound can be formulated in Such a way that the drug 
achieves a Single maximal concentration or may be formu 
lated So that the drug is pulsed in two or more peaks. Oral 
delivery maybe via way of liquid or Solid dosage form. 
Liquid dosage forms include Syrups, Suspensions, emul 
Sions, elixirs and the like. The liquid carrier can include an 
organic or aqueous base and maybe further modified with 
Suitable pharmaceutical additives Such as Solubilizers, emul 
sifiers, buffers, preservatives, Sweeteners, flavoring agents, 
Suspending agents, thickening agents, colorSViscosity regu 
lators, Stabilizers or osmoregulators, or combinations 
thereof. The aqueous carrier may also contain polymeric 
Substances or oils. 

0102) While the present invention has been described 
with Specificity in accordance with certain of its preferred 
embodiments, the following examples Serve only to illus 
trate the invention and are not intended to limit the same. 

EXAMPLES 

0103) The following examples illustrate some controlled 
release dosage formulations that achieve the invention 
objective by decreasing the rate of dissolution, increasing 
the time to maximum concentration, or reducing the maxi 
mum concentration value for a given quantity of aplindore, 
or a combination of these three. The following non-limiting 
examples of oral delivery vehicles formulated for controlled 
delivery are listed below. The examples are illustrated for 
non-limiting dose ranges of 0.05 to 10 mg and a wide range 
of controlled release oral formulations in order to demon 
strate a number of release profiles that were further tested in 
monkeys and humans and reported on herein below. 

0104. The three formulation approaches illustrated below 
are 1) coated pellets; 2) co-compressed tablets (tablet-in 
tablet); and 3) matrix tablets. 
01.05 Coated Pellets: 
0106 A low required dose of aplindore or its pharma 
ceutically acceptable Salts allows for layering of the drug 
onto the Surface of an inert Sugar sphere, followed by a 
release-controlling polymer coat. The drug may also be 
incorporated into the Sphere by an extrusion/spheronization 
process which is not illustrated in the present examples. 
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0107 Co-Compressed Tablets: 

0108. The use of a co-compressed tablet was investigated 
for the purpose of having a Zero-order or nearly Zero-order 
release profile and different release profiles obtained by 
varying the amounts of drug and polymer (HPMC) in the 
core tablet and in the outer compressed coat, as well as the 
total tablet weight. Tablets can be made individually via 
various presses or equipment well known to those of skill in 
the art. The co-compressed tablets of the present invention 
were made individually on the Carver press using Standard 
round tooling. 

0109) Matrix Tablets: 
0110 Matrix tablet examples were prepared utilizing 
hydroxypropyl methylcelluslose (HPMC), waxes, polyeth 
ylene oxides (PEO), alone or in combinations. 
0111. In order to make the aplindore directly compressed 
tablets easy to Swallow and to avoid any esophagus irrita 
tion, 3 wt % Opadry II White was coated on the aplindore 
core tablets. 

Example 1 

Sustained Release Aplindore Fumarate Pellets 
Prepared Using Extrusion/Spheronization and SR 

Coating 

0112 Batches were made by blending drug with Micro 
crystalline Cellulose (Avicel PH102) and granulating with 
water to form a wet mass. The wet mass was extruded 
through a 1.0 mm Screen and Spheronized on a Small Caleva 
system. The formulations and the dissolution data in 0.1 N 
HCl for the uncoated pellets are presented in Table 1. The 
AVicel matrix does not retard the release of aplindore and 
essentially all of the drug is released from the uncoated 
pellets in 30 minutes. 

TABLE 1. 

Formulation and Dissolution of Uncoated Pellets 

Composition 

1. 2 

Aplindore (% listed as free 5.0% 10.0% 
base) 
Avice PH 102 95.0% 90.0% 

Dissolution (Hrs) % Dissolved % Dissolved 

O.1 NHCI 

O.25 76.91 85.90 
0.5 91.12 90.30 
1. 94.79 91.07 
2 94.13 90.86 

0113. The spheres prepared by extrusion/spheronization 
were coated with Eudragit RS/RL and Surelease to control 
the release of aplindore. The formulation and the dissolution 
profiles are shown in Table 2. The Surerelease coated 
Spheres of composition 3 were tested in monkeys to assess 
the in Vivo release and the corresponding monkey plasma 
levels are shown in Table 3. 
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TABLE 2 

Formulation and dissolution of sustained release coated spheres 
prepared by extrusion/spheronization. 

Composition 

3 4 
% W/W % W/W 

Spheroids core 

Aplindore fumarate 1.O.O 5.0 
Avice 90.0 95.0 
SR Coating 

Surerelease 7.5 O 
80:2OEudragit RS/Eudragit 

RL O 15 

Dissolution (Hrs) % Dissolved % Dissolved 

O.1 NHCI 

0.25 1.3 la 
0.5 11.3 la 
1. 28.49 la 
2 45.78 la 

pH 6.8 phosphate buffer 

1. 19.53 3.78 
2 38.88 24.30 
4 53.3 la 
6 la 77.10 
8 62.11 97.7 
12 65.38 99.38 

Example 2 

Sustained Release Aplindore Fumarate Pellets 
Prepared By Sustained Release Coating of Layered 

Sugar Spheres 

0114 Aplindore fumarate sustained-release pellets were 
also prepared by layering the active drug on Sugar Spheres. 
The formulation and the dissolution data are given in Table 
3. Composition 5 was tested for in Vivo release in monkeys. 
The data is included in Table 4. 

TABLE 3 

Formulation and dissolution of sustained release coated aplindore 
layered sugar spheres. 

Composition 
5 

% W/W 

Spheroids core 

Sugar spheres 25/30 mesh 1OO 
Drug coating (5% as free base) 

aplindore fumarate 44.4 
HPMC 6 cps 55.6 
Controlled release Coating 

Eudragit RS100 45.5 
Triethylcitrate 9.1 
Talc 45.5 
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TABLE 3-continued 

Formulation and dissolution of sustained release coated aplindore 
layered sugar spheres. 

Dissolution Time(Hr) % Dissolved 

O.1 NHCI 

O.25 O.9 
0.5 3.77 
1. 13.71 
2 31.1 
pH 6.8 phosphate 

1. 8.15 
2 21.27 
4 38.37 
8 63.89 
12 79.02 

0115) 

TABLE 4 

Summary Aplindore Bioavailability Parameters in Monkeys 

AUC % Relative 
Com- (ng * hr? Cmax Tmax Bio 

position Description mL) (ng/mL) (hr) availability 

6 Instant Release 1290 1668 2.5 1OO 
capsule 

3 Surelease coated 369.0 1972 14.7 29 
spheres 

7 Eudragit RS/RL 1205 96.28 4.7 85 
coated spheres 

5 Eudragit RS coated 1051 83.77 5.3 76 
layered spheres 

8 Tablet-in-tablet 1097 98.87 4.0 85 
9 Wax matrix 854.6 52.33 6.3 8O 
10 HPMC matrix 1219 52.17 4.0 85 

Example 3 

Sustained Release Tablets Prepared Using 
Co-Compression Method 

0116. The use of a co-compressed tablet was investigated 
for the purpose of having a Zero-order or nearly Zero-order 
release profile. Different release profiles could be obtained 
by varying the amounts of drug and polymer (HPMC) in the 
core tablet and in the outer compressed coat, as well as the 
total tablet weight. All tablets were made individually on the 
Carver preSS using Standard round tooling. The formulations 
and the dissolution data are given in Table 5. In vivo 
absorption data in Monkeys for Composition 8 are included 
in Table 4. 

TABLE 5 

Formulations for Aplindore Fumarate Co-Compressed 
Tablets (Tablet-in-Tablet): 

8 

INGREDIENTS: Inner Outer 

Aplindore (as base) S.OOO S.OOO 
Lactose, Spray dried 25.8OO 68.250 
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TABLE 5-continued 

Formulations for Aplindore Fumarate Co-Compressed 
Tablets (Tablet-in-Tablet): 

Avicel, PH 101 25.8OO 68.250 
Methocel K4M Prem CR 36.OOO 48.OOO 
Methocel K100 Prem LV 7.OOO 59.500 
Mg-stearate O.400 1.OOO 

Total 1OOOOO 2SO.OOO 

Dissolution (Hrs) % Dissolved 

pH 6.8 phosphate buffer 

0.25 5.50 
O.SO 8.47 
1. 12.98 

1. 12.98 
2 19.70 

4 27.99 
6 34.54 
8 41.63 
12 55.72 

Example 4 

Wax Matrix Tablets 

0117 Table 6 lists formulations of matrix tablets contain 
ing Carnauba wax and cetoStearyl alcohol as matrix forming 
polymers, with microcrystalline cellulose. The wax was 
melted and aplindore alone or its blend with microcrystalline 
cellulose was added with stirring. The mixture was allowed 
to cool to room temperature and milled. The resulting 
granulation was blended with the lubricant magnesium 
Stearate and compressed into tablets. The tablets exhibit 
Sustained release profile. 

TABLE 6 

Wax matrix formulations and dissolution 

Composition 

9 11 
% W/W % W/W 

Aplindore fumarate 4.0 4.0 
Avice PH101 63.0 55.5 
Carnauba wax 32.O 
Cetostearyl alcohol 40 
Magnesium stearate 1.O 0.5 

Dissolution (Paddle 50 rpm, 
phosphate buffer pH 6.8). % Dissolved % Dissolved 

0.25 6.56 7.46 
0.5 10.23 10.33 
1. 21.13 15.87 
2 53.8 27.43 
4 72.36 45.26 
6 77.02 56.81 
8 79.01 64.64 
12 81.50 76.19 
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Example 5 

Polyethylene Oxide Matrix Tablets 
0118 Table 6 outlines formulations and dissolution pro 
files of matrix tablets prepared using PEO polymers. The 
tablets show Sustained release profiles. 

TABLE 6 

Wax and polyoxyethelene oxide matrix formulations and dissolution 

Composition 

12 13 
% W/W % WW 4.0 

Aplindore fumarate 4.0 40.75 
Avice PH101 40.75 40.75 
Lactose 40.75 
Polyoxyethylene oxide (PEO WSR N-6OK) 1O 1O 
Polyoxyethylene oxide (PEO WSR N-301K) 0.5 
Magnesium stearate 0.5 

Dissolution (Paddle 50 rpm, 
phosphate buffer pH 6.8). % Dissolved 26 Dissolved 

O.25 Hr 2042 18.74 
0.5 29.18 25.73 
1. 41.92 37.5 
2 58.58 51.47 
4 77.61 69.93 
6 88.11 81.6 
8 92.52 88.11 
12 95.48 91.67 

Example 6 

Hydroxypropyl Methylcellulose Matrix 10 Mg 
Tablets 

0119) The type of hydroxypropyl methylcellulose used in 
accordance with examples of the invention are hydroxypro 
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pylmethylcellulose sold under the trademark METHOCEL 
(Dow Chemical Co.) or equivalents. Suitable METHOCELS 
include the K grades such as METHOCELK15M Premium 
CR, METHOCEL K10OM Premium CR, METHOCEL 
K100 Premium LV and METHOCEL K4M Premium. Other 
suitable METHOCELS include the E, F and J grades. 

0120 Table 7 lists examples of matrix tablets utilizing 
hydroxypropyl methylcellulose (HPMC) of low viscosity 
Methocel KLV100 (hydroxypropyl content less than 9%) 
and high viscosity Methocel K4M. Aplindore fumarate and 
the polymers were mixed, lubricated with magnesium Stear 
ate and compressed into tablets. These tablets show Sus 
tained release dissolution in 0.1 NHCl and pH 6.5 buffer. 

0121. In order to make the aplindore fumarate tablets 
easy to Swallow and to avoid any esophagus irritation, 3 wt 
% Opadry II White was coated on the aplindore fumarate 
core tablets. 

0.122 The aplindore 10 mg fast-release, 10 mg medium 
release and 10 mg slow-release HPMC matrix core tablets 
were tested in monkeys along with an immediate-release 
capsule formulation. The formulations and dissolution data 
are listed in Table 7. Tablets were compressed using 1/32 
inch Standard concave round tooling. The dissolution was 
determined as directed in the USP, using Apparatus 2 
(paddles), at 50 rpm using 0.1N HCl for the first 2 hours and 
0.05 M phosphate buffer, pH 6.8 at 37+0.5° C. Volume of 
dissolution medium was 900 mL. 

0123 The pharmacokinetic parameters are presented in 
Table 8. These aplindore medium-release and slow-release 
formulations have achieved the requirement according to 
their in vivo performance in the monkey study. The bio 
availabilities of the three HPMC matrix tablet formulations 
were 85.5, 95.0 and 116.4% respectively, for slow-release, 
medium-release and fast-release formulations relative to the 
immediate-release capsule formulation. 

TABLE 7 

Composition and Dissolution of APLINDORE 10.0 MG Fast-Release, 
Medium-Release and Slow-Release HPMC Matrix Tablets 

APLINDORE free base 

(added as fumarate 
salt) 
Lactose Fast Flo 
Pregelatinized Starch 
LM 
Avice PH 301 
Methocel K4M 
Prem CR 
Methocel K10OLV 
Prem CR LEH 

Mg stearate 
Total Tablet Weight 
Tablet Hardness 
Tabletting Machine 

Compositions 

Composition 14 Composition Composition 16 
Composition 10 Medium 15 Immediate Release 
Slow Release Release Fast Release Capsules 
Tablets Tablets Tablets (reference) 

4%* 4%* 4%* 2.65%* * 

16.70% 20% 66.60% O% 
O% O% O% 58.86% 

16.70% 20% O% 37.99% 
29% 29% 29% O% 

33.20% 26.60% O% O% 

O.40% O.40% O.40% O.50% 
250 mg 250 mg 250 mg 275 mg 
>20 kp 10-13 kp 10-13 kp 
Carver Press Colton Colton 
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Composition and Dissolution of APLINDORE 10.0 MG Fast-Release, 
Medium-Release and Slow-Release HPMC Matrix Tablets 

Dissolution Time 
(HR) % Dissolved % Dissolved 

0.17 N/A N/A N/A 
O.33 N/A N/A N/A 
0.5 10.77 14.67 18.3 
0.75 N/A N/A N/A 
1. 16.19 23.25 29.25 
2 25.37 37.44 45.26 
4 37.25 55.07 64.91 
8 53.69 77.08 89.96 
12 66.97 89.55 101.79 

% Dissolved 26 Dissolved 

79.27 
98.45 
100.64 
101.18 
N/A 
N/A 
N/A 
N/A 
N/A 

* Amount adjusted based on purity of the aplindore fumarate salt. Corresponding adjustment with lac 
tose is made. 
** Amount adjusted based on purity of the aplindore fumarate salt. Corresponding adjustment with 
Pregelatinized Starch LM is made. 

0124 
TABLE 8 

Bioavailability Parameters for 10 mg APLINDORE 
Sustained Release Matrix Tablets in Monkeys 

AUC % Relative 
Com- (ng * hr? Cmax Tmax HVD Bio 

position Description mL) (ng/mL) (hr) (hr) availability 

6 IR capsules 1290 166.8 2.5 6.4 1OO 
10 Slow 1219 62.17 4.O 20.6 85 

Release 
15 Fast Release 1242 99.07 2.3 15.1 116 
14 Medium 1355 98.93 5.3 15.O 95 

Release 

Example 7 

Controlled Release Matrix 5.0 Mg, 2.0 Mg, 0.5 Mg 
and 0.05 MgTablets 

0.125 Four different strengths 5.0 mg, 2.0 mg, 0.5 mg and 
0.05 mg were developed for each of the medium-release and 
slow-release formulation. It was desirable that the in vivo 
plasma profiles are similar to those of the 10 mg medium and 
slow release formulations shown in table 7. 

0.126 The tablet shapes and total tablet weights were kept 
same for all four different strengths and for the two different 
release rate tablets. There is a large difference between the 
Strengths of these tablets, therefore, for the highly water 
soluble aplindore fumarate, it is difficult to formulate the 
four doses by only changing the proportion of HPMC 
polymer levels. This was accomplished by compensating the 
amount of the reduction of water-Soluble active drug by 
adding a commonly used highly water-Soluble excipient, 
while keeping other excipients with the same proportions. In 
the formulations of aplindore fumarate 5.0 mg, 2.0 mg, 0.5 
mg and 0.05 mg medium and Slow release formulations, 
Lactose Fast Flo has been chosen as the water-soluble 
compensating excipient. Lactose Fast Flo is highly water 
Soluble and has good flow and compaction properties. It has 
been used in the 10.0 mg medium release formulation. 
0127. The aplindore fumarate 5.0 mg, 2.0 mg, 0.5 mg and 
0.05 mg medium-release and slow-release HPMC matrix 
tablets were all made on the Colton Press. The formulations 
were finalized based on dissolution results at 150 rpm and 
are listed in Tables 9 and 10. 

0128. The dissolution data of aplindore fumarate 5.0 mg, 
2.0 mg, 0.5 mg and 0.05 mg medium-release & 5.0 mg, 2.0 
mg, 0.5 mg and 0.05 mg slow-release HPMC matrix tablets 
are also listed in Table 9 and 10. 

TABLE 9 

Composition and Dissolution of Aplindore Fumarate 5.0 mg, 2.0 mg, 0.5 mg 
and 0.05 mg Medium-Release HPMC Matrix Tablets in pH 6.8 Buffer with USP II 

aplindore free base* (added 
as fumarate salt) 
Lactose Fast Flo 
Avice PH 301 
Methocel K4M, Prem CR 
Methocel K10OLV, Prem CR 
LH 

Mg stearate 

Method with Paddle Speed at 150 rpm 

Compositions 

Composition Composition Composition Composition 

5.0 mg 2.0 mg 0.5 mg 0.05 mg 
Medium Release Medium Release Medium Release Medium Release 

2.00% O.80% O.20% O.O2% 

22.00% 23.20% 23.80% 23.98% 
20.00% 2O.OO% 2O.OO% 2O.OO% 

29% 29.00% 29.00% 29.00% 
26.60% 26.60% 26.60% 26.60% 

O.40% O.40% O.40% O.40% 
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TABLE 9-continued 

Composition and Dissolution of Aplindore Fumarate 5.0 mg, 2.0 mg, 0.5 mg 
and 0.05 mg Medium-Release HPMC Matrix Tablets in pH 6.8 Buffer with USP II 

Method with Paddle Speed at 150 rpm 

% Dissolved % Dissolved % Dissolved % Dissolved 
Dissolution Time Paddle Speed at Paddle Speed at Paddle Speed at Paddle Speed at 
(HR) 150 rpm 150 rpm 150 rpm 50 rpm 

0.5 10.26 17.55 19.8 8.03 
1. 16.4 1828 23.19 13.83 

2 31.78 31.81 36.7 20.56 

4 51.32 51.72 54.43 33.17 

8 75.07 73.66 79.03 50.59 

12 89.95 91.25 94.51 

* Amount adjusted based on purity of the aplindore fumarate salt. Corresponding adjustment with lactose is 
made. 

0129 

TABLE 10 

Composition and Dissolution of Aplindore Fumarate 5.0 mg, 2.0 mg, 
0.5 mg and 0.05 mg Slow-Release HPMC Matrix Tablets in pH 6.8 Buffer with USP II 

Method with Paddle Speed at 150 rpm 

Compositions 

Composition Composition Composition Composition 
#21 #22 #23 #24 

5.0 mg 2.0 mg 0.5 mg 0.05 mg 
Slow Release Slow Release Slow Release Slow Release 

Aplindore free base* 2.00% O.80% O.20% O.O2% 
(added as fumarate 
salt) 
Lactose Fast Flo 2.00% 3.20% 3.80% 3.98% 
ProSolv HD 90 20.50% 20.50% 20.50% 20.50% 
Methocel K4M, Prem 40% 40.00% 40.00% 40.00% 
CR 
Methocel K10OLV 35.10% 35.10% 35.10% 35.10% 
Prem CR LEH 
Mg stearate O.40% O.40% O.40% O.40% 

% Dissolved % Dissolved % Dissolved % Dissolved 
Dissolution Time Paddle Speed at Paddle Speed at Paddle Speed at Paddle Speed 
(HR) 150 rpm 150 rpm 150 rpm at 50 rpm 

0.5 5.58 4.5 11.25 7.22 
1. 12.11 14.25 1426 11.4 
2 21.69 26.9 22.95 17.85 
4 40.2 40.23 36.74 28.6 
8 59.53 60.79 59.05 44.69 
12 77.39 76.07 72.59 N/A 

* Amount adjusted based on purity of the aplindore fumarate salt. Corresponding adjustment with 
lactose is made. 

Example 8 

HPMC Matrix Tablets Film Coating 
0130. In order to make aplindore fumarate HPMC matrix 
tablets easier to Swallow, Opadry and enteric coatings were 
applied on the active core tablets and the bioavailabilities 
were found to be comparable (data not shown) 

May 5, 2005 
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Example 9 

Further Formulations and Processes 

0131 Further formulations for aplindore core tablets are 
shown in the table below. 

TABLE 11 

Aplindore Fumarate Medium-Release Formulations (core tablets) 

Compositions 
quantity 
type 

APLINDORE 
free base 

(added as 
fumarate salt) 
Lactose Fast 
Fo 
Avice PH 301 

Methocel K4M, 
Prem CR 
Methocel 
K10OLV 
Prem CR LEH 

Mg stearate 

Total 
Total Tablet 
Weight 

aplindore aplindore aplindore 
aplindore aplindore 2.0 mg 0.5 mg 0.05 mg 
10.0 mg 5.0 mg Medium Medium Medium 

Medium Release Medium Release Release Release Release 

4.00% 2.00% O.80% O.20% O.O2% 

2O.OO% 22.00% 23.20% 23.80% 23.98% 

2O.OO% 20.00% 2O.OO% 20.00% 2O.OO% 
29.00% 29.00% 29.00% 29.00% 29.00% 

26.60% 26.60% 26.60% 26.60% 26.60% 

O.40% O.40% O.40% O.40% O.40% 

100% 100% 100% 100% 100% 
250 mg 250 mg 250 mg 250 mg 250 mg 

* Aplindore at 72.8% potency. Actual amount is based on actual potency of aplindore. Corre 
sponding adjustment with Lactose is made. 

0132) 

Compositions 
quantity 
type 

APLINDORE 
free base 

(added as 
fumarate salt) 
Lactose Fast 
Fo 
ProSolv HD 90 

Methocel K4M, 
Prem CR 
Methocel 
K10OLV 
Prem CR LEH 

Mg stearate 

Total 
Total Tablet 

Weight 

TABLE 12 

Aplindore Slow-Release Formulations (core tablets) 

aplindore aplindore aplindore aplindore 
10.0 mg 5.0 mg 2.0 mg 0.5 mg 

Slow Release Slow Release Slow Release Slow Release 

4.00% 2.00% O.80% O.20% 

O.OO% 2.00% 3.20% 3.80% 

20.50% 20.50% 20.50% 20.50% 
40.00% 40% 40.00% 40.00% 

35.10% 35.10% 35.10% 35.10% 

O.40% O.40% O.40% O.40% 

100% 100% 100% 

250 mg 250 mg 250 mg 

aplindore 
0.05 mg 

Slow Release 

3.98% 

20.50% 
40.00% 

35.10% 

O.40% 

100% 

250 mg 

* Aplindore at 72.8% potency. Actual amount is based on actual potency of aplindore. Corresponding 
adjustment with ProSolv HD 90 is made. 

May 5, 2005 
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0.133 Exemplary Method for Preparing Medium-Release 
Core Tablets: 

0134. In one exemplary method for preparing medium 
release core tablets, the following Steps are performed: 

0.135 1. Screen the aplindore fumarate into a bag. 
Rinse the container that held the aplindore fumarate 
with portions of Lactose fast flow, passing through a 
Screen into the bag in Step #1. 

0.136 2. Pass a portion of Lactose fast flow through 
a Screen into the bag and bag blend. 

0.137 3. Pass a portion of Lactose fast flow through 
a Screen into the bag and bag blend. 

0.138 4. Transfer the blend into an appropriate size 
tumble-type blender. 

0.139 5. Rinse the bag with two portions of Lactose 
fast flow and add to blender and blend. Pass the 
Lactose fast flow through a Screen prior to adding to 
the bag. 

0140. 6. Screen the rest of Lactose fast flow into the 
blender and blend. 

0141 7. Screen Avicel PH 301, Methocel K4M 
Premium CR and Methocel K10OLV Premium CR 
LH into the blender and blend. 

0.142 8. Screen the Magnesium Stearate and blend 
with an approximately equal portion of blend from 
Step #8 and add into the blender and blend. 

0.143 9. Compress tablets from the final blend from 
step #9 to a target weight of 250 mg. 

0144) Exemplary Method for Preparing Slow-Release 
Core Tablets 

0145. In one exemplary method for preparing medium 
release core tablets, the following Steps are performed: 

0146 1. Screen the aplindore fumarate into a bag. 
0147 2. Rinse the container that held the aplindore 
fumarate with portions of ProSolv HD 90, passing 
through a Screen into the bag in Step #1. 

0148) 3. Pass a portion of ProSolv HD 90 through a 
Screen into the bag and bag blend. 

0149 4. Pass a portion of ProSolv HD 90 through a 
Screen into the bag and bag blend. Then transfer the 
blend into an appropriate Size tumble-type blender. 

0150 5. Rinse the bag from step #4 with Lactose 
Monohydrate, previously Screened through a Screen, 
and into the blender. 

Treatment 

Fasted (Day 
16) 
Fed (Day 21) 
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0151. 6. Rinse the bag with a portion of ProSolv HD 
90 and add to blender and blend. Pass the ProSolv 
HD 90 through a screen prior to adding to the bag. 

0152 7. Screen the rest of ProSolv HD 90 into the 
blender and blend. 

0153 8. Screen Methocel K4M Premium CR and 
Methocel K10OLV Premium CR LH into the blender 
and blend. 

0154) 9. Screen the Magnesium Stearate and blend 
with an approximately equal portion of blend from 
step #8 and add into the blender and blend. 

0155 10. Compress tablets from the final blend 
from step #9 to a target weight of 250 mg. 

0156 Note: for higher doses, the geometric dilution 
StepS are less. 

O157. In some embodiments, the process is a dry blend 
ing and direct compression. In further processes, a dry 
granulation proceSS consisting of Slugging and mill or roller 
compaction and milling can be used, or, preferably, a dry 
granulation to improves flow properties of the blend. In 
further embodiments, a wet granulation process can also be 
used. However, this is not generally preferred because of 
possible Sensitivity of active compound to moisture, and the 
possible degradation to form an insoluble hydrate. The 
tablets can be coated or uncoated. 

Example 10 

Human Absorption and Tolerability Study 
0158. A human clinical study was conducted as a mul 
tiple dose study of two controlled release formulations of 
aplindore fumarate, a slow-release (SR) formulation and a 
medium-release (MR) formulation. Thirty-two (32) subjects 
were enrolled and 31 completed the study. Subjects were 
randomly assigned to receive one of the two formulations or 
placebo. Twelve subjects received aplindore fumarate SR, 
12 subjects aplindore fumarate MR, and 8 subjects placebo. 
Subjects were titrated from 0.05-mg to 5.0-mg on days 1 to 
12. On days 12 to 16, subjects fasted before receiving the 
test article (5.0-mg doses twice per day (BID)). On day 16, 
a full 24-hour pharmacokinetic profile was taken after AM 
dose under fasting conditions. On dayS 17 to 21, Subjects 
received a medium fat meal 30 minutes before test article 
administration (5.0-mg doses BID), and on day 21 a full 
24-hour pharmacokinetic profile was taken. 
0159 Table 13 Summarizes the pharmacokinetic profile 
of aplindore fumarate SR 5.0-mg BID and aplindore fuma 
rate MR 5.0-mg BID under fed and fasted conditions and the 
results from the same dose of APLINDORE IR (5.0-mg) in 
patients in a separate Study. 

TABLE 13 

Pharmacokinetic Parameters for Aplindore Fumarate 
Sustained Release Matrix Tablets in Human. 

Cmax max t1/2 
(pg/mL) (h) (h) 

Aplindore SR 5.0-mg BID 

AUCsso 12 
(pg h/mL) 

Mean SD 9229 - 2468 2.1 - 0.9 7.1 - 3.3 67135 - 20634 
% CV 26.7% 43.9% 45.7% 30.7% 
Mean SD 9267 2533 3.5 1.5 7.1 S.O 65586 - 19486 
% CV 27.3% 43.1% 45.7% 29.7% 
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TABLE 13-continued 

Pharmacokinetic Parameters for Aplindore Fumarate 
Sustained Release Matrix Tablets in Human. 

Cmax max t1/2 
Treatment (pg/mL) (h) (h) 

Aplindore MR 5.0-mg BID 

Fasted (Day 16) Mean + SD 8065 - 2218 1.8 0.8 5.9 + 2.0 
% CV 27.5% 46.1% 33.2% 

Fed (Day 21) Mean SD 8653 - 2332 2.7 - 1.3 5.9 + 2.0 

% CV 27.0% 48.8% 34.4% 

aplindore fumarate IR 5.0-mg BID 

Patients Fasted Mean SD 24267 6778 O.7 O.3 8.0 3.6 

(Day 25) % CV 27.9% 38.7%, 44.7% 

0160 Following administration of both aplindore MR 
and aplindore SR, aplindore was absorbed more slowly with 
meant ranging from 1.8 to 3.5 hours, compared to 0.7 
hours for aplindore instant release (IR). 

0161 Under fasted conditions, MR and SR have similar 
concentrations and pharmacokinetic parameters with SR 
providing Slightly higher concentrations. The mean C. for 
SR was 9229 pg/mL compared to 8065 pg/mL for MR. The 
AUC for SR is approximately 25% higher than the AUC 
for MR. 

0162 Similar results are found under fed conditions (SR 
Cs9267 pg/mL and MR C-8653 pg/mL). The total 
exposure is only 15% higher in SR over MR. 

0163 Both of the controlled release formulations provide 
different pharmacokinetic profiles than aplindore fumarate 
IR 5.0-mg. C of SR and MR is approximately one-third 
the C of IR, and the t has been prolonged by 1 to 2 
hours. Surprisingly, the total exposure (AUC) is higher for 
the two sustained-release formulations (-66,000 pgh/mL in 
SR, -55,000 pgh/mL in MR, vs. -49,500 pgh/mL in IR) 
and the variability in aplindore AUC is lower for the MR 
and SR formulations than the IR formulation. 

0164. The side effect profile suggests that the SR and MR 
formulations are much better tolerated than the immediate 
release formulations. 

0.165. It is intended that each of the patents, applications, 
and printed publications including books mentioned in this 
patent document be hereby incorporated by reference in 
their entirety. 

0166 As those skilled in the art will appreciate, numer 
ous changes and modifications may be made to the preferred 
embodiments of the invention without departing from the 
spirit of the invention. It is intended that all such variations 
fall within the scope of the invention. 
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AUCsso 12 
(pg h/mL) 

53937 9447 

17.5% 

56587 - 1317O 

23.3% 

49.552 26524 

53.5% 

What is claimed is: 
1. A controlled release dosage formulation comprising a 

compound of Formula I: 

R3 O 
X N 

2 N 
HN O N(CH3)-Z 

R2 

O R1 

wherein: 

R" and R are, independently, hydrogen, alkyl of 1 to 6 
carbon atoms, phenyl or benzyl, 

or R' and R, taken together, are benzylidene optionally 
substituted with Ras defined below or alkylidene of up 
to 6 carbon atoms, 

or R' and R, taken together with the carbon to which they 
are attached, form a carbonyl moiety or a cycloalkyl 
group having three to 6 carbon atoms, 

R is hydrogen, hydroxy, halo, trifluoromethyl, trifluo 
romethoxy, alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 
6 carbon atoms, arylalkoxy of 7 to 12 carbon atoms, 
alkanoyloxy of 2 to 6 carbon atoms, amino, mono- or 
di-alkylamino in which each alkyl group has 1 to 6 
carbon atoms, alkanamido of 2 to 6 carbon atoms or 
alkaneSulfonamido of 1 to 6 carbon atoms, 

R" is hydrogen or alkyl of 1 to 6 carbon atoms; 
n is one of the integers 0, 1, 2, 3, 4, 5, or 6; 
Z is hydrogen, hydroxy, alkyl of 1 to 6 carbon atoms, 

alkenyl of 2 to 6 carbon atoms, alkynyl of 2 to 6 carbon 
atoms, alkoxy of 1 to 6 carbon atoms, cycloalkyl of 3 
to 8 carbon atoms, polycyclic alkyl of 7 to 15 carbon 
atoms, phenyl optionally substituted with Ras defined 
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above, phenoxy optionally substituted with R as 
defined above, naphthyl optionally substituted with R 
as defined above or naphthyloxy optionally Substituted 
with R as defined above, heteroaryl or heteroaryloxy, 
in which the heterocyclic ring of the heteroaryl or 
heteroaryloxy group is Selected from thiophene, furan, 
pyridine, pyrazine, pyrimidine, indole, indazole, imi 
dazole, chroman, coumarin, carboStyril, quinoline, ben 
Zisoxazole, benzoxazole, pyrazole, pyrrole, thiazole, 
Oxazole, or isoxazole and the heterocyclic ring is 
optionally substituted by R as defined above; 

or a pharmaceutically acceptable Salt thereof. 
2. The controlled release formulation of claim 1 wherein 

said compound is 2-(Benzylamino)-methyl-2,3,8.9-tet 
rahydro-7H-1,4-dioxino 2,3-eindol-8-one, or a pharmaceu 
tically acceptable Salt thereof. 

3. The controlled release formulation of claim 1 wherein 
said compound has the formula S-2-(Benzylamino)-me 
thyl-2,3,8.9-tetrahydro-7H-1,4-dioxino 2,3-eindol-8-one, 
or a pharmaceutically acceptable Salt thereof. 

4. The controlled release dosage formulation of claim 3 
wherein Said formulation is an oral dosage formulation. 

5. The oral controlled release dosage formulation of claim 
4 further comprising one or more release rate controlling 
polymers. 

6. The oral controlled release dosage formulation of claim 
5 wherein Said release rate controlling polymer comprises 
polymethacrylates, methacrylic acid-methacrylic acid ester 
copolymers, cellulose acetate phthalate, ethyl cellulose, 
polyvinyl acetate-phthalate, hydroxypropyl methyl cellulose 
phthalate, or combinations of two or more thereof. 

7. The oral controlled release dosage formulation of claim 
6 wherein Said release rate controlling polymer is high 
Viscosity matrix forming hydroxypropyl methyl celluloses, 
low Viscosity matrix forming hydroxypropyl methyl cellu 
loses or combinations thereof. 

8. The oral controlled release dosage formulation of claim 
7 wherein Said high Viscosity matrix forming hydroxypropyl 
methyl celluloses is Methocel K4M, Methocel K15M, 
Methocel K100M, Methocel E4M or combinations thereof. 

9. The oral controlled release dosage formulation of claim 
8 wherein Said high Viscosity matrix forming hydroxypropyl 
methylcellulose is Methocel K4M. 

10. The oral controlled release dosage formulation of 
claim 9 wherein Said high Viscosity matrix forming hydrox 
ypropyl methylcellulose comprises Methocel K4M in an 
amount by weight of about 15% to about 80%. 

11. The oral controlled release dosage formulation of 
claim 9 wherein Said high Viscosity hydroxypropyl methyl 
cellulose comprises Methocel K4M in an amount by weight 
of about 25% to about 50%. 

12. The oral controlled release dosage formulation of 
claim 7 wherein Said low Viscosity matrix forming polymer 
is a hydroxypropyl methylcellulose selected from Methocel 
K10OLV, Methocel E5OLV, Methocel E5, Methocel E15LV 
or a combination of two or more thereof. 

13. The oral controlled release dosage formulation of 
claim 12 wherein Said low Viscosity matrix forming hydrox 
ypropyl methyl cellulose is Methocel K10OLV. 

14. The oral controlled release dosage formulation of 
claim 13 wherein Said low Viscosity matrix forming hydrox 
ypropyl methyl cellulose is present in an amount by weight 
of about 15% to about 80%. 
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15. The oral controlled release dosage formulation of 
claim 13 wherein Said low Viscosity matrix forming hydrox 
ypropyl methyl cellulose is present in an amount by weight 
of from about 20% to about 50%. 

16. The oral controlled release dosage formulation of 
claim 5 further comprising: 

a high Viscosity matrix forming hydroxypropyl methyl 
cellulose in an amount of about 20% to about 60% by 
weight; and 

a low Viscosity matrix forming hydroxypropyl methyl 
cellulose in an amount of about 20% to about 60% by 
weight. 

17. The oral controlled release dosage formulation of 
claim 4 comprising: 

a pharmaceutically effective amount of Said aplindore or 
a pharmaceutically acceptable Salt thereof; 

a water Soluble compensating excipient in an amount of 
from about 0.5% to about 5% by weight; 

a water dispersible excipient in an amount of from about 
5% to about 30% by weight; 

a matrix forming hydroxypropyl methyl cellulose in an 
amount of from about 20% to about 80% by weight; 
and 

a lubricant in an amount of from about 0.1% to about 1% 
by weight. 

18. The oral controlled release dosage formulation of 
claim 4 comprising: 

a pharmaceutically effective amount of Said aplindore or 
a pharmaceutically acceptable Salt thereof; 

a water Soluble compensating excipient in an amount of 
from about 0.5% to about 5% by weight; 

a water dispersible excipient in an amount of from about 
5% to about 30% by weight; 

a matrix forming hydroxypropyl methyl cellulose in an 
amount of from about 25% to about 50% by weight; 
and 

a lubricant in an amount of from about 0.1% to about 1% 
by weight. 

19. The oral controlled release dosage formulation 
according to claim 17 in which the matrix forming hydrox 
ypropyl methyl cellulose is a high Viscosity hydroxypropyl 
methyl cellulose, low Viscosity hydroxypropyl methyl cel 
lulose or combination thereof. 

20. The oral controlled release dosage formulation of 
claim 6 wherein Said compound is present in an amount of 
from about 0.02% to about 16% by weight of said formu 
lation. 

21. The oral controlled release dosage formulation of 
claim 6 wherein Said compound is present in an amount of 
from about 0.02% to about 4% by weight of said formula 
tion. 

22. A method of treating a disorder of the dopaminergic 
System comprising administering to a patient in need of Such 
treatment a controlled release dosage formulation according 
to claim 1. 
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23. A method of treating a disorder of the dopaminergic 
System comprising administering to a patient in need of Such 
treatment a controlled release dosage formulation according 
to claim 20. 

24. The oral controlled release dosage formulation of 
claim 5 wherein Said compound is released from Said dosage 
form at a rate to provide a T that is at least about 1.5 times 
greater than a T of an instant release formulation con 
taining Said compound. 

25. The oral controlled release dosage formulation of 
claim 5 wherein Said compound is released from Said dosage 
form at a rate to provide a T that is at least about 2 times 
greater than a T of an instant release formulation con 
taining Said compound. 

26. The oral controlled release dosage formulation of 
claim 5 wherein Said compound is released from Said dosage 
form at a rate to provide a C that is less than a C of 
an instant release formulation containing Said compound. 

27. The oral controlled release dosage formulation of 
claim 5 wherein Said compound is released from Said dosage 
form at a rate to provide a C, that is less than about 0.75 
times a C of an instant release formulation containing 
Said compound. 

28. The oral controlled release dosage formulation of 
claim 5 wherein Said compound is released from Said dosage 
form at a rate effective to provide an AUC that is at least 
about 1.05 times an AUCo. of an instant release formula 
tion containing Said compound. 

29. The oral controlled release dosage formulation of 
claim 5 wherein Said compound is released from Said dosage 
form at a rate effective to provide an AUC that is at least 
about 1.10 times an AUCo. of an instant release formula 
tion containing Said compound. 

30. The controlled release dosage formulation of claim 1 
containing about 0.1 mg of Said compound which provides 
an AUC from about 260 pgh/mL to about 2400 pgh/ 
mL. 

31. The controlled release dosage formulation of claim 30 
wherein said AUC is from about 290 pgh/mL to about 
1300 pgh/mL. 

32. The controlled release dosage formulation of claim 1 
containing about 0.1 mg of Said compound which provides 
a C from about 40 pg/mL to about 190 pg/mL. 

33. The controlled release dosage formulation of claim 32 
wherein Said C is from about 40 pg/mL to about 180 
pg/mL. 

34. The controlled release dosage formulation of claim 1 
containing about 5 mg of Said compound which provides an 
AUC from about 36000 pgh/mL to about 109000 pgh/ 
mL. 

35. The controlled release dosage formulation of claim 34 
wherein said AUC is from about 36000 pgh/mL to 
about 75000 pgh/mL. 

36. The controlled release dosage formulation of claim 1 
containing about 5 mg of Said compound which provides a 
C. from about 4000 pg/mL to about 14000 pg/mL. 

37. The controlled release dosage formulation of claim 36 
wherein said C is from about 6000 pg/mL to about 12000 
pg/mL. 

38. The controlled release dosage formulation of claim 1 
containing about 30 mg of Said compound which provides 
an AUC from about 121000 pgh/mL to about 890000 
pgh/mL. 
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39. The controlled release dosage formulation of claim 38 
wherein said AUC is from about 170000 pgh/mL to 
about 760000 pgh/mL. 

40. The controlled release dosage formulation of claim 1 
containing about 30 mg of Said compound which provides a 
C. from about 18000 pg/mL to about 110000 pg/mL. 

41. A controlled release dosage formulation of claim 40 
wherein said C, is from about 20000 pg/mL to about 
92000 pg/mL. 

42. A set of controlled release dosage forms, comprising 
a plurality of individual controlled release dosage forms, 
wherein two or more of Said individual dosage forms 
comprise different amounts of Said compound of claim 1. 

43. The set of controlled release dosage forms of claim 42 
wherein at least one of Said individual controlled release 
dosage forms comprises from about 0.05 to about 0.4 mg of 
Said compound of claim 1. 

44. The set of controlled release dosage forms of claim 42 
wherein two or more of Said individual controlled release 
dosage forms are Selected from 0.05 mg, 0.1 mg, 0.2 mg, 
0.25 mg, 0.3 mg, 0.4 mg., 0.5 mg, 0.6 mg, 0.75 mg, 1 mg, 
1.5 mg, 2 mg, 3 mg, 4 mg, 5 mg, 6 mg, 8, mg, 10 mg, 11 
mg, 12 mg, 13mg, 14 mg, 15 mg, 16 mg, 17 mg, 20 mg, 23 
mg, 24 mg, 25 mg 26 mg, or 30 mg of Said compound. 

45. The set of claim 42 wherein the two or more different 
individual controlled release dosage forms contain different 
amounts of Said compound in amounts differing by at least 
ten percent, and wherein the amount of Said compound in the 
two or more different individual controlled release dosage 
forms ranges from about 0.05 mg to about 30 mg. 

46. The set of claim 45 wherein the two or more different 
individual dosage forms provides an AUC ranging from 
about 260 pgh/mL to about 890000 pgh/m L. 

47. A method of administering 2-(benzylamino)-methyl 
2,3,8.9-tetrahydro-7H-1,4-dioxino 2,3-eindol-8-one or a 
pharmaceutically acceptable Salt thereof comprising: 

a) administering to a mammal in need thereof a starting 
controlled release dosage formulation comprising 
2-(benzylamino)-methyl-2,3,8.9-tetrahydro-7H-1,4- 
dioxino 2,3-eindol-8-one or a pharmaceutically 
acceptable Salt thereof, and thereafter 

b) administering to the mammal at least one other con 
trolled release dosage formulation comprising 2-(ben 
Zylamino)-methyl-2,3,8.9-tetrahydro-7H-1,4-dioxino 
2,3-eindol-8-one or a pharmaceutically acceptable 
Salt thereof, wherein the Starting controlled release 
dosage formulation contains a lesser amount of 
2-(benzylamino)-methyl-2,3,8.9-tetrahydro-7H-1,4- 
dioxino 2,3-eindol-8-one relative to the other con 
trolled release dosage formulation. 

48. A controlled release dosage formulation comprising 
2-(benzylamino)-methyl-2,3,8.9-tetrahydro-7H-1,4-di 
oxino 2,3-eindol-8-one or a pharmaceutically acceptable 
salt thereof wherein the 2-(benzylamino)-methyl-2,3,8.9- 
tetrahydro-7H-1,4-dioxino 2,3-eindol-8-one is present in 
the formulation in an amount to provide an AUC- ranging 
from about 260 pgh/mL to about 890000 pgh/mL upon 
administration to a mammal. 

49. The controlled release dosage formulation of claim 48 
wherein the formulation comprises a single unit dosage form 
or multiple unit dosage forms. 
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