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METHODS, COMPOUNDS, COMPOSITIONS AND VEHICLES FOR
DELIVERING 3-AMINO-1-PROPANESULFONIC ACID

Related Application

This application claims priority from W.S. provisional patent application no. US
60/851,038 filed October 12, 2006, and U.S. provisional patent application no. US
60/911,456 filed April 12, 2007, which are incorporated herein by referencs.

Field of the inveniion

The invention relates ic methods, compounds, compositions and vehicles for

- defivering 3-amino-1-propanesulfonic acid (3APS!) in a subject, preferably a human subject.

The invenfion encompasses compounds that will yield or generate 3APS, either in vitro or
in vive. Preferred compounds inciude amino acid prodrugs of 3APS for use, including but not

limited to, the prevention and freatment of Alzheimer’s disease.

Background of the invention

Alzheimer's disease (AD) is a progressive degenerative disease of the brain primarily
associated with aging. Prevalence of AD in the United States in 2000 was close to 4.5
Million. It was estimated that about onz in ten individuals over 65 and nearly half of those
over 85 are affected by Alzhsimer's disease. Approximately 360,000 patients will be
diagnosed with AD each yzar in the United Siates alone.

Clinical presentation of AD is characterized by loss of memory, cognition, reasoning,
judgment, and orientation. As the disease progresses, motor, sensory, and Iinguis‘zic abiiities
are also affectad until there is global impairmant of muliinle cognifive functions. These
cognitive iosses cecur gradually, but typically lead to severs impairment and eventual death
in the range of four to twelve years.

Alzheimer's disease s characterized by two major pathoiogic cbservations in the
brain: neurofibrillary tangles and beta amyloid {or neuritic) plaguss, comprised predominantiy
of an aggregate of & peplide fragment know as AR, Individuals with AD exhibit characteristic
beta-amyloid deposits in the brain (beta amyloid plagues) and in cerebral blood vesssls
(beta amyloid angiopathy) as well as neurofibrillary {angles. Neurofibrillary tangles occur not
only in Aizheimer's disease but also in other dementia-inducing disorders.

3-amino-1-propanesulfonic acid (3APS, Tramiprosate, Alzhemed™) is a promising
investigational product candidate for the treatmant of Alzheimer's disease that is currently in
Phase I clinical triais in North America and Eurcpe (Wright, T. M., Drugs of Today (2006},
42(5): 261-298}. This product is developed by Neurochem inc. {Laval, QC, Canada) and it is



believed to act by reducing the deposition and/or load of amyloid in the brain through its
binding to soluble AR peptide. For increasing the therapeutic effectiveness of 3APS, it would
be desirable to increase bioavailability, stability and/or crossing the blood brain barrier of
3APS. These and other needs can be satisfied by the disclosure herein of a prodrug form of
3-amino-1-propanesulfonic acid (3APS), pharmaceutical compositions and uses thereof to

treat various medical disorders.

Previous metabolic stability studies had demonstrated that there was no in vitro
metabolism of 3APS. Those studies include: 3APS metabolic stability in pooled human
hepatocytes, human, rat and dog liver microsomes, human intestinal microflora, pooled

human liver cytosel, and human arylamine N-acetyltransferase (See Examples 4 and 5).

Summary

Surprisingly, it has now been found that 3APS is metabolized both in vifro and in vivo.
Indeed, as described in more detail hereinafter, recent in vivo studies indicate extensive
metabolism, particularly first-pass andfor systemic metabolism of 3APS. Three potential
metabolites were identified from at least one type of biological species: 2-
carboxyethanesulfonic acid, 3-hydroxy-1-propanesulfonic acid and 3-acetylamino-1-
propanesulfonic acid. Further studies demonstrated that 2-carboxyethanesulfonic acid was
the only major metabolite of 3APS in mice, rats, degs and humans.
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Without wishing to be bound by theory, it is hypothesized that metabolism of 3APS is
mainly caused by a transaminase andf/or monoazmine oxidase that generates 2-
carboxyethanesulfonic acid as the main metabolite and 3-hydroxy-1-propanesulfonic acid as
a minor metabolite. N-acetyl-3-aminopropanesuifonic acid is another possible minor
metabolite and it is believed to be produced by an enzyme that acetylates 3APS. These
hypotheses are supported by in vifro experiments (see, for example, Example 5) showing



that the conversion of 3APS to 2-carboxyethanesulfonic acid in primary neuron culture media was
significantly inhibited by vigabatrin, a classic GABA transaminase inhibitor. Nialamide, a monoamine
oxidase inhibitor, also reduced the formation of 2-carboxyethanesulfonic acid (from 3APS) but to a

lesser extent.

In one aspect of the present disclosure, there is provided a compound of Formula XII:

/D—X @)
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wherein,

D is a carbonyl, or a substituted methylene group; and

X is selected from O, NH, and S;

wherein the methylene is substituted with oxo or OR™, wherein R™ is a group selected from
C4-Cyoalkyl, C,-Cqzalkenyl, Co-Cqoalkynyl, C3-Cyscycloalkyl, C3;-Cqsheterocycloalkyl, Cs-Cqsaryl, and Cs-
Cisheteroaryl

or a pharmaceutically acceptable salt or solvate thereof.

In another aspect, the present disclosure refers to a compound, wherein said compound is:

Qs : N
HN ITIH HN ITIH
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or a pharmaceutically acceptable salt or solvate thereof.

In another aspect of the present disclosure, there is provided a pharmaceutical composition
for use in treating or preventing a disease or condition selected from the group consisting of
Alzheimer's disease, mild cognitive impairment Down's syndrome, Hereditary Cerebral Hemorrhage
with Amyloidosis of the Dutch-Type, cerebral amyloid angiopathy, a degenerative dementia, a
dementia of mixed vascular and degenerative origin, dementia associated with Parkinson's disease,
dementia associated with progressive supranuclear palsy, dementia associated with cortical basal
degeneration, and diffuse Lewy body type of Alzheimer's disease, comprising a compound as
described herein together with a pharmaceutically acceptable carrier.

In yet another aspect of the present disclosure, there is provided a use of a compound as
described herein in the manufacture of a medicament for treating or preventing a disease or condition
selected from the group consisting of Alzheimer's disease, mild cognitive impairment Down's
syndrome, Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-Type, cerebral amyloid

angiopathy, a degenerative dementia, a dementia of mixed vascular and degenerative origin,



dementia associated with Parkinson's disease, dementia associated with progressive supranuclear
palsy, dementia associated with cortical basal degeneration, and diffuse Lewy body type of
Alzheimer's disease.

In a further aspect of the present disclosure, there is provided a prodrug of 3-amino-1-
propanesulfonic acid (3APS) or a pharmaceutically acceptable salt thereof, wherein said prodrug is a
compound as described herein.

In another aspect of the present disclosure, there is provide the pharmaceutical composition
comprising a prodrug as described herein together with a pharmaceutically acceptable carrier, for use
in treating or preventing a disease or condition selected from the group consisting of Alzheimer's
disease, mild cognitive impairment Down's syndrome, Hereditary Cerebral Hemorrhage with
Amyloidosis of the Dutch-Type, cerebral amyloid angiopathy, a degenerative dementia, a dementia of
mixed vascular and degenerative origin, dementia associated with Parkinson's disease, dementia
associated with progressive supranuclear palsy, dementia associated with cortical basal degeneration,
and diffuse Lewy body type of Alzheimer's disease.

In yet another aspect of the present disclosure, there is provided a use of a prodrug as
described herein in the manufacture of a medicament for treating or preventing a disease or condition
selected from the group consisting of Alzheimer's disease, mild cognitive impairment Down's
syndrome, Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-Type, cerebral amyloid
angiopathy, a degenerative dementia, a dementia of mixed vascular and degenerative origin,
dementia associated with Parkinson's disease, dementia associated with progressive supranuclear
palsy, dementia associated with cortical basal degeneration, and diffuse Lewy body type of
Alzheimer's disease.

In a further aspect of the present disclosure, there is provided a pharmaceutical composition
for use in treating or preventing a neurodegenerative disease, comprising a compound as described
herein together with a pharmaceutically acceptable carrier.

In another aspect of the present disclosure, there is provided a use of a compound as
described herein in the manufacture of a medicament for treating or preventing a neurodegenerative
disease.

In yet another aspect of the present disclosure, there is provided a pharmaceutical
composition for use in treating or preventing a neurodegenerative disease, comprising a prodrug as
described herein together with a pharmaceutically acceptable carrier.

In a further aspect of the present disclosure, there is provided a use of the prodrug as
described herein in the manufacture of a medicament for treating or preventing a neurodegenerative
disease.

In another aspect of the present disclosure, there is provided a process for converting a
compound as described herein, to 3-amino-1-propanesulfonic acid, comprising contacting said
compound with an enzyme which metabolizes said compound to 3-amino-1-propanesulfonic acid

in vitro.
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Accordingly, the present disclosure concerns compounds and compositions that can
deliver 3APS by minimizing the metabolism, e.g., first-pass metabolism, associated with that
drug, and more particularly compounds that would block or protect the amino group of 3APS
such that it avoids metabolism, e.g., by transaminases and/or monoamine oxidases.

The present disclosure includes methods, compounds, compositions and vehicles for
delivering in a subject, preferably a human subject, 3-amino-1-propanesulfonic acid, or salts
thereof. 3-Amino-1-propanesulfonic acid (also named 3APS, Tramiprosate, Alzhemed™)
has the structure:

HNS"Ng O

2 AN

3APS

The present disclosure relates to compounds or compositions that will yield or
generate 3APS after administered in a subject. In one embodiment, the compound that will
yield or generate 3APS is an amino acid prodrug of 3APS. In another embodiment, the
compound that will yield or generate 3APS is a carbamate prodrug of 3APS. In another
embodiment, the compound that will yield or generate 3APS is an amide prodrug of 3APS. In
another embodiment, the compound that will yield or generate 3APS is a carbohydrate-

derived prodrug of 3APS. In another
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embodiment, the compound that will yield or generate 3APS is a N-hydroxy prodrug. In
another embodiment, the compound that will yield or generate 3APS is a cyclic double-
protected prodrug. In further embediment, the compound that yields or generates 3APS is a
3APS polymer (e.g. a molecule composed of iwo or more molecules of 3APS linked
together). In further embodiment, the compound that yields or generates 3APS is a gemini
dimer of 3APS. In certain embodiments, the amino acid prodrugs of 3APS. that are capable
of yielding or generating, either in vitro or in vivo, 3APS have one of the general or specific.
formulae or structures disclosed herein. The present disclosure encompasses these
compounds, pharmaceutical compositions containing these compounds, and methods
employing such compounds or compositions in the treatment of various medical disorders
such as Alzheimer's disease.
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The present disclosure also relates to pharmaceutical compositions comprising a
compound of the present disclosure.

The present disclosure further relates to a method for increasing the therapeutic
effectiveness of 3APS comprising administering to a subject, preferably a human subject, an
effective amount of a prodrug of the present disclosure.

The present disclosure also provides processes for converting compounds of the
present disclosure to 3APS. The conversion and/or generation of 3APS involves contacting
any of the compounds of the present disclosure, e.g., with blood, plasma and/or brain cells.
The conversion can occur in vitro or in vivo. The conversion may also occur in the presence
of enzymes capable of cleaving amine bonds, such as peptidases, or other enzymes
appropriate for other structures herein, including those found in the blood, plasma and/or
brain.

The present disclosure also provides the use of a compound according to the present
disclosure for the manufacture of a medicament. The present disclosure also provides the
use of a compound of the present disclosure for the treatment or prevention of Alzheimer's
disease, mild cognitive impairment, Down's syndrome, Hereditary Cerebral Hemorrhage with
Amyloidosis of the Dutch-Type, cerebral amyloid angiopathy, other degenerative dementias,
dementias of mixed vascular and degenerative origin, dementia associated with Parkinson's
disease, dementia associated with progressive supranuclear palsy, dementia associated
with cortical basal degeneration, or diffuse Lewy body type of Alzheimer's disease. The
present disclosure also provides methods for the treatment or prevention of the
aforementioned diseases comprising administration of a therapeutically effective amount of a
compound of the present disclosure or a composition comprising the same, to a subject,
preferably a human subject, in need thereof. More preferably, the disease is Alzheimer's
disease. Accordingly, a related embodiment of the present disclosure relates tc the
prevention and/or treatment of Alzheimer's disease in a human subject by administering an
effective amount of a compound or compaosition of the present disclosure fo a human subject
in need thereof.

In a further embodiment, the present disclosure includes administration of 3APS via
or under the mucous membranes, the nose (intranasally), mouth, or eye, e.g., by nasal spray,
chewing gum, or eye drops, via the ear, e.g., by eardrops, by the use of an.implant, rectally,
€.g., by a suppository or enema, vaginally, e.g., by a cream or lotion, or by the respiratory
system, e.g., by inhalation, intranasally or intratracheally.

The present disclosure in further embodiments includes the administration of
compounds of the present disclosure via any mode and/or vehicle, including all modes
and/or vehicles disclosed herein, e.g., the administration of the prodrugs of 3APS via the
nose, mucous membranes, transdermally, via a patch, etc.

This present disclosure in various embodiments reiates to the following numbered
embodiments:



Embodiment 1. A compound of the Formula |:
B-L-A(l)

wherein
B is a pharmacokinetic modulating moiety, which is optionally alsc bended to A directly or
indirectly through a further linking group L;
A is a 3-amino-1 -propanesuifonic acid moiety (i.e., 3APS bound to L-B), and
L is a cleavable linkage for covalently and dissociably coupling B to A (preferably and
typically via the NH, group), or is absent, whereby L can be a direct bond or additional
chemical structure providing a cleavable linkage, or a pharmaceutically acceptable salt or
solvate thereof.

Embodiment 2. The compound according to embodiment 1, wherein
L is a linkage that when metabolized or hydrolyzed either in vitro or in vivo produces 3APS,
and/or
B is a moiety that increases the therapeutic bio-distribution of 3APS upon administration of
the compound of formula | to a human subject.

Embodiment 3. The compound according to embodiment 1, wherein B is a 3-
amino-1 -propanesulfonic acid moiety.

Embodiment 4. A compound according to embodiment 1, wherein
B is an amino acid or a peptide, and
L is a hydrolyzable linkage.

Embodiment 5. A compound according to embodiment 1 , which is a
compound of formula (1), (I-A), (I-C), (I-D), (I-E), (I-P), (I-P2), (1), (1lI), (IV), (V), (VI), (VII),
(VIiID, (X)), X, X, (XH), (XN-A)y or (XIli), which are set forth hereinafter, or a
pharmaceutically acceptable salt thereof.

Embodiment 6. A pharmaceutical composition comprising a compound of
embodiment 1 and a pharmaceutically acceptable vehicle.

Embodiment 7. A method for treating or preventing Alzheimer's disease, mild
cognitive impairment Down's syndrome, Hereditary Cerebral Hemorrhage with Amyloidosis
of the Dutch-Type, cerebral amyloid angiopathy, a degenerative dementia, a dementia of
mixed



vascular and degenerative origin, dementia associated with Parkinson's disease, dementia
associated with progressive supranuclear palsy, dementia associated with cortical basal
degeneration, or diffuse Lewy body type of Alzheimer's disease comprising administering a
therapeutically effective amount of a compound of embodiment 1 {fo a human subject in need
thereof.

Embodiment 8. A process for converting a compound of embodiment 1 to
3APS comprising contacting said compound with an enzyme which metabolizes said

compound to 3APS in vitro or in vivo.,

Embodiment 9. A process according to embodiment 8, comprising contacting

said compound with plasma, blocd and/or brain cells.

Embodiment 10. A method for increasing the therapeutic bio-distribution of
3APS in a human subject, comprising lessening metabolism of 3APS, e.g., first pass
metabolism, which occurs when 3APS is administered to a human subject.

Embodiment 11. A method for reducing side effects of 3APS in a human subject
(e.g., reducing or preventing gastrointestinal intolerance), comprising lessening metabolism
of 3APS, e.g., first pass metabolism, which occurs when 3APS is administered to a human

subject.

Embodiment 12. A method according fo embodiment 10, wherein 3APS is
administered in the form of a prodrug of 3APS which yields or generates 3APS after being

administered to said human subject.

Embodiment 13. A method according to embodiment 10, wherein the prodrug is

a compound of the Formula I:
B-L-A(l)

wherein
B is a pharmacokinetic modulating moiety, which is optionally also bonded to A directly or
indirectty through a further linking group L;
A is a 3-amino-1 -propanesuifonic acid moiety (i.e., 3APS bound to L-B), and
L is a cleavable linkage for covalently and dissociably coupling B to A (preferably and
typically via the NH, group), or is absent, whereby L can be a direct bond or additional

chemical structure providing a cleavable linkage,



or a pharmaceutically acceptable salt or solvate thereof.

Embodiment 14. A method according to embodiment 10, wherein 3APS is
administered through the respiratory system, intratracheally, intranasally, via or under a
mucous membrane, via the ear, rectally, or vaginaily, or by an implant, spray, nasal spray,

chewing gum, eye drop, eardrop, suppository, enema, or vaginal cream or lotion.

Embodiment 15. The method of embodiment 10, wherein the bicavailability of
3APS, AUC of 3APS, brain levels of 3APS, CSF levels of 3APS, Cpax of 3APS, Thax of 3APS,

and/or bic-absorption of 3APS is increased.

Embodiment 16. A method according fo embodiment 10, wherein Alzheimer's

disease Is treated or prevented.

Embodiment 17. A method according to embodiment 10, wherein the effective

therapeutic level of 3APS in a selected human tissue is increased.

Embodiment 18. A method according to embodiment 17, which increases the

level of 3APS in the brain of said human subject.

Embodiment 19. A method according to embodiment 10, which increases the

therapeutic effectiveness of 3APS.

Embodiment 20. A methed according to embodiment 10, which lessens the first

pass metabolism of 3APS.

Embodiment 21. A method according to embodiment 10, which reduces the side
effects of 3APS.
Embodiment.22. A method according to embodiment 10, wherein the oral AUC

of 3APS is increased by at least 20%.

Embodiment 23. A method for increasing the therapeutic bio-distribution of
3APS in a human subject, comprising administering 3APS in the form of a prodrug or in the
form of a gemini dimer of 3APS.



Embodiment 24. A method for increasing the therapeutic bio-distribution of

3APS in a human subject, comprising administering 3APS non-orally or non-enterally.

Embodiment 25. A method according to embodiment 10, wherein 3APS is
delivered using a route (transdermally, S. C, intranasally, etc.) or vehicle (patch, implant,

spray, formulation, etc.) which minimizes hepatic first-pass metabolism of 3APS.

Embodiment 26. A compound according to embodiment 1, wherein said
cleavable linkage is selected for yielding or generating 3APS or a derivative of 3APS, either
in vitro or in vivo, e.g., wherein the linkage is cleavable hydrolytically or enzymatically.

Embodiment 27. A compound according to embodiment 1, wherein said
pharmacokinetic modulating moiety is selected for increasing the therapeutic bio-distribution

of 3APS upon administration of the compound of formuta | to a human subject.

Embodiment 28. A prodrug of the Formula I:
B-L-A(l)

wherein
B is a pharmacokinetic modulating moiety, which is optionally also bonded to A directly or
indirectly through a further linking group L;
Ais a 3-amino-1 -propanesulfonic acid moiety (i.e., 3APS bound to L-B), and
L is a cleavable linkage for covalently and dissociably coupling B to A (preferably and
typically via the NH, group), or is absent, whereby L can be a direct bond or additional
chemical structure providing a cleavable linkage,
or a pharmaceutically acceptable salt, metabolite or solvate thereof,

wherein the metabolite of said prodrug can be 3APS and/or other metabolites,
including, but not limited to, metabolites identified elsewhere herein, e.g., the examples.

Additional objects, advantages and features of the present disclosure will become
more apparent upon reading of the following non-restrictive description of preferred
embodiments which are exempiary and should not be interpreted as limiting the scope of the

present disclosure.
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{. Definitions

Al technical and scientific terms used herein have the same meaning as commauonly
understood by one ordinary skilled in the art io which the invention pertains. For
convenience" _{h_e méaning of.c‘eﬁa‘in terms and phrases used herein are provided below.

To the extent the definitions (ﬁ_f terms in the publications, patents, and patent
applications incorporated herein by reference are contrary to the definitions set forth in this
specification, the definitions in this specification control. The section headings used herein
are for organizational purposes only, and are not to be construed as limiting the subject
matier disciosed.

It should be noted that, the singular forms "a", "an’”, and "the® inciuds piural referents
unless the content clearly dictates otherwise. Thus, for example, reference to a composition
containing "a compound” includes a mixture of two or mors compounds. It should also be
noted that the term "er" is generally empioyed in its sense including "and/or" unless the
conient clsarly dictates otherwise,

The chemical siruciures hersin are drawn according o the conventional standards
known in the art. Thus, where an atom, such as a carbon afom, as drawn appears o have
an unsatisfied valency, then that valency is assumed {o be satisfied by a hydrogen aiom
even though that hydrogen atom is not necessarily explicitly drawn. Hydrogen aioms shouid
be inferred to be part of the compound.

The symbol "~" in general represents a bond betwsen two atoms in the chain. Thus
CHy~O—CH~CH{R;) —CH; represenis a Z-substituied-1-methoxypropane compound. in
addition, the symbol "' represents the point of attachment of the subsiifuent to a
compound. Thus for example aryl{C+-Cel—alkyl indicates an aryialky! group, such as banzyl,
attached to the compound at the alkyl moiety.

Where multiple substituents are indicated as being atiached 1o a structure, it is to be
understood that the substituents can be the same or different. Thus for example "R,
optionally substituted with 1, 2 or 3 R, groups” indicates that Ry, is substituted with 1, 2, or 3
R, groups where the R, groups can be the same or different.

As used herein, the term "Compounds of the present invention” and eguivalent
expressions refers o compounds mantionad herein as being useful for at least one purpese
of the inveniion, e.g., those encompassed by siructural Formulae such as (1), (A}, {I-Cj,
(1-D), (-B), (I-Py, (-P2), (I, (I, (IV), (V) (WD, (VID, (VI (IX), OO, (X1, (X31), (XI-AY and
(XIH), and includes specific compounds meniionead herain such as Al to A35, C1 o 28, B
to B14, H1 to H4, G1 1o G11, 851 to S14 and D1 to D8, etc., as well as their pharmaceutically
accepiable salts and solvates. Embodiments herein may exclude one or more of the

compounds of the inveniion, Compounds may be identified either by their chemical siructure
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andfor chamical name. When the chemical structure and chemical name conflict, the
chemical structure is determinative of the ideniity of the compound. The compounds
described herein may contain one or more chiral centérs and/or double bonds and theretfore,
may exist as stereoisomers, such as double-bond isomers (ie., geomeatric isomers),
enaniiomers, or diastereomars. Accordingly, the chemical structures disclosed herein
encompass all possible enantiomers and stereoisomers of the illustrated compounds
including the stereoisomerically pure form (2.g., geometrically pure, enantiomerically pure, or
diastersomerically pure) and enantiomeric and stereoisomeric mixiures. Enantiomeric and
sterecisomeric mixtures can be resolved into their component enanticmers or sierecisomers
using separation techniques or chiral synthesis techniques well known to the skilied artisan,
¢.g., chiral chromatography {(such as chiral HPLC), immunolassay technigues, or the use of
covalently (such as Mosher's esters) and non-covalently (such as chiral salts) bound chiral
reagents to respectively form a diastereomeric mixture which can be separated by
conventiona! methods, such as chromaiography, distiliation, crystallization or sublimation,
the chiral salt or ester is then exchanged or cleaved by conventional means, o recover the
desired isomers. The compounds may also exist in several tautomeric forms including the
enol form, the keto form, and mixtures thereof. Accordingly, the chemical structures depicted
herein encormpass all possible tautomeric forms of the illustrated compounds. The disclosed
compounds also include isotopically fabeled compounds where one or more atoms have an
atomic mase different from the atomic mass most abundantiy found in nature. Examples of
isotopes that may be incorporated into the compounds of the present invention inciude, but
are not limited 1o, 2H (D), *H (T}, "'C, ¥*C, "C, "™N, *0, 70, etc. Compounds may exist in
unsoivated forms as well as solvated forms, including hydrated forms. In general,
compounds may be hydrated or solvated. Certain compounds may exist in mulfiple
crystaline or amorphous forms. in general, all physical forms are equivaient for the uses
contempiated herein and are intended ¢ be within the scope of the present invention.
Further, when partial siructures of the compounds are illustrated, brackets or eguivaients
indicate the point of attachment of the partiat structure to the rest of the molecule.

The term “prodrug” and equivalent expressions refer to agents which can be
converied in vitro or in vivo directly or indirectly 1o an active form (see, e.g., R.B. Silverman,
1982, “The Organic Chemistry of Drug Design and Drug Action,” Academnic Press, Chap. 8;
Bundgaard, Hans; Editor. Neth. (1885}, “Design of Prodrugs”. 360 pp. Elsevier, Amsterdam;
Swella, V., Borchardt, R.; Hageman, M., Oliyai, R.; Maag, H.; Tilley, J. (Eds.) (2007},
“Brodrugs: Challenges and Rewards, XVIIl, 1470 p. Springer). Prodrugs can be used to alter
the biodistribution {e.g., to aliow agents which would not typically enter the reactive site of
the protease) or the pharmacokinetics for a particular agent. A wide variety of groups have

been used to modify compounds ta form prodrugs, for example, esters, ethers, phesphates,
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etc. When the prodrug is administered to a subject, the group is cleaved, enzymaticaily or
non-enzymatically, reductively, oxidatively, or hydrolytically, or otherwise to reveal the aciive
form. As used herein, "prodrug” includes pharmaceutically acceptable salis thereof, or
pharmaceutically acceptable solvates as well as crystalline forms of any of the foregoing.
Prodrugs are frequently, although not necessarlly, pharmacologically inactive until converied
to the parent drug.

The term “gemini dimer” and eguivalent expressions refer to a synthetic compound
comprising at least two moieties of the same agent or drug coupied iogether. For
background on pemini dimers, see; Mammell D C, Hamad M, Vaddi B K, Crooks P A,
Stinchcomb A L. A duplex "Gemini" prodrug of nalirexone for transdermal delivery. J Control
Release. 2004. §7(2):283-90. In preferred embodiment, the gemini dimers of the invention
are made of two linked 3APS molecules that may be converted in vitro or in vivo directly or
indirectly to release at least one, preferably two, pharmaceutically active 3APS moiecules.

The tarm “carbamate” refers to an oxycarbonyl residue (-OC{O}-) linked to an amino
group to form a group comprising & {(-OC{O)N{or NH}-} radical The carbamaie group can be
secondary (NH) or tertiary (N). This term is furthar defined in Section 1i-B{a).

The term “amide” refers 1o an organic compound containing a carbonyl {-G{O)-)
aftached to an amine group te form & group comprising the radical (-C{(O)N(or NH}-). The
amide group can be secondary (NH) or tertiary (N}. This term is further defined in Section
1I-A. The term "non-amino acid amide” refers 1o an amide group whare the carbonyl (-C(O)-)
does not jorm part of an amino acid residue, This 1erm is further defined in Section H-B{h).

The term “carbohydraie-derived” refers {o compounds where the group aftached to,
for example, 3APS3, is an organic group that is or is derived from a polyhydroxy aldehyde,
polyhiydroxy ketone, or a polyel, can changs to such group on simple chemical
transformations, such as hydrolysis, oxidation, or reduction. These groups include, for
example, sugars, starches, celluleses, and gums, This term is further defined in Section {i-C.
The term *N-hydroxy-derived” refers to compounds containing a hydroxy or hydroxy-derived
group {e.g. alkoxy, benzyloxy, phenoxy, acyloxy, and the like) to form an (RO-N{or NH)-}.
This term is further gefined in Section I-D{a}.

The term “cyclic double-protecied” refers to compounds whearein a protecting group
in linkad to both the amine and the sulfonic acid of 3APS. This term is further defined in
Section 1-Diby).

The term “ester” rafers to compounds thal can be represented by the formuia
RCOOR (carboxylic ester) or the formula RSO;R’ (sulfonate ester)’, where the group R can
be, for example 3APS or the 3-amincpropane part thereof, and the group R’ can be another
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organic group. These compounds are usually respactively formed by the reaction between a

carboxylic or a sulfenic acid and an aicohol usually with the elimination of waler.

The term “amino acid” generally refers to an organic compound comprising both a
carboxylic acid group and ar amine group. The term “amino acid” includes both “natural” and
“unnatural” or "non-natural’ aminc acids. Additionalty, the term aming acid inciudes C-
alkylated or N-alkylaied amino acids, as well as amino acids having nitrogen or oxygen-
containing side chains (such as Lys, Om, or Ser) in which the nitrogen or oxygen atbm has
been acylated or alkylated. Amino acids may be pure L or D isomers or mixiures of L and D
isomers, including racemic mixtures. in general, amino acids are represented by the residus
of Formula V.

The term “natural amino acid” and equivaient expressions refer to L-amino acids
commonly found in naturally occurring proteins. Examples of natural amino acids include,
without Iimitatian,‘aianine (Alm), cystein (Cys), aspariic acid {Asp), glutamic acid (Giu),
phenylalanine (Phe), glycine (Gly), histidine (His), isoleucine {lle}, ysine (Lys}, leucine {Leu),
methionine (Met}, asparagine (Asp), proline {(Pro), giutamine (Gin), arginine (Arg), serins
(Ser}, threonine (Thr}, vaiine {Val), tryptophan {Trp), tyrosine (Tyr), B-aianine (B-ALA), and
v-amincbutyric acid (GABA).

The ferm “unnaiural amino acid” refers {0 any derivative of a natural amino acid
including D forms, and o- and B-amino acid derivatives. The terms “unnaturad amine acid”
and “non-natural amino acid” are used interchangeably herein and are meant 1o include the
same moleties. It is noted that certain amino acids, e.g., hydroxyproling, that are classified
as a non-natural amino acid herein, may be found in nature within a certain organism or a
particular protein. Amino acids with many different protecting groups appropriate for
immediaie use in the solid phase synihesis of peplides are commercially availabie. in
addition to the tweniy mest common naturally occurring amino acids, the following examples
of non-natural amino acids and amino acid derivatives may be used according o the
invention (common abbreviations in parentheses): 2-aminoadipic acid (Aad), 3-aminoadipic
acid (B-Aad), Z-aminobutyric acid (2-Abu), ©,B-dehydro-2-aminobutyric acid {&-Al},
1-aminocyclopropane-1-carboxylic  acid (ACPC), aminoisobutyric acid (Ab}, 3-
aminoisobutyric acid {B-Aib}, 2-amino-thiazoline-4-carboxyiic acid, S-aminovaleric acid (5-
Ava}, 6~aminohexanoic acid {6-Ahx), 2-amincheptancic acid (Ahe}, 8-aminooctanoic acid (8-
Aoc), 11-aminoundecancic acid (11-Aun}, 1Z-aminododecanoic acid (12-Ado),
2-aminobenzoic acid {2-Abz), 3-aminobenzoic acid {3-Abz), 4-amingbenzoic acid{4-Abz),
4-amino-3-hydroxy-6-methvingpianoic acid (Statine, Sia), aminooxyaceiic acid (Aoa),
2-amincteiraline-2-carboxyiic acid (ATC), 4-amino-5-cyclohexyl-3-hydroxypentanoic acid
(ACHPA),  para-aminophenylalanine  (4-NH:-Phe), 2-aminopimelic  acid  (Apmj,
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biphenytalanine (Bip), para-bromophenylalanine (4-Br-Phe), ortho-chlorophenylalanine
(2-Cl-Phe), meta-chiorophenylalanine (3-Cl-Phe}, para-chlorophenylalanine  (4-Ci-Phej,
matachloraiyrosing (3-Cl-Tyr), para-benzoylohenylalanine (Bpa), fertbutylgiycine (TLG},
cyclohexylalanine (Cha), cyclohexylglycine (Chg), desmesine (Des), 2,2-diaminopimelic acid
(Dpm),  2,3-diaminopropionic  acid (Dpr),  24-diamincbutyric  acid  [Dbu),
3,4-dichicrophenylaianine (3,4-C1:-Phe), 3.A-diflurorphenylalaning {3,4-F-Pha},
3 5-diiodotyrosing  {3,5-1-Tyr), N-ethyiglycine  (EtGly), M-ethylasparagine (EtAsnj,
ortho-fluorophenylatanine {e-F-Phe}, meta-fluorophenylalanine {3-F-Phe),
para-fluorophenylalanine  (4-F-Phe), mefa-fluorotyrosine (3-F-Tyr), homoserine (Hse),
homophenylalanine (Hfe), homotyresine (Htyr), hydroxylysine (Hyl), alic-hydroxylysine
(aHy)), S-hydroxytrypiophan (5-OH-Trp), 3- or 4-hydroxyproline (3- or 4-Hyp),
para-iodophenylalanine {4-1-Phe), 3-icdotyrosine (3-1-Tyr), indoiine-2-carboxylic acid (id),
isodesmosine (lde), alfo-isolsucine (a-lie), isonipeceotic acid {linp), N-methylisoleucine
(Melie), N-methyliysine (Melys), meta-methyltyrosine (3-Me-Tyr), N-methyivaline (MeVal},
1-naphthylalanine (1-Nal), 2-naphthyialanine (2-Nal), para-nitrophenylalanine (4-NO»-Phe),
3-nitrotyrosing  (3-NO.-Tyry, norleucine (Nle), norvaline (Nva), ornithing  (Ornj,
ortho-phosphotyrosine (H.PC:-Tyr), octahydroindele-2-carboxyiic acid (Oic), penicillamine
(Pen), pentafluoropnenylalanine (Fs-Phe}. phenylglycine (Phg), pipecoiic acid (Pip},
propargylgiycine (Pra), pyroglutamic acid {PGLU), sarcosine (Sar), tetrahydroisoguinoline-
3-carboxylic acid (Tic), thienylatanine, and thiazolidine-4-carboxylic acid (thioproiine, Th).

As used herein, the term “acyclic” refers 1o an arganic moiety without ring system.

The term “aliphatic group” includes organic moieties characterized by straight or
branched-chains, typically having between 1 and 15 carbon atoms. Aliphatic groups include
non cyclic atkyl groups, alkeny! groups, and afkynyl groups.

As usad herein, the term “alkyl” refers to saturated hydrocarbons having from one 1o
twelve carbon atoms, including linear, branched, and cyclic alkyl groups. Exampiles of atkyl
groups include, without fimitation, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, isopropyl, tertbutyl, sec-butyl, isobutyl, cyclopropyl, cyclopentyl, cyciohexyl,
cyclchepty!, cyciooctyl, and the like. The term alky! inciudes both unsubstituted alkyl groups
and substituted alkyl groups. The term “Cy-Chalkyl”, wherein n is an integer from 2 fo 12,
refers io an alkyi group having from 1 to the indicated “n” number of carbon atoms.

As used herein, the term “alkenyl” refers to unsaturated hydrocarbons having from
two to twelve carbon atoms, including finear, branched, and cyciic non aromatic alkenyi
groups, and comprising between one to six carbon-carbon double bond. Examples of alkeny!
groups include, without limitation, vinyl, allyl, 1-propen-2-yl, 1-buten-3-yl, 1-buten-4-yi, 2-
buten-4-vl, 1-penten-5-yl, 1,3-pentadien-5-vl, cyclopentenyl, cyclohexenyt,
ethylcyclopentenyl, ethylcylchexenyl, and the dike. The term alkenyl includes both

~
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unsubstituted alkenyl groups and substituted alkenyl groups. The term “Co-Chalkenyl’,
wherein n is an integer from 3 to 12, refers to an alkenyl group having from 2 to the indicated
“n" number of carbon aioms.

As used herein, the term “alkynyl” refers to unsaturated hydrocarbons having from |
two to twelve carbon atoms, including linear, branched, and cyclic non aromatic alkynyl
groups, and comprising between one to six carben-carbon tripie bond. Exampies of alkynyl
groups include, without limitation, ethynyl, 1-propyn-3-vl, 1-butyn-4-yi, 2-butyn-4-yl, 1-
pentyn-5-yl, 1,3-pentadiyn-5-y, and the like. The term alkynyl includes both unsubstituied
alkynyl groups.and substituted alkynyl groups. The term “C.-Cralkynyl”, wherein n is an
integer from 3 to 12, refers to an alkynyl group having from 2 to the indicated “n” number of
carbon afoms.

Unless the number of carbons is otherwise specified, “lower” as in “lower aliphatic,”

“lower alkyl,” “iower alkenyl,” and “lower alkvinyl”", as used herein means that the moiety
has at least one {iwo for alkenyl and alkynyl} and equal or less than 6 carbon aioms.

The terms “cycioalkyl”, “alicyclic”, “carboeyclic” and eguivalent expragsions refer
to a group comprising g saturated or partially unsaturated carbocyclic ring in a single, spiro
{sharing one atom), or fused (sharing at isast one bond) carbocyclic ring system having from
three to fifteen ring members. Examples of cycicalkyl groups include, without limitation,
cyciepropyl, cyciobutyl, cyclopentyl, cyclopenten-1-yl, cyclopenten-2-yl, . cyciopenien-3-yl,
cyclohexyl, cyclonaxen-1-yl, cyclohexen-2-vl, cycichexen-3-vi, cycloheptyt,
bicyclol4,3,0lnonanyl, norbornyl, and the like. The term oyclocalky! includes beth
unsubstiiuted cycicalkyl groups and substituted cycioalkyl groups. The term 'Cs-
Creycioalky!”, wherein n is an injeger from 4 1o 15, rafers 1o a cycloalkyt group having from 3
1o the indicated "n" number of carbon atoms in the ring structure. Unless the number of
carbons is otherwise spacified, “lower cycloalkyl” groups as hersin used, have at least 3
and equat or less than 8 carbon atoms in their ring structure.

The term “heterocycioalky!” and equivalent exprassions refer 1o a group comprising
a saturated or pariially unsaturated carbocyclic ring in & single, spiro {sharing one atom), or
fused {sharing at least one bond) carbocyclic ring system having from thrae o fiftesn ring
members, including one 1o six heteroatoms (g.g. N, O, S, P) or groups coniaining such
heteroatoms (e.g. NH, NR, (R, iz atkyl, acyl, aryl, heteroary! or cycloatkyl), PC,, SC, S0,
and the like). Heterocycioalky! groups may be C-atfached or hetercatom-atiached (e.g. viaa
nitrogen atom} where such is possible. Examples of heterdcyc%oalkyl graups inciude, without
limitetion,  pyrrolidino,  tstrahydrofuranyl, fetrahydrodithienyl,  tetrahydropyranyl,
tetrahydrothiopyrany!, piperidino, morpholino, thiomorpholing, thioxanyl, piperaziny,
azetidinyl, oxetanyl, thistanyl, homopiperidinyl, oxepanyl, thiepany!, oxazepinyl, diazepinyi,
thiazepinyt, 1,2,3,6-tetrahydropyridinyt, 2-pyrrolinyl, 3-pyrroliny, indolinyl, 2H-pyranyl, 4H-
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pyranyl, dioxanyl, 1.3-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyi, dihydropyranyi,
dihydrothienyl, dihydrofuranyl, pyrazolidiny, imidazobinyl, imidazolidinyl, 3-
azabicycio]3,1,0lhexanyl, 3-azabicyclol4,1.0lheptanyl, 3H-indolyl, guinolizinyl, and sugars,
and the like. The ierm heterocycioalky! inciuges both unsubstituted heterocycloalky! groups
and substituted heterocycioalky! groups. The ferm “Ce-Chheterocyclioalky!”, wherein n is an
integer from 4 to 15, refers to a heterocycloatkyl group having from 3 to the indicated ‘n”
number of atoms in the ring structure, including at least one heterc group or atom as defined
above. Unless the number of carbons is otherwise specified, “lower heterocycioalkyl” groups
as herein used, have at least 3 and equal or less than & carbon atoms in their ring structure.

The terms “aryl” and “aryl ring” refer to aromafic groups having “4n+2"1(pi)
electrons, wherein n is an integer from 1 to &, in a conjugated monocyclic or polycyclic
system (fused or not) and having six to fourteen ring atoms. A polycyclic ring system
includes at least one aromatic ring. Aryl may be direcily attached. or connected via a G-
Caalky! group (also referred o as aryialkyl or aralkyl). Examples of aryi groups include,
without Hmitation, phenvl, benzyl, phenetyl, 1-phenviethyl, tolyl, naphthyl, biphenyl,
terpheny!, indenyl, benzocyciooctenyl, benzocycloheptenyl, azulenyl, acenaphthyienyl,
fiuorenyl, phenanthernyl, anthraceny!, and the like, The term aryl includes both unsubsatituted
aryt groups and substituted aryl groups. The ferm "Ce-Craryl”, wherein n is an integer from &
to 15, refers 1o an aryl group having from 6 to the indicated “n” number of atoms in the ring
structure, including at least one hatero groub or aforn as defined above.,

The terms “hetercaryl” and “hetercaryl ring” refer to an aromatic groups having
“an+2"mr(pi) electrons, wherein n is an integer from 1 to 3. in a conjugated monocyciic or
polycyclic system (fused or not) and having five 1o fourieen ring members, including one io
six hetercatoms te.g. N, O, S} or groups coniaining such heteroatoms (e.g. Nk NR, (R, is
alkyl, acyi, aryl, heteroaryl or cycloalkyl}, SO, and the like). A polycyciic ring system includes
at least one hetsroaromatic ring. Heteroaryis may be directly attached, or connecied via a
C.-Csaliy! group (also referred to as heteroarylalky! or hetercaralkyl). Heteroaryl groups may
be C-aftached or hetercatom-aitached {e.g. via a nitrogen atom), where such is possible.
Examples of heteroaryl groups inciude, without limitation, pyridyl, imidazolyl, pyrimidiny,
pyrazolyl, triazolyl, tetrazelyl, furyl, thienyl, isooxazolyl, thiazolyl, oxazoiyl, iscihizzoiyl,
pyrrollyl, quinoiinyl,  isoguinolinyl,  indolyl, isoindolyl, chromenyl, isochromenyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indoliziny!, phthalazinyl, pyricazinyl,
pyrazinyl, iriazinyl, isoindolyl, pteridinyl, purinyl, cxadiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, benzothiophenyl, benzothienyl, benzathiazolyl, benzoxazoiyl, guinazolinyl,
guinofizinyl, guinoiony!, isaquinolanyl, quinoxalinyl, naphthyridinyl, furopyridinyl, carbazoiy!,
phenanthridinyl, acridinyl, perimidinyl, phenanthralinyl, phenaziny, phenothiazinyl,
phenoxaziny!, dibenzofurnayl, and the like. The term heterparyl includes both unsubstituied
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hetercaryl groups and subsiituted heteroaryi-groups. The term “Cs-C.heteroaryl®, wherein n
is an integer from 6 to 15, refers to an heteroary! group having from 5 te the indicated "n”

number of aioms in the ring structure, including at least one hetero group or atom as defined

" above.

The terms “heterocycle” or “heterocyclic” include hetsrocycicatkyl and heteroaryt
groups. Examples of heterocycles include, without limitation, acridinyt, azociny,
benzimidazolyl,  benzofuranyl,  benzothiofuranyl, benzothiophenyl,  benzoxazolyl,
benzthiazoiyl, benziriazolyl, benzietrazotyl, benzisoxazolyl, benzisothiazoiyl,
benzimidazolinyl, carbazolyl, 4aH-carbazolyl, carbolinyi, chromany!, chromeanyl, cinnolinyl,
decahydroquinoliny!, 2H,8H-1,5,2-dithiazinyl, dhydrefuro[2,3-bltetrahydrofuran,  furanyl,
furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl, indolenyl, indoifiny,
indolizinyl, indoiyl, 3H-indolyl, isohenzofuranyl, isochromanyl, isoindazolyl, isoindolinyg,
isoindolyl, isoguinoiinyl, iscthiazolyl, isoxazolyl, methylenedioxyphenyl, morpholinyl,
naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1.2,4-oxadiazolyl,
1,2, 5-oxadiazotyl, 1,34-oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl, pyrimidiny,
phenanthridinyl, phenanthrolinyl, phenazinyl, phenothiazinyl, phehoxa%hiény!, pheanoxazinyi,
phthalazinyl, piperazinyt, piperidinyl, piperidenyl, 4-pipetidonyl, piperonyl, pteridinyl, purinyt,
pyranyi, pyrazinyl, pyrazolidinyt, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole,
pyridoimidazole, pyridothiazoie, pyridinyl, pyridyl, pyrimidingl, pyrrolidinyl, pyrrolinyl,
2H-pyrrolyl, pyrrolyl, quinazolinyl, guinolinyl, 4H-quinolizinyl, guinoxalinyl, quinuclidiny!,
tetrahydrofuranyl, tetrahydroisoguinolinyg, tetrahydroquinoliny, tetrazoly!,
6r-1,2,5-thiadiazinyl, 1,2,8-thiadizzoiyl, 1.2,4-thiadiazotyl, 1,2,5-thiadiazoivl,
1.3.4-thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thienothiazolyl, thienooxazoiyl,
thienoimidazolyl, thiophenyl, triazinyl, 1,2,3-riazoivl, 1,24-trazolyl, 1,2.5-riazolyl,
1,3,4-triazoiyl, xanthenyl, and the iike. The term heterocycie inciudes both unsubstituted
heterocyclic groups and substituted heterocyclic groups.

The ferm “amine” ar “aming,” as used herein, refers to an unsubstituted or
substituted moiety of the formula —NR®R®, in which R* and R" are each independently
hydrogen, alkyl, aryl, or heterocyclyl, or R* and R, taken together with the nitrogen atom o
which they are attached, form a heterocyciic ring. The term amino includes compounds or
moieties in which a nitrogen atom is covalently bonded to at least one carbon or hetercatom.
Thus, the terms “alkylaming” and “dialkylamino” as used hersin means an amine group
having respeclively one and at least two C,-Csalkyl groups attached thereto. The term
“arylamino” and “diarylaminc” include groups wherein the nitrogen is bound to at least one
or two aryl groups, respectively. The term “amide” or "aminocarbonyl” includes compounds
or moieties which contain a nitrogen atom which is bound f¢ the carbon of a carbonyl or a
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thiocarbonyl group. The term acylamino refers to an amino group directly attached io an acyl
group as defined herein.

The term “nitro” means —NG;; the terms "haio” and “halogen” refer 1o bromine,
chloring, flucrine or iodine substituents; the term “thiol”, “thio”, or “mercapto” means SH;
and {he term "hydroxyl” or “hydroxy” means —OH. The term "alkylthio” refers 10 an alky!
group, having a sulthydryl group attached therete. Suitable zlkyithio groups include groups
having 1 to about 12 carbon atoms, preferably from 1 to about 8 carbon atoms. The term
“alkyicarboxyl” as used herein means an alkyl group having a carboxyl group aitachad
thereto.

The term “alkoxy” or "lower alkoxy” as used herein means an alkyl group having an
oxygen atom attached theretc. Representative alkoxy groups include groups having 1 to
about & carbon atoms, e.g., methaxy, ethoxy, propoxy, terk-butoxy and the like. Examples of
alkoxy groups include methoxy, ethoxy, isopropytoxy, propoxy, butoxy, pentoxy,
fluoromethoxy, difluoromethoxy, trifiuoromethoxy,  chioromsthoxy, dichioromethoxy,
trichloromethexy groups and the like. The term alkoxy includes both unsubsiituted or
substituted alkoxy groups., etc., as well as perhatogenated alkyloxy groups.

The term "carbony!” or "carboxy” includes compounds and moisties which coniain 2
carbor connected with a double bond o an oxygen atom. Exampies of moleties which
contain a carbony! include aldehydes, ketones, carboxylic acids, amides, esters, anhydrides,
elc. |

The term “acyl” refers to a carbony! group that is attached through its carbon atom o
a hydrogen (ie., formyl), an aliphalic group (C.Cealkyl, T:-Csalkenyl, C;-Cealkynyl, eg.
acetyl}, a cyclcalkyl group (Cx-Ceoycioalkyl), a heterocyclic group (C:-Csheterocycloalkyl and
Ce-Csheteroaryl), an aromatic group {Csary!. .., benzoyl), and the like. Acyl groups may be
unsubstituied or substituted acyl groups (e.g. salicyloyl).

It will be undersicod thal “substitution” or "substituled with” includes the implicit
oroviso that such substitution is in accordance with the permitted valence of the substituted
atom and the substituent, and that the substitution resuiis in a stabie compound, e.g., which
does not sponianecusly undergo fransformafion such as by rearrangement, cyciizaiion,
elfimination, etc. As used herein, the term “substituted” is meant to include all permissible
substituents of organic compounds. in a broad aspect, the permissible substituenis inciude
acyelic and cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and
nonaromatic substituents of arganic compounds. The permissible substifuents can be one or
more, The ferm “substituted”, when in association with any of the foregoing groups refers {o
a group substituted &t ong or more position with substituents such as acyl, amino (including
simple amino, mono and dialkylamine, mono ang diarylaming, and altkyiarylamino),
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acylamino (including carbamoyl, and ureido), alkylcarbonyloxy, aryicarbonyloxy,
alkoxycarbonyloxy, alkoxycarbonyl, carboxy, carboxylale, aminocarbony!, monc and
dialkylaminocarbonyl, cyano, azido, halogen, hydroxyl, nitro, triftuoromethyl, thio, alkylthic,
arylthio, alkylthiocarbonyl, thiocarboxylate, jower alkyl, lower alkenyl, lower alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, lower alkaxy, aryloxy, aryloxycarbonyioxy,
benzyloxy, benzyl, sulfinyl, alkylsulfinyl, sulfonyl, sulfate, sulfonate, sulfonamide, phosphate,
phosphonato, phosphinate, oxo, guanidine, imine, formyl and the like. Any of the above
substituents can be further substituted if permissible, e.g. if the group contains an alkyl
group, an aryl group, or other.

The term “soivate” refers {o a physical association of a compound of this invantion
with one or morg solvent molecules, whether organic or inorganic. This physical association
includes hydrogen bonding. in certain instances, the soivate will be capable of isclation, for
example when one or more solvent molecules are Encorporated in {he crystal lattice of the
crystalline solid. “Solvate” encompasses both soiution-phase and isolable soivates.
Exemplary solvates include hydrates, ethanclates, methanolates, hemisthanolates, and the
like.

A "pharmaceufically acceptable salt” of a compound means a salt of a compound

that is pharmaceufically acceptabie, Desirable are salts of a compound that retain or

improve the biological effectiveness and properties of the free acids and bases of the parent
compound as defined herein or that takes advantage of an intrinsically basic, acidic or
charged functionality on the molecule and that iz not biologically or otherwise undesirable.
Example of pharmaceutically acceptable salts are also described, for exampie, in Berge
et al., "Pharmaceutical Salts”, J. Pharm. Sci. 86, 1-18 (1877). Such salts inciude;

(1) acid addition salis, formed on a basic or positively charged functionality, by the
addition of inorganic acids such as hydrochloric acid, hydrobromic acid, hydroiodic acid,
sulfuric acid, sulfamic acid, nitric acid, phosphoric acid, carbonate forming agents, and the
like; or formad with organic acids such as acefic acid, propicnic acid, lactic acid, oxalic,
glycolic acid, pivalic acid, t-butylacstic acid, B-hydroxybutyric acid, valeric acid, hexaroic
acid, cyciopentanepropionic acid, pyruvic acid, malonic acid, succinic acld, malic acid,
maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 3-[4-hyaroxybenzoyliberizoic
acid, cinnamic acid, mandelic acid, methanesulfonic acid, sthanesulfonic acid, 1,2-ethane-
disuffonic acid, 2-hydroxyethanesulfonic acid, cyciohexylaminosulionic acid, benzenesulfonic
acid, sulfaniiic acid, 4-chlorosbenzenesulionic acid, 2-napthaienesuifonic  acid,
4-foluenesulfonic acld, camphorsulfonic acid, 3-phenyl propionic acid, taury! sulphonic acid,
lauryt sulfuric acid, oleic acid, palmitic acid, stearic acid, lauric acid, embonic {pamoic} acid,

paimaic acid, pantothenic acid, laciobionic acid, alginic acid, galactaric acid, galacturonic
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acid, gluconic acid, giucoheptonic acid, glutamic acid, naphthoic acid, hydroxynapthoic acid,
salicylic acid, ascorbic acid, stearic acid, muconic acid, and the like;

{2) base addition salts, formed when an acidic profon present in the parent
compound either is replaced by a metal ion, including, an alkali metal ion (e.g. fithium,
sodium, potassium), an afkaline earth ion (e.g. magnesium, calcium, barium), or other metal
tens such as aiuminum, zinc, iron and the fike: or coordinates with an organic base such as
ammoniz, ethylamine, diethylaming, ethylenediamine, N Ntdibenzylethylenediamine,
ethanolamine, diethanclaming, friethanolaming, tromethaminz, N-methvigiucamine,
piperazine, chioroprozain, procain, choling, lysine and the like.

Pharmaceutically acceptable salts may be synthesizea from the parent agent that
contains a basic or acidic moiety, by conventional chemicai methods. Generally, such salts
are prepared by reacting the free acid or base forms of these agents with & stoichiomatric
amount of the appropriate base or acid in waier or in an organi¢ solvent, or in a mixture of
the two. Safts may be prepared in sifu, during the final isolation or purification of the agent or
by separately reacting a purified comgound of the invantion in its free acid or base form with
the desired corresponding base or acid, and isolating the sall thus formed. The term
“oharmaceutically accepiable salts” also include zwitterionic compounds containing a
cationic group covalently bonded o an anionic group, as they are “internal salts”.

All acid, salt, base, and other ionic and non-fonic forms of the compounds described
are incluced as compounds of the invention. For example, if a compound is shown as an
acid herein, the salf forms of the compound are also included. Likewiss, if a compound is
shown as a sali, the acid and/or basic forms are aiso inciuded.

“Abeta”, “AB", or "B-amyioid”, iz defined as any pepiide resuliing from beta-
secretase mediated cleavage of Beta Amyloid Precursor Protein {(APP), including for
examples peptides of 37, 38, 38, 40, 41, 42, and 43 aminc acids, and exiending from the
beta-secretase clsavage site o amino acids 37, 38, 39, 40, 41, 42, or 42, 1t also includes it
also includes N-terminal truncated species of above pepfides, such as the pyrogiutamic
forms pE3-40, pE3-42, pE3-43, pEl1i-42, pEi1-43 and the like. For convenience of
homenclature, “Afly.4,", may be referred to herain as "AB{1-42}" or simply as “ARy" (and
likewise for any other amyloio peptides discussed herein). As used harsin, the terms
“Abeta”, "Af", “B-amvioid”, “amyloid-&" are synonymous referring collectively to truncaiad
and non-truncated peptide species of the sequernice between B- and y-clzavage sites of APP.

The term "amyloid-p disease” or "amyioid-§ related disease” may be ussd for
mild cognitive impairment; vascular dementia; early Alzheimer's disease; Alzheimer's
disease, including sporadic (non-hereditary} Alzheimer's disease and familial (hereditary)
Alzheimer's disease; age-retated cognitive decline; cerebral amvyloid angiopathy {(*CAA");
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hereditary cerebral hemorrhage; senile dementia; Down’s syndrome; inclusion body myositis
{1BM"); or age-related macutar degeneration ("ARMD™, Mild cognitive impairment (“MCM,
Cerebral amyloid angiopathy (“CAA”), age-related macutar degeneration (ARMD).

"AUC" is the area under a curve representing the concentration of a compound in a
biological sample of a subject as a function of time foliowing administration of the compound
to the subject. Examples of biclogical samples include biological fluids such as plasma and
blood, or organ homogenates such as brain or liver homogenates, The AUC can be
determined by measuring the conceniration of a compound in a biological sample such as
the piasma, blood or brain homogenate using methods such as liguid chromatography-
tandem mass spectrometry (LC/MS/MS), at various time intervals, and calculating the area
under the concentration-versus-time curve. Suitable methods for calculating the AUC from a
drug concentration-versus-time curve are well known in the art. As relevant to the disclosure
here, an AUC for 3APS can be determined by measuring the concentration of 3APS in the
plasma, blood or brain homogenate of a subject following oral administration of a compound
of Formulae {1), {I-A), (I-C), (3-0}, (FE), (-P), (-P2), (1B, (11, (1), (V), (VI}, (VID, (VIID, (IX),
(X3, (X1, (Xi1) or {XH-A}, 1o the subject. Unless noted otherwise herein; AUC means AUC .,
as further defined in Example 4.

"Bioavailability" refers io the rate and amount of a drug that reaches the systemic
circulation of & subject following administration of the drug or prodrug thereof to the patient
and can be determined by evaluating, for exampie, the plasma or blood concentration-
versus-time profile for the drug. Parameters useful in characterizing a plasma or biood
concentration-versus-time curve include the area under the curve (AUC), the time fo peak

concentration (T..y), and the maximum drug concentration {C..,). Bioavailability is often

- expressed as F(%) referring fo the ratio in percentage of the AUC of the compound for a

specific mode of administration (e.g. orally) ovaer AUC of the compound after an IV
administration.

“Bioequivalence" refers {o equivalence of the rate and extent of absorption of a drug
after administration of equal doses of the drug or prodrug 1o & patient. As used herein, two
ptasma or blood concentration profiles are biceguivalent if the 90% confidence interval for
the ratic of the mean response of the fwo profilas is within the limits of 0.8 and 1.25. The
mean response includes at least one of the characieristic parameters of a profile such as
Crae Tmaxe and AUC,

"Crex" 18 the maximum concentration of a drug in the biological sample of a subject
following administration of a dose of the drug or prodrug to the subject.

"Tmex" i the fime to the maximum concentration (C..,) of a drug in the biclogical

sampie of a subject foliowing administration of a dose of the drug or prodrug to the subject.
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As used herein the term "effective amount" refers to the amount or dose of the
compound, upon single or muitiple dose adminisiration 1o the patient, which provides the
desired effect in the paiient under diagnosis or treatment. An effective amount can be readily
determined by the attending diagnostician, as cne skilled in the art, by the use of known
technigues and by observing resulis obtained under analogous circumstances. In
determining the effective amount or dese of compound adminisiered, a number of factors
are considered by the atiending diagnosiician, including, but not iimited to: the size, age, and
general health of the subject; the specific disease invoived; the degree of or involvemeant or
the severity of the disease; the response of the individual subject; the particular compound
administered; the mode of administration; the bicavailability characteristics of the preparation
administered; the dose regimen selecied; the use of concomitant medication; and other
relevant circumstances.

As used herein the term “therapeutic bio-distribution of 3APS” refers to one or
more pharmacokinetic parameters of 3APS which affect SAPS therapeutic activity.

Examples of such pharmacokinetic (PK) paramsters include but are not limited o
bicavailability of 3APS, AUC of 3APS, brain tevels of 3APS, CSF levels of 3APS, Cp. of
BAPS | Thax 0F BAPS, and/or bio-absomtion of 3APS, etc.

As used hergin the terms “increased (or like terms, e.g., intreasing, increase in,
eic.) therapeutic effectiveness of 3APS” and “enhanced (ar like terms, e.g., enhancing,
enhancement, eifc.) therapeutic effeciiveness of 3JAPS” refer to an increased
effectivenass of 3APS as measured, e.g.. by one or more parameters listed under
“therapeutic bio-distribution of 3APS” above, e.¢., by 5%, 10%, 20%, 30%, 40%, 50%, 680%,

70%, 80%, 90%, 88%, 98%, 125%, etc., or even more, e.g., 2, or 4 fold, or even more when

administered to a subject, e.9., animal or human, which increase is with respect to the same
equivalent melar dose of 3APS administered orally in water soiution. Preferably such %
incraeses are achieved also with raspect to 3APS administered orally in the formulation of
Table 3 of USSN 11/108,858, filed on April 12, 2005. Effectiveness can alse be as
measured, for exampie, by efiect on characierisiics of a disease such as Aizheimers
disease, e.g., by the reduction of plaques or AB ioad in the brain, or by an improvement in
selected manifesiations of the disease, e.g., memory logs, cognition, reasoning, judament,
orientation, etc. See USSN 11/103,658, filed on April 12, 20058, for details on how 1o
measure effects on characteristics of such diseases.

The term “lessening metabolism of 3APS” {or related terms such as reduction,
less, towering, reducing, lowsred, etc) refers to decreasing the degres or amount of first-
pass metabofism in the Gl tract or fiver of 3APS (by administering it {o a subiject non-orally or
in particutar orai formutations or in the form of a prodrug) by e.g., 8%, 10%, 20%. 30%, 40%,
50%, 80%, 70%, 80%, 90%, 95%, 99%, or even 100%, which decrease is with respect io the

21



10

15

20

28

30

[
831

degree or amount of metabolism of 3APS that occurs when the same equivaient molar dose
of 3APS is administered orally in water solution. Preferably such % decreases are achieved
also with respect to SAPS administered orally in the formulation of Table 3 of USSN
11/103,858, filed on April 12, 2005,

The term “reduction of side effects of 3APS” refers to decreasing the amount of or
severity of one or more sice effects of 3APS by, e.g., 5%, 10%, 20%, 30%, 40%, 50%, 60%,
T0%, B0%, 90%, §5%, 98%, or 89.9%, or even 100%, Which decrease is with respect to the
amount of or severity of g side effect of 3APS that is exhibited when the same equivalent
molar dose of 3APS is administered orally in waier solution. Preferably such % decreases
are achieved also with respect to 3APS administered orally in the formulations of Table 3 of
USSN 11/108,656, filed on Aprit 12, 2005.

More generally, the terms lessening eic., increasing etc., refer in context hersin 1o the
percentage changes, e.g., by 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%. 80%, 90%, 85%,
99%, 125%, efc., or even more, e.g., 2, or 4 fold, or even more.

Al of the pharmacokinetic data in USSN 11/103,656, filed on April 12, 2008, are
incorporated herein by reference, including the data for example 1 and of Table 3, for
example, for forming a comparative basis for the effects achiaved by the present inventions.

When referring to "3APS” being produced (e.g., released from a formulation or
prodrug), all forms of 3APS are included, e.g., solvates thereof, ionically dissociated forms
thereot, charged forms thereof, efc.

"Pharmaceutically acceptable” refers to drugs, medicaments, inert ingredients efc.,
which the term describes, suitable for use in contact with the tissues of humans and lower
animals without undue toxicity, incompatibility, instability, irritation, allergic response, and the
like, commensurate with a reasonable benefivrisk ratio. It preferably refers to a compound
or composition that is approved or approvabie by a regulatory agency of the Federal or state
government or listed in the U.S. Pharmacoposia or other generally recognized
pharmacoposia for use in animals and more particulary in humans.

"Pharmaceutically acceptable vehicle” refers to a diluent, adiuvant, excipien:, or
carrier with which a compound is administered.

"Pharmaceutical composition” refers o at least one compound and at least one
pharmaceutically acceptable vehicle, with which the compound is administered 1o a patient.

"Preventing” or "prevention” is intended to refer at least the reduction of likelihcod
of the risk of (or susceptibility iv) acquiring a disease or disorder (i.e., causing at least one of
the chinical symptoms of the disease not to develop in a patient that may be exposed to or
predisposed fo the disease but does not yet experience or display symptoms of the disease).

"Treating” or "treatment” of any disease or disorder refers, in some embodiments, to

ameliorating at ieast one disease or disorder (..., arresting or reducing the development of
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the disease or at least one of the clinical symptoms thereof). In certain embodiments
"treating” or “treatment” refers to ameliorating at least one physical parameter, which may or
may nol be discernible by the patient. In certain embodimems, “treating” or "“freatment”
refers to inhibiting the disease or disorder, either physically, (e.g., stabilization of a
discernible symptom), physiologically, (e.g., stabilization of a physical parameter), or both. In
certain embodiments, "reating” or "treatment” refers io delaying the onset of the disease or
disarder. The ferm “treating” refers to any indicia of success in the treatment or amelioration
of an injury, pathology or condition, including any objective or subjective parameter such as
abatement; remission; diminishing of symptoms or making the injury, pathology or condition
maore tolerable to the subject; siowing in the rate of degensration or decling; making the final
point of degeneration less debilitating; improving a subject's physical or mental wel-being;
or, in some situations, preventing the onset of dementia. The treatment or amelioration of
symptoms can be based on objective or subjective parameters; including the results of a
physical examination, a psychiairic evaluation, or a cognition test such as CDR, MMSE,
DAD, ADAS-Cog, cor another test known in the art. For example, the methods of the
invention successfully treat a subject's dementia by slowing the rate of or lessening the
extent of cognitive daciine.

"Therapeutically effective amount” means the amount of compound thai, when
administered {o a patient for treating or preveniing z disease, is sufficient to effect such
ireatment or prevention of the disease. The "therapautically effective amount” will vary
cepending on the compound, the disease and its severity, and the age, weight, etc., of the
patient having the disease to be treated or prevented.

Reference will now be made in detail to certain embodiments of compounds and
methods. The disclosad embodiments are not intended 1o be limiting of the invention.

in a further aspedt the invention incluces the administration of 34PS thatis not via a
ransdermal patch, or not by topical administration in a compaesition. e.g., lotions, creams,
solutions, geis or solids or not by subcutaneocus, infravenous or intraperitoneal injection, or
not intraspinally, or intracerebrally.

{l. Compounds of the Invention

The present invention relates to methods, compounds and compositions for
delivering in a subject, preferably & human subject, 3-amine-1-propanesulionic acid, or salts
thereot, alse referred herein as 3APS. The invention encompasses compounds that will vield
or generate 3APS, either in vifro or in vive.

in a preferred embodiment, compounds of the invention include prodrugs that will
yield or generate 3APS once administered in & human. Without wishing to be bound by
theory, in some aspects the prodrugs according to invention comprise a “pharmacokinetic
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modulating moiety,” e.g., B, balow, covalently but dissociably tinked 1o 3APS that, eg., by a
linkage, L., below, which will be cleaved once in the blood, plasma or other specific tissue
{e.g. brain}, thereby releasing 3APS.

Thus, in one aspect, the invention relates 10 a compound of the Formula |
B—-L—-A {

as well as pharmaceutically acceptable salts, metaboiites, and soivates thereof, where:

B is & pharmacokinetic modulating moiety, which is optionally also bonded 1o A directly or
indirectly thought a further linking group L;

A is 3-amino-1-propanesulfonic acid moiety {i.e., 3APS bound o L-B); and

L is a cleavable linkage for covalently and dissociably coupling B o A (preferably and
typically via the NH, group), or is absent, wnareby L can be a direct bond or additional
chemical structure providing a cleavabie linkage.

Suitabie pharmacokinefic moduiating moieties {e.g. B} moigties inciude amino acid or
peptice moieties, carbamate moieties, non-amino-acid amide moieties, carbohydrate-derived
moieties and analegs such as incsitol-derived moielies, N-hydroxy and derivatives thereof
(e.g., where the H in OH is replaced by an OM protecting group). B can also comprise a
cyclic double protecied 3APS molecule and precursors (e.g., where a moiely connegts NH.
and SOsH of 3APE, a.g., sulfinic acids, thiols, sulfides, disulfides, etc.}, and combinations
thersol. More generally B moleiies include N-protecting groups. B can aiso be the moiecule
3APS itself {see gemini dimers).

Suitable linkages L will be any which are cisaved as described herein, e.g., by
enzymes mentioned herein or others in blood, plasma and or brain cells, in vitro or in vivo.
Linkages will generally comprise & bond which is known 1o be so cleavable such as but not
limited 10, a peptide, amide, ester, sulfide, disulfide, carboxamate, urea, -N-O-, etc. bond,
and others as demonstrated for exampie in the structures disciosed herein, all of which are
in general applicable as linkages, L. in compounds in general. Actual cleavability of the linker
can be assessed in vitro and/or in vivo by using hydrolytic-, enzymatic- {e.g. pepiidase,
esierase) or metabolic-based iests and assays well known in the att. international PCT
application WO 91/14434, published appiications US 2005/0096317, US 2006/0046967 and
provisional application US 80/, xxx filed concurrently herewith, are alt incorporaied herein
by reference since they describe a variety of linkers that may be useful according 1o the

present invention.

In another aspéct, the invenfion retates to Formula I-A (and salts, esters and solvates
thereof)
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wherein,

R* and R are indepandently selected from hydrogen and a protecting group, wherein
R"*and R” are not both hydrogen; and

L' and L® are each a cleavable linkage; whergin when R* is H, L' is absent, and when
RYis H, then L7 is absent.

The term “protecting group” refers tc a group inhibiting and reducing metabolism of
the amino group of 3APS. Examples of protecting groups inciude, without limitation, an
amino acid residue, a carbamate, a non-amino acid amide, a carbohydrate-derived residue,
a N-nydroxy-derived residue, a cyclic double protacting group, and the like.

According to preferred embodiments, the compounds of the invention exhibit
numerous advantageous praperties. In one embodiment, the compound is & prodrug which
bypasses firsi-pass metabolism by the liver and/or the digestive tract (e.g. gut, stomach, or
intesting} that is associated with administration of 3APS, per se, thereby increasing bio-
distribution and/or bicavailability of 3APS as comparsd i an administration of a molar
equivalent of 3APS. Bypassing hepatic fist-pass metabolism modifies, improves or increasss
pharmacokinetic parameters of 3APS such as the AUC, the Cpax and/or Tma 0F BAPS. In
one embodiment, the compound is & prodrug which exhibils an increased absorpiion by the
gasfirointestinal tract, compared fo the administration a motar equivalent of 3APS per se. In
one embodiment, the compound ig & prodrug which provides a siow ralease of 3APS over
fime. In another embodiment, the compound is a prodrug which increases brain ieveis of
3APS when compared o the administration a molar equivaient of 3APS per se. in another
embodiment, the compound is a prodrug which {essens common side effects associaied with
the administration of 3APS per se. For instance, In a preferred embodiment, the prodrug
exhibils a betier gastrointestinal iolerability than 3APS.

in preferred embodiments the compounds and/or compositions of the invention
achieve one or more of the following benefits: (1) reducing the molar dose of 3APS
administered 1o a patieni (2.g. due 10 a improved absorption when compared t¢ 3APS or due
10 a reduction n the first-pass metabolism of 3APS); (2) avoiding commen side effects such
as gastrointestinal irritation associated with an oral administration of 3ARS; (3) improving

penetration of 3APS across the BBE; (4) reducing the side effecis asscciated with 3APS
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{.g. by lessening gasiroiniestinal problems or by increasing the relaiive amount of 3APS
reaching the brain; (5) increasing concentration or levels of 3APS in desired tissues or fluids
(e.g. brain, CSF), Other benefits will be apparent tc those skilled in the art.

The invention pertains to both salt forms and acid/base forms of the compounds of
the invention. For example, the inveniion pertains nof only to the particutar sasht forms of
compounds shown herein as salts, but also the invention includes other pharmaceutically
acceptable salts, and the acid and/or base form of the compound. The invention also
pertains o salt forms of compounds shown herein. Compounds of the invention are atso
shown in Table 1, Table 2, Table 3, Table 4 and Tabie 4B below.

The compounds of the present invention may exhibit polymorphism. Polymorphs of
compounds according to this invention may be prepared by crystaliization under different
conditions. For axample, using difierent solvenis or different solvent mixtures for
recrystallization; crystallization at different temperatures; various modes of cooling ranging
from very fast ic very slow cooling during crystallization. Polymormphs may alse be obtained
by hesting or meliing a prodrug followed by gradual or fast cooling. The presence of
polymorohs may be determined by solid probe NMR spectroscopy, IR spectroscopy,
differeniial scanning calorimetry, powder X-ray diffraciion or other such technigues.

The compounds of the present invention may also exist in the form of a solvale, for
example, hydrate, ethanolate, n-proponalate, iso-propanoclate, 1-butanolate, 2-butanolate
and soivates of other physiciogically acceptable sowvents, such as the Class 3 solvents
described in the International Conference on Harmonization (ICH), Guidance for Industry,
Q3C Impurities: Residual Solvents (1987). The prasent invention inciudes each soivate and
mixtures thereof.

The amino acid or peptidic moiety, the carbamate moiety, the non-amino acid amide
moiety, the carbohydrate-derived moiety and analogs such as inositol-derived, the
N-hydroxy moiety and derivatives, or any other pharmacokinetic moduiating moiety of the
orodrugs, including cyclic double protected 3APS and precursors (e.g. suifinic acids, thiol,
sulfide, disulfide, 2tc), and combinations thereoi, according to the invention may be cisaved
prior to absorption by the gastrointestinal tract (e.g., withiri the stomach or intestinal luman)
andior after absorption by the gastrointestinal tract (e.g., in intestinal tissue, blood, fiver, or
other suitabie tissue of a mammal). in certain ermbodimenis, 3APS remains covalently
aftached lo the pharmacokinetic modulating moiety during fransit across the intestinaf
mucosal barrier to provide protection from presystemic metabolism. in certain embodiments,
pharmaceckinetic modulating moieties accerding to the invention are essentially not
metabolized o the corresponding 3APS within cells of the intestine or liver {e.g. enterocytes,
hepatocytes), but generates the parent 3APS molscule once within the systemic circulation,
In certain embodiments, at least some of the prodrug adminisiered generates the
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corresponding 3APS only once in the brain, L.e. afier it has passed the blood brain barrier
(BBB). Cleavage of the pharmacokinetic modulating moiety of prodrugs according to-the
invention after absorption by the gastrointestinal tract may aliow these prodrugs o be
absorbed info the systemic circulation either by active transpor, passive diffusion, or by a
combination of both active and passive processes. Accordingly, in certain emibodimenis, a
pharmaceutical compesition, formuiation, or dosage form of the present invention is capable
of maintaining a therapeutically effective concentration of S3APS in the plasma or biood of a
paftient for a time period of at least about 1 hour, for al least 2 hours, for at least 3 hours, 4
hours, for at least about 8 hours, for a period of at least about 12 hours, af lgast about 16
hours, at least about 20 hours, and in certain embodiments for at least about 24 hours after
the pharmaceutical compesition. formuiation, or dosage form comprising a corresponding
compound according o the invention and a pharmaceutically acceptable vehicle is orally
administered to the patient. In certain embodimenis, a pharmaceuiical composition,
formulation, or dosage form of the present invention is capable of improving the Ty of
3APS by at least 2 fold, or by atleast 3,4, 5, 8,7, 8, 8 or 10 fold or more.

The pharmacokinetic modulating moiety of ceriain of the compounds according 1o the
invention may be cleaved gither chemically andfor enzymaiically. One or more enzymes
present in the stomach, intestinal iumen, infesiinal tissue, blood, fiver, brain, or any other
suitable tissue of a mammal may enzymatically cleave the amino acid or peptidic moiety of
the compound. iIf the pharmacokinetic medutaling moiety is cleaved afier absorption by the
gastrointestinal tract, certain of the compounds according to the invention may have the
opportunity to be absorbed into the systemic circulation from the large intesiine. in certain
embodiments, the pharmacokineiic modulating moiety is cleaved after absorption by the
gastroiniestinal tract or after crossing the BBEB.

Although theory of operation is discussed herein, for specific compound structures,
including all generic struciural formulas and specific names and formuias of compounds, the
invention is not limited by any such theories uniegs specifically staied otherwise. Thus, all
uses of all novel compounds are encompassed by the invention, rrespactive of mechanism
or theory of operation.

I-A. Amino acid prodrugs

in a preferred embodiment, the compounds of the invention are amino acids
prodrugs that will yield or generate 3APS once administered in a human. Preferrad pradrugs
are composed of an amino acid residue linked fo the amine group of 3APS via an amide
band. The amino acid residue may be cleaved in vivo by enzymes such as peplidases, or by
any other mechanisms, io liberate the amine group of 3APS.
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More paricularly, an aspect of the invention relates to a2 compound of Formula (if),
and o pharmaceutically acceptable saills, esters or solvates thereof:

/AN

OH
A A___N/\//\ g”
H
wherein AA is a natural or unnatural aming acid residue or & peptide comprising 2, 3 or more
natural or unnatural amino acid residues.

Other aspects of the invention relate to compounds of Formuia (1) and io a
pharmaceutically accepiabie salt or solvate thereof:

7\

aa%— aat—ag'—— ﬁ/\/\s/OH

wherein:

aa' is a natural or unnaiural amino acid residue;

az® and az° are each independently a natural or unnatural aminc acid residue or
absent.

Further aspecis of the inveniion relate o compounds of Formula {IV) and o

pharmaceutically acceptable salts, esters or soivates thereof:

aar—aai—N~ g
H VAN
© (v

whereir:
aa’ is a natural or unnatural amino acid residue;

aa® is a natural or unnatural amino acid residue, or is absent.

Yet further aspects of the invention relaie to compounds of Formula (V), and to
pharmaceutically accepiable salts, esters or solvaies thereof:
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aa1——;\[/\\/\5/OH

/AN
H &

wherein aa’ is a natural or unnatural amino acid residue,

The invention further relates to compounds of Formula (V-A), and to
pharmaceutically acceptable salts, esters or solvates thereof:

aax__MN/\/\S/OH
72N
(V-A}

wherein az” is an amino acid residue selected from valing, proline, lysing, laucine,
methionine, D-methioning, serine, alanine, D-alaning, glycine, isoleucine, histidine,
aminoisobutyric  acid, phenyiglycine, trypiophan, tyrosine, C-benzylserine, (-
benzyiglutamine, and v-aminobutyric acid.

In preferred embodiments aa® is an amino acid residue selected from valing, lysine,
methioning, sering, and O-benzyisering, or a pharmaceutically acceptable salt or solvate
thereof,

in one empodiment, the amino acid residue is coupied via an acid end (C-couplad).
in an embodiment, the amino acid residue is a natural amino acid resicue, or 2 salt or ester
thereof. In another embodiment, the amino acid residue is an unnatural aming acid residue,
or a salt or ester thereol. in yet another embodiment, the amino acid residue is not g
phenyialanine, e.g., in the case where 2 gingle aming acld is attached io the N alom, but
also in any cther case. n a further embodiment, natural or unnatural amino acld residues in
Formula il, Formuia lt, Formula IV, Formuia V, or Formula V-A are optionally represenied
by Formuta (Vi)

o0
RS/N n <
RT RE (vh

wherein:
R’ and R? are each independently selected from the group consisting of H and a
substituted or unsubsiituted group seiected from Ci-Cyeatkyl, To-Cozalikenyt, Co-Coralkynyl,
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Cq-Ciseycloalky!, Cx-Cisheterocycloalkyl, Ce-Cysaryl, Cs-Cosheteroaryl, NH(C.-Cealkyl), N(C;-
Cealkyl)z, and C{O)(C--Csalkyl); or R' and R*® are taken together with the adiacent carbon
atom io form a substituled or unsubstituted C;-Cyzheterocycloalkyl;

R®is selected from the group consisting of H and a substituted or unsubstituted group
selected from  C-Cipalkyl, Cy-Ciealkenyl,  Co-Cisatkynyl, Cs-Ciccycloalkyl, Cy-
Cisheterocycloalkyl, Ca-Cizaryl, Ca-Cisheteroaryl, C(O)C.-Cealiyl), and C{OXCe-Cyoaryly; or
R?® is a bond between two amino acid residuss, when at least two amino acid residues are
present;

Ris selected from the group consisting of H and a substituted or unsubstituted group
selacted from Ci-Csalky!, Co-Cealkenyl, Co-Cealkynyl; or R and R* are taken together with
the adjacent carbon and nitrogen atoms to form a C;-Csoheterocycloalkyl; and
nis 1, 20r3, or & higher number.

In one embodiment, the compound of the invention comprises an amino acid residue
of Formuia VI, wherein R® is H and all other groups are as previously disclosed. In another
embodiment, the compound of the invendion comprises an amine acid residue of Formuia Vi,
wherein R® and R° are each H and ali other groups are as previously disclosed. in another
embodiment, the compound of the invention comprises an amino acid residue of Formula VI,
wherein when R® and R® are each H, then R’ is not an aryl-substituted C,alkyl. in another
embodiment, the compound of the invention cornprises an aminc acid residue of Formula Vi,
wherein when R® and R® are each H, then R' is not a -CH.aryi group. In another
embodiment, the compound of the invention comprises an amine acid residue of Formula Vi,
wherein when R* is H and R®is H or a bond, then R' is not a -CHophenyl group. In another
embodiment, the inveniion provides compounds of Formula V, provided that aa’ is not a
phenylalanine. in another embodiment, the invention provides compounds of Formula 1V,
provided that aa' and ag® are not both D-phenylalanine, in another embodiment, the
invention provides compounds of Formuia IV, provided that a2’ and ag® are not both L-
phenylaianine. in another embodiment, the invention provides compounds of Formula 1V,
provided that when one of az' and aa® i D-phenylalanine, then the other is not D-
phenytatanine or D-tyrosine. in yet another embodiment, the invention provides compounds
of Formula 1V, provided that wnen one of aa’ and aa® is L-phenylalanine, then the other is
nat D-phenylalanine or L or D-tyrosine.

Table 1: Exemplary amino acid prodrugs according to the invention

D Structure D Siruciure

30



Al A2
H O\\ ,/O
N S
HN o™
O
A3 Ad | NH,
H O, .0
N ~
HZN/\H/ \/\/b OH
O
AB AB ~g
Y 0,0 o
N g o
HQN/}]/ S N \OH HZN N\/\/ \OH
9} o
i 0,0 A8 L'/H o, .0
| NI N \S/
N sl [ N NN
HNT Y SN oy HNT Y OH
O
AD : H o0 A10 m O\\S,/O
e N ' i -
' O
Bt A12 A
{
T~
ﬁ Q. .0 L o, .0
: P e
O O
4 H
A13 N FNEA ﬁ O\\S,IO
N - HN NN o
8 O“s”o ©
H.N N \O'_,

31




Als AlB
H O\‘ "/O
N S
H,N TN
G
A17 | HO Alg ( ]
H O\\ ’/O i
H o\‘ ’/O
N
HEN% W ~ OH
O
- HZN \/"\\/ \OH
i /\/E(
O <
H O\‘ "/O
HN My
8]
A21 | HO_ O A22 OH
0. .0 7 § Qog?”
H N, H N N\/\/S\OH
LN NS~ OH 2
2 | @)
23 0(\ //0 A24 0.0
Ser — Val —HN Alg -~ Lev —HN S
\/\\/S\ Ol RN NN OH
A25 QP A26 0
Ser — Lys ~ Letr —@N WS\OH Lys—Len —HN._ -5~ -
AZT ? AP A28 QP
Gly ~ Pro— Glu ——HNWS\OH Val — Val —HN_ _~_ S
OH
A29 Q.0 A30 Ay

Met — Val ""‘HN\/‘\\/ S< OH

a2




10

15

20

25

A3 0. 0 32 6.0
N Gly — Gly —HN Y
Ala—Ala—HN._~_S\ 3 NN
A QW7 A Met — Met —HN Oi\s/}O
— 7 verenms B TRT @f = el — { b 2N
Met — Gly Eﬂ\v/\/S\OH NS g

A35

W f}

OBn-Ser—mVai——-HN\/\/S\OM

Preferred amino acid prodrugs according to the invention are Compounds A2, A4,
AB, A7 and A18 (as described above), and pharmaceuiically accepiabie salts and solvaies
thereof,

{I-B, Carbamate. non-amino acid amide and related prodruas

Certain aspects of the invention relate fo a compound of Formula (VIl}, and 1o
pharmaceutically accepiable salts, esters or solvates thereof:

Vi

whergin,

R° is a substituted or unsubstituted group selectad from C.-Cpalky!, C.-Ci.alkeny,
Co-Crpatkyrvi, Cs-Csoycioaliyl, Ts-Cisheterocycioalkyl, Ce-Crearyl, Ce-Gisheteroaryl, NH(G--
Cealkyl), N{C--Tealkylys, and GO} C1-Cralkyl};

R® is & hydrogen or a substituted or unsubstituted group selected from C(O)NH;,
C(OWNH(C-Caalkyl), C{OWN(C;-Toaliylys, and C{ONC--Cealkyl); or R® and R° are taken
together with the adjacent carbon atom fo form a substituted or unsubstiiufed Gs-
Cyzheterocycloalkyl;

M is selected from the group consisting of oxygen, sulfur, and niirogen (NH or N{C--
Csalkyl)) or is absent,

The inveniion pertains to both salt forms and acid/base forme of the compounds of
the invertion. For example, the invention pertains not only 1o the particuiar sail formg of
compounds shown herein as salts, but alsc the inveniion includes other pharmaceudtically
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acceptable salts, and the acid and/or base form of the compound. The invention also
pertaing o salt forms of compounds shown herein

in one embodiment, the invention provides compounds of Formula VI, wherein when
M is absent and R® is H, then R® is other than i-(4-isobutyiphenylethyl. in another
embodiment, the invention provides compounds of Formuia Vil, wherein when R® is H and M
is NH or absent, then R is other than 1-(4-isobutylphenyl)ethyl. in another embodiment, the
invention provides compounds of Formula Vi, wherein when R® is H and M is NH, then R®is
other than benzyi, diphenytmethyl,' hexyl, dodecyl, adamantyl, and t-buivi, In another
embodiment, the invention provides compounds of Formuia V!I, whereir when R® is H and M
is NH, then R° is other than hydrogen, 1.4-dihydro-5,6-dimethyl-4-oxc-2-pyrimidinyl, and 5-
ethyloxycarbonyt-1-penthyl. in ancther embodiment, the invention provides compounds of
Formula VI, wherein when M is NH and R® and R® are taken together with the adjacent
carbon atom to form a substiited or unsubstituted Csoheterocycioalkyi, then the
heterocycioalkyl is other than benzimidazol-2-one, tefrahydro-2.,4,6-trioxo-1,3,5-triazine, 2,4-
dioxo-1-imidazolidine, 2,4-dioxo-(di or tetrahydro}-benzolglpteridine, 4,10-dinydro-10-methyi-
2, 4-dioxopyrimidol4,5bjouinoling,  2-oxo-1-imidazolidinyl, and  3,4-dihydro-2,4-dioxe-
1(2H)pyrimidine. In another embodiment, the invention provides compounds of Formuta Vi,
wherzin when M is NH, then R® and R® are not taken together with the adjacent carbon atom
to form a substituted or unsubstituted Cs.oheterocyeicaliyl. in another embodiment, the
invention provides compounas of Formula VI, wherein when R°is H and Mis O, then R° is
other than t-butyl and benzyl. In another embodiment, the invention provides compounas of
Formuia Vi, wherein when R® is H and M is O, then R® is other than i-buty! and 9H-fluoren-
g-yimethyl. in another embodimeni, the invention provides compounds of Formuta VI,
wherain when B is H and M ic absent, then R° is other than benzyl, phenyl, 3-pyridinyl, 3-N-
methylpyridinium, methyl, trifiuoromathyl, pentafiuoroethyl, pentafluorophenyl, and t-butyl. in
anothar embodiment, the invention provides compounds of Formula VIi, wherein when R is
H and M is absent, then R® is other than n-butyl, i-buiyl, n-propy!, i-propyl, vinyl, 2-propeny!,
2-{1-decenyl), 2-(i-dodecenyl), 1-(8-undecenyl;, octyl, decyl, undacyl, tridacyl, pentadecyl,
heptadacyl, 4-(N-oxy-2,2 6 6-tetramethylpiperidinyl), 5-(1,3-dihydro-1,3-dioxo-2-
benzofuranyl), 4-nitrophenyl, and 3-phenoxyphenyl.

a) Carbamate prodrugs

in some preferred embodiments, the compounds of the invention are carbamaie
prodrugs that will visid or generate 3APS once administered in a human. Preferred prodrugs
comprise an oxycarbony! residue (-OC{0)-) linked 1o the amine group of 3APS via a
carbamate bond (-OC({O}-NH-). The amine residue may be cleaved in vivo by enzymes or by
any other mechanisms, including hydrolysis, to fiberate the amine group of 3APS. In a

34



10

15

20

preferred embodiment, the compounds of the invention are carbamate prodrugs that will
vieid or generate 3APS once administered in a human.
More particularty, certain aspects of the invention relaie to a compound of

Formula (VIH), and o pharmaceutically accepiable salis, esters or solvates thereof:

{(VH
wherein,

R’ is a substituted or unsubstituted group selected from C.-Cralkyl, Go-Cosalkenyl,
Co-Crpalkynyl, Co-Cisoycioalkyl, Cs-Cisheterocycioalkyl, Cy-Caryl, Cy-Cishetercaryi, GCo-
Cizaryialkyt, G-Cysheteroarvialkyl, and combinations thereof.

in one embodiment, the definition of R’ is a substituied or unsubstituted 1-
(afkylcarboxy)alkyl group. in another embodiment, R” is a substituted or unsubstituted benzyl
group. in  another embodiment, R’ is a substituted or  unsubstituted
heterocycioalkyimethylene group. in  another embodiment, the invention provides
compounds of Formula VI, provided that R’ is other than t-butyl or benzyl. in another
embodiment, the invention provides compounds of Formuia Viil, provided that R’ is other
than i-butyi or $H-fluoren-g-yimethyl.

The invention pertains 10 both salt forms and acid/base forms of the compounds of
the invention. For example, the invention pertains not only 10 the particuiar sait forms of
compounds shown herein as salts, but also the invention includes othar pharmaceutically
acceptable saits, and the acid and/or base form of the compound. The invention aiso
pertains 10 salt forms of compounds shown herein. Compounds of the invention are also
shown in Table 2 below,

_Tabie 2: Exemplary carbamate prodrugs according to the invention

1D Structure
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b} Non-amino acid amide prodriics

In some preferred embodiments, the compounds of the invention are non-amine acid
amide prodrugs that will yield or generate 3APS once adminisiered to a human. Preferred
prodrugs comprise a carbonyi-containing residue linked to the amine group of 3APS via an
amide bond. The carbonyl-containing residue may be cleaved in vivo by enzymes ar by any
other mechanism, to liberate the amine group of 3APS,

Preferred prodrugs are composed of @ carbonyi-containing residue linked 1o the
amine group of 3APS via an amidge beond and such carbonyl-containing group having a
nucleophile such as a carboxyiic acid or alcohol, capable of internally cieaving the amids
bond. The amino acid residue may be c¢leaved in vive by enzymes, or by any other
mechanism, to liberate the amine group of 3APS.

More pariicularly, certain aspects of the invention relate to a compound of
Formuia (X}, and 1o pharmaceutically acceptabie salts, esters or soivates thereof,
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C (1X)

wherein,

R i a substituied or unsubstituted group selected from Ci-Caealkyl, Ce-Ciealkenyl,
Co-Czalkynyl, C-Ciseycloalkyl, Cs-Cosheterocyeioalkyl, Ce-Cizaryl, Ce-Casheteroaryl: and

R® is a hydrogen or a substituted or unsubstituted C(O)(C:-Cealkyl), C(O)NH,,
CLOINH(C-Cealkyly, ar C{ON(C:-Coalicyl)z; or R® and R® are taken together with the
adiacent carbon atom to form a subsiituted or unsubstituted Cs-C.heterocycicalkyl.

in one embodiment, R® is a substituted Ci-Cqalkyl. in another embodiment, Réis a
C-Coalkyl substiiuied with a substituent selected frem hydroxycarbonyl, alkoxycarbonyl,
alkylcarbonyloxy, substifuted or unsubstituted 2-nydroxypheny!, substituted or unsubstituted
z-afkylcarbonyioxypheny! group or combinations thereof. In another embodiment, R® is a
substituted or unsubstituted benzyl group. In a further embodiment, R® is selected from the
groups depictad in Table 2.

in one embodiment, the compound of the invention is a compound of Formula X,
wherein R¥ is H. in another embodiment, the compound of the invention is a compound of
Formuia [X, whersin R® and R® are taken together with the adjacent carbon atom to form 2
substituied or unsubstituted CsCozheterocycloalkyl. in another embodiment, the compound
of the invention is a compound of Formuia IX, wherein R® and R® are taken together with the
adjacent carbon atom fo form a substituted or unsubstituied phihalimide. In another
embodiment, the compound of the invention is & compound of Formuia EX, wherein R® and
R® are taken together with the adjacent carbon atom to form a substituied or unsubstituted
CxCipheterocycloaliyl, wherein sald helerccycie is other than phthalimide. In ancther
embodiment, the invention provides compounds of Formula X, wherain when R®is H, then
R® is other than benzyl, phenyl, 3-pyridinyl, 3-N-methyipyridinium, methyi, trifluoromethyt,
pentafiuoroethyl, pentafluorophenyl, and t-butyl. in another embodiment, the invention
provides compounds of Formuia 1X, wherein when R® is H, then R® is other than n-butyl,
butyl, n-propyl, -propyl, vinyl, 2-propenyl, 2-{1-decenyl), 2-{1-dodecenyl), i-{8-undecenyl),
cclyl, decyl, undecyl, tridecyt, pentadecyl, heptadecyt, 4-(N-cxy-2,2,6,6-
tetramethylpiperidinyly,  &-(1,3-dihydro-1,3-dloxe-2-benzofuranyl), 4-nitrophenyl, and 3-
phenoxyphenyi. In another embodimant, the invention provides compounds of Formuia X,
wherein R° is selected from n-butyl, i-butyl, n-propyl, ipropyl, vinyl, Z-propenyi, 2-(i-
decenyh), 2-(1-dodecenyl}, 1-(8-undecenvl), octyl, decyl, undecyl, tridecyl, pentadecyl,
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heptadecyt, 4-(N-oxy-2,2,6,6-tetramethylpipendinyl}, 5-(1,3-dihydro-1,3-dioxg-2-
benzofuranyl), 4-nitrophenyl, and 3-phenoxyphenyl. in vet another embodiment, the
invention provides a compound of Formula 1X, wherein when R® is H, then R®C(O) is other
than a 24-oxocholan-24-yl. tn yet another embodiment, the invention provides & compound
of Formula IX, wharein when R° is M, then R®C(O) is other than (30,5B)-3-hydroxy-24-
oxbcho!an—Zd—«yé, (3a,5B,120)-3,12-dihydroxy-24-oxochoian-24-yi, {3,507 0)-3,7-dihydroxy-
24~-oxocholan-24-yi, or (3e,5p,70,120)-3,7,12-trihycroxy-24-oxocholan-24-yl. In vet ancther
embodiment, the invention provides a compound of Formula IX, wherein R®C{(C) is seiected
from (3o, 53}-3-hydroxy-24-oxochoian-24-yl, (3c,50,12a}-3, 12-dihydroxy-24-oxocholan-24-yl,
(30,58,7q)-3,7-dihydroxy-24-oxochotan-24-yl, and  {30.50,7a,12a)-3,7.12-trihydroxy-24-
oxocholan-24-yl,

The invention pertains to both salt forms and acid/base forms of the compounds of
the invention. For example, the invention pertains act only 1o the particular salt forms of
compounds shown herein as sails, but also the invention includes ether pharmaceutically
acceptable saits, and the acid and/or base form of the compound. The invention also
pertains fo salt forms of compounds shown herein. Compounds of the invention are also
shown in Table 3 below.

Tabie 3: Exemplary non-amino acid amide prodrugs according to the invention

iD Structure
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11-C. Carbohvdrate-derived prodrugs

in some praferred embodiments, the compounds of the invention are carbohydrate-
derived prodrugs that will vield or generate 3APS once adminisiered in a human. Praferred
prodrugs according to the invention disclosed herein comprise a carbohydrate or a polyol
analog residus linked o the amine group of 3APS via a linkage, e.g. an amide, a carbamate,
a urea, or a cleavabie alkyl group. in one embodiment, the caroohydraie-derived moigty is,
for example, a carbohydraie derivative such as hexose, pentose, a carbohydrate-derived
polyol, incsitol or an inositel-derived maolety, 2 carbohydrate-derived carboxyiic acid, ascorbic
acid, nucleic acid, or nucieotide. The linkage andior carbohydrate-derived residue may be
cleaved in vivo by enzymes or by any other mechaniem, o liberate the amine group of
3APS.

More particularty, certain aspects of the invenfion relate to a compound of
Formuia (X}, and to pharmaceuiically acceptabie salts, esters or solvates thereof:

R H \\é’/
L./ \//\/ \DH )

whearein,
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R is a residue of a carbohydrate, a carbohydrate derivative or a carbohydrate-
derived polyol, e.g., & Cs saturated or partialy or cempletely unsaturated cycioalky! group,
oplionally and preferably containing an -O- group, which is substituted by 3 to 5 substituenis,
gach independently selected from ~QH, -OAc, -CHOH, -OCH,, -CH.OAC and =0.

L is a linking moiety or is absent, e.g., an alkyl group, which may be saturated or
unsaturated, preferably a lower alkyl group, which is optionally interrupted by one or more -
OG- and/or -NH- groups, and is optionaliy substituted by one or more =0, -OH, and/or -NH;
groups.

In one embodiment, the invention provides a compound of Formula X, whearein when
L is absent, then B'% is other than 2-deoxy-2-D-glucose.

The invention pertains to both salt forms and acid/base forms of the compounds of
the invention. For example, the invention periaing not only to the pariicular salt forms of
compounds shown herein as salts, but alsc the invention includes other pharmaceutically
acceptable salts, and the acid and/or base form of the compound. The invention also
pertains to salt forms of compounds shown herein. Compounds of the invention are ziso
shown in Tabie 4A below.

Tabie 4A: Exemplary carbohydrate-derived prodrugs according to the invention

iD Structure
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11-0. Other prodrugs
i some preferred embodiments, the compounds of the invention are N-hydroxy

prodrugs and derivatives, cyclic double-prolected prodrugs, precursors of 3APS, as prodrugs
that will yield or generate 3APS once adminisierad in a human.

a) N-hydroxy-derived prodrugs
More particularly, certain aspects of the invention relate o a compound of
Formula (X1}, and to pharmaceutically acceptable salts, esters or solvates thereof:
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R ﬁ\/\\i\s’i
0O OH (1)
wherein,

R" is & hydrogen or a substituted or unsubstituted group selected from G.-Cpalkyl,
C-Crealkenyl, CxCoalkynyl, Co-Ciscycioalkyl, CsCisheterocycloalkyl, Ce-Cisaryl, Ce
Cishetercaryl, C{O)R™, and C(O)OR™; and

R™ and R are independently selected from substituted or unsubstituted C,-Calieyi,
Cy-Czalkenyl, Co-Croaliynyl, Cs-Ciesoycloalkyl, Ci-Cisheterocycloalkyl, Ce-Cisaryl, Cp
Cisheteroaryl.

In one embodiment, the invention provides compounds of Formula X!, wherein R" is

other than a hydroxyl.

Compeounds of the invention include compounds:

MeG” T T oH 2o T T o
Compound H1 Compound H2
§ Y g N\
HO™ """ g Bro” 7 T oy
Compound H3 Compound H4

b) Cyclic double-protected prodrugs
More particularly, certain aspects of the invention relate 1o a compound of
Formula (X1}, and 1o pharmaceutically acceptable salts, esters or solvates thereof:

/D_X’\ /O

HN\\)SQ\O

D i1s a carbonyl, an amino acid residue, or a substituted methylene group; and
X is selected from O, NH, and &.

(X

wherein,
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More particularly, certain aspects of the inveniion relate 1o a compound of

OR4
Q. ,0

N/

HN S

VO

wherain,

Formula (XH-A), and to pharmaceutically accepiable salis, esiers or sclvaies thereof:

(XI1-A)

R' is & substituted or unsubstituted group selected from C-Cualkyl, Go-Cralkenyl,

Ce-Cizalkynyl, Cs-Cyscycioatiyl, Co-Cisheterocycloatkyl, Co-Crsaryt, Cs-Cyshateroaryl.

Compounds of the invention inciude the foliowing compounds:
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¢} Iming prodrugs

More particularly, certain aspects of the invention relate io a compound of

Formuia (X111, and te pharmaceutically acceptable salts, esters or solvates thereof

R (X
wherein,

R™ and R™ are independently selected from a hydrogen or a substituted or
unsubsiituied group selected from C-Cisalkvl, Cyp-Coalkenyl, Cp-Cralkynyl, Co
Ciscycioalkyl, Cs-Cusheterocycioalkyl, Ce-Cysaryl, and Cy-Cysheteroaryl.

in one embodiment, the invention provides compounds ¢f Formula Xill, wherein
whan both R™ ancd R'® are substituted or unsubstituted aryi, then at least one of R™ and R'®
ts substituied with a hydroxyl group at the ortho position. In another embodiment, the
invention provides compounds of Formuia X, wherein when both R and R are
substituted or unsubstituted aryl, then none of R™ and R™ is subsiituted with a hydroxy]
group at the ortho position.

Compounds 6f the invention inciude the following compounds:

Q. 0
O\ //O N\/\/\\S{/
N ~
-
Compound M1 Compound M2
O\\ /P N Q\\S//
/\r/N\\/\/S\OH < TN \OH
H
Compound M3 Compound M4
N S N S
o E/ TN ~OH Z N \OH
H

Compound M5 Compound M8
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s 2w ¥

= 2= /N\//\“/S\OH /N\/\/ S\QH
G cl
Compound M7 Compound M8
OMe
OH
WA
ol S
H

Corrpound M8

in some preferred embediments, the compounds of the invention comprise a
combination of any of the prodrugs describec herein in sections iI-A fo 1-D, as prodrugs tha!
will yield or generate 3APS once administered in a human. The inveniion further relates 1o
sulfonic acid precursors of any of the prodrugs mentioned in Sections H-A 1o I1-D, including
sulfonate esters, sulionamides, sulfinic acids, sulfides, disulfides and the like.

H-E. Qligomers and Gemini Dimers

In a further embodiment the compound of the Formula | may comprise two or more
3APS molecules linked together. Therefore, ancther aspect of the invention relates io
polymers of SAFS, i.e., a molecule comprising. or consisting essentially of, or consisting of
iwo or more motecules of 3APS linked together with cleavabie linkage. Thus, another aspect
of the invention relates to a compound of the Formuia I-P:

A—{L*— A)— LA {1-F)

as well as pharmaceutically acceptable salts, esters, metaboiites, and solvates thereof,
where:

A is 3-zmino-1-propanesulfonic acid moiety;

L¥ is a cleavable linkage for covalently and dissociably coupling together two
adjacent 3APS moieties, and

pis C, o an integer number which may vary from 110 5, e.g. 2, 8, 4, or &.
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Those skilled in the art will readily understand that there can be a greét number of
possible vartations or orientations for coupling together three or more 3APS moieties (the
number of possibilities being 2™, n being equal i 3 for a trimer (4 possibilities), n = 4 for
ietramer (8 possibilities), etc). indeed, as exgmplified with more details hereinafter with
gemini dimers, such connections could be made via the NH; group or the 30,H group of the
3APS molscule. For instance, for a trimer of 3APS (Le., 3 molecules of 3APS), there would
be 4 different possibilities:

1) ¢—"¢-—"6— 2) ¢—" "9 3) bt 6— 4) ¢—"—¢"—¢;
the symbol “#” representing the NH, group of the 3APS molecule, the symbol *— the

SC:H group of the 3APS molecule, and the symbol "™ reprasenting the posttion of the
linkage.
Alternatively, the invention relates to a compound of Formula 1-P2:
LHA)m (i-P2)

and pharmaceutically accepiable salts, esters, and solvates thergof, where:

m is an integer from 2 10 o;

A is 3-amino-1-propanesulfonic acid moiety;

LY ts a multivalent carrier moigly for covaiently and dissociably coupling from two to
five A moieties, either at the amino or sulfonic acid end of A

In praterred embodiments, the compounds of the Formula i-P comprise or are
"Gemini dimars” i.e., they comprise two 3APS molecuies linked togeiher with a cleavable
finkage. Thus, In another aspect, the invenrtion relates tc compounds of Formula -C (and
salts, esters and selvates thersof):

(-C)
wherein, L% is bivalent linker which connects two motecules of 3APS at their amino groups
gither using the same or different linkages as defined herein, including, tut not limited 1o,
amide iinkage and carbamate linkage.
In another aspect, the inveniion relates to compounds of Formuia I-D {(and aalte,
esters, and solvales thereot):

(t-L)
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whersin, L' is a bivalent linker which connects two molecules of 3APS at their sulfonic acid

groups either using the same or different iinkages as defined hersin, including, but not

imited to, ester linkage or anhydride finkage where X is oxygen, or sulfonamide linkage

whara X is nitrogen (NiH, or NR), or thiosulfonate linkage where X is sulfur. P is hydrogen or

a N-protecting group as defined herein.

in another aspect, the invention relates to compounds of Formulz I-E (and salts,

esiers, and solvates thereof):
H %,
PN Sy SNTN"Ns0
H (-E)

whereir, L° Is a bivalent linker which connecis two molecules of 3APS, at amino group
in one 3APS using a linkage as defined in Formuia I-C, and at sulfonic acid group in
the other 3APS using a linkage as defined in Formula -D. P is hydrogen or a N-
protecting group as defined herein.

in preferred embodiment, the linker L%, L%, L% or L5 , or the carrier molsty LY are
selected such that the two, three, four or five linked 3APS moieties may be convertad in vitro
or in vivo, directly or indirectly, 1o release twe, three, four or five pharmaceutically active
3APS molecuies. The capabilily of releasing the parent 3APS molecule(s) may be tested
and, in many cases, it can be predicted. More preferanly, the linker is designed te bind the
3APS molecuies via their nitrogen atoms (for improved protection against first pass
metabolism), but as exemplified hereinbefore, it s alse possibie to bind the 3APS moiecuies
via the axygen atom of their sulfonate group (e.g., through an ester-type of linkage) or via
their sulfur aiom {e.g., sulfonamide linked dimers). Varicus permutations of the above ars
also possibie. Those skilled in the art will be capable to select proper linkers and tinkage site
and test the resuliing product for efficacy and {for capability of cleavage under various
chemical and/or biological conditions. Compounds of the invention are aiso shown in Tabie
4B below,

Tabie 4B: Exemplary gemini dimers according o the inveniion
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The invention pertains to both salt forms and acid/bass forms of the compounds of
the mnveniion. For example, the invention pertains not only to the particutar salt forms of
compounds shown herein as salls, but aiso the invention includes other pharmaceauticaily
acceptable salts, and the acid and/or base form of the compound. The invention also
pertains to salt forms of compounds shown herzin,
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Il Svnthesis of the Compounds of the invention

In general, all compounds of the present invention may be prepared by the methods
Hiustrated in the Examples hereinafter and/or other conventional methods, using readily
available and/or conventionally preparable starting materials, reagents and conventional
synthasis procedures. in these reactions, it is also possible 1o make use of variants which
are in themselves known, but are not mentioned here. Certain novel and exemplary methods
of preparing the inventive compounds are described in the Exemplification section. Such
methods are within the scope of this invention. Functional and structural equivalents of the
compounds descriped herein and which have the same general properties, wherein one or
more simpie variations of substituents are made which do not adversely affect the essential
naiure or the utility of the compound are also included,

More particularly, the amine acid prodrugs of the present invention may be prepared
by the methods iliustraied in Example 1-A hereinafier, and in general reaction schemes
such as, for example, described in Schemes 1 and 2, or by modifications thereof.

The carbamate prodrugs of the present invention may be preparad by the methods
ilustrated in Example 1-B hersinafter, or by modifications thersof,

The non-amino acid prodrugs of the present invention may be prepared by the
methods illustrated in Example 1-C hereinatter, and in the general reaction schames such
as, for exampie, ihe amide coupling sieps described in Schemes 1 and 2, or by
modifications thereof.

The carbohydrate-derived prodrugs may be prepared by the methods illustrated in
Example 1-D hereinafter, or by known coupling reactions depending on the linkage used
(carbamaie, urea, amide, and the like}, or by modifications theresf.

The M-hydroxy prodrugs and thelr derivatives may be prepared by oxidation of the
amine group, and by alkylating such N-hycroxy group when desired. The procedures 1o
accomplish these reaciions are readily avallabie and known 10 the skilled artisan.

The cyclic double-protected prodrugs are prepared aceording o standard procedures
for the cyciization of such groups, depending on the D and X groups used.

The compounds of the present invention may be readily prepared in accordance with
ithe synthesis schemes and protocols described herein, as ilustrated in the specific
procedures provided. However, those sidiied in the art will recognize that other synthetic
pathways for farming the compounds of this invention may be used, and that the following is
provided merely by way of example, and is not limiting to the preseni invention. See, e.g.,
“Comprehensive Organic Transformations™ by R. Larock, VOH Publishers {(1989). i will be
further recognized that various protecting anc deprotectinig stratsgies will be employed that
are standard in the art (See, e.g., "Protective Groups in Crganic Synthesis” by Greene and
Wuts {1881)). Those skilied in the relevant arts wili recognize that the selection of any
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particular protecting group (e.g., amine, hydroxyl, thie, and carboxyl protecting groups) will
depend on the stability of the protected moiety with regards to the subsequent reaction
conditions and will undersiand the appropriate seleclions.

Further illustrating the knowledge of those skilled in the art is the following sampling
of the exiensive chemical literature: "Chemistty of the Amino Acids” by J.P. Greensiein and
M. Winitz, John Wiley & Sons, Inc., New York (1961); “"Advanced Organic Chemistry:
Reactions, Mechanisms, and Structure” by J. March, 4th Edition, John Wiley & sons (1992);
T.D. Ocain, et al., J. Med. Chem., 31, 2193-99 (1888); E.M, Gordon, &t al., J. Med. Chem.
31, 2188-10 (1988}, "Practice of Peptide Synthesis” by M. Bodansky and A. Bodanszky,
Springer-Yeriag, New York (1984); “Asymmetric Synthesis: Construction of Chiral Molecules
Using Aminc Acids” by G.M. Coppola and H.F. Schusier, John Wiley & Sons, inc., New York
(1987); “The Chemical Synthesis of Peptides” by J. Jones, Oxford University Press, New
York (1981); and “Infroduction of Peptide Chemistry” by P.D. Bailey, John Wiley & Sons,
inc., New York {1982},

The synthesis of compounds of the invention is preferably carried out in a solvent.
Suitabie solvents arg figuids at ambient rcom temperature and pressure or remain in the
liguid staie under the temperature and pressure conditions used in the reaction. The choige
of solvent is within the general skills of the skitied ariisan and will depand on the reaction
conditions, such, temperaiure, the nature of the reagents and starting material, soiubility and
stabiiity of the reagents and starting material, the type of reaction, and the iike. Depending
on the clroumstances, solvents may be distilled or degassed. Solvents may be, for sxample,
gliphatic hydrocarbons (e.g., hexanes, heptanes, ligrein, petroleum sther, cyclohexans, ot
methylcyciohexane) and halogenaied hydrocarbons (e.g., methyienechioride, chioroform,
carpontetrachioride, dichioroethane, chlorobenzene, or dichiororbenzene); aromatic
hydrocarbons (e.g., benzene, toluene, tetrahydronaphthaiens, sthyltenzene, or xylens);
ethers {e.g., diglyme, methyi-fert-butyl ether, methyl-fert-amyl ether, ethyi-fer-buty! ather,
diethylether, diisopropylether, tetrahydrofuran or methyltetrahydrofurans,  dioxane,
dimethoxyethane, or diethylenagiyeo! dimethyiether); amides (e.g., N,N-dimathyliormamide,
N.N-dimethylacetamide). nitriles (e.g., acetonitrile); ketones (e.g., acetone); esiers (&.g.,
methyl acefate or ethyl acetats); alcohols (e.g., methanol, ethanol, isopropanol); water angd
mixtures thereof.

‘Activated esters” and equivalent expressions may be represenied by the formuia
COX, where X is a leaving group, iypical examples of which include
N-hydroxysuifosuccinimidy! and N-hiydroxysucsinimidy! groups; aryioxy groups substituted
with electron-withdrawing groups {e.g., p-nitro, pentafluorc, pentachiora, pcyano, or
pririfluoromethyl), and carboxylic acids activaied by a carbodiimide or other conventiona
coupling reagents tc farm an anhydride or mixed anhydride, e.g., -OQCOR? or -OCNF*NHR®,

h
[&)]



10

20

25

where R® and R° are independentty C.-C;alkyl, C=-Ce.alkyl (eg. cyciohexyl,
Cy-Cs perfiucroatkyl, or $4-C; alkoxy groups. An activated ester may be formed in situ or
may be an isolablg reagent. The esier leaving group may be, for example, sulfosuccinimidyl
esters, pemafiuorcthiophenol esters, sulfotetrafiucrophencl, substitited or unsubstituted
Ci-Ce alkyl (such as methyl, ethyl, propyl, isopropyl, butyi, isobutyl, sec-butyi, tert-buty),
pentyl, or hexyl), or substittted or unsubstituied C.-Cy4 aryl or heterocyciic groups, such as
2-fivorosthyl,  2-chloroethyl,  2-bromoethyl,  2,2-dibromgcethyl, 2,2, 2-trichicrosthyl,
3-fiuoropropyl, 4-chlorobutyl, methoxymethyl, 1,1-dimethyl-1-methoxymethyl, ethoxymethyl,
N-propoxymethyl, isopropoxymethyl, N-buioxymsthyl, {feri-butoxymethyl, 1-ethoxyethyl,
1-methyi-1-methoxyethyi, 1-(lsopropoxyiethyl, 3-methoxypropyl-4-methoxybuiyl,
fluoromethoxymethyl, 2.2, 2-trichlorosthoxymethyl, bis(2-chloroethoxy)metiyi,
3-fiuoropropoxymethyl, 4-chlorobutoxyethyl, dibromomethoxyathyl, 2-chioroethoxypropyl,
fluoromethoxybutyl, 2-methoxysthoxymethy!, ethoxymethoxyethyl, methoxyethoxyoropyl,
methoxyethoxybutyl, benzyl, phenethyl, 3-phenylpropyl, 4-phenvibutyl, c-naphthyimethyl,

B-naphthylmathyl, diphenyimetnyl, triphenyimethyl, o-naphthvidipheyimethyl,
g-anthrytimethyi, 4-methyibenzyi, 2 4,6-trimethylbenzyl, 3.4,5-trimethylbenzyl,
4-methoxybenzyl, 4-mathoxyphenyidiphenyimeathyl, 2-nitrohenzyl, 4-nitrobenzy,

4-chiorobenzyi, 4-bromobenzyl, 4-cyanobenzyl, 4-cvanchenzyldiphenylmethyl, o
bis{Z-nitrophenylymethyi groups,

Hi. Exemplary synthesis of amino acid prodruas according to the nvention

The foliowing schemes are for iliustration purposes and are not intended o be
limiting. The coupling of 2-amino-1-propanesutfonic acid with a first amino acid may be
generally represented by Schame 1:

Scheme 1:

l
~OH
HzN/\\/\S\\ + RZ/N n X
&o

Rt Rz
lbase
T4
OH
Ny
R R2 ©
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wherein R', B? and R” are as previously disciosed, R” is R or a protecting group, and X is
the leaving group of an activated ester.
tn Scheme 1, & monoaminc acid prodrug of 3-amino-1-propanesulfonic acid s
produced by reacting #s iree amine group (or & projecied sulfonate esler variant) with an
5 activated ester of the desired amino acid (which may be Atprotected). Group C{O)X of the
activated ester may be an acy! halide, mixed anhydride, succinimide ester, or may be a
carboxylic acld activated by a peptide coupling agent (e.g., carbodiimides {such as EDC (1-
(3~dimethylaminopropyl)-3-diiscpropylethylcarbodiimide)} and uroniums {such as HATU {O-
(7-azabenzotriazol-1-yl}-NN N N4etramethyluronium  hexafiuorophesphate))), i the
10 presence of a base (e.g., amines {such as DIPEA (N N-diisopropylethytamine), hydroxides
{such as sodium hydroxide), carbonates (such as potassium carbonaie}, ete), and oplionally
a catalyst {e.g. 4-(dimethyiaminojpyridine (DMAPR), 1-hydroxybenzotriazaie (HOBL)). The
choice of base and catalysi will depend mainly on the nature of the activated ester.
At this stage, protecting groups (R® on amine or protecing groups present on
15 heteroatoms in R* and R? groups) may be removed, Protecting groups on heteroatoms other
than on the amine may not be removed if further amino acid couplings are necessary (ses
Scheme 2). Profeciing groups of oxygen atoms may include benzy! and silyl ethers, acetals
and esters, proteciing groups of nitrcgen may include carbamates and flugrene derivatives.
They are cleaved by widely used procedures (seg, for example, Greens and Wuts (1981),
20 supra).

Scheme 2.
g o
} i/ ) P OH {
R R? O © R RZ

RYFZ o
[
R \ O
N T M e N T
H H\o
R C B oRe C

25  wherein 8, B® and R* are defined respeciively as R', Rf and R* but may or may not be the

same as R, R® and R* in the above scheme, and R', R®, R, R* and X are as previously
disclosed.
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Scheme 2 is used t¢ produce prodrugs comprising two or more amino acids attached
to 3APS. Coupling conditions are generally the same as described for Scheme 1.
Subsequent amino acids are added in the same manner, with a deprotection of the aming
group between each coupling step. |f other protecting groups are present on hetercatoms of
the residues, they may be removed during a last chemical slep.

In general, afier completion of the reaction, the product is isolated from the reaction
mixture according to standard technigues. For example, the solvent is removed by
evaperation or filtration i the product is solid, optionally under reduced pressure, Afier ihe
campletion of the reaction, water may be added (o the residue to make the agueous layer
acidic or basic and the precipitated compound filterad, although care shouid be exercised
when handling water-sensitive compounds. Similarly, water may be added to the reaction
mixture with a hydrophobic solvent to exiract the target compound. The organic layer may be
washed with water, dried over anhydrous magnesium sulfate or sodium sulfate, and the
solvent is evaporated o obtain the target compound, The target compound thus obtained
may be purified, if necessary, e.g., by recrystallization, reprecipitation, chromatography, or
by converting it to a salt by addition of an acid or base.

IV, Aliernate routes and vehicles for delivering 3APS by minimizing or lessening hepatfic firat-

pass metabolism
As indicated hereinbefore, an aspect of the invention c¢oncerns new routes of

administration {e.g. wansdermaliy, subculansously, infranasally, eic) and new
pharmaceutical vehicles (e.g. paiches, implants, spray, formulations (inciuding for oral
adminisiration)) for lessening hepaiic first-pass metabolism of 3APS,

Transdermal drug delivery devices

The delivery of drugs by the transdermal route is an area of increasing interest and
offers the advantage of allowing a proionged, steady input of drug imo the bicod.
Transdermat delivery of BAPS Is ong preferred embodiment of the invention because it could
avold hepatic first-pass metabolism that is associated with administration of 3APS, and thus
increase the therapeutic effectivenass of 3APS. Transdermal delivery may also help avoid
the pain associated with injections, and may increase dosage compliance.

Accordingly, certain aspects of the present invention relate 1o a method for the
defivery of a compound according 1o the invention, preferably 3APS, 1o improve the
effectiveness of the compound in the treatment of cognitive disorders. The invention further
relates to a method of delivering a compound according fo the invention, preferably 3APS,
wherein the compound may be administered in & transdermal patch.
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Transdermal drug delivery devices according o the invention can be manufactured
using technigues and compeonents well known fo the skilled artisan. Transdermal drug
delivery desvices typically involve includes a backing layer, which may oplionally be
composed of a pigmenied polyester film, a drug reservoir, a microporous membrane that
controis the rate of gelivery of the drug from the sysiem o the skin surfaca, and an adhesive
formulation to attach the delivery system to a subject. Optionally, the adhesive formulation
may inciude the drug, thus providing a more immediate bolus of the compound upon
application of the paich to a subject.

Transdermal drug delivery devices also typically involve a carrier (such as a liquid,
gel, or solid matrix, or a pressure sensitive adhesive) inio which the drug to be delivered is
incomporated. The drug-containing carrier is then placed on the skin and the drug, along with
any adjuvanis and excipients, is delivered to the skin. Typically the portions of the carrier
that are not in contact with the subject's skin are covered by a backing. The backing serves
to protect the carrier (and the componenis contained in the carrier, including the drug) from
the environment and prevents loss of the ingredients of the drug delivery device to the
environment. Bacause hydration of the stratum corneum is known 1o enhance fransport of
certain drugs across the skin, it is sometimes desirable that the backing have a relfatively iow
moisture vapor ransmission rate in order {c retain moisture at the site covered by the drug
delivery device. in order to maintain the healih of the covered gkin during long term wear
{e.g., for periods in excess of a day) by allowing the skin to breath, it is also desirable that
the backing have relatively high permeability to oxygen. Further, as the backing is in coniact
with the components of the carrier, including the drug and any adjuvanis and exciplents, itis
imporiant that the backing be stable to such componenis in order that the backing retains s
siructural integrity, iensite strength, and conformabiiity to the skin. it is also desirable that the
backing nol absorb drug or other excipiemis from the carrier. In connection with the
preparation of certain reservoir-type transdermal drug defivery devices, It is aiso desirable for
the backing 10 be heat sealabie at g relatively low temperature 10 itself and to g variety of
olher polymeric substrates. Backing materials that have found use in transdermal drug
delivery devices inciude melal folls, metalized piastic fitms, and single layered and
mutilfayered polymerlc fiims (see U.S. Patent 5,264 ,218).

Membranes usefu! in the construction of a wransdermal patch are known in the art
and include, but are n_of lrnited to, GéTraﬂTM me_mbrarzés commercially avaiigble from 3M,
such as th.é COTRAN™ G701, 6702, 9705, 6706, 8715, §718, 9726, and COTRAN™ 9728
membranas. Backing useful in the construction of a transdermal patch are known in the art
and inciude, but are not limited 10, backing material commercially available from 3M, such as
COTRAN™ and SCOTCHPAK™ backings. Likewise, iiners are well known in the art and

may be obtained from a number of commercial sources. Optionally, a geliing ageni may be
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optionally added at up 10 20% by volume. Gelling agents, include, but are not limited io:

crosslinked acrylic acid polymers, such as the "carbomer” family of polymers, e.g.,

carboxypolyatkylenes thal may be oblained commercially under the tradenams .
CARBQOPOL™; hydrophilic polymers, such as pofyethylene oxides, polyoxyethylene-

polyoxypropylene  copolymers  and  polyvinylaicohol;  celluiosic  polymers, such  as

hydroxypropyl  cellulsse,  hydroxycthyl  celluiese,  hydroxypropyl  methylceilulose,

hydroxypropy! methylceliulose phthalate, and methyl cellulose; gums such as ragacanth and

xanthan gum; sodium alginate; and geiatin,

These skilled in the art will readily ideniified the proper combination and/or
concentration of backing layer, drug reservolr, membrane, carrier, backing, penetration
enhancer, gelling agent, eic. If necessary, one could refer to the numerous publications on
ihe subject, inciuding the patent literature such as EP 1 602 367, US 2005/019384, US
2005/0074487 and US 2005/175680 all describing transdermat drug delivery devices and
associated. For instance, the absorption through human skin of a dgrug may be used to
determing the feasibility of transdermal delivery with a particular carrier or vehicle. For
exampie, penetration of & compound according to the invention, preferably 3APS, across
human epidermis may be measured in vitre using glass diffusion cells. Thereiore,
optimization of the compound’s absorption is achieved by use of formuiations disclosed
herein and known in the art as penetration enhancers, Addifional well known fests and
assays include permeability rate studies, absorption studies, diffusicn assays, time-course
profiling for penetration acress human epidermis, irritancy siudies, etc.

Clinica! studies indicate that an oral dose of 2 3APS of about 100 andior 150 mg bid
may produce a beneficial treatment for cognitive disorders, such as AD. Since transdermal
administration of 2 compound according 10 the invention, preferably 3APS, is believed 1o be
subject to reduced first-pass metabolism, the dosage of a 3APS may be reduced when
administered transdermally. On the other hand, transdermal agministration could be heipful
to increase the dosage of 3APS by avoiding common side effects such ag gastrointesiinal
irritation associated with an oral agministration of that drug.

A benefit of é iransdermal dosage form includes improved subject compliance, due 1o
the possibility of reduced administrations. For example, a transdermal patch of the invention
may be formuiated so as to provide one, two, three, four, five, six or seven days of
medication. in. an exemplary embodiment, the tansdermal patch provides medication for
about three cays, before it is desirable to replace the patch. in another exemplary
embodiment, the transdermal patch pravides seven days of medication, before it is desirable
to replace the patch. In addition, the transdermal dosage may be formulated with any
desirable dosage of a compound according to the invention. For example, the transdermal
dosage may provide the equivalent dosage fo oral acminisiration of 100 mg bid, 150 mg bid),
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200 mg big, 250 mg bid, 300 mg bid, 350 mg bHid, or 400 mg bid. As such, a transdermal
patch{es) having the equivalent dosage to oral administraiion of 150 mg bid may be
administered 1o a subject for a desired period of time, for exampie, four weeks, and then a
patch or paiches having the eguivalent dosage 10 oral administration of 200 mg bid may be
administered for a desired period of time.

Also included within the invention is & kit, which may contain a desired supply of
paiches, for example, a one manth supply of transdermal patches. Optionally, a kit may be
organized into & plurality of, e.g., three, differently identified (numbered, colored or the fike)
parts, wherein the contents of a first part are initially administered, followed by administration
of the contents of a second part, which are then followed by adminisiration of the contents of
the third part. Alternatively, a kit may contain a combination of patches and oral
formulaticns.

V. Subiects and FPalient Populations

The term “subject” includes iiving organisms in which Ab-amyioidosis can ocour, or
which are susceptible to AB-amyioid diseases, e.g., Alzheimer's disease, stc. Examples of
subjects inciude humans, chickens, ducks, Peking ducks, geese, monkeys, deer, cows,
rabbits, sheep, goats, dogs, cafs, mice, rais, and fransgenic species thereof. The term
"subject” preferably includes animals suscepiible to states characterized by neuronal call
death, e.g. mammals, e.g. humans. The animal can be an animal model for a disorder, e.9.,
a fransgenic mouse with an Aizheimer's-type neuropathology. In preferred embodiments,
the subject is a mammal, more preferably a hurman subject.

The term “human subject” includes humans suscepiible to benefit from 34PS
administration, and more particularly those susceptible 1o or diagnosed of having an
amyioic— related disease and/or suffering from a neurodegensarative dissase, such as
Atzheimer's disease, Parkinson's disease, eto.

in certain embodiments of the invention, the human subject is in need of treatment by
the methods of the invention, and is selected for treatment based on this need. A subject in
nead of treatment is art-recognized, and includes subjects that have been ideniffied as
having a disease or disorder related to B-amyioid deposition, has a sympiom of such a
disease or disorder, or is at risk of such a disease or disorder, and would be expecied,
based on diagnosis, e.g., medical diagnosis, fo benefit from treatment (e.g., curing, healing,
preveniing, alleviating, relieving, altering, remedying, ameiiorating, improving, or affecting
the disease or disorder, the sympiom of the disease or disorder, or the risk of the disease or
discrder).
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For exampie, the human subject may be a human over 30 years old, human over 40
years oid, a human over 50 years oid, a human over 80 years old, 2 human over 70 vears
old, & human over 80 years oid, a human over 85 years old, a human over 90 years old, or a
hurman over 95 years oid. The subject may be a female human, including a postmenopausal
fermale human, who may be on hormaone (estrogen) replacement therapy. The subject may
also be a male human. in another embodiment, the subject is under 40 years old.

in preferred embodiments, the subjectis a human subject having an Alzheimer's-type
reuropathoiogy. individuais presently suffering from Alzheimer's disease can be recognized
from characteristic dementia, as well as the presence of risk factors described beiow. In
addition, a number of diagnosiic tests based on cognitive and neurological testing are
available for identifying individuals who have AD. For example, individuals suffering from
Alizheimer's disease can be diagnesed by the Clinical Dementia Rating (CDR) scale, Mini-
mental State Examination (MMSE), Alzheimer's Disease Assessment Scale-Cognitive
Subscale (ADAS-Cog), or any other test known in the art, as discussed herein. Baseline
scores on suitabie metrics including the MMSE and the ADAS together with other metrics
designed to evaluaie a more normal population can be used to find an at risk population.
Another methed for identifying an at risk group utlizes an assay for neural thread protein in
the urine; see, e.g., Munzar et al., Neurology and Clinical Neurophysiology, Voi. 2002, No. 1.
Patients with high risk for Alzheimer's Disease can aisc be selected from & population by
screening for early signs of memory loss or other difficulties associated with pre-Alzheimer's
symptomatology, a family history of Alzheimer's Disease, patients with Mild Cognitive
impairment (MCH), genetic risk factors, age, sex, and sther features found to predict high-risk
for Aizheimer's Disease.

The term "prevention” or "preventing” is also used (o desoribe the administration of 8
compound or composition of the invention to a subject who is at risk of (or susceptible 10)
such a disease or condition. Patients amenable to treatment for prevention of the disease or
conditior: include individuats at risk of the disease or condition but not showing sympioms, as
well as patients presently showing symptoms. In the case of Alzheimer's disease, virtually
anyone Is at risk of suffering from Alzheimer's disease if he or she iives long enough.
Therefore, the present methods can be adminisiered prophylactically to the general
population without any assessment of the risk of the subject patient. But the present
meathods ate especially usetul for individuals who do have a known risk of Alzheimer's
disease. Such individuals inciude those having relatives who have experienced this disease,
and those whose risk is determined by analysis of genstic or biochemical markers, inciuding
brain plagques diagnosed by imaging mathods, e.g., MR, PET, SPECT etc.. Exampies of
such imaging methods are discussed in Burggren et al., Current Topics in Medicinal
Chemistry, vol. 2002, no. 2, pp. 385-393, and Sair et al., Neuroradiology, vol. 46, pp. 93-104

82



10

20

25

30

35

(2002), Aizheimer's disease predisposing factors identified or propesed in the sclentific
literature inciude, among others, a genotype predisposing a subject 1o Alzheimer's disease;
environmantal factors predisposing a subiect to Alzheimer's disease; past history of infection
by viral and bacterial agents predisposing a subisct to Alzhaimer's disease; and vascular
factors predisposing a subject to Aizheimers disease. Genelic markers of risk toward
Alzheimer's disease inciude mutations in the APP gene, particularly muiationg at posttion
717 and positions 670 and 671 referrad to as the Hardy and Swedish mutations respectively
{see Hardy et al., TINS 20, 154-158 {19587)). Other markers of risk are mutations in the
presenilin genes, PS1 and PS2, and Apok4, family history of AD, nypercholesierolemia or
atheroscleresis. The subjsct may be shown to be at risk by a diaghostic brain imaging
technigue, for example, one that measures brain activity, plague deposition, or brain atrophy.
The human subject may also be shown 1o be at risk by a cognitive test such as Clinical
Dementia Rating (“CDR"), Alzheimer's disease Assessment Scale-Cognition ("ADAS-Cog”),
Disability Assessment for Dementia (“DAD”) or Mini-Mental State Examination {"MMSE")
and/or by any other cognifion test known in the art.

in another embodiment, the human subject exhibits no symptoms of Alzheimers
disease. In another embodiment, the subject is at ieast 40 years of age and exhibits no
symptoms of Aizheimer's disease. In another embodiment, the human subject is at least 40
years of age and exhibits one or more symptoms of Alzheimer’s disease.

By using the methods and compounds of the present invention, the levels of amyloid
8 peptides in 2 sublect’s plasma or cerebrespinal fluid {CSF) could be significantly reduced
from lavels prior to reatment from about 10 1o about 100 percent, or even about 5C o about
100 percent, e.g., 15, 25, 40, 60, 70, 75, 80, 90, 85 or 89%. Accordingly, in certain
embodiments, the human subject can have an elevaied level of amyioid ABy and Aas
peptide in the bloed and/or CSF prior to a treatment according to the present methods, .9,
AB4y lovels of greater than about 10 pg/mb, or greater than about 20 pg/mL, or greater than
about 35 pg/mL, or even greater than about 40 pg/mL; and Aps levels 30 pg/mL to about
200 pg/mL, or even to about 500 po/mL. Similarly, according to some embodimants, the
methods and compounds of the present invention help reduce the size and/or number of AP
ptagues or AP deposits in the brain, from about 10 fo about 100 percent, or even about 50 to
about 100 percent, e.g., 15, 25, 403, 60, 70, 75, 80, 90, 85 or 89%, when compared to levels
prior to reatment.

Vi, Pharmaceutical Compositions

Preferably, the compounds of the invention are formulated prior to administration into
pharmaceutical compositions using technigues and proceduras well known in the art.

Accordingly, in ancther embodiment, the present invention relates 10 pharmaceutical
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compositions (e.g. solutions, suspensions or emulsions) comprising effective amounts of one
or more compounds according 1o any of the Formulae herein and 2 pharmaceuticaliy
acceptabie vehicle, as well as meathods of using and manufaciuring such pharmaceutical
compositions.

The pharmaceutical compositions are formulated into suitable administration (orally,
parenterally, {IV, IM, depo-IM, SC, and depo 3C). sublingually, intranasally (inhalation),
intrathecally, topically, or rectally). Suiiable pharmaceutically acceptable vehicles include,
without fimitation, any non-immunogenic pharmaceutical carrier or diluent suitable for oral,
parenteral, nasal, mucosal, transdermal, topical, intrathecal, recial, intravascular (IV),
intraarterial {IA), intramuscular (IM}, and subcutansous (SC) adminisiration routes, such as
phosphate buffer salineg (PBS). Also, the present invention inciudes such compounds which
have been lyophilized and which may be reconstiiuted to form pharmaceutically acceptabie
formulations for administration, as by intravenous, inframuscuiar, or subcutaneous injection,
Administration may also be intradermal or transdermal.

The vehicle can be a solvent or dispersion medium containing, for example, water,
ethanol, polyol {for example, giycerol, propylene glytol, and iiguid polyethylene glveol, and
the like), suitable mibdures thereof, and vegetiable oils. The proper fluidity can be maintained,
for example, by the use of a coaling such as lecithin, by the maintenance of the required
pariicie size in the case of dispersion and by the use of surfactants. Prevention of the action
of microorganisms can be achieved by various antibacterial and antifungal agenis, for
example, parabens, chiorebutanol, phencl, ascorbic acid, thimerosal, and the like. in many
cases, isotonic agents are included, for example, sugars, scdium chioride, or polyaicohols
such as mannitol and sorbitol, in the composition. Prolonged absorption of the injectabie
compositions can be brought about by inciuding in the composition an agant which dalays
absorption, for exampie, aluminurm monostearate or gelatin,

Preferably, the compound{s) of the invenilon can be orally administered.
Formulations of the present invention include these suitable for oral administration. The
formulations may conveniently be presented in unit desage form and may be prepared by
any methods well known in the art of pharmacy. Methods of preparing these formulations or
compositions include the step of bringing into associalion a compound of the present
invention with a pharmaceutically acceptabie vehicle (e.q. an inert difuent or an assimilable
edible carerjand, optionally, cne or more accessory ingredients. In general, the
formulations are prepared by uniformily and intimately bringing into association a compound
of the present invention with liguid carriers, or finely divided solid carriers, or both, and then,
if necessary, shaping the product. The amount of the therapeutic agent in such
therapeutically useful compesitions is such that a suitabie dosage will be obtained.
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Fermulations of the invention suitable for oral administration may be in the form of
capsules (e.g. hard or soft shel gelatin capsuie}, cachets, pilis, tablets, lozenges, powders,
granules, pellets, dragees, e.g., coated (e.g., enteric coated) or uncoated, or as a solufion or
a suspensicn in an aguecus of non-aguecus liguid, or as an oil-in-water or water-in-oil liguid
amulsion, or as an elixir or syrup, or as pastilles (using an inert base, such as gelatin and
glycerin, or sucrose and acacla) ar as mouth washes and the fke, each containing a
predetermined amount of a compounc of the present invention as an active ingrediant. A
compound of the present invention may also be administered as a bolus, electuary or paste,
ot incorporaied diractiy inic the subject's diet, Moreover, in carfain embodiments these
peliets can be formulated to {a} provide for instant or rapid drug release (ie., have no
coating on them); (b) be coated, e.g., to provide for sustainad drug reiease over fime; or (¢
be coated with an enteric coating for betiter gastrointesiinal wierability.

in solid dosage forms of the invention for oral administration the active ingredient is
mixed with one or more pharmaceutically acceptable carriers, such as sodium citrate or
dicaicium phosphate, or any of the following: filkers or exiendars, such as starches, laciose,
sucrose, glucese, mannitol, or silicic acid; binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose or acacia;
humectants, such as giycerol; disintegrating agenis, such as agar-agar, caicium carbonaie,
poiato o iapioca starch, alginic acid, certain siilcates, and sodium carbonate; solution
retarding agentis, such as paraffin; absorplion accelerators, such as guaiernary ammonium
compounds; wetling agents, such as, for example, cety! alcohol and giveerel moncestearaie;
absorbenis, such as kaclin and benionite clay; lubricants, such ag tale, calcium siearate,
magnesium stearate, solid polyelhylens glycols, sodium tauryl sulfate, and mixtures thereof;
and coloring agenis. in the case of capsuies, tablets and pills, the pharmaceutical
composiifons may also comprise buffering agents. Solid compasitions of & similar type may
also be empioyed as fillers in soft and harg-filied geiatin capsules using such excipients as
lactose or milk sugars, as well as high molecular weight polyethylens glveols and the like.

Peroral compasitions typically include liquid soiutions, emulsions, suspensions, and
the like, The pharmaceuticaly accepiable wvehicies suitable for preparation of such
compositions are well knowr in the art. Typical components of cairiers for syrups, elixirg,
emulsions and suspensions inciude ethanol, givcerol, oropylene glycol, poiyethylene giveol,
liquid sucrose, sorbitol anc water. Far a suspension, typical suspending agents include
methyi cellulose, sodium carboxymethyt celiviose, tragacanth, and sodium alginaie; typical
wetling agents include lectthin and polysorbate 80; and typical preservatives incluce methyl
paraben and sodium benzoate. Peroral liquid compesitions may also coniain one or more

components such as swesteners, flavoring agents and colorants disclosed above,
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Pharmaceutical compositions suitable for injectable use inciude sterile agueous
solutions {whare water soluble) or dispersions, and sterile powders for the extemporansous
preparation of stetiie injectabie solutions or dispersion. In ali cases, the composition must be
sterile and must be fiuid to the extent that easy syringability exists. it must be stable under
the conditions of manufacture and storage and must be preserved against the cortaminating
action of microorganisms such as bacteria and fungi. Sterile injectable solutions can bs
prepared by incorporating the therapsufic agent in the reguired amount in an appropriaie
solvent with one or a combination of ingredients enumerated above, as reguired, followad by
filttered sterifization. Generally, dispersions are prepared by incorporating the therapeutic
agent into a sierile vehicie which contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of sterile powders for the preparation
of sterile injeciable solutions, the methods of preparation are vacuum drying ang
freeze-drying which vieids a powder of the active ingredient (ie., the therapeutic ageni) plus
any additional desired ingradient from z previously steriis-filiered solution thereof.

Fharmaceutical formulations are also provided which are suitable for administration
as an aeresol, by inhalation. These formulations comprise a solution or suspension of the
desired compound of any Formulz herein or a plurality of sofid particles of such
compound{s). The desired formulgtion may be placed in a small chamber and nebuiized.
Nebulization may be accompiished by compressed air or by ulirasonic energy to form a
pluratity of liquid dropieté or sciid particies comprising the agents or salts. The liguid droplels
or solid particies should have a particle size in the range of about 0.5 to about 5 microns.
The solid particies can be obtained by processing the solid agent of any Formula described
herein, or a sali thereof, in any appropriate manner known in the ar, such as by
micrenization. The size of the solid particles or droplets will be, for example, from about 1 10
about 2 micrens. In this respect, commercial nebufizers are available fo achieve this
PUrposE.

A pharmaceuiical formutation suitable for administration as an aerosol may be in the
form of a liguid, the formuiation wili comprise a water-soluble agent of any Formula
described herein, or a salt thereol, in a carrier which comprises water. A surfactant may be
present which lowers the surface tension of the formuiation sufficiently to result in the
formation of droplets within the desired size range when subjected to nebulization.

The compaositions of this invention can also be administered topically 1o a subect,
e.g., by the direct laying on or spreading of the composition on the epidermal or epitheiial
tissue of the subject, or transdermally vig a "patch”. Such compositions include, for example,
lotions, creams, solutions, gels and solids. These topical compositions may comprise an
effective amount, usually at least about 0.1%, or even from about 1% 10 about 5%, of an

agent of the invention. Suitable carriers for topical administration typically remain in place on
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the skin as a continuous film, and resist being removed by perspiration or immersion in
water. Generally, the carrier is organic in naiure and capable of having dispersed or
dissolved therein the therapeutic agent. The carier may include pharmaceutically
acceptable emollients, emuisifiers, thickening agents, solvents and the like.

Cther compositions useful for attaining systemic dslivery of the subject agents
include sublingual, buccal and nasal dosage forms. Such compositions typically comprise
one or more of soluble filler substances such as sucrose, sorbitol and manniiod; and binders
such as acacia, microcrystaline celiuiose, carboxymethy! celluicse and hydroxypropy!
methy! celiulese, Gilidants, lubricants, sweeteners, cotorants, antioxidants and flavoring
agents disciosed above may also be included. The compound(s) of the invention may also
be administered parenterally, intraperiionsally, intraspinally, or intracersbrally. For such
compositions, the compound{s} of the invention can be prepared in glycerol, lguid
polyethylene ghycols, and mixiures thereof and in oils. Under ordinary conditions of storage
and use, these preparafions may contain a preservative o prevant the growth of
micraorganisms.

To adminisier the compound(s) of the invention by other than parenteral
administration, it may be useful o coal the compound(s) with, or co-administer the
compound(s} with a material to prevent its inactivation. For example, the compound(s) of the
invention may be administered t¢ a subject in an appropriate carniet, for example, Hposomes,
or a diuent. Pharmaceutically acceptable diluents include saiine and agusous buffer
solutions. Lipcsomes include water-in-oi-in-water CGF emulsions as well as conveniional
iiposomas.

Pharmaceutical compositions according t the invention may also be cozied by
conventional methods, typically with pH or lme-gependant coatings, such that the
compound(s} of the invention is rejeased in the vicinity of the desired location, or at various
times 10 extend the desired action. Such dosage forms typically include, but are not limitad
to, one or more of cellulose acetaie phthalate, polyvinylacetate phthaiate, hydroxypropy!
methy! celiulose phthalate, ethyl celiulose, waxes, and sheilac.

The compound(s) of the invention may be packaged as part of a kit, optionally
including & container (e.g. packaging, a box, a vial, eic). The kit may be commercially used
according to the methods described herein and may inziude instructions for use in & method
of the invention. Additional kit componeants may inciude acids, bases, buffering agents,
inorganic salts, soivents, antioxidants, preservatives, or metal chetators. The additional Kit
components are present as pure compositions, or as agueous or organic sclufions that
incomporate one or more additional kit components. Any or all of the kit components
optionally further comprise buffers,
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VIl Dosage

Dosage forms, upon releasing a compound according to the inventicn, can provide
the corrasponding 3APS upon in vive administration to a human patient. It is undersiood that
appropriate doses depend upon a nurnber of factors within the knowledge of the ordinarily
skilled physician, veterinarian, or researcher (2.g. sse Wells e al. eds., Pharmacotherapy
Handbook, 2™ Edition, Appleton and Lange, Stamford, Conn, {2000); PDR Pharmacopoeia,
Tarascon Pocket Pharmacopoeia 2000, Deluxe Edition, Tarascon Publishing, Loma Linda,
Calif. (2000)). The dose(s) of the compound(s) of the invention will vary, for example,
depending upcn a variety of factors including the activity of the specific agent empioyed, the
age, body welight, gensral health, gender, and diet of the subject, the time of administration,
the route of adminisiration, the raie of excretion, and any drug combination, if applicabie, the
effect which the practitioner desires the compound fo have upon the subject and the
properiies of the compounds (e.g. bicavailability, siability, potency, toxicity, eic). Such
appropriaie doses may be deiermined using the assays described herein, When one or
more of the compounds of the invention is 1o be administered to humans, a physician may
for exampile, prescribe a relatively iow dose at first, subseguently increasing the dose until
an appropriate response is obtained.
Exemplary doses include milligram or microgram amounts of the compound per kilogram of
subject or sample weight {€.g., about 50 micrograms per kilogram to about 500 miliigrams
per kilogram, about 1 miliigram per kilogram o about 100 miliigrams per kilogram, about 1
milligram per kilogram o about 50 milligram per Kilogram, about 1 milligram per kilogram to
about 10 milligrams per kitogram, or about 3 milligrams per kilogram to about 5 milligrams
per kitogram). Additional exemplary doses include doses of about 5 to about 500 mg, or
about 25 to about 350 mg, or about 25 10 about 200 mg, preferably about 50 t© about 150
mg, more preferably abouwt 50, about 100, about 150 mg, about 200 mg or about 250 my,
and, preferably, daily or twice daily, or lower or highar amounts. For comparison, examplary
doses for 3APS per se inciude about 2-3 milligram of 3APS per kilogram of subject {(iwice
daily). See also US 11/103,856, filed on April 12, 2005, which is incorporated hersin by
reference.

It is generally advantageous to formulate parenteral compositions in dosage unit form
for ease of administration and uniformity of dosage. The term "unii dosage form" refers to 3
physically discrete unit suitable as unitary dosages for human subjects and other mammals,
gach unit containing a predetermined guantity of active material calculated to produce the
desired therapeulic effect, in association with a suitabie pharmaceutical vehicle, In an
embodiment, the compositions according to the invention are formulated in a unit dosage
form, each dosage containing from about 50 mg to about 500 mg, more preterably about 100
mg o about 300 mg of the compound according to the invention. See aiso US 11/103,656,
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filed on April 12, 2005, which is incorporated herein by reference. The specification for the
dosage unit forms of the invention may vary and are dictated by and directly dependent on
{a) the unique characteristics of the therapeutic agert and the particular therapeutic effect to
be achieved, and (b) the limitations inherent in the art of compounding such a therapautic
agent for the freatment of amyloid depesition in subjects.

Administration of the compounds and compositions of the present inveniion to a
subject to be reated can be carried out using known procedures, at dosages and for periods
of time effective to achieved a desired purposes (e.g. prevention or treatment of AD,
obtaining specific levels of 3APS, etc). Dosage regimens can be adjusted to provide the
oplimurmn therapeutic response. For example, several divided doses may bs administersd
daily or the dese may be proportionally reduced as indicated by the exigencies of the
therapeutic situation.

In one embodiment, the compound(s} of the invention is administered at a
therapeutically efiective dosage sufficient to inhibit amyloid deposition in a subject,
preferably a human subject. When referring to amyioid deposition a “therapsutically
effective” desage inhibits amyloid deposition by, for example, at ieast about 20%, or by at
least about 40%, or even by at least about 80%, or by at least about 80% relative to
unireaied subjects.

in one embodiment, the compound(s) of the invention is administered ai a
therapeufically effective dosage for the prevention or treatment of Alzheimers. When
referring 1o Alzheimer's, a “therapeutically efiective” dosage stabilizes cognitive function ot
prevents g further decrease In cognitive function (le., preventing, slowing, or stopping
disease progression).

VIl Uses of Compounds. Composition. and Dosage Forms

Another aspect of the invention pertains to a method for innibiting neuronai cell death
by administering an effective amount of a compound of the present inventicn. in yet another
aspect, the invention peraing 10 2 method for providing neuroprotection 10 a subject having
an AB-amyloid related disease, e.g. Alzheimer’s diseass, which includes administering an
effective amount of a compound of the present invention 1o the subject, such that
neuraprotection is provided. As used herein, the term "neuroprotection” inciudes protection
of neuronal cells of a subject from cell death that may result in initiation of processes such
as, but not limited to: the destabilization of the cytoskeleton; DNA fragmeniation; the
activation of hydrolytic enzymes, such as phospholipase A2; activation of caspases, calcium-
aclivated proteases and/or caicium-activated endonucleases; inflammation mediated by

macrophages; calcium influx into & cell; membrane potential changes in a cell; the disruption
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of cell junctions leading to decreased or absent cefl~cell communication: and the activation of
expression of genes involved in cell death.

According to a prefarred embodiment, the compounds and compositions of the
present invention are used for one or more of the following: 1o prevent Alzheimer's disease,
1o treat Alzheimer's disease, or ameliorate sympioms of Alzheimer's disease, o reguiate
production of or levels of amyloid B (AB) pepiides, prevent, reduce, or inhibit amyloid
depositicn in a subject, and 1o treat or prevent of amyloid-related diseases.

The compounds and pharmaceutical compositions of the invention may act to
ameliorate the course of a B-amvyicid related disease using any of the following machanisms
(this list is meant o be iiusirative and not limiting): slowing the rate of B-amyloid fibril
formation or depasition; lessening the degree of B-amyloic deposition; inhibiting, reducing, or
preventing amyioid fibril formation; inhibiting neurodegeneration or celiutar toxicity induced
by B-amyloid; inhibiting amyioid induced inflammation; enhancing the clearance of 8-amyloid
from the brain; enhancing degradation of AP in the brain; or favoring ciearance of amyioid
protein prior to its organization in fibrils, and decreasing the ratio of AR42:AP40 in the CSF or
plasma. in another embodiment, the invention pertains to a method for improving cognition
in a subject suffering from AD. The method includes administering an effective amoun: of a
therapeutic compound of the invention, such that the subject's cognition is improved. The
subject's cognition can be tested using methods known in the art such as the Clinical
Dementia Rating ("CDR"), Mini-Menta! State Examination (“MMSE"), Disabiiity Assessment
for Dementia ("DAD"), and the Alzheimer's Disease Assessment Scale-Cognition {"ADAS-
Cog”). improvement in cognition is present within the context of the present invention if there
is a measurable difference between the performances of subjects treated using the methods
of the invention as compared 1o members of a placebo group, historical conirol, or between
subseguent tests given to the same subject. The invention also periains to a method for
treating, slowing or stopping a B-amyloid related disease associated with cognitive
impairment, by administering to a subject an effective amount of a therapeutic compound of
the invention, wherein the annual deierioration of the subject's cognition as measured by any
of the foregoing mentioned test is improvac.

It is to be understood that wherever values and ranges are provided herein, e.g., in
ages of subject populations, dosages, and blood levels, ali vaiues and ranges encompassed
by these values and ranges, are meant to be encompassed within the scope of the present
invention. Moreover, alf values in these vaiues and ranges may also be the upper or lower
fimits of a range.
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VIlE. Combination Therapy

In certain embodiments, the compounds and compaosition according 1o the invention
can be used in combination therapy with at least ong other therapeutic agent. The prodrug
compounds according to the invention and the at ieast one other therapeutic agent(s) can
act additively or, in cerain embodiments, synergistically. in cerfain embodiments, the
compounds of the invention can be administered concurrently with the administration of
another therapeutic agent. in certain embodiments, the compounds of the invention can be
administered prior or subseguent o administration of ancther therapeutic agent. The at least
one other therapeutic agent can be sifective for treating the same or different disease,
disorder, or condition.

Methods of the present invention include administration of one or more compounds
cr pharmaceutical compositions of the present invention and one or more other therapeutic
agents provided that the combined administration does not inhibit the therapeutic efficacy of
the one or more compounds of the present inventicn and/or does not produce adverse
combination effects.

in cerfain embodiments, compositions of the presant invention can bz administered
concurrently with the administration of another therapeutic agent, which can be part of the
same pharmaceutical composition as, or in & different composition from, that containing the
compounds of the present invention. in cerfain ambodiments, compounds of the present
invention can be administered prior or subsequent to administration of another therapsutic
agent. In certain embodiments of combination therapy, the combination therapy comprises
alternating between administering a compasition of the present inventicn and a composition
comprising another therapeutic agent, e.g., 1o minimize adverse side effecis associated with
& particular drug. When a compound of the present inveniion is administered concurrently
with another therapeutic agent that potentialiy can produce adverse side effects including,
but not limited to, foxicity, the thetapautic agant can advantageously be administersd at a
dose that falls below the threshold ar which the adverse side effact is slicited.

In certain embodiments, a pharmaceuticai composition can further comprise
substances to enhance, modulate and/or control release, bisavailability, therapeutic efficacy,
therapeutic potency, stability, and the ke, For exampie, to ennance therapeutic efficacy a
compound of the present invention, the compound can be co-administered with one or more
aclive agents to increase the absorption or diffusion of the compound from the
gastroiniestinal tract, or o inhibit degradation of the drug in the systemic circutation. in
certain embodiments, at least one compound of the present invention can be co-
administered with acfive agents having a pharmagological effsct that enhance the
therapeutic efficacy of 3APS,
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in certain embodiments, compounds or pharmaceutical compositions of the present
invention include, or can be administered to a patient together with, another therapeutic drug
that may be availabie over-the-counter or by prescription. US patent application
No. 2005/0031651 (incorporated herein by reference) provide a long but non-exhaustive list
of “therapeutic drugs” that can be useful, in combination, according io the invention.
Preferred therapeutic drugs to be used with the compounds or pharmaceutical compositions
of the present invention are therapeutic drugs usefu! in the prevention or itreatment of
Alzheimer's Disease or its symptoms, including but not iimited to donepezil (Aricept™),
memanting (Namenda™), rivastigmine (Exeion™), Galanthamine (Reminyl™ and R-
flurbiprofen (Flurizan™). The compounds and compositions according to the invention could
also be combined with vatcines and antibodies for the prevention or treatment of AD,

in a further embodiment, the compounds of the invention can be co-administered
with 3APS.

X, Standard Methods for testing the compounds of the invention.

The compounds according te the invention can be further analyzed, tested or
validated using a variety of in vitro assays, or in vivo assays to confirm their safety,
bioavailabity, neuroprotection, their capabiiity 1o deliver 3APS etc. The foliowing are
fllustrative of the type of biological assays that can be conducted to assess the instant
compounds.

i) Determinalion of Enzymatic Cleavage of Prodrugs in Vitro

Faor orally administered prodrugs, it is generally desirabie that the prodrug remains
intact (i.e., uncisaved) while in the gastrointestinal fract and be cleaved (i.e., to release the
parent drug) while in the systemic circulation. A useful level of stability can at least in part be
determined by the mechanism and kinetics of absorption of the prodrug by the
gastrointesiinal tract. A useful level of lability can at least in part be determined by the
pharmacokineiics of the prodrug and parent drug in the systemic circulation. In general,
prodrugs that are more stable in a2 Cace-2 88 and/or pancraatin assay and are more iabiie in
a rat plasma, human plasma, rat liver 89, and/or human iiver 89 preparation can be ussiul
as an orally administered prodrug. The results of tests, for dstermining the enzymatic
cleavage of prodrugs in vitro can be used to select prodrugs for in vivo testing.

i} Bioavaiiability of Prodrugs in vive

Prodrugs that provide a bioavailability of the corresponding parant drug that is
greater than the bicavailability provided by an equimolar dose of the parent drug
administered to a pafient by the same route (e.g., oral administration) can bs useful as
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therapeutic agents. Bicavailability of the compounds of the invention and of released 3APS
can be measured in vive (humans and laboratory animais) using methods well known in the

art. Example 3 herein provides an exemplary method for assessing bicavailability in mice.

iif) In Vive Assays: Animal Models

Various animal models can be used to the efficacy and/or potency of the compound
according to the invention, For example, certain transgenic animal modeis have been
described, for example, in U.S. Pai Nes 5,877,399, 5,612,486, 5,387,742; 5,720,838,
5.850,003; 5,877,015, and 5,811,633, and in Ganes et al., (Nature 1895, 373:523). Preferred
are animal models that exhibit characteristice associated with the pathophysiotogy of AD.
Administration of the compound inhibifors of the invention o the transgenic mice described
herein provides an afternative method for demonstrating the inhibitory activity of the
compounds. Administration of the compounds in a pharmaceutically effective carrier and via
an administrative route that reaches the target tissue in an appropriate therapeutic amount is
aiso preferred.

fv) Toxicity

A variety of different parameters can be monitored to assess toxicity. Exampies of
such parameters include, but are not limited to, cell proififeration, monitoring activation of
cellular pathways for toxicological responses by gene or protein expression analysis, DNA
fragmentation, changes in the composition of cellular membranes, membrane permeabiiity,
activation of componenis of death- receptors or downstream signaling pathways (e.g.,
caspases), generic siress responses, NF-kappal activation and responses to mitogens.
Related assays are used to assay for apopiosis (a programmed process of celt death) and
necrosis, inciuding cGMP formation and NO formation.

Toxicity and therapeutic efficacy of the compound(s) and composition(s) of the
invention can be determined by standard pharmaceutical procedures in cell cutlures or
experimenial animals, s.g., for determining the LD50 (the dose lethal to 80% of the
poputation; and the ED50 (the dose therapeutically effective in 50% of the popuwation). The
dose ratio beiween toxic and therapeutic effects 5 the therapeutic index and can be
expressed as the ratic LDB0/EDS0, and usually a larger therapeutic index is more
efficacious. While agents that exhibit toxic side effects may be used, care should be taken to
design a delivery systern that targets such agents to the site of affected tissue in order o
minimize potential damage 1o unaffected cells and, thereby, reduce side effects.
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v} Neuroprotsciion
The following are iliustraiive of the type of biclogica! assays that can be conducted o
assess whether a inhibitory agent has a protective effect against neuronal injury or diseasge.

a. Morphoiogical Changes

Apepiosis in many cell types is correlated with aliered maorphological appearances.
Exarnples of such alterations include, but are not imited to, plasma membrane blebbing, call
shape change, loss of substrate adhesion properties. Such changes are readily detectabie
with a light microscope. Cells undergoing apoptosis can also be detected by fragmentation
and disintegration of chromosomes, These changes can be detected using light micrascopy
andfor DNA or chromatin spsciiic dyes.

b. Altered Membrane Parmeability

Often the membranes of cells undergoing apoptosis become increasingly permeable.
This change in membrane properties can be readily detected using vital dyes {e.g.,
propidium iodide and trypan biue). Dyes ¢an be used o detect the presence of necrotic cells.
For example, certain methods uillize a green-fluorescent LIVE/DEAD™ Cyiotoxicity Kit #2,
available from Molecular Probes. The dye specifically reacts with celiular amine groups. In
necrotic cells, the entire free armine content is avaitabie to react with the dye, thus resulting
in intense fluorescent staining. in contrast, oniy the ceil-surface amines of viabie ceils are
avaitable to react with the dve. Hence, the fiuorescence intensiiy for viable cells is reduced
significantly refaiive 1o necrotic celis (see, e, g., Haugland, 1298 Handbook of Fiuorescent
Probes and Research Chamicals, 6th ed., Molecular Probeg, OR).

¢. Dysiunction of Mitochondrial Membrans Potential

Mitochondrta provide direct and indirect biochemical regulation of diverse celluiar
processes as the main energy source in cells of nigher organisms. These process inchide
the electron transport chain activity, which drives oxidative phosphorylation 10 producs
metabolic energy in the form of adenosing triphosphate (Le., ATP). Altered or cefective
rmitochondrial activity can result in mitochondrial coliapse called the "permeability transition”
or milochondrial permeabiiity transiton. Proper mitochondrial functicning  reguires
maintenance of the membrane potential established across the membrane. Dissipation of
the membrane potential pravenis ATP synthesis and thus halis or restricts the production of
a vital biochemical energy source.

Consequently, & variety of assays designed 1o assess toxicity and cell death invoive
monitoring the effect of a test ageni on miiochondrial membrane polentials or on the

mitochondrial permeability transition. One approach is 1o utilize fluorescent indicators (see,
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e.g., Haugland, 1998 Handbook of Fluorescent Probes and Research Chemicals, 6th ed.,
Molecular Probes, OR, pp. 266-274 and 589- 584). Various non-fluorescent probes can also
be ufilized (see, e.g.,, Kamo et al. (1879) J. Membrane Biol. 48:105). Mitochondrial
membrane potentiais can alsc be determined ndirectty from mitochondrial membrane
permeability (see, e.g., Quinn {1878) The Motecular Biology of Cell Membranes, University
Park Press, Baltimore, Md., pp. 200-217). Further guidance on methods for conducting such
assays is provided in PCT publication WO 00/19200 to Dykens et al.

¢. Caspase Activation

Apoptosis is the process of programmed cell death and involves the activation of a
gengtic program when ceils are no fonget needed or have become ssriously camaged.
Apoptosis invoives a cascade of biochemical events and is under the regulation of a number
of different genes. One group of genes act as effeciors of apoptesis and are referred 10 as
the interlsukin-1B converiing enzyme (ICE) family of genes. These genes encode a family of
cysieine proieases whose activily is increased in apopiosis. The ICE family of proieases is
generically referred to as caspase enzymes. The "C" in the name reflecis the fact that the
enzymes are cysieine proteases, while "Caspase” refers 1o the abllify of these enzymes 10
cleave afier aspartic acid residues.

Conseguantly, soma assays jor apopiosis are based upon the observation that
caspases are induced during apoptoesis. Induction of these enzymes can be detected by
monitoring the cisavage of specifically-recognized substrates for these enzymes. A number
of naturally occurring and synthetic protein sulbbstrates are Known (see, e.q., Eilerby et al.
(1997) J. Neurosch, 17:6185; Kluck, et al. (1997) Science 275:1132; Nicholson et al. {(1985)
Nature 37637, and Rosen and Casciola- Rosen {1897) J. Cell Biochem. 64:50). Mathods for
preparing a number of diffsrent substrates that can de utilized in these assays are described
in U.S. Pat. No. 5,876,822, This patent also cescribes assays that can be conducted using
whole celis that are amendable to certain of the microfluidic devices described herein. Other
methods using FRET techniques are discussed in Mahajan, et al. (19839) Cham. Biol. §:401-
9; and Xy, et al. {1998) Nucl. Acids, Res, 26:2034-5,

e. Cytochrome C Relcase

tn  heaithy celis, the inner miochonarial membrane is  impermeable ©
macromoiecuies. Thus, one indicator of cell apoptesis is the release or lsakage of
cytochrome C from the mitochondria. Detection of cytochrome C can be perfarmed using
spectroscopic methods because of the inherent absarption properties of the protein. Thus,
one deiection option with the present devices is v place the cells within a holding space and

monitor absorbance al a characieristic absorption wavelength for cyiochrome C.
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Alternatively, the protein can be detecied using standard immunciogical methods (e.g.,
ELISA assays) with an antitody that specifically binds 1o cylochrome C (seg, e.g., Liu et al.
{1996} Call 86:147).

f Assays for Cell Lysis

The final stage of cell death is fypically lysis of the cell. When cells die they typically
release a mixture of chemicals, including nucieotides, and a variety of other substances
(e.g., proteins and carbchydrates) into their surroundings. Some of the substances released
inciude ADP and ATP, as well as the enzyme adenylaie cyclase, which cataiyzes the
conversion of ADP to ATF in the presence of excess ADP. Thus, certain assays involve
providing sufficient ADP in the assay medium to drive the equilibrium towards the generation
of ATP which can subseguently be detected via a number of different means. One such
approach is to utilize a luciferin/luciferase system that is well known to those of ordinary skil
inn the art in which the enzyme luciferase utiizes ATP and the subsirate iuciferin o generate
a photometrically deteciable signal. Further detalls regarding certain cell lysis assays that
can be parformed are set forth in PCT publication WO 00/70082.

g. Ischemic Model Systerns

Methaods for assaying whather a compound can confer protective neuroiogical effecis
against ischemia and stroke are discussed by Aarts, et al. (Science 298:846-850, 2002}, In
general, this assay involves subjecting rats to a middle cerebral ariery occlusion (MCAQ) for
a relatively short period of time (e.g., about 90 minutes). MCAQ can be induced using
various mathods, including an intraluminal suture method (see, e.g., Longa, E. Z. et al
(19889} Stroke 20:84; and Belayev, L., st al. (1996) Stroke 27:1616). A composition
containing the putative inhibitor is introduced into the rat using conventional methods {e.g.,
via intravenous injection). To evaluate the compasiiions prophylactic effect, the composition
is administered before performing MCAQ. If the compound is to be evaiuated for itg ability 1o
mitigate against an ischemic event that has already occurred, the composition with the
compound ig introduced after MCAQ has been initiated. The extent of cerebral infarction is
then evaluated using varicus maasures of neurological function. Examples of such
measures include the postural reflex test (Bedarson, J. B. et al. (1986) Stroke 17:472) and
the forelimb placing iest (De Ryck, M. et al. (1989) Stroke 20:1383). Methods are also
described in Aarts et al assessing the effects of NMDA-induced excitotoxicity using in vitro
assays.

A. MTT Gytotoxicity Assay
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The MTT assay is ancther assay which has been widely used 1o assess cytotoxicity
in neurcnal celis, The cellular toxicity can assessed using the 3-(4,5-dimethylthiazol-2-y1}-
2. 5-dipheny! tetrazolium bromide (MTT) assay (T revigen, Gaithersburg, Md.) following the
recomrnendations of the manufacturer.

i. Trypan Blus Celf Viability Measurament
Cell viability can be measured using the trypan blue exclusion method (Yao at al.,
Brain Ras., 889, 181-180 (2001}).

j. Determination of Celiular ATF Levels

Celiviar ATP Levels can be indicative of cell viahility. Cellular ATP concentrations
can be measured using the ATPLite-M®& luminescence assay (Packard BicSciences Co.).
For exampie, in this assay, cells typically are cultured on black 86-welt ViewPlate® and the
ATP gcongenirations are measured on a TopCount NXT® counter {Packard BioSciences Co.)
following the recommendations of the manufacturer.

vi) Gastrointestinal absorption

The compounds or drugs according o the invention can be further anaiyzed, tested
or vaiidated for their ability to be absorbed by the gut and/or intesting if 5o dasired.

Intastinal permeability and transpert of a drug candidate may be esiimated using a
variety of in vitro, in situ, as well as in vivo models (Balimane et al. (2008} J Pharmacol
Toxicol Methods 44:385-401; Hidalgo | (2001) Cutr Top Med Chem 1:385-401, Hiligreen K,
Kato A and Borchardt . (1885} 15:83-108).

For instance, paralle! artificial membrane permeability (PAMPA) assay and celi-
based sysiems such as Caco-2 and Mardin-Darby caning kidney (MDCK) celis are the mest
frequently used in vitro modeis. The PAMPA maode! consists of a hydrophobic fitter material
coated with a mixture of lecithin/phospholipics dissolved in an inert organic solvent creating
an artificial fipid mambrane barrier that mimics the intestinal epithelium. Caco-2 cells, a
human coion adenocarcinoma, undergo spontaneous enierogytic differentiation in culture
and become polarized celis with well-estabiished tight junctions, resembling intestinal
epithelium in numans. Caco-2 cell model nas been the most popular and the most
extensively characterized celi-based model in exarmining the permeability of drugs in both
the pharmaceuiical industries and academia. Alternatively, MDCK celis which also davelop
tight junctions and farm monolayers of polarized cells are used.

An in sity study such as an intestinal perfusion could aiso be performed to assess
drug absorption. isolated intestinal segments comprise the absorptive cells and the

underlying muscie layers. As it is commonly used, this technique only aliows sampfing from
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the mucesal side; drug disappearance is assumed 1o be equal to drug absorption. Typically,
a whole animal absorption study (pharmacokinetic siudy) will be performec in parallel with
the in vitro and/or in situ studies to assess intestinal permeability. in general, drug absorption
in animals ts believed to be a good predictor of absorption in humans.

vii) Gastrointestinal toxicity

The compounds or drugs according to the invention can be further analyzed, tested
or vaiidated for gastrointestinal {G) toxicity. Gastrointestinal toxicity of a compound in vivo
can be reiiably established through the implementation of a standard battery of general
toxicologicai assessments. Genarally, regulatory test guidelines from the EU, OECD, ICH,
FDA and JMOHW are used as reference material for the preparaiion of study protocols for
such assessments. In Norih America, the toxicological assessments wili generaily be carried
out in compliance with the United States Feod and Drug Administration Titls 27 Code of
Federal Regulations Part 58, Good Laboratory Practice for Non-clinical studies issued on
December 22, 1878, Federal Register plus subsequent amendments.

Within the coniext of such a nen-clinical assessment of the toxiclly of a particutar
compound, Gi toxicity may specifically be assessed through the monitoring of body weight
gain, the gross examination of materials emitted by the test subject {specifically vomitus and

“feces) and the monitoring of food/water consumption (appetence). Furthermore, upon

termination of a non-ciinical toxicological assessment, the retenfion and processing of Gl
tract tissues from the test subject(s) to the siide stage, followed by histopathological
examination of said lissues by a trained pathologist, is a useful too!, complementary to the
aforementioned “in-life” observations.

viii) Crossing of the Blood Brain Barrier (BEB)

The blood-brain barrier (BBB) is a very specialized barrier system of endothehial cells
that separates the blood from the underlying brain cells, providing protaction 1o brain cells
ang preserving brain homeoestasis. The brain endothelium has a complex arrangement of
tight junctions between the cells that restrict the passage of moiecuies. Typically the BBE s
permeable to small and iipophilic moiecules, but larger molecules are generally not
transported across unless there is an active transport system available. Thus this is ong of
the stumbling blocks for drug delivery. An additionai problem is the very effective drug effiux
sysiems (P-glycoprotein), which pump the drug back out of celis,

The compounds according to the invention can be further analyzed, tesied or
validatec for their ability 1o crogs the BBE is so desired. Many in-vifro, in-vivo and in-slfico
methods may be employed during drug development to mimic the BBB (Lohmann et al.
(2002) Predicting blood-brain barrier permeability of drugs: evaluaiion of different in vitro
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assays. J Drug Target 10:263-278; Nicolazzo et al. (2006) Methods to assess drug
permeability across the biood-brain barrier. J Pharm Pharmacol 58:281-293). in-vifro models
include primary endothelial cell culiure and immortalized cell lines such as Caco-2, BMEC,
MDCK. These cells are useful as a screening method and can appropriately rank
compounds in order of BBB permeability. in vivo models such as the internal carotid artery
single injection or perfusion, intravenous bolus injection, brain efflux index and infracerebral
microdialysis provide more accurate information regarding brain uptake, and these can be
compiemented with novel imaging technigues (such as magnetic resonance imaging and
positron emission tomography;}, although such methods are not suited to high-throughput
permeabliity assessment.

ix} Brain and CSF level

The brain and/or cerebrospinal fluid (CSF) levels of the compounds or drugs
according to the invention can be assessed, measured or estimated using various models
methods, and assavs (see Poichoibz MJ, and Nocerini, MR (2004} DMD 32:1190-1188;
Oriowska-Madiack M. (2004} Acta Neurobiol Exp 64: 177-188; and Hocht, C, Opezza, JA
and Taira, CA {2004) Curr Drug Discov Technoi 1:269-85)

One of the most common technigues is probably a brain sampling after a whole
animal absorption study {pharmacokinetic). For instance, pharmacokinetics (PK) profiles of
the compound of the invention could be investigated using typical nonciinical PK studies in
mice. Briefly, at different time-poinis following infravenous, subcutaneous and oral
compound adminisirations, brain, CSF and plasma samples are collected. The brain, CSF
and plasma samples are then analyzed by LC/AS to determine the conceniration-time
profiles of the compound.

Alernatives such as brain diaiysis or distribution of a2 radiciabelled compound with or
without autoradioluminography could also be used. A typical example is a tissue disiribution
study to assess the time course elimination of radicactivity from tissues following the
administration of a known guantity of radiolabsled compound, the percentage of the original
dose transported in the brain or CSF can be determined. Furthermore,
autoradioluminography of crycsections confaining brain tissues with 2 wide range of
radioactivity concentrations can be readily quantified to determine brain levels of a drug.

Alternatively, microdialysis offers a way to remove drugs from the brain. The principle
of microdialysis is based on the diffusion of molecutes through smali-diameter pores of a
semi permeable membrane tubing connected to a probe that is implanted into & defined
brain area. The probe is connected to a periusion pump and perfused with a fiquid, which
equilibrates with the fluid outside the tube by diffusion in both directions. A guantitative
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analysis of drug in the fraction-coliected microdialysaies reflects their concentration in the
fluid.

Those skilied in the art will recognize, or be able 1o ascertain using no more than
routine experimentation, numerous equivalents io the specific procedures, embodiments,
claims, and exampies described herein. Such eqguivalents are considered to be within the
scope of this invention and covered by the claims appended heretc. The contents of ail
references, issued paients, and published patent applications cited throughout this
appliication are hereby incorporated by reference. The invention is further illustrated by the
following examples, which should not be construed as further limiting.

EXAMPLES

The Examples set forth herein below provide sxemplary syntheses of certain
representative compounds of the invention. Also provided are exempiary methods for
assaying the compounds of the invention for in vitro stability, microsomes metaboiism and
mouse bloavaliability.

Uniess otherwise indicated, all numbers expressing quantities of ingredients, reaction
conditions, concentrations, properties, and so forth used in the spacification and claims are
0 be undersiood as being modified in all instances by the term "about.” Al the very least,
each numerical parameter shouid at least be construed in light of the number of reporied
significant digits and by appiying ordinary rounding technigues. Accordingly, unless indicated
to the contrary, the numerical parameters set forth in the present specification and attached
claims are approximations that may vary depending upen the properties sought to be
obtained. Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the embadiments are approximations, the numerical values set forth in the specific
examples are reported as precisely as possibie. Any numerical vaiue, however, inherently
contain certain errors resulting from variafions in experiments, testing measuremenis,
statistical analyses and such.

The present invention aiso relates to novel compounds and the synthesis thereof.
The foliowing detailed exampies describe how to prepare the various compounds and/or
perform the various processes of the invention and are to be construed as merely illustrative,
and not iimitations of the preceding disclosure in any way whatsoever. Those skifled in the
art will promptly recognize appropriate variations from the procedures both as io reactants
and as to reaction conditions and iechnigues. in some cases, ihe compounds may be
commercially available.
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Example 1-A: Chemical Synthesis of Amino acid prodrugs
Accordingly, the following examples are presented to iliustrate how some amino acid
pradrugs according fo the invention compounds may be prepared.

Preparation of N-hvdroxysuccinimide ester
Rt Re

R R
_NHS HBTU M oL
BOCNMT( TNEt, CHCL BOONT TN
i
Re O

0
Rl X _NHS HBTU RO
— e e .,
hig NEL, CH,Cl, NN
0
0

O

To a stirred selution of a N-Boc-protected amino acid or a carboxylic acid (10 mmol)
in CH:Cl (100 mL} was added HBTU (NNN.N-Tetramethyl-O-(1 H-benzotriazol-1-
yhuronium hexafluorophosphate, 4.17 g, 11 mmot) foliowed by addition of triethylamine (1.33
mL, 11 mmoi) and N-hydroxysuceinimide (NHS, 1.26 g, 11 mmol). The reaction mixiure was
stirred at room tfemperature for 4 h, and then diuted with HCI {1 N} and EtOAc (ethy
acetate). The organic layer was isolated, dried over Na,50,, and concentrated. The residual
matarial was purified by fiash chromatography on silica gel using hexanes-EtOAC as eluent
to afford the corresponding N-hydroxysuccinimide ester in good yigld {about 70 to 88%).

(Seneral procedures for the preparation of aming acid prodrugs of 3-amino-1-propanesulfonic

acid (Frocedures A to D).

Procedures A to D were used in different combinations, o produce exemplary
compounds of the invention. Resulis for the preparation of Compounds A to Y using these
procedures are summarized in 7able 2 below.

Procedure A:

. Q 1) PN 8Os RT M2 ’
BOCNT Tar” N NaOH - HNWB/ N~ ~S0H
! ) 2) H | n |
Rt O Re O
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A solution of the N-hydroxysuccinimide ester of a N-Boc-protected amino agid or a

carboxylic acid (48 mmol, 1.2 eg) in acetonitrile or acetone (50 mi) was added siowly to a
solution of 3APS, 3-aminc-1-propanesulfonic acid, 40 mmol, feg in 2 N NaQH (sodium

hydroxide, 23 mi, 1.2 eqg). The reaction mixture was stirred at room temperaiure overnight.

The mixture was evaporated to dryness. The residual material was stirred with =10 (disthy!

ether, 1530 mL) at refiux for 1 h. After the mixture was cooled to room temperature, the solid

material was filtered and dried in vacuo, and further purified according to one of the fallowing

work-up procedures;

{

The solid material was dissolved in water (25 mL), The solution was passed through
a Dowex™ Marathon™ C jon-exchange coiumn {strongly acidic, 110 g (5 eq), pre-
washed). The sitong acidic fractions were combined and treated with concentrated
AGH (10 mL). The mixiure was stirred at 50 °C for 30 minutes, and then was
concentrated 1o dryness. The residual material was co-avaporated with EiCH
(ethanol) to compietely remove water. E1CH (100 mL) was added to the residue. The
mixture was siirred at refiux for 1 h, and then cooled to room temperature. The solid
material was collected by filiration. The solid material was dissolved in water (10 mL}.
The solution was added drop wise to EtOH (100 mL). The product slowly crystallized,
The suspension was strred at room temperature for 30 minutes. The solid material
was collecied by filiration and it was dried in a vacuum oven {60 °C).

The solid material was dissolved in water (25 mL). The solution was passed through
a Dowex™ Marathon™ C ion exchange columsn (strongly acidic, 110 g (5 eq), pre-
washed), The strong acidic fractions were combined and evaporated under reduced
pressure. The residue was purified using reverse-phase flash chromatographny
(Biotage™ SP-1, C18 column). For ester-coniaining compound, the final product was
obtained after removai of the solvent from the corresponding fractions; otherwise go
to (ii).

(i) The residual material from step (i) above was stirred with 4N HCI (3 mL) at 50 °C for

1 h. A white solid precipitate appeared. After the mixiure was cooled o room
temperature, the solid material was collected by filiration, washed, and dried in
vacug, to provide the final product.

Procedure B:

Te a stirred solution of a2 N-hydroxysuccinimide ester {3 mmoll in a mixiure of

H.Crtetrahyarofuran/CH;CN (10/10/10 mL) was added a solution of 3APS (as sodium salt)
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(3.3 mmol} in water (5 mL) foliowed by addition of 1M solution of potagsium carbonate {3
mL). The reaction mixture was stirred for 2 h, followed by additon of EtOAc. The agueous
layer was isolaied and concentraled to & residue. The residual material was purified by silica
gel column using CHCl-MeCH (80-20) 2s eluent to give the corresponding N-Boc-protected
product. The purified N-Boc-protected product was dissoived in dichloromethane {CH,Cly, 10
mb)} followed by addition of TFA (frifluoroacetic acid, 5 mL). The reaction mixiure was stirred
for 2 h, and then concentrated under reduced pressure. The residual solid matstial was
suspended in a minimum amount of ethano! and the mbxure was stirred for 1 h under refiux.
The mixiure was cooled to room temperature. The solid material was collected by filiration,
washed with ethanol, and dried under high vacuum to gfford the final compound.

Procedurs C:

To the purified product containing benzy! ether protection group from procedure A or
B (3.5 mmol) in 2N HCI (300 mL) and MeCH (500 mi.) was added 10% Pd/C (2.15 g}. The
mixture was stirrecd under hydrogen {1 atm} overnight. The suspension was filiered (Celite™.
The filter cake was washed with water (2 x 25 ml). The filirate and the washing were
combined and evaporated under reduced pressure. The residual material was purified by
reverse-phase HPLC (C18 column, 0-15% aceionitrile/water). The fractions cortaining the
desired compound were combined and iyophilized, {o give the final product,

Procedure D:

This procedure is used to produce prodrugs of Formutae | to VI having more than
one amino acid coupled to 3APS. Step {) or (i) is repeated as necessary to obtain the
desired compound.

nga 0 2) H+ - R I
RO

@]
5 ‘i} M O ,
N 80,H o H
HNT‘S%”/ NN NaOH ‘)LN%W/N\/\\/S%H

{h The product from Procedures A, B, or T is further reacied with another N-
hydroxysuccinimide ester following Procedure A(f).
i)y The product from Procedures A, B, or C was further reacted with another M-

hyvdroxysuccinimide ester following Procedurs B.



Table 5. Synthesis and characterization of exemplary amino acid prodrugs according
to the invention

D Synthetic | NMR (ppm; tH 500 MHz; 130 125 MHz)
Procedure | MS (electrospray ionization)
TH NMR (D20) § 1.85-1.61 {im, 2H), 2.40-2.48 (m, 2H), 2.82-3.01 {m, 2H),
3.04-3.14 {m, 2H), 3.85-3.98 (M, 1H}, 7.11 (d, J = 6.8 Hz, 2H}, 7.187.27 (m,
At | AR 3+); 13C NMR (D20) 5 23.76, 37.02, 38.21, 48.36, ©4.79, 128.16, 128.33,
128.42, 134.01, 168.84;
miz 285 (M-1),
1H NMR {D20) 8 0.87-0.90 (m, 6H), 1.83 (gt, J = 7.2 Hz, 2H), 2.02-2.08 (m,
Az | A 1H), 279 (L, J=7.8 Mz, 2H), 3.20-3.28 (m, 2H), 3.80 {d, J = 6.3 Hz, 2H); 130
NMR (D20} § 17.20, 17.77, 2411, 30.00, 38.29, 48.63, 58.96, 168.35;
m/z 237 (M-1).
1H NMR (D20} 8 1.82 (g1, J = 7.2 Mz, 2H), 1.80-1.85 (m, 3H), 2.28-2.33 {m,
| Al 1H), 278 {t, J = 7.8 Hz, 2H), 3.22-3.33 (m, 4H), 4.21 (1, J = 7.1 Hz, 2H); 13C
NMR (D20) § 23.05, 24.07, 20.85, 38,49, 46.57, 48.53, 60.00, 160.64;
m/z 235 (M-1).
TH NMR (D20) § 1.30 (qt, J = 8.1 Hz, 2H), 1,57 (qt, J = 7.8 Hz, 2F), 1.75-
1.85 {m, 4H), 2.77-280 (m, 2H), 287 (, J = 7.B Mz, 2}, 3.17 {gt, J = 8.7 Hz,
Ad A TH), 331 (gt. d = 6.8 Hz, 1H), 3.83 (t, J = 6.8 Hz, 1H); 13C NMR (D20 &
21.47, 24.12, 30.49, 38.30, 39.18, 48.63, 53.28, 1689.66;
m/iz 266 (M-1).
1HNMR (DMSO-d6; 6 0.81 (d, J=7.3 Hz, 3H), 7.84 (d,J = 7.3 Hz, 3H}, 1.5
{m, 1+, 1.60 (m, 2H}, 1.82 {m, 2H), 2.80 (m, 2H), 3.20-3.30 (m, 2H}, 3.82 (1,
A 1B J = 7.3 Hz, 1H); 13C NMR (DMSO-dB) & 21.48, 21.78, 24.17, 38 42, 40.08,
48.68, 52.35, 170.53;
m/z 251 (M-1}.
1H NMR (D2C) § 1.84 (m, 2K}, 1.98 (s, 3H), 2.04 (m, 2H), 2.47 {m, 2H), 2.80
pe | AG) (m, 2H), 3.24 (t, J = 6.6 Hz, 2H), 8.84 [{, J = 6.6 Hz, 2M); 18C NMR (D20) §
. 14.18, 24.07, 28.44, 30.09, 38.41, 48.61, 52.88, 165.46;
miz 269 (M-1).
THNMR (D20} 8 1.81 {m, 2H), 2.80 {m, 2H), 3.23 (m, 2H}, 3.80 (m, 2H), 3.97
A7 | BandC {t, J = 5.0 Hz, 1H); 138 NMR (020} § 24.10, 38.39, 48.55, 54.88, 60.44,
167.97;
m/z 225 (M-1).
THNMR (D20)53.90 (g, 1H, J =7 Hz), 3.23 (1, 2H, J = 7 Hz), 2.78 (m, 2H),
a8 | ag) 1.82 (m, 2H), 1.38 (4, 3H. J = 7 Hz); 13C NMR (D20) & 170.80, 49.30, 48.55,
38.28, 24.14, 16.6b;
m/z 208 (M-1), %
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TH NMPR (D20) 6 3.90 (g, 1H, J = 7 Hz}, 3.23 (1, 24, J = 7 Hz), 2.78 (m, 2H),
1.82 (m, 2H), 1.38 (0, 3H, J = 7 Hz); 130 NMR (D20) 5 170.90, 40.30, 48.55,

A AR

38.28, 24.10, 16.85;

m/z 208 (M-1).

1H NME (D20) & 1.82 (m, 2H), 2.80 {m, 2H), 3.25 (m, 2H).3.67 {8, 2H}; 13C
A0 I B NMR (D20 § 24.13, 38.26, 40.57, 48.55, 167.08;

m/z 185 (M-1).

THNMR(DR2O) 8 0.80 (1, 3H, J =7.3 +z}, 0.86 {d, 3H, J = 5.8 Hz), 1.12 {m,

M), 1.40 (m, 17}, 1.83 (m, 3H), 2,79 {m, 2H), 3.25 (m, 2H), 3.68 {d, 1H, d =
A11 LA 5.9 Hz ); 13C NMR (D20) §10.58, 14.22, 2411, 24.37, 36.38, 38.28, 45.64,

58.00, 169.35;

miz 251 (M-1).

1H NMR (D20) & 1.84 {m, 2H), 1.88 (g, 3H), 2.04 (m, 2H), 2.47 (m, 2}, 2.80
a1z | A {m, 2H}, B.25 (1, J = 7.3 Hz, 2H}, 3.84 {t, J = 6.6 Hz, 1H); 130 NMR (D20) &

14.18, 24.08, 28.42, 30.07, 38.41, 48.60, B2.66, 168.42;

m/z 268 {M-11.

THNMR (D20} 81.70 (m, 2H), 2.64 {m, 2H}, 8.15 (m, 1H), 3.22 (m, 3H}, 4.08
a3 | AG {t, d = 8.3 Wz, 1H], 7.30 (s, 1H), 8,55 (d, J = 1.5 Hz,1H}; 13C NMR (D20 &

23.94, 26.27, 38.36, 48.43, 52.59, 118.4C, 126.36, 134.60, 167.96;

m/z 275 (M-1). _

1H NMR {D20) 3 1.46 (¢, 8H), 1.83 {m, 2H}, 2.77 (m, 2H), 3.23 {§, / = 6.6 Hz,
A4 | A 2H); 13C NMR (D20) § 23.44, 24,08, 38.54, 48.61, 57.21, 173.205;

m/z 223 (M-1).

1HNMR (D20) 6 1.74 (m, 2H), 2.68 (m, 2H), 3.15 {m, 1H), 3.23 (m, 1H), 4.85
At | Al {s, 1H), 7.38 {m, &H), 13C NMR (D20) 8 24.00, 38.35, 48.38, 56.84, 128.05,

128.87, 130.62, 132.4€, 168,90,

miz 271 (M-1).

THNMR (D20) 6 1.49 (m, 2H), 2.34 (m, 2H), 2.98 (m, 2H}, 3.21 (m, 2H), 4.01

{m, 1H), 7.05 (t, 1M, J = 7.3 #z), 7.14 {m, 2H), 7.38 (d, 1H, J =8.3 Hz}, 7.47
At1g | A {m, 1H); 13C NMR (D20} § 25.60, 27.14, 38.32, 48.16, 54.12, 106.83,

112.32, 118,23, 119.70, 122.35, 125.18, 126.83, 136.37, 139.57;

m/z 324 {M-1).

1HE NMR (D20} 6§ 1.66 (m, 2H), 2.58 {m, 2H)}, 2.82 {m, 1H}, 3.04 {m, 2H}, 3.17

A anc {m, TH)L, 388 (4, tH, J=8.3Hz), 8.77 (d, 21, J 8B H2),7.02{d, 2H, J=8.3

A7 then G Hz): 13C NMRB (D20) § 23.91, 36.28, 38.25, 48.42, 54,95 116.07, 1258.88,

130.81, 155.29, 160.56;
miz 301 {M-1).
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TH NMR (D2C) 5 1.77 {m, 2H), 2.74 (m, 2H), 3.19 (, m2H), 3.75 (m, 2M), 4.05

{m, 1H), 4.42 & 4.65 (AB, J = 12.2 Hz, 2H}, 7.2B8-7.33 (m, 5H); 130 NMR
A18 1 B (020) & 24.10, 38.43, 53.23, 67.38, 73.28, 128.63, 128.67, 128.96, 136.86,

167.55;

miz 215 (M-1).

THNMR (D20)8 7.5 - 7.2 (M, 5H), 5.05 (g, 2H), 3.83 (L. J = 6.7 FHz, 1H), 3.21
a1o | A {gn,J=7Hz 1H), 3.08 (an, J =7 Hz, 1H), 2.78 {t, J = 7.8 Hz, 2H), 2.45 (1, J

=7 Hz, 2H}, 2.05 {g, J = 7 Hz, 2H), 1.78 {m, 2H);

m/z 357 (M-1).

THNMRBR (D20) § 1.78-1.85 (m, 4H}, 2.24 (1, J = 7.5 Hz, 2H), 2.78 {m, 2H),
a0 | 8 288, J=7.8Hz 2H), 3.18(t, J = 7.0 Hz, 2H}. 13C NMR {D20) 3 23.21,

2416, 32.70, 38.16, 38.98, 48.65, 175.06;

miz 223 (M-1).

TH NMR (D20) & 1.84 (gn, 2H, J = 7 Hz}, 2.78 {dd, 2H,J = 8.0, § Hz), 2.85
AZ2 {ABX, 2H,J =5.5,7.3, 18.8 Hz), 3.24 (m, 2H}, 3.81 (dd, 1H.J = 5.5, 7.3 Hz);

130 NMR (D20) 6 24.05, 35.42, 38.48, 48.53, 50.04, 189, 171.

THNMR (D20} & 0.8 -0.9{m, 12H), 1.81 {m, 1H), 1.88 {m, 1H), 2.09 (m,
A 2H), 277 (t, 2H, d = 8.0 Hz), 3.20 (1, 2K, d = 6.6 Hz), 3.73 (¢, 1H, J = &6.1

Hz), 3.87{d, 1H, J =8.9 Hz}; 13C NMR (D20} 6 16.93, 17.82, 1B.38, 24.21,

28.77,30.27, 38.08, 48.72, 58 .42, 60.66, 16945, 173.07

Example 1-B: Chemical Synthesis of Carbamate Prodrugs
Accordingly, the following examples are presented o ilusirate how some carbamaie

prodrugs according fo the inveniion compounds may be prepared.

General synthetic procedures

Procedure A:

Preparation of Compound C1 scdium salt (3-(p-acetyloxybenzyloxycarbonylaming-1-
propanasulfonic acid sodium salf)
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Step 1: Acetyl chloride (3.0 mL, 42 mmol, 1 eq.) was added to a mixture of 4-
hydroxybenzyialcoho! (5.3 g, 42 mmol), sodium hydroxide (1.7 g, 42 mmol, 1 eq.) and
tetrabutyiammonium hydrogen sulfate (7 g, 0.5 eq.) in dioxane (100 mL). The reaction
mixiure was siirred at room temperature for 4 hours and the solvent was evaporated. The
residue was dissolved in water and the agueous phase was extracted with EtOAc (3 times;.
Combined organic exiracts were washed with brine, dried and concentrated to give coloriess
oil. Purification (flash chromatography; hexang/EiOAc, gradient mode) provided the
corresponding monoacetate (2.2 g, 32%).

Step 2. Anhydrous pyridine (1.1 mL, 13 mmol, 1 eq,) was added drop wise to a
stirred mixture of p-nitropheny! chioroformaie (4.0 g, 20 mmol, 1.5 eq.) and the monoacetate
(from step 1; 2.2 ¢, 13 mmol} in dry tetrahydrofuran (THF, 25 mL). A white precipitate was
tormead. The reaction mixture was stirred at room temperature for 1 hour. The solid material
was removed by filiration, and washed with THF. The filfrate and the washing wers
combinad; and the solvent was removed in vacuc. The residual material was purified by
fiash chromatography {nexanes/EtOAc, 80/20) to provide the corresponding carbonate (2.8
g, 629%;.

Step 3: The carbonate prepared in the step 2 (2.2 g, 6.7 mmol, 2 eq.} was added 1o
3 mixture of 3-aminc-1-propanssuifonic acid sodium salt (538 mg, 3.32 mmol) and
triethylamine (0.80 mi, 8.7 mmol, 2 eq.) in dry N,A-dimethytformamide (DMF, 10 mL}. The
reaction mixture was stirred ai room temperature overnight. Solvent was removed by
evaporation. The residue was partitioned between EtOAC and water. The aqueous phase
was washed twice with FiOAc, and then lyophilized. HPLC purification (acetoniirile/water,
20/80 to 90/10) of the lyophilized residue provided the title compound (396 mg, 32%): R
NMR (5300 MHz, D,0O) & ppm 1.83-1.89 (m, 2M), 1.98 (5, 3H), 2.84-2.87 (m, 2H), 3.18-3.21
(m, 2H), 5.01 (g, 2H), 7.03 (d, J= 8.8 Hz, 2H), 7.32 (d, J = 8.3 Hz, 2H).
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Procedure B:
Preparation of Compound C& sodium salt (4-aza-7-methyi-15-phenyl-11,11-tetramethylene-

€.8,14-trioxa-5,9,13-trioxo-1-pentadecanesulfonic acid sodium salt)
0 1) Ag.0, o] o )
MeCN/H,O - /L )J\
BnO OH 2] loluene, BnO o to” o

)
00
izl
\(O Ry NOE
[ DMF,
HNT"80,Ne

NO,
BnO o O/J\E/\/\SOENa

Step 1. & 3-Tetramethylenegiutaric acid monobenzyl ester (4.26 g; 15.4 mmol,

prepared by heating overnight the cyciic anhydride and benzyl alcohol in dioxane at 80 °C in
the presence of trizthylamine) and silver oxide (2.13 g; 8.22 mmol) were added to a mixiure
of acetoniirile (40 mi.} and water {20 mL}. The mixture was heated at 70 <C for 3 h, and then
cooled to room temperature. The mixiure was filiered through a pad of Celite™. The filtrate
was evaporated to provide the crude siiver carboxylate (2.18 g, 37%) which was usad in the
next step without further purification,

Step 2: A mixture of the silver carboxylate (2.19 g, 5.71 mmol; from step 1) and the
carbamating reagent (1.00 g; 2.95 mmol; for preparation, see in Procedure Ej, in dry
toluene (100 mL) weas heated at 50 °C overnighi. The mixiure was filtered through a pad of
Celite™ and the filtrate was evaporated to provide a solid residue, which was purified by
fiash chromatography using hexane/EtOAc (80/20}, giving the desired intermediate product
{0.915 g, 64%).

Step & To a solution of the intermediate product from step 2 (0.915 g; 1.88 mmol) in
dry DMF (5 ml) was added 3-amino-1-propanesulfonic acid sodium salt (300 mg; 1.85
mmoal). The mixture was stirred at room temperature overnight. Solvent was removed by
evaporation. The residual material was purified by Prep-HPLC to furnish, after lvophilization,
the title compound (632 mg, 66%): ' H NMR (CD,0D, 500 MHz} £1.39{d, J= 5.8 Hz, 3H),
1.64-1.59 (m, 8 H), 1.97-1.91 (m, 2H), 2.49 (gAB, J = 15.1 Hz, 2H), 2.57 (QAB, J = 15.1 Hz,
2H), 2.82-2.79 (m, 2H), 5.10 (s, 2H), 8.26-3.14 (m, 2H), 6.74 (g, J = 5.9 Hz, 1H), 7.38-7.28
(m, BH).
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Other compounds prepared according 1o this procedure (Procedure B) were purified
either by precipitation using methanol and ether (pratocaol (b)), or by preparative HPLC
using acetonitrile/water (106/20 to 90/10} over 40 minuies at 50 mb/min (protocol {a)), or by
normal phase flash chromatography (protocs! {c)).

Procedure C:
Preparation of Compound G2 sodium salt {4-aza-12-carboxy--6,8-dicxa-5,9-dioxo-7-methyl-
11,11-tetramethyiene-1-dodecanesulionic acid sodium salf)

JE2I LT
B0 o o ﬁ/\/\SOSNa

Pd/C 10%,
Methanol,
Hy, 40-45 psi

JL20 IR
HO o o ﬁ/\/\soawa

The corresponding benzviester of the fitle compounc (344 mg; 0.678 mmol) in
methanol (& mL) was hydrogenolyzed in the presence of PA/C 10% (100 mg) at 40-45 psi for
1 h. The mixiure was filiered {Celite™ and the filirate was evaporated to dryness. The
residual material was dissolved in water and the agueous solution was lyophilized, giving the
fitie compound (242 mg, 86%): ' H NMR (CD;0D, 500 MHz) 5 1.43 (d, J = 5.4 Hz, 3H), 1.86-
1.83 {m, 8H), 1.98-1.92 (m, 2H), 2.49 (0AB, J= 15.6 Hz, 2H}, 2.55 (gAB, J= 18.1 Hz, 2H},
2.83-2.80 {m, 2H), 2.24-3.21(m, 2H}, 8.77 (q, J = 5.4 Hz, 1H}, 7.22{t, /= 5.4, N-H).

Procadiure D

Preparation of Compound C19 sodium salt (4-zza-7-methyl-6.8,-dioxa-5.9 -dioxo-1-
decanesuifonic acic sodium salt)
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Step 1: 1-Chioroethyichioroformate (7.8 mi, 72 mmol, 1 eq.) was added 10 an ice-
cold solution of p-nitrophenol (10 g, 72 mmol) in chioroform (100 mL;, followed by drop wise
addition of pyridine (8.8 ml, 108 mmol, 1.5 eq.) over a period of 20 min. The mixture was
siirred in the ice-cold bath for 15 min, and then at room temperature overnight. The reaction
mixture was ssauentially washed with water, 1 N hydrochioric acid, water, 1 N sodium
hydroxide, water, and brine. The organic phase was dried over Na.50,, and concentrated
to give vellow oil which, upon standing, crystallized to afford the corresponding chioroethyl
carbonate (18.5 g, 88%).

Siep 20 To a sclution of the chloroethy! carbonate obtained from step 1 (8.2 g, 25
mmal) in acetic acid (150 mL) was added mercuric acetate (9.6 g, 30 mmol, 1.2 eq.). The
mixture was stirred at room temperature overnight. Solvent was evaporated. The residual
maierial was transferred into ether and washecd with a saturated aguecus solution of
NaHCCs The ether taver was dried over MgSQO, and concentrated to give thick yellow aii.
Purification of the ol by flash chromatography (hexane/E1OAc, 95/5) gave the corresponding
acetyloxyethyl carbonate (8.3 g, 84%) as colorless oil.

Step 3: The acetyloxysthyl carbonate obtained from step 2 (1.2 g, 4.3 mmol, 1.1 eq.)
was added o a solution of 3-amino-t-propanesulfonic acid sodium salt {0.63 g, 3.9 mmoi} in
DMF (10 mL). The yeliow soiution was stirred at room temperature overnight {color
disappeared at this point). Solvent was evaporaied. The residue was triturated several
times with ether and turned to a solid. The solid material was coliected by filtration o give
the iitle compound (840 mg, 74%}: 'H NMR (500 MHz, CD;OD) & 1.42 (d, J = 5.4 Hz, 3Hj,
1.92-1.98 (m, 2H}, 2.02 (s, 3H), 2.80-2.83 {m, 2H}, 3.20-3.24 (m, 2H}, 6.73 (g, J= 5.4 Hz,
1Hj)

Other compounds prepared according to this procedure (Procedure D) were purified
either by exiraction from EtOAc/water followed by lycpnilization of the acgueous phase, or
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reverse-phase APLC purification using acetonitrile/waser (10/20 to 80/10) in 40 minutes at 50
mL./min, or trituration/precipitation with ethear.

Procedure £

Preparation of Compound C18 sodium salt (4-aza-7-methyl-8,8,-dioxa-5,9,-dioxa-9-phenyi-1-

nonanesulfonic acid sodium salt)

ﬁo

LA A A

o
% Na, MaCN ——

| o= io A Toluehe
L
NG, NO NO

2 2

Step 1. Sodium iodide (14 g, 82 mmol, 3 eq.) was added 10 a mixture of the
chlcroethyi carbonate (7.5 g, 31 mmol; for preparation, see in Procedure D}, and grinded
calcium chioride (10 g, 82 mmoi, 3 eq.; in acetonitrile {100 mL). The reaction mixture was
stired at 40 °C for 4 days, foliowed by filtration through a Celite™ pad. The filtrate was
concentrated to give a red gummy residue. Purification by flash chromatography using
EtOAc/hexane in a gradient mode provided the corresponding ilodoethy! carbonate (6 g,
59%) as pate yellow oil.

Step 2: Sliver benzoate (5.5 g, 24 mmol, 2 eq.) was added o a soiution of the
above-obiained iodoathyl carbonate (4 g, 12 mmol) in toluene {50 mL). The reaction mixtiure
was stirred at 55 °C overnight. The reaction mixture was filtered through a Celite™ pad and
washed with ioiuene. The filirate was concentrated to give brown cil. Two repeated
purifications by flash chromatography using hexane/EtOAc (90/10) provided the
corresponding benzoate (0.88 g, 25%;) in high puriiy.

Step 3: The above-cbiamned benzoate (0.98 g, 2.2 mmol, 1.1 eq., from step 2) was
added to a solution of 3-amino-1-propanesulfonic acid sedium salt (0.43 g, 2.7 mmol) in

DMF (10 mL). The yellow solution was stirred at room temperature overnight. Solvent was
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evaporzted and the residue was dissolved in water. The agueocus solution was extracted
several times with EtOAc. The agueous phase was lyophilized to give a residue, which was
purified by preparative HPLC (acetonitrilefwater; 10/90 to 80110, in 40 minutes at 50
mL/min}, giving the title compound (256 mg): "M NMR (500 MHz, D;C) 6 1.48 (d, J = 5.4 Hz,
3H), 1.76-1.82 (m, 2H), 2.76-2.79 (m, 2H), 3.08-3.14 (m, 2H), 6.83 (g, J = 5.4 Hz, 1H), 7.39-
7.42 (m, 2H), 7.55-7.58 {m, 1H), 7.89-7.91 (m, 2H).

Procedure F:
Preparation of Compound C26 sodium  salt  (3-({[(5-methyl-2-axo-1,3-dioxol-4-yl)
methoxyicarbonyl}amino)-1-propanesulfonic acid sodium salt)

C o]
b S0 . Y
N\//\\/SOBNE'
H/

A mixture of the sodium salt of 3-amine-1-propanesulfonic acid {832 mg; 3.30 mmol)
and the carbonate (1.10 g; 3.73 mmol; ref., J. Med. Chem., 1996, 39, 480-486) in dry DMF
(10 mL) was stirred at room temperature ovarnight. Soivent was removed in vacuo. To the
residual material was added methanol (10 mlL), followed by the addition of sther (75 mi).
The solid formed was collected by filration and dried overnight. Again the sofid was
dizscived in methana! (10 mL) and precipitated with ether (50 mL). The solid maleral was
purified by preparaiive HPLC to provide the titie compound (260 mg. 25%) as a while
fyophilized soiid: ' ¥ NMR {CD,0D, 500 MHz) B 1.98-1.82 {m, 2H), 2.17 {s, 3H}, 2.80-2.79 {
m, 2H), 3.22 (1, J= 6.8 Hz, 2H), 4.86 (s, 2H},

Table 6. Synthesis and characterization of exemplary carbamate prodrugs according
to the inventicn

D Synthetic Purifying | m/z (ES")
procedure protocol* | (M-H, or M-Na)'

C1 A (@) 330.0

c2 C (d) 354.0

C3 B.C {a) 408.5 !
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C4 c (d) 326.1

Cs B {a) 418.0

o B (a) 484.0

c7 B (a) 458.3

c8 c (@) 368.5

ce c {d) 354.0
c10 B (&) 4441
C11 C (d 340.1
c12 B (o) and (a) 430.2
c13 B (b} and {a) 378.0
C14 B {b) and (&) 372.0
C15 D (@) 310.2
C18 E {a) 33c.2
c17 D (a) 336.2
C18 D ) 296.2
C19 D (o) 268.1
C20 D (a) 378.1
C21 D (a) 310.1
c22 D (a) 296.1
Cc23 o (a) 338.1
Ca4 D {a) 310.0
C25 E (b 253.9
C26 F (b} and {a) 204.0

*{a), HPLC, [b), precipitation; (¢}, fiash chromatography, (d}, fitration; (), extraction, * the
compounds were synthesized as acid form, or as sodium salt form.

Example 1-C: Chemical Synthesis of Non-Amino Acid Amide Prodrugs
Accordingly, the following examples are presented to illustrate how some non-amino
actd amide prodrugs according to the invention compounds may be prepared.

Procedure A:

Preparation of Compound B3 seodium sall (33-dimethyi-5-oxo-5-[(3-sulfopropyliamino]
pentanoic acid sodium sali)
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A mixture of the 3,3-dimethylglutaric anhydride (1.0 g; 7.9 mmol) and 3-amino-1-
propanesulfonic acid sodium salt (0.850 g; 5.86 mmol) in dry DMF (20 mL) was stirred at 50
°C for 2 days. Solvent was evaporated. To the residual material was added methanol (~10
mL} followed by the addition of ether {~50 ml) to cause precipitation. The precipitate formed
was collected by filtration and then dissoived in water and lyophilized to provide the title
compounds {1.33 g, 75%) as a powder: 'H NMR (D,0, 500 MHz) & 0.94 (s, 6H), 1.82-1.77
(m, 2H), 2.14 (s, 3H), 2.23 (g, 3H), 2.78-2.76 {m, 2H}, 3.16 {t, J= 6.8 Hz, 2H).

Other compounds prepared in the above procedure (Procedure A, ses Table 7)
were purified sither by methanol-ether precipitation (Purification proiocol (B)), or using
preparative HPLC (Purification pretocol (a)), or by normal-phase flash-chromatography
{(Purification protocol (¢)). Reaction time for Compounds B1 and B2 was 4 days; and for all
other compounds, 2 days.

Procedure 8:

Preparation of Compound B7 (3-[3-{2-Hydroxy-({S)-valyl ester}-4,6-dimethyl-phenyl)-3-
methyl-butyryiamine]-1-propanesulionic acid)
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NaCiC,
NaH, PO,

AN EDC
HN SO NalDMAP

O
BOCVal i;j/\/\SOSH Val\o /kb]/\,/\so "
TEA/CH,CL, 1
HFLC purification

Step 1: EDC (A-{3-dimethylaminopropyl)-N -ethyicarbodiimide) (6.4 g, 33 mmol, 3

\ /7 °

eq.y was added, at 0 *C, to a 150-mlL dry dichioromethane solution containing Boc-Val-OH
{4.9 g, 22 mmaol, 2 eq.), the sivlated phenot (3.6 g, 11 mmol; ref., J Med. Chem., 2000, 43,
475-487%, and DMAF (4-(dimethylaminoipyridine, 5.5 g, 45 mmol, 4 eq.). The reaction
mixture was stirred at room temperature overnight, then dituted with dichloromethane, and
washed with a saturated agueous soiution of NaHCGC,, 1N HCl, and brine subsequsnily.
The organic layer was dried and concentrated 1o a cotorless oil residue. Purification of the
residual material (flash chromatography; using hexane/ZtOAc, 95/5) gave the corresponding
termediate (5.7 g, 99%) as & coloriess oll.

Siep 2: The intermediate from step 1 (5.7 g, 11 mmol) was stirred in a mixiure of
THF-water-acefic acid (20 mL/20 mL/60 ml) at room temperature for 3 k; then the solvent
was removed and the residue dried in vacuo. The residual matetrial {the free alcchol)
obtained was used in the next step without further purification

Step 3: A soiution of the alcohol (11 mmuol, from step 2) in dichioromethane {125 mL)
was slowly added to a suspension of PCC (pyridinium ¢hlorochromate, 5.0 g, 23 mmaol, 2.1
eq.) in dry dichloromethane (125 mL). The reaction mixture was stirred ai room temperature
overnight. Solvent was evaporated and the residue was dissoived in a minimum amount of
dichloromethane. The resuliing dichloromeihane solution was passed through a silica gel
column using Hexane/EIOAC (B80/50). Evaporation of the solvent gave the corresponding
aldehvde ais yellow oil which was directly used in the next step without further purification,
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Step 4: A solution of 80% sodium chiorite (2.5 g, 28 mmol, 2.5 eq.) in water (10 mL)
was added slowly io & solution of the aldehyde (11 mmol, form step 3} and sodium
dinhydrogen phosphate (818 mg, 6.8 mmgi, 0.8 eqg.) in acetoniirile (20 mL) and waler (20 mL}
at 0 °C. The mixture was stirred 1 h at 0 2C then at room temperature for 1 h. Sodium suifite
(1.5 g, 1 eq.) was added io decompose peraxides, and the pH was adijusted to 2 with 1N HCI
solution. Reaction mixture was extracted twice with EiOAc. The organic layers wers
washed with brine, dried, and concenirated. Purification of the residual material (fiash
chromatography; CH:Cle/CH:OH, 100/0 fo 95/3) gave the corresponding carboxylic acid (3.4
g. 73%) as a foam.

Step 3: EDC (808 mg, 4.75 mmol, 2 eqg.) was added o a mixture of the carboxylic
acid (1 g, 2 mmol; from step 4), 3-amino-1-propanasulfonic acid sodium salt {380 mg, 2.34
mmol) and a catalytic amouni of DMAP i DMFE (10 mbL). The reaction mixture was stirred at
room temperature overnight. Solvent was removed and the residus was dried in vacuo to
provide the corresponding derivaiive of 3-amino-1-propanesulfonic acid wiich was used in
the next step without further purification.

Step 6: Trifiuorcacetic acid {5 mil) was adced io s soiution of the 3-amino-1-
propanesuifonic acid derivative (2.4 mmol, from step 5) in dichioromethane {5 mlL} at room
femperature. The reaction mixture was stired for 2 h, foliowed by evaporation of the
solvent. The resulted residue was purified (pbreparative HPLC; acefonitrite/water, 5/25 10
70/30 in the presence of 0.01% TFA) 1o vield, after lyophilization, the iitle compound (0.3 g,
29%} as a white sofid: "H NMR (500 MHz, D;0) 51.04 (6, J = 7 Hz, M), 1.07 (d, J = 7 Mz,
3H), 1.39 (s, 3H), 1.45 (s, 3H), 1.55-1.58 (m, 2H), 2.11 (s, 3H), 2.43 (s, 3H), 2.45-2.58 (m,
5H), 2.98-3.02 (m, 2H), 4.26 (d, /= 4 Hz, 1H), .54 (d, J = 1.5 Hz, 1H), .93 (d, J = 1.5 Hz,
TH).

Procadure C:

Preparation of Compound Bi4: 3-{[(3%,5B,7q,12a)-3,7,1 2-trihydroxy-24-oxo-cholan-24-
yllamino}-1-propanesuiionic acid

To a mixture of {+}-choiic acid (5.0 g, 12.2 mmoel}, 3-aminc-1-propanesulfonic acid
sodium salt (1.85 g, 11.5 mmoi), 4-dimethylaminopyridine (72 mg, 0.6 mmol) in DMF (30 mL)
was added N-{8-dimethylaminopropyli- N-gthyicarbodiimide hydrochiorids (EDC, 4.88 ¢,
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24.4 mmol). The reaction mixiure was stirred at room temperature cvernight. The cioudy
mixture was filtered through sintered giass before the solvent was evaporated to dryness
under reduced pressure. The viscous residue was dissolved in water {30 mi). The solution
was treated with Dowex Marathon C™ ion exchange resin {strongly acidic, 30 g, pre-
washed). The suspension was sfirred for 15 minutes before the resin was removed by
filtration. The filirate was concenirated to dryness under reduced pressure and dried i
vacuo., The residue was triturated with diethyl ether (1000 ml). The solid product was
recovered by filiration and dried /1 vacuc. The crude product was purified by flash
chromatography (Bioiage™ SP1: 20-40% EIOH in CH.Cly) and the corresponding fractions
were coliected and lyophilized, affording the titie compound (178 mg, 3% 'H NMR (D:0,
500 MHz) 6 ppm 0.73 (s, 3H), 0.93 (s, 3H), 1.02 (m, 4H), 1.31 (m, 7H), 1.52 (d, 1H, /=145
Hz), 1.65 (m, 8H), 1.79 (m, 3H), 1.94 (m, 3H), 2.04 (m, 33, 2.23 (m, 1H), 2.31 (m, 1H), 2.82
(m, 2H), 3.31 (m, 2H), 3.52 (m, 1H), 3.92 (s, 1H}, 4.08 (s, 1H); °C NMR (D0, 125 MHz) 8
ppm 12,31, 16,82, 22.33, 23.12, 24.30, 2¢6.48, 27.47, 27.85, 20.37, 31.87, 32.71, 34,08,
34.54, 35.08, 35.33, 38.15, 38.49, 38.50, 41.29, 41 .64, 46.27, 46.28, 48.73, 68.33, 71.89,
73.14, 177.44: mfz (ES") 530; {a]p= +25.7° (¢ = 0.005, water).

Table 7. Synthesis and characierization of exemplary non-amino acid amide prodrugs
according to the invention

ID Synthetic Purifving miz {ES)
procedure protocol (M~-H, or Mi-Na)*
51 A | (@) 320.4
B2 A (@) 306.5
B3 A (b) 280.2
B84 A (c) 280.3
85 A (b} 238.0
86 A {b) 525.0
57 B (a) 4413
Bo 2 (&) 491.4
B10 B (a) 457.3
B11 g * (a) 514.2
B13 B (a) 548.1

“ {8}, HPLC; (b), precipltation; (¢}, flash chromatography; (d), filtration; {e), extraction; ™ Procedure B,
replacing 3-APS by N-glyeyl-3-APS; T the compounds were synthesized as acid form, or as sodium
salt form.
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Example 1-D: Chemical Synthesis of Carbohydrate-derived Prodrugs
Accordingly, the following exampies are presenied to illustrate how some

carbohydrate-derived prodrugs according to the invention compounds may be prepared.

5  Svnthesis of Compound S1_sodium salt

8]
E ISF’,ONa

O
” 0. _wOH ﬁ,oma Ho/\f

+ HzN\/\/:’x‘:o
W ter, I E—— \
HO" OH HO
OH OH

O

A suspension of glucose (2 g, 11.1 mmol) and the sodium salt of 3APS (2.24 g, 11.1
mmol) in MeOH (10 mb) was refluxed for 3¢ min before being cooled down to room
10 temperature. After 24h of stirring at room temperature, the solid was filtraied and washed
twice with MeOH (2 x 10 mL). The resulting solid was dried overnight under high vasuum
and afford the sodium salt of Compound S1 (3.1 g, 9.6 mmol, 86%) as a white solid. 'H NMR
(D) (S00MHZ) 6 ppm 4.55 (d, J=4.4 Hz, 0.33H, g-anomer), 3.87 {d, J=9.3 Hz, 0.668H, a -
anomer), 3.74 (dd, J=12.2, 1.5 Hgz, 0.66H), 3.70 {dd, J=12.7, 2.4 Hz, 0.33H), 3.61 {dd,
15 J=12.2, 4.8 Hz, 0.33H}, 3.56 {(dd, J=12.2, 5.4 Hz, 0.66H), 3.53-349 (m, 1H), 3.33 {1, J=8.3
Hz, 0.66H), 3.25-3.20 {m, 1H), 3.05 {1, J=8.8 Hz, 0.33H), 2.83 (m, 2.66H), 2.68 (m, 1H), 2.57

(m, 0.33H), 1.78 (m, 2H). m/z (ES") 300.0 (M-H).

Svnithesis of Compound S2

CH,ON, E1OH
reflux
20
Methy! 6-bromo-6-deoxy-o-D-glucopyranoside was prepared according to Tefrahedron 1991,

D8(47), 5185-5192.

Step 1: A siirred suspension of bromide (1g, 3.89mmol} and sodium azide (278mg,
25  4.28mmol) in DMF (10ml) was stirred at 80°C for & days. After being cooled down to room
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temperature, the solulion was evaporated under vacuum and the residue was purify by
chromatagraphy on siiica ge! (CHCL/MeOM 25/5 10 70/30 lingar gradient) to afford the
desired azido (776mg, 3.54mmaol, 91%) as a white solid.

Step 2: A solution of the previously prepared azide derivative (778mg, 3.54mmol) in
MeOH {10m!) was degazed with N, for 10 min before a suspension of 10% Pd/C (50mg) in
CHUGI; wag added. After being stirred 2h under H, pressure (40PS}, the solution was filtrated

™

over a pad of Celite” (MeOH) and evaporated under vacuum and afforded the desired
aming (628mg, 3.25mmol, 92% ciude) as a yellow oil. This compound was used in the next
step without further puriication.

Step 3: A solution of sultone (285yul, 3.25mmol) in CH,CN (5ml) was added drop
wise (over 30min) to a refluxing solution of the previously prepared amins (628mg,
3.25mmol) in & 2/1 mixiwre CH:ON/EXOH (10mi). The resulting solution was heated under
refiux for 15h before being cooled down to reom temperaturs and evaporated under vacuum.
The residue was purified by chromatography on sifica gel {~PrOH/M.0 {0.5%NH.OH) 98/2 1o
80/20 iinear gradient). After Evaporation, the compound was passed through a C-& pad
{H,0) and iyophilized and afforded Compound S2 {450myg, 1.43mmol, 44% over two steps)
as a white solid. NMR 'H (3,0} (300MHz): 2.06(m, 2H), 2.92{1, J=7.0Hz, 2H), 3.13 (m, 3H),
3.21 (1, J=8.5Hz, 1H}, 8.34 {5, 3H), 3.36 (dd, 12.5, 3Hz, TH), 3.48 (dd, J=9.5, 3.5Mz, 1H),
3.56 (1, J=8.0Hz, 1H}, 3.77 {dt, J=9.0, 2.5Hz, 1H), 4.74 (d, J=3.5Hz, TH). ES (MS) 314.1 (M-
H). julp = +86.3 (¢ 1.0, HO)

Procedure A: General procedure for the deproiection of 1.2.3.4- or 2.3.4.6- tetraacetals
glucose derivative,

To a stirred soiution of the protected giucose derivative was added enough of a
solutton of NaOMe {sodium methoxide, ¢.5M in MeOH) in order to obtain a basic pH (8-8, pH
paper). The resulting soiution was stirred at reom temperature until completion {the reactions
were generally foliowed by MS) betore addition of twice the initial volume of CHCN. The
resuiting solid was then filtrated and washed seaveral time with CH.CN, acetone and diethyl
ether. The resulling solid was then passed trough 2 C8 column (0.5% NH.QOH in H:O) and
iyaphilized w0 afford the desired compound.

Svnthesis of Compounds 83 and 54
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Step 1: A suspension of the sodium salt of 3-amino-1-propanesulfonic acid {398 mg, 2.47
mmol) and glucopyranuronic anhydride (328 mg, 2.47 mmol) in DMF (15 mL) was stirred 3
days at room temperature before evaporation of the solvent under vacuum. The residue was
purified by chromatography on silica gel (CHCl/MeOH 100/0 fo 70/30 linear) to afford
compound 83 (719 mg, 1.49 mmol, 60%) as a white foam. 'H NMR (CD,0D, 500MHz) &
ppm 1.96(m, 2H), 1.98(s, 3H), 2.01(s, 3H), 2.02(s, 3H), 2.09(s, 3H), 2.83(m, 2H), 3.31(m,
2H), 4.19{d, J = 8.5 Hz, 1H, Hs), 5.12(t, J = 8 Hz, TH, Hp), 5.19(t, J = 10 Hz, 1H, H.), 5.38(1, J
= 9 Hz, TH, Ha), 5.87(d, J = 8.5 Mz, 1H, Hi). m/z (ES) 482.4 (M-H); [o]p = +6.2 (¢ 0.93,
MeCH).

Step 2: Compound 33 (190my, 0.54mmol) was treated according to Procedure A to
afford Compound 84 (150mg, 0.48mmol, 88%) as a white solid. 'H NMR (D,O, 500 MHz) &
ppm 1.92 (m, 2H), 2.80 {m, 2H), 3.27 (1, J = 8.5 Hz, 0.5H), 3.32 (m, 2H}, 3.47-3.50 (m, 1.5H),
3.56 (od, J = 8.5, 4.0 Hz, 0.5H), 3.69 (t, J = 9.0 Hz, 0.5H), 3.86 (d, J = 7.0 Hz, 0.5H), 4.16 (d,
J = 10.0 Hz, 0.5H), 4..6-4.7 (0.5H, under water peak), .25 (d, J = 3.5 Hz, 0.5H); m/z (ES)
314.4 (M-H).

Synthesis of Compound S5 sodiurm salt and Compound 86 arnmaonium salf
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2,3.4,86-Tetra-C-acetyl-D-glucose was prepared according 1o J. Am. Chem. Soc. 1993, 7115,
2260-2267.

Step 1: p-nitrephenolchioroformate (638mg, 3.16mmol) was added to a stirred
solution of tetraacetyigiucese (ig, 2.67mmol} and EtN (800pl, 5.74mmol) in CH,Cl, (20mi)
and the reaction was stirred overnight at room temperature. A 1N agueous soiution of
hydrochioric acid (10mi) was adced and the layers were separated. The aguecus layer was
extracied twice with CHCl, (20ml} and the combined organic layer were washed
subseguently with a satwrated solution of sodium carbenate (10mi) and a saturated solution
of sodium chioride. The organic layer was then dry over MgSQ.,, filtrated and the solvent was
evaporated under vacuum. The residue was purified by chromatography on silica ge!
(Hex/EtOAc 90/10 to 5050, linear gradient) tc afford the desired carbonate {1.108g,
2.16mmol, 75%;) as colorless solid.

Step 2: Pyridine (524ml, 6.48mmol} was added to a suspension of the carbonate
previously prepared (1.108g, 2.16mmol} and the sodium salt of 3APS (522 mg, 2.16 mmol).
Adter 2 days of stirring at room temperature, the solvent was evaporated under vacuum and
ihe residus was purified by chromatography on silica gel (CHCl/MeOH 100/0 to 80/20,
linear gradient) to afforc Compound S5-Sodium salt {1.066 ¢, 2.07 mmol, 96%) as a white
solid. "H NMR (D:0, 500 MHz) 8 ppm 1.97 (s, 3H), 2.00 (s, 3H), 2.01 (s, 3H), 2.1 {m, 2+,
hide), 2.05 (s, 3H}, 2.83 (m, 2H), 3.25 {m, 2r), 3.98 (brd, J = 8.0 Hz, 0.4H, Hz,), 4.09 (1, J =
10.5 Hz, 1H, Hegl, 4.17 (br d, J = 10.2 Hz, 0.6H, M), 4.26-4.30 {m, 1H, Hs), 4.98-512 (m,

2H. Haa, Mob, Has, Haa), 5.32 (1 J = 8.5 Hz, 0.40H, Hy), 5.50 (t, J = 8.8, 0.6H, Hg.), 5.69 (d, J

= 8.4HMz, 0.3M, His), .17 (d, J = 3.5 Hz, 0.8H, Hia). m/z (M3) 512.5 (M-H).
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Step 3: Compound S5 sodium sall {500 mg, 0.97 mmol} was treated according io
Procedure A to afford Compound S8-ammonium salt (220 mg, .64 mmol, 8%} as a white
solid. 'H NMR (D20 (500 MHz) & ppm 1.80 (m, 2H}, 2.80 (m, 2H), 2.15 {(m, 2H), 3.30-3.37
(m, 1.5H), 3.41-3.43 (m, 1H), 3.68-3.53 {m, 3H), 3.75 (4, J = 12.2 Hz, 0.5H), 5.26 (d, J = 8.2
Mz, 0.5H, Hy), 5.82 (d, J = 3.05 H2, 0.5H, H..). miz (ES) 344.4 (M-H).

Svnthesis of the Sadium Salt of Compoundg 57

2-(p-nitrophenyl carbamate)-ethyl-2,3.4 B-{etra- C-acetyl- S-D-glucopyranoside was prepared
according to Org. Lett. 2000, 2(8), 1083-1096.

Step 1: 3APS-sodium salt (223 mg, 1.38 mmol) was added to a siirring solution of p-
nitrophenyl carbamate (643 mg, 1.16 mmol) in DMF (7 mL). Afier 24 h of stirring at room
temperature, the solvent was evaporated under vacuum and the residue was purified by
chromatography on silica gel (CHCly/MeOH 100/0 to 70/30, linear gradient) and afiorded the
desired sulfonate (586 mg, 1.07 mmol, 92%) as a white solid. _

Step 20 The 2,3.46-etra-O-acetyl-D-glucose previously prepared (598 mg,
1.07mmol} was treated according to Procedure A to afford Compound S7-sodium salt
(260mg, 0.67mmol, 63%) as a white solid. 'H NMR (D0, 500 MHz) § ppm 1.91 (m, 2H,
H11), 2.83 (1, J=7.5Hz, 2H, H12), 2.24 (t, J=6.0Hz, H10), 3.28 (t, J=8.0Mz, 1H, H2), 3.34 (m,
2H, H8j, 3.38 (t, J=9.5Hz, 1H, H4), 3.45 (m1, 1K, H6a), 3.49 (dd, J=9, 9Hz, 1H, H3), 3.7-
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377 {m, 2H, Héa, H7a), 3.81 (apparent d, J=11.5Hz, H5, H7b), 4.46 (d, J=8.0Hz, H1). m/z
(ES) 386.9 (M-H).

Synthesis of the sodium salt of Compounds S8 and 59

NHFmec F
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N-(9-Fluorenyimethoxycarbonyl)-3- O-(2,3,4,6-tetra- C-acetyl- f-D-glucopyranosyl)-L-serine
Pentafluoropheny! esier was prepared according to J. Med. Chem. 1885, 38, 161-169.

Step 1: 3APS-sosium salt (258 mg, 1.80 mmol) was added tc a stirring soiufion of
pentafiurophenyl ester (1200 mg, 1.45 mmol} in DMF {15 mL). After 24 © of stirring at room
temperature, the solvent was evaporated under vacuum and the residue was purified oy
chromatography on silica gal {CHClL/MeOM 100/0 to 80/20, linear gradient) to afford the
desired sulfonate {1670 mg, 1.37 mmol, 94%) as a white solid.

Step 2! Piperidine (2.7 mL, 27 mmol) was added to a stirred solution of praviously
prepared Fmos serine derivative (1070 mg, 1.37 mmol) in DMF (15 mL). After stirred for 1 h,
solvent was evaporated under reduced pressure. The residug was purified by
chwomatography on silica gel (CHCIy/MeOM 100/0 to 75/25, linear gradient) to afford the
desired amine Compound S8-sodium salt (356 mg, 0.63 mmal, 46%) as a white solid.

Step 3: The 2,34 6-tetra-O-acetyi-D-glucose previously prepared {350 mg, 0.63
mmol) was treated according 1o Procedurs A to afford Compound $39-sodium salt (210 mg,
0.54 mmol, 86%) as a white sofid. "H NMR (0,0, 500MHz) 1.95 (m, 2H, H11), 2.94 (1, J=8.0
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Hz, 2H, H12), 3.35 (dd, J=7.5, 8.0 Hz, 1H, H2), 3.36-3.41 {m, 3H, H4, H10}, 3.42-3.50 (m,
2H, H3, H5), 2.73 (dd, J=6.0, 1H, 12.0 Hz, HBa), 3.92 (br d, J=12.0 Hz, 1H, H6b), 3.96 (dd,
J=4.5, 1H, 11.5 Hz, H8}, 4.05 (1, J=4.5 Hz, 1H, H7a), 4.22 (dd, J=4.5, 11.5 Hz, 1H, H7), 4.47
(d, J=7.5 Hz, 1H, H1). m/z (ES) 387.25 (M-H).

Svnthesis of the sodium salt of Compounds 514 and S15
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Compound S14-Na OH

1.2,3,4-tetra- C-acetyl- a-D-glucopyranoside was prepared according to Org. Lett. 20086, 8,
2393-2396 and J. Am Chern, Soc. 2000, 122, 12151-12157.

Step1: p-Nitfrophenoichloroformate (3 g, 14.8 mmo!) was added io & stitrred solution of
1,2.3,4-tetra- O-acetyl-a-D-glucopyranoside (4.7 g, 13.4 mmol) and triethylamine (3.7 mi,
286.8 mmol) in dichloromethane (100 mi.). The reaction mixture was stirred ovemnight at
room temperature. A TN agueous solution of hydrochioric acid (30 ml) was added and the
layers were separated. The aqueous layer was extracted twice with dichloromethane {100

mi) and the combined organic layers were washed subseguently with 2 saturated solution of
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sodium carbonate (50 mL) and then with a saturated solution of sodium chloride. The
organic layer was dried over magnesium sulfate, filtered and the solvent was evaporated
under vaceum. The residue was purified by chromatography on sifica ge! (hexanes/ethyl
acetate 90/10 to 50/50, linear gradient), affording the corresponding carbonate (4.7g, 68%)
as a colorless selid,

Step2: The sodium salt of 3APS (2.22 g, 13.8 mmol) was added to a solution of the
carbonate previously prepared (4.7 g, 9.16 mmo!) in N,N-dimethylformamice {50 mi.). After 3
days of stirring at room temperature, the solvent was evaporated under vacuum and the
residue was purified by chromatography on silica gel (dichloromathana/methano! 100/0 to
70/30, linear gradient) and afforded Compound S15-sodium salt (1.95 g, 41%) as a white
solid together with its 1-deactetylated darivative (1.21 g, 36%) as a white solig: 'H NMR
(D0, 500MHz) 6 ppm 1.81-2.02 (m, 11H), 2.07 {5, 2H), 2.17 (5, 1H), 2.86 (m, 2H, H1), 3.24
{t, J=B.0Hz, 2M, M3}, 3.98 (m, 0.7H, HBB), 4.10-4.20 {m, 2.3, H5 and Hs&a), 5.02 {m, 1H,
H9}, 5.08 {, J=10.0Hz, Q.7H, H78), 5.13 (t, J=8.5Hz, 0.3H, H7a}, 5.34 (1, J=8.5Hz, 0.7H,
HBB), 5.44 (t, J=0.5Hz, 0.3H, HBa), 5.81 (d, J=8.0Hz, 0.7H, H108), 6.28 {(d, J=3.5Hz, 0.3H,
Hi0a); m/z {ES) 512.0 (M-H).

Stepd: Compound 315-sodium salt (1.37 g, 2.67 mmol)) was treated according to Procedure
A to afford Compound Si4-scdium salt (520 mg, 1.51 mmol, 56%) as a white solid: 'H
NMBR(D,0, B00MHz) & ppm 1.80 (m, 2M, H2); 2.81 {m, 2H, H1), 3.12 (m, 2.55H, H3 ard
HOB); 3.31 (m, 1H, H7a and H7B); 3.36 (m, 0.55H, H8B}; 3.41 (dd, J=10.0, 4.0Hz, 0.45H,
HBa): 3.48 (m, 0.55H, HBAB), 3.56 (I, J=9.0Hz, 0.45H, HBa); 3.84 (brd, J=10.0Hz, 0.45H,
Hba), 4.10 (m, 1M, M5a}, 4.23 (apparent t, J=12.5Hz, 1H, H3Db), 4.51 (d, J=8.0Hz, 0.55H,
H10B); 5.08 (d, J=4.0Hz, 0.45H, H10a); m/z {ES) 344.0 (M-H).
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Svynihesis of the sodium sait of Compounds S16 and Si7
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2,3,4,8-Tetra-O-acelyl-D-glucose-1-propanol was prepared according to J. Am. Chem. Soc.
1940,62, 917-320.

Step1: p-Nitrophenolchioroformate (2.3 g, 11.4 mmo!) was added 10 a stirred solution of 3-
hydroxy-1-propyl 2,3,4.6-tetra-O-acetyl-B-D-glucopyrancside (3.1 g, 7.64 mmol) and
triethylamine (2.12 mL, 11.44 mmol) in dichicromethane (60 mL} and the reaction mixture
was siirred overnight at room temperature. Agueous hydrochloric acid (1N, 15 mbL) was
added and the tayers were separated. The agueous layer was exiracied 2 timas with
dichioromethane (40 mi) and the combined organic layer were washed subseguently with 2
saturated soiution of sodium carbonate (15 mL) and then with a saturaied solution of sodium
chioride. The organic layer was then dried over magnesium sulfale, filirated and the solvent
was evaporated under vacuum. The residue was purified by chromatography on silica gel
(hexanes/ethyl acetate 90/10 to 50/50, linear gradient) to afford the corresponding carbonate
{3.1g, 71%) as coloriess solid,

Step?: The sodium salt of 3-APS (6855 mg, 4.07 mmol) was added {v a solution of the
carbonate previously prepared (1.55 g, 2.71 mmicl) in N.N-dimethylformamide (50 mL). After
3 days of stirring at rcom temperature, the solvent was evaporated under vacuum and the
residue was purified by chromatography on siica gel (dichloremesthane/meihanol 95/5 to
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70/30, iinear gradient} to afford a mixture of Compound 517 and p-nitrophenot (1.33 g) as a
white solid, which was used in next step without further purification.

Stepd: The crude Compound S17 (1.33 g) was ireated according to Pracedure A to afford
Compound S18-sodium salt (850 mg, 49% over two steps} as a white sofid: 'H NMR (3,0,
500MHz) & ppm 1.84-1.91 (m, 4H, HE+H2), 2.88 (m, 2H, H1), 3.18 (m, 2H, H3), 3.21 (1,
J=8.5Hz, 1H, H9), 3.33 (t, J=9.3Hz, TH, H11), 3.39 (m, 1H, H12), 3.44 (1, J=8.3Hz, 1H, H10),
3.67 (dd, J=12.3, 5.8Hz, 15, H13a), 3.71 (m, 1H, H7a}, 3.85 (dd, J=12.3, 2.0Mz, 1M, H13b),
3.94 (m, 1H, H7b), 4.10 (m, 2H, H5), 4.39 (¢, J=8.0Hz, 1H, H8); m/z (ES) 402.1 (W-H).

Example 1-E: Chemical Synthesis of Imine-derived Prodrugs
Accordingly, the following examples are presenied to iliustrate how some imine-

derived prodrugs according to the invention compounds may be prepared.

Synthesis of Compound M7 sodium salf

S0 N
~

OHNE

?

E

¢

\\
H NG -SC:Na + P

o

Seodium 3-amino-1-propanesulfonate (0.64 g, 4.0 mmal) was added to a solution of 4'-chioro-
5-fiuoro-2-hydroxy-benzophenone (0.50 g, 2.0 mmol) in methanol (50 mL). The reaction
mixiure was stirred under reflux for 4 h then concentrated under reduced pressure. The
residual material was purified by flash chromatography (silica gei, chioroform: methanci
90:10 then 80:20) to afford the title compound (0.51 g, 64%): 'H NMR (CDCls, 500 MHz) &
1.89 (m, 2H}, 2.5 (1, J= 7.0 Mz, 2H), 3.36 {1, J= 7.0 Hz, 2H), 6.95 (m, 1H), 6.95 (m, 1H), 7.22
(m, 1H}, 7.38 (d, J= 8.0 Mz, 2M}, 7.66 (d, J= 8.0 Hz, 2H), 15.27 (s, TH). ES-MS (370 M-1).

107



10

20

25

Synthesis of Compound M7-sulfonarmide

oz PGl
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Step 1: Vo a stirred solution of sodium azide (3.5 g, 50 mmol) in water (25 mL) was added &
solution. of 1,3-propane sultone (6.1 g, 50 mmol) in acetone (25 ml). The reaction mixiure
was siirred at room temperature for 24 h then concenirated to dryness. The resulting solid
was suspended in diethyl ether (100 mL) and stirred at reflux for 1 h. The suspension was
cooled to room temperature and the solid was collected by filiration, washad with acetone
and diethyl ether, and dried under vacuum, affording of 3-azide-1-propanesutfonic acid (7.6
g, 80%).

Siep 2: PCis {(2.61 g, 12.53 mmol) was added to a suspension of 3-azido-1-propanesulfonic
acid (2.07 g. 12.53 mmol) in toluene. The reaction mixiure was stirred under raflux for 3 h.
After cooling to room temperature, the solvent was evaporated, and the resulting material
was usad in the next step without further purification.

Step 3: Ammonium hydroxide {28%) (10 mL) was added to a soiution of 3-azido-1-
propanesulfony! chloride (~2.28 g, 12.53 mmaot; abtained in step 2) in ethanol (10 mL). The
reaction mixture was stirred at room temperature for 3 h then concentrated. The residual
material was passed through a short silica gal column using hexanes:sthy! acetaie as eluent
1o isoiate 3-azido-1-propanesulfonamide (1.5 g, 86%).

Step 4: 3-Azido-1-propanasulfonamide (1.5 g, 10.88 mmol; obtained from step 3) was
dissolved in water/ethanol (10 mL/10 mL), foliowed by addifion of 10% Pd/C (0.2 g). The
resuliing suspension was stirred under atmospheric pressure of H; for 8 . The insoiubie
material was removed by filtration; and the filirate was concentrated. The residual material
was suspended in hydrogen. The suspension was fillered and the resuliing solid was
washed with ethanol and diethyl ether, dried under high vacuum, affording 3-amino-1-
propanesutionamide (1.2g, B0%).
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Step 5: 3-Amino-t-propanesulfonamide {0.55 g, 4 mmoi; from step 4) was added ic a
satution of 4'-chloro-5-fluoro-2-hydroxy-benzophenone (1g, 4 mmol) in methanot (50 mL).
The reaction mixture wag stirred under reflux for 5 h then concentrated under reduced
pressure. The residuatl material was purified by column chromatography (silics gei,
dichioromethane:methano! 80:10 then 8§0:20). The corresponding solid (after removal of
solvent) was recrystaliized in diethyl ether to afford 3-{[(1 £)}-(4-chioropheny/){5-fluoro-2-
hydroxyphenylimethylensiamino}propane-1-sulfonamide (0.75 g, 51%). "H NMR (CDCls,
500 MHz) 5 2.21 (m, 2H), 3.24 (1, J= 7.0 Hz, 2H), 3.47 (1, J= 7.0 H, 2H), 4.63 (bs, 2H), .93
(m, 1H), .95 (m, 1H), 7.04 (m, 1H), 7.13 (d, J= 8.2 Hz, 2H), 7.54 (d, J= 8.2 Hz, 2H}, 14.71
(s, 1H). ES-MS (369 M-1).

Example 2: in vitro stability and metabolfism

In vitro stability of exemplary prodrugs of the invention was tested in water, in an
acidic agueous solition (pH: 1.5}, in PBS, in human and mouse microsomes, and in human
and mouse whole blood.

A Stability in water, at pH: 1.5 and PBS

Stability of exempiary compounds was determined in water, aqueous acidic solution
{opH 1.5, HCY and PBS (phosphate buffered saline) solution using ESIME (electrospray
lonization mass spectrometry) as the detecting instrumenis. in general a 2 ug/mL pro-drug
solution containing 1 ug/mi 1S (intarnal siandard} was prepared and incubated for 80 min.
For water stability the incubation was performed ai room temperature and for stability in
acidic solution and in buffer. The incubation temperature was 37 °C. Samples wers
analyzed for predrug content at fime points 0 and 80 min. using M3, The % changes in peak
area ratio afier 60 minutes for each test compound tested are caleulated using the average
values from six replicate runs. The compounds tested included Compounds At to A19,
Compounds B5 and B6 and Compounds C1 to C26. Except for 026 which was found
unstable at pH 1.5 and in PBE, all other compounds were judged to be stable under ail
conditions tested with less than about 15%-20% concentration change after 60 minutes,

B Metaboiism in mouse and human microsomes

Micresomal siability of Compounds A1, A2, A3, C17, C18 and £19 was determined
in duglicate, in presence of pooled mouse or human liver microsomes for up o 60 minuies at
37°C. Briefly, microsomes were diluted to achieve a conceniration of 1.0 mg/mi in PBS
buffer {pH 7.4} containing 3 mM MgCl, and 1 mM EDTA. Compounds {10 phM} and
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microsomes were pre-incubated for a period of § minutes before the enzymatic reaction was
started by addition of co-factors {1 mM NADPH- and 2 mM UDPGA in PBS buffer). After a 1-
hour incubation period, the reaction was stopped by the addition of ice cold acetonitrile. For
time 0 samples, the reaction was stopped with acetoniirile before the addition of the co-
factors. Analysis of extracted sampies was achisved using MPLC with MS detection.
Several types of HPLC columns and mobile phases were used depending of the polarity of
the compound. The compound stabifity was determined by the % of compound remaining at
60 minutes (peak response of compound at 60 minutes / peak response at 0 minutas x 100},
Four of the compounds tested {three amino acid prodrugs Al, A2, A3, and the carbamate
prodrug C19) were found stabie, with over 90% of the compounds remaining after 80
minutes in presence of mouse or human micresomes {data not shown). Compound C17 was
found less stable with between 20 and 35% of the prodrug remaining after 80 minutes in
presence of mouse of human micresomes, while carbamate C18 showed moderate stability
with betwaen 75 and 80% of the prodrug remaining under the same conditions.

C. iouse and human whole bioad stability
Test compounds were incubated for a total of 240 minutes at 37 °C in whole mouse

- and whole human blood. The compounds wers added at time-point ¢ and sample aliguots

were withdrawn at each time point (usually 0, 60 and 240 minutes). The samples wers
extracted using protein precipitation. Analysis of exiracted sampies was achieved using
HPLC with MS detection. Several types of HPLC columns and mobile phase were used
depending of the polarity of the compound. Tha compound stability was determined by the %
of compound remaining at 240 minutes (peak response of compound at 240 minutes / peak
response at 0 minutes x 100). Results are summarized in Tabie 8.

Tabie 8. Stability in mouse and human whole biood

Blood stability (% of compound

iD remaining afier 240 min.)
Human Blood Mouse Blood

A ND +
A2 ND ++
AZ ND -+
Ad + it
AS + +
A8 b +
A7 oo +++
A8 + ++
AL ot ot
A0 - o+
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Biood stabiiity (% of compound

ID remaining after 240 min.)
Human Blood Mouse Blood
At bt b
A1Z et S
A13 R et
Ald s +++
AtS ++ +
AlB 4+ ++
A18 + +
At1g + +
B3 b ++
B4 +++ ekt
Bs et I
B6 et et
Ct + +
C4 +++ .
C5 o+ +
C7 bbb +
Ce ot et
cs - .
C10 + +
C11 b -
G2 - +
G113 + +
Ci14 4+ ot
15 ++ +
16 ++ +
Ci7 ND +
18 ND +
C1e ND +
C20 o+ -
C21 ++ +
cz2 o +
23 o +
C24 ++ +

! <30%, i 80-7H%, +++ 1 >75%; ND: not determined

These data illustrate the use of ihese compounds as prodrugs, as they are converied
to 3APS in the blood.

Example 3: Pharmacokinetics in mice

A. Bicavailabiiiiy of exempiary compounds
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Selected exemplary compounds were tested for bioavailability in mice. Bioavailability
estimates are performed for 3APS afier administration of molar equivalent the salected
compounds. At & specific time point following drug administration, one blood sample
(approximately 1 ml} is collected from each of 3 animals from the inferior vena cava. The
animais are anesthetized with isoflurane before blood coliection (approximately 45 sec).
Samples are collected at 5, 30, 60, 120, 180, 240 and 360 min post intravenous
administration and at 15, 30, 60, 120, 180, 240 and 360 min post oral administration. One
animal is used to obtain g baseline sample (pre-dose sampie). Blood samples are collected
into Sarstedt™ micro fubes {(EDTAKE/ 1.3ml),'_${@pt on ice until centrifugation at 4°C at a
minimum speed of 3000 rpm (1620G) for 10 min. Plasma sampies are transferred into
Eppendorf™ tubes, immediately placed on dry ice and stored at -80°C. Plasma sampies are
stored frozen at -20°C pending analysis.

Compounds in mouse plasma are extracted using profein precinitation. Quantitation
of 3APS in mouse plasma matrix is achieved using LC-MS detection. Sample concentration
is calculated using a calibration curve. Bivavaiiability resulis are summarized in Tabie 9,

Iable 9. Bicavailability of selected compounds in mice

Bioavailability (F) in mice *

D (# <25%, ++1 25-35%, +++1 > I5%)
A (3APS) ok
Al -
A2 e+
A3 +
Ad oot
AB +4+
A7 et
A13 bt
A18 ek
Gs +
G132 +
Ct4 +
C15 +
Gi6 +
Ci7 +
C18 “
18 ++
G2t +
cz22 +
G225 +

* Calculated from the concentration of 3APS, 8 hours after administration of the tesied compound.
The caicufated F value represents the Ralio (in percantage) of the AUC p.o. of the compound tested
over the AUC L.v. of 3APS, based on the observation of 3APS.
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As shown in Table ¢, alf the compounds tested were capable of delivering
measurable guantities of 3APS. Compounds A2, A4, A7 and A18 werg helpful in increasing
the bioavailability of 3APS suggesting that they were more readily absorbed than 3APS or
were able to prevent first-pass metabolism of 3APS. Although not shown, Compounds A3,
C13, C14, C18, C17, C21, C22 and C25 had a measured T, 4 times to 16 fimes ionger
that 3APS (0.25h), suggesting a significant improvement in the pk profiles of 3APS using
those compounds.

- B. PK brain and plasma levels of oral Compounid A2 and 3-APS

Compounds A2 and S-aminooropanesuifonic acid were tested for pharmacokinetic

parameiers in mice. Parmacokingtic parameiers (Cmax, Tmax. T1/2. AUC) are evaluaied for

SAPS after agministration of z molar _sguivalent of each compound. Biood samplos

(approximately 1 ml) and brain sampleg are collecied from each of 3 animals at ime points

5. 15 30 minutes. 1.2 4. 6. 12, and 24 hours. The resulis analvzed from piasma sampies

and brain homogenzies are summarized in Table 10. Relative bicavailabiiity (F%) of

Compound A2 ang 3-APS were respectively of 51% and to 32%. A 2-fold increase in plasma

concentration (Cmax) of 3-APS was cbserved when orally sdministering Compound A2
compared 1o 3-APS. Brain conceniration of 3-APS was observed after oral administration of

0.18 mmol/kg tor Compound A2, wheraas the concentration could not be guantified after oral

agministration of the same molar equivalent of 3-APS.

Table 10. PK data on 3-APS analysis foliowing oral administration of 25 mg/kg
(0.18mmol/kg} and 250 mg/kg (1.80mmol/kg) eguivalent of 3-APS

Dose Plasma Birain
iD (mmol Cmax | Tmax | T1/2 Cmax | Tmax { T1/2
gy | A TmamO |l o Lm0 AYC L agimh ) | )
3-APS 018 6427 1768 0.5 4.8 BLLG BLLO N/A N/A
AZ 0.18 10135 | 3435 0.5 2.8 557 148 : 2.0 3.8
A2 1.80 374066? 35451 0.5 2.8 8772 1068 5 2.0 12.4

BLLQ: below the jowsr limit of quantification
N/A: not applicable

Exampie 4: Pharmacokinefic analysis of 3APS and associaied metabolism

Exampls 44: Metabolic Profiling of "*C-3APS in Mice. Rats and Doas
Three single dose studies were conducied in mice, rats and dogs to determine the

metabolic profile of “C-3APS in piasma, urine and feces. In the first study, tweniy-seven
male CD-1 mice received a single dose of 100 mg/kg (20 uCianimal) of “C-3APS by oral
gavage. Blood samples (3 animals/ime point) were collected for 12 hr following drug
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administration whiie urine and feces {3 animals/time point} samples were collected for 86 hr.
in the second study, eight male Sprague-Dawley rats received a single dose of 100 mg/kg
(50 uCi/animal) of *C-3APS by oral gavage while in the third study, three male Beagie dogs
received a single dose of 100 mg/kg (30 uCikg) of “C-3APS by oral gavage. For the rat
and dog studies, blood samples were collected for 24 hr following drug administration while
wring and feces samples were coliected for 72 hy. Al samples were analyzed for iotal
radicactivity using appropriate sample preparation procedures and scintiliation counting.
Plasma and udrine sampies were also analyzed for 3APS and 3APS metabolites
{2-carboxyethanesulfonic  aci¢, 3-hydroxy-i-propanesulfonic acld and 3-acetylaminc-1-
propanesulfonic acid) concentrations using gqualified HPLC and MS/MS methods.

Following oral administration of 100 mg/kg “C-3APS t¢ mice and rate, mean maximum
plasma concentrations of total radioactivity and 3APS were reached at approximately 30
minutes post-dose (Table 11). Thereafter, plasma concentrations of total radicactivity and
3APS deciined in a multi-phasic manner with apparent terminal half-ives of approximately
2znd & h for mice and rais, respeciively.  Mean maximum piasma conceniration of
2-carboxyethanesulfonic acid was achisved at 120 {o 240 h post-dose, Thereafter, plasma
concentrations declined in 2 multi-phasic manner with an apparent terminal half-life of

zpproximately 2h and 4h for mice and rats, respectively.

Following oral administration of 100 mg/kg “C-3APS to dogs, maximum ptasma
concenfration of total radioactivity and 3APS were reached at approximately 30 minuies post-
dose, whereas maximum plasma concentration of 2-carboxyethanesuifonic acid was achieved
a1 720 minutes post-dose (Table 11;. Thereafter, plasma concentrations of total radicactivity
and 3APS detlined in a multi-phasic manner. The mean apparent terminal hali-lives were

approximately 35 h and & h for total radioactivity and 3APS, respectively.

For all species, the majority of total radicactivity was associated with 3APS and 2-
carboxyethanesulfonic acid {Table 12). Based on AUC,.. vaiues, 3APS accounied for
approximately 60% of total radiocactivity while 2-carboxyethanesuifonic acid accounted for 30%
in mice and rats. In dogs, 3APS accounted for approximately 54% of total radioactivity while 2-
carboxyethanesulfonic  acid  accounted  for  approximately 67%., 3APS  and
2-carboxyethanasulfonic acid AUC... constituted approximately 90% (mouse and ragf) and
approximately 121% (dog) of the total radioactivity indicating that 2-carboxyethanesuifonic acid
is the major meigholite of 3APS in the mouse, rat and dog.

For all species, total radicactivity was guaniitatively recovered in uring and feces with
approximately 75 1o 80% of the adminisiered dose recovered tn 72 h {rat and dog) or 96 h
{mouse}. Tne major rouie of excretion of total radicacivity was via urins.
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On average, 60% of the dose was excreted in urine as total radioactivity in ali species.

Based on the fotal amount of radioactivity excreted in urine, approximaiely 30% was excreted

as 3APS while 2-carboxyethanesulfonic acid accounted for another 63% to 77% in mouse and

dog. In rats, 3APS and 2-carboxysthanesulfonic acid accounted for 58% and 62% of otal

5  radioaciivity, respectively. On average the two metabolites 3-hydroxy-1-propanesuifonic acid
and 3-acetylamino-1-propanesuifonic acid represented less than 3% of the total radisactivity in

all species (Table 11). The urinary cumulative amount of 3APS and 2-carboxyethanesulfonic

acid accounted for approximately 90 to 110% of that determined for total radioactivity, once
again suggsesting that 2-carboxyethanesulfonic acid is the major metaboiite of 3APS in the

10 mouse, rat and dog.

Table 11; Pharmacokinetic Parameters of Total Radioactivity, 3APS and 2-
carboxyetnanesulionic acid Foliowing Single Oral Administration of 100 mg/kg
"C-3APS in Mice, Rats and Dogs :

Parameter Mouse’ Rat Deog

Total Radioactivity

Cma (Umol eg/ml) g.128 0.228 0.249
Tonae (IO} 30 30 31
AUC,, (umol egemin/mL) 24.4 433 45.4
AUC. (umal sg=min/mL) 25,0 452 108
T (h) 2.4 £.02 357
3APS
o (LUTOUTML) 0.0977 0.218 0.250
Tonax {MINY 30 30 31
AUCq_ (umolsmin/mL} 155 26.7 24,5
AUC.. lumelmin/mL) 18.7 278 25.3
Ty (D) 1.72 6.43 5.04

2-carboxyethanesulionic acid

Cnax (HMoimi) 0.018 0.0234 0.0312
Tomax (0 120 240 720
AUGy., (umolsmin/mL) 7.26 12.7 30.8
AUC,. (umolemin/mi) 7.56 136 NC
Ty (h) 2.33 3.99 NC

"PK parameters were derived Using the mean plasma concemraion-ime profiles
15 NG: Not calculated
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Table 12 Percentage of 3APS, 2-carboxyethanesulfonic acid, 3-acetylamino-1-
propanesulfonic acid and 3-hydroxy-1-propanesuifonic acid in Plasma
and Urine Foliowing Single Oral Administration of 100 mg/kg "*C-3APS
in Mice, Rats and Dogs

=6 of Total Radioactivity

o 3-acetylamino-

1 3-hydroxy-1-
5 N o
3APS carboxyethgnesulromu propanesuitonic propamesuhonfc
acid ; ; acid
aeid
Piasma 63 30 - -
Mouse Uring” 20 62 3.1 04
Plasma 51 30 - -
Rat Urine" 50 e 23 03
Plzsma 54 &7 - -
bog Urine 29 77 0.01 03

*Calculated as [AUCO-+ 3APS or metabolites / AUG total radioactivity)] {or using AUGO- if AUCO—- could not be reliably
estimated)
T Calcuiated as [Amount Excrated 3APS or metaboiites / AUC total radioactivity))

Example 48: Absortion, Excretion and Plasma Kinetics of “C-3APS in humans

Egliowing the identification of 3APS metabolites, piasma and urine samples from this
human AME  study were reanalyzed for  3APS  and  3APS metabolits
{2-carhoxyethanesulfonic acid, 3-hydroxy-1-propanesulfonic acid and 3-acetylamino-1-
propanesulfonic acid) concentrations using qualified HPLC and MS/MS methods 1o
deiermine the metabolic profile of *C-3APS in human,

Following oral administration of "“C-3APS fo healthy subjects, maximum plasma
concentration of tofal radicactivity and 3APS were reached ai approximataly 1 {0 1.25 hours
post-cose, whereas maximum plasma concentration of 2-carboxyethanesulfonic acid was
achieved at 6.5 hours. in plasma, the majority of iotal radioactivity was associated with 3APS
and 2-carboxyethanssulfonic acid. Based on AUC,. valuss, 3APS accounted for
approximately 48% of total radicactivity while 2-carboxyethanesulfonic acid agcounted for
49%. 3APS anc 2-carboxyethanesulfonic acid AUC... constituted approximately 87% of the
tolal radicactivity indicating that 2-carboxyethanesulfonic acid is the major metabolite of 3APS
in human plasma.

Based on the total amount of radicactivity excreted in uring, approximately 15% was
excreted as 3APS while 2-carboxyethanesulionic acid accounted for another 79%. The
urinary cumulative amount of 3APS and 2-carboxyethanesulfonic acid accounted for
approximately 94% of that determined for toial radioactivity, once again suggesting that
2-carboxyethanasulfonic acid is the major metabolite of 3APS.
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Example  4C.  Comparative Pharmacokinelic  parameters of 3APS  and

Z2-carboxvethanesulipnic acid following a single Oral and IV admiristration of “C-34APS o

rats

The purpose of this study was to investigate the absorption, metabofism and
excretion profiles of '“C-3APS following a single intravenous boius and oral administration to
rats. Thirty-six male Sprague-Dawiey rats received a singie 100 ma/kg (~ 50 pCi/animai)
dose of “C-3APS by an IV bolus injection (water or isotonic saline solution) and an
additional 38 male rats received the same dose levet by oral gavage {in water). Bloed, urine,
feces, brain and CSF samples were collected for up {o 72 hr following dose adminigtration.
Plasma, uring, brain and CSF concentrations of 3APS and 2-carboxyathanesulfonic acid
(3APS major metaboiite} were measured using LC and MS/MS detection method. Plasma,
urine, feces, brain and C3F samples were analyzed for total radioactivity using appropriate
sample preparation procedures and scintillation counting.

Based on AUC,. values, after IV adminisirafion, 3APS accounied for 89% of icial
radioactivity and 2-carboxyethanesulfonic acid only about 8%. On the other hand, after oral
administration, 3APS accounted for abowt 68% of fotal  radicactvity  and
2-carboxyethanasulfonic acid about 26%. Using those data, it is possible to calculats &
mataboiite-to-parent ratio of the exposure of about C.1 following 1V administration and a ratio
of 0.38 following oral administration. This higher metzabolite-to-parant ratio of the exposure
following oral administration when compared to 1Y s consisient with an intesting! first-pass
rmetabolism.
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Table 13

Comparison of Systemic Exposure of 3APS and 2-carboxyethanesuifonic

acid versus Total Radioactivity following a Single IV and Oral
Administration of 14C-3APS in Rais

v
AU Co.?.,(zrnoi.h/m Ly (.,,2/0- (BAPS%and ).
Anirnal = Total carboxyathane  Carocoxyethan
2 ~ "N
SAPS Caﬁ?gf tg;;vs Radicactivity suifon%}é acid)” eggiigc;fju
1001 1828 105 1625 8.5 100.5
1002 1420 144 1588 g1 88.5
1008 1591 184 1883 8.8 94.3
1004 1147 125 1266 8.9 100.5
Mean 7422 140 1621 5.8 98.4
5D 196.2 38.7 253.0 1.60 2.93
%GV 13.8 241 15.0 18.1 2.98
¥ AUC,., expressed as nmo egrvml for wal
radivactivity
“Calculated as {(AUGc. 2-carboxysthanesulionic acid / AUC total radicactivity}™100]
Caiculated as {{AUCe. 3APS + AUC,.. 2-carboxyethanesuifonic acid) / AUC {otal raticactivity] *100
PO
AUC,.{nmol.himL)* o %
Animal | 2- T (e- E:Ba?;?x a:ti:r;
3APS carboxyethanes di] ota; . Gafboxyethgnia esuifg) nic
uifonic acid adloactivity  gulfonic acid) acid)
3001 610 232 874 28.5 96.3
3002 539 153 714 21.4 96.8
3003 407 177 628 282 83.0
3004 471 Z29 781 20.3 89.8
Maan 507 198 748 264 94.0
+50 87.4 38.1 104 3.48 3.37
%V 17.2 19.8 13.8 13.2 3.5¢
¥ AUC,., expressed as nmo! eq.h/miL for total
radicactivity
"Calculated as [{AUC,. 2-carboxyethanesulfonic acid / AUC wial radicactivity)*100]
*Cealculated as {AUCe. 3APS + AUC... 2-carboxyethanesulionic acidi / AUC total radicactivity] "100
Example 4D: Comparative  Pharmacokinetics _ parameters._of  3APS  and

Z-carboxvethanesulfonic acid Following a Single Oral, infravenous and Portal administration
0f 3APS jn rats

The purpose of this siudy was io compare the pharmacokinetic profile of 3APS
following & single dose administration either arally, intravenously or into the portal vein 1o
male Sprague-Dawley ras. The oral, intravenous and portal routes of administration ware
selected to determing the intestinal anc hepatic first-pass effects in the rat. Three groups of
4 male Sprague-Dawley rats were assigned to receive a single dose of 250 mg/kg 3APS by
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different routes of administration. One group received 3APS as an IV bolus administration
(in water or isotonic saline solution), one group by oral gavage (in water) and the last group
viz a catheter into the porial vein {in water or isotonic saline solution). Blood samples were
coliected for 24 hours following dose administration. Plasma concentrations of 3APS and 2-
carboxyethanesulfonic acld (the major metabolite of 3APS) were determined using LC and
MS/MS method.

Following oral administration, maximum plasma concentrations (Cray) were generally
reached within 1 hour for 3APS and iis bicavailability based on the AUC.. was calculated to
be about 38%.

The results obtainad confirmed that there is an important metabolism of 3APS. More
pariicularly, based on a comparison belween the systemic exposures following hepatoportal
and intravenous administrafions, mstabelism of 3APS associated with hepatic first-pass was
estimated to be 24%. By comparison between the systemic expesures foliowing oral and
hepatoportal acgministrations, metabolism of 3APS associated with intestinal first-pass was
estimated to be 43%. This study alse showed that the oral administration of 3APS generated
50% more metabolite than the intravenous administration which is consistent with an
intestinal first-pass metabolism.

Example 5: In vitro metabolism of 34PS in primary rat neuron culiure and organotypic
hippocampal slice culture

The metabolism of 3APS was also studied in vitro in different types of celiular
models. In some cases, the metaboiism of 3APS was compared with that of v-amino butyric
acid (GABA).

The resulis obtained demonstrated that incubation of 3APS (400 M) in primary rat
neuron culture media produced 2-carboxysthanesulfonic acid as 3 metabolite.  The
conversion of BAPS 1o 2-carboxyethanesulfonic acid was fime-dependent and cell
concentration-dependent. incubation of 3APS (400 pM inittal concentration) for six days in
the cell culture media (containing 800,000 cefls) produced with 48 uM of 2-
carboxyethanesulfonic acid. Under the same experimental conditions, 5.4 ul succink acid
was detected starting from GABA (400 uM initial concentration).

The conversion of 3APS to 2-carboxyethanesuifonic acid in the primary nauron
culture media was significantly inhibited by vigabatrin, the latier a classic GABA
transaminase inhibitor. Nialamide, a monoamine oxidase inhibitor, also reduced the

formation of 2-carboxyethanesulionic acid {from 3APS) but o a lesser exient. in gontrast,
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gabapentin (known fo increase GABA concentration in the brain) had no significant effect on
the conversion of 3APS 1o 2-carboxyethanesulfonic acid.

In another in vitro mode! employing organotypic hippocampal slice culiure, the
conversion of 3APS o 2-carboxyethanesuifonic acid was time-dependent. More than 60%
of 3APS was converied o 2-carboxyethanesulfonic acid after 3-day incubation in the culture
media. 2-carboxyethanesulfonic acid was also detected after incubation of 3APS in human
hepatocyte (MepG2) cuiture media,

it s undersiood that the examples and embodiments described hersin are for
illustrative purposes only and that various modifications or changes in fight thereof will be
suggesied {c persons skilled in the ari and are 10 be included within the spirit and purview of
this application and scope of the appendead claims.
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CLAIMS

1. A compound of Formula XII:
,D—X //o
HN SQO
(X1
wherein,

D is a carbonyl or a substituted methylene group; and

X is selected from O, NH, and S;

wherein the methylene is substituted with oxo or OR™, wherein R* is a group
selected from C;-Cpalkyl, C,-Cialkenyl, C,-Cpalkynyl, Cs3-Ciscycloalkyl, Cs-
Cisheterocycloalkyl, Ce-Cysaryl, and Cs-Cisheteroaryl

or a pharmaceutically acceptable salt or solvate thereof.

2. The compound of claim 1, wherein D is a carbonyl.
3. The compound of claim 1, wherein D is a substituted methylene group.
4, The compound of any one of claims 1 to 3, wherein X is an oxygen atom.
5. The compound of any one of claims 1 to 3, wherein X is a NH group.
6. The compound of any one of claims 1 to 3, wherein X is a sulfur atom.
7. The compound claim 1, wherein said compound is of Formula XII-A:
OR14
>—O\ ,/O
HN SQO
(XII-A)
wherein,
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R is a group selected from C;-Cyalkyl, C,-Ci.alkenyl, C,-Ci.alkynyl, Cs-
Ciscycloalkyl, Cs-Cisheterocycloalkyl, Ce-Cisaryl, and Cs-Cysheteroaryl;

or a pharmaceutically acceptable salt or solvate thereof.

8. The compound of claim 7, wherein said R** is a C;-Cy,alkyl group.

9. The compound of claim 8, wherein said R** is a C;-Cgalkyl group.

10.  The compound of claim 1, wherein said compound is:

0 MeQ
i O\ /,O /\ O\ /,O
HN S< HN S<
) ° )
EtQ BnO
/\ O\ /,O /\ O\ /,O
HN S< HN <
\_J :
% 4 0
: N\ /,O : S\ /,O
HN 5% HN 5%

or a pharmaceutically acceptable salt or solvate thereof.

11. A compound, wherein said compound is:

O s Q \/

HN ITIH HN I}IH
=0 =0

N N

o . O

’ 1

or a pharmaceutically acceptable salt or solvate thereof.

12. A pharmaceutical composition for use in treating or preventing a disease or
condition selected from the group consisting of Alzheimer's disease, mild cognitive
impairment
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Down's syndrome, Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-Type,
cerebral amyloid angiopathy, a degenerative dementia, a dementia of mixed vascular
and degenerative origin, dementia associated with Parkinson's disease, dementia
associated with progressive supranuclear palsy, dementia associated with cortical basal
degeneration, and diffuse Lewy body type of Alzheimer's disease, comprising a
compound of any one of claims 1 to 11 together with a pharmaceutically acceptable

carrier.

13. Use of a compound of any one of claims 1 to 11 in the manufacture of a
medicament for treating or preventing a disease or condition selected from the group
consisting of Alzheimer's disease, mild cognitive impairment Down's syndrome,
Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-Type, cerebral amyloid
angiopathy, a degenerative dementia, a dementia of mixed vascular and degenerative
origin, dementia associated with Parkinson's disease, dementia associated with
progressive supranuclear palsy, dementia associated with cortical basal degeneration,
and diffuse Lewy body type of Alzheimer's disease.

14. A prodrug of 3-amino-1-propanesulfonic acid (3APS) or a pharmaceutically
acceptable salt thereof, wherein said prodrug is a compound of any one of claims 1 to
11.

15. The pharmaceutical composition comprising a prodrug of claim 14 together with a
pharmaceutically acceptable carrier, for use in treating or preventing a disease or
condition selected from the group consisting of Alzheimer's disease, mild cognitive
impairment Down's syndrome, Hereditary Cerebral Hemorrhage with Amyloidosis of the
Dutch-Type, cerebral amyloid angiopathy, a degenerative dementia, a dementia of
mixed vascular and degenerative origin, dementia associated with Parkinson's disease,
dementia associated with progressive supranuclear palsy, dementia associated with

cortical basal degeneration, and diffuse Lewy body type of Alzheimer's disease.

16. Use of a prodrug of claim 14 in the manufacture of a medicament for treating or
preventing a disease or condition selected from the group consisting of Alzheimer's
disease, mild cognitive impairment Down's syndrome, Hereditary Cerebral Hemorrhage

with Amyloidosis of the Dutch-Type, cerebral amyloid angiopathy, a degenerative
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dementia, a dementia of mixed vascular and degenerative origin, dementia associated
with Parkinson's disease, dementia associated with progressive supranuclear palsy,
dementia associated with cortical basal degeneration, and diffuse Lewy body type of

Alzheimer's disease.

17.  The pharmaceutical composition for use of claim 12 or the use of claim 13,
wherein the disease or condition is Alzheimer's disease, mild cognitive impairment,
Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-Type, or cerebral
amyloid angiopathy.

18. The pharmaceutical composition for use or the use of claim 17, wherein said

disease or condition is Alzheimer's disease.

19. The pharmaceutical composition for use of claim 15 or the use of claim 16,
wherein the disease or condition is Alzheimer's disease, mild cognitive impairment,
Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-Type, or cerebral

amyloid angiopathy.
20. A pharmaceutical composition for use in treating or preventing a
neurodegenerative disease, comprising a compound of any one of claims 1 to 11

together with a pharmaceutically acceptable carrier.

21. Use of a compound of any one of claims 1 to 11 in the manufacture of a

medicament for treating or preventing a neurodegenerative disease.

22. The pharmaceutical composition for use of claim 12 or the use of claim 13,

wherein said disease or condition is Parkinson’s disease.

23. The pharmaceutical composition for use or the use of claim 19, wherein said

disease or condition is Alzheimer's disease.

24.  The pharmaceutical composition for use of claim 15 or the use of claim 16,
wherein said disease or condition is Parkinson’s disease.
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25. A pharmaceutical composition for use in treating or preventing a
neurodegenerative disease, comprising a prodrug of claim 14 together with a

pharmaceutically acceptable carrier.

26. Use of the prodrug of claim 14 in the manufacture of a medicament for treating or

preventing a neurodegenerative disease.
27. A process for converting a compound of any one of claims 1 to 11, to 3-amino-1-
propanesulfonic acid, comprising contacting said compound with an enzyme which

metabolizes said compound to 3-amino-1-propanesulfonic acid in vitro.

28. The process of claim 27, comprising contacting said compound with plasma,

blood, brain cells or any combination thereof.

125



