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Abstract The invention relates to methods, compounds,
compositions and vehicles for delivering 3-amino-1 -
propanesulfonic acid (3APS) in a subject, preferably a human
subject. The invention encompasses compounds that will yield
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METHODS, COMPOUNDS, COMPOSITIONS AND VEHICLES FOR
DELIVERING 3-AMINO-1-PROPANESULFONIC ACID

Abstract
The invention relates to methods, compounds, compositions and vehicles for
delivering 3-amino-1 -propanesulfonic acid (3APS) in a subject, preferably a human
subject. The invention encompasses compounds that will yield or generate 3APS, either

in vitro ot in vivo. Preferred compounds include amino acid prodrugs of 3APS for use,
including but not limited to, the prevention and treatment of Alzheimer's disease.

No suitable figure
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METHODS, COMPOUNDS, COMPOSITIONS AND VEHICLES FOR
DELIVERING 3-AMINO-1-PROPANESULFONIC ACID

Related Apbiication
This appiication claims priority from U.S. provisional patent application no. US
60/851,030 filed October 12, 2008, and U.S. provisional patent application no. US
80/911,459 filed April 12, 2007, which are incorporated herein by reference.

Field of the invention
The invention relates to methods, compounds, compoesitions and vehicies for
delivering 3-amino-1-propanesulfonic acid (3APS) in a subject, preferably a human subject.
The invention encompasses compounds that will yield or generate 3APS, either in vitro or
in vivo. Preferred compounds include amino acid prodrugs of 3APS for use, inluding but not
limited to, the prevention and treatment of Alzheimer's disease.

[Backoround of the inveniion

Alzheimer's dissase (AD) is a progressive degenerative disease of the brain primarily
associaied with aging. Prevalence of AD in the United States in 2000 was ciose to 4.5
Million. It was estimated that about one in ten individuals over 85 and nearly haif of those
over 85 are affected by A i disease. i ly 360,000 patients will be
diagnosed with AD each year in the United States aione.

Clinical presentation of AD is characterized by loss of memory, cognition, reasoning,
judgment, and orientation. As the disease progresses, motor, sensory, and linguistic abilities
are aiso affected until there is global impairment of multiple cognitive functions. These
mgniti\}e losses occur gradually, but typically iead io severe impairment and eventual death
in the range of four 1o twelve years.

Alzheimer's disease is characterized by two major pathologic observations in the
brain: neurofibrillary tangles and beta amyloid {or neuritic) plaguas, comprised predominantly
of an aggregate of a peptide fragment know as AB. individuals with AD exhibit characteristic
beta-amyloid deposits in the brain (beta amyloid planues) and in cerebral bload vessels
(beta amyloid angiopathy) as well as neurofibriliary tangles. Neurofibrillary tangies occur not
only in Aizheimer's disease but also in other dementia-inducing disorders.

3-amino-1-propanesulionic acid (3APS, Tramiprosate, Alzhemed™) is a promising
investigational product candidate for the wreatment of Alzheimer's disease that is curentiy in
Phase Il clinical trials in North America and Europe (Wright, T. M.. Drugs of Today (2006},
42(5}: 291-298). This product is developed by Neurochem Inc. (Laval, QC, Canada) and it is
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believed to act by reducing the deposition and/or load of amyloid in the brain through its
binding to soluble AB peptide. For increasing the therapeutic effectiveness of 3APS, it would
be desirable to increase bioavailability, stability and/or.crossing the biood 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 metaboiic stability in pooled human
hepatocytes, human, rat and dog liver microsomes, human intestinal microfiora, pooled
human liver cytosol, and human arylamine N-acetyltransferase (See Examples 4 and 5).

a. PCT . publication number WO2004/112375 discloses phenylaianyl and
phenylalanyl-ph ! substi 3-amino-1-propanesulfonic acid for use in inhibition
amyioid deposition. PCT publication number WO2002/096937 discloses all-D peptides
which include 3-amino-1-propane sulfonic acid as potential vaccines against amyloid-beta

related diseases.

b. Varga and co-workers in Neurochem. Res. (1988), 13(11), pages 1027-1034,
described 2 gamma-glutamyl derivative of 3-amino-1-propanesulfonic acid active in
neurotransmission assays.

c. A 3-APS derivative of carbobenzoxy-iryptophan was described in U.S. Patent
No. 5-776,970 (Shechter et al.) as a treatment for neoplasms, where the tryptophan moiety
is the core structure and the CBz group acts as a lipophilic group to help cell penetration.

Summary of the invention

Surprisingly, it has now been found that 3APS is metabolized both in vitro and in
vivo. Indeed, as described in more detall hereinafter, recent in vivo studies indicate
exiensive metabolism, particulariy 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 -propanssulfonic acid and 3-acetylamino-1-
propanesulfonic acid. Further studies demonsirated that 2-carboxyethanesulfonic acid was
the only major metabolite of 3APS in mice, rats, dogs and humans.




[
HZNM3<OH metabolism . 2 ioacid  3-hydroxy-1 ic acid
g‘o —_———
3-amino-1-propanesulichic acid iﬂ AN ﬁ:OH
c©
Z-acstyiamino-1-propanesulionic acid

Without wishing to be bound by theory, it is hypothesized that metabolism of 3APS is
mainly caused by a transaminase .and/or monoamine oxidase that generates
2-carboxysthanesulfonic 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 acstylates 3APS. These
hypotheses are supported by in vitro experiments (see, for example, Example 5) showing
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that the conversion of 3APS to 2-carboxyethanesulfonic acid in primary neuron culture
media was significantly inhibited by vigabatrin, a classic GABA fransaminase inhibitor.
Niaglamide, a monoamine oxidase inhibitor, also reduced the formation of
2-carboxyethanesulfonic acid (from 3APS) but to a lesser extent.

Accordingly, an aspect of the invention concems compounds and composiiions that
can defiver 3APS by minimizing the metabolism, e.g., first-pass metabolism, associated with
that drug, and more particularly compounds that would biock or protect the aminc group of
3APS such that it avoids metabolism, e.g., by transaminases and/or monoamine oxidases.

The invention 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:

NS OF

A

3APS

According to an aspect, the present invention 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 gensrate 3APS is a carbamate prodrug of
3APS. in another embodiment, the compound that will yield or generate 3APS is an amide
pradrug of 3APS. In another embodiment, the compound that will yield or generate 3APS is
a carbohydrate-detived prodrug of 3APS. In another 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 cyciic double-protected prodrug. In further embodiment, the
compound that yields or generates 3APS is a 3APS polymer (e.g. a molecule composed of
two 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 vive,
3APS have one of the general or specific formulae or struciures disclosed herein. The
present invention encompasses these compounds, pharmaseutical compesitions containing
these compounds, and methods employing such compounds or compositions in the
freatment of various medical disorders such as Aizheimer's disease.
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The present invention also relates to pharmaceutical compositions comprising a
compound of the present invention.

The present invention further relates to a mathod 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 invention.

The present invention also provides. processes for converting compounds of the
invention to 3APS. The conversion and/or generation of 3APS invaives contacting any of the
compounds of the inventicon, e.g., with blood, plasma and/or brain celis. The conversion can
oceur i vitro or in vivo. The conversion may aiso occur in the presence of enzymes capabie
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 invention also provides the use of a compound according fo the invention for the
manuifacture of a medicament. The invention also provides the use of a compound of the
invention for the treatment or prevention of Aizheimers disease, mild cognitive impairment,
Down's syndrome, Hereditary Cerebral Hemorrhage with Amyioidosis of the Dutch-Type,
cerebral amyloid angiopathy, other degenerafive dementias, dementias of mixed vascular
and degenerative origin, dementia associsted with Parkinson's disease, dementia

} with progressive .sup palsy, d i with cortical basal
degeneration, or diffuse Lewy body type of Alizheimer's disease. The inveniion also provides

methods for the treatment or prevention of the aforer i i ]

administration of a therapeutically eftective amount of a compound of the invention 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 refated aspect of the
inventicn relates to the prevention and/or treatment of Alzheimer's disease in a human
subject by administering an effeciive amount of 2 compound or composition of the present
invention to a human subject in need thereof.

In a further embodiment the invention 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, €.g., by eardraps, 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 inhalakion, intranasally or iniratracheally.

The invention in further aspects inciudes the administration of compounds of the
invention 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, ete.

This invention in various aspects retates to the following numberad aspects:
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Aspect 1. A compound of the Formuta |

B—L—A (0]
wherein
B is a pharmacokinetic modulating moiety, which is optionally alsc bonded to A directly or
indirectly through & further linking group L;
Ais a 3-amino-1-propanesulfonic atid moigly (i.e., 3APS bound to L-B), and
Lisa finkage for and dissociably coupling B to A (preferably and
typically via the NH, group), or is absent, whereby L can be a direct bond or additiona!
chemical structure providing a cleavabie linkage,

or a pharmaceutically acceptable salt or solvate thereof.

Aspect 2. The compound according to aspact 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 formuta | to a human subject.

Aspect 3. Thie compound according io aspect 1, wherein B is a 3-amino-1-
propanesulfonic acid moiety.

Aspect 4. A compound according io aspect 1, wherein
B is an amino acid or a peptide, and
L is a hydrolyzable linkage.

Aspect 5. A compound according fo aspect 1, which is a compound of formula
B, (A (-C), (D), (-B), (P, (EP2), (11}, (111, (V) (), (W), (VI (VI (), (X0, X, (K1),
(XIi-A) or (XIM), which are set forth hereinafier, or a pharmaceutically acceptable salt
thereof.

Aspect 6. A pharmaceutical composition comprising a compound of aspect 1
and a pharmaceutically acceptable vehicie.

Aspect 7. A method for treating or preventing Alzheimer's disease, mild cognitive
impairment Down's syndrome, Hereditary Cerebral Hemorrhage with Amyloidesis of the
Duteh-Type, cerabral amyloid angiopathy, a degenerative dementia, a dementia of mixed
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vascular and deg ive origin, i iated with Parkinson's disease, dementia

associated with pre ive sup 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 aspect 1 fo a human subject in need
thereof.

Aspect 8. A process for converting a compound of aspect 1 to 3APS comprising
contacting said compound with an enzyme which metabolizes said compound 10 3APS
in vitro or in vivo.

Aspect 9. A process according to aspect 8, comprising contacting said
compound with plasma, blood and/or brain celis.

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

Aspect 11. A methad for reducing side effects of 3APS in a human subject (e.g.,

reducing or p ing g i inte prising ] T ism of

3APS, e.g., first pass metabolism, which occurs when 3APS is administered to a human
subject.

Aspect 12, A method according to aspect 10, wherein 3APS is administered in
the form of a prodrug of 3APS which yields or generates 3APS after being administered 1o
said human subject.

Aspect 13, A method according to aspect 10, wherein the prodrug is a compound
of the Formula L:

B—L—A U]
wherein
B is a phammacokinstic modulating meiety, which is optionally also bonded to A directly or
indirectly through a further linking group L;
A is a 3-amino-1-propanasulionic acid ﬁokty {i.e., 3APS bound 1o L-B), and
L is a cleavable iinkage 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 additionat
[« ical structure providing a linkage,
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or a pharmaceutically acceptable salt or solvate thereof.

Aspect 14. A method according to aspect 10, wherein 3APS is administered
through the respiratory system, intratracheally, intranasally, via or under a mucous
membrane, via the ear, rectally, or vaginally, or by an implant, spray, nasal spray, chewing
gum, eye drop, eardrop, suppository, enema, or vaginal cream or lotion.

Aspect 15, The method of aspect 10, wherein the bioavailability of 3APS, AUG of
3APS, brain levels of 3APS, CSF levels of 3APS, Crex of 3APS, Tra of 3APS, andfor bio-
absorpiion of 3APS is increased.

Aspect 16. A method according to aspect 10, wherein Alzheimer's disease is
treated or prevented.

Aspect 17. A method according to aspect 10, wherein the effective therapeutic
level of 3APS in a selected human tissue is increased.

Aspect 18. A method according te aspect 17, which increases the ieval of 3APS
in the brain of said human subject.

Aspect 18. A method according to aspect 10, which increases the therapeutic
effectiveness of 3APS.

Aspect20. A method according to aspect 10, which lessens the first pass
metabolism of 3APS.

Aspect21. A method according 1o aspect 10, which reduces the side efiects of
3APS,

Aspect 22. A method according fo aspect 10, wherein the oral AUC of 3APS is
increased by at least 20%.

Aspect23. A method for increasing the therapeuiic bio-distribution of 3APS in a
human subject, comprising administering 3APS in the form of a prodrug or in the form of a
gemint dimer of 3APS.
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Aspect24. A method for increasing the therapeutic bio-disiribution of 3APS in a
human subject, comprising administering 3APS non-arally or non-enterally.

Aspect 25. A method according to aspect 10, wherein 3APS is delivered using a
route (transdermally, S.C., intranasally, efc.) or vehicle (patch, implant, spray, formulation,
ete.) which minimizes hepatic first-pass metabolism of 3APS.

Aspect26. A compound according to aspect 1, wherein said cleavable linkage is
selected for yieiding or generating 3APS or a derivative of 3APS, either in vitro or in vivo,
e.g., wherein the linkage is cleavable hydrolytically or enzymatically.

Aspect27. A compound according fo aspect 1, wherein said pharmagcokinetic
moduating moiety is selected for increasing the therapeutic bio-distribution of 3APS upon
administration of the compound of formula | to a human subject.

Aspect 28. A prodrug of the Formuia |

B—L-—-A (U]
wherein
B is a pharmacokinetic modulating moiety, which is optionally also bonded to A directly or
indirectly through a further linking group L;
A is & 3-amino-1-propanesulfonic acid moiety (i.e., 3APS bound to L-B), and
L is a cleavable iinkage 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 iinkage,

or a ph stically ptable salt, metabolite or solvate thereof,
wherein the metabolite of said prodrug can be 3APS and/or other metabolites,
inciuding, but not fimited to, metabolites identified elsewhere herein, e.g., the examples.

Additional objects, advantages and features of the present invention will become
more apparent upon reading of the following non-resiricive description of preferred
embodiments which are exemptary and should not be interprated as limiting the scope of the
invention.
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L._Definitions

All technical and scientific terms used herein have the same meaning as commaenily
understood by one ordinary skilled in the art to which the invertion perains. For
convenience, the meaning of certain terms and phrases used herein are provided below.

To the extent the definitions of terms in the publications, patents, and patent
applicaions incorporated herein by reference are confrary 1o 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
matter disclosed.

It should be noted lhét, the singuiar forms “a", "an", and "the" include plural reterents
uniess the content clearly dictates otherwise. Thus, for example, reference to a composition
containing "a compound” includes a mixture of two or more compounds. It should also be
noted that the term "or" is generally employed in its sense including "and/or" uniess the
content clearly dictates otherwise.

The chemical structures herein are drawn according to the conventional standards
known in the art. Thus, where an atom, such as a carbon atom, as drawn appears to have
an unsatisfied valency, then that valency is assumed o be satisfied by a hydrogen atom
even though that hydrogen aiom is not necessarily expficitly drawn. Hydrogen atoms should
be inferred to be part of the compound.

The symbol *—" in general represents a bond between two aioms in the chain. Thus
CH—C—CH,~CH(R) —CH; represents a 2-substituted-1-methoxypropane compoungd. In
addition, the symbol "— represenis the point of attachment of the substituent to a
compound. Thus for example aryl(C+-Cs)—alkyl indicates an arylalkyl group, such as benzyl,
attached to the compound at the alkyl moiety.

Where multiple substituents are indicated as being aftached to a structure, it is to be
understood that the substituents can be the same or different. Thus for example "R,
optionally subsiituted 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 to compounds mentioned herein as being useful for at least one purpose
of lhe’ invention, e.g., thase encompassed by structural Formulae such as (1), (A), {(I-C),
(D), (FE), (-P), (1-P2), (1), (1), (IV), (V), V1), (VIT), (Wil (IX), 00, (X1}, OXI), (XI-A) and
(X)), and includes specific compounds mentioned herein such as A1 to A35, C1 to 028, Bi
to B14, H1 to H4, G1 to G11, St to 814 and D1 to D8, ete., as wall as their pharmaceutically
acceptable salts and solvates. Embodiments herein may exciude one or mare of the
compounds of the invention. Compounds may be identified either by their chemical structure
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andfor chemical name. When the chemical structure and chemical name caonflict, the
chemical structure is determinative of the identity of the compound. The compounds
described herein may contain one or more chiral centers and/or doubie bonds and thersfore,
may exist as stereoisomers, such as double-bond isomers (i.e., geometric isomers),

enantiomers, or diastereomers. Accordingly, the chemical struciures disclosed herein

encompass - all possible enantiomers and siereoi of the il i cor o

including the stereoisomerically pure form (e.g., geometrically pure, enantiomerically pure, or

di ically pure) and enantiometic and stereois ic mixtures. Enantiomeric and
stereoisomeric mixiures can be resolved inic their component enantiomers or stereoisomers
using separation techniques or chiral synthesis techniques well known to the skilled artisan,
€.g., chiral chromatography (such as chirali HPLC), immunoassay techniques, or the use of
covalently (such as Mosher's esters) and non-covaiently (such as chiral salts) bound chiral
reagents to respectively form a diastereomeric mixture which can be separated by
conventional methods, such as chromatography, distillaiion, crystaliization or sublimation,
the chiral salt or ester is then exchanged or cleaved by conventional means, to recover the
gesired 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 encompass all possible tautomeric forms of the illustrated compounds. The disciosed
compounds also include isotopically labeled compounds where one or more atoms have an
atomic mass different from the atomic mass most abundantly found in nature. Examples of
isotopes that may be incorporated into the compounds of the present invention inciude, but
are not fimited to, 2H (D), °H (T), “'C, ¢, "¢, ™N, 0, 0, etc. Compounds may exist in
unsolvated forms as well as solvated forms, including hydrated forms. in general,
compounds may be hydrated or solvated. Certain compounds may exist in multiple
crystalline or amorphous forms. In general, all physical forms are equivalent for the uses
contemplated herein and are intended to be within the scope of the present invention.
Further, when partial structures of the compounds are illustrated, brackets or equivalents
indicate the point of attachment of the partial structure o the rest of the molecule.

The term “prodrig” and equivalent expressions refer to agents which can be
converted in vitro or in vivo directly or indirectly to an aciive form (see, e.g., R.B. Silverman,
1982, “The Organic Chemistry of Drug Design and Drug Aciion,” Academic Press, Chap. 8;

Bundgaard, Hans; Editor. Neth. (1985), “Design of Prodrugs”. 360 pp. Elsevier, Amsterdam;
Siella, V.; Borchardt, R.; Hageman, M. Oiivai, R.; Maag, H.; Tiley, J. (Eds.) (2007),
“Prodrugs: Challenges and Rewards, XVill, 1470 p. Springer). Prodrugs can be used to alter
the biodistribution (e.g., to allow 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 to form prodrugs, for example, esters, ethers, phosphates,

10
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etc. When the prodrug is administered o a subject, the group is cleaved, enzymatically or
ron-enzymatically, reductively, oxidatively, or hydrolytically, or otherwise io reveal the active
form. As used herein, “prodrug” includes pharmaceutically acceptable salts thereof, or
pharmaceutically acceptable solvates as well as crystalfine forms of any of the foregoing.
Prodrugs are frequentiy, although not necessarily, pharmacoiogically inactive until converted
to the parent drug.

The term “gemini dimer” and equivalent expressions refer to a synthetic compound
comprising at least two moielies of the same agent or drug coupled together. For
background on gemini dimers, see: Hammell D C, Hamad M, Vaddi H K, Crooks P A,
Stinchcomb A L. A duplex "Gemini" prodrug of naltrexone tor transdermal delivery. J Conirol
Release. 2004. 97(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 lsast one, preferably iwo, pharmaceutically active 3APS molecules.

The term “carbamate” refers to an oxycarbonyl residue (-OC(O)-) linked to an amino
group to form a group comprising a (-OG(O)N(or NH)-) radical The carbamate group can be
secondary (NH) or tertiary (N). This term is further defined in Section II-B(a).

The term "amide” refers to an organic compound containing a carbonyl (-C{O}-)
attached to an amine group to form a group comprising the radical (-C(O)N(or NH)-). The
amide group can be secondary (NH) or teritary (N). This term is further defined in Section
H-A. The term “non-amino acid amide” refers to an amide group where the carbonyl {-C(O}-)
does not form part of an amino acid residue. This term is further defined in Saction 11-B(b).

The term “carbohydrate-derived” refers to oompoundé where the group attached to,
for example, 3APS, is an organic group that is of is derived from a polyhydroxy aldehyde,
polyhydroxy ketone, or a poiyol, can change to such group on simpie chemical
transformations, such as hydrolysis, oxidation, or reduction. These groups include, for
example, sugars, starches, celiuioses, and gums. This term is further defined in Sécticn 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 defined in Section |I-D(a).

The term “eyclic double-protected” refers to compounds wherein a protecting group
in linked to both the amine and the sulfonic acid of 3APS. This term is further defined in
Section I-D(b).

The term “ester” rafers to compounds that can be represented by the formula
RCOOR (carboxylic ester) or the formula RSO;R’ (sulfonate ester), where the group R can
be, for example 3APS or the 3-aminopropane part thereof, and the group R’ can be another
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organic group. These compounds are usually respectively formed by the reaction between a
carboxylic or a sulfonic acid and an alcohol usually with the elimination of water.

The term “amino acid” generally refers to an organic compound comprising both a
carboxyic acid group and an amine group. The term “amino acid” includes both “natural” and
“unnatural” or “non-natural’ amino acids. Additionally, the term amino acid includes O-
alkyfated or N-alkylated amino acids, as well as amino acids having nitrogen or oxygen-
containing side chains (such as Lys, Orn, or Ser) in which the nitrogen or oxygen atormn has
been acylated or alkylated. Amino acids may be pure L or D isomers or mixiures of Land D
isomers, including racemic mixtures. In general, amine acids are represented by the residue
of Formula V.

The term “natural amino acid” and equivalent expressions refer to L-amino acids
commonly found in naturally occurring proteins. Examples of natural amino acids include;
without fimitation, alanine (Ala), cystein (Cys), aspartic acid (Asp), giutamic acid (Glu},
phenyialanine (Phe), giycine (Gly), histidine (His), isoleucine (lie}, lysine (Lys), leucine (Leu},
methionine (Met), asparagine (Asp), proline {Pro), glutamine (Gin), arginine (Arg), serine
(Ser), threonine (Thr), valine (Val), tryptophan (Trp), tyrosine (Tyr), B-alanine (B-ALA), and
y-aminobutyric acid (GABA).

The term “unnatural amino acid” refers to any derivative of a natural amino acid
inciuding D forms, and a- and B-amino acid derivatives. The terms “unnatural amino acid”
and “non-natural amino acid” are used interchangeably herein and are meant fo include the
same moieties. It is noted that certain amino acids, e.g., hydroxyproiine, that are classified
as a non-naiural amino acid herein, may be found in nature within a certain organism or 2
particular protein. Amino acids with many different profecting groups appropriate for
immediate use in the solid phase synthesis of peptides are commercially available. In
addition to the twenty most commeon naturally occurring amino acids, the {foliowing examples
of non-natural amino acids and amino acid derivatives may be used according to the
invention {common abbreviations in parentheses): 2-aminoadipic acid (Aad), 3-aminoadipic
acid (B-Aad), 2-aminobuiyric acid (2-Abu), a,B-dehydro-2-aminobutyric acid (8-AU),
1-aminocyclopropane-i-carboxyfic acid (ACPC), aminoisobutyric acid  (Aib), 3-
aminoisobutyric acid (B-Aib), 2-amino-thiazoline-4-carboxylic acid, 5-aminovaleric acid {5-
Ava). 6-aminohexanoic acid (6-Ahx), 2-aminoheptanoic acid (Ahe), 8-aminooctanoic acid (8-
Aoc), 11-aminoundecancic acid (11-Aun), 12-amincdodecancic acid (12-Ado),
2-aminobenzoic acid (2-Abz), 3-aminobenzoic acid (3-Abz), 4-aminobenzoic acid(4-Abz),
4~amino-3-hydroxy-6-methylheptanoic acid (Statine, Sta), amincoxyacetic acid (Aoa),
2-aminotetraline-2-carboxyiic acid (ATC), 4-amino-5-cycichexyl-3-hydroxypentanoic acid
(ACHPA),  para-aminophenylalanine . (4-NH-Phe), 2-aminopimelic  acid  (Apm),
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biphenylalanine (Bip), para-bromophenylalanine (4-Br-Phs), ortho-chiorophenylalanine
(2-Ct-Phe), meta-chlorophenylalanine (3-Cl-Phe), para-chlorophenylalanine (4-Cl-Phe),
meta-chlorotyrosine (3-Cl-Tyr), para-benzoylphenylalanine (Bpa), tertbutyiglycine (TLG),
cyclohexylalanine (Cha), cyclohexylglycine {Chg), desmosine (Des), 2,2-diaminopimelic acid
(Dpmj,  2,3-diaminopropionic  acid  (Dpr),  24-diaminobutyric  acid  (Dbu),
3,4-dichiorophenyialanine (3,4-C1z-Phe}, 3,4-difturorphenylalanine (3,4-F5-Phe),
3,5-dilodotyresine  (3,5-I>-Tyr), Aethylglycine (EtGly), MN-ethylasparagine (EtAsn),
ortho-fluorophenylalanine (2-F-Phe), meta-flucrophenylalanine (3-F-Phe),
para-fluorophenylalanine (4-F-Phe), meta-fluorotyrosine (3-F-Tyr), homoserine (Hse),
homophenylalanine (Hfe), homotyresine (Htyr), hydroxylysine (Hyl), ailo-hydroxylysine
(aHyl), S5-hydroxytryptophan (5-OH-Trp), 3- or 4-hydroxyproline (3- or 4-Hyp),
para-iodophenylalanine (4--Phe), 3-iodetyrosine (3-1-Tyr), indoline-2-carboxylic acid (ldc),
isodesmosine (ide), alfo-isoleucine (a-lle), isonipecotic acid (inp), A-methyliscleucine
(Melle), N-methyllysine (Melys), meta-methylityrosine {3-Me-Tyr), Nemethylvaline (MeVal),
1-naphthylalanine (1-Nal}, 2-naphthylaianine (2-Nal), para-nitrophenylalanine (4-NO,-Phe},
3-nitrotyrosine  (3-NOz-Tyr), norieucine (Nie), norvaline (Nva), ornithine (Ornj,
ortho-phosphotyrosine (H.PO:-Tyr), octahydroindole-2-carboxylic acid (Oic), peniciltlamine
(Pen), pentafluorophenylalanine (Fs-Phe), phenyigiycine (Phg), pipecolic acid (Pip),
propargyiglycine (Pra), pyroglutamic acid (PGLU), sarcesine (Sar), tetrahydroisoquinoline-
3-carboxylic acid (Tic), thienylalanine, and thiazolidine-4-carboxylic acid (thicproline, Th).

As used herein, the term “acyclic” refers to an organic 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 alky! groups, alkenyi groups, and alkynyl groups.

As used herein, the term “alkyl” refers te saturated hydrocarbons having from one to
twelve carbon atoms, including linear, branched, and cyclic alkyl groups. Examples of alky!
groups include, without limitation, methyl, ethyl, propyl, butyl, penty!, hexyl, hepty!, octyl,
nonyl, decyl, isopropyl, ter-butyl, sec-butyl, isobutyl, cyclopropyl, cyclopentyl, cyciohexyl,
cycloheptyl, cyclooctyl, and the like. The term alkyl inciudes both unsubstituted alkyl groups
and substituted alkyl groups. The term “C-Cpalkyl”, wherein n is an integer from 2 fo 12,
refers to an atkyl 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, inciuding linear, branched, and cyclic non aromatic alkenyt
groups, and comprising between one fo six carbon-carbon double bond. Examples of alkenyt
groups include, without fimitation, vinyl, allyl, 1-propen-2-yl, 1-buten-3-yl, t-buten-4-yl, 2-
buten-4-yl, 1-penten-5-yl, 1,3-pentadien-5-yl, cyclopentenyl, cyclohexenyl,
ethyicyciopenteny!, ethyicylohexeny!, and the like. The term alkenyl inciudes both
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unsubstituted alkenyl groups and substituted alkeny! groups. The term “Co-Cralkenyt”,
wherein n is an integer from 3 to 12, refers to an alkenyl group having from 2 to the indicated
“n" number of carbon atoms.

As used herein, the term “alkynyl” refers to unsaturated hydrocarbons having from
two fo twelve carbon atoms, including linear, branched, and cyclic non aromatic alkynyl
groups, and comprising between one to six carbon-carbon triple bond. Examples of alkynyl
groups include, without limitation, ethynyl, 1-propyn-3-yl, 1-butyn-4-yl, 2-butyn-4-yl, 1-
pentyn-5-yi, 1,3-pentadiyn-5-yl, and the like. The term alkynyl inciudes both unsubstituted
alkynyl groups and substituted alkynyl groups. The term “Co-Chalkyny!”, wherein n is an
integer from 3 to 12, refers to an alkynyl group having from 2 to the indicated “n” number of
carbon atoms.

Unless the number of carbons is otherwise specified, “lower” as in “iower aliphatic,”
“lower alkyl,” “lower alkenyi,” and “lower alkyiny!”, as used herein means that the moiety
has at ieast one (two for alkenyl and alkynyi) and equal or less than 6 carbon atoms.

The terms “cycloalkyi”, “alicyclic”, “carbocyclic” and equivalent expressions refer

1o a group comprising a saturated or partially unsaiurated carbocyclic ring in a single, spiro
{sharing one atom), or fused (sharing at least one bond) carbocyciic ring system having from
three to fifteen ring members. Examples of cycloalkyl groups include, without limitation,
cyclopropyl, cyclobutyl, cyclopenty!, cyclopenten-1-yl, cyclopenten-2-yl, cyclopenten-3-yi,
cycichexyl, cyclehexen-1-yl, cyclohaxen-2-yl, cyclohexen-3-yl, cycloheptyl,
bicyclo[4,3,0jnonanyl, norbomyl, and the flike. The term cycloakyl includes both
unsubstituted cycloalkyl groups and substituted cycloalkyl groups. The term “Cs-
Creyctoalkyl”, wherein n is an integer from 4 to 15, refers to a cycloalkyt group having from 3
to the indicated “n” number of carbon atoms in the ring structure. Unless the number of
carbons is otherwise specified, “lower cycloalkyl” groups as herein used, have at least 3
and equal or less than 8 carbon atoms in their ring structure,

The term “heterocycioalkyl” and equivalent expressions refer to a group comprising
a saturated or partially unsaturated carbocyclic ring in a single, spiro (sharing one atom), or
fused (sharing at least one bond) carbocyciic ring system having from three to fiteen ring
members, inciuding one fe six heteroatoms (e.g. N, O, S, P) or groups containing such
hetercatoms (e.g. NM, NR, (R, is alkyl, acyl, aryl, heteroaryl or cycloalkyl}, POz, SO, SO,,
and the like). Heterocycioalkyl groups may be C-attached or heteroatom-atiached (e.g. via 2
nitrogen atom) where such is possible. Examples of heterocycioalkyl groups include, without
limitation,  pyrrolidino,  tetrahydrofuranyl, ietrahydrodithienyl, tetrahydropyranyl,
tetrahydrothiopyranyl, piperidinc, morpholino, thiomorpholino, thioxanyl, piperazinyl,
azetidinyl, oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl,
thiazepinyl, 1,2,3,6-tetrahydropyridinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-
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pyranyl, dioxanyl, 13-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl, dikydropyranyi,
dihydrothienyl,  dinydrofuranyl, pyrazolidinyl,  imidazolinyl,  imidazofidinyl,  3-
azabicyciof3,1,0hexanyl, 3-azabicyclol4,1,0lheptanyl, 3H-indolyl, quinoliziny, and sugars,
and the like. The term heterccycloalkyl includes both unsubstituted heterceycloaliy! groups
and substituted heterocycloalky!l groups. The term “Cy-Coheterocycioalkyl”, wherein n is an
integer from 4 to 15, refers to a heterocycioalkyl group having from 3 to the indicated “n”
number of atoms in the ring structure, including at least one hetero group or atom as defined
above. Unless the number of carbons is otherwise specified, “lower heterocycloaiky!” groups
as herein used, have at least 3 and equal or less than 8 carbon atoms in their ring structure.

The terms ‘“aryl” and “aryl ring” refer to aromaiic groups having “4n+2"m(pi)
electrons, wherein n is an integer from 1 to 3, in a conjugated monocyclic or polycyclic
system (fused or not) and having six to fourteen ring atoms. A polycyciic ring system
includes at ieast one aromatic ring. Aryl may be directly attached, or connecied via a G-
Caalkyl group (also referred to as arylalkyl or aralkyl). Examples of aryl groups include,
without limitation, phenyl, benzyl, phenetyl, 1-phenylethyl, tolyl, naphthyi, biphenyl,
terohenyl, indenyl, benzocyclooctenyl, benzocycioheptenyl, azuienyl, acenaphthylenyl,
fluorenyi, phenanthernyl, anthracenyl, and the like. The term aryl inciudes both unsubstituted
aryl groups and substituted aryl groups. The term “Gs-Cparyl”, whersin n is an integer from &
to 18, refers to an aryl group having from 6 1o the indicated *n" number of atorms in the ring
structure, including at least one hetero group or atom as defined above.

The terms “heteroaryl” and “hetercaryl ring” refer to an aromatic groups having
“4n+2"i(pi) electrons, wherein n is an integer from 1 to 3, in a conjugated monogyclic or
polycyciic system (fused or not) and having five to fourteen ring members, including one to
six heteroatoms (e.g. N, O, S) or groups containing such heteroatoms {e.g. NH, NR, (R, is
alkyl, acyl, aryl, heteroaryl or cycioalkyl}, SC, and the like). A polycyclic ring system inciudes
at least one hetercaromatic ring. Heteroaryls may be directly attached, or connected via a
G1-Csalkyi group (also referred to as heteroaryialky! or hetercaralkyl). Heteroaryl groups may
be C-attached or heteroatom-attached (2.g. via a nitrogen atom), where such is possibie.
Examples of heteroaryl groups include, without limitation, pyridyl, imidazolyl, pyrimidinyi,
pyrazolyl, triazolyl, tetrazolyl, furyl, thiemyl; isooxazolyl, thizzolyl, oxazolyl, iscthiazolyl,
pyrroliyl,  quinolinyl, isoquinolinyl, indolyl, isoindolyl, chromenyl, isochromenyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl,
pyrazinyl, lriazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl, thiadiazoiyl, furazanyl,
benzofurazanyl, benzothiophenyl, benzothienyl, benzothiazolyl, benzoxazolyl, quinazolinyl,
quinoiizinyl, quinslonyl, isoguinolonyl, quinoxalinyl, naphthyridinyi, furopyridinyi, carbazolyl,
phenanthridinyl, acridinyl, perimidinyt, phenantnrolinyl, phenazinyl, phencthiazinyl,
phenoxazinyl, dibenzofurnayl, and the like. The term heteroaryl inciudes both unsubstituted
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heteroaryl groups and substituted heteroary! groups. The term “Cs-Crheteroaryl”, wherein n
is an integer frem 6 io 15, refers to an heteroaryl group having from 5 to the indicated “n”
number of ators in the ring structure, including at least one hetero group or atom as defined
above.

The terms “heterocycle” or “heterocyclic” include heterocycioalkyl and heteroary!
groups. Examples of heterocycles inciude, without Fmitafion, acridinyl, azocinyi,
benzimidazolyl, — benzofuranyl,  benzothiofuranyl, benzothiophenyl,  benzoxazolyl,
benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl,
benzimidazolinyl, carbazolyl, 4aH-carbazolyl, carbolinyl, chromanyl, chromeny!, cinnolinyl,
decahydroquinolinyl, 2H,6H-1,5,2-dithiazinyl, dihydrofurof2,3-bltetrahydrofuran, furanyl,
furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl, indolenyl, indolinyl,
indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl, isochromanyl, isoindazalyl, isoindolinyl,
isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl, methylenedioxyphenyl, . morpholiny!,
naphthyridinyl, octahydroisoquinofiny!, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyi,
1,2,5-oxadiazolyl, 1,34-oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl, pyrimidinyl,
phenanthridinyl, phenanthroliny!, phenazinyl, p iazinyl, pf iinyl, ph inyl
phthalazinyl, piperazinyl, piperidinyl, piperidonyl, 4-piperidonyl, piperonyl, pteridinyl, purinyi,
pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole,

pyridoimidazole, pyridothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrroiidingl, pyrrolinyi,
2H-pyrrolyl, pyrrolyi, quinazolinyl, quinoiinyl, 4H-quinoiizinyl, quinoxalinyl, quinuclidinyl,
tetrahydrofuranyl, tetrahydroisoquinoiinyl, tetrahydroquinoliny!, tetrazolyl,
6H-1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1.2,5-thiadiazolyl,
1.3,4-thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thienothiazolyl, thienooxazolyl,
thienoimidazolyl, thiophenyl, triazinyl, 1,2,3-triazolyl, 1,24-triazolyl, 1,2,5-iriazolyl,
1,3,4-triazolyl, xanthenyl, and the iike. The term heterocycle includes both unsubstituted
heterocyclic groups and substituted heterooyclic groups.

The term “amine” or “amine,” 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 to
which they are attached, form a heterocyciic ring. The term amino inciudes compounds or
moieties in which a nitrogen atom is covalently bonded to at least one carbon or heteroatom.
Thus, the terms “alkylamino” and “dialkylamino” as used hersin means an amine group
having respectively one and at least two C;-Csalky! groups attached thereto. The term
“arylamino” and “diarylamino” include groups wherein the nitrogen is bound to at ieast one
or two aryl groups, respectively. The term “amide” or “aminocarbonyl” includes compounds
or moieties which contain a nitrogen atom which is bound to the carbon of a carbonyl or a
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thiocarbonyl group. The term acylamino refers to an amino group directly attached to an acyl
group as defined herein.

The term “nitro” means —NO,; the terms “halo” and “halogen” refer to bromine,
chlorine, fluorine or iodine substituents; the term “thiol”, “thio”, or “mercapto” means SH;
and the term “hydroxyl” or “hydroxy” means —OH. The term “alkylthio” refers to an alky!
group, having a sulfrydryl group attached thereto. Suitabie alkyithio groups include groups
having 1 to about 12 carbon atoms, preferably from 1 to about 6 carbon atome. The term
“atkylcarboxy!” as used herein means an alkyl group having a carboxyl group attached
thereto.

The term “alkoxy” or “lower alkoxy” as used herein means an alkyl group having an
oxygen afom aftached thereto. Representative alkoxy groups include groups having 1 to
about 6 carben atoms, e.g., methoxy, sthoxy, propoxy, ter-butoxy and the like. Exampies of
alkoxy groups include methexy, ethoxy, isopropyloxy, propoxy, butoxy, pentoxy,
fluoromethoxy,  difluoromethoxy,  trifluoromethexy, chloromethoxy,  dichioromethoxy,
trichloromethoxy groups and the like. The term alkoxy includes both unsubstituted or
substituted alkoxy groups., etc., as well as perhalogenated alkyloxy groups.

The term “carbonyl” or “carboxy” inciudes compounds and mcieties which contain a
carbon connected with a double bond to an oxygen aiom. Examples of moieties which
contain 2 carbonyl include aldehydes, ketones, carboxyiic acids, amides, esters, anhydrides,
efe.

The term “acyl” refers to a carbonyl group that is attached through its carbon atom to
a hydrogen (i.e., formyl), an aliphatic group (C:-Cealkyl, Ci-Csalkenyl, CCsatlkynyl, e.g.
acetyl), a cycloalkyl group (Co-Ceoycioalkyl), a heterocyclic group {Cs-Csheterocycloalkyl and
Cs-Csheteroaryl), an aromatic group (Csaryl, e.g., benzoyl), and the fike. Acyl groups may be
unsubstituted or substituted acyl groups (e.g. salicyloyl).

It wili be understood that “substitution” or “substituted with” includes the implicit
proviso that such substitution is in accordance with the permitied vaience of the substituted
atom and the substituent, and that the substitution results in a stable compound, e.g., which
does not spontaneously underge transformation such as by rearrangement, cyclization,
elimination, efc. As used herein, the term “substituted” is meant to include all permissible
substituents of organic compounds. In a broad aspect, the permissible substituents include
acyclic and cyclic, branched and unbranched, carbocyciic and heterocyclic, aromatic and
nonaromafic substituents of organic compounds. The permissible substituents can be one or
more. The term “substituted”, when in association with any of the foregoing groups refers to
a group substituted at one or more position with substituents such as acyl, amine (including
simple amino, monc and dialkyiamine, mono and diarylamino, and alkylarylamino),
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acylamine  (including carbamoyl, and ureido), alkylcarbonyloxy, arylcarbonytoxy,
alkoxycarbonyloxy, afkoxycarbonyl, carboxy, carboxylate, aminocarbonyl, mono and
dialkylaminocarbonyl, cyana, azido, halogen, hydroxyl, nitro, trifluoromethyl, thio, alkylthio,
arylthio, alkylthi sonyl, thiocarboxylate, lower alkyl, lower alkenyl, lower alkynyl,

cycloalkyl, heterocycloalkyl, aryl, heteroaryl, lower alkoxy, aryloxy, aryloxycarbonyloxy,
benzyloxy, benzyl, sulfinyi, alkylsulfinyl, sulfonyl, sulfate, sulfonate, sulfonamide, phosphate,
phosphonate, phosphinato, oxo, guanidine, imino, formyl and the like. Any of the above
substituents can be further substituted #f permissible, e.g. if the group contains an alky!
group, an aryl group, or other.

The term “solvate” refers to a physical association of a compound of this invention
with one or more solvent molecules, whether organic or inorganic. This physical asseciation
includes hydrogen bonding. in certain instances, the solvate will be capable of isolation, for
example when one or more solvent molecufes are incorporated in the crystal lattice of the
crystalline solid. “Solvate” encompasses boih solution-phase and isoiable solvates.
Exemplary solvates include hydrates, ethanolates, methanolates, hemisthanolates, and the
like.

A "pharmaceutically acceptabie sait" of a compound means a salt of a compound
that is pharmaceutically acceptable. 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 is not biologicaliy or otherwise undesirable.
Example of pharmaceutically acceptable salts are also described, for example, in Berge
et al., “Pharmaceutical Salts”, J, Pharm. Sci. 68, 1-19 (1977). Such salts inciude:

(1) acid addition salts, 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, phesphoric acid, carbonate forming agents, and the
like; or formed with organic acids such as acetic acid, propionic acid, lactic acid, oxalic,
glycolic acid, pivalic acid, t-butylacetic acid, B-hydroxybutyric acid, valeric acid, hexanoic
acid, cyciopentanepropionic acid, pyruvic acid, malonic acid, succinic acid, malic acid,
maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic

acid, cinnamic acid, mandeiic acid, onic acid, iifonic acid, 1,2-eth:

disulfonic acid, 2-hydraxyethanesuifonic acid, cyclohexylaminosulfonic acid, benzenesuifonic
acid, sulfanilic acid, 4-chiorebenzenesulfonic  acid, 2-napthalenesulfonic  acid,
4-toluenesulfonic acid, camphorsulfonic acid, 3-phenyl propionic acid, lauryl sulphonic acid,
lauryl sulfuric acid, oleic acid, palimitic acid, stearic acid, lauric acid, embonic (pamoic) acid,

palmoic acid, pantothenic acid, lactobionic acid, alginic acid, galactaric acid, galacturonic




o

30

35

acid, gluconic acid, glucoheptonic 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 proton present in the parent
compound either is replaced by a metal ion, including, an alkali metal ion {e.g. lithium,
sodium, potassium), an alkaling earth ion (e.g. magnesium, calcium, barium), or other metal
fons such as aluminum, zing, iron and the like; or coordinates with an organic base such as

ammonia, ethylamine, dicthylamine, ethyi i N,N-diben; fiamine,

ethanolamine, diethanclamine, triethanolamine, tromethamine, N-methylglucamine,
piperazine, chloroprocain, procain, choling, lysine and the like.

Pharmaceutically acceptable salts may be synthesized from the parent agent that
contains a basic or acidic moiety, by conventional chemical methods. Generally, such salts
are prepared by reacting the free acid or base forms of these agents with a stoichiometric
amount of the appropriate base or acid in water or in an orgaric solvent, or in a mixture of
the twe. Salts may be prepared in situ, during the final isolation or purification of the agent or
by separately reacting a purified compound of the invention in its free acid or base form with
the desired corresponding base or acid, and isolating the salt thus formed. The term
“pharmaceutically accepiable salis” also include zwitterionic compounds containing a
cationic group covalentily bonded to an anionic group, as they are “internal saits”.

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

“Abeta”, "AB", or “B-amyloid", is defined as any pepiide resuliing from beta-
secretase mediated cleavage of Beta Amyioid Precursor Protein (APP), including for
examples peptides of 37, 38, 39, 40, 41, 42, and 43 amino acids, and extending from the
beta-secrefase cleavage siie 1o aminc acids 37, 38, 39, 40, 41, 42, or 43. It aiso includes It
aiso includes N-terminal truncated species of above peptides, such as the pyroglutamic
forms pE3-40, pE2-42, pE3-43, pEi1-42, pE11-43 and the like. For converience of
nomenclature, “AB..p;", may be referred to herein as “AB(1-42)" or simply as “ABs." (and
likewise for any other amyloid peptides discussed herein}. As used herein, the terms
“Abeta”, “AB", “B-amyloid", “amyloid-B" are synonymous referring collectively to fruncated
and non-truncated pepiide species of the sequence between B- and ycleavage sites of APP.

The term “amyiocid— di or “amyioid—f related di " may be used for
mild cognifive impairment; vascular dementia; early Alzheimer's dissase; Alzheimer's
disease, including sposadic {non-hereditary) Alzheimer's disease and familial (hereditary)

Aizheimer's disease; age-related cognitive decline; cerebral amyloid angiopathy (“CAA™);
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hereditary cerebral hemorthage; senile dementia; Down's syndrome; inclusion body myositis
(“IBM”); or age-related macular degeneration (“ARMD"), Mild cognitive impairment (“MCY),
Cerebral amyloid angiopathy (“CAA"), age-related macular 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 following administration of the compound
1o the subject. Exampies of biological samples include biological fluids such as plasma and
biood, or organ homogenates such as brain or fiver homogenates. The AUC can be
determined by measuring the concentration of a compound in a biological sample such as
the plasma, bicod or brain homegenate using methods such as liquid 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 o the disclesure
here, an AUC for 3APS can be determined by measuring the concentration of 3APS in the
piasma, blood or brain homogenate of a subject following oral administration of a compound
of Formuiae (1), (I-A), (FC}, (D), (FE), (-P), (I-P2), (1), (1), (IV), {V), (VI), (I, (VIIR, (IX),
(X), (X1}, (XIl) or (XII-A}, to the subject. Unless noted otherwise herein; AUC means AUCo.«,
as further defined in Example 4.

"Bicavailability" refers 1o the rate and amount of a drug that reaches the systemic
circulation of a subject following administration of the drug or prodrug thereot to the patient
and can be determined by evaluating, for example, the plasma or blood concentration-
versus-time profile for the drug. Parameters useful in characterizing a plasma or blood
concentration-versus-time curve include the area under the curve (AUC), the time to peak
concentration (Trma), and the maximum drug ion (Cpax). B ilability ts often
expressed as F{%) referring to the ratio in percentage of the AUC of the compound for a

specific mode of administraion (e.g. orally) over AUC of the compound after an [V
administration.

"Biocequivalence" refers to equivalence of the rate and extent of absorption of a drug
affer administration of equal doses of the drug or prodrug to a patient. As used herein, two
plasma or biood concentration profiles are bioequivalent if the 90% confidence interval for
the ratio of the mean response of the two profiles is within the fimits of 0.8 and 1.25. The
mean response includes at least one of the characteristic parameters of a profile such as
Crmax, Traxs @nd AUC.

"Cenex” 15 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.

"Tmax” is the time to the maximum conceniration (Cre Of @ diug in the biological
sample of a subject follewing 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 multiple dose administration to the patient, which provides the
desired effect in the patient under diagnosis or treatment. An sffeciive amount can be readily
determined by the attending diagnestician, as .one skilled in the art, by the use of known
techniques and by observing results obtained under analogous circumstances. In
determining the sffective amount or dose of compound administered, a number of factors
are considered by the attending diagnostician, including, but not limited to: the size, age, and
general health of the subject; the specific disease involved; the degree of or involvement or
the severity of the disease; the response of the individual subject; the particular compound
administered; the mode of administration; the bioavaitability characteristics of the preparation
administered; the dose regimen selected; the use of concomitant medication; and other
relevant circumstances.

As used herein the term “therapeutic bio-distribution of 3APS” refers to one or
more pharmacokinefic parameters of 3APS which affect 3APS therapeufic activity.
Exampies of such pharmacokinetic (PK) parameters inciude but are not limited to:
bicavaitability of 3APS, AUC of 3APS, brain levels of 3APS, CSF leveis of 3APS, Crnax Of
3APS , Trax 0f 3APS, and/or bio-abserption of 3APS, ete.

As used herein the terms “increased (or like terms, e.g., increasing, increase in,

etc.) therapeutic effectiveness of 3APS” and “enhanced {or like terms, e.g., enhancing,

n, etc) therapeutic effectiveness of 3APS” refer to an increased
effectiveness of 3APS as measured, e.g., by one or more parameters listed under
“therapeutic bio-distribution of 3APS” above, e.g., by 5%, 10%, 20%, 30%, 40%, 50%, 0%,
70%, 80%, 90%, 95%, 99%, 125%, etc., or even more, e.g., 2, or 4 fold, or even more when
administered to a subject, e.g., animal or human, which increase is with respect to the same

equivalent molar dose of 3APS administerad orally in water solution, Preferably such %
increases are achieved also with respect to 3APS administered orally in the formulation of
Table 3 of USSN 11/103,656, filed on April 12, 2005. Effectiveness can also be ac
measured, for example, by effect on characteristics of a disease such as Alzheimer's
disease, e.g., by the reduction of plaques or AB load in the brain, or by an improvement in

i s of the disease, e.g., memory loss, cognition, reasoning, judgment,
orientation, etc. See USSN 11/103.658, filed on April 12, 2005, for details on how to
measure effects on characteristics of such diseases.

The term “lessening metabolism of 3APS” (or reiated terms such as reduction,
less, lowering, reducing, lowersd, etc) refers to decreasing the degree or amount of first-
pass metabolism in the Gl tract or liver of 3APS (by administering it to a subject nor-araliy or
in particular oral formutations or in the form of a prodrug) by e.g., 5%, 10%, 20%, 30%, 40%,
50%, 80%, 70%, 80%, 90%, 95%, 99%, or even 100%, which decrease is with respect to the
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degree ar amount of metabolism of 3APS that occurs when the same equivalent molar dose
of 3APS is administered orally in water solution. Preferably such % decreases are achieved
also with respect to 3APS administered orally in the formulaiion of Table 3 of USSN
11/1083,656, 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 side effects of 3APS by, e.g., 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 85%, 99%, or 92.9%, or even 100%, which decrease is with respect to the
amount of or severity of a side effect of 3APS that is exhibited when the same eguivaient
molar dose of 3APS is administered orally in water solution. Preferably such % decreases
are achieved also with respect to 3APS administered orally in the formulations of Table 3 of
USSN 11/103,856, filed on April 12, 2005,

More generally, the terms lessening etc., increasing etc., refer in context herein to the
percentage changes, e.g., by 5%, 10%., 20%, 30%, 40%, 50%, 60%. 70%, 80%, 90%, 95%,
99%, 125%, efc., or even more, e.g., 2, or 4 fold, or even more.

All of the pharmacokinetic data in USSN 11/103,656, filed on April 12, 2005, are
incorporated herein by reference, including the data for exampie 1 and of Table 3, for
exampie, for forming a comparative basis for the effects achieved 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., sclvates thereof, ionically dissociated forms
thereof, charged forms thereof; etc.

"Pharmaceuticalty acceptabie” refers to drugs, medicaments, inert ingredients etc.,
which the term describes, suitable for use in contact with the tissues of humans and lower
animals without undus toxicity, incompatibility, instabllity, irritation, allergic response, and the
like, Irate with a re ble benefit/risk ratio. it preferably refers to a compound

or composition that is approved or approvable by a regulatory agency of the Federal or state
government or fisted in the U.S. Pharmacopoeia or other generally recognized
pharmacopoeia for use in animals and more particularly in humans.

"Pharmaceutically acceptable vehicie" refers fo a diluent, adjuvant, excipient, or
carrier with which a compound is adminisiered.

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

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

"Treating" or "treatment” of any disease or disorder refers, in some embodiments, fo
ameliorating at least one disease or disorder (i.e., 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 "ireatment" refers to ameiiorating at ieast one physical parameter, which may or
may not be discernible by the patient. In certain embodiments, “treating” or "freaiment"
refers to inhibiting the disease or disorder, either physically, (e.g., stabilization of a
discernible symptomy, physiologically, (e.g., stabilization of a physical parameter), or both. In
certain embodiments, "treating” or “treatment” refers to delaying the onset of the diseass or
disorder. The term “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
more tolerable to the subject; slowing in the rate of degeneration or dedline; making the final
point of degeneration less debilitating; improving a subject's physical or mental well-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 psychiatric evaluation, or a cognition test such as CDR, MMSE,
DAD, ADAS-Cog, or ancther test known in the art. For example, the methods of the
invention successfully treat a subject’s dementia by stowing the rate of or lessening the
extent of cognitive decline.

"Therapeutically effective amount” means the amount of compound that, when
administered to a patient for treating or preventing a disease, is sufficient to effect such
treatment or prevention of the disease. The “therapeutically efiective amount” will vary
depending on the compound, the disease and its severity, and the age, weight, etc., of the
patient having the dissase to be treated or prevented.

Reference will now be made in detail to certain embodiments of compounds and
methods, The disclosed embodiments are not intendedto be limiting of the invention.

In 2 further aspect the invention includes the administration of 3APS that is not via a
transdermal patch, or not by topical administration in a composition, e.g., lofions, creams,
solutions, gels or solids or not by subcutansous, intravenous or intraperitoneal injection, or
not intraspinally, or intracerebrally.

1. Compounds of the invention

The present invention reiates to methods, compounds and composiiions for
deifivering in a subject, preferably a human subject, 3-amino-1-propanesultonic acid, or salis
thereof, also referred herein &s 3APS. The invention encompasses compounds that will yield
or generate 3APS, either in vitro or in viva.

In a preferred embodiment, compounds of the invention include prodrugs that will
yield or generate 3APS once administered in 2 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, below, covalently but dissociably linked to 3APS that, e.g., by a
linkage, L, below, which will be cleaved once in the biood, plasma or other specific tissue
(e.g. brain), thereby releasing 3APS.

Thus, in one aspect, the invention relates to a compound of the Formula I:

B—L—A ()

as well as pharmaceutically acceptable salts, metabolites, and soivates thereof, where;

B is a pharmacokinetic modulating moiety, which is optionally also bonded to A dirsctly or
indirectly thought a further linking group L;

A is 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
typicaliy via the NH. group), or is absent, whereby L can be a direct bond or additional
chemical structure providing a cleavable linkage.

Suitable pharmacokinetic modulating moieties (e.g. B) moisties include amino acid or
peptide moieties, carbamate moiefies, non-amino-acid amide moietiss, carbohydrate-derived
moieties and analogs such as inositol-derived moieties, N-hydroxy and derivatives thereof
(e.g., where the H in OH is replaced by an OH protecting group). B can aiso comprise a
cyclic double protected 3APS molecule and precursors (e.g., where a moiety connects NH,
and SOsH of 3APS, e.g., sulfinic acids, thiols, sulfides, disulfides, etc.), and combinations
thereof. More generally B moieties inciude N-protecting groups. B can also be the molecuie
3APS itself (see gemini dimers).

Suitable linkages L will be any which are cleaved as descried 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 a bond which is known fo be so cieavable such as but not
limited to, a peptide, amide, ester, sulfide, disulfide, carboxamate, urea, -N-O-, stc. bond,
and others as demonstrated for exampie in the structures disclosed herein, all of which are
in general applicable as linkages, L, in compounds in general. Actual cieavability of the linker
can be assessed in vitro and/or in vivo by using hydrolytic-, enzymatic- (e.g. peptidase,
esterase) or metabolic-based tests and assays well known in the art. International PCT
application WO 91/14434, published appiications US 2005/0096317, US 2006/0046967 and
provisional application US 80/, xxx filed concurrently herewith, are all incorporated herein
by reference since they describe a variety of linkers that may be useful according to the
present invention.

In another aspect, the invention relates to Formula 1-A (and salis, esters and solvates
thereof)
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o

Ry (-A)

wherein,

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

L' and L” are each a cleavable finkage; wherein when R*is H, L' is absent, and when
RYis H, then L?is absent.

The term “protecting group’ refers to a group inhibiting and reducing metaboiism of
the amino group of BAPS. Examples of protecting groups include, without limitation, an
amino acid residue, a carbamate, a non-amine acid amide, a carbohydrate-derived residue,
a N-hydroxy-derived residue, a cyclic double protecting group, and the like.

According to preferred embodiments, the compeunds of the invention exhibit
numerous advantageous properties. In one embodiment, the compound is a prodrug which
bypasses first-pass metabolism by the liver and/or the digestive tract (e.g. gut, stomach, or
intestine) that is associated with administration of 3APS, per se, thereby increasing bio-
distribution and/or bicavailability of 3APS as compared to an administration of a molar
equivalent of BAPS. Bypassing hepatic fist-pass metabolism modifies, improves or increases
pharmacokinetic parameters of 3APS such as the AUC, the Cra, andior Tpex of 3APS. In
one embodiment, the compound is a prodrug which exhibits an increased absorption by the
gastrointestinal tract, compared to the adminisiration a molar equivalent of 3APS per se. in
one embodiment, the compound is a prodrug which provides a slow release of 3APS over
time. In another embodiment, the compound is a prodrug which increases brain levels of
3APS when compared to the administration a molar equivalent of 3APS per se. in another
embodiment, the compound is a prodrug which lessens common side effects associated with
the administration of 3APS per se. For instance, in a preferred embodiment, the prodrug
exhibits a better gastrointestinal tolerability 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 deose of 3APS
administered to a patient {e.g. due to a improved absorption when compared to 3APS or due
t0 a reduction in the first-pass metabolism of 3APS); (2) avoiding common side effects such
as gastrointestinal irritation associated with an oral administration of 3APS; (3) improving
penetration of 3APS across the BBB; (4) reducing the side eftects associated with 3APS
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(e.g. by lessening gastrointestinal problems or by increasing the relative amount of 3APS
reaching the brain; (5) increasing concentration or levels of 3APS in desired tissues or fivids
(e.g. brain, CSF). Other benefits will be apparent to those skilied in the art.

The invention pertains to both salt forms and acidibase forms of the compounds of
the invention. For example, the invention pertaing not only to the particular salt forms of
compounds shown herein as salts, but also the invention includes other pharmaceutically
acceptable salts, and the acid andfor base form of the compound. The invention aiso
pertains to salt forms of compounds shown herein. Compounds of the invention are also
shown in Table 1, Table 2, Tabie 3, Table 4 and Table 4B below.

The compounds of the present invention may exhibit polymorphism. Polymomphs of
compounds -according to this invention may be prepared by crystaliization under different
conditions. For example, using different solvents or different solvent mixtures for

recr 1; o ion at different temp Ires; various modes of cooling ranging

from very fast to very siow cooling during crystallization. Polymorphs may alse be obtained
by heating or meliing a prodrug followed by gradua or tfast cooling. The presence of
polymorphs may .be determined by solid probe NMR spectroscopy, IR spectroscopy,
differential scanning calorimetry, powder X-ray difiraction or other such techniques.

The compoeunds of the present invention may also exist in the form of a solvate, -for
example, hydrate, ethanoiate, n-proponalate, iso-propanolate, 1-butanolate, 2-butanofate
and solvates of other physiclogically acceptable solvents, such as the Class 3 solvents
described in the International Conference on Harmenization (ICH), Guidance for Industry,
Q3C Impurities: Residual Solvents (1997). The present invention includes each solvate and
mixiures thereof.

The amino acid or peptidic molety, 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 pharmacokinatic modutating moiety of the
prodrugs, including cyclic double pretecied 3APS and precursors (2.g. sulfinic acids, thiol,
sulfide, disulfide, etc), and combinations thereof, according to the invention may be cleaved
prior to absorption by the gastrointestinal tract (e.g., within the stomach or intestinal lumen)
and/or after absorption by the gastrointestinal tract (e.g., in intestinal tissue, blood, liver, or
other suitable fissue of 2 mammal). In certain embediments, 3APS remains covalently
attached to the pharmacokinetic modulating moiety during transit across the intestinal
mucesal barrier to provide protection from presystemic metabolism. In certain embodimentis,
pharmacokinetic modulating moieties according to the invention are essentially not
metabolized to the corresponding 3APS within cells of the intestine or liver (e.g. enterocytes,
hepatocytes), but generates the parent 3APS molecule once within the systemic circutation.
In certain embodiments, ai least some of the prodrug administered generates the
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corresponding 3APS only once in the brain, i.e. after it has passed the blood brain barrier
(BBB). Cieavage of the pharmacokinetic modulating moiety of prodrugs according to the
invention after absorption by the gastrointestinal tract may allow these prodrugs to be
absorbed into the systemic circulation either by active transport, passive diffusion, or by a
combination of both active and passive processes. Accordingly, in certain embodiments, a
pharmaceutical composition, formulation, or dosage form of the present invention is capable
of maintaining a therapeutically effective concentration of 3APS in the plasma or blood of a
patient for a time period of at least about 1 hour, for at 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, at ieast about 16
hours, at least about 20 hours, and in certain embodiments for at least about 24 hours after
the pharmaceutical composition, formulation, or dosage form comprising a corresponding
compound according to the invention and a pharmaceutically acceptable vehicle is orally

administered to the patient. In certain iments, a pha ical p B
formulation, or dosage form of the present invention is capable of improving the Toa, of
3APS by at least 2 fold, or by at least 3, 4, 5, 6, 7, 8, 9 or 10 fold or more.

The pharmacokinetic modulating moiety of certain of the compounds according to the
invention may be cleaved either chemically and/or enzymatically. One or more enzymes
present in the stomach, intestinal lumen, intestinal ftssue, biocd, liver, brain, or any other
suitable tissue of & mammal may enzymatically cleave the aminc acid or peptidic moiety of
the compound. If the pharmacokinetic modulating moiety is cleaved after 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 intestine. In certain
embodiments, the pharmacokinetic modulating moiety is cleaved after absorption by the
gastrointestinal tract or after crossing the BBB.

Although theory of operation is discussed herein, for spectiic compound structures,
including all generic structural formulas and specific names and formulas of compounds, the
invention is not limited by any such theories unless specifically stated otherwise. Thus, all
uses of alt novel compounds are encompassed by the invention, irrespective of mechanism
or theory of operation.

H-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. Preferred prodrugs
are composed of an amino acid residue linked to the amine group of 3APS via an amide
bond. The amino acid residue may be cieaved in vivo by enzymes such as peptidases, or by
any other mechanisms, 1o liberate the amine group of 3APS.
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More particularly, an aspect of the invention relates to a compound of Formuia (11},
and 1o pharmaceutically acceptable salts, esters or solvates thereof:

OH
AA—N/\/\”S\\/
0o )

wherein AA is a natural or unnatural aminc acid residue or a peptide comprising 2, 3 or more
natural or unnatural amino acid residues.

Other aspects of the invention relate to compounds of Formula (lll) and to a
pharmaceutically acceptable salt or solvate thereof:

(i

wherein:

aa' is a natural or unnatural amine acid residue;

aa® and aa’ are each independently a natural or unnatural amino acid residue or
absent.

Further aspects of the invention relate to compounds of Formufa (IV) and .to
pharmaceutically acceptable salts, esters or solvates thereof:

wherein:
aa' is a natural or unnatural amino acid residus;
aa” is a natural or urnatural amino acid residue, or is absent.

Yet further aspects of the invention relate io compounds of Formula (V), and to
pharmaceutically acceptable salts, esters or solvates thereof:
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aa‘——N/\/\S/OH
H s
2

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

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

gt N/\/\S OH
H AN
© (V-A)

wherein aa* is an-amino acid residue selected from valine, profine, lysine, leucine,
methionine, D-methionine, serine, alanine, D-alanine, glycine, isoleucine, histidine,
aminoiscbutyric  acid, phenyiglycine, tryptophan, tyrosine, O-benzyiserine, O
benzyigiutamine, and y-aminobutyric acid.

In preferred embodiments aa® is an amino acid residue selected from valine, lysine,
methionine, serine, and O-benzyisering, or a pharmaceutically acceptable salt or solvate
thereof.

In one embodiment, the amino acid residue is coupled via an acid end {C-coupled).
in an embodiment, the amino acid residue is 2 natural amino acid residus, or 2 salt or ester
thereod. In another embodiment, the amino acid residue is an unnatural amino acid residue,
or a salt or ester thereof. In yet another embodiment, the amino acid residue is not a
phenylalanine, e.g., in the case where a single amino acid is attached to the N atom, but
also in any other case. In a further embodiment, natural or unnatural amino acid residues in
Formula Il, Formula Ill, Formula IV, Formuia V, or Formuta V-A are optionally represented
by Formula (VIy:

R R2 )
wherein:

R' and R’ are each independently selected from the group consisting of H and a
substituted or unsubstituted group selectad from C.-Cq.alkyl, C,-Cyralkenyl, Co-Crpalkynyi,
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C5-Cyseycloalkyl, C5-Cysheterocycioalkyl, Ce-Cisaryl, Cs-Cisheteroaryl, NH(C,-Csalkyl), N(Cy-
Cealkyl),, and C(O)(C,-Cealkyl); or R' and R? are taken together with the adjacent carbon
atom fo form a substituted or unsubstituted C;-C,zheterocycicalkyt;

R’is selected from the group consisting of H and a subsituted or unsubstituted group
selected from Cy-Cealkyl, Cp-Cralkenyl, C,-Coalkynyl, Cs-Ciscycloalkyl, Gs
Cicheterocycloaliyt, Cs-Cisaryl, Cs-Cishetersaryt, C{OXC-Cealkyl), and C(O)Ce-Croaryl); or
R’ is a bond between two amino acid residues, when at ieast two amino acid residues are
present;

R*is selected from the group consisting of H and a substituted or unsubstituted group
selected from Cs-Csalkyl, C»-Csalkenyl, C-Csalkynyl; or R' and R* are taken together with
the adjacent carbon and niirogen atoms to form a C.-Cicheterocycloalkyi; and
nis 1, 2 or 3, or a higher number.

In one embodiment, the compound of the invention comprises an amino acid residue
of Formula VI, wherein R? is H and all other groups are as previously disclesed. in another
embodiment, the compound of the invention comprises an amino acid residue of Formula V1,
wherein R* and R® are each H and all other groups are as previously disciosed. In ancther
embodiment, the compound of the invention comprises an amino acid residus 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 comprises an amino acid residue of Formula VI,
wherein when R® and R® are each H, then R’ is not a -CHsaryl group. In ancther
embodiment, the compound of the invention comprises an aminc acid residue of Formula VI,
wherein when R? is H and % is H or a bond, then R' is not 2 -CHphenyl group. In another
embodimeﬁt, the invention provides compounds of Formula V, provided that aa’ is not a
phenyialanine. in another embodiment, the invention provides compounds of Formula IV,
provided tnat aa' and aa® are not both D-phenyialanine. in another embodiment, the
invention provides compounds of Formula IV, provided that aa’ and aa® are not both L-
phenylaianine. In another embediment, the invention provides compounds of Formula IV,
provided that when one of aa' and ag” is D-phenylalanine, then the other is not D-
phenylatanine or D-tyrosine. in yet another embodiment, the invention provides compounds
of Formula IV, provided that when one of aa” and aa” is L-phenylalanine, then the other is
not D-phenylalanine or L or D-fyrosine.

Table 1: Exemplary amino acid prodrugs according to the inveniion

[ D | Structure t D ! Structure
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Preferred amino acid prodrugs according to the invention are Compounds A2, A4,
A8, A7 and A18 (as described above), and pharmaceutically acceptable salts and soivates
thereof.

I-B. Carbamate, non-aming acid amide and related prodrugs

Certain aspects of the invention relaie to a compound of Formula (VIF), and to
pharmaceutically acceptable salts, esters or solvates thereof:

=3
[ O\\ //O

o E/MTN\/\/S\OH
o (vip

wherein,

R® is a substituted or unsubstituted group selectéd from C,-Croalkyl, Co-Coalkenyl,
Co-Crealkynyl, Co-Cyscycioaliyl, C2-Cisheterocycloalkyl, Cs-Cisaryl. Cs-Crsheteroaryl, NH(C:-
Gealkyl), N(C+-Cealkyl)., and C(O)(C--Cealkyl);

R® is a hydrogen or a substituted or unsubstituted group selected from G(O)NH,,
C(OINH(C-Ceallkyl), C(OIN(C+-Cealkyl);, and C(O)(C-Cealkyl); or R® and R® are {aken
together with the adjacent carbon atom to form 2 substituted or unsﬁbsiituted Cs
Gizheterocycloalkyt;

M is selected from the group consisting of oxygen, suliur, and nitrogen (NH or N(C,-
Cealkyl)) or is absent.

The invention pertains to both sait forms and acid/base forme of the compounds of
the invention. For example, the invention pertains not only to the particular salt forms of
compounds shown herein as salts, but also the invention includes other pharmaceutically
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acceptable salts, and the acid andior base form of the compound. The invention also
pertains to salt forms of compounds shown herein.

In one embodiment, the invention provides compounds of Formuta VII, wherein when
M is absent and R® is H, then R® is other than 1-{4-isobutylphenyljethyl. in another
embodiment, the invention provides compounds of Formula VIi, wherein when R® is H and M
is NH or absent, then R® is other than 1-(4-isobutyiphenyljethyi. in another embodiment, the
invention provides compounds of Formuia Vil, wherein when R® is M and M is NH, then R® is
other than benzyl, diphenyimethyl, hexyl, dodecyl, adamantyl, and tbutyl. in another
embodiment, the invention provides compounds of Formula Vi, wherein when R®is H and M
is NH, then R® is other than hydrogen, 1,4-dihydro-5,6-dimethyl-4-oxo-2-pyrimidinyl, and 5-
ethyloxycarbonyl-1-penthyl. In another embodiment, the-invention provides compounds of
Formula VII, wherein when M is NH and R® and R® are taken together with the adjacent
carbon atorn to form a substituted or unsubstituted Caisheterocycloalkyl, then the
heterocycloalkyl is other than benzimidazol-2-one, tetranydro-2,4,6-trioxo-1,3,5-triazine, 2,4~
dioxo-1-imidazolidine, 2,4-dioxo-(di or tetrahydro)-benzofg]pteridine, 4,10-dihydro-10-methyi-
2,4-dioxopyrimidof4,5bjquinoline,  2-oxo-1-imidazolidinyl, and  3,4-dihydre-2,4-dioxo-
1{2H)pyrimidine. in another embodiment, the invention provides compounds of Formula VI,
wherein when M is NH, then R® and R® are not taken together with the adjacent carbon atom
to form a substituted or unsubstituted Csi-heteracycloalkyl. In. another embodiment, the
invention provides compounds of Formula Vil, whetein when R® is H and M is O, then R® is
other than t-butyl and benzyl. In another embodiment, the invention provides compounds of
Formula VII, wherein when R®is H and M is O, then R® is other than i-butyi and 9H-fluoren-
S-yimethyl. In another embodiment, the invention provides compounds of Formula Vi,
wherein when R® is H and M is absent, then R® is other than benzyl, phenyl, 3-pyridinyt, 3-N-
methylpyridinium, methyl, trifluoromethyl, pentafluoroethyl, pentafiuorophenyl, and t-butyl. In
another 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-butyl, n-propyl, i-propyl, vinyl, 2-propenyl,
2-(1-decenyl), 2-(1-dodecenyl), 1-(8-undecenyl), octyl, decyl, undecyl, tridecyl, pemadecyl,
heptadecyl, 4-(N-oxy-2,2,6 6-tetramethyipiperidinyl), 5+(1,3-dihydro-1,3-dioxo-2-
benzoiuranyl), 4-nitrophenyl, and 3-phenoxyphenyl.

a) Carbamate prodrugs

In some preferred embodiments, the compounds of the invention are carbamate
prodrugs that will yield or generate 3APS once administered in a human. Preferred prodrugs
comprise an oxycarbonyl residue (-OC(O)-) linked to the amine group of 3APS via a2
carbamate bond (-OG(O)-NH-). The amine residue may be cleaved in vivo by enzymes or by
any other mechanisms, including hydrolysis, to liberate the amine group of 3APS. In a
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preferred embodiment, the compounds of the invention are carbamate prodrugs that will
yield or generate 3APS once administered in a human.

More particularly, certain aspects of the invention relate to a compound of
Formula (VHI), and to pharmaceutically acceptable salits, esters or soivates thereof:

RV

H
R O\n/N\/\/S‘OH

o Vi
wherein,

R is a substituted or unsubstituted group selected from C4-Croalkyl, Co-Cyoalkenyl,
Co-Cooalkynyl, Gy-Gyscycioalkyl, Cs-Cisheterocycioalkyl, Ce-Cisaryl, Cs-Cishetercaryl, Ci-
Grearvialkyl, C-Grohetercarylalkyl, and combinations thereof.

in one embodiment, the definiion of R’ is a substituted or unsubstituied 1-
(alkyicarboxy)alkyl group. n another embodiment, R’ is a substituted or unsubstituted benzyl
group. In  another embodiment, R’ is a substituted or unsubstituted
heterocycloalkyimethylene group. In another embodiment, the invention provides
compounds of Formuia VIli, provided that R’ is other than t-butyl or benzyl. tn another
embodiment, the invention provides compounds of Formula ViII, provided that R’ is other
than i-butyl or 9H-fluoren-9-yimethyl.

The invention pertains to both salt forms and acid/base forms of the compounds of
the invention. For example, the invention pertains not only to the particular salt 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 to sait forms of compounds shown herein. Compounds of the invention. are aiso
shown in Table 2 below.

Table 2: Exemplary carbamate prodrugs according to the invention
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b) Non-amino acid amide prodrugs

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

Preferred prodrugs are composed of a carbonyl-containing residue linked to the
amine group of 3APS via an amide bond and such carbonyl-containing group having a
nucleophile such as a carboxylic acid or alcohol, capable of intemally cleaving the amide
bond. The amino acid residue may be cleaved in vivo by enzymes, or by any other
mechanism, to liberate the amine group of 3APS.

More particutarly, certain aspects of the invention relate to a compound of
Formula (1X), and to pharmaceutically acceptable salts, esters or solvates thereof:
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{X)

wherein,

R® is a substituted or unsubstituted group selected from Cy-Crealkyl, Co-Cyoalkenyl,
Go-Czalkynyl, Co-Coscycloalkyl, Cs-Cisheterocycloalkyl, Ce-Czanyt, Cs-Cysheteroaryt; and

R’ is a hydrogen or a substituied or unsubstituted C(O)(C-Cealkyl), G(O)NH,,
C{ONH(C1-Cealkyl), or C(O)N(Ci-Csalkyl),; or R® and RY are taken together with the
adjacent carbon atom to form a substituted or unsubstituted Ca-Cooheterocycloatkyl.

In one embbdkment, R® is a substituted Cy-Crealkyl. In another embodiment, R® is a
C-Crzalkyl substituted with a substituent selected from hydroxycarbonyl, alkoxycarbonyl,
alkylcarbonyloxy, substituted or unsubstituted 2-hydroxyphenyl, substituted or unsubstituted
2-alkylcarbonyloxyphenyl 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 depicted in Table 3.

in one embodiment, the compound of the invention is a compound of Formula IX,
wherein R® is H. in another embodiment, the compound of the invention is a compound of
Formula IX, wherein R® and R are taken together with the adjacent carbon atom to form a
substituted or unsubstituted Cs-Crzheterocycloalkyl. In another embodiment, the compound
of the invention is a compound of Formula X, wherein R® and R® are taken together with the
adjacent carbon atom to form a substituted or unsubstituted phthalimide. in “another
embodiment, the compound of the invention is a compound of Formula IX, wherein R® and
R? are taken together with the adjacent carbon atom to form a substituted or unsubstituted
Co-Croheterocycioalkyl, wherein said heterocycle is other than phthalimide. in another
embodiiment, the invention provides compounds of Formula IX, wherein when R® is H, then
R® is other than benzyl, phenyl, 3-pyridinyi, 3-N-methylpyridinium, methyi, trifluoromethyl,
pentafiuoroethyl, pentafiuorophenyl, and t-butyl. in another embodiment, the invention
provides compounds of Formuia IX, wherein when R® is H, then R® is other than n-butyl, i-
butyl, n-propyl, i-propyl, vinyl, 2-propenyl, 2-(1-deceny), 2-(1-dodecenyl), 1-(8-undecenyl),
octyl, decyl, undecyl, tridecyl, pentadecyl, heptadecyl,  4-(N-oxy-2,2,6,6-
tetramethylpiperidinyl), 5-(1,3-dihydro-1,3-dioxo-2-benzofuranyl), 4-nitrophenyl, and 3-
phenoxyphenyl. In another embodiment, the invention provides compounds of Formuia IX,
wherein R® is selected from n-butyl, Fbutyl, n-propyl, i-propyl, vinyl, 2-propenyi, 2-(1-
decenyl), 2-(1-dodecenyl), 1-(8-undecenyl), octyl, decyl, undecyl, tridecyl, pentadecyl,
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heptadecyl, 4-(N-oxy-2,2,6,6-tetramethylpiperidinyl), 5-(1,3-dihydro-1,3-gGioxo-2-
benzofuranyl), 4-nivophenyl, and 3-phencxyphenyl. In yet another embodiment, the
invention provides a compound of Formuia 1X, wherein when R® is H, then R®C(O) is other
than a 24-oxocholan-24-yl. In yet another embodiment, the invention provides a compound
of Formula IX, wherein when R® is H, then R°C(O) Is other than (30,5B)-3-hydroxy-24-
oxocholan-24-yl, (3a.5B,12a)-3,12-dihydroxy-24-oxocholan-24-yl, (3a,5B,70)-3,7-dihydroxy-
24-oxocholan-24-yl, or (3¢.,5B,70,12a)-3,7,12-trihydroxy-24-oxocholan-24-yl. In yet ancther
embodiment, the invention provides a compound of Formula X, wherein R°C(O) is selected
from (3e,5pB}-3-hydroxy-24-oxocholan-24-yl, (3¢,58,120)-3,12-dihydroxy-24-oxocholan-24-yi,
{3¢.,5B.7)-3,7-dihydroxy-24-oxocholan-24-yl, and  (3a,58,70,12a)-3,7,12-trihydroxy-24-
oxocholan-24-yl.

The invention pertains 1o poth salt forms and acid/base forms of the compounds of
the invention. For example, the invention pertains not only to the pariicular salt 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 to salt forms of compounds shown herein. Compounds of the invention are also
shown in Table 3 below.

Table 3: Exemplary non-amino acid amide prodrugs according to the invention
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1I-C. Carbohydrate-derived prodrugs
in some preferred embodiments, the compounds of the invention are carbohydrate-

derived prodrugs that will yield or generaie 3APS once administered in a human. Preferred
pradrugs according to the invention disclosed herein comprise a carbohydrate or a polyol
analog residus linked 1o the amine grdup of 3APS via a linkage, e.g. an amide, a carbamate,
a urea, or a cieavable alkyl group. In one embodiment, the carbohydrate-derived moiety s,
for exampie, & carbohydrate derivative such as hexose, pentose, a carbohydrate-derived
poiyol, inositol or an inositol-derived moiety. a carbohydrate-derived carboxyiic acid, ascorbic
acid, nucleic acid, or nucieotide. The linkage and/or carbohydrate-derived residue may be
cleaved in vivo by enzymes or by any other mechanism, to liberate the amine group of
3APS. .

More particutarly, certain aspects of the invention relate to a compound of
Formutia (X), and to pharmaceutically acceptable salts, esters or solvates thereof:
R /n\/\S\S{)
[ OH )
wherein,
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R is a residue of a carbohydrate, a carbohydrate derivative or a carbohydrate-
derived polyol, e.g., a Cs; saturated or partially or completely unsaturated cycloalkyl group,
optionally and preferably containing an -O- group, which is substituted by 3 to 5 substituents,
each independently selected frem —OM, ~OAg, -CH,OH, -OCHs, -CH,0Ac and =O.

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 -
O- and/or -NH- groups, and is optionally substituted by one or more =0, -OH, and/or ~NHs
groups.

In one embodiment, the invention provides a compound of Formula X, wherein when
L is absent, then R™ 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 exampie, the invention pertains not only to the particular salt forms of
compounds shown herein as salts, but aiso the invention inciudes other pharmaceuticaliy
acceptable salts, and the acid and/or base form of the compound. The invention also
pertains to sal forms of compounds shown herein. Compounds of the invention are aiso
shown in Table 4A below,

Table 4A: Exemplary carbohydrate-derived prodrugs according to the invention
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D, Other prodrugs

In some preferred embodiments, the compounds of the invention are N-hydroxy
prodrugs and derivatives, cyclic double-protected prodrugs, precursors of 3APS, as prodrugs
that will yieid or generate 3APS once administered in & human.

aj N-hydroxy-derived prodrugs

More particularly, cenain aspects of the invention relate to a compound  of
Formula (X1), and to pharmaceutically acceptable salts, esters or solvates thereof:
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R K 3
O/ ~TN \OH 0
wherein,
R*' is a hydrogen or a substi or unsubstituted group selected from C-Coalkyl,

Cx-Cioalkenyl, Cp-Csoalkynyl, Co-Crscycloalkyl, Cs-Cisheterocycloalkyl, CsCisaryl, Cs
5§  Cusheteroaryl, C(O)R™, and C{O)OR™; and
R and R™ are independently selected from substituted or unsubstituted C-Cozaliyt,
Co-Crotitkenyl, CyGCralkynyl, Cs-Ciscycioalkyl, Cs-Cisheterocycloalkyl, CeCisaryl, Cs
Cisheteroaryl.
in one embodiment, the invention provides compounds of Formula. Xl, wherein R" is
10 other than a hydroxyl.

Compounds of the invention include compounds:

H O\\//O H O\\l/O
Meo™ Sy R T o
Compound H1i Compound H2
15
NS4 4
HOT N0y Bro” T
Gompound H3 Compound H4

20  b) Cyclic double-protecied prodrugs
More particularly, certain aspects of the invention reiate to a compound of
Formula (Xil}, and to pharmaceutically acceptabie salfs, esters or soivates thereot:

NS
o

N

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

(xin
25  wherein,




More particularly, certain aspects of the invention relate to a compound of
Formuia (XIi-A), and to pharmaceutically acceptable salts, esters or solvates thereof:

QR4

HN%O‘S"O
e
(XI-A)
5 Wnﬁreil".,

R is 2 substitured or unsubstituted group selected from C,-Cszalkyl, Co-C+,alkenyl,
Co-Gipalkynyl, Cs-Cuscycloalkyl, Cs-Cisheterocycioalkyl, Ce-Crsaryl, Cs-Cisheteroaryl.

Compounds of the invention include the following compounds:

Q MeQ
>_ O\ //C o o
Hi 4

N 4
\\) © HU\\O
10

Compound D1

Compound D2
EtQ BnQ
>_ O, 20 N 0
HNK//SQO HN\\/f o
Compound D3 Compound D4
Q Q
H
PN 0 M0
HN\)S\\O HN\)S\\O
15
Compound D5 Compound D6
Qs Q \*"'
HN II\!H HN P}JH
=0 =0
S\\ S\\
e] e}
Compound D7

Compound D§
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¢} Imine prodrugs

More particularly, certain aspects of the inventien relate to a compound of
Formuia (X!}, and to pharmaceutically acceptable salts, esters or solvates thereof:

5
QP
/N\/\/S\OH
Ree Xy

wherein,

R' and R'™ are independently selected from a hydrogen or a substituted or

unsubstituted group selected from  Cy-Cipalkyl, Cp-Ceatkenyl, Co-Croalkynyl, GCa-
10 Cyscycloalkyl, Ga-Cysheterocycioalkyl, Ce-Cysaryl, and Gs-Cysheteroaryl.

In one embediment, the invention provides compounds of Formula Xlll, wherein
when both R'™ and R* are substituted or unsubstituted aryl, then at least one of R® and R™®
is substituted with a hydroxyl group at the ortho position. In another embodiment, the
invention provides compounds of Formula XIl, wherein when both R™ and R™ are

15 substituted or unsubstituied aryt, then none of R* and R is substituted with a hydroxyl
g;uup at the ortho position.

Compounds of the invention include the following compounds:

Q.0
O\ //o N\/\/\\S”
\ ~,
Z .
NP D o
Compound M1 Compound M2
(o e] Z i QP
N A i N \SJ
/\r/N\/\\/S\OH A Sy
20 H
Compound M3 Compound M4
O\\S/P QL
AN Sy AoSon
H
Compound M5 Compound M6
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Compound Mg

In some preferred embodiments, the compounds of the invention comprise a
combination of any of the prodrugs described herein in sections II-A to #-D, as prodrugs that
will yield or generate 3APS once administered in a human. The invention further relates to
sulfonic acid precursors of any of the prodrugs mentioried in Sections 1A to 11D, including
sulionate esiers, sulfonamides, sulfinic acids, sulfides, disulfiides and the like.

I-E. Oligomers and Gemini Dimers

In & further embodiment the compound of the Formula | may comprise two or more
3APS molecules iinked together. Therefore, another aspect of the invention relates to
polymers of 3APS, i.e., a molecule comprising, or consisting essentially of, or consisting of
two or more molecules of 3APS linked together with cleavable linkage. Thus, another aspeci
of the invention relates to a compound of the Formula |-2:

A—(LF = A} LA P

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

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

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

pis 0, or an integer number which may vary from 110 5, e.g. 2, 3, 4, or 5.
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Those skilled in the art will readily understand that there can be a great number of
possible variations or orientations for coupling together three or more 3APS moieties (the

number of possit s being 2™, n being equal to 3 for a timer (4 possibilities}, n = 4 for

tetramer (8 possibilities), eic). Indeed, as exemplified with more details hereinafter with
gemini dimers, such connections could be made via the NH, group or the SO;H group of the
3APS moiecule. For instance, for a frimer of 3APS (i.e., 3 molecules of 3APS}, there would
be 4 different possibilities:

1) 6—e—"4—; 2e—e—"—¢; 3 e—"—0e— 4He¢—"—e"—¢;

the symbol “¢” representing the NH, group of the 3APS molecule, the symbol — the

SOH group of the 3APS malecule, and the symbol “*” representing the position of the
linkage.
Alternatively, the invention relates to a compound of Formuia -P2:
L(A)m (-P2)

and pharmaceutically acceptable salts, esters, and solvates thereof, where:

m is an integer from 2 {0 5;

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

LY is a multivalent carrier moiety for covalently and dissociably coupling from two o
five A moieties, either at the amino or sulfonic acid end of A.

In preferred embodiments, the compounds of the Formula |-P comprise or are
“Gemini dimers” i.e., theyb comprise two 3APS molecules linked together with a cleavable
linkage. Thus, in another aspect, the invention relates to compounds of Fermula -C (and
salts, esters and solvates thereof):

AL
HOSS/\/\ﬁ ﬁ/\/\SOSH

(-0)
wherein, L® is bivalent linker which connects two molecules of 3APS at their amino groups
either using the same or different linkages as defined herein, including, but not limited to,
amide linkage and carbamate linkage.
In another aspect, the invention relates to compounds of Formuia I-D (and salts,
esters, and solvates thereof):
G\\ //O H

H NP
P“N\/\/S\X, L‘\X/S\/\/N—P -0
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wherein, L* is a bivatent finker which connects two molecules of 3APS at their sulionic acid
groups either using the same or different linkages as defined herein, including, but not
imited t0, ester finkage or anhydride linkage where X is oxygen, or sulfonamide linkage
whare X is nitrogen (NH, or NR), or thiosulfonate finkage whera X is sulfur. P is hydrogen or
a N-protecting group as defined herein.
In another aspect, the invention relates to compounds-of Formula I-E (and salts,
esters, and solvates thereof):
n H Op L5
NSy SNT"N50,4
K -8

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

In preferred embodiment, the finker L%, L%, L*, or L®, or the carrier moiety LY are
selected such that the two, three, four or five finked 3APS moieties may be converted in vifro
or in vivo, directly or indirectly, to release two, three, four or five pharmacautically active
SAPS molecules. The capability of releasing the parent 3APS molecule(s) may be tested
and, in many cases, it can be predicted. More preferably, the linker is designed to bind the
3APS molecules via their nitrogen atoms (for improved protection against first pass
metabolism), but as exemplified hereinbefore, it is also possible to bind the 3APS molecuies
via the oxygen atom of their sulfonate group (e.g., through an ester-type of finkage) or via
their sulfur atom (e.g., sulfonamide linked dimers). Various permutations of the above are
also possible. Those skilied in the art will be capabie to. select proper linkers and linkage site
and test the resulting product for efficacy and for capability of cleavage under various
chemical and/or biclogical conditions. Compounds of the invention are also shown in Tabie
4B below.

Table 2B: Exempiary gemini dimers according to the invention
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The invention pertains to both salt forms and acid/base forms of the compounds of
the invention. For example, the invention pertains not oniy to the particular salt forms of
compounds shown herein as salts, but also the invention includes other pharmaceutically
acceptable salis, and the acid and/or base form of the compound. The invention aiso
pertains te salt forms of compounds shown herein.
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1li._Synthesis of the Compounds of the invention

In general, ali compounds of the present invention may be prepared by the methods
illustrated in the Examples hereinafter and/or other conventional methods, using readily
available and/or conventionally preparable starting materials, reagents and conventional
synthesis procedures. In these reactions; it is also possible to 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 described herein and which have the same general properties, wherein one or
more simple variations of substituents are made which do not adversely affect the essential
nature or the utility of the compound are also included.

More particutarly, the amino acid prodrugs of the present invention may be prepared
by the methods illustrated in Example 1-A hereinafter, and in general reaction schemes
such as, for example, degcribed in Schemes 1 and 2, or by modifications thereof.

The carbamate prodrugs of the present invention may be prepared by the methods
illustrated in Example 1-B hereinatier, or by modifications thereof.

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

The carbohydrate-derived prodrugs may be prepared by the methods itiustrated in
Example 1-D hereinatfter, or by known coupling reactions depending on the iinkage used
(carbamate, urea, amide, and the like), or by modifications thereof.

The A-hydroxy prodrugs and their derivatives may be prepared by oxidation of the
amine group, and by alkylating such N-hydroxy group when desired. The procedures to
accomplish these reactions are readily avaitable and known 1o the skilled artisan.

The cyclic double-protected prodrugs are prepared according to standard procedures
for the cyclization of such groups, depending on the D and X groups used.

The compounds of the present invention may be readily prepared in accordance with
the synthesis schemes and protocois described herein, as iliustrated in the specific
procedures provided. However, those skilled in the art will recognize that other synthetic
pathways for forming the compounds of this inventien may be used, and that the foliowing is
provided merely by way of exampie, and is not limiting to the present invention. See, e.g.,
“Comprehensive Organic Transf ions” by R. Larock; VCH Publishers (1989). It will be
further recognized that various protecting and deprotecting sirategies will be employed that

are standard in the art (Ses, e.g., “Protective Groups in Organic Synthesis” by Greene and
Wuts (1991)). Those skilled in the relevant arts will recognize that the selection of any
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particular protecting group (e.g., amine, hydroxyl, thio, and carboxyl protecting groups) will
depend on the stability of the protected moiety with regards to the subsequent reaction
conditions and will understand the appropriate selections.

Further illustrating the knowiedge of those skilled in the art is the following sampiing
of the extensive chemical literature: “Chemistry of the Amino Acids” by J.F. Greenstein and
M. Winitz, John Wiley & Sons, Inc., New York (1951); “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, 2193-89 (1988); E.M. Gordon, et al., J. Med. Chem.
31, 2199-10 (1988); “Practice of Peptide Synthesis” by M. Bodansky and A. Bodanszky,
Springer-Verlag, New York (1984); “Asymmetric Synthesis: Construction of Chiral Moiecules
Using Amino Acids” by G.M. Coppola and H.F. Schuster, John Wiley & Sons, inc., New York
(1987); "The Chemical Synthesis of Peptides” by J. Jones, Oxford University Press, New
York (1991); and “Introduction of Peptide Chemistry” by P.D. Bailey, John Wiley & Sons,
Inc., New York (1992).

‘The synthesis of compounds of the invention is preferably carried out in a soivent.
Suitable solvents are liquids at ambient room temperature and pressure or remain in the
liquid state under the temperature and pressure condiiions used in the reaction. The choice
of soivent is within the general skills of the skilled artisan and will depend on the reaction
conditions, such, temperature, the nature of the reagents and stariing material, solubiiity and
stability of the reagents and starting material, the type of reaction, and the like. Depending
on the circurnstances, soivents may be distilied or degassed. Solverits may be, for exampie,
aliphatic hydrocarbons (e.g., hexanes, heptanes, ligroin, petroleum ether, cyciohiexane, or
methylcyclohexane) and halogenated hydrocarbons {e.g., methylenechioride, chioroform,
carbometracﬁloride, dichioroethane, chlorobenzene, or dichiororbenzene); aromatic
hydrocarbons (e.g., benzene, toiuene, tetranhydronaphthaiene, ethylbenzene, or xylene);
ethers (e.g., diglyme, methyl-tertbutyl ether, methyl-ter-amyl ether, ethyl-zert-butyl ether,
diethylether, dilsopropylether, tetrahydrofuran or methyitetranydrofurans,  dioxane,
dimethoxyethane, or diethyleneglycol dimethylether); amides (e.g., N,N-dimethyliormamide,
N, A-dimethylacetamide); nitrles (e.g., acetonitrile); ketones (e.g., acetonej; esters (..,
methy! acetate or ethyl acetate); alcohols (e.g., methanol, ethanol, isopropanol); water and
mixtures thereot.

“Activatec esters” and equivalent expressions may be represenied by the formuia
COX, where X is a leaving group, typical exampies of which include
N-hydroxysulfosuccinimidyl and N-hydroxysuccinimidy! groups; aryioxy groups substituted
with electron-withdrawing groups (e.g., p-hitro, pentafiuoro, pentachlora, p-cyane, or
prifluoromethyl); and carboxylic acids activated by a carbodiimide or other conventional
coupling reagents to form an anhydride or mixed anhydride, e.g., -OCOR? or -OCNRANHR?,
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where R® and R® are independently C,-Cealkyl, CsCsalkyl (e.g.

C4-Cy perfiucroalkyl, or G4-Gs alkoxy groups. An activated ester may be formed in situ or

cyclohexyl),

may be an isolable reagent. The ester leaving group may be, for example, sulfosuccinimidyt
substituted or unsubstituted
C-Cs alkyl (such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,

esters, pentafluor esters, sulic
pentyl, or hexyl), or substituted or unsubstituted Ce-C1a ary! or heterocyciic groups, such as
2-fluorcethyl, 2-bromoethyl,  2,2-dibromoethyt,  2,2,2-trichloroethyl,
3-fluoropropyl, 4-chlorobutyl, methoxymethyl, {,1-dimethyl-1-methoxymethyl, ethoxymethyl,
tert-butoxymethyl, 1-ethoxyethyi,
3-methoxypropyl-4-methoxybutyl,

bis(2-chloroethoxy)methyl,
2-chloroethoxyp 1

P

2-ghioroethyl,
N-propoxymethyl, isopropoxymethyl, A-butoxymethyl,
1-methyl-1-methoxyethyl, 1-(isopropoxy)ethyl,
fluoromethoxymethyl,
3-fluoropropoxymethyl, 4-chlorobutoxyethyl, dibromomethoxyetiyt
fiuoromethoxybutyl, 2-methoxyethoxymethyl, ethoxymethoxyethyl,

2,2,2-trichioroethoxymethyl,

methoxyethoxypropyl,
methoxyethoxybutyl, benzyl, phenethyl, 3-phenyipropyl, 4-phenyibutyl, a-naphthyimethyl,

B-naphthyimethyl, diphenyimethyi, triphenylmethyl, o-naphthyidipheyimethyl,
9-anthrylmethyl, 4-methylbenzyl, 2,4,6-wrimethylbenzyl, 3.4,5-rimethyloenzyl,
4-methoxybenzyl, 4-methoxyphenyldiphenyimethyl, 2-nitrobenzyl, 4-nitrobenzyl,
4-chiorobenzyl,  4-bromobenzyl,  4-cyanobenzyl, 4-cyancbenzyidiphenylmetnyl, or

bis(2-niirophenyl)methyl groups.

1. Exemplary synthesis of amino acid prodrugs according to the invention

The following schemes are for iliustration purpeses and are not intendec to be
limiting. The coupling of 3-amino-1-propanesulfonic acid with a first amino acid may be
generally represented by Scheme 1:

Scheme 1:
vog
OH
HaN/\/\ﬁ: ™
0° R R2
base
* 3
{ OH
re Nt ﬁ/\/\ﬁ\(
R' R 00
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wherein R', R? and R* are as previously disclosed, R is R® or a protecting group, and X is
the leaving group of an activated ester.
in Scheme 1, a monoamino acid prodrug of 3-amino-1-propanesulfonic acid s
produced by reacting its free amino group (or a protected sulfonate ester variant) with an
5  aclivated ester of the desired amino acid (which may be A-protected). Group G(O)X of the
activaied ester may be an acyl halide, mixed anhydride, succinimide ester, or may be a
carboxylic acid activated by a peptide coupling agent (e.g., carbodiimides (such as EDC (1-
(3-dimethylaminopropy)-3-diisopropylethyicarbodiimide)) and uroniums (such as HATU (O-
(7-azabenzotriazol-1-yl)-N,N,N', N tetramethyluronium  hexafluorophosphate))), in  the
10 presence of a base (e.g., amines (such as DIPEA (N,N-diisopropylethylamine), hydroxides
(such as sodium hydroxide), carbonates (such as potassium carbonate), etc), and optionally
a catalyst (e.9. 4-(dimethylamino)pyridine (DMAP), 1-hydroxybenzotriazole (HOBY). The
choice of base and cataiyst will depend mainly on the nature of the activated ester.
At this stage, protecting groups (R® on amine or protecting 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 (see
Scheme 2). Protecting groups of axygen atoms may include benzy! and silyl ethers, acetals
and esters, protecting groups of nitrogen may include carbamates and fiuorene derivatives.
They are cieaved by widely used procedures (see, for example, Greene and Wuts (1991),
20  supra).

Scheme 2:
?4 O T‘t’
OH
HM?@JJ\&/\/\%\f N
R R o © R" Rz

base
R" R¥  ga o
I
R OH

NMW( R AN

| H o
R* O R ge o}

25 - wherein R"‘, rR? and R* are defined respectively as R, R? and R* but may or may not be the

same as R, R® and R* in the above scheme, and R', R, RY, R* and X are as previously
disclosed.
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Scheme 2 is used to 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. If other protecting groups are present on heteroatoms of
the residues, they may be removed during a last chemical step.

in general, after completion of the reaction, the product is isolated from the reaction
mixiure according to standard techniques, For example, the solvent is removed by
evaporation or filtration if the product is solid, optionally under reduced pressure. Afier the
completion of the reaction, waier may be added to the residue to make the agueous layer
acidic or basic and the precipitated compound filterad, although care should be exercised

when handling water it pound: imilarly, water may be added to the reaction

mixture with a hydrophobic scivent to extract the target compound. The crganic layer may be
washed with water, dried over anhydrous magnesium sulfate or sodium sulfate, and the
solvent is evaporated to obtain the target compound. The target compound thus obtained
may be purified, if necessary, e.g.. by recrystaliization, reprecipitation, chromatography, or
by converting it to a salt by addition of an acid or base.

V. Alternate routes and vehicies for delivering 3APS by minimizing or iessening hepatic first-
pass metabolism

As indicated hereinbefore, an aspsct of the invention concerns new routes of
administration (e.g. transdermally, subcutaneously, intranasally, efc.) and new
pharmacsutical vehicles (e.g. patches, implants, spray, formulations (including for oral
administration)) for lessening hepatic 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 aliowing a profonged, steady input of drug into the blood.
“Transdermal delivery of 3APS is one preferred embodiment of the invention because it could
avoid. hepatic firsi-pass metabollsm that is associated with administration of 3APS, and thus
increase the therapeutic effectiveness of 3APS. Transdermal delivery may aisc help avoid

the pain i with injecti and may increase dosage compliance.

Accordingly, cerlain aspects of the present invention relate to a method for the
delivery of a compound according to the invention, preferably 3APS, to improve the
effectiveness of the compound in the treatment of cognitive disorders. The invention further
relates to a method of delivering a compound according to the invention, preferably 3APS,
wherein the compound may be administered in a transdermal paich.
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Transdermal drug delivery devices according to the invention can be manufactured
using techniques and components well known to the skilled artisan. Transdermal drug
defivery devices typically involve inciudes a backing layer, which may optionally be
composed of a pigmented polyester film, a drug reservoir, a microporous membrane that
controls the rate of delivery of tie drug from the system to the skin surface, and an adhesive
formulation to attach the delivery system to a subject. Optionally, the adhesive formulation
may include the drug, thus providing a more immediate bolus of the compound upon
application of the patch to a subject.

Transdermal drug delivery devices also typically involve a carrier (such as a liguid,
gel, or solid matrix, or a pressure sensitive adhesive) into which the drug to be delivered is
incorporated. The drug-containing carrier is then placed on the skin and the drug, along with
any adjuvants and excipients, is deiivered 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 components contained in the carrier, including the drug) from
the environment and prevents ioss of the ingredients of the drug deiivery device to the
environment. Because hydration of the stratum corneum is known to enhance transport of
certain drugs across the skin, it is somefimes desirable that the backing have a relatively low
moisture vapor transmission rate in order to retain mojsture at the site covered by the drug
defivery device. in order to maintain the health of the covered skin during long term wear
(e.g., for periods in excess of a day} by aliowing the skin to breath, it is aiso desirable that
the backing have relatively high permeability to oxygen. Further, as the backing is in contact
with the components of the carrier, including the drug and any adjuvants and excipients, it i
important that the backing be stable to such components in order that the backing retains its
structural integrity, tensile strength, and conformability to the skin. It is also desirable that the
backing not absorb drug or other excipients from the carrier. in connection with the
preparation of certain reservoir-type transdermal drug delivery devices, it is also desirable for
the backing to be heat seaiable at a relatively low temperature to itself and fo a variety of
other polymeric substrates. Backing materials that have found use in transdermai drug
defivery devices include metal foils, metalized plastic fiims, and single layered and
multitayered polymeric fiims (see U.S. Patent 5,264,219).

Membranes useful in the construction of a transdermal patch are known in the art
and include, but are not limited to, CoTran™ membranes commercially available from 3M,
such as the COTRAN™ 9701, 9702, 9705, 9708, 9715, 9718, 97285, and COTRAN™ 9728
membranes. Backing useful in the construction of 2 transdermal patch are known in the art
and include, but are not limited t6, backing material commercially available from 3M, such as
COTRAN™ and SCOTCHPAK™ backings. Likewise, liners are well known in the art and
may be obtained from a number of commercial sources. Optionally, a gelling agent may be
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optionally added at up to 20% by volume. Gelling agents, include, but are not limited to:
crosslinked .acrylic acid polymers, such as the "carbomer” family of polymers, e.g.,
carboxypolyalkylenes that may be obtained commercially under the tradename
CARBOPOL™; hydrophilic polymers, such as polyethylene oxides, poiyoxyethylene-
polyoxypropylene copolymers and polyvinyfaicoho!; celiulosic bolyrners, such as
hydroxypropyl  celiulose,  hydroxycthyl  celiulose,  hydroxypropy!  methylcellulose,
hydroxypropy! methyicellulose phthalate, and methyl cellulese; gums such as tragacanth and
xanthan gum; sodium alginate; and gefatin.

Those skilled in the art will readily identified the proper . combination and/or
concentration .of backing layer, drug reservoir, membrane, carrier, backing, penetration
enhancer, gelling agent, etc. If necessary, one could refer to the numerous publications on
the subject, including the patent literature such as EP 1 602 367, US 2005/019384, US
2005/0074487 and US 2005/175680 all describing transdermal drug delivery devices and
associated.. For instance, the absorption through human skin of a drug may be used to
determine the feasibility of transdermal delivery with a particular carrier or vehicle. For
example, penetration of a compound according te the invention, preferably 3APS, across
human epidermis may be measured in vitro using glass diffusion cells. Therefore,
optimization of the compound's absorpfion is achieved by use of formulations disciosed
herein and known in the art as penetration enhancers. Additional well known tests and
assays include permeability rate studies, absorption studies, diffusion assays, time-course
profiling for penetration across human epidermis, irritancy studies, ete.

Clinical studies indicate that an oral dose of a 3APS of about 100 and/or 150 mg bid
may produce a beneficial treatment for cognitive disorders, such as AD. Since transdermal
administration of a compound according to the invention, preferably 3APS, is believed 1o bs
subject to reduced first-pass metabolism, the dosage of a 3APS may be reduced when
administered transdermally. On the other hang, ransdermal administration couid be helpful
10 increase the dosage of 3APS by avoiding common side effects such as gastrointestinal
irritation associated with an oral administration of that drug.

A benefit of a3 transdermal dosage form includes improved subject compliance, due 10
the possibility of reduced administrations. For example, a transdermal patch of the inveniion
may be formulaied so as to provide one, two, three, four, five, six or seven days of
medication. In an exemplary embodiment, the iransdermal patch provides medication for
about three days, before it is desirable to repiace the patch. in another exemplary
embodiment, the transdermal patch provides seven days of medication, before it ts desirable
to replace the paich. In addition, the transdermal dosage may be formulated with any
desirable dosage of a compound according to the inventien. For example, the transdermal
dosage may provide the equivalent dosage to cral administration of 100 mg bid, 150 mg bid,
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200 mg bid, 250 mg bid, 300 mg bid, 350 my bid, or 400 mg bid. As such, a transdermal
patch(es) having the equivalent dosage to oral administration of 150 mg bid may be
administered to a subject for a desired period of time, for example, four weeks, and then a
patch or patches having the equivalent dosage to oral administration of 200 mg bid may be
administered for a desired period of time.

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

V. Subjects and Paiient Populations

The term *subject” includes living organisms in which A-amyioidosis can oceur, or
which are susceptible to Ap-amyloid diseases, e.g., Aizheimer's disease, etc. Examples of
subjects include humans, chickens, ducks, Peking ducks, geese, monkeys, deer, cows,
rabbits, sheep, goats, dogs, cats, mice, rats, and transgenic species thereof. The term
“subject" preferably includes animals susceptible to states characterized by neuronal celf
death, e.g. mammals, e.g. humans. The animal can be an animat model for a disorder, e.g.,
a transgenic mouse with an Alzheimer's-type neuropathology. In preferred embodiments,
the subject is a mammal, more preferably a human subject.

The term “human subject” includes humans susceptible to benefit from 3APS
administration, and more particularly those suscepible to or diagnosed of having an
amyloic—p related disease and/or suffering from a neurodegenerative disease, such as
Alzheimer's disease, Parkinson's disease, eic.

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
need of treatment is art-recognized, and includes subjects that have been identified- as
having a disease or disorder related to p-amyloid deposition, has a symptom of such a
disease or disorder, or is at risk of such a disease or disorder, and would be expected,
based on diagnosis, e.g., medical diagnosis, to bensfit from treatment (e.g., curing, healing,
preventing, alleviating, relieving, altering, remedying, ameliorating, improving, or affecting
the disease or disorder, the symptom of the disease or disorder, or the risk of the disease or
disorder).
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For example, the human subject may be a human over 30 years oid, human over 40
years old, a human over 50 years old, a human over 60 years old, a human over 70 years
old, a human over 80 years oid, a human over 85 years old, a human over 80 years oid, or a
human over 85 years old. The subject may be a female human, including a postmenopausal
female human, who may be on hormone (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 subject is a human subject having an Alzheimer's-typs
neuropathology. individuals presently suffering from Alzheimer's disease can be recognized
from characteristic dementia, as well as the presence of risk factors described below. In
addition, a aumber of diagnostic tests based on cognitive and neuroicgical teésting are
available for identifying individuals who have AD. For example, individuals suffering from
Alzheimer's disease can be diagnosed by the Clinical Dementia Rating (CDR) scale, Mini-
mental State Examination {MMSE), Aizheimer's Disease Assessment Scale-Cognitive
Subscale (ADAS-Cog), or any other test known in the art, as discussed herein. Baseline
scores on suitable metrics including the MMSE and the ADAS together with other metrics
designed to evaiuate a more normal popuiation can be used to find an at risk poputation.
Another method for identifying an at risk group utilizes an assay for neural thread protein in
the urine; see, e.g., Munzar et al., Neurology and Clinical Neurophysioiogy, Vol. 2002, No. 1.
Patients with high risk for Aizheimer's Disease can alsc be selected from a population by
screening for eafly signs of memory loss or other difficulties associated with pre-Alzheimer's
symptomatology, a family history of Alzheimer's Disease, patients with Mid Cognitive
Impairment (MCl), genetic risk factors, age, sex, and other features found to predict high-risk
for Alzheimer's Disease.

The term “prevention” or "preventing” is also used to describe the administration of a
compound or compesition of the invention to a subject who is at risk of (or susceptible to)
such a disease or condition. Patients amenabile to treatment for prevention of the disease or
condifion inciude individuals at risk of the disease or condition but not showing symptoms, as
well as patients presently showing symptoms. in the case of Aizheimer's disease, virtually
anyone is at risk of suffering from Aizheimer's disease if he or she fives 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
metheds are especially useful 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 genetic or biochemical markers, including
brain piagues diagnesed by imaging methods, e.g., MRI, PET, SPECT efc.. Examples of
such imaging methods are discussed in Burggren ¢t al., Current Topics in Medicinal
Chemistry, vol. 2002, no. 2, pp. 385-393, and Sair et al., Neuroradiology, vol. 46, pp. 93-104
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(2002). Alzheimer's disease predisposing factors identified or proposed in the scientific
literature include, among others, a genotype predispasing a subject to Alzheimer's disease;
environmental factors predisposing a subject to Aizheimer's disease; past history of infection
by viral and bacterial agents predisposing a subject to Alzheimer's disease; and vascular
factors predisposing a subject to Alzheimer's disease. Genetic markers of risk toward
Alzheimer's disease inciude mutations in the APP gene, particularly mutaiions at position
717 and positions 670 and 671 referred 1o as the Hardy and Swedish mutations respectively
(see Hardy et al., TINS 20, 154-158 (1997)). Other markers of risk are mutations in the
preseriiiin genes, PS1 and PS2, and ApoE4, family history of AD, hypercholesterolemia or
atherosclerosis. The subject may be shown to be at risk by a diagnostic brain imaging
technique, jor exampie, one that measures brain activity, plague depesition, or brain atrophy.
The human subject may also be shown to be at risk by a cognitive test such as Clinical
Dementia Rating (‘CDR"), Alzheimer's discase Assessment Scale-Cognition ("ADAS-Cog),
Disability Assessment for Dementia {"DAD") or Mini-Mental State Examination (‘“MMSE")
and/or by any other cognition test known in the art.

in another embodiment, the human subject exhibits no sympioms of Alzheimer's
disease. In another embodiment, the subject is at least 40 years of age and exhibits no
symptoms of Alzheimer’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
P peplides in a subject’s plasma or cerebrospinal fluid (CSF) could be significantly reduced
from levels prior to treatment from about 10 to abott 100 percent, or even about 50 to about
100 percent, e.g., 15, 25, 40, 60, 70, 75, 80, 90, 95 or 99%. Accordingly, in certain
embodiments, the human subject can have an elevaied level of amyioid AR and AB.:
peptide in the biood and/or CSF prior to a treatment according to the present methods, e.g.
ABa, levels of greater than about 10 pg/mL, or greater than about 20 pg/mL, or greater than
about 35 pg/mL, or even greater thari about 40 pg/mL; and AP, levels 30 pg/mL to about
200 pg/mt, or even to about 500 pg/mL. Similarly, according to some embodiments, the
methods and compounds of the present invention help reduce the size andjor number of AB
plaques or AB deposits in the brain, from about 10 to about 00 percent, or even about 50 to
about 100 percent, e.g., 15, 25, 40, 60, 70, 75, 80, 90, 95 or 99%, when compared 10 levels
prior to treatment.

V!. Pharmaceutical Compositions

Preferably, the compounds of the invention are formuiated prior to administration into
pharmaceutical compositions using techniques and procedures well known in the art.
Accordingly, in another embodiment, the present invention relates to pharmaceutical
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compositions (2.g. solutions, suspensions or emulsions) comprising effective amounts of one
or more compounds according to any of the Formulae herein and a pharmaceutically
acceptable vehicle, as well as methods of using and manutacturing such pharmaceutical
compositions.

The pharmaceutical compositions are formuiated into suitable administration (orally,
parenterally, (IV, IM, depo-IM, SC, and depo SC}, sublingually; intranasally (inhalation),
intrathecally, topically, or rectally). Suitable pharmaceutically acceptable vehicles include,
without limitation, any non-immunogenic pharmaceutical carrier or diluent suitabie for oral,
parenteral, nasal, mucosal, fransdermal, topical, intrathecal, rectal, intravascular (Iv}),
intraarteriat (IA), intramuscuiar (IM), and subcutaneous (SC) adminisiration routes, such as
phosphate buffer saline (PBS). Also, the present invention includes such compounds which
have been lyophilized and which may be reconstituted to torm pharmaceutically acceptable
formulations for administration. as by intravenous, intramuscular, or subcutaneous injection.
Administration may also be intradermal or transdermal.

The vehicle can be a soivent or dispersion medium containing, for example, water,
ethanol, polyol (for example, glycerol, propylene giycol, and iiquid polyethylene glycol, and
the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained,
for example, by the use of a coating such as lecithin, by the maintenance of the required
particle size in the case of dispersion and by the use of surfactants. Prevention of the action
of micreorganisms can be achieved by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. in many
cases, isotonic agents are included, for example, sugars, sodium chioridz, or polyaicohols
such as mannitol and sorbitol, in the composttion. Prolonged absorption of the injectable
composilioﬁs can be brought about by including in the composition an agent which detays
absorption, for example, aluminum monostearate or gelatin,

Preferably, the compound(s) of the invention can be orally administerad.
Formulations of the present invention -include those suitabie for oral administration. The
formulations may conveniently be presented in unit dosage 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 association & compound of the present
invention with a pharmaceutically acceptable vehicle (e.g. an inert diluent or an assimilable
edible carrier)and, optionally, one or more accessory ingredienis. in general, the
formulations are prepared by uniformly and intimately bringing into association a compound
of the present invention.with liguid carriers, or finely divided solid carriers, or both, and then,
it necessaty, shaping the product The amount of the therapeutic agent in such
therapeutically useful compositions is such that a suitable dosage will be obtained.
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Formulatlons of the invention suitable for oral administration may be in the form of
capsules (e.g. hard or soft shell gelatin capsule), cachets, pills, tablets, lozenges, powders,
granules, peliets, dragees, e.g., coated (e.g., enteric coated) or uncoated, or as a solution or
a suspension in an aqueous or non-aqueous liquid, or as an oil-in-water or water-in-oit liquid
emulsion, or as an elfixir or syrup, or as pastilles (using an inert base, such as gelatin and
glycerin, or sucrose and acacia) or as mouth washes and the like, sach coniaining a
predetermined amount of a compound of the present inveniion as an active ingredient. A
compound of the present invention may aiso be administered as a bolus, electuary or paste,
or incorporated directly into the subject's diet. Moreover, in certain embodiments these
peliets can be formulated to (a) provide for instant or rapid drug release (i.e., have no
coating on them); {b) be coated, e.g., to provide for sustained drug release over time; or (c)
be coated with an enteric coating for better gastrointestinal toierability

in solid dosage forms of the invention for oral administration the active ingredient is
mixed with one or more phammaceutically acceptable carriers, such as sodium Citrate or
dicaicium phosphate, or any of the following: fillers or extenders, such as starches, lactose,
sucrose, glucose, mannitol, or silicic acid; binders, such as, for example,
carboxymethylcellulose, alginates, gefatin, polyvinyl pyrrolidone, sucrose or acacia;
humectants, such as glycerol; disintegrating agents, such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, cenain sificates, and sodium carbonate; solution
retarding agents, such as paraffin; absorption accelerators, such as guaternary ammonium
compounds; wetting agents, such as, for example, cetyl aicohol and glycerot monostearate;
absorbents, such as kaolin and bentonite clay; lubricants, such as tale, calcium stearate,
magnesium stearate, solid polyethylene glycols, sodium iaury! sulfate, and mixtures thereof;
and coloring agents. In the case of capsules, tablets and pills, the pharmaceutical
compesitions may also comprise buffering agents. Solid compesitions of a similar type may
also be employed as fillers in soft and hard-filled gelatin capsules using such excipients as
lactose or milk sugars, as well as high meiecular weight polyethylene giycols and the like.

Peroral compositions typically include liquid solutions; emulsions, suspensions, and
the like. The pharmaceutically acceptable vehicles -suitable for preparation of such
coi’nposhicns are well known in the art. Typical components of carriers for syrups, elixirs,
emuisions and suspensions include ethanol, glycerol, propylene giycol, polyeihylene giycol,
liquid sucrese, sorbitol and water. For a suspension, typical suspending agents include
methyt cellulose, sodium carboxymethyl celiulose, tragacanth, and sodium aiginate; typical
wetiing agents include lecithin and polysorbate 80; and typical preservatives include methyl
paraben and sodium benzoate. Peroral liglid compositions may also contain one or more
components such as sweeteners, flavoring agents and colorants disciosed above.
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Pharmaceutical compositions suitable for injectable use inciude sterile aqueous
solutions (where water soluble) or dispersions, and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. in ali cases, the composition must be
steriie and must be fluid to the extent that easy syringability exists. It must be stable under
the conditions of manufacture and storage ard must be preserved against the contaminating
action of microorganisms such as bacteria and fungi. Sterile injectable solutions can be
prepared by incorporating the therapeutic agent in the required amount in an appropriate
solvent with one or a combination of ingredients enumerated-above, as required, followed by
filttered sterilization. Generally, dispersions are prepared by incorporating the therapeutic
agent into a sterile vehicle which coniains a basic dispersion medium and the required other
ingredients from these enumerated above. in the case of sterile powders for the preparation
of steriie injectable solutions, the methods of preparation are vacuum drying and
freeze-drying which yields a powder of the active ingredient (i.e., the therapeutic agent) pius
any additionat desired ingredient from a previously sterile-filtered solution thereot.

Pharmaceutical formulations are also provided which are suitable for administration
as an aerosol, by inhalation. These formulations comprise a solufion or suspension of the
desired compound of any Formula herein or a pluraliy of solid particies of such
compound(s). The desired formulation may be placed in a small chamber and nebuiized.
Nebulization may be accompiished by compressed air or by ulirasonic energy to form a
plurality of iiquid droplets or solid parficies comprising the agents or salts. The liguid droplets
or soiid particles should have a particle size in the range of about 0.5 to about § microns.
The solid particies can be obtained by processing the solid agent of any Formula described
herein, or 2 salt thereof, in any appropriate manner known in the art, such as by
micronization. The 'size of the solid particles or droplets will be, for examplie, from about 1 to
about 2 microns. in this respect, commercial nebulizers are available to achieve this
puipose.

A pharmaceutical formuiation sultable for administration as an aerosol may be In the
form of a liquid, the formulation will comprise a water-soluble agent of any Formuia
described herein, or a salt thereof, in a carrier which comprises water. A stirfactant may be
present which lowers the surface tension of the formulation sufficiently to result In the
formation of droplets within the desired size range when subjected to nebulization.

The compositions of this invention can alsc be administered topically 10.a subject,
e.g., by the direct laying on or spreading of the composition on the epidermal or epithelial
tissue of the subject, or transdermally via a “patch”. Such compositions include, for example,
lotions, creams, solutions, gels and solids. These topical compositions may cemprise an
effective amount, usually at least about 0.1%, or even from about 1% to about 5%, of an
agent of the invention. Suitable carriers for topical administration typically remain in piace on
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the skin as a continuous fiim, and resist being removed by perspiration or immersion in
water. Generally, the camier is organic in nature and capable of having dispersed or
dissolved therein the therapeutic agent. The carrier may inciude pharmaceutically
acceptabie emoliients, emulsifiers, thickening agents, solvents and the like.

Other compositions useful for attaining systemic defivery of the subject agents

include sublingual, buccal and nasal desage forms. Such positit typically

one or more of soluble filier substances such as sucrose, sorbitol and mannitol; and binders
such as acacfa, microcrystalline celiulose, carboxymethyl celiulose and hydroxypropyl
methyl cellulose. Glidants, lubricants, sweeteners, colorants, antioxidants and ftavoring
agents disclosed above may aiso be included. The compound(s) of the invention may also
be administered parenterally, intraperitoneally, intraspinally, or intracerebrally. For such
compositions, the compound(s) of the inveniion can be prepared in glycercl, iiquid
polyethylene glycols, and mixiures thereof and in oils. Under ordinary conditions of storage
and use, these preparations may contain a preservative to prevent the growth of
microorganisms.

To administer the compound(s) of the invention by other than parenteral
administration, it may be useful to coat 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 to a subject in an appropriate carrier, for example, liposomes,
or a diluent. Pharmaceutically acceptabie diluents include safine and aqueous buffer
$oiutions. Liposomes include water-in-oi--in-water GGF emuisions as well as conventional
liposomes.

Pharmaceutica! compositions according to the invention may also be coated by
conventicnal methods, typically with pH or time-dependent coatings, such that the
compound(s} of the Invention is released in the vicinity of the desired location, or at varlous
times to extend the desired action. Such dosage forms typically include, but are not limited
to, one or more of acetate phthaiate, polyviny phthalate, hydroxypropy!

methyl cellulose phthalate, ethyl celiulose, waxes, and sheliac,

The compound(s) of the invention may be packaged as part of a ki, optionally
including a container (e.g. packaging, a box, a vial, efc). The kit may bs commercially used
according to the methods described herein and may include instructions for use in a method
of the inveniion. Additional kit components may inciude acids, bases, buffering agents,
inorganic salts, solvents, antioxidants, p ives, or metal cf The additional kit

components are present as pure compositions, or as aqueous or organic solutions that
incorporate one or more additional kit components. Any or all of the kit components
optionally further comprise buffers.
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Vii. Dosage

Dosage forms, upon releasing a compound according to the invention, can provide
the cerresponding 3APS upon in vivo administration to a human patient. 1 is understood that
appropriate doses depend upon a number of factors within the knowledge of the ordinarily
skilled physician, veterinarian, or researcher (2.g. see Wells et al. eds., Pharmacotherapy
Handbook, 2™ Edition, Appleton and Lange, Stamiord, Conn. (2000); PDR Pharmacoposia,
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 upon a variety of factors including the activity of the specific agent employed, the
age, body weight, general health, gender, and dist of the subject, the time of administration,
the route of administration, the rate of excretion, and any drug combination, if applicable, the
effect which the practitioner desires the compound to have upen the subject and the
properties of the compounds (e.g. bioavailability, stability. poiency, toxicity, etc). Such
appropriate doses may be determined using the assays described herein. When one or
more of the compounds of the invention is to be administered to humans, a physician may
for example, prescribe a relatively iow dese at first, subsequently increasing the dese until
an appropriate response is pbtained.
Exemplary doses inciude milligram or microgram amounts of the compound per kifogram of
subject or sample weight {£.g., about 50 micrograms per kilogram 1o about 500 miligrams
per kilogram, about 1 milligram per kilogram to about 100 milligrams per kilogram, about 1
miliigram per kilogram to about 50 milligram per kilogram, about 1 milligram per kilogram to
about 10 milligrams per kilogram, or about 3 miligrams per kilogram to about 5 milligrams
per kilogram). Additional exemplary doses include doses of about 5 to about 500 mg, or
about 25 to about 300 mg, or about 25 to about 200 mg, preferably about 50 tc about 150
mg, more preferably about 50, about 100, about 150 mg, about 200 mg or about 250 mg,
and, preferably, daily or twice daily, or.iower or higher amounts. For comparison, exemplary
doses for 3APS per se include about 2-3 milligram of 3APS per kilogram of subject (twice
daily). See also US 11/103,656, filed on April 12, 2005, which is incorporated herein by
reference.

It is generally advantageous to formuiate parenterat compositions in dosage unit form
for ease of administration and uniformity of dosage. The term “unit dosage form" refers to a

physically discrete unit suitable as unitary dosages for human subjects and other

each unit containing a predetermined quantity of active material calculated to produce the
desired therapeutic effect, in association with a suftable pharmaceutical venicle. in an
embediment, 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 preferably about 100
mg to about 300 mg of the compound according to the invention. See also 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 characieristics of the therapeutic agent and the particular therapeutic effect to
be achieved, and (b) the limitations inherent in the art of compounding such a therapeutic
agent for the treatment of amyloid deposition in subjects.

Administration of the compounds and compositions of the present invention 10 a
subject to be treated can be carried out using imown 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
optimum therapeutic response. For example, several divided doses may be administered
acaily or the dose 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 effective dosage sufficient to inhibit amyloid deposition in a subject,
preferably a human subject. When referring to amyloid deposition a “therapeutically
effective” dosage inhibits amyloid depesition by, for example, at ieast about 20%, or by at
least about 40%, or even by at least about 60%, or by at least about 80% relative to
untreated subjects.

In one embodiment, the compound(s) of the invention is administéred at a
therapeutically effective dosage for the prevention or treatment of Aizheimer's. When
referring to Aizheimer’s, a "therapeutically effective” dosage stabilizes cognitive function or
prevents a further decrease in cognitive function (Le., preventing, slowing, or stopping
disease progression).

VIL. Uses of Compounds. Composition. and Dosape Forms

Another aspect of the invention pertains to a method for inhibiting neuronal celi death
by administering an effective amount of a compound of the present invention. in yet another
aspect, the invention pertains 1o a method for providing neuroprotection to 2 subject having
an Ag-amyiocid related disease, e.g. Alzheimer's disease, which includes administering an
effective amount of a compound of the present invention to the subject, such that
neuroprotection is provided. As used herein, the term "neuroprotection” inciudes protection
of neuronal cells of a subject from cell death that may result in inittation of processes stuch
as, but not limited to: the destabiiization of the cyioskeleton; DNA fragmentation; the
activation of hydrolytic enzymes, such as phospholipase A2; activation of caspases, calcium-
activated proteases and/or calcium-activated endonucleases; inflammation mediated by
macrophages; calcium influx into a celf; membrane potential changes in a cell; the disruption
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of cell junctions leading to decreased or absent cell-cell communication; and the activation of
expression of genes invoived in celi death.

According o a preferred embodiment, the compounds and compositions of the
present invention are used for one or mare of the following: to prevent Aizheimer's disease,
to treat Alzheimer's disease, or amelicrate symptoms of Alzheimer's disease, fo regulate
production of or levels of amyloid B (AB) peptides, prevent, reduce, or inhibit amyloid
deposition in a subject, and to treat or prevent of amyioid-related diseases.

The compounds and pharmaceutical compesitions of the invention may act to
ameliorate the course of a B-amyloid related disease using any of the following mechanisms
(this list is meant to be iliustrative and not limiting): slowing the rate of B-amyloid fibrit
formation or deposition; lessening the degree of B-amyloid deposition; inhibiting, reducing, or
preventing amytoid fibril formation; inhibiting neurodegeneration or celluiar toxicity induced
by B-amyloid; inhibiting amyioid induced inflammation; enhancing the clearance of B-amyloid
from the brain; enhancing degradation of AB in the brain; or favoring clearance of amyloid
protein prior to its organization in fibrils, and decreasing the ratio of AB42:AB40 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 amount of a
therapeutic campound of the invention, such that the subject's cognition is improved. The
subject's cognition can be fested using methods known in the art such as the Clinical
Dementia Rating ("CDR"), Mini-Mental State Examination ("MMSE"), Disability 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 control, or between
subsequent tests given to the same subject. The invention also periains o a method for
treating, slowing or stopping a B-amyloid related disease associated with cognitive
impairment, by administering o a subject an effeciive amount of a therapeutic compound of
the invention, wherein the annual deterioration of the subject’s cognition as measured by any
of the foregoing meniioned test is improved.

it is 1o be understood that wherever vaiues and ranges are provided herein, e.g., in
ages of subject populations, dosages, and biood levels, all values and ranges encompassed
by these values and ranges, are meant to be encompassed within the scope of the present
invention. Moreover, all values in these values and ranges may also be the upper or lower

limits of a range.
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Vil. Combination Therapy
In certain embodiments, the compounds and compesition according to the invention
can be used in combination therapy with at least one other therapeutic agent. The prodrug

p ing to the i fon and the at least one other therapeutic agent(s) can
act additively or, in certain embodiments, synergistically. in certain embodiments, the
compounds of the invention can be administered concurrently with the administration of
another therapelitic agent. In certain embodiments, the compounds of the invention can be
administered prior or subsequent to administration of another therapeutic agent. The at least
one other therapeutic agent can be effective for treating the same or different disease,
disorder, or condition.

Methods of the present invention include administration of one or more compounds
or 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 invention and/or does not produce adverse
combination effects.

In certain embodiments, compositions of the present invention can be administered
concurrently with the administration of another therapeutic agent, which can be part of the
same pharmaceutical compesition as, or in a different composition from, that containing the
compounds of the present invention. In certain embodiments, compounds of the present
invention can be administered prior or subsequent to administration of another therapeutic
agent. In certain embodiments of combination therapy, the combination therapy comprises
alternating between administering a composition of the present invention and a composition
comprising another therapeutic agent, e.g., to minimize adverse side effects associated with
a particular drug. When a compound of the present invertion is administered concurrently
with another therapeutic agent that potentially can produce adverse side effects including,
but not limited 1o, toxicity, the therapeutic agent can advantageousiy be administered at-a
dose that falls below the threshold at which the adverse side effect is eficited.

In certain embodiments, a pharmaceutical composition can further comprise
substances to enhance, moduiate and/or control release, bicavaitahility, therapeuic efficacy,
therapetttic potency, stapility, and the like. For example, to enhance 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 to inhibit degradation of the drug in the systemic circulation. in
certain embodiments, at least one compound of the present invention can be co-
administered with active agents having & pharmacological effect 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 available overthe-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, accerding to the invention.
Preferred therapsutic drugs to be used with the compounds or pharmaceutical compositions
of the present invention are therapeutic drugs useful in the prevention or treatment of
Alzhetmer's Disease or its symptoms, including but not fmited to donepezil (Aricept™),
r ine a™), rivastigmi Exelon™), Gatanthamine (Reminyl™ and R-

fiurbiprofen (Flurizan™). The compounds and compositions according to the invention couid
also be combined with vaccines and antibedies for the prevention or treatment of AD.

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

IX. Standard Methads for testing the compounds of the invention.

The compounds according to the invention can be further anaiyzed, tested or
validated using a variety of in vitrc assays, or in vivo assays 1o confirm their safety,
bioavailabity, neuroprotection, their capability to deliver 3APS etc. The foliowing are
illustrative of the type of biclogical assays that can be conducted to assess the instant
compounds.

i) Determination of Enzymatic Cleavage of Prodrugs In Vitro

For orally administered prodrugs, it is generally desirable that the prodrug remains
intact (i.e.,.uncleaved) while in the gastrointestinal tract and be cleaved (i.e., o 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 absomption of the prodrug by the
gastrointestinal tract. A useful level of iability can at least in part be determined by the
pharmacokinetics of the prodrug and parent drug in the systemic circulation. In general,
prodrugs that are more stable in a Caco-2 S8 and/or pancreatin assay and are more labile in
a rat plasma, human plasma, rat liver 8¢, and/or human fiver S8 preparation can be useful
as an orally administered prodrug. The results of tests, for determining the enzymatic
cleavage of prodrugs in vitro can be used to select prodrugs for in vivo testing.

ii) Bioavailability of Prodrugs in vivo

Prodrugs that provide a bicavaitability of the corresponding parent drug that is
greater than the bicavailability provided by an equimoiar dose of the parent drug
administered to a patient by the same route (e.g., cral administration) can be useful as
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therapeutic agents. Bi itability of the compounds of the invention and of released 3APS

can be measured in vivo (humans and laboratory animals) using methods well known in the
art. Example 3 herein provides an exemplary method for assessing bicavailability in mice.

i} In Vivo 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 models have been
described, for example, in U.S. Pat. Nos. 5,877,399; 5,612,488; 5,387,742, 5,720,936;
5,850,003; 5,877,015, and 5,811,633, and in Ganes et al., {Naiure 1995, 373:523). Preferred
are animal models ihat exhibit characteristics associated with the pathophysiology of AD.
Administration of the compound inhibitors of the invention to the transgenic mice described
herein provides an aliernative method for demonsiraiing 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
also preferred.

iv} Toxicity

A variety of different parameters can be mornitored to assess toxicity. Examples of
such parameters inciude, but are not limited to, cell proliferation, monitoring activation of
celiular path for woxicolagical resp by gene or protein expression analysis, DNA

fragmeniation, changes in the compesition of cellular membranes, membrane permeability,
activation of components of death- receptors or downstream signaling pathways (e.g.,
caspases), generic. stress responses, NF-kappaB aclivation and responses to mitogens.
Related assays are used to assay for apoptosis (a programmed process of cell death) and
necross, including cGMP formation and NO formation.

Toxicity and therapeutic efficacy of the compound(s) and compesitionfs] of the
invention can be determined by standard pharmaceutical procedures in cell culiures or
experimental animals, e.g., for determining the LD50 (the dose lethal to 50% of the
population) and the ED50 (the dosé therapeutically efiective in 50% of the population). The
dose ratio between ioxic and therapeutic effects is the therapeutic index and can be
expressed as the ratic LDS0/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 agenis to the site of affected fissue in order to
minimize potential damage to unaffected celis and, thereby. reduce side effects.
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v) Neuroprotection
The foliowing are illustrative of the type of biological assays that can be conducted to
assess whether a inhibitory agent has a protective effect against neuronal injury or disease.

a. Morphological Changes

Apoptosis in many cell types is correlated with altered morphelogical appearances.
Examples of such alterations include, but are not limited to, plasma membrane blebbing, cell
shape change, loss of substrate adhesion properties. Such changes are readiy detectable
with a iight microscope. Celis undergoing apoptosis can also be detected by fragmentation
and disintegration of chromosomes. These changes can be detected using light microscopy
and/or DNA or chromatin specific dyes.

b. Altered Membrane Permeability

Often the membranes of cells undergoing apoptosis become increasingly permeable.
This change in membrane properiies can be readily detected using vital dyes (e.g.,
propidium iodide and trypan blue). Dyes can be used to detect the presence of necrotic celis.
For example, certain methods utilize a green-fluorescent LIVE/DEAD™ Cytotoxicity Kit #2,
available from Molecular Propes. The dye specifically reacts with cellular amine groups. In
necrotic cells, the entire free amine content is available to react with the dye, thus resulting
in intense fluorescent staining. In contrast, only the cell-surface amines of viable cells are
available to react with the dye. Hence, the fluorescence intensity for viable cells is reduced
significantly relative to necrotic cells (see, e, g., Haugland, 1995 Handbook of Fiuorescent
Probes and Research Chemicals, 61th ed., Molecular Probes, OR).

¢. Dystunction of Mitochondrial Membrane Potential

Mitochondria provide direct and indirect biochemical regulation of diverse cellular
processes as the main energy source in cells of higher organisms. These process inciude
the electron transport chain activity, which drives oxidative phosphorylation to produce
metabolic energy in the form of adenosine friphosphate (ie., ATP). Altered or defective
mitochondrial activity can result in mitochondrial coltapse called the "permeability fransition”
or mitcchondrial permeability transition. Proper mitochondrial functioning requires
maintenance of the membrane potential established across the membrane. Dissipation of
the membrane potential prevents ATP synthesis and thus halts or restricts the production of
a vital biochemical energy source.

Gonsequently, a variety of assays designed 1o assess toxicity and cell death involve
monitoring the effect of a fest agent on mitochondrial membrane potentials or on the
mitochondrial permeability transition. One approach is to utilize fluorescent indicators (see,
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e.g., Haugland, 1996 Handbook of Fluorescent Probes and Research Chemicals, 6th ed.,
Molecuiar Probes, OR, pp. 266-274 and 583- 594). Various non-fluorescent probes can also
Kamo et al. (1979) J. Membrane Biol. 49:105). Mitochondrial
membrane poientials can also be determined indirectly from mitochondrial membrane

be utifized (see, eg.

permeability (see, e.g., Quinn (1976) The Molecular 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 00/18200 to Dykens et al.

d. Caspase Activation

Apoptosis is the process of programmed cell death and inveives the activation of a
genetic program when celis are no longer needed or have bscome seriousiy damaged.
Apoptosis involves a cascade of biochemical events and is under the regulation of a number
of different genes. One group of genes act as effeciors of apoptosis and are referred to as
the interieukin-1B converting enzyme (IGE) family of genes. These genes encode 2 family of
cysteine proteases whose activity is increased in apoptosis. The ICE family of proteases is
generically referred to as caspase enzymes. The "C" in the name refiects the fact that the

enzymes are cysteine p , while "Caspase" refers to the ability of these enzymes to
cleave after aspartic acid residues.

Consequently, some assays for apopiosis are based upon the observation that
caspases are induced during apoptosis, induction of these enzymes can be detected by
monitering the ck of ifically-recognized for these enzymes. A number
of naturally occurring and synthetic protein substrates are known (see, e.g., Ellerby ot al.
(1897) J. Neuroscl. 17:6165; Kluck, et al. (1997) Science 275:1132; Nicholson et al. (1995)
Nature 378:37; and Rosen and Casciola- Resen (1897) J. Celi Biochem. 64:50). Methods for
preparing a number of different subsiraies thai can be utilized in these assays are described

in U.S. Pat. No. 5,976,822. This patent also describes assays that can be conducted using
whole cells that are amendabile to certain of the microfiuidic devices described herein. Other
methods using FRET techniques are discussed in Mahajan, et al. (1999) Chem. Biol. 6:401-
©; and Xu, et al. (1998) Nucl. Acids. Res. 26:2034-5.

e. Cytochrome C Release

in healthy cells, the inner mitochondrial membrane is impermeable 10
macromolecules. Thus, one indicater of cell apoptosis is the release or leakage of
cytochrome G from the mitochondria. Detection of cytochrome C can be performed using
spectroscopic methods because of the inherent absorpiion properties of the protein. Thus,
one detection option with the present devices is o place the celis within a holding space and
monitor absorbance at a characteristic absorption wavelength for cytochrome C.
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Alternatively, the protein can be detected using standard immunological methods (e.g.,
ELISA assays) with an antibody that specifically binds to cytochrome C {(see, e.g., Liv et al.
(1996) Cell 86:147).

f. Assays for Cell Lysis

The final stage of cell death is typically iysis of the ceil. When celis die they typically
release a mixture of chemicals, including nucleotides, and a variety of other substances
(e.g., proteins and carbohydrates) into their surroundings. Some of the substances released
include ADP and ATP, as well as the enzyme adenylate cyclase, which catalyzes the
conversion of ADP to ATP in the presence of excess ADP. Thus, certain assays invoive
providing sufficient ADP in the assay medium to drive the equilibrium towards the generation
of ATP which can subsequently be detected via a number of different means. One such
approach is to utifize a luciferin/luciferase system that is well known to those of ordinary skill
in the art in which the enzyme luciferase utilizes ATP and the substrate [uciferin to generate
a photometrically detectable signal. Further details regarding certain cell lysis assays that
can be performed are set forth in PCT publication WO 00/70082.

g. Ischemic Model Systems

Methods for assaying whether a compound can confer protective neurological effects
against ischemia and stroke are discussed by Aarts, et al. (Science 298:846-850, 2002). in
general, this assay involves subjecting rats to a middie cerebral artery occlusion (MCAQ) for
2 refatively short period of fime (e.g., about 80 minutes). MCAO can be induced using
various methods, including an intraluminal suture method (see, e.g., Longa, E. Z. et al.
(1989) Stroke 20:84; and Belayev, L., et ai. (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 compositions prophylactic effect, the composition
is administered before performing MGAQ. If the compound is to be evaluated for Its ability to
mitigate against an ischemic event that has aiready occurred, the composition with the
compound s introduced after MCAO has been initiated. The extent of cerebral infarction is
then evaluated using various measures of neurclogical function. Examples of such
measures include the postural reflex test (Bederson, J. B. st al. (1986) Stroke 17:472) and
the forelimb piacing test (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
assdys.

h. MTT Cytotaxicity Assay
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The MTT assay is another assay which has been widely used to assess cytotoxicity
in neuronal cells. The cellular toxicity can assessed using the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) assay (Trevigen, Gaithersburg, Md.} foliowing the
recommendations of the manufacturer.

i. Trypan Biue Cell Viability Measurement
Cell viability can be measured using the trypan blue exclusion method (Yao et al.,
Brain Res., 888, 181-190 (2001)).

J. Determination of Cellular ATP Levels

Cellular ATP Levels can be indicative of celi viability. Celiular ATP concentrations
can be measured using the ATPLite-M® luminescence assay (Packard BicSciences Co.).
For example, in this. assay, cells typically are cultured on black 96-well ViewPlats® and the
ATP concentrafions are measured on a TopCount NXT® counter (Packard BicSciences Co.)
following the recommendations of the manufacturer.

vi) Gastrointestinal absorption

The compounds or drugs according to the invention can be further analyzed, tested
or validated for their ability to be absorbed by the gut and/or intesting if so desired,

Intesiinal permeability and transport of a drug candidate may be estimated using 2
variety of in vitro, in situ, as well 'as in vivo models (Balimane et al. (2000) J Pharmagco!
Toxicol Methods 44:385-401; Hidalgo |. (2001) Curr Top Med Chem 1:385-401, Hillgreen K,
Kato A and Borchardt R. (1995) 15:83-109).

For instance, parallel artificial membrane permeability (PAMPA) assay and cell-
based systems such as Caco-2 and Mardin-Darby caning kidney (MDCK) cells are ihe most
frequently used in vitro models. The PAMPA model consists of a hiydrophobic fitter material
coated with a mixwre of lecithin/phospholipids dissoived in an inert organic solvent creating
an artificial lipid membrane barrier that mimics the intestinal epithefium. Caco-2 cells, a
human colon adenocarcinoma, undergo spontaneous enterocytic differentiation in culture
and become polarized celis with well-established fight junctions, resembling. intestinal
epithelium in humans. Caco-2 cell model has been the most popular and the most
extensively characterized celi-based mode! in examining the permeability of drugs in both
the pharmaceutical industries and academia. Alternatively, MDCK cells which also develop
tight junctions and form monolayers of potarized cells are used.

An in situ study such as an intestinal perfusion could aiso be performed to assess
drug absorption. Isolated intestinal segments comprise the absorptive celis and the
underlying muscle layers. As it is commonly used, this technique only allows sampling from
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the side; drug disapp is i 1o be equal to drug absorption. Typically,
a whole animal absorption study (pharmacokinetic study) will be performed in parallel with
the in vitro andfor in situ studies to assess intestinal permeability. In general, drug absorption
in animais is believed to be a good predictor of absorption in humans.

vii) Gastrointestinal toxicity

The compounds or drugs according to the invention ¢an be further analyzed, tested
or validated for gastroiniestinal (Gl) toxicity. Gastrointestinal toxicity of a compound in vive
can be reiiably estabiished through the implementation of a standard battery of general
toxicological assessments. Generally, reguiatory test guidelines from the EU, OECD, ICH,
FDA and JMOHW are used as reference material for the preparation of study protocols for
such assessmenis. In North America, the toxicological assessments witi generally be carried
out in .compliance with the United States Food and Drug Administration Titie 21 Code of
Federal Regulations Part 58, Good Laboratory Practice for Non-clinical studies issued on
December 22, 1978, Federal Register plus subsequent amendments.

Within the context of such a non-clinicai assessment of the foxicity of a particular
compound, Gl 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-clinical toxicological assessment, the retention and processing of Gl
ract tissues irom the test subject(s) to the siide stage, followed by nhistopathological
examination of said tissues by a trained pathologist, is a useful tool, complementary to the
aforementioned “in-life" observations.

vili) Crassing of the Biood Brain Barrier (BBB)

The blood-brain barrier (BBB) is a very speciaiized barrier system of endothelial cells
that separates the blood from the underlying brain cells, providing protection to brain celis
and preserving brain homeostasis. The brain endothelium has a complex arrangement of
fight junctions between the cells that restrict the passage of molecules. Typically the BBB is
permeable to smaill and lipophiiic lecui but larger are generally not
transporied across unless there is an active transport sysiem available. Thus this is one of

the stumbling biocks for drug delivery. An additional probiem is the very effective drug efflux
systems (P-glycoprotein), which pump the drug back out of cells.

The compounds according to the invention can be further analyzed, tested or
validated for their ability to cross the BBB is so desired. Many in-vitro, in-vivo and in-sifico
methods may be employed during drug development to mimic the BBB (Lohmann et al.

(2002) Predicting blood-brain barrier p ility of drugs: luation of different in vitro
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assays. J Drug Target 10:263-276; Nicolazzo et al. (2008) Methods to assess drug
permeability across the blood-brain barrier. J Pharm Pharmacol 58:281-293). In-vitro models
include primary endotheiial cell culture and immortalized cell lines such as Caco-2, BMEC,
MDCK. These celis are useful as a screening method and can appropriately rank
compounds in order of BBB permeability. In vivo models such as the intérnal carofid artery
single injection or perfusion, intravenous bolus injection, brain effiux index and intracerebral
microdialysis provide more accurate information regarding brain uptake, and these can be
complemented with novel imaging techniques (such as magnetic resonance imaging and
positron emission tomography), although such methods are not suited to high-throughput
permeability 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 modeis
methods, and assays (see Potchoiba MJ, and Nocerini, MR (2004) DMD 32:1190-1198;
Orlowska-Madjack M. (2004) Acta Neurobiol Exp 64: 177-188; and Hocht, C, Opezza, JA
and Taira, CA (2004} Gurr Drug Discov Technot 1:263-85)

One of the moest common technigues is probably a brain sampliing after a whole
animal absorption study {(pharmacokinetic). For instance, pharmacokinetics (PK) profiles of
the compound of the invention could be investigated using typical nonclinical PK studies in
mice. Briefly, at different time-points following intravenous, . subcutaneous and oral
compound administrations, brain, CSF and plasma samples are collecied. The brain, CSF
and plasma sampies are then analyzec by LC/MS to defermine the concentration-time
profiles of the compound.

Alternatives such as brain dialysis or distribution of a radiclabelled compound with or
without autoradioluminography could also be used. A typicai example is 2 tissue digtribution
study to assess the time course elimination of radioactivity from tissues following the

adminisiration of a known guantity of rac 1 compound, the f je of the original
dose tramsported in the brain or CSF can be determined. Furthermore,
autoradioluminography of cryosections containing brain tissues with a wide range of
radioactivity concentrations can be readily quantifiec 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 molecules through small-diameter pores of 2
semi permeable membrane tubing connected to a probe that is implanted into a defined
brain area. The probe is connected to a perfusion pump and perfused with a liquid, which
equilibrates with the fiuid outside the tube by diffusion in boih directions. A quantitative
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analysis of drug in the fraction- microdial reflects their cor ion in the
fluid. )

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

EXAMPLES

The Examples set forth herein below provide exemplary syntheses of certain
representative compounds of the invention. Also provided are exemptary methods for
assaying the compounds of the inverntion for in vitro stabitity, microsomes metaboiism and
mouse bicavailability.

Uniess otherwise indicated, all numbers expressing quantities of ingredients, reaction
conditions, concentrations, properties, and so forth used in the specification and claims are
10 be understood as being medified in all instances by the term “about.” At the very ieast,
each numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques. Accordingly, unless indicated
1o the contrary, the numerical parameters set forth in the present specification and attached
claims are approximations that may vary depending upon the properties sought to be
obtained. Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the embodiments are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical value, however, inherently
contain certain errors resulting frem variations in experiments, testing measurements,
statistical analyses and such.

The present invention alse relates to novel compounds and the synthesis thereof.
The following detailed examples describe how to prepare the various compounds and/or
perform the various processes of the invention and are 1o be construed as merely illustraiive,
and not fimitations of the preceding disclosure in any way whatsoever. Those skitled in the
art will promptly recognize appropriate variations from the procedures both as to reactants
and as io reaction conditions and techniques. In some cases, the compounds may be
commercially available.
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1-A: Chemical Sy is of Amino acid prodrugs

] to illustrate how serme amino acid

Accordingly, the following examples are
prodrugs according to the invenition compounds may be prepared.

Preparation of N-hydroxysuccinimide ester
Rt R? R R? I

X NHS, HBTU 10Ny

1Y
_NHS, HBTY,

BOCNT /3 NE,, GH.Cly BOCE
.

¢ O

R X NHS. HBTU
Y NEt;, CH,Cly

To a stirred solution of a N-Boc-protected amino acid or a carboxylic acid (10 mmol)
in CHLCl; (100 mb) was added HBTU (N,N,N'.N-Tetramethyl-O-(1 H-benzotriazoi-1-
yhuronium hexafluorophosphate, 4.17 g, 11 mmol) followed by addition of triethylamine (1.53
mL; 11 mmol) and A-hydroxysuccinimide (NHS, 1.26 g, 11 mmol). The reaction mixture was
stirred at room temperaiure for 4 h, and then diluted with HCI (1 N) and EtOAc (eihyi
acetate). The organic layer was isolated, dried over Na,S0,, and concentrated. The residual
material was purified by fiash chromatography on silica gel using hexanes-EtOAc as eluent
to afford the comesponding M-hydraxysuccinimide ester in good yield (about 70 to 88%).

General procedures for the preparation of amino acid prodrugs of 3-amino-1-propanesulfonic

acid (Procedures A to Dj:
Procedures A to D were used in different combinations, to produce exemplary

compounds of the invention. Results for the preparation of Compounds A to Y using these
procedures are summarized in Table 2 below.

rocedure A:
R< 7 1) NSO R B2 H
o O, NaOH .
BO\.T\‘A)%( N —-_Q)T_’L ot No_~_-S0H
RO e
O
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A solution of the A-hydroxysuceinimide ester of a AtBoc-protected aminc acid or a
carboxylic acid (48 mmol, 1.2 eq) in acetonitrile ¢r acetone (50 mL) was added slowly to a
solution of 3APS, 3-amino-1-propanesulfonic acid, 40 mmol, 1eq in 2 N NaOH (sodium
hydroxide, 23 mL, 1.2 eq). The reaction mixture was stirred at room temperature overnight.
The mixiure was evaporated to dryness. The residual material was stirred with Et;O (diethyl
ether, 150 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 following
work-up procedures:

(i The solid material was dissoived in water (25 mL). The solution was passed through
a Dowex™ Marathon™ C ion-exchange column (strongly acidic, 110 g (5 eq), pre-
washed). The strong acidic fractions were combined and treated with conceritrated
HGH (10 mL). The mixture was stired at 50 °C for 30 minutes, and then was
concenirated to dryness. The residuai material was cc-evaporated with EtOH
(ethanol) to completely remove water. EtOH (100 mb) was added to the residue. The
mixture was stirred at reflux 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 stirred at room temperature for 30 minutes. The solic material
was collected by filtration and it was dried in a vacuum oven (60 C).

(i) The solid material was dissolved in water (25 mL). The solution was passed through
a Dowex™ Marathon™ C ion exchange column {strongly acidic, 110 ¢ (5 eq), pre-
washed). The strong acidic fractions were combined and evaporated under reduced
pressure. The residue was purified using reverse-phase fiash chromatography
(Biotage™ SP-1, C18 column). For ester-containing compound, the final product was
obtained after removal of the soivent from the corresponding fractions; otherwise go
to (iii).

(iif) 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 mixture was cooled to room
temperature, the solid material was coliected by filtration, washed, and dried in
vacuo, to provide the final product.

Procedure B:

To a stirred solution of a N-hydroxysuccinimide ester {3 mmol) in a mixture of
H,Oftetrahydrofuran/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) followed by addition of 1M solution of potassium carbonate (3
mL). The reaction mixture was stirred for 2 h, followed by addition of EtOAc. The aqueous
layer was isolated and concentrated o a residue. The residual matetial was putified by silica
gel column using CH,Cl.-MeOH (86-20) as eluent to give the corresponding A-Boc-protected
product. The purified N-Boc-profected product was dissolved in dichioromethane (CH,Cl,, 10
mL) followed by addition of TFA (trifluoroacetic acid, 5 mL). The reaction mixiure was stirred
for 2 h, and then concentrated under reduced pressure. The residual solid material was
suspended in a minimum amount of ethanol and the mixture was stirred for 1 h under refiux.
The mixture was cooled 1o room temperature. The solid material was collected by fitiration,
washed with ethanol, and dried under high vacuum to afford the final compound.

Procedure C:

To the purified product containing benzyl ether protection group from procedure A or
B (3.5 mmol) in 2N HCi (500 mL) and MeOH (500 mL) was added 10% Pd/C (2.15 g). The
mixture was stirred under hydrogen (1 atm) overnight. The suspension was filtered (Celite™.
The filter cake was washed with water (2 x 25 ml.). The-filirate and the washing were
combined and evaporated under reduced préssure. The residual material was purified by
reverse-phase HPLC (C18 column, 0-15% acetonitrilervater). The fractions containing the
desired compound were combined and lyophilized, to give the final product.

Procedure D:

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

2 1) B O AL .
R‘RH TIE 0 R R

N SO,H o | H
H’i‘ A N NaGH R_)\NMH\‘/N\/\/SoaH
2) H: ! |
R+ O ) RO

() The product from Procedures A, B, or C is further reacted with another A-
hydroxysuccinimide ester following Procedure Aj).

{ii) The product from Procedures A, B, or C was further reacted with another A-
hydrexysuccinimide ester following Procedure B.
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Table 5.

and ization of exemplary amino acid prodrugs according

to the invention

Synthetic
Procedure

NMR (ppm; 1H 500 MiHz; 13C 125 MHz)
MS (electrospray ionization)

Al

1H NMRA {D20) & 1.55-1.61 (m, 2H), 2.40-2.48 (m, 2H), 2.82-3.01 (m, 2H),
3.04-3.14 (m, 2H), 3.85-3.88 (m, 1H), 7.11 (d, J = 6.8 Hz, 2H), 7.187.27 (m,
3H); 13C NMR (D20} 823.76, 37.02, 38.21, 48.36, 54.79, 128.19, 129.33,
126.42, 134.01, 168.94;

miz 285 (M-1).

L\0)

1H NMR (D20) & 0.87-0.90 (m, 8H), 1.83 (qt, J = 7.2 Hz, 2H), 2.02-2.09 {m,
1H), 2.79 (t. ¥ = 7.8 Hz, 2H), 3.20-3.29 (m, 2H), 3.60 (d, J = 6.3 Hz, 2H); 13C
NMR (D20) § 17.20, 17.77, 24.11, 30.00, 38.29, 48.63, 58.96, 169.35;

mfz 237 (M-1).

AG)

1H NMR {D20) 6 1.62 (G, J = 7.2 Hz, 2H), 1.80-1.95 (m, 3H), 2.28-2.33 (I,
1H), 278 (1, J = 7.8 Hz, 2H), 3.22-8.33 (m, 4H), 4.21 (1, J = 7.1 Hz, 2H); 13C
NMR (D20) 5 23.95, 24.07, 29.85, 36.49, 48,57, 48.53, 60.00, 169.64;

miz 235 (M-1).

Ad

Af)

THNMR (D20} 5 1.30 (g, J = 8.1 Hz, 2H), 157 (dt, J = 7.8 Hz, 21, 1.75-
1.85 (m, 4H), 2.77-280 (m, 2H), 2.67 (t, J = 7.8 Hz, 2H), 3,17 {qt, J = 6.7 Hz,
1H), 831 (g, J = 6.8 Hz, TH), 3.83 (t, J = 6.5 Hz, 1H}; 13C NMR (D20)
21.47, 24.12, 30.49, 38.30, 39.18, 48.63, 53.28, 169.66;

rifz 266 (M-1)

A5

1H NMR (DMSO-d8) 6 0.81 {d, J = 7.8 Hz, 8H), 7.84 (, J = 7.3 Hz, 3H), 1.5
(m, 1H), 1.60 (m, 2H), 1.82 (m, 2H), 2.80 (m, 2H), 3.20-3.30 (m, 2H), 3.82 (t,
J = 7.3 Hz, 1H); 13C NMR (DMSO-d6) 5 21 48, 21.78, 24.17, 38.42, 40.08,
48.66, 52.35, 170.52;

miz 251 (M-1).

AG)

THNMR (D20} & 1.84 (m, 2H), 1.89 (5, SH), 2.04 {m, 2H), 2.47 (m, 2H), 2.80
(M, 2H), .24 t, J = 6.6 Hz, 2H), 3.94 (t, J = 6.6 Hz, 2H); 13C NMR {D20) §
14.18, 24.07, 28.44, 30.09, 38.41, 48.61, 52.66, 169.46;

miz 268 (M-1).

BandC

THNMR (D20) 5 1.61 (m, 2H), 280 (m, 2H), 8.23 {m, 2H], 3.80 (m, 2H), 3.97
(t, J = 5.0 Hz, 1H); 18C NMR (D20) 5 24.10, 38.39, 48.56, 54.85, 60.44,
167.97;

m/z 225 (M-1).

A8

AG)

THNMR (D20} §3.80 (g, 1H,J =7 Hz), 3.23 (t, 2H, J = 7 Hz), 278 (m, 2H),

1.82¢m, 2H), 1.38 (d, BH, J =7 Hz); 13C NMR (D20) 3 170.80, 49.30, 48.55, |
38.28, 24.10, 16.65; :
mjz 208 (M-1). i




THNMR (D20) 8 3.90 (g, 1H, J = 7 Hz), 3.28 (t, 2H, J = 7 Hz), 2.78 (m, 2H),
1.82(m, 2H), 1.88 (d, 3H, J = 7 Hz); 13C NMR (D20) 5 170.90, 49.30, 48.55,

A9 | A}

38.28, 24.10, 16.65;

mfz 208 (M-T).

tH NMR (D20) & 1.82 (m, 2H), 2.80 (m, 2H), 3.25 (M, 2H).3.67 (s, 2H); 13C
At0 | B NMR (D2C) § 24.13, 38.26, 40.57, 48.55, 167.08;

mfz 195 (M-1).

THNMR (D20) 8 0.80 (t. 3H, J = 7.3 Hz), 0.86 (d, 3H, J = 6.8 Hz), 1.12{m,

TH), 1.40 (m, 1H), 1.83 (m, 3H), 2.78 (m, 2H), 3.25 (m, 2H}, 3.68 (4, 1H,J =
A1 | AQ 5.9 Hz); 13C NMR (D20} § 10.59, 14.22, 24.11, 24.37, 36.38, 38.29, 48,54,

58.00, 169.35;

mfz 251 (M-1).

THNMR (D20) §'1.84 (m, 2H), 1.99 (s, 3H), 2.04 (m, 2H), 2.47 (m, 2Hj}, 2.80
a2 | A (M, 2H), 3.25 (t, J = 7.3 Hz, 2H), 3.94 {t, J = 6.6 Hz, 1H); 13C NMR (D20} &

14.18, 24,08, 28.42, 30.07, 38.41, 48.60, 52.66, 169.42

mfz 269 (M-1).

1HNMR (D20} 8 1.70 (m, 2H), 2.64 (m, 2H), 3.15 (m, 1H), 3.22 (m, 3H}, 4.06
At3 | AG) (t, J =6.3 Hz, 1H), 7.30 (s, TH), 8.85 (g, J = 1.5 Hz,1H); 13C NMR (D20} §

23.94, 26.27, 38.36, 48.43, 52.59, 118.40, 126.36, 134.60, 167.96;

miz 275 (M-1).

THNMR (D20} § 1.46 (s, 6H), 1.83 (m, 2H), 2.77 (m, 2H}, 3.23 (¢, J = 6.6 Hz,
A4 T A 2H); 13C NMR (D20) & 23.44, 24.08, 38.54, 48,81, 57.21, 173.20;

miz 223 (M-1).

1HNMR (D20) 5 1.74 (m, 2H}, 2.5¢ (m, 2H), 3.15 (m, 1H), 3.23 (m, 1H), 4.95
A15 | AG) (s, 1H), 7.38 (m, 5H); 13C NMR (D20} 5 24.00, 38.35, 48.38, 56.84, 128.05,

128.87, 130.52, 132.46, 168.90;

miz 271 (M-1)

1H NMR (D20) 8 1.48 (m, 2H), 2.34 (m, 2H), 2.98 (m, 2H), 3.21 (m, 2H), 4.01

(m, 1H), 7.05(t, 1H, J = 7.3 Hz), 7.14 {m, 2H), 7.39 (¢, 1H, J =8.3 Hz), 7.47
A16 | A1) (m, 1H); 13C NMR (D20 & 23.60, 27.14, 38.32, 48.16, 54.12, 108.83,

11232, 118.23, 119.7Q, 122.35, 125.18, 126.823, 136.87, 139.57;

miz 324 (M-1).

1H NMR (D20} § 1.66 (m, 2H), 2.58 {m, 2H), 2.92 {m, 1H), 3.04 {m, 2H), 3.17

Adiy anc (m, 1H), 8.95 (1, 1H, J=6.3 Hz ), 6.77 (d, 2H, J 8.8 Hz), 7.02 (¢, 2K, J = 8.3

A7 thén c Hz); 13C NMR (D20) §22.91, 3629, 38.25, 48.42, 54.95, 116.07, 125.88,

130.81, 155.29, 169.56;

| miz301 (M-1).
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Al8

1H NMR (D20) 6 1.77 (m, 2H), 2.74 (m, 2H), 3.18 {, m2H), 3.75 (m, 2H), 4.05
(m, 1H), 4.42 & 4.65 (AB, J = 12.2 Hz, 2H), 7.26-7.33 (m, 5H); 13C NMR
(D20) 3 24.10, 38.43, 53.23, 67.39, 73.26, 128.63, 128.67, 128.96, 136.86,
167.55;

miz 315 (b4-1).

A1Q

Aity

THNMR (D20) 5 7.5 - 7.2 {m, 5H), 5.05 (s, 2H), 3.83 (L, J = 6.7 Mz, 1H), 3.21
(Qn, =7 Hz, 1H), 8.08 (gn, J =7 Hz, 1H), 2.78 (i, J = 7.8 Hz, 2H), 2.45 (1, J
=7 Hz, 2H), 2.05 (,J = 7 Hz, 2H), 1.78 (m, 2H);

miz 357 (M-1).

THNMR (D20) 5 1.78-1.85 (m, 4H), 2.24 (t, J = 7.5 Hz, 2H), .78 (m, 5H),
288 (1, J = 7.8 Hz, 2H), 3.18 (1, J = 7.0 Hz, 2H). 13C NMR (D20) 528.21,
24.16,32.70, 38.16, 36.96, 48.65, 175.08;

miz 223 (M-1).

1H NMR (D20) 5 1.84 (qn, 2, J = 7 Hz), 2.78 (dd, 2H, J = 8.0, 6 Hz), 2.85
(ABX, 2H, J = 5.5, 7.3, 16.8 Hz), 3.24 (m, 2H), 3.61 (dd, 15, J = 5.5, 7.3 Haz);
13C NMR (D20) 3 24.05, 35.42, 38:46, 48.53, 50.04, 169, 171

A28

1HNMR (D20) 8 0.8-0.8 (m, 12H), 1.81 (m, 1H), 1.88 (m, 1H), 2.09 (m,
2H), 2.77 (t, 2H, J =8.0 Hz), 8.20 (t, 2H, J = 8.6 Hz}, 3.73(d, 1H,J = 6.1
Hz), 8.87 (d, 1H, J = 8.9 Hz}; 13C NMR (D20) § 16.83, 17.82, 18.36, 24.21,
29.77,30.27, 38.08, 48.72, 58 .42, 60.66, 169.45, 173.07

1-8: C

thesis of C: Prodrugs

Accordingly, the following exampies are presented to illustrate how some carbamate

prodrugs accerding 1o the invention compounds may be prepared.

General synthetic procedures

Procedure A:

Preparation of Compound Gt sodium salt (3-(p-acetyloxybenzyloxycarbonyhamino-1-
propanesulifonic acid sodium salt)
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OH OH
AcCl NaOH oal
Ho Dioxane, PTG /©’ ~g
N

pyiidine

J\ i OL
o H/\/\SD:NE TEA, DMF M)J\ N
Ao HNT" 80,12 S
NOZ

Siep 1: Acetyl chioride (3.0 mL, 42 mmol, 1 eq.) was added to a mixture of 4-
hydroxybenzylalcohol (5.3 g, 42 mmol), sodium hydroxide (1.7 g, 42 mmol, 1 eq.) and
tetrabutylammonium hydrogen sulfate (7 g, 0.5 eq.) in dioxane (100 mL). The reaction
mixture was stirred at room temperature for 4 hours and the solvent was evaporated. The
residue was dissolved in water and the agueous phase was exiracted with E10Ac (3 times).
Combined organic extracts were washed with brine, dried and concentrated 1o give colorless
oll. Purification (flash chromatography; hexane/EtOAc, 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-nitrophenyl chioroformate (4.0 g, 20 mmol, 1.5 eq.) and the monoacetate
(from step 1: 2.2 g, 13 mmol) in dry tetrahydrofuran (THF, 25 mL). A white precipitate was
formed. The reaction mixture was stirred at room temperature for 1 hour. The solid material
was removed by filtration, and washed with THF. The filirate and the washing were
combined; and the solvent was removed in vacuo. The residual material was purified by
flash chromatography (hexanes/EtOAc, 80/20) to provide the corresponding carbonate (2.8
g, 62%).

Step 3: The carbonate prepared in the step 2 (2.2 g, 6.7 mmol, 2 eq.) was added to
2 mixture of 3-amino-1-propanesulfonic acid sodium salt (538 mg, 3.32 mmol) and
triethylamine (0.80 ml, 6.7 mmol, 2 eq.) in dry N,N-dimsthylformamide (DMF, 10 mL). The
reaction mixture was stirred at room temperature ovemight. Soivent was removed by
evaporation. The residue was partitioned between EtOAc and water. The agueous phase
was washed twice with EtOAc, and then lyophilized. HPLC purification (acetonitrile/water,
20/80 1o 80710) of the lyophilized residue provided the tiie compound (396 mg, 33%): H
NMR (500 MHz, D:O) & ppm 1.83-1.89 {m, 2H), 1.88 (s, 3H), 2.84-2.87 (m, 2H), 3.19-3.21
(m, 2H), 5.01 (s, 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 C6 sodium salt (4-aza-7-methyl-15-phenyl-11,11-tetramethylene-
6,8,14-trioxa-5,9,13-trioxo-1-pentadecanesulfonic acid sodium salt)

o 1) Ag;0,
MeCN/H,0O /L i
e
BnQ OH  2)toluene, BnO fe) 0
00
T
\,O NO.

i : /MF,
N so e !
NG,
oY
OIS
BnO o7 0T N T o e

Step 1: 3,3-Tetramethyleneglutaric acid monobenzyl ester (4.26 g; 154 mmol,
prepared by heaiing overnight the cyclic anhydride and benzy! alcohol in dioxane at 80 C in
the presence of tristhylamine} and silver oxide (2.13 g; 9.22 mmeal) were added to a mixture
of acetonitrile (40 mL) and water (20 mL}. Thie mixiure was heated at 70 °C for 3 h, and then
cooled to room temperature. The mixture was filtered through a pad of Celite™. The filtrate
was evaporated to provide the crude silver carboxylate (2.19 g, 37%) which was used in the
next step-without further purification.

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

Step 3: 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
mmol}. The mixture was siirred at room temperature ovemnight. Solvent was removed by
evaporation. The residual material was purified by Prep-HPLC to furnish, after lyophilization,
the title compound (632 mg, 66%): ' H NMR (CD20D, 500 MHz) & 1.39 (d, J = 5.9 Hz, 3H),
1.64-1.59 (m, 8 H), 1.97-1.91 (m, 2H), 2.48 (gAB, J = 15.1 Hz, 2H), 2.57 (qAB, J= 15.1 Hz,
2H), 2.82-2.79 (m, 2H}, 5.10 (s, 2H), 3.25-3.14 (m, 2H), 6.74 (G, J = 5.9 Hz, 1H), 7.38-7.28
(m, 5H).
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Other compounds prepared according to this procedure (Procedure B) were purified
either by precipiiation using methanol and ether (protocol (b)), or by preparative HPLC
using acetonitrile/water (10/20 to 80/10) over 40 minutes at 50 mL/min {(protocol (a)}, or by
normal phase flash chromatography (protocol (c)).

Procedure C:
Preparation of Compound C2 sodium salt (4-aza-12-carboxy--6,8-dioxa-5,9-dioxo-7-methyi-
11,11-tetramethylene-1-dodecanesulfonic acid sodium salt}

BLoIUS S

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

IS B
HO 0 OJJ\M/\/\S%NE]

The corresponding benzylester of the fitle compound (344 mg; 0.678 mmel) in
methanol (5 mL) was hydrogenolyzed in the presence of PA/C 10% (100 mg) at 40-45 psi for
1 h. The mixture was filtered (Celite™ and the filrate was avaporated to dryness. The
residuai material was dissoived in water and the aqueous solution was iyophilized, giving the
title compound (242 mg, 86%): ' H NMR (CD50D, 500 MHz) & 1.43 (d, J = 5.4 Hz, 3H), 1.66-
1.63 (m, 8H), 1.98-1.92 (M, 2H), 2.49 (QAB, J = 15.6 Hz, 2H}, 2.55 (GAB, J = 15.1 Hz, 2H)
2.83-2.80 (m, 2H), 3.24-3.21(m, 2H), 6.77 (g, J = 5.4 Hz, TH), 7.22 (t, J = 5.4, N-H).

Procedure D:
Preparation of Compound C19 sodium salt (4-aza-7-methyl-6,8,-dioxa-5,9,-dioxo-1-
decanesulfonic acid sodium salt) ’
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Step 1: 1-Chiorosthylchioroformate (7.8 ml, 72 mmol,  eq.) was added to an ice-
cold solution of p-nitrophenol (10 g, 72 mmol) in chioroform (100 mL), followed by drop wise
addition of pyridine (8.8 mi, 108 mmol, 1.5 eq.) over a period of 20 min. Fhe mixture was
stirred in the ice-cold bath for 15 min, and then at room temperature overnight. The reaction
mixiure was sequentially washed wiih water, 1 N hydrochioric acid, water, 1 N sodium
hydroxide, water, and brine. The organic phase was dried over Na,SO., and concentrated
to give yeliow oil which, upon standing, crystaliized to afford the corresponding chiorosthyl
carbonate (18.5 g, 88%).

Step 2: To a solution of the chioroethyl carbonate obtained from step 1 (6.2 g, 25
rmgl) in acetic acid (150 mL) was added mercuric acetate (9.6 g, 30 mmol, 1.2 eq.). The
mixture was stired at room temperature overnight. Solvent was evaporated. The residual
material was transferred into ether and washed with a saturated aqueous solution of
NaHCOs. The ether layer was dried over MgSO, and concentrated to give thick, yellow ofl.
Purification of the oil by flash chromatography (hexane/EtOAg, 95/5) gave the corresponding
acetyloxyethyi carbonate (6.3 g, 94%) as ¢colorless oil.

Step 3: The acetyioxyethyi carbonate cbtained from step 2 (1.2 g, 4.3 mmol, 1.1 eq.)
was added to a solution of 3-amino-1-propanesulfonic acid sodium salt (0.63 g, 3.9 mmol) in
DMF (10 mL). The yellow solution was sfirred at room temperature overnight {color
disappeared at this point). Solvent was evaporated. The residue was triturated several
times with ether and tumed to a solid. The solid material was coliected by filtration to give
the titie compound (840 mg, 74%): 'H NMR (500 MHz, CD:0D) § 1.42 (d, J = 5.4 Hz, 3H),
1.62-1.98 (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,
1H)

Other compounds prepared according to this procedure (Procedure D) were purified
either by extraction from EtOAc/water followed by lyophilization of the aqueous phase, or
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reverse-phase HPLC purification using acetonitrile/water (10/90 to 90/10) in 40 minutes at 50
mL/min, or trituration/precipitation with ether.

Praocedure E:
Preparation of Gompound C16 sodium salt (4-aza-7-methyi-6,8,-dioxa-5,9,-dioxo-S-phenyl-1-
nonanesuifonic acid sodium salt)

XA, Ak, o

Na, MCN
cat, || Toluene
/

NO, No,

[ i
o
At

Step 1: Sodium iodide (14 g, 2 mmol, 3 eq.) was added to a mixture of the
chloroethyl carbonate (7.5 g, 31 mmol; for preparation, see in Procedure D), and grinded
calcium chloride (10 g, 92 mmol, 3 eq.) in acetonitrile (100 mL). The reaciion mixture was
stirred at 40 °C for 4 days, followed by filtration through a Celite™ pad. The filtrate was
concentrated to give a red gummy residue. Purification by fiash chromatography using
EiOAc/hexane in a gradient mode provided the corresponding iodostnyl carborate (8 g,
59%) as pale yellow oil.

Step 2: Siiver benzoate (5.5 g, 24 mmol, 2 eq.) was added to a solution of the
above-cbtained iodosthyl carbonate (4 g, 12 mmol) in toluene {50 mL). The reaction mixture
was stirred at 55 °C overnight. The reaction mixture was filtered through a Gellte™ pad and
washed with toluene. The filirate was concentrated to give brown oil. Two repeated
purifications by fiash chromatography using hexane/EtOAc {90/10) provided the
corresponding benzoate (0.98 g, 25%) in high purity.

Step 3: The abeve-obtained benzoate (0.88 g, 2.9 mmal, 1.1 eq., from step 2) was
added to a solution of 3-amino-1-propanesulfonic acid sodium salt (0.43 g, 2.7 mmol) in
DMF (10 mL). The yellow solution was stired at room temperature overnight. Solvent was
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evaporated and the residue was dissolved in water. The aqueous sclution was extracted
several times with EtOAc. The agueous phase was lyophilized to give a residue, which was
purified by preparative HPLC (acetonitrile/water; 10/90 to 80/10, in 40 minutes at 50
mL/min), giving the title compound (256 mg): 'H NMR (500 MHz, D,0) § 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-ox0-1,3-dioxol-4-yf)
methoxylcarbonyf}amino)-1-propanesulfonic acid sodium salty

NSO
N _-SONa
W 3

A mixture of the sodium salt of 3-amino-1-propanesulfonic acid (532 mg; 3.30 mmol)
and the carbonate (1.10 g; 3.73 mmo; ref., J. Med. Chem., 1996, 39, 480-486) in dry DMF
(10 mL) was stirred at room temperature ovaright. Solvent was removed in vacuo. To the
residual material was added methanol (10 mL), followed Dy the addition of ether (75 mL).
The solid formed was collected by filtration and dried overnight. Again the soiid was
dissolved in methanol (10 mL) and precipitated with ether (50 mL). The solid material was
purified by preparative HPLC to provide the fitle compound. (260 mg, 25%) as a white
lyophilized solict: * H NMR (CDZ0D, 500 MHz) & 1.98-1.82 (m, 2H), 2.17 (s, 3Hj, 2.90-2.79
m, 2H), 3.22 (1, J = 6.8 Hz, 2H), 4.86 (s, 2H}.

Table 8. Synthesis and ch ization of laty carbamate prodrugs according
to the invention
D Synthetic Purifying m/z (ES?)
procedure protocot* (M-H, or hi-Na)!
c1 A {a) 330.0
c2 c (d) 394.0
C3 B,C (a) 408.5
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c4 c (d) 326.1
cs B (a) 416.0
Cé B (a) 484.0
c7 B (a) 4583
cs c (@) 368.5
co c (d) 354.0
c10 B (@) 4441
cn c (@ 340.1
c12 B (b) and (a) 430.2
c13 B (b) and (a) 378.0
cia B (b) and (a) 372.0
c15 D (a) 310.2
c16 E (a) 330.2
ci7 D (a) 336.2
cis D (b) 296.2
cie D (®) 268.1
c20 D (a) 378.1
c21 D (@ 310.1
c22 D (a) 296.1
c23 D (@) 338.1
C24 D (a) 310.0
co25 E ! ®) | 253.9
c26 F (b) and (a) 204.0

”{a), HPLC; (b), precipitation; {c), fiash chromatograpny; (3}, iration; (). extraction, * the
compounds were synthesized as acid form, or as sodium salt jorm.

1-C: CI fi ynthesis of Non-Amino Acid Amide Prodrugs
Accordingly, the following examples are presented to illustrate how some nen-amine
acid amide prodrugs according to the invention compounds may be prepared.

Procedure A:

Preparation of Compound B3 sodium salt (3.3-dimethyl-5-0x0-5-[(3-suliopropyl)amino}
pentanoic acid sodium salt)
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A mixture of the 3,3-dimethyiglutaric anhydride (1.0 g; 7.0 mmol) and 3-amino-1-
propanesulfonic acid sodium salt (0.950 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) follewed by the addition of ether (~50 mL.) to cause precipitation. The precipitate formed
was collected by filiration and then dissolved in water and iyophilized to provide the titie
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}, 2.28 (s, 3H), 2.78-2.76 (m, 2H), 3.16 (1, J= 6.8 Hz, 2H).

Other compounds prepared in the above procedure (Procedure A, see Table 7)
were purified either by methanol-ether precipitation (Purification protocol (b)), or using
preparative HPLC (Purification protocoel (@)}, 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 B:
Preparation of Compound B7 (3-[3-(2-Hydroxy-((S)-valyl ester)-4,6-dimethyl-phenyl)-3-
methyl-butyrylamino]-1-propanesulfonic acid)




20

TBDOMS OTBDMS OH
BocVak,, _J Boe-Val

o \ C
BOC-Val-OH, N CHLCO0H,
EDC, DMAP. @ N
Fm/

CI) o
BosVa, on Bov-Vai H\H
NaCIO,
~Ner o,

Valg, 'd/\/\SOsH
TFA/GH,CL N
HPLC purification § '

Step 1: EDC (N-(3-dimethylaminopropyl)-M-ethyicarbodiimide) (6.4 g, 33 mmol, 3
eq.) was added, at 0 °C, te a 150-mL dry dichioromsthane solution containing Boc-Val-OH
(4.9 g, 22 mmol, 2 eq.), the silylated phenol (3.6 g, 11 mmol; ret., J. Med. Chem., 2000, 43,
475-487), and DMAP (4-(dimethytamino)pyridine, 5.5 g, 45 mmol, 4 eq.). The reaction
mixture was stirred at room temperature overnight, then dituted with dichioromethane, and
washed with 2 saturated agueous solution of NaHCO;, 1N HC!, and brine subsequentiy.
The organic layer was dried and concentrated o a coloriess oil residue. Purfiication of the
residual material (flash chromatography; using hexane/EtOAc, 85/5) gave the corresponding
intermediate (5.7 g, 999) as a colorless oil.

Step 2: The intermediate from step 1 (5.7 g, 11 mmol) was Stirred in @ mixture of
THF-water-agetic acid (20 mL/20 mL/80 mL} at room temperature for 3 h; then the solvent
was temoved and the residue dried in vacuo. The residual material (the free alcoholy
obtained was used in the next step without further purification

Step 3: A solution of the alcohiol (11 mmol, from step 2} in dichloromethane (125 mL}
wes slowly added to a suspension of PCC (pyridinium chicrochromate, 5.0 g, 23 mmol, 2.1
eq.) in dry dichioromethane (125 mi). The reaction mixiure was stirred at room temperature
overnight. Solvent was evaporaied and the residue was dissoived in a2 minimum amount of
dichioromethane. The resulting dichioromethane solution was passed through a silica gel
column using Hexane/EtOAC (50/50). Evaporation of the solvent gave the corresponding
aldehyde as 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 to a solution of the aldehyde (11 mmol, form step 3) and sodium
dihydrogen phosphate (818 mg, 6.8 mmoal, 0.6 eq.) in acefonilrile (20 mL) and water (20 mL)
at0*C. The mixturs was stirred 1 h at 0 °C then at room temperature for 1 h. Scdium sulfite
(1.5g, 1 eq.) was added to decompose peroxides, and the pH was adjusted to 2 with 1N HC!
solution. Reaction mixture was extracted iwice with EtOAc. The organic layers were
washed with brine, dried, and concentrated. Purification of the residual materia! (fiash
chromatography; CH:Clo/CH.0H, 100/C to 95/5) gave the corresponding carboxylic acid (3.4
g, 73%) as a foam.

Step 5: EDC (808 mg, 4.75 mmol, 2 eq.) was added to a mixture of the carboxylic
acid (1 g, 2 mmol; from step 4), 3-amino-1-propanesulfonic acid sodium salt (380 mg, 2.34
mmol) and a catalytic amount of DMAP in DMF (10 mL). The reaction mixture was stirred at
room temperature overnight. Solvent was removed and the residue was dried in vacuo o
provide the corresponding derivative of S-amino-1-prapanesulf6nic acid which was used in
the next step without further purification.

Step 6: Trifluoroacetic acid (5 mL) was added to a solution of the 3-amino-1-
propanesuifonic acid derivative (2.4 mmol, from step 5) in dichloromethane (5 mL) at room
temperature. The reaction mixture was stirred for 2 h, foliowed by evaporation of the
solvent. The resulted residue was purified (preparative HPLC; acetonitrile/water, 5/35 to
70/30 in the presence of 0.01% TFA) to yield, after iyophilization, the titte compound (0.3 g,
29%) as a white solid: 'H NMR (500 MHz, D,0) 51.04 (d, J =7 Hz, 3H), 1.07 {d, J = 7 Hz,
3H), 1.39 (s, 3H), 1.45 (s, 3H), 1.55-1.58 (m, 2H), 2.11 (s, 3H), 2.43 (s, 3H), 2.45-2.56 (m,
5H}, 2.98-3.02 (m, 2H), 4,26 (d, J= 4 Hz, 1H), 6.54 (d, /= 1.5 Hz, 1H), 6.93 {d, J= 1.5 Hz,
1H).

Procedure C:
Preparation of Compound Bi4: 3-{[{3a,58,7a,120)-3,7,12-trihydroxy-24-oxo-cholan-24-
yljamino}-1-propanesutfonic acid

To a mixture of (+)-cholic acid (5.0 g, 12.2 mmol), 3-amino-1-propanesulfonic acid
sodium salt (1.85 g, 11.5 mmol), 4-cimethyiaminopyridine (72 mg, 0.6 mmol) in DMF (30 mL)
was added N-(3-dimethylaminopropyl)-N-ethyicarbodiimide hydrochioride (EDC, 4.68 g,
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24.4 mmol). The reaction mixture was sfirred at room temperature overnight. The cloudy
mixture was filtered through sintered glass before the solvent was evaporated to dryness
under reduced pressure. The viscous residue was dissolved in water (30 mL}). The solution
was treated with Dowex Marathon C™ ion exchange resin (strongly acidic, 30 g. pre-
washed). The suspenision was stirred for 15 minutes bafore the fresin was removed by
filtration. The filtrate was concentrated to dryness under reduced pressure and dried in
vacuo. The residue was trifurated with diethyt ether (1000 ml). The solid product was
recovered Dy filtration and dried in vacuo. The crude product was purified by fliash
chromatography (Blotage™ SP1: 20-40% EtOH in CH,Cl,) and the corresponding fractions
were collected and lyophilized, affording the title compound (178 mg, 3%}); 'H NMR (D0,
500 MHz) & ppm 0.73 (s, 3H), 0.93 (s, 3H), 1.02 (m, 4H), 1.31 (m, 7H), 1.52(d, 1H, J= 145
Hz), .65 (m, 6H), 1.79 (m, 3H), 1.94 (m, 3H}, 2.04 (m, 3H), 2.23 (m, 1H), 2.31 (m, 1H), 2.92
(m, 2H), .31 (m, 2H), 3.52 (m, H), 3.92 (s, 1H), 4.08 (s, 1H); °C NMR (D0, 125 MHz) &
ppm 12.31, 16.82, 22.33, 23.12, 24.30, 26.48, 27.47, 27.95, 29.37, 31.87, 32.71, 34.06,
34.54, 35.00, 35.23, 38.15, 38.49, 30.50, 41.29, 41 .84, 46.27, 46.28, 48.73, 68.33, 71.69,
73.14, 177.44; m/z (ES") 530; [d]p = +25.7° (c = 0.005, water).

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

o | Synthetic Purifying miz (ES}
procedure proiocol* (M-H, or M-Na)"
B1 A {a) 3204
B2 A (a) 308.5
B3 A {b} 280.2
B4 A (© 280.3 i
BS A (b} 238.0
Bg A {b) 525.0
57 B (@ 4413
B9 B (a) 481.4
B10 B (a) 4573
B4 B (a) 514.2
B13 B* (a) 548.1

~(a), HPLC; (b}, precipitation; (¢}, flash chromatography: (d), fitation; (&), exiraction; ** Procedure 8,
replacing 3-APS by N-glycyi-3-APS; T the compounds were synthesized as acia form, or as sodium
salt form.
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Exampie 1-D: Ci is of Carbohy ived Prodrugs
Accordingly, the following examples are presented to illustrate how some
carbohydrate-derived prodrugs according to the invention compounds may be prepared.

5  Synthesis of Compound S1 sodium salt
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OH OH

"OH

Asuspension of giucose (2 g, 11.1 mmol} and the sodium salt of 3APS (2.24 g, t1.1
mmol) in MeOH (10 mL) was refluxed for 30 min before being cooled down to room
10 temperature. After 24h of stirring at room temperature, the solid was filtrated and washed
twice with MeOH (2 x 16 mL). The resutting solid was dried overnight under high vacuum
and afford the sodium salt of Compound S1 (3.1 g, 9.6-mmol, 86%) as a white solid. 'H NMR
(B:0) (500MHz) & ppm 4.55 (d, J=4.4 Hz, 0.33H, a-anomer), 3.87 (d, J=9.3 Hz, 0.66H, o -
anomer), 3.74 (dd, J=12.2, 1.5 Hz, 0.86H}, 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), 3.53-3.49 (m, 1H}, 3.33 (, J=0.3
Hz, 0.66H), 3.25-3.20 (m, 1H), 3.05 (1, 4=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).

Svnthesis of Compound S2

o o
0.0 NN HN ~
B D PUC, H, ‘
TE 0N on heon T M o
Ho™ “OH °C 'H fiel [ OH
L o OH
QP Oiﬁ/\/\NH
=N HO
r ) 0O
— .
CHLCN, EtOF Ho“'Q"'QH
20 refiux OH

Methyl 6-bromo-6-deoxy-e-D-glucopyranoside was prepared according to Tetrahedron 1991,
28(47), 5185-5182.

Step 1: A stirred suspension of bromide (1g, 3.89mmol) and sodium azide (278mg.
25  4.28mmol) in DMF (10ml) was stirred at 90°C for 5 days. After being cooled down to room
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temperature, the solution was evaporated under vacuum and the residue was purify by
chremategraphy on silica gel (CHCI/MeOH 95/5 to 70/30 linear gradient) to afford the
desired azido (776mg, 3.54mmol, 91%) as a white solid.

Step 2: A solution of the previously prepared azido derivative {776mg, 3.54mmol) in
MeOH (10ml) was degazed with N, for 10 min before a suspension of 10% Pd/C (50mg) in
CHC; was added. Afier being stirred 2h under H, pressure (40PSI), the solution was filtrated
over a pad of Celite™ (MeOH) and evaporated under vacuum and afforded the desired
amine (628mg, 3.25mmol, 92% crude) as a yellow oil. This compound was used in the next
step without further purification. .

Step 3: A solution of sultone (285p, 3.25mmol) in CH,CN (5mi) was added drop
wise (over 30min) to a refluxing soiution of the previously prepared amine (628mg,
3.25mmol) in a 2/1 mixture CHsCN/EtOH (10ml). The resulting solution was heated under
reflux for 15h before befng cooled down to room temperature and evaporated undar vacuum.
The residue was purified by chromatography on siiica gel {FPrOR/H:0 (0.5%NH.OH) 98/2 to
80/20 linear gradient). After Evaporation, the compound was passed through a C-8 pad
(H:0) and Iyophilized and afforded Compound S2 (450mg, 1.43mmal, 44% over two steps)
as a white solid. NMR 'H (D,0) (500MHz): 2.06(m, 2Hj, 2.92(t, J=7.0Hz, 2H), 8.13 (m, 3H),
8.21 (4, J=8.5Hz, 1H), 3.34 (s, BM), 3.36 (dd, 12.5, 3Hz, 1H), 3.48 (dd, J=9.5, 3.5Hz, iH),
3.56 (1, J=0.0Hz, TH), 3.77 (dt, J=0.0, 2.5Hz, 1H), 4.74 (¢, J=3.5Hz, 1H). ES (MS) 314.1 (M-
H). [u]o = +86.3 (¢ 1.0, H:0)

Procedure A: General procedure for the deprotection of 1.2.3.4- or 2.3.4.6- retraacetate
glucose derivative:

To a stirred soiution of the protectec glucose derivative was added enough of a

+ solution of NaOMe (sodium methoxide, 0.5M in MeOH) in order to obtain a basic pH (8-9, pH
‘Paper). The resulting solution was stitred at room temperature until completion (the reactions

were generally foliowed by MS) before addition of twice the initial volume of CH:CN. The
resutting solid was then filtrated and washed several time with CH,CN, acetone and diethyl
ether. The resulting solid was then passed trough a C8 column (0.5% NHsOH in He0) and
lyophilized to afford the desired compound.

Svnihesis of Compounds S3 and 4
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Step 1: A suspension of the sodium salt of 3-amino-1-propanesuifonic acid (398 mg, 2.47
mmol} and glucopyranuronic anhydride (398 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 chromatograpily on silica gel (CHCIyMeOH 100/0 to 70/30 linear) to afford
compound S3 (719 mg, 1.49 mmo!, 60%) as a white foam. 'H NMR (CD;0D, 500MHz) §
ppm 1.98(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, 1H, Hy), 5.13(%, J = 10 Hz, TH, Ha), 5.38(t, J
= 9 Hz, 1H, Hg), 5.87(d, J = 8.5 Hz, 1H, Hy). m/z (ES) 482.4 (M-H); ialp = +6.2 (¢ 0.93,
MeQH).

Step 2: Compound S3 (190mg, 0.54mmol) was treated according to Procedure A 1o
afford Compound S4 (150mg, 0.48mmol, 88%} as a white solid. 'H NMR (D,C, 500 MHz) &
ppm 1.92 {m, 2H), 2.80 (m, 2H), 3.27 (t, J = 8.5 Hz, 0.5H), 3.32 (m, 2H), 3.47-3.50 (m, 1.5H),
3.56 (ad, J = 9.5, 4.0 Hz, 0.5H), 2.69 (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).

Svnthesis of Compeund S5 sodium salt and Compound $6 ammonium salt
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2,3,4,6-Tetra-O-acetyl-D-glucose was prepared according to J. Am. Chem. Soc. 1993, 115,
2260-2267.

Step 1: p-nitrophenolchloroformate (638mg, 3.16mmol) was added to a stirred
solution of tetraacetylglucose (g, 2.87mmol) and EtaN (800, 5.74mmol) in GHCl (20mi)
and the reaction was stired overnight at room temperawre. A 1N aqueous solution of
hydrochiorie acidt (10mly was added and the layers were separated. The aqueous layer was
extracted twice with CH:Cl; (20ml) and the combined organic layer were washed
subsequently with a saturated soiution of sodium carbonate (10mi) and a saturated solution
of sodium chloride. The organic layer was then dry over MgSOs, filirated and the solvent was
evaporated under vacuum. The residue was purified by chromalography on siica gel
(Hex/EtOAc 90/10 to 5050, linear gradient) to .afford the desired tarbonate (1.108g,
2.16mmol, 75%) as coloriess 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).
After 3 days of stirring at room temperature, the solvent was evaporated under vacuum and
the residue was purified by chromatography on silica ge! (CHCl/MeOH 100/0 to 80/20,
linear gradient) to afforc Gompound S5-Sodium salt (1.068 g, 2.07 mmol, 96%) as a white
solid. *H NMR (D,0, 500 MHz) & ppm 1.97 (s, 3H), 2.00 (s, 3H), 2.01 (s, 3H), 2.7 (m, 2H,
hide), 2.05 (s, 8H), 2.83 (m, 2H), 3.25 (m, 2H), 3.98 (br ¢, J = 8.0 Hz, 0.4H, Hy), 4.0 (1, J =
10.5 Hz, 1H, He), 4.17 (br d, J = 10.2 Hz, 0.6H, Heo), 4.26-4.30 (m, 1H, Hy), 4.99-5.12 (m,
2H, Haa, Hao, Hap, Haa), 5.32 (1, J = 9.5 Hz, 0.40H, Hap), 5.50 {t, J = 9.9, 0.6H, Hza), 5.69 (d, J
= 8.4Hz, 0.3H, Hy), 8.17 (d, J = 3.5 Hz, 0.6H, Hia). m/z (MS) 512.5 (M-H).
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Step 3: Compound S5 sodium salt (500 mg, 0.87 mmol} was treated according to
Procedure A to afford Compound S6-ammonium sait (220 mg, 0.64 mmol, 68%) as a white
solid. "H NMR (D,O (500 MHz) § ppm 1.80 (m, 2H), 2.80 (m, 2H), 3.15 (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, D.5H), 5.26 (¢, J = 8.2
Hz, 0.5H, Hy), 5.82 (d, J = 3.05 H2, 0.5H, Hia). m/z (ES) 344.4 (M-H).

Symhesis of the Sedium Salf of Compound S7
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2-(p-nitrophenyl carbamate)-ethyl-2,3.4,6-tetra-O-acetyl-4-D-glucopyraneside was prepared
according to Org. Lett. 2000, 2(8), 1093-1096.

Step 1: 3APS-sodium salt (223 mg, 1.38 mmol) was added to a stirring solution of p-
nitrophenyi carpamate (643 mg, 1.16 mmol) in DMF (7 mL). After 24 h of siirring at room
terperature, the solvent was evaporated under vacuum and the residue was purified by
chromatography on siiica gel (CHClyMeQOH 100/0 to 70/30, linear gradient) and afforded the
desired sulfonate (586 mg, 1.07 mmot, 82%) as a white solid.

Step 2: The 2.3,4,6-tetra-O-acetyl-D-giucose previously prepared (596 mg,
1.07mmol) was treated according to Procedure A 1o afford Compound S7-sodium salt
(280mg, 0.67mmel. 63%) as a white soiid. H NMR (D,0, 500 MHz) & ppm 1.91 (m, 2H,
H11), 2.03 (t, J=7.5Hz, 2H, H12), 2.24 (t, J=6.0Hz, H10), 3.28 (1, J=8.0Hz, 1H, H2), 3.34 (m,
2H, H8), 8.38 (1, J=0.5Mz, 1H, H4), 3.45 {m1, 1H, Héa), 3.48 (dd, J=8, SHz, 1H, H3}. 3.7-
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3.77 (m, 2H, Hea, 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 S9
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N-(9-Fluorenyimethoxycarbonyly-3-0-(2,3,4,6-tetra- O-acetyl £-D-glucopyranosyl)-L-setine
Pentafluorophenyl ester was prepared according to J. Med. Chem. 1995, 38, 161-168.

Step 1: 3APS-sosium satt (258 mg, 1.60 mmol) was added to a stirring solution of
pentaflurophenyl ester (1200 mg, 1.45 mmol} in DMF (15 mL). After 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 80/20, linear gradient) to afford the
desired sulfonate (1070 mg, 1.37 mmol, 94%) as a white solid.

Step 2: Piperidine (2.7 mL, 27 mmol) was added to 2 stired soiution of previously
prepared Fmoc serine derivative (1070 mg, 1.37 mmol) in DMF (15 mL). After stirred for 1 h,
solvent was evaporated under reduced pressure. The residue was purified by
chromatography on siiica gel (CHCI/MeOH 100/0 1o 75/25, linear gradient) to afford the
desired amine Compeund S8-sodium salt (350 rng, 0.63 mmol, 46%) as a white solid.

Step 3: The 2,3,4,6-tetra-O-acetyl-D-glucose previously prepared (350 mg, 0.63
mmol) was treatec according to Procedure A to afford Compound Sg-sodium salt (210 mg,
0.54 mmel, 86%}) as a white solid, 'H NMR (3.0, 300MHz) 1.85 (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), 3.73 (dd, J=6.0, 1H, 12.0 Hz, H8a), 3.92 (br d, J=12.0 Hz, 1H, Heb), 3.96 (dd,
J=4.5, 1H, 11.5 Hz, H8), 4.05 (1, J=4.5 Hz, TH, H7a), 4.22 (dd, J=4.5, 11.5 Hz, 1H, HT), 4.47
(d, J=7.5 Hz, 1H, H1). miz (ES) 387.25 (M-H). '

thesis of the sodium salf of Compounds S14.and 815
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Compound S14-Na OH

1,2,3 4-tetra~ C-acetyl-a-D-glucopyranoside was prepared according to Org. Leit. 2008, 8,
10 2323-2396 and J. Am Chem. Soc. 2000, 122, 12151-12157.

Stept: p-Nitrophenolchloroformaie (3 g, 14.8 mmol} was added to a stirred solution of
1,2,3,4-tetra- O-acetyl- o-D-glucopyranoside (4.7 g, 13.4 mmol) and tristhylamine (3.7 ml,
26.8 mmol) in dichloromethane (100 mL). The reaction mixure was stirred ovemight at

15 room temperature. A 1N agueous solution of hydrochioric acid (30 mL) was added and the
layers were separated. The aqueous layer was extracted twice with dichleromethane (100
mL) and the combined organic layers were washed subsequently with a saturated solution of
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sodium carbonate (50 mL) and then with a saturated solutien of sodium chioride. The
organic layer was dried over magnesium sulfate, filtered and the solvent was evaporated

under vacuum. The residue was purified by chr phy on silica gel (hexanes/ethyl
acetate 80/10 to 50/50, linear gradient), affording the corresponding carbonate (4.7g, 68%)
as a colorless sofid.

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, 8.16 mmol) 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 silica gel (dichloromethane/methanol 100/0 to
70/30, finear gradient) and afforded Compound S15-sodium salt (1.85 g, 41%) as a white
solid together with its 1-deactetylated derivative (1.21 g, 36%) as a white solid: 'H NMR
(D:O, 500MHz) 8 ppm 1.91-2.02 (m, 11H), 2.07 (s, 2H), 2.17 (s, 1H), 2.86 (m, 2H, H1}, 3.24
(t, J=8.0Hz, 2H, H3), 3.99 (m, 0.7H, H6B), 4.10-4.20 (m, 2.3H, H5 and Héa), 5.02 (m, 1H,
H9), 5.08 (1, J=10.0Hz, 0.7H, H7B), 5.13 {t, J=8.5Hz, 0.3H, H7w), 5.34 (t, J=9.5Hz, 0.7H,
HBR), 5.44 (t, J=8.5Hz, 0.3H, HBa), 5.81 (d, J=8.0Hz, 0.7H, H108B), 6.28 (d, J=3.5Hz, 0.3H,
H10a); m/z (ES) 512.0 (M-H).

Step3: Compound St5-sodium salt (1.37 g, 2.67 mmol)) was treated according to Procedure
A to afford Compound S14-sodium salt (520 mg, 1.51 mmol, 56%) as a white soiid; 'H
NMR(D»0, 500MHz) & ppm 1.80 (m, 2H, H2); 2.81 (m, 2H, H1), 3.12 (m, 2.55H, H3 and
H8B); 3.31 (m, 1H, H7a and H7R); 3.36 (m, 0.55H, H8B); 3.41 (dd, J=10.0, 4.0Hz, 0.45H,
Hla); 3.48 (m, 0.55H, HBB); 3.56 (1, J=9.0Hz, 0.45H, H8a); 3.84 (brd, J=10.0Hz, 0.45H,
Hea), 4.10 (m, 1H, H5a), 4.23 (apparent 1, J=12.5Hz, 1H, H5b), 4.51 (d, J=B.0Hz, 0.55H,
H10B); 5.08 (d, J=4.0Hz, 0.45H, H10a); m/z (ES) 344.0 (M-H).




Synthesis of the sodium salt of Compounds S16and S17
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2,3,4,6-Tetra-O-acetyl-D-glucose-1-propanol was prepared according to J. Am. Chem. Soc.
1940,62, 917-82C.

Step1: p-Nitrophenoichloroformate (2.3 g, 11.4 mmol) was added to a stirred solution of 3-

10 hydroxy-1-propyl 2,3,4,6-teira- O-acetyl-B-D-glucopyranoside (3.1 g, 7.64 mmol) and
triethylamine (2,12 mk, 11.44 mmol) in dichloromethane (60 mL)-and the reaction mixture
was stirred overnight at room temperature. Aqueous nydrochioric acid (1N, 15 mL) was
added and the layers were separated. The agueous tayer was extracted 2 times with
dichloromethane (40 mL) and the combined organic layer were washed subseguently with a

15  saturated solution of sodium carbonate (15 mL) and then with a saturated solution of sodium
chioride. The organic layer was then dried over magnesium sulfate, filtrated 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 carbonaie
(3.1 g, 71%) as coloriess solid.

20
Step2: The sodium salt of 3-APS (655 mg, 4.07 mmol) was added to a solution of the
carbonate previously prepared (1.55 g, 2.71 mmol) in N,N-dimethylformamide (50 mL). After
3 days of stiring at room temperature, the soivent was evaporated under vacuum and the
residue was purified by chromatography on sifica gel (dichiaromethane/methanol 95/5 to
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70/30, linear gradient) to afford a mixture of Gompound $17 and p-nitrophenol (1.33 g) as a
white solid, which was used in next step without further purification.

Siep3: The crude Gompound S$17 (1.33 g) was treated accerding to Procedure A to afford
Compound S16-sodium salt (850 mg, 49% over iwo steps) as a white sofid: 'H NMR (D-0,
500MHz) & ppm 1.84-1.91 (m, 4H, H6+H2), 2.88 (m, 2H, H1), 3.18 (m, 2H, H3), 3.21 (4,
J=8.5Hz, 1H, HS), 3.33 (1, J=9.3Hz, 1H, H11), 3.39 (m, 1H, H12), 3.44 (1, J=9.3Hz, 1H, H10},
367 (dd, J=12.3, 5.8Hz, 1H, H13a), 8.71 (m, 1H, H7a), 3.85 (dd, J=12.3, 2.0Hz, 1H, H13b),
3.94 (m, 1H, H7b), 4.10 (m, 2H, HS), 4.39 (d, J=8.0Hz, 1H, H8); m/z (ES) 402.1 {M-H).

1-E: Chemical Synithesis of Imine-derived Prodrug
Accordingly, the foliowing examples are presented to illustrate how some imine-
derived prodrugs according 1o the invention compounds may be prepared.

Synthesis of Compound M7 sodium saft
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Sodium 3-amino-1-propanesulionate (0.64 g, 4.0 mmol) was added to a solution of 4'-chloro-
5-fluoro-2-hydroxy-benzophenone (0.50 g, 2.0 mmol) in methanol (50 mL). The reaction
mixture was stirred under reflux for 4 h then concentrated under reduced pressure. The
residzal materiai was purified by flash chromatography (silica gel, chioroform: methanal
90:10 then 80:20) to afford the title compound {0.51 @, 84%): "H NMR (CDCl,, 500 MHz) §
1.89 (M, 2H), 2.5 (1, J= 7.0 Hz, 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 Hz, 2H}, 7.66 {d, J= 8.0 Hz, 2H), 15.27 (s, TH). ES-MS (370 M-1).
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Svnithesis of Compound M7-sulfonamide
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Step 1: To a stirred solution of sodium azide (3.5 g, 50 mmol) in water (25 mL) was added a
solution of 1,3-propane sulione (6.1 g, 50 mmol) in acetone (25 mL). The reaction mixiure
was stirred at room temperature for 24 h then concentrated to dryness. The resulting solid
was suspended in diethyl ether (100 mL) and stirred at refiux for 1 n. The suspension was
cooled to room temperature and the solid was collected by fiitration, washed with acetone
and diethyl ether, and dried undervacuum, affording of 3-azido-1-propanesulfonic acid (7.6
g, 80%).

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

Step 2: Ammenium hydroxide (28%) (10 mi) was added to a solution of 3-azido-1-
propanegsulionyl chioride (~2.29 g, 12.53 mmol; obtained 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 gel column using hexanes:ethyl acetate as eiuent
1o isolate 3-azido-1-propanesulfonamide (1.5 g, 86%).

Step 4: 3-Azido-1-propanasulfonamide (1.5 g, 10.86 mmol; obtained from step 3) was
dissolved in water/ethanol (10 mL/10 mL), followed by addition of 10% Pd/C (8.2 g}. The
resulting suspension was stirred under atmospheric pressure of H, for 5 h. The insolubie
material was removed by filtratiori; and-the filtirate was concentrated. The residual material
was suspended in hydrogen. The suspension was filtered and the resulting solid was
washed with ethanol and diethyl ether, dried under high vacuum, afiording 3-amino-1-
propanesulfonamide (1.2g, 80%).
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Step 5: 3-Amino-1-propanesulfonamide (0.55 g, 4 mmot; from step 4) was added to a
solution of 4'-chioro-5-fluoro-2-hydroxy-benzophenone (ig, 4 mmol) in methanol (50 mL).
The reaction mixture was stirred under refiux for & h then concentrated under reduced
pressure. The residual material was purified by column chromatography (silica gel,
dichloromethane:methanol 80:10 then 80:20). The corresponding solid (after removal of
solvent) was recrystallized in diethyi ether to afford 3-{[{1£)-(4-chiorophenyl)(5-fiuoro-2-
hydroxyphenyljr Jamino}propane-1-st ide (0.75 g, 51%). 'H NMR (CDCl,
500 MHz) §2.21 (m, 2H), 3.24 (1, J= 7.0 Hz, 2H), 3.47 (1, J= 7.0 H, 2H), 4.63 (bs, 2H), 6.93
(m, 1H), 6.5 (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 (368 M-1).

Example 2: In vitro stabifity and metabolism

In vitro stability of exemplary prodrugs of the invention was tested in water, in an
acidic aqueous solution (pH: 1.5), in PBS, in human and mouse microsomes, and in human
and mouse whole biood.

A Stability in water, ai pH: 1.5 and PBS

Stability of exemplary compounds was determined in water, aqueous acidic solution
(pH 1.5, HCI) and PBS (phosphate buffered saiine) soiuiion using ESI-MS (electrospray
ionization mass spectrometry) as the detecting instruments. In general a 2 ug/ml pro-drug
solution containing 1 pg/mi IS {internal standard) was prepared and incubated for 60 min.
For water stability the incubation was performed at room temperature and for stability in
acidic solution and in buffer. The incubation temperature was 37 °C. Samples were
analyzed for prodrug content at time points 0 and 60 min. using MS. The % changes in peak
area ratio after 60 minutes for each test compound tested are calculated using the average
values from six replicate runs. The compounds fested included Compounds A1 to A19,
Compounds BS and B6 and Compounds C1 to C28. Except for C26 which was found
unstable at pH 1.5 and in PBS, all other compounds ware judged to be stable under all
conditions tested with less than about 15%-20% concentration change after 60 minutes.

B. Metabolism in mouse and human microsomes

Microsomal stability of Compounds A1, A2, A3, C17, C18 and C19 was determined
in duplicate, in presence of pooled mouse or human fiver microsomes for up to 60 minutes at
37<C. Briefly, microsomes were diiuted to achieve a concentration of 1.0 mg/mi in PBS
buffer (pH 7.4) containing 3 mM MgCi, and 1 mM EDTA. Compounds (10 pM) and
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microsomes were pre-incubated for a period of 5 minutes before the enzymatic reaction was
started by addition of co-tactors {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
ime O samples, the reaction was stopped with acetonitrile before the addition of the co-
tactors. Analysis of extracted samples was achieved using HPLC with MS detection.
Several types of HPLC columns and mobile phases were used depending of the polarity of
the compound. The compound stability was determined by the % of compound remaining at
60 minutes (peak response of compound at 60 minutes / peak response at ¢ minutes x 100).
Four of the compounds tested (three amino acid prodrugs A1, A2, A3, and the carbamate
prodrug C19) were found stable, with over 90% of the compounds remaining after 60
minutes in presence of mouse or human microsomes (data not shown). Compound C17 was
found less stable with between 20 and 35% of the prodrug remaining after 60 minutes in
presence of mouse or human microsomes, while carbamate C18 showed moderate stability
with between 75 and 80% of the prodrug remaining under the same conditions.

C. Mouse and human whole blood stability

Test compounds were incubated for a total of 240 minutes at 37°C in whole mouse
and whole human biood. The compounds were added at time-point 0 and sample aliquots
were withdrawn at each time point (usually 0, 60 and 240 minutes). The samples were
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. The compound stability was determined by the %
of compound remaining at 240 minutes (peak response of compouna at 240 minutes / peak
response at 0 minutes x 100). Results are summarized in Table 8.

Table 8. Stability in mouse and human whole biood

Blood stability (% of compound

D remaining after 240 min.)
Human Biood Mouse Biood
Al ND +
A2 ND 4
A3 ND 4
A4 + .
A5 + +
AB ++ +
A7 L .
Ag + ++
A9 e+ et
A10 e ++
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Blood stabllity (% of compound

D remaining after 240 min.)
Human Blood Mouse Blood
At +++ ++
A12 +i+ e
A13 - s
A4 Ht .
AlS ++ +
A1B St -+
Al8 + +
Alg + +
B3 +++ ++
B4 +t et
BS ++ o+
5 et ++
[] + +
C4 Lt ++
C5 + +
c7 et +
e} et et
Gs += ++
C10 + +
Ci1 ++t Ht
c12 ++ +
C13 + +
C14 et ++
C15 ++ +
C1e ++ +
Ci7 ND +
C18 ND +
Ct9 ND +
c20 ++ +
G21 ++ +
Cc22 e +
Ccz23 Tt +
C24 + +

+ <B0%, ++ : 30-75%, +++ : >75%; ND: not deiermined

These data iliustrate the use of these compounds as prodrugs, as they are converted
to 3APS in the blood.

ple 3: P inetics in mice

A. Bioavailability of exemplary compounds
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Selecied exemplary compounds were tested for bi itability in mice. Bi itabiiity

estimates are performed for 3APS after administration of molar equivalent the selected
compounds. At a specific fime point following drug administration, one blood sample
(approxi 1 ml} is coll d from each of 3 animals from the inferior vena cava. The
animals are anesthetized with isofiurane before bleod coliection (approximately 45 sec).
Samples are coliécted at 5, 30, 60, 120, 180, 240 and 380 min post intravencus
administration and at 15, 30, 60, 120, 180, 240 and 360 min post oral administration. One
animal is used to obtain a basefine sample (pre-dose sample). Biced samples are collected
into Sarstedt™ micro tubes (EDTA KE / 1.3mi), kept on ice uniil ceﬁtriiugaﬂon at4°C ata
minimum speed of 3000 rpm (1620G) for 10 min. Plasma samples are transferred into
Eppenderi™ tubes, immediately placed on dry ice and stored at -B0°C. Plasma samples are
stored frozen at -20°C pending analysis.

Compounds in mouse plasma are extracted using protein precipitation. Quantitation
of 3APS in mouse plasma matrix is achieved using LC-MS detection. Sampie concentration
is calculated using a calibration curve. Bioavailabifity resuits are summarized in Table ©.

Table . Bi itability of in mice
N Bioavailability (F) in mice *
{+: <25%, ++: 25-35%, +++ > 36%)
A (3APS) ++
Al -+
A2 ++
A3 +
Ad ot
AB ++
A7 ot
A13 bt
A18 -
(o] +
c13 +
Ci4 +
C15 +
Gt +
Cc17 +
GCi8 +
Cis ++
G21 +
Cc22 +
C25 +

* Caiculated from the concentration of 3APS, 6 hours after administration of the tested compound.
The calcuiated F value represents the Ratio (in percentage) of the AUC p.o. of the compound tested
over the AUC i.v. of 3APS, based on the observation of 3APS,
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As shown in Table 9, all the compounds tested were capable of delivering
measurable quantities of 3APS. Compounds A2, A4, A7 and A18 were helpful in increasing
the bicavailability of 3APS suggesting that they were more readily absorbed than 3APS or
were able fo prevent firsi-pass metabolism of 3APS. Although not shown, Compounds A3,
C13, C14, C16, C17, C21, C22 and C25 had a measured T, 4 times to 16 times longer
that 3APS (0.25h), suggesting a significant improvement in the pk profiles of 3APS using
those compounds.

B. PK brain and plasma fevels of oral Compound A2 and 3-APS

Compounds A2 and 3-aminopropanesuifonic acid were tested for pharmacokinetic
parameters in mice. Parmacokinetic parameters (Cmax, Tmax. T1/2, AUC) are evaluated for
3APS after agministration of a molar_equivalent of each compound. Blood samples
{approximately 1 mi) and brain samples are collected from each of 3 animals at time points
5. 15, 30 minutes. 1. 2. 4. 6. 12, and 24 hours. The results analyzed from piasma samples
and brain homogenates are summarized in Table 10, Relative bicavaiiability (F%) of
Compound A2 and 3-APS were respectively of 51% and 16 32%. A 2-fold increase in plasma
concentration (Cmax; of 3-APS was observed when orally_administering Compound A2
compared to 3-APS. Brain concentration of 3-APS was observed after oral-administration of
0.18 mmol/ka. tor Compound A2, whereas the concentration could not be guantified atier oral
administration of the same molar equivaient of 3-APS.

Tabie 10. PK data on 3-APS analysis foliowing oral administration of 25 mg/kg

(0.18mmol/kg) and 250 mg/kg (1.80mmol/kg) equivalent of 3-APS

Dose Plasme Brain

ID {mmol Cmax | Tmax | T1/2 Cmax | Tmax | T1/2
kg | YO Tamny | m | | AYC Lagml | |

3-APS 0.18 6427 1768 ¢.5 49 | BLLQ | BLLQ N/A N/A
A2 0:18 10135 3425 ¢.5 2.8 557 148 2.0 3.9

A2 1.80 | 140861 | 35451 0.5 2.6 8772 1068 2.0 12.4
BLLQ: below the lower fimit of quantification
N/A: not appitcabie

4: PF kineti: lvsis of 3APS and associated metabolism

Exampls 4A: M fic Profifing of “C-3APS in Mice. B Dogs

Three single dose studies were conducted in mice, rats and dogs to determine the
metabolic profile of “C-3APS in plasma, urine and feces. in the first siudy, twenty-seven
male CD-1 mice received a single dose of 100 mg/kg (20 pCiianimal) of “C-3APS by oral
gavage. Blood samples (3 animais/time point) were collected for 12 hr following drug
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administration while urine and feces (3 animals/time point) samples were collected for 86 hr.
in the second study, eight maie Sprague-Dawley rals received a single dose of 100 mg/kg
(50 uCl/animal) of “C-3APS by orai gavage while in the third siudy, three male Beagle dogs
received a single dose of 100 mgrkg (30 pCirkg) of C-3APS by oral gavage. For the rat
and dog studies, biood sampies were collected for 24 hr following drug administration while
urine and feces samples were coliected for 72 hr. Al samples were analyzed for total
radioactivity using appropriate sample preparation procedures and scintillation counting.
Plasma and urine sampies were aiso analyzed for 3APS and 3APS meiabolites
(2-carboxyathanesulionic acid, 3-hydroxy-1-propar jc acid and ylamino-1-
propar ic acid) i using qualified HPLC and MS/MS methods.

Following oral administration of 100 mg/kg *C-3APS to mice and rats, mean maximum

plasma concentrations of total radicactivity and 3APS were reached at approximately 30

minutes post-dose (Table 11). Ti , plasma conc jons of total radioactivity anc
3APS declined in a multi-phasic manner with apparent terminal half-ives of approximately
2and 6 h for mice and rats, respectively. Mean maximum plasma concentration of
2-carboxyethanesulfonic acid was achieved at 120 to 240 h post-dose, Thereafter, plasma
concentrations declined in @ mali-phasic manner with an apparent terminal half-ife of
approximately 2h and 4h for mice and rats, respectively.

Following oral adminisiration of 100 mg/kg “C-3APS to dogs, maximum plasma
concentration of total radicactivity and 3APS were reached at approximately 30 minutes post-

dose, whereas maximum plasma cor ) of 2-carboxy tesulfonic acid was achieved

at 720 minutes post-dose (Table 11). T , plasma conc { of total radioactivity
and 3APS declined in a mult-phasic manner. The mean apparent terminai half-ives were

approximately 35 i and 5 b for total radicactivity and 3APS, respectively.

For all species, the majority of total radioactivity was associated with 3APS and 2-
carboxyethanesulfonic acid (Table 1é). Based on AUC... values, 3APS accounted for
approximately 60% of total radioactivity while 2-carboxyethanesulfonic acid accounted for 30%
in mice and rats. in dogs, 3APS accountied for approxi 54% of fotal radi ity while 2-
carboxyethanesulfonic ~ acid  accounted  for  approximately 67%. 3APS and

2-carboxyethanesulionic acid AUC,.. constituted approximately 90% {mouse and rat) and
approximately 121% (dog) of the total radicactivity indicating that 2-carboxyethanesulfonic acid
is the major metabolite of 3APS in the mouse, rat and dog.

For ali species, total radioactivity was quantitatively recovered in urine and feces with
approximately 75 to 90% of the administered dose recovered in 72 h {rat and dog) or 96 h
(mouse). The major route of excration of total radioactivity was via urine.
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On average, 60% of the dose was excreted in urine as total radioactivity in all species.
Based on the total amount of radioactivity excreted in urine, approximately 30% was excreted
as 3APS while 2-carboxyethanesulfonic acid accounted for another 63% to 77% in mouse and
dog. In rats, 3APS and 2-carboxyethanesutfonic acid accounted for 53% and 62% of total
radioactivity, respectively. On average the two metaboliies 3-hydroxy-1-propanesulfonic acid
and 3-acetylamino-1-propanesulfonic acid represenied less than 3% of the total radioactivity 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 ragioactivity, once
again esting that 2-cart nic acid is the major metabolite of 3APS in the
mouse, rat and dog.

Tabie 11: Pharmacokinetic Parameters of Teotal Radioactivity, 3APS and 2-
carboxyethanesulfonic acid Foliowing Singie Oral Administration of 100 mg/kg
%C-3APS in Mice, Rats and Dogs

Mouse' Rat Dog
Total Radioactivity
Cra (umol eq/mL) 0.126 0.228 0.249
Tema (MiN) 30 30 31
AUC,, (emol eq-min/mi} 24.4 423 454
AUG, (umol eg-min/mL) 250 452 108
T (h) 214 6.02 357
3APS
Crmax (HMOKML) 0.0977 0218 0250
Trvax {iNY 30 30 31
AUC.~ (umolminimL} 155 267 245
AUC.. (umolsmir/mL) 157 276 253
Ty (h} 1.72 643 5.04
2-carboxyethanesulfonic acid
Cra (WTIOVML) 0.018 0.0234 6.0312
Trnax (i) 120 240 720
AUGCo. (umolsmin/mL) .28 127 30.5
AUC., (umolmin/mL} 7.56 1386 NC
Ty (h) 2.33 399 NC

"PK parameters were derved Lsing the mean plasma concentration-fime profies
NC: Not calculated
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Table 12 Percentage of 3APS, 2-carb ic acid, 3 ino-1-
propanesulfonic acid and 3-hydroxy-1-propanesuifonic acid in Plasma
and Urine Following Single Oral Administration of 100 mg/kg “C-3APS
in Mice, Rats and Dogs

% of Total Radioactivity

2 S-acetxlamlno- 3-Nydroxy-1-
3APS camoxyetha_r_\asulmmc propanesulionic propanegulfon:c
acid : acid
acid

Plasma 63 30 - -

Mause Urine” 0 62 3.1 04
Plasma 61 30 - -

Rat Urine® 59 62 23 03
Plasma 54 67 - -

bog Urine" 28 77 !

0.01 0.3
“Caicllated 25 [AUGO- 3APS or metabolites / AUC Total radioactivity)] (or using AUGO- if AUCG—= couG ot be reliably
estimated)
+ Calculated as {Amount Excreted 3APS or metabolites / AUC total radioastivity)]

Example 48: Absorption. Excretion and Plasma Kinetics of **C-34PS in humans

Following the identification of 3APS metabolites, plasma and urine samples from this
human AME study were reanalyzed for 3APS and 3APS  metabolite
(2-carboxyethanesulfonic acid, 3-hydroxy-1-propanesulfonic acid and 3-acetylamino-1-
propanesulfonic acid) concentrations using qualified HPLC and MS/MS methods to
determine the metabolic profile of *C-3APS in human.

Following oral administration of “C-3APS 1o healthy subjects, maximum plasma
concentration of total radioactivity and 3APS were reached at approximately 1 to 1.25 hours
post-dlose, whereas maximum plasma concentration of 2-carboxyethanesulfonic acid was
achieved at 6.5 hours. in plasma, the majority of total radicactivity was associated with 3APS
and 2-carboxyethanesulfonic acid. Based on AUC,. values, 3APS accounted for
approximately 48% of total radioactivity while 2-carboxyethanesulfonic acid accounted for
49%. 3APS and 2-carboxyethanesulionic acid AUC,. constituted approximately 97% of the
total radicactivity indicating that 2-carboxyethanesulionic acid is the major metabolite of 3APS
in human ptasma.

Based on the total amount of radioagctivity excreted in urine, approximately 15% was
excreted as 3APS while 2-carboxysthanesulfonic acid accounted for another 79%. The
urinary cumulative amount of 3APS and 2-carboxyethanesulfonic acid accounted for
approximately 94% of that determined for total radioactivity, once again suggesting that
2-carboxyethanesulfonic acid is the major metabolite of 3APS.
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Example  4C: _Comparative _ Pharmacokinetic _parameters __of  3APS __and
2-carboxyethanesulfonic.acid following a singie Oral and 1Y administration of “C-3APS io

ats

The purpose of this study was to investigate the absorption, metabolism and
excretion profiles of "“C-3APS following a single intravenous bolus and oral administration to
rats.  Thirty-six male Sprague-Dawley rats recelved a single 100 mg/kg (~ 50 nGi/animai)
dose of “C-3APS by an IV bolus injection (water or isotonic safine solution) and an

-additional 36 male rats received the same dose level by oral gavage (in water). Blood, urine,

feces, brain and CSF samples were coliectsd for up to 72 hr following dose administration.
Plasma, urine, brain and CSF concsntrations of 3APS and 2-carboxysthanesulfonic acid
(3APS major metabolite) were measured using LC and MS/MS detection method. Plasma,
urine, feces, brain and CSF samples were analyzed for total radioactivity using appropriate
sample preparation procedures and scintillation counting.

Based on AUC,. values, after IV admi i 3APS ac d for 89% of total
radioactivity and 2-carboxyethanesulfonic acid only about 8%. On the other hand, after oral
administrafion, 3APS accounted for about 68% of total radicacivity and
2-carboxyethanesulfonic acid about 26%. Using those data, it is possible 1 calculate a
metabolite-to-parent ratio of the exposure of about 0.1 foliowing IV administration and a ratio
of 0.38 following oral administration. This higher metabolite-to-parent ratic of the exposure
following oral administration when compared to IV is consistent with an intestinal first-pass
metabolism.
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Table 13 Comparison of xp of 3APS and 2-carboxyethanesulfonic
acid versus Total Radioactivity following a Single IV and Oral

Administration of 14C-3APS in Rats

14
* %o
AUCD,.(I;moLh/n:L) ‘Zg- (3APS and 2-
Animal 3APS carboxyethanes o zd.lr:a‘:'t’wiry carboxyethane ol
uifonic acid sulforic acid)
1001 1528 105 1825 8.5
1002 1420 144 1588 9.1
1003 1891 184 1883 9.8
1004 1147 125 1268 8.8
Mean 1422 140 1581 8.8
+8D 196.2 33.7 253.0 1.80
%CV. 138 241 5.9 18.1
F AUC,.., expressed as nmol eq.hvmi for total
radfoactivity
*Calculated as [(AUGo= id / AUG toial radioactivity)"100}
wCalciated.as {(AUGo~ 3APS + ALCo. acid) / AUG 100
PO
# %
. AUC(m(r;moLh/mL) ) (Z’. (GAPS and 2-
Animl 3APS caboxyethanss dTmﬂ“,, " carbaxyethane c;g;:a);f{)eglréar
ulfonic acid edioactivity  sulfonic acid) acid)™
3001 610 232 874 265 $8.3
3002 539 153 714 21.4 96.9
3003 407 177 528 282 3.0
3004 471 228 781 283 89.6
Mean 507 198 748 26.4 $4.0
*8D 87.4 3.1 104 3.49 3.37
%CV. 17.3 12.8 138 13.2 2.58
‘AUC,... Expressed as nmol eq. VL for fotal
radiosctivity
*Calculated as [(AUCo~ d/ AUC otal 160]
“Cateulated 25 [(AUCo.. 3APS + AUGe. acid) / AUC totat 100

Example _4D:  Comparative _ Pharmacokinetics __ parameters _of _3APS  and

2-carboxyethanesulfonic acid Following a Sinale Oral, Intravenous and Portal administration
0f 3APS in rats

The purpose of this study was to compare the pharmacokinetic profile of 3APS
foliowing a single dose administration either oraliy, intravenously or into the portal vein to
male Sprague-Dawley rats. The oral, intravenous and portal routes of administration were
selected to determine the intestinal and hepatic first-pass effects in the rat. Three groups of
4 male Sprague-Dawley rats were assigned to receive a single dese of 250 mg/kg 3APS by
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different routes of administration. One group recelved 3APS as an IV bolus administration
(in water or isotonic saline solution), one group by oral gavage (in water) and the last group
via-a catheter into the portal vein (in water or isotonic safine solution). Blocd samples were
collected for 24 hours following dose admiristration. Plasma concentrations of 3APS and 2-
carboxyethanesulfonic acid (the major metabolite of 3APS) were determined using LC and
MS3/MS method.

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

The results obtained confirmed that there is an important metabolism of 3APS. Morz
particularly, based on a comparison between the systemic exposures following hepatoportal
and intravenous administrations, metabolism of 3APS associated with hepatic first-pass was
estimated to be 24%. By comparison between the systemic exposures following orat and
hepatoportal administrations, metabolism of 3APS associated with intestinal firsi-pass was
estimated to be 43%. This study aisc showed that the oral administration of 3APS generated
50% more metabolite than the intravenous administration which is consistent with an
intestinal first-pass metaboiism.

&: In vitro ism of 3APS in primary rat neuron culture and organotypic
hippocampal slice culture

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

The results obtained demonstrated that incubafion of 3APS (400 uM) in primary rat
neuron culiure media produced 2-carboxyethanesulfonic acid as a metabolite.  The
conversion of 3APS to 2-carboxyethanesulfonic acid was time-dependent and cell

cong ion-dependent. bation of 3APS (400 uM initial concentration) for six days in
the cell culture media (containing 800,000 cells) produced with 48 uM of 2-
carboxyethanesulfonic acid. Under the same experimental conditions, 5.4 pM succinic acid
was detected starting from GABA (400 pM initial concentration).

The conversion of 3APS to 2-carboxyethanesulionic acid in the primary neuren
culture media was significantly inhibite¢ by vigabatin, the latter a classic GABA
transaminase inhibitor. Nialamide, a moncamine oxidase inhibitor, aiso reduced the
formation of 2-carboxyethanesutfonic acid (from 3APS) but to a lesser extent. In contrast,
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gabapentin (known 1o increase GABA concentration in the brain) had no significant effect on
the conversion of 3APS to 2-carboxyethanesulfonic acid. .

in another in vitro model empioying organotypic hippocampal siice culture, the
conversion of 3APS to 2-carboxyethanesulfonic acid was time-dependent. More than 60%
of 3APS was converted to 2-carboxyethanesulfonic acid after 3-day incubation in the culture
media. 2-carboxyethanesulionic acid was also detected after incubation of 3APS in human
hepatocyte (HepG2) culture media.

It is understood that the examples and embodiments described herein are for
illustrative purposes only- and that various modifications or changes in light thereof will be
suggesled to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims.
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CLAIMS

1. A compound selected from the group consisting of, or a pharmaceutically

acceptable salt or solvate thereof:

5 a) acompound of Formuta I

B-L-A [0}
wherein
B is a pharmacokinetic modulating moiety, which Is optionally also bonded 1o A directly or
indirectly through a further linking group L;
10 Ais a 3-amino-1-propanesulfonic acid moiety; and

L is a cleavable linkage for covalently and dissociably coupling B to A via the NH. group,
whereby L can be a direct bond or additicnal chemicat structure providing a cleavable

linkage;
15 b) acompound of Formuila [-A:
~L3 OH
= \N/\/\/P\\/
. o0
L
R
(-A)
wherein,
20 R* and R! are independently selected from hydrogen and a protecting group, wherein

R* and RY are not both hydrogen; and
L' and L? are each a cleavable linkage; wherein when R*is H, L' is absent, and when
RYis H, then L?is absent;

25 c) acompound of Formula It:

_OH
AM—NTg
[ 7
o o

wherein AA is a natural or unnatural amino acid residue or a peptide comprising 2, 3 or more

30 natural or unnatural amino acid residues;

d) acompound of Formuta VIi:
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Re

I O\\ //O
. /MTN\/\/S\OH
© v
wherein,
5 R® is 2 substituted or unsubstituted group selected from G+-Gizalkyt, G.-Croalkenyl,

Cp-Cypalkynyl, Co-Cyscycloalkyi, C5-Csheterocycloalkyl, Ce-Cysaryl, Cs-Cysheteroaryl, NH(C;-
Calkyl), N(C,-Csalkyl),, and G{O)C4-Cealkyh);
R’ is & hydrogen or a substituted or unsubstiiuted group selected from G(O)NH,
C{ONH(G-Cealkyl), G(O)N(C 1-Csalkyl)s, and G(O)(Cs-Cealkyl); or R® and R® are taken
10  together with the adjacent carbon atomn to form a substituted or unsubstituted Cg-
Gioheterocycloalkyt;
M is selected from the group consisting of oxygen, sulfur, nitrogen or absent;

e) acompound of Formula VIt

QP
H/O\H/N\/\/S\OH
15 © Vit
wherein,
R’ is a substituted or unsubstituted group selected from Cy-Cyalkyl, C,-Croalkenyl,
C,-Crzalkynyl, C5-Cisey Ikyl, C5-C 15 foalkyl, Co-Cisaryl, Cs-Cysheteroaryl, Cr-
C,qarylalkyl, C;-Cizheteroaryialkyi, and combinations thereof;

20
f) acompound of Formula IX:
RE]
| O\\ 4
R N\/\/s\
OH
© 63
wherein,

25 R® is 2 substituted or unsubstituted group selected from Cy-Cyalkyl, Co-Cyoalkenyl,

C,-Cpalikynyl, C,-Coseycloalkyl, Co-Csheterocycioalkyl, Ce-Cisaryl, Cs-Cysheteroaryl; and
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R® is a hydrogen or a substituted or unsubstituted G(O)(Cy-Csalkyt), G(O)NH,,
CIO)NH(C-Coalkyl), or C(OIN(C-Csalkyl),; or R® and R° are taken together with the
adjacent carbon aiom to form a substituted or unsubstituted Cy-Cizhelerocycioalkyl;

g) acompound of Formula X:

)
wherein,

R™"is aresidue of a carbohydrate, a carbohydrate derivative or a carbohydrate-
derived polyol, £.9., a Gs.s saturated or partially or completely unsaturated cycloalkyl group,
optionally and preferably containing an -O- group, which is substituted by 3 to 5 substituents,
each independently selected from —OH, -OAg, -CHz0H, -OGHs, -CH0A¢ and =O.

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

h) a compound of Formula XI:

AL z“\/\i\\sb\o
o) OH X
wherein,

R'" is a hydrogen or a substituted or unsubstituted group selected from C-Cyealkyl,
Cp-Croalkenyl, Co-Cyoalkynyl, Co-Ciscycloalkyl, Cs-Cisheterccycloalkyl, Ce-Cisaryl, Cs-
Cysheteroaryl, C(O)R™, and C(O)OR'™; and
R' and R* are independently selected from substituted or unsubstituted Gr-Gazalkyl, Co-
Ci.alkenyl, Co-Cipalkynyl, Gs-Ciscycloalkyl, Co-Cisheterocycloalkyl, Ge-Gisaryl, and Cs-
Cysheteroaryl;

i} acompound of Formula Xil:
X 0
o]

i

HN 8,

wherein,

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

/

(X1
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i) acompound of Formula XIi:

QP
R M~ S oy
Rre oy
wherein,
5 R'™ and R' are independently selected from a hydrogen or a substituted or

unsubstituted group selected from Gy-Gyoalkyl, Cz-Gyzalkenyl, Co-Gizalkynyl, Co
C.scycloalkyl, Cs-Cisheterocycioalkyl, Cs-Gisaryl, and Cs-Cisheteroaryl; and

k) acompound of Formula I-P:

A— (L — A)p— L'—A (i-Py
wherein:
A is 3-amino-1-propanesulfonic acid moiety;
£ *is a cleavable linkage for covalently and dissociably coupiing together two
15  adjacent 3APS moieties, and
P is 0, or an integer number which may vary from 110 5, e.g. 2,3,4,0r5;0ra

pharmaceutically acceptable salt or solvate thereof.

2. The compound of claim 1, wherein said compound of Formuta Il is selected

20  from the group consisting of:
a) acompound of Formula it
OH
ase—aat—aa'—N~ " s
H

A
© 0o o

wherein:
25 aa' is a natural or unnatural amino acid residue;
aa® and aa® are each independently a natural or unnatural amino acid residue or

absent, or a pharmaceutically acceptable salt or solvate thereof;

b) a compound of Formula IV:

ag?—aal— WS/OH
o

AN
30 © )

124




10

20

25

30

‘WO 2009/019534 PCT/IB2007/004704

wherein:
aa' is a natural or unnatural amino acid residue;
aa® is a nalural or unnaturai amino acid residue, or is absent, or a pharmaceutically

acceptable salt or solvate thereof;

c) acompound of Formula V:

VNS
H &%
v

wherein
aa' is a natural or unnatural amino acid, or a pharmaceutically acceptabie salt or solvate
thereof; and

d) acompound of Formula V-A:
OH
aax_N/\/‘\S/

N
o 0 (V-A)

wherein az" is an amino acid residue selected from valine, proline, lysine, leucine,
methionine, D-methionine, serine, alanine, D-alanine, glycine, isoleucine, histidine,
aminoisobutyric acid, phenylglycine, tryptophan, tyrosine, C-benzyiserine, O-
benzylglutamine, and y-aminobutyric acid, or a pharmaceutically acceptable salt of soivate

thereof.

3 The compound of claim 2, wherein said aa', aa’, and aa®, are amino acid
residues of Formula VI

o
RS/N <
R' R2 )

wherein:

R' and R? are each independently selected from the group consisting of H and a
substituted or unsubstituted group selected from C;-Cizalkyl, Co-Cyoalkenyl, Co-C-zalkynyl,
Cy-Cyscycloalkyl, Gs-Cisheterocycioalkyl, Ce-Gisaryl, Cs-Csheteroaryl, NH(C-Cealkyl), N(C1-
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Cgalkyl),, and C(O)(C:-Cealkyl); or R" and R? are taken together with the adjacent carbon
atom to form a substituted or unsubstituted C4-Cyzheterccycioalkyt;

R’ is selected from the group consisting of H and a substituted or unsubstituted group
selected from C;-Calkyl, C,-Cizalkenyl, Co-Cyzalkynyl, Co-Ciscycioalkyl, Cs-

G sheterocycloalkyl, Cs-Cisaryl, Cs-Cisheteroaryl, G{O)(C+-Csalkyl), and C(O)(Cs-Croaryl); or
R®is a bond between two amino acid residues, when at least two amino acid residues are
present;

R‘is selected from the group consisting of H and a substituted or unsubstituted group
selected from Cy-Csalkyl, Co-Csalkenyl, Co-Csalkynyl; or R’ and R* are taken together with
the adjacent carbon and nitrogen atoms to form a Cs-Cisheterocycloalkyt; and

n is an integer selected from 1 to 10.

4 The compound claim 1, wherein said compound of Formula Xl is a compound
of Formula XIi-A:
OR14

>_ o\ //O

HN S

\_J°
wherein,

R™is a substituted or unsubstituted group selected from C-Cyzatkyl, Co-Cypalkenyl, Cp-
Cyzalkynyl, Co-Ciscycloalkyl, Cs-Cisheterocycloalkyl, Ce-Crsaryl, Cs-Cisheteroaryl, ora
pharmaceutically acceptable salt or solvate thereof,

(XII-A)

5. The compound of claim 1, wherein said compound of Formula I-P is selected
irom the group consisting of:

a) acompound of Formula |-P2:
LY(A)n (-P2)

and pharmaceutically acceptable salts, esters, and solvates thereof, where:

mis an integer from 2 o 5;

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

LY is a multivalent carrier moiety for covalentiy and dissociably coupiing from two to
five A moieties, either at the amino or sulfonic acid end of A, or a pharmaceutically
acceptable salt or solvate theréof;

b) a compound of Formuta I-G:
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Hos” N N0

° H H (-C)
wherein, L? is bivalent linker which connects two molecules of 3APS at their amino groups
either using the same or different linkages as defined herein, including, but not limited to,
amide linkage and carbamate linkage, or a pharmaceutically acceptable salt or solvate
thereof;

¢) acompound of Formula I-D:

0,

H N 2 NG H
P—N\/\/S\X/ L\X/S\/\/N‘P )

wherein, L* is a bivalent iinker which connects two molecules of 3APS at their sulfonic acid
groups either using the same or different linkages as defined herein, including, but not
limited to, ester linkage or anhydride linkage where X is oxygen, or sulfonamide linkage
where X is nitrogen (NH, or NR), or thiosulfonate linkage where X is suliur, P is hydrogen or
a N-protecting group, or a pharmaceutically acceptable salt or solvate thereof; and

d) acompound of Formula |-E:

H O 4
P—N\/\/S\X, Lﬁ\N/\/\SOﬁH
H
B

wherein, L® is a bivalent linker which connects two molecules of 3APS, at amino group in
ane 3APS using a linkage as defined in Formula |-C, and at sulfonic acid group in the other
3APS using a linkage as defined in Formula I-D, P is hydrogen or a N-protecting group as
defined herein, or a pharmaceutically acceptable salt or solvate thereol.

6. The compound of claim 1, wherein said compeund is selected from the group

consisting of:

H 0,0

OH

7
.

?
o
/

O L H,N
~OH o)
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HO\S/\/\ N/\/\S/OH
Of/\\ H H 0//\\
0—?20

NH,

7. A pharmaceutical compesition comprising a compound of claim 1 together with
a pharmaceutically acceptable carrier.

5
8. The pharmaceutical composition of claim 7, wherein said compound is
selected from the group consisting of:
HO.
K C\\S,,O H O\\s 0
HN 1 TN ~oH HZN ~ N ~OH
0 o
NH,
O,
0, 0 }';\/\/O‘\S,,O
N. ( ~
e S Hzl\/\r/ OH
¢ Q
7N s
N =
H Os P H 0, .0
NS NS
HN CH RN OH
o , and .
or a pharmaceutically acceptable salt or solvate thereof.
10 9. A prodrug of 3-amino-1-propanesulfonic acid, wherein said prodrug is a

compound of claim 1.

10. A method for treating or preventing Alzheimer's disease, miid cognitive
impairment Down's syndrome, Hereditary Cerebral Hemorrhage with Amyloidosis of the
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Dutch-Type, cerebral amyloid angiopathy, a degenerative dementia, a dementia of mixed
vascular and degenerative origin, demeniia associated with Parkinson's disease, dementia
associated with progressive supranuclear palsy, dementia associated with cortical basal
degeneration, or diffuse Lewy body type of Aizheimer's disease comprising administering a
therapeutically effective amount of a compound of claim 1 to @ human subject in need

thereof.

11, Aprocess for converting a compound of claim 1 to 3-amino-1-propanesulfonic
acid comprising contacting said compound with an enzyme which metabolizes said
compound to 3APS in vitro or in vivo.

12.  The process of claim 11, comprising contacting said compound with plasma,

blood and/or brain cells.

13. A method for increasing the therapeutic bio-distribution of 3APS in a human
subject, comprising lessening metabolism of 3APS, which occurs when 3APS is
administered to a human subject.

14.  The method of claim 13, wherein said métabolism is first pass metabolism.

15. A method for reducing or preventing gastrointestinal intolerance side effects of
3APS in a human subject, comprising iessening metabolism of 3APS, which occurs when
3APS is administered to a human subject.

16. The method of claim 15, wherein 3APS is administered in the form of a
prodrug of 3APS which yields or generates 3APS after being administered to said human

subject.
17.  The method of ciaim 16, wherein said prodrug Is a prodrug of claim 10.

18.  The method of claim 13, wherein 3APS is administered through the respiratory
sysiem, intratracheally, intranasally, via or under a mucous membrane, via the ear, rectally,
or vaginally, or by an implant, spray, nasal spray, chewing gum, eye drop, eardrop,

suppository, enema, or vaginal cream or lation.
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19.  The method of claim 13, wherein at teast one of bioavaiiability of SAPS, AUC
of 3APS, brain levels of 3APS, CSF levets of 3APS, Crax of 3APS, Tre, f 3APS, or bio=

absorption of 3APS is increased.

20.  The method of claim 13, wherein Aizheimer's disease is treated or prevented.

21.  The method of claim 13, which increases the level of 3APS in the brain of said

human subject.

22, The method of claim 19, wherein the oral AUC of 3APS is increased by at
least 20%.
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