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

Related Application
This application claims priority fromm U.S. provisional patent application no. US
50/851,038 filed October 12, 2006, and U.S. provisiona! patent appiication no. US

B0/811,456 filed Aprit 12, 2007, which are incomporated harein by reference,

Field of the Invention
The invention relates to methods, compounds, composiiions and vehicles for
defivering 3-amino-t-propanesulifonic acid (3AP3) in & subject, preterably a human subject,
The invention encompasses compounds that will vield or generate 3ARS, either in vitro or
in vive. Preferred compounds include amine acid prodrugs of 3APS for usa, inciuding but not
fimited 1o, the prevantion and treatment of Alzhaimers disease,

Backoround of the invention
Alzheimer's dissase (AD) is a progressive degenerative dissase of the brain primarily
associated with aging. Prevalence of AD in the United States in 2000 was close to 4.5
NMillion. It was estimated that about one in fen individuals over 85 and nearly half of thoss
over 85 are affected by Alzheimers disease. Approximately 360,000 patisnts will be
dizgnosed with AD sach vear in the United States aione.
Clinfcal presentation of AD is characterized by loes of memory, cognition, reasoning,

“judgment, and orientation, As the dissase progresses, motor, sensory, and lihguistic abifitizs

are aiso affected until thers is global impairment of multiple cognitive functions. These
cagniti'\}e losses ocour graduatly, but typically lead 10 severe impairment and eventual death
in the range of four to twelve yaars,

Alzheimer's disease iz characierized by wo malor pathologic observations in the
brain. neurefibrilary tangies and beta amylold (or neuritic) plagues, combrisad predominantly
of an aggregate of & peptide fragment know as AR, individuals with AD exhibit characteristic
beta-amyloid depoesits in the brain (beta amyioid plagues) and in cerebral biocd vessels
{bata amyloid angiopathy) as weli as neurofipriliary tangies. Neurofibrillary tangies ocour not
only in Alzheimer's disease but aiso in other dementia-inducing disorders.

S-amino-1-propanesulfonic acid (RAPS, Tramiprosate, Alzhemed™) is & promising
invesiigational product candidaie for the reatment of Alzheimars digease that is cuwrrantly in
Phase HI clinical triats in North America and Burops (Wright, 7. M., Drugs of Today (2008},
42(5): 261-288). This product is developed by Neurochem inz. (Laval, OC, Canada) and & ig
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believed to act by reducing the deposition and/or load of amyloid in the brain through s
binding to soiuble AP peptide. For increasing the therapeutic effectiveness of 3APS, it would
be desirable to increase bioavailability, stabifity and/or crossing the blood brain barrier of
3APS. These and other needs can be satisfied by the disclosure herein of a prodrug form of

3-amino-1 -propanesulfonic acid (3APS), pharmaceutical compositions and uses thersof to
ireat various medical disorders.

Pravious metabolic stability studies had demonstrated that there was no in vifro
metabolism of 3APS. Those studies include: 3APS maetabolic stability in pooled human
hepatocytes, human, rat and dog fiver microsomes, human intestinal microfiora, pooled
human fiver cytosol, and human arylamine N-acetyltransferase (See Examples 4 and 5).

a. PCT - publication number WO2004/112375 discloses phenylalanyl and
phenyialanyl-phenylalanyl substituted 3-amino-1-propanesulfonic acid for use in inhibition
amyloid deposition. PCT publication number WO2002/096837 discioses al-D peptides
which include 3-amino-1-propane sulfonic acid as potential vaccines against amyloid-beta
relaied diseases. :

b Varga and co-workers in Neurochermn. RKes. (1888), 13(11), pages 1027-1034,
described 2 gamma-giutamyl derivatve of 3-amino-i-propanesulfonic acid active in
neuroiransmission assays.

¢ A3-APS derivative of carbobenzoxy-tryptophan was described in U.S. Patent
Mo. 5-776,870 (Shechier et al.) as a treaiment for neoplasms, where the fryptophan moiety
is the core structure and the CBz group acts as a lipophilic gréup 1o heip ceii penetraiion.

Summary

Surprisingly, it has now been found that 3APS iz metabolized both in vitro and in
vivo, indeed, zs described In more delail hereinafter, recent in vivo studies indicate
extensive metaboiism, particularly first-pass and/or systemic metabolism of 3APS. Thres
poiential metabolifes were ideniified from al least one type of biological species;
Z-carboxyethanesulfonic acid, 3-hydroxy-1 -propanssulfonic acid and 3-acetylamino-1-
propanesulfonic acid. Further studies demonstrated that 2-carboxyethanesulfonic acid was

‘the only major metabolite of 3APS in mice, rats, dogs and humans.
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O
F-acetylzmine- 1-propanssulfonic asid

Without wishing fo be bound by theory, it is hypothesized that metabolism of 3APS is
mainly caused by a transaminase .and/or moncamine oxidase that generaies
2-carboxyethanesulfonic acid as the main metabolite and 3-hydroxy-1 -propanesulfonic acid -
a5 a minor metabolite. N-acetvi-Z-aminopropanesulfonic acid is another pessible minor
metabolite and it is believed to be produced by an enzyme that acelylates 3APS. These
hypotheses are supported by in vitro experiments (see, for example, Exampie 5) showing

Z3



that the conversion of 3APS o 2-carboxysthanesulfonic acid in primary neuron culture
media was significantly inhibited by vigabairin, a classic GABA fansaminase inhibitor.
Niglamide, a rmoncamine oxidase inhibitor, also redused the formation of
Z-carboxyethanesulfonic acid (from 3APS) but to 2 lesser extent,

In a first aspect of the present disclosure, there is provided a compound of Formula IV, or

a pharmaceutically acceptable salt or solvate thereof:

. [7A\)

322-——- EETWN/\/\S/OH
H 0O 0

IV}
wharain:
az'is 2 natural or unnatural amino acid residue;

aalis z natural or unnatural amino asid residus, or s absent;
wharedn said ag', and a22, are zach independently aming asid residues of Formula VE

{vi}
wheraim

R'is selecied from e group consisting of 2 substituied or unsubstiuted group selected from CI-Cuaii{y‘[«
CaTyorlkenyl, Co-Coanatkynyl, Cy-Cygoycioalkyl

RZis hydrogen

R*is hydrogen; of R% is 2 bond between two amine atid residues, when two amine acid residues are present;
Réis selected from the group consisting of H and a substliuted or unsubstituted group selected from Cy-Caalkyl,
CoCralkenyl, O-Cealkynyl; and

nisl, 2ard;

wherain the term subsiituted when in association with any of the foregoing groups refers 1o a group substituied
atone or mare position with substiiuents selected from amine seiecied from simpie aming, mong and dialkyiami-
no, mone and diarylamine, and alkylarylamine, aoyviaminge including carbemoyl, and ureido, aminocarbonyl,
mono and dialkylaminocarbonyl, cyane, azids, halogen, hydroxyl, nitro, frifiucromethyl, C4-Cg alkyl, Co-Cy, alke-
nyl, Co-Cy alkynyl, cycloalkyl, heterocycloalkyl, aryl, hetercary!, C.-Cy alkoxy, aryioxy, benzyloxy, benzyl, gus-
nidine, iminn, and formyt;

provided that when RZ s H and R¥ is H or a bond, then R is not a -CH,phenyl group,



in a second aspect of the present disclosure, there is provided a pharmaceutical
composition comprising a compound as defined above together with a pharmaceutically
acceptable carrier,

In a third aspect of the present disclosure, there is provided a prodrug of 3-amino-1-
propanesulfonic acid, wherein said prodrug is a compound as defined above.

In a fourth aspect of the present disclosure, there is provided a compound as defined
above, for use in the treatment or prevention of a disease or condinon selected

from Alzheimer's disease, mild cognitive impairment, Down's syndrome, Hereditary Cerebral Memomhage with
Amyloidosis of the Dutch-Type, cersbral amvioid angiopathy, Parkinsor's disease, a degenarative demeantiz, a
dementia of mixed vascular and degenerative origin, dementiz associsted with Parkinson's disease, dementia
assosiated with progressive supranuciear paisy, dementis associated with cotfical basal degensration, or diffiuse
Lawy bady fype of Alzheimer's disease.

In a fifth aspect of the present disclosure, there is provided the compound as defined
above, for use in providing neuroprotection o a subject having an amyloid-p related disease.

In a sixth aspect of the present disclosure, there is provided a compound as defined above,
for use in delivering 3-amino-1-propanesulfonic acid (3APS) by contacting said compound with
an enzyme which metabolizes said compound to 3APS in vitro or in vive.

In a seventh aspect of the present disclosure, there is provided the compound as defined

above, for use in inhibiting neuronal cell death.



Accordingly, the present disclosure concerns compounds and compositions that
san deliver 3APS by minimizing the matabolism, 2.g., firsi-pass metabolism, associated with
that drug, and more parficularty compounds that would block or protast the amine group of
APS such that it avoids maizbolism, 2.¢., by ransaminzses and/or moncamine oxitasss,

The present disclosure includes methods, compounds, compositions and vehicles for
delivering n = sublact, preferably a human subjest, 3-amine-1-propanasulionic askd, or salts
therecf. 3-Amino-1-propanasulionic acid (also named 3APS, Tremiprosate, Alzhemsd™)
has the structure:

O
HZN/\\\//\\S/
O/f N

3&PS

The present disclosure relates to compounds or compositions

that will yisid or generate 3APS after atminisiersd in 2 subject. in onz embodiment, the
compound that wifl yvisic or genarate 3APS is an amino acid prodrup of 3APS. iIn ancthsr
ambodiment, the compound thal will vield or generate 3APS is & carbamate prodrug of
3APS. in anciher embodiment, the compound fhat will vield or gensraie 3APS s an amide
prodrug of 3APE. in another embodiment, the compound that will vield or genarate 3APS is
a carbohydrate-derived prodrug of 3APS. in another embodiment, the compound that wil
vield or generate 3APS is a N-hydroxy prodrug. In anothsr smbodimeant, the compound that
wilt vield or gensrate 3APS is & oyelic double-protectad prodrug. in turther ambodimant, the
compaund that vields or generates 3APS 15 a 3APS polymer {2.0. a molecule somposed of
two of more moiscules of 3APS linkad together). in further embodiment, the compound ihat
yislds or generates 3APS s 2 gemin dimer of 34P2. in cartain embodimants, the aming
acid prodruos of 3APS that are capabie of vislding of generating, sither in vitro or in vive,
BAPS have one of the gensral or speciiic formulae or strutiures distlosed harein. The
present disclosure encompasses these compounds, pharmaceutical compositions containing
tnese compounds, and metheds employing such compounds or compositions in the
ireatment of various medical disorders quch =z Alzhaimer's diseass. '
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The present disclosure also relates to pharmaceutical compositions comprising a
compound of the present disclosure.

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

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

The present disclosure also provides the use of a compound according to the present disclosure for the
manufacture of a medicament. The present disclosure also provides the use of a compound of the present disclosure
for the treatment or prevention of Alzheimer's disease, mild cognitive impairment,

Down's syndrome, Hereditary Cerebral Hemorrhage with Amyloidosis of the Duteh-Type,
cerebral amyloid angiopathy, other degenerative dementias, dementias of mixed vascular

and degenerative origin, dementia associated with Parkinson's disease, dementia associated

with progressive supranuclear palsy, dementia associated with cortical basal

degeneration, or diffuse Lewy body type of Alzheimer's disease. The present disclosure also provides
methods for the treatment or prevention of the aforementioned diseases comprising administration
of a therapeutically effective amount of a compound of the present disclosure or 2 composition
comprising the same, to a subject, preferably a human subject, in need thereof. More preferably,
the discase is Alzheimer's disease. Accordingly, a related embodiment of the present disclosure
relates to the prevention and/or treatment of Alzheimer's disease in a human subject by
administering an effective amount of a compound or composition of the present disclosure to a
human subject in need thereof.

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

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

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



Embodiment 1. A compound of the Formula &,

Bl A& 0
wharain
B 8 & pharmacokinslic modulating meisty, which is optionally also bonded to A direstly or
indirectly through a further linking group L
A iz 2 3-amino-1-propanasulfonic atid moisty (e, 3APS bound to L-3), and
L is a cleavabls inkage for covalently and dizsociably coupling B 1o A {(prefsrably and
typically viz the WNH; group), or is absent, wharsby L can be a direst bond or additional
chamical strusturs providing a cieavable inkages,

or & pharmaceutically acceptabie sali or soivate thareot,

£mbodiment 2. The compound according 1o embodiment 1, wherain
L is a linkage that when metabolized or hydrolyzed either in vifro or in vivo produces 3APS,
and/or
B is a molety that increases the therapeutic bio-distribution of 3APS upon administration of
the compound of formula | to a human sublect.

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

Embodiment 4. A compound according to embodiment 1, wherein
B is an amino acid or & peptide, and

and L is a hydrolyzable finkage.

Embodiment 5. A compound according to embodiment 1, which is a compound of formula
(0, (=A% (-C), (-D), (FE), (1FP), (1-P2), (1), (1, {1V}, (V), (V1. (VI), (VHIE), (X)), (X), (X1), (X,
(XH-A) or (XN, which are set forth hersinafter, or a pharmaceutically acceptable salt thereof,

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

Embodimen{ 7. A method for treating or preventing Alzheimer's disease, mild
cognitive impairment Down's syndrome, Hereditary Cerebral Hemorrhage with Amyloidosis of

the Dutch-Type, cerebral amyloid angiopathy, a degenerative demeniia, a dementia of mixed



vascular and degeneralive origin, demantia associated with Parkinson's disease, dementia
associated with progressive supranuclear palsy, demeniia associated with corfical basal
degeneration, or diffuse Lewy hody type of Alzheimer's disease comprising administering a
therapeutically effective amount of a compound of embodiment 1 to a human subject in need
thereof.

Embodiment 8. A process for converling a compound of embodiment 1 1o 3APS
comprising contacting said compound with an enzyme which metabolizes said compound to
3APS in vitro orin vivo.

Embodiment 8. A process according {o embodiment 8, comprising contacting said
compound with plasma, bioad and/or brain cslis,

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

metabolism, which occurs when 3APS is administered to a human subject.

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

a human subject.

Embodiment 12. A method according to embodiment 10, wherein 3APS is
administered in the form of a pradrug of 3APS which yields or generales 3APS after being
administered to said human subject.

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

is a compound of the Fermula [

B l—k {t
wharein
B s a pharmacokinafic moduiaiing molaty, which = opticnally alse bondad 10 A dirschy or
indirectly through a further linking group L
A s 2 3-amine-1-propanssulfonic acid melety {le,, 3APS bound 1o L-B), and
L & a cleavable linkage for covaisntly and disaociabiy couniing B to A {preferabiy and
typlcally via the NH: group), or is absent, whareby L can be a dirset bond or addifinna;

chemical structure providing a cleavabls iinkaps,

(23]



or a pharmaceutically accepiable salt or solvate thereof,

Embodiment 14. A method according to embodiment 10, wherein 3APS is
administered threugh 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, supposiory, enema, or vaginal cream or lotion.

Embodiment 15. The method of embodiment 10, wherein the bicavailability of
3APS, AUC of 3APS, brain levels of 3APS, CSF levels of 3APS, Cpay of 3APS, Ty of 3APS,
and/or bio-absorption of 3APS is increased.

Embodiment 16. A method according fo embodiment 10, wherein Alzheimer's
disease is treated or prevented.

Embediment 17. A method according fo embodiment 10, wherein the effective
therapeutic level of 3APS in a selected human tissue is increased.

Embodiment §8. A method according to embodiment 17, which increases the

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

Embodiment 19. A method according to embodiment 18, which increases the
therapeutic effectiveness of 3APS.

Embodiment 20. A method according to embodiment 10, which lessens the
first pass metabolism of 3APS.

Embodiment 21. A method according fo embodiment 10, which reduces the
side effacts of 3APS,
Embodiment 22. A method according 1o embodiment 10, wherein the oral

AUC of 3APS is increased by at least 20%.

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



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

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

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

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

Embodiment 28. A compound according to embodiment 1, wherein said
cleavable linkage is selected for yielding or generating 3APS or a derivative of 3APS, either in

vitro or in vivo, e.q., wherein the linkage is cleavable hydroiytically or enzymaticaily.

Embaodiment 27. A compound according to embodiment 1, wherein said
pharmacokinetic moduiating molety is selected for increasing the therapeutic bio-distribution

of 3APS upon administration of the compound of formula f to a2 human subject.
Embodimant 28. A prodrug of the Formula |

B L~ A& 431

whsratn
B is 2 phammacokinetic modulating moisty, which s cotionally aise bonged 1o A dirsctly or
indirectiy through a further linking group L
A iz a 3-amino-1-propanssulionic acid molety (ie., 3APS bound 1o L-B), and
L is 2 dleavable iinkage for covaiently and diescciably coupling B to A (praferably and
typically via the NH, group), or is absent, whnereby L can be 2 direct bond or agditional
chemical structure proviging a clsavable finkags,
or apharmaceutically accepiable salt, metabolits or solvate thersoi,

wherein the metabolite of sald prodrug can be 3APS andior other metabolites,
mcluding, but not fimited 10, metabolitzs identified sisawhare harein, e.q., the sxampies,

Additional objects, advantages and features of the present disclosure will become more
apparent upon reading of the following non-restrictive description of preferred embodiments

which are exemplary and should not be inferpreted as limiting the scope of the present disclosure.

oy
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| Definitions

All technical and scientific terms used herein have the same meaning as commonly
understood by one ordinary skifled in the art to which the invenilon pertaing. For
convenience, the meaning of certain ferms and phrases usad herein are provided below.

To the extent the definiflons of terms in the publicafions, patents, and patent
applications incorporated herein by reference are confrary to the definitions set forth in this
specification, the definitions in this specification control. The section hesadings used herein
are for organizational purpeses anly, and ars not 1o be construed as fimiting fhe subject
matter disciossd.

it should be noted that, the singular forms "a®, "an", and "the" include plural reterents
urdess the content clearly dictates otherwise. Thus, for exampie, reference 1o a composition
containing "z compound" includes a mixiure of two or mors compeunds. it shouid also be
noted that the farm "or” is generally emploved in its sense including "andior” unless the
content cleatly dictates otherwise.

The chemicat siructures herein ars drawn according o the convenilonal standards
known in the art. Thus, wherg an atom, such as & carbon aiom, as drawn appears 1o have
an unsatisfied valency, then that valency is assumed to be safisfied by 2 hydmgen atom
even though that hydrogen atom is not necessarily explicitly drawn. Hydrogen atoms should
be.inferred to be part of the compound.

The symbol "—" in general represents z bond beiween twe atoms in the chain, Thus
CHgO—CH~CHIR} ~CH; represents a 2-subsiituted-1-methoxypropans compound. In
addiion, the symbol "—" represents e point of attachment of the substituert 1o a

compound. Thug for exarmple aryl{C--Csj—alicy indicates an arvialkyl group, such as benzy,
attached o the compound af the alky! moiety,

Where multiple substituenis are Indicated at being attached to a struciure, itis Io be
uncersioed that the substifuents can be the same or different. Thug for example "R,
optionaliy substitited with 1, 2 or 3 R, groups” indicates that R, is substited with 1,2, or 3
Rq groups where the Ry groups can be the same or different,

As used hetein, the tem "Compounds of the present invention” and eguivaleni
exprassions rafers to compounds mentioned herein as being useful for at least one purpose
of the’inveniion, e.g., those encompassed by structural Formulae such as (1), (-4, (-0,
(1-Dy, (B, (1-PY, (-P23, (8, (11, (V), (WY, (WD, (VH3, (VI 60X, 040, (XI, (XID, (XI-4) and
{XHY, and includes specific compounds mentioned herein such as A1 1o A8, C1 v 028, BY
to Bt4, Hi to M4, G1 o G11, 81 to $14 and D1 to DB, eta., 25 well as their pharmacsutically
accepiable salts and solvetes. Embodiments herein may exciude one or more of the
compuunds of the invention. Compounds may be identified sither by their chemical structurs
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andfor chemical name. When the chemical structure and chemical name conflict, the
chemical structure i¢ determinative of the identity of the compound. The compounds
described hersin may contain one or more chiral centers and/or doubie bonds and thersfore,
may exist as stersoisomers, such as doutle-bond isomers (i.g.. geometric isomers),
enantiomers, or diastereomers. Accordingly, the chemical siructures disclosed herein
encompass - all possible snantiomers and stereoisomers of the iustrated compounds
including the sterecisomerically pure form (e.g., geometrically pure, enantiomerically pure, or
diastereomerically pure) and enanilomeric and stersoisomerc mixiures, Enantiomeric and
stersoisomeric mixiures can be resolved intc their component enanfiomers or stereoisomers
using separation technigues or chiral synthesis techninuas well known to the skilled artisan,
e.g., chiral chromatography (such as chiral HPLC), immuncassay techniques, or the use of
covalently {sich as Mosher's esters) and non-covalently (such as chiral salts) bound chiral
reggents (o respectively form a diastereomeric mixiure which can be separated by
conventional methods, such as chromatography, digtifiation, orystallization or sublimation,
the chiral salt or ester is then exchanged or cleaved by converticnal means, o recover the
desired isomers. The compounds may also exist in several tautomeric forme including the
enoi form, the kete form, and mixiures thereol. Accordingly, the chamica! structures depictad
herein encompass all possible tautomeric forms of the Hllustrated compounds. The disciosed
sompounds also include isotopically labeled compounds whars one or more atoms have an
atomic mage different from the atornic mass most abundantly found in nature. Examples of
isotopes that may be incorporated into the compounds of the present invention inciude, bul
are not limited to. *H (D), °H (T}, 'C, ®C, ™C, ™N, "0, 70, ete. Compounds may exist in
unsoivated forms as well as solvated forms, including hydrated forms. in general,
compounds may be hydrated or solvated. Certain compounds may exist in muitiple
crystalline or amorphous forms. In general, all physical forms are equivalent for the uses
contemplated herein and are intenda¢ t© be within the scope of the present invention.
Further, when partial structures of the compounds are iliustrated, bracksts or eguivalents
indicaie the point of attachmant of the partial structure 1o fhe rest of the molecuis.

The term “prodrug” and equivalent expressions refer {0 agents which can be
converted in vitro or in vivo directly or indirectly to an active form (see, .5, R.B. Siiverman,
1982, “The Organic Chemistry of Drug Design and Drug Action,” Academic Prass, Chap. 8;
Bundgaard, Hans; kditor. Neth, (1988), “Design of Prodrugs”. 360 pp. Eisevier, Amsierdam;
Stelta, V., Borchardt, R.; Hageman, M. Oliyal, B, Maag, H.; Tiley, J. (Eds.) (2007),
“Prodrugs: Challenges and Rewards, XV, 1470 p. Springar). Prodrugs can be used 1o alter
ihe biodistribution (e.g., o allow agenis which wouid not typically enter the reactive site of
the protease} or the pharmacolkinstics for & 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 a3 sublect, the group is cleaved, enzymatically or
ron-enzymatically, reductively, oxidatively, or hydralytically, or otherwise to reveal the active
form. As used herein, “prodrug” includes pharmaceutically accepiable salis thersol, or
pharmaceutically acceptables solvales as well as crysiafine forms of any of the foregoing.
Prodrugs are frequently, aithough not necessarily, pharmacoiogicaly inactive uniil converted
to the parent drug.

The ferm "gemini dimer” and equivaient expressions refer 1o a synthetic compound
comprising at least fwo moieties of the same agent or drug coupled together. For
baskground on gemini dimers, ses: Hammell D C, Hamad M, Vaddi H K, Crooks P A,
Stincheomb A L. A duplex "Gemind” prodrug of nalirexons for transdermat delivery. J Sontrol
Release. 2004, 97(2):283-80. In preferred embodiment, the gemini dimers of the inveniion
are made of two linked 3APS molecules that may be converied in vitro or in vivo directly or
indirectly to reiease &t least one, preferably two, pharmaceutically active 3APS molecuies,

The term “carbamate” refers to an oxycarbonyl residue (-OC(0)-) linked to an amino
group to farm a group comprising & (-OG(O)N(er NH}-) radical The carbamate group canbe
secondary (NH) or iartiary (N}, This ferm is further defined in Section 1-8{(a).

The term "amide” refers fo an organic compound corftaining a carbonvi (-C{O4-)
attached fo anh amine group fo form 2 group comprising the radical (-C(ON{or NH}-), The
amice group can be secondary (NH) or teriary (N). This {erm is further defined in Section
li-A, The tarm “rion-amino acic amide” refers 1o an amide group where the carbonyl (-C(0)-)
does not form part of an amine acid residue. Thig term ig further defined in Section H-B(b).

The tarm “carbohydrate-derived” refers 1o compoundé where the group atiached to,
for example, 3APS, is an organic group that is or is derived from a polyvhydroxy aldehvde, |
poiyhydroxy keione, or a polyol, can changs o such group on simple chemical
rransformations, such as hydrolysiz, oxidation, or reduction. These groups include, for
example, sugars, starches, cailuloses, and gums. This term Is further defined in Section I1-C.
The term "N-hydroxy-derived” refers to compounds containing & hydroxy or hydroxy-derivad
group {2.g. alkory, banzyloxy, phenoxy, acyioxy, and the fike) io form an (RO-Nior NH)-).
This tarm g further defined in Ssction 1-D(a). '

The ferm “cyclic double-protected” refers {o compounds wharein a protecting group
in linked to both the amine and the sulfonic acid of 3APS. This term is further defined in
Section 1-D(b).

The term "ester” rsfers to compounds ihatl can be represented by the formula
RCCOR {carboxylic ester) o he formula RSC,R' {sulfonate ester), where the group R can
be, for example 3APS or the 3-aminopropane part thereof, and the group R’ can be anocther
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organic group. These compounds are usually respectively formed by the reaction between a
carboxyiic or a sulfonic acia and an aicohel usually with the elimination of water.

The term “amino acid” generally refers o an organic compound comprising both a
carboxylic acid group and an amine group. The term “amins acid” includes both “natural” and
“unngtural” or "non-natural” amine acids. Additionally, the term amino acid includes O-
aikylated or N-alkylated amino acids, as well as amine acids having nifrogen or oxygen-
containing side chains (such as Lys, Orn, or Ser} in which the nifrogen or oxygen atom has
bean acylated or alkyizted. Amino acids may bepurs Lor D isomers or mixiures of L and D

isomers, including racemic mixtures. In general, amino acids are represented by the residue

of Formula V.

The term “natural amino acid” and equivalent expressions refer 1o L-amino acids
commonly found in naturally ccourring proteine. Examples of natural amino acids include,
without limitation, alanine {Ala), cystein {Cys), aspartic acid {Asp), giutamic acid (Glul,
phenylalanine (Phe}, glycine (Gly), histidine (His), isoleucine (lig}, lysine (Lys), leucine (Leu),
mathionine {Met), asparagine (Asp), proline (Pro), glutamine (Gln), arginine (Arg), sering
{Ser), threonine (Thr), valing {Val), iryptophan (Trp), tyrosine {Tyr), B-alanine (B-ALA}, and
v-aminchutyric acid {GABA).

The ferm “unnatural amino acid” refers to any derivative of a natural amine acid
inciuding D forms, and o- and B-aminc acid dertvaiives, The terms “unnatural amine acid”
and “non-naturai amino acid” are used nterchangeably harain and are meant to inciude the
same moieties. It is noted that certain amino acids, e.g., hydroxyproline, that are classified
&s a non-natural aming acid herein, may be found in nature within a certé.in organism aor a
pariicutar protein. Amino acids with many different proteéiirzg groups appropriaie for
immediate use In the solid phase synthesis of poptides are commercially availabla. In
addifion {o the twenty most common naturally cocurring amino acids, the following examples
of non-natural amino acids and amino acid derivaiives may be used according fo the
invention {common abbreviations in parentheses): 2-amingadipic acid (Aad), Bvamfnnadipic
acid (B-Aad), 2-aminobutyric acid (2-Abu), ,B-dehydro-2-aminobutyric acid (8-Al,
1-amiﬂoéyciopropane—‘i-carboxyii:; acid (ACP(), aminoiscbutyric  acid (A, 3-
aminoiscbutyiic acid (B-Alb), 2-amino-thiazoline-4-carboxylic acid, S-aminovaleric acid (5-
Ava), G-aminchexancic acid (6-Ahx), Z-amincheptanoic acid {Ahe}, B-amincoctanoic acid (8-
Aoc),  Ti-aminoundecanoic  acid  (11-Aun), 12-aminododecancic acid  (12-Ado),
2-aminobenzeic acid (2-Abz), 3-aminobenzoic apid (3-Abz), 4-amincbenzoic acid(4-Abz},
4-amino-3-hydroxy-6-methytheptancic  acid (Siatine, Sia). aminocoxyacetic acid (Acal,
2-aminoiétraiine—E-carbuxyho acid (ATC), 4-amino-5-cyclohexyt-3-hydroxypenianoic acid
(ACHPA),  parz-aminophenylalanine  (4-NH.-Phe), Z-aminopimelic  acid  (Apm),
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biphenylaianine (Bip), para-bromophenylalanine (4-Br-Phe), ontho-chicrephenylalanine
(2-Cl-Phe), mela-chlorophenylataning (3-Cl-Phe), para-chiorophenyialanine (4-Ci-Phe),
meta-chiorotyresine {3-0-Tyr), para-benzoyiphenyialanine (Bpa), er-butyiglycine (TLG),
cyclohexylalanine (Cha), cyclohexylgiyoing (Chg), desmosine {Des), 2.2-diaminopimealic acid
(Dpm),  2.3-diaminopropienic acid  {Dpn), 2 4-diamincbutyric  acid  {Dbu),
3 4-dichloropherytaianine {3,4-C1-Phel, 3. 4-diflurorphenylalanine {3,4-F-Pha,
35-diicdotyrosine  (3,5-12Tyr), Neethylglycine (EtGly), Nethvlasparagine  (EtAsn),
ortho-fluorophenyialaning {2-F-Phe), meta-Huotophanyisianineg (3-F-FPhel,
para-fiuorophenyltalaning  (4-F-Phe}, meta-fiuoroiyrosing (3-F-Tyr), homoserine {Msej,
homophsanylatanine (Hfe), homotyrosine {Hiyr), hydroxviysine (Hyli, aflo-hydroxyvlysine
{aHyl}, S-hycrowytrypiophan ({5-0H-Tmpl, 3- or  4-hydroxyproline (3- or  4-Hyp),
para-iodophenyvialaning (4-1-Phe), 3-odotyrosineg {8-1-Tyr), indoline-2-carboxyiic ackd (ldel,
isodesmosine [ide), alic-isoleucine (a-lle), isonipscotic acid {Inp), M-methviisoleucine
{Melle), N-methvllysine {Melys), metz-methyityrosing (3-Me-Tyr), N-methylvaline (MaVal),
1-naphtnyislanine (1-Nal), Z-naphtnyvlalaning {(2-Nai), para-nitrophenviataning (4-NOy-Phe,
S-itrotyresing  (3-NOx-Tyrj, norleucing  (Nie), norvaline  (Nva), omithing  {Om),
ortho-phosphotyrosine (H.POs-Tyr), octahydroindoie-2-carboxylic acid (Oic), penicllamine
(Pen), pentafluoroshenyialanine (Fs-Phe), phenyigiycing (Phg), pipecolic acid  {Pip},
propargyiglycine (Pra), pyrogiutamic acid (PGLLY, sarcosine (Bar), telrahydrotsoguinocline-
3-carboxylic acid [Tig), thisnylalanine, and thiazolidine-4-carboxyiic acid (thioproline, Th).

Aswaed herain, the term “acyelic” refers {o an organic moisty without ring system.

The term “gliphatic gréup" incluges organic moieties characterized by strzight or
branched-chaing, typically having betwsen 1 and 15 carbon atoms, Aliphatic groups inciuds
non eyclic alkyl groups, atkeny! groups, and atkynyl groups.

As used herain, the tenm “alkyl” refers fo saturated hydrocarbons having from one to
twalve carbon atoms, including linear, branched, and cyclic alkyl groups. Examples of alkyl
groups include, without limitation, methyl, ethyl, propyl, buiyl, pentyl, hexy!, hepiyl, ooty
nonyl, decyl, isopropyl, fertbutyl, sec-butyl, isobutyl, cyclopropyl, cyclopentyl, cyclahexyl,
cyciohepfyi, eyciooetyl, and the like. The term alkyl includes beth unsubstituted alky! groups
and substituted alkyl groups. The ferm “G-Chatiyl”, wherein n is an integer from 2 o 12,
refers to an alkyl group having from 1 o the indicaied “n" number of carbon aioms.

As used herein, the ferm “alkenyl” refers to unsaturated hydrocarbons having from
two to twelve carbon atoms, including linear, branched, and cyclic non aromaiic alkenyl
groups, and comptising betwesn one 10 six carbon-carbon double bond. Exampiles of atkenyl
oroups include, without limitation, vinyl, alivl, t-propen-2-yl, i-buten-3-yl, 1-buten-d-vi, 2-
buten-4-yi, 1-perten-5-vi, 1,3-pentadien-S-yi, cyclopentenyl, cyclohexenyl,
gthylcyciopentenyi, ethyloylohexenyl, and the fka. The term alkeny! includes boih
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unsubstituted alkeny! groups and substituted alkenyl groups. The term “Cpe-Cealkenyt’,
wherein n is an intsger from 3 to 12, refers 1o an alkenyi group having from 2 to the indicated
“n” number of carbon atoms.

As used herein, the term “glioynyl” refers fo unsaturated hydrocarbons having from
two to twelve carbon atoms, including linear, branched, and cyclic non aromaiic alkynyl
groups, and comprising between one o six carbon-carbon triple bond. Examples of alkynyl
groups include, without limitation, ethynyl, 1-propyn-S-y, 1-butyn-d-vl, 2-butyn-4-yl, 1-
pertyn-5-yi, 1,3-pentadiyn-5-yl, and the Bke. The term afkynyl inciudes both unsubsiituted
alkyny! groups and substituted alkynyl groups. The term “C-Chalkynyl”, wharein n is an
integer from 3 to 12, refers 10 an alkynyl group having from 2 fo the indicated “r” number of
carbon atoms.

Uniess the number of carbons is otherwize specifiad, “lower” a5 in “lower aiiphatic,”
“iower alkyl,” “lower alkenyl,” and “lower alicyiny!”, as used herein means that the moiety
has at isast one {two for alkeny! and alikynvt) and equal or iess than 8 carbon atoms.

The terms “cycloalkyl”, “alicyclic”, “carbooyclic” and equivalent expressions refer
0 & group comprising a saturated or partially unsaturated carbocyciic ring in 2 singie, spirp
{sharing one atom), or fused {sharing at least one bond) carbocyelic ring system having from
fhree to fifteen ring members. BExamples of cyclozikyl groups include, without Bimitation,
cyclopropyl, cyciobutyl, cyclopentyl, cyciopenten-t-vl, cytlopenten-2-yl, cyclopenten-3-yi,
oycichexyl, cyclohexen-1-yl, - cycichaxen-2-yi, cyciohexen-3-y., cycloheptyl,
bicyciol4,3,0jnonanyl, norbornyl, and the like. The ierm cycloalkyl inciudes both
unsubstituted cycioalikyl groups and substituied ovcloalkyl groups. The term “Cs
Cooycloalkyl”, whereln nis an integer from 4 o 15, refers to a cycloalkyl group having from 3
io the indicated “n" number of carbon atoms In the ring struciure. Uniess the number of
carbons is otherwise specified, “lower oycloalkyl” groups as herein used, have at least 3
and sgual or less than 8 carbon atoms in their ring struciure.

The term “heterocycioalkyl” and eguivaient exprassions refer to a group comprising
& safurated or partially unsaturated carbocyelic ring in a single, spiro (sharing one atom), or
fused {sharing at least one bond} carbocydlic ring sysiem having from three 1o fifieen ring
members, including one 1o six heteroatoms (e.g. N, O, 8, Pj or groups containing such
hetercaioms (e.g. NH, NR, (R, is alkyl, acyl, aryl, heteroaryl or cyciealkyl), PCg, SC, SOz,
and the like). Haterocycloalkyl groups may be C-attached or hetercatom-attached (e.g. via a
nifrogen atorn) where such is possible. Examples of haterocycioalkyi groups include, without
firmitation, pyrroliding, tetrahydrofuranyd, {etrahydrodithieny, tetrabydropyranyl,
tetrahydrothiopyranyt, piperidino, morpholing, thiomorpholine, thioxanyl, piperaziny,
azetidiny!, oxetanyl, thietanyl, homopiperidinyl, oxepany!, thiepanyl, oxazepinyl, diazeping,
thiazepinyl, 1,2,3,6-tetrahvdropyridiny!, 2-pyrrolinyl, 3-pyrrolinyt, indolinyl, 2H-pyranyi, 4H-
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pyranyi, dioxanyi, 1,3-dioxolanyl, pyrazolinyl, dithianyl, dithiclanyl, dihvdropyranyi,
dihydrothienyl,  dihydrofuranyl,  pyrazolidiny, imidazolinyl,  imidazolidiny!, 3-
azabicyclo]3,1.0fhexanyl, 3-azabicyclof4,1,0lheptanyl, 3H-indolyl, quinolizinyl, and sugars,
and the fika. The term heterocycloalky! includes both unsubstitutad heterccycloatkyl groups
and substituted heteronycioalkyl groups. The ferm "Cs-Chheterooycloalky!’, whereln n is an
integer from 4 o 15, refers o a heterocycicalkyl group having from 3 to the indicated “n”
number of atoms in the ring strugture, including at isasi one hetero group or atom as defined
ahbove. Unless the number of carbons is otherwise specified, “lower haterocycloaliky!” groups
as hersin used, have at isast 3 and equal or less than 8 carbon atoms in their ring structure.

The terms “aryl” and "aryl ring” reler fo aromatic groups having “4n+2"m{p)
slecirons, wherein n is an integer from 1 fo 3, in a conjugated monocydiic or polyoyclic
system (fused or not) and having six fo fourlzen ring atoms. A polyoyclic ring system
includes at izast one aromatic ring. Ayl may be directly aftached, or gonnacted via a G+~
Csalkyl group (alse referred 1o as arviglkyt or aratkyl). Examples of aryl groups include,
without fimitation, phenyl, benzyl, phenetyl, 1-phenviethl, tolyl, naphthyl, bipheny,
terphenvl, indenyl, benzocycloocienyl, benzocycioheptenyl, azuienyl, acenaphihylenyl,
fiuorenyi, phenanthernyt, anfhracenyl, and the like. The term aryt includes both unsubsiituied
aryt groups and substituled aryl groups. The term "Ce-Craryl”, wherein n is an integer from 8
to 15, refers to an aryl group having from 6 1o e indicated “n” number of atoms In e ring
structure, including at least ong hetero group or atom as defined above.

The terms “hetaroary!” and “heteroaryl ring” refer to an aromaiic groups having
“4n+2“w(pi} slectrons, wherein n is an integer from 1 1o 3, ih a conjugated monocyalic or
polycyclic sys‘iém (fused or not) and naving five {0 fourtoen ring mermbers, including one to
six heiercaioms (2.0, N, O, S) or groups conaining such heteroatoms (e.g. NH, NR, (R, is
aliyd, acyi, arvl, heteroaryl or cycloaliyl), SO, and the like). A polyoyclic ring system includes
at igast one heterparomatic ring. Meteroaryis may be directly atfachad, or connegted via a
C-Csaliyt group (also referred v as hetercaryialky! or heteroaraliyl), Heteroaryl groups may
be C-attached or hetsroatom-atiached {e.g. via a nifrogen atom), where such is possible.
Examples of heteroaryl groups include, without limitation, pyridyl, imidazelyl, pyrimiding,
pyrazolyl, triazolyl, teirazolyl, furyl, thienyl; isooxazolyl, thiszolyl, oxazoivi, imothizzobyl,
pyrroliyl,  quinolinyl,  isoquinolinyl,  indolyl, isoindolyl, chromenyl, isochromenyl,
benzimidarolyl, berzofuranyl, cinnofinyl, indazoli, indolizinyl, phihatazinyl, pyricazing,
pyrazinyl, triazinyl, isoinciolyl, ptendinyl, purinyl, oxadiazolyl, thiadiazolyl, furaranyl,
benzofurazanyl, benzothiophenyl, benzothienyt, benzothiazolyl, benzoxazelyl, quinazoling,
quirolizinyl, quinoionyl, iscauinoionyl, quinoxalinyl, naphthyridinyl, furopyridinyl, carbazolyl,
phenanthridinyl, acridinyl, perimidinyl, phenanthrolingl, phenaziny, phenothiaﬁiny{,
phenoxaziny, dibenzofurnayl, and the like. The term hetersaryl includas both unsubsiituied
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heteroaryl groups and substituied hetercary! groups. The term “Celihetervaryl”, wherain n
is an ieger from 6 o 15, refers 10 an helgroany! group having from 5 to the indicated “n”
number of aioms in the ring strusture, including at ieasi one hetero group or atom as defined
above. |

The terms “heterocyste” or “heferocyelic” include heterosycloalkyl and heteroaryl
groups. Examples of heterocycles include, without iimiftation, aciidinyl, azocing,
benzimidazolyl,  benzofuranyl,  benzothiofurany!, benzothiophenyl,  benzoxarzoh,
benzthizzoly!, benzirigzolyi, benztetrazoly!, benzisoxazolvl, benzisothiazolyi,
bernzimidazolindl, carbazolyl, 4aH-carbazolyl, carbolinyl, chromanyl, chromenyl, cinnoling,
decahydroguinolinyl, 2H,8H-1,5 2-dithiazinyl, dihydrofuro[2,3-bltetrahydrofuran,  furany,
furazany!, imidazolidinyl, imidazolinyl, imidazolyl, tH-indazolyl, indolenyl, indoliny
indolizinyl, indoiyl, 3H-indolyl, isobanzofuranyl, isochromanyl, isomdazelyl, isoindofinyt,
ispindolyl, iscguinolinyl, .isothiazolyl, isoxazolyl, methyiensdioxyphenyl, . marpholing,
raphthyridinyl, octahvdroisoguinciiny!, oxadiazolyl, 1,2,3-oxadiazolyl, 1.24-oxadiazolyi,
1,2, 5-oxadiazolvl, 1,34-oxadiazolyi, oxazolidingl, oxazoiyl, oxazoliding, pysimiding,
phenanthiridinyl, phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl,
phinalazinyl, piperaziny, piperidinyl, piperidonyl, 4-piperidonyl, piperenyl, pteridinyl, puriny,
pyranyl, pyrazinyl, pyrazolidmyl, pyrazolinyl,  oyrazolvl, pyridazinyl,  pyridooxazole,
pyridoimidazole, pyridothiazole, pyridinyl, pyridyl, pyrimidingl, pyreolidimd,  pyrroliny,
2H-pyrrolyl, pyrrolyl, gquinazofinyt, gquinclinyl, 4H-guinciizinyl, quinoxaling, auinuciidiny!,
tatrahydrofuranyl, tetrahydroisoguinoliny, etrahydroguinolinyl, tatrazoiyl,
8H-1.2,5-thiadiazinyl, 1,2,3-thiadiazolyi, 1,2 4-thiadizzolyl, 1.2, 5-thiaciazolyl,
1.3, 4thiadiazolyl, thianthrenyl, thizzolyl, thienyl, ihisnothiazoiyl, thisnooxazoly!,
thishoimidazolyl, thiophanyl, trazinyl, 1.2 3driazoll, 1.24-Wiazolyl, 1,2,5-trizzolyl,
1,3, 4-trigzoiyl, xanthenyl, and the like. The ferm heterocycle includes both unsubsiiiuted
heterocyclic groups and substituted hetercoyclic groups.

The term “amine” or “aming,” as used herein, refars o an unsubsiiiied or
substituied molety of the formula —NR®R®, in which R® and R" are each indepencently
hydrogen, atkyl, aryl, or heterocyciyl, or B and R°, taken iogether with the nitrogen atom {o
which they are atiached, form g heterocyclic ring. The term amine includes compounds or
mioisties in which & nitrogen aiom is covalently bondad to at least one carbon or hietercatom.
Thus, the terms “alicylaming” and “distkylaming” as used herein means an amine group
faving respectively one and af least two C,-Ceaikyl groups attached therefo. The ferm
“arylaming” and “diaryiamino” inciude groups wherein the nitregen is bound 1o af feast one
or two ary! groups, respectively. The 1erm “arnide” or "aminoearbonyl” includes compounds
or moiefies which comiain & nitrogen atom which is bound 1o the carbon of & carbony! or a
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thiocarbony! group. The ferm acylamino refers fo an amine group directly attached to an acyl
group as defined herein.

The term ‘nitrg” means —NO,; the terms "hale” and “halpgen” refer io bromine,
chiaring, fluoring or ioding substituents; the term “thiol”, “thio”, or "mercapte” means SH;
and the term “hydroxyl” or "hydroxy” means —OH. The term “alkylthic” refers to an alkyl
group, having a sulfhydryl group attached thereic. Suitable alkvlihio groups include groups
having 1 to gbout 12 carbon atoms, preferably from 1 t© about 8 carbon atoms. The term
“alkyicarboxyl” as used herein means an alkyl group having a carboxyl group atiached
therete. ,

The term “alkoxy" or “lower alkomny” as used hersin means an alkyl group having an
oxygen alom attached thereto. Represeniztive alkoxy groups inciude groups having 1 o
about & carbon atoms, e.g., methoxy, ethoxy, propoxy, tert-butoxy and the like. Exampigs of
alikoxy groups include methoxy, sthoxy, isopropvioxy, propoxy, Dbutoxy, pentoxy,
fluoromathoxy,  difluoremethoxy, trifiuoremsthoxy, chloromethoxy,  dichicromethoxy,
trichioromethoxy groups and the fke. The term atkoxy inchides both unsubstituied or
substituted alkoxy groups., efc., as well as perhalogenated alkyloxy groups.

The term “carbony!” or “carboxy” includss compounds and moisties which contain a
carbon connecied with a double bond fo an oxygen atom. Examples of moistiss which
contain a carbonyl include aldehydes, katones, carboxylic acids, amides, esters, anhvdrides,
eic.

The term “acyl” refers 1o a carbony! group that is attached through s carbon stom {o
a hydrogen (L., formyl), an aliphatic group (C.-Cealkyl, C.-Cealkeny!, C-Ceallynyl, e.g.
acelyly, a cycloalkyl group (Cs-Cecycloalkyl), a heterocyclic group {C-Csheterocycioalky! and
CeCsheteroaryl), an aromatic group (Cearyl, &.g.. benzoyl), and the like. Acyl groups may be
unsubstiuted or substituted acyl growps (e.g. salioyvioyl).

it will be understoed that "subsiitulion” or ‘substituted with” includes the impiictt
proviso that such supstitution is in aocordance with the permitied valence of the substituted
atom and the substituent, and that the substitution resulis in a stable compound, e.g., which
does nol spontaneously undergo transiormation such as by rearrangement, cyclization,
ehiminaiion, eto, As used herein, e term "subsiituted” is meant 1o include all permissibie
substifuents of organic cotmpounds. It & broad aspect, the permissible substituents include
aoyclic and cyclic, branched and unbranched, carbooychic and heterceyelic, aromatic and
nonaromatic substituents af organic compounds. The permigsible subsiituents can b one or
mora. The term “subsiituted”, when in association with any of the forggeing groups refers to
& group substiiuted at ong or more poasition with substitiuents such as acyl, aming (including
simple amine, mone and dialkkviamine, mene and diarvlaming, and alkylaryiaming),
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acylamine (including carbamoyi, and urskdo), alkyvicarbonvioxy,  arylcarbonyioxy,
atkoxycarbenyloxy, alkoxycarbonyl, carboxy, carboxyliale, aminccarbon?l, mone  and
dialkylaminocarbonyl, cyano, =zido, halogen, hydroxyl, nitro, wrifluoromethyl, thie, alkylthio,
arvlthic, alkylihiccarbony!, thiccarboxylate, lower alkyl, lower alkenyl, lower akynyl,
cvclealkyl, heterocycioalkyl, aryl, hsteroarvl, iower alkoxy, arylory, aryioxycarbonvioxy,
benzyloxy, benzyl, sulfing, alkytsulfinyl, suiforyl, sulfate, sulfonate, sulfonamide, phosphaie,
phosphonato, phosphinaie, oxe, guanidine, imino, formyl and the like. Any of the above
substiiuents can be further substituted if permissible, 2.g. ¥ the group contains an alkyl
Group, an aryl group, or othar

The term “soivate” refers to a physical association of 2 compound of this invention
with one or more solvent molecules, whether organic or inorganic. This physical association
includes hvdrogen bonding, In certain instances, the soivate will be capabls of isolation, for
example when one or more solvent molecuies are incorporated in the crysial lattice of the
crystaline solid, “Scivaie” encompasses both solution-phase and isociable solvates.
Exernplary solvates inciude hydrates, ethanolates, methanolates, hemiethanolaies, and the
like.

A ”pharmaceuﬁcai&y acoeptablie salt” of o compound means a salt of a compound
that is pharmacewically acceptable. Desirable are salts of a compound that reiain or
improve the biclogical effeciivenass and properiies of the free acids and bases of the parent
compound as defined herain or that takes advantage of an intinsically basic, acidic or
charged functionailty on the motecule and that is not biclogicaily or otherwise ungesirabie,
Exampte of pharmaceutically accepiable salls are also described, for example, in Berge
et al., “Pharmaceutical Salts”, J Phanm. Soi 66, 1-18 (1877}, Such gals include:

{1} acid addition salts, formed on a baai¢ or pesitively charged functionality, by the
addition of inorganic acids such as hydrochiorie acid, hydrobromic acid, hydroicdic acid,
sulfuric acid, sulfamic acid, nitvic acid, phosphoric acid, carbonaie forming agents, and the
like; or formed with organic acids such as acelic acid, propionic acid, lactic acid, oxalie,
giyeolic acid, pivalic acid, -butylacetic acid, B-hydroxybutyric acid, valeric acid, hexanocic
acid, cyclopentanepropionic acid, pyruvic acid, maionic acid, succinic acid, melic acid,
malsic acid, fumaric acld, werarie acid, diiric acid, banzoic acid, 3-4-hydroxybenzoylibenzoic
acid, cinnamic acid, mandelic acid, meihanesulfonic acikd, einanesulionic acid, 1,2-athans-
disulfonic acid, 2-hydroxyetnanesuifonic acid, cyclohexylaminosulionic acid, benzenesulionic
acid, sulfaniic acid, 4-chiorobenzenesulfonic acid, Z-napthalenesulfonic  acid,
4-toluenesulionic acid, camphorsulionic acid, 3-phenyl propionic acid, lauryl suiphonic acid,
lauryl sulfuric acid, oleic acid, palmitic acid, stearic acid, iauric acid, embonic {(pamoic) acid,
paimoic acid, pantothenic acid, lactobionic add, alginic acid, ga}actarié acid, galacturanic
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acid, gluconic acid, gluconeptonic acid, gliutarnic acid, naphthole acid, nydroxynapthoic acid,
salicylic acid, ascorbic acid, stearic acid, muconic acid, and the liks;

(2} base addition salls, formed when an acidic proton present in the parent
compound gither is replaced by a metal ion, including, an alkali metl ion (eg. lithivm,
sodium, potassium), an alkaline earth ion {(e.g. magnesium, calcium, barium), or other metal
ions such as aluminum, zing, iron and the like; or coordinates with an organic base such as
ammonia, sthylamine, diethylamine, ethylenediamine, N N-dibenzyvisthylenadiaming,
ethanolaming, diethanciaming, irethanclamine, tromethaming, N-methylgiucemine,
piperazing, chioroprocain, progain, choling, lysine and the like.

Pharmaceutically acceptable salts may be synthasized from the parent agent that
contains a basic or acidic moietly, by conveniional chemical mathods. Genarally, such salts
are prepared by reacting the free acid or base forms of these agenis with a sioichiometric
amount of the appropriaie base or acid in water or in an organic soivent, or in a mixture of
the two. Salts may be preparad In situ, during the final isolation or purification of the ageni or
by separataly reacting a purified compound of the invention in is free acid or base form with
the desired corresponding base or acid, and isolaling the sall thus formad. The term
“‘oharmaceutically acceptable salis” also include zwilterionic compounds containing a
cafionic group covalently bonded to an anionic group, as they are "iniernal sakis”.

Al acid, salt, base, and other ionic and non-jonic forms of the compounds described
are includad as compounds of the invention. For example, if a compound is shown as an
acid herein, the salf forms of the compound are alge inciuded, Likewize, if a compound i
shown as a salt, the acid and/or basic forms ars also included.

“Abeta”, "AR", or “B-amyioid”, is defined as any peplide resuliing from bets-
secreigse mediated cleavage of Beta Amyioid Precursur Protein (APP), including for
examples peptides of 37, 38, 38, 40, 41, 42, and 43 amino acide, and extending from the
beta-seoretase cleavage sfie 10 amine acids 37, 38, 38, 40, 41, 42, or 43, it giso inciudes U
also Includes N-terminal truncated species of above peptides, such as the pyroglutamic
forms pE3-40, pE3-42, pE3-43, pEi1l1-42, pEii1-43 and the ike. For convenlence of
nomenclature, “AB, ", may be referred to herein as “AB(1-42)" or simply as “ABg" {and
likewise for any other amvicid peptides discussed hersin). As used hersin, the ierms
“Abets", “AB", "B-amyioid”, “amvioid-B" are synonymous referring colisctively to truncaied
and non-truncaied peptice species of the seguence betwsaen (- and wcleavage sies of APP,

The term “amvyicid-5 disease” or "amvioid-§ related disease” may be used for
miki cognitive impairment; vascular dementiz; sarly Aizheimer's disease; Aizheimer's
disease, including sporadic (non-hereditary) Alzhsimer's disease and familial (hereditary)
Alzheimer's disease; age-reiated cognitive degline; cerebral amvlold angiopathy {"CAA™;
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hereditary cerabral hemorrhage, seniie dementia; Down's syndrome; inclusion body myositis
{"IBM"); or age-related macuiar degeneration ("ARMD"), Mild cogniiive impairment (“MCH),
Cerebral amyioid angiopathy (“CAA™), age-related macular degeneration (ARMD),

"AUC" is the area under a curve representing the concentration of a sompound in a
biological sample of 2 subject as 2 function of time following administration of the compound
1o the subject. Examples of biological samples include biological fluids such 2s plasma and
bload, or organ homogenates such as brain or liver homogenates. The AUC can be
determined by measuring the concentrafion of a compound in a biological sample such as
the piasma, blood or brain hemogenate using methods such as lguid chromatography-
tandem mass spectrometry (LC/MS/MS), at various time infervals, and calcuiating the area
under the conceniration-versus-time curve, Suitable methods for caleulating the AUC from 2
drug concentration-varsus-time curve are well known in the arh. As relevant to the disclosure
here, an AUC for 3APS can be determined by measuring the concentration of 3APS in the
plasma, blood or brain homogenate of a subject following oral administration of a compound
of Formulae (1}, {I-4), (-CY, (D3, (RE), (-P), 6-P2), (1, (U, (V) V), VI, {VIED, OV, (DD,
(X0, (XI5, (X or (X1-A), 10 the subject. Uniess noted otherwise herein; AUC means AUCq,
as further definad in Example 4.

"Bicavaitabifity® refers fo the rafe and amount of a drug that reaches the sysiemic
circulation of a subject following adminisiration of the drug or prodrug thereof 1o the patient
and can be deisrmined by evalualing, for exampie, the plasma or blogd concentration-
versus-time profile for the drug. Parameters useful in characterizing a plasma or biood
concentrafion-versus-time curve include the arsa under the curve (AUC), the time t¢ peak
concentration {Tm;). and the maximum drug concentration (Cue). Bicavaliability is often
expressed as F{%) referring to the ratio in percentage of the AUC of the compound for a
specific mode of administration {e.g. orally) over AUC of the compound afier an IV
administration,

"Bioequivaiehce" refers to equivalence of the raie and extent of absorption of & drug
after administration of equal doses of the drug or prodrug o a patient. As used herein, two
piasma o blood concentration profiles are bioequivéiem if the 90% confidencs interval for
the ratic of the mean respense of the two profiles is within the fimits of 0.8 and 1.258. The
mean responss includes at least one of the characteristic parameters of a profile such as
Crrrans T e &0 AUC,

‘Crax” I8 the maximurn concentration of a drug in the biological sample of a subject
following administration of a dose of the drug or prodrug fo the subject.

Tmax 15 the time to the maximum concentration (Cre) of a drug in the biclogical
sample of 2 subject {ollowing administration of 2 dose of the drug or prodrug o 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 io the palient, which provides the
desired effect in the pafient under diagnosis or treatment. An effeciive amount can be readily
determined by the atending dizgnostician, as cne skilled in the an, by the use of known
technigues and by observing results obiained under analogous circumstances. In
determining the effective amount or dose of compound agministered, a number of factors
are considersd by the attending diagnostician, including, but not imited to: the size, age, and
general health of the sublect; the specific dissass invalved: the dagree of or involvement or
ihe severily of the disease; the response of the individual subject; the parficular compound
administered; the mode of adminisiration; the bicavailability characteristics of the preparation
administered; the dose regimen selecied; the use of concomitant medicaiion; ang other
relevant circumstances.

As used herein the term “therapeutic bio-distribution of 3APS" rafers to one or
more pharmacokinetic paramsters of 3APS which affect 3APS therapeutic activity.
Examples of such pharmacokinetic (PK) parameters inciuge but  are not limied to:
bicavailabllity of 3ARS, AUC of 3APS, brain levels of 3APE, O5SF levels of 3APSE, C.. of
3APE | Toa 0f 3APE, andfor bio-absomtion of 3APS, aic.

As used herein the terms “increased {(of like terms, e.¢., increasing, increass in,
etc.) therapeutic efiectiveness of 3APE™ and “enhanced (or like terms, e.g., enhancing,
enhancement, ete.). therapeutic effectivensss of 3APEY refer t©o an increased
offectiveniess of 3APS as measured, e.g., Dy one or more paramelers listed under
“therapeutic hio-distribution of 3APS” above. e.g.. by 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 80%, 85%, 88%, 125%, ¢ic., or gvan more, £.g., 2, or 4 foid, or even more when
administered to a subject, e.g., animal or human, which increase is with respect 10 the same
equivalent moiar doge of 3APS administered orally in water soiufion. Freferably such %
increases are achisved alse with respect w 3APS administared orally in the formulation of
Table 3 of USSN 11/103,8585, filed on April 12, 2008, Effectiveness can aiso be ag
measured, for axampie, by effect on characteristics of a diseass such as Alzheimer's
disease, e.g., by the reduction of plagues or AR load in the brain, or by an improvement in
ssiected manifestations of the disease, e.g., memory loss, cognition, reasoning, judgment,
prientation, etc. See UBSN 11/103.858, filed on Aprli 12, 2005, for detalls on how 1o
measure gfients on characteristics of such diseages.

The term “lessening metabolism of 3APS” (or related terms such as reduction,
iegs, iowering, reducing, lowered, eic) refers io decreasing the degree or amount of firgt-
pass meaboiism in the Gl tract or iver of 3APS (by administering if o 2 subject non-oraliy or
in particular oral formutations or in the form of & prodrug) by e.g., 5%, 10%, 20%, 30%, 40%,
50%, 80%, 70%. BL%, 80%, 95%, 98%, or even 100%, which decrease is with respect to the
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cegree or amount of metabsoiism of 3APS that oceurs when the same eguivalent molar doss
of 3APS is administered orally in water solution. Preferably such % decreases are achieved
aiso with respect o 3APS administered orally in the formulation of Table 3 of USSKN
11/143,858, filed on April 12, 2005,

The term “reduction of side effects of 3APS” refers to decreasing the amount of or
sevearity of one or more side effects of 3APS by, e.q., 5%, 10%, 20%, 30%, 40%, 50%, 80%,
70%, 80%, 80%, 85%, 99%, or 88.8%, or even 100%, which decrease is with respsect to the
amount of or severity of a side effect of BAPS that is exhibited when the same equivalent
melar dose of 3APS is administered orally In water solution, Preferably such % dacreases
are achieved aiso with respect (o 3APS administerad orally in the formulations of Tabie 3 of
USSN 11/103,886, filed on April 12, 2005,

More generally, the ferms lessening efc., increasing sic., refer in context herein {o the
percentage changes, e.g., by 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 80%, 85%,
99%, 125%, atc., or aven more, €.0., 2, or 4 fold, or even more.

All of the pharmacokinetic data in USSN 11/108,856, filed on April 12, 2008, are
incomporated hersin by reference, including the data for example 1 and of Tabie 3, for
exampta, for forming a comparative basis for the effects achieved by the present inventions.

When referring to “SAPS” being produced {e.g., released from g formulation or
progrug), all forms of 3APS are included, e.g., soivates thereof, ionically dissociated forms
thareod, charged forms thersof, etc.

"Pharmaceuiically acceptabie” refers to drugs, medicaments, inert ingredients sic.,
which the term gescribes, suiiable for use in contact with the tissues of humans and lower
animals without undue toxicity, incompatibiiity, instability, trritation, allergic response, and the
like, commensurate with a reasonabie bensfivrisk ratic. |t 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 LS. Pharmacoposia or other generally recognized
pharmacopoeia for use in animals and moere particularly in humans.

"Pharmaceutically acceptable vebicle” refers 1o a difuent, adjuvart, excipient, or
carrier with which 2 compound is administerec. ‘

“Pharmaceutical composifion” refers (0 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 likelihood
of the risk of (or susceptibility to) acquiring a disease or disorder (.e., causing af ieast ong of
the cinical symptorms of the disease not to develop in a patient that may be exposed to or
predisposed fo the disease but does not yet experience or display sympioms of the disease).

"Treating" or "treatment” of any diseass or disorder refers, in some embodiments, to
emeliorating at least one diseass or disorder (i.e., arresting or reducing the deveiopment of
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the disease or ai least ones of the clinical symptoms thereofl. In cerain embodiments
“treating” or "treaiment” refers to ameliorating at least one physical parameter, which may or
may not be discernible by the patient. In certain embodimants, "reating" or "reatment”
refers to inhibiting the disease or disorder, sither physically, (s.g., stebilizason of z
discemibie symptom), physiclogically, (s.g., stabilizafion of a physical paramster), or both. In
cettain embodiments, "reating" or "trearment” refers 1o delaying the onsst of the disease or
disorder. The term “reafing” refers to any indicia of success in the treatment or amelioration
of an injury, pathology or cendition. including any objective or sublective paramsier such as
abaternent; ramission; diminishing of symptoms or making the injury, pathoiogy or condition
more {olerable to the subject; slowing in the rate of degeneration or degdine; making the final
poirit of degeneration less debilitating; improving a subject’s phvsical or mental weil-being:
or, in some siiuations, preventing he onset of demeantia, The reatment or ametioration of
symptoms can be based on objeciive or subjective parameiers; including the resulls of &
vhysical examingtion, a peychiatric evaluation, or & cognition isst such as CDR, MMSE,
DAD, ADAB-Cog, or another fest known in the arl. For example, the methods of the
invention successfully ireat a subject’'s dementia by slowing the raie of or lessening the
exient of cognitive decline,

"Therapeutically effective amiount” means the amount of compound that, whan
administered 0 2 palient for trealing or preventing a disease, s sufiicient 1o effect such
treatment or prevention of the dissase. The "therapeuiically effective amount” will vary
depending on the compeound, the disease and its severity, and the age, weight, e, of the
patisnt having the diseass {0 be treated or preventad.

Reiference will now be made in detall {o cerfain embodiments of compounos and
methods. The disclosad embodiments are not intended to be miting of the inveniion,

In & further aspeact the inveniion inchiges the administration of 3APS that fs not via a
transdermal paich, or not by iopical administration in a compesition, .., lotons, creams,
solutions, geis or solids or not by subsutaneous, intravenocus or intraperitoneal injection, or
not intraspinally, or intracerebrally.

[l Compounds af the Invention

The present invention relaies to methods, compounds and composiions for
delivering in a sub_’;eéi, preferably @ human sublect, 3-amine-1-propanesulfonic acid, or salts
thereof, alse referred herein as 3APS. The inveniion encompasses compounds that will vield
or generate 3APS, either in vitro or in vivo,

in a oreferred embodiment, compounds of the invention inciude prodrugs that will
yield or generate 3APS once administered in & human. Without wishing to be bound by
theory, in some aspects the prodrugs according to invention comprise a “pharmacokinatic
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modulating moisty,” e.g., B, below, covalently bu! dissociably linked to 2APS that, eg., by a
linkage, L, beiow, which will be cieaved once in the biood, plasma or other specific tissue
{e.g. braim), thereby releasing 3APS.

Thus, in one aspect, the invention relates to a compound of the Formuia
B—i—A {5}

as wall as pharmaceutically acceptable salis, metabolites, and solvates thereof, where:

B is a pharmacokinetic modulating moiety, which is oplionally alsc bonded 1o A directly or
indirectly thought a further linking group L

A ls 3-amino-1-propanesulfonic acid moiety (i.e., 3APS bound to L-B); and

1. is a cleaveble linkage for covalently and dissoclably coupling B to A (preferably and
typically viz the NM; gfoup‘), or is absent, whereby L can be a direct bond or additional
chemical structure providing a clzavable linkage.

Sultable pharmaceokinetic modulating moisties {g.¢. B) moieties include amino acid or
pepiide moleties, carbamate moielies, non-aminoc-acid amide moletias, carbohydrate-derived
moisties and analogs such as inosiivl-derived moleties, N-hydroxy and derivaiives therect
{e.g., where the H in OH is replaced by an OR protecting group). B can aiso comprise a
cyelic double protected SAPS molecule and precursors {e.g., where a moisty connects NH.
and 50s+ of BAPE, e.g., sulfinic acids, thiols, sulfides, disuffides, etc.}, and combinations
thereof. More generally B moietfies inciude N-proteciing groups. B can aiso be the molecule
3APS iself (see gemini dimers).

Suitable lfinkages L will be any which are cleaved as described herein, e.g., by
enzymes mentioned herein or others in biood, plasma and or brain celis, in vitro or in vivo.
Linkages wilf generally comprise a bond which is known t© be so cleavabie such as but not
fimited 1o, a peptide, amice, ester, suffide, disulfide, carboxamate, urea, -N-O-, &te. bond,
and others as demonstrated for example In the structures disclosed herein, afl of which are
in general applicable as linkages, L, in compounds in general. Actual cieavabiiity of the finker
can be assessed in vitro andfor in vivo by using hydroiytic-, enzymatic- (e.g. peptidase,
esterase} or metabolic-based tests and assays well known in the art. international PCT
application WO 81/14434, published applications LS 2005/0008317, US 2006/0048967 and
provisional application US 80/xxx,xxx filed concurrently herewith, are all incorporated herein

by reference since they describe a varety of linkers that may be useful according 1o the
present invention.

In another aspect, the invention relates to Formula A {and salts, esters and solvates
theraof)
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whersin,
R* and RY are independently selecied from hydrogen and a protecting group, wharain
R* and R are not both hydrogen; and

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

The term “protecting group” refers to a group inhibifing and reducing metabolism of
e amino group of 3APS. Exampies of profecting groups include, without limitation, an
amino acid residue, 2 carbamate, a non-amino acid amide, a carbohydrate-derived residue,
2 N-hydroxy-derived residue, a cyclic double protecting group, and the like.

According fo preferred embodiments, the compounds of the invention exhibit
numerous advaniageous properties. in one embodiment, the compound is a prodrug which
bypassss firsi-pass metabolism by the fiver andfor the digestive tract {e.¢. gui, siomach, or
intesiine} thal is aszsociated with administration of 3APS, per se, thereby increasing bio-
distribution and/or bioavailabiiity of 3APS as compared to an administration of a moiar
sauivaient of 3APS. Bypassing hepatic fist-pass metabolism modifies, improves or increases
pharmacokinetic parameiers of 3APS such as the AUC, the Cry andior Try, of 3APS, In
one embodiment, the compound is a prodrug which exhibiis an increased absomtion by the
gastrointesiinal tract, compared to the administrafion 2 molar eguivalent of 3APS per se. In
one ambodiment, the compound is a prodrug which provides a slow relsase of 3APS over
fime. In another embodiment, the compound is a prodrug which increases brain lavels of
3APS when compared to the administration & molar eguivaient of 3APS per se. in another
embodiment, the compound is a prodrug which isgsens common side sffects associatag with

-the administration of 3APS per se. For instance, in a preferred smbodimeni, the prodrup

exhiblts a better gastrointestinal tolerabillly than 3APS,

in preferred embodiments the compounds and/or cormpositions of the inwention
achieve one or more of the following benefits: (1) reducing the molar dose of 3APS
administered to a patient (e.g. due to a improved absorption when compared 10 3APS or due
o a reduciion in the first-pass metabolism of 3APE); (2) avoiding common side effecis such
as gastrointestinal iritation associated with an oral administration of 3APS; (3} improving
penetration of 3APS across the BBE; (4] reducing the side effects assoclated with 34APS
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(e.g. by iessening gastrointestinal problems or by increasing the relative amount of 3APS
reaching the brain; (5) increasing concentration or levels of 3APS in desired tissues or fiuids
{g.g. brain, CSF). Orther banefits will be apparent {o those skiled in the arl

The invention pertaing to both salt forms and acidbase forms of the compounds of
the invention. For exampie, the invention penains not only 1o the particular salt forms of
compounds shown herein as salis, but alsc the invention includes other pharmacsutically
accepiable salts, and the acid andior base form of the compound. The invention also
pertaing to salt forms of compounds shown herein. Compounds of the invention are aiso
shown in Table 1, Table &, Table 8, Table 4 and Table 4B beiow.

The compounds of the present invention may exhibit polymorphism. Polymorphs of
compounds according to this invention may be prepared by crysiallization under diffarent
cenditions, For example, using different solvents or different solvent midures for
recrysiallization; crystallization at different temperatures; various modes of cooling ranging
from very fast to very siow ceoling during crystaiiization. Polymorphs may aiso ba obtained
by heating or malting a prodrug followed by gradual or fast coofing. The presence of
polymorphs may be determined by solid probe NMR spectroscopy, IR spectroscopy,
difierential scanning calorimetry, powder X-ray diffraction or other such technigues.

The compounds of the present invention may also axist in the form of a solvaie, -for
exampie, hydrale, ethanciate, n-proponsiaie, iso-propanolats, 1-butanolate, Z-butanoclale
and solvates of ofher physiologically accepiable solvents, such as the Class 3 solvents
described: in the intornationa! Conference on Harmonization {ICH;, Guidance for indusiry,
Q3C Impurities: Residual Solvents (1987). The pregent invention includes sach soivate and

mixtures thereof.

The amino acid or peptidic moiety, the carbamate moisty, the non-amine acid amids
moiety, the carbohydrate-derivad molety and anatogs such as inosiolderived, the
A-nydroxy moiety and derivatives, or any other pharmacokinetic modulating moiety of the
prodrugs, including cyclic double pretectad 3APS and precursors (e.g. sulfinic acids, thiol,
sulfide, disutfide, eic), and combinations thereo!, according to the inveniion may be cleaved
prior to absorplion by the gastrointestinal ract (s.g.; within the stomach or intestinal lumen)
and/or after absorption by the gastrointestinal tract {e.g., in intestinal tissue, blood, liver, or
other suitable tissue of a mammal). In cerfain embodiments, 3APS remains covalently
atiached io the pharmacokinstic modulating molsty during trapsit aoross the intestinal
mucosal barrier 1o provide protection frem presvsternic meiabolism. in certain embodiments,
pharmacokinetic modulating moisties according to the invention are essentially not
metabolized to the corresponding BAPS within celis of the intestine or liver {e.g. enterocyies,
hepatocyies), but generates the parent 3APS molecuie once within the systemic circulation.
in ceriain embodiments, at least some of the prodrug administered generates the
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corresponding 3APS only once in the brain, Le. after it has passed the biood brain barmier
(BEB). Clsavage of the pharmacokinetic modulating moiety of prodrugs according to the
invention after absorption by the gasiroiniesiinal fract may altow these prodrugs 1o be
absorbed into the systemic circulation either by active fransport, passive diffusion, or by a
combination of boih active ant passive processes. Accordingty, in cartain embodimenis, a
pharmaceuiical somposiion, formulation, or dosage form of the present invention is capsble
of mainiaining a therapautically sffective concentration of 3APS in the plasma or Diood of a
patignt for a time period of at least about 1 hour, for at isast 2 howrs, for at teast 3 hours, 4
hours, for at least about 8 hours, for a period of at isast about 12 hours, at lsast about 18
hours, at least about 20 hours, and in cerain embodiments for at ieast about 24 hours after
the pharmaceutical composition, formuiation, or dosage form comprising & corresponding
compound ascording to the invention and a phamaceutically acceptable vehicle is orally
administerad v the patieni. In cerfain embodiments, a pharmacsutical composition,
formuiation, or dosage form of the present invention is capable of improving the T of
3APS by at least 2 fold, oroy at teast 3, 4, 5, 8, 7, &, 5 or 15 foid or more.

The pharmacokinetic moduiating molety of certain of the compounds according 1o the
invention may be ¢leaved sither chemically and/or emzymatically. One or more enzymes
nresent it the siomach, intestinal lumen, intestingl fissue, blood, var, brain, or any other
suitable tissue of 2 mammal may enzymalically cleave the amino acid or pepiidic moisty of
the compotind. if the pharmacokinetic moduiating moisty Is cleaved afier absorption by the
gastrointestina tract, certain of the compounds acgording to the invention may have the
cpporfunity 1o be absorbed into the systemic clroulation from the large intestine. In cerfain
smbodiments, the pharmacokinetic modulating meiety & cleaved after absorption by the
gastrointastinal tract or afier crossing the BEE. ‘

Although theory of operation is discussed herain, for specific compound struciures,
including all generic structural formutas and specific names and formulas of compounds, the
invention is not fimited by any such theories uniess specifically stated otherwise, Thusg, all
uses of all novel compounds are encompassed by the inveniion, irrespective of mechanism
ot theory of operation, '

[-A. Amino acid prodruns

In a preferred embodiment, the compounds of the invention are amino acids
progrugs that will vield or generate 3APS once administered in a human. Praferred prodrugs
are composed of an amino acid residug linked to the amine group of 3APS via an amide
bond. The amine acld residus may e cleaved in vive by enzymes such as peptideses, or by
any cther mechanisms, 1o iberaie the amine group of 3APS,



More particularly, an aspect of the invention relates 1o a compound of Formula {11},
and to pharmaceutically acceplable salis, esters or soivates thereof:

AN g~ O
(= TR

{1

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

Otner aspects of the invention relate fo compounds of Formula (i and to a
rharmaceutically accepiable sali or solvate thereof:
10

{1

wharein:
az'is a natural or unnatural amine acid residue;

15 aa® and aa® are each independently a natural or unnatural amine acid residus or
- absent.

Further aspects of the invention refate o compounds of Formula (VY and to
pharmaceutically acceptable salis, esters or solvaies thereof:
20

OM
PO aaﬁ___N//\/\S/

F7A\Y
{iv}

whearein;
za’ is a natural or unnatural amino acid residue;
25 a5” is 7 nafural or unnatural amine acid residus, or is absent.

Yet further aspects of the invention relate o compounds of Formula (V), and fo
charmaceutically acceptable saits, esiers or solvates thereof;
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aa,EMN/»’\\//\S/OH

[7ANY

wherein az' is a natural or unnatural aming acid residue.

The invention futher relaies o compounds of Formula (V-A), and o
pharmaceutically acceptable salts, esters or soivaies thereof:

aame/v\S/OH

2R\
(V-£)

wherein g2" i an- amine acid resitue selected from vaiing, profine, lysine, lsucine,
methioning, D-methionine, serine, alaning, D-alanine, glycine, isoleucing, histidine,
aminoiscbutyric  acid, phenyigiveine, tryptophan,  Yrosing,  O-benzyiserine, &
benzylgittamine, and v-aminchutyric acid, '

in preferred embodiments ag” is an amino acid residue selected from valing, lysine,
methioning, serine, and O-benzvisarine, or E oharmnaceutically acceptable salt or solvate
theraof,

i one embodiment, the amine acid residue is coupled via an aoid end (C-coupled).
in an embodiment, the amino acid residue is a natural aming acid residue, or 2 salt or ester
thereoi, In another embodiment, the aming acid residue is an unnatural amine acid residue,
or & salt or ester thereo!l. in yet another embodiment, the amino acid residue is not a
ohenvialanine, e.q., In the case where a singie amine acid is aitached 1o the N aiom, but
alse in any other case. in a further embodimerd, natural or unnatural amino aeld residues in

Formuia It, Formuia tii, Formula 1V, Formuta V, or Formula V-A are optionally represented
by Formula (VI

wharair,

R and R? are each independently selected from the group consisting of H and 2
substituted or unsubstituted group selected from Ci-Cuealkyl, Co-Cosalkenyl, Co-Calkynyi,
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C+-Cysoycioalky!, Ca-Cisheterocycloalkyl, Cs-Cysaryl, Ce-Cysheteroand, NH{C-Caalkyl), N(C.-
Cealkyl)z, and C{ONC-Cealkyl); or R' and R® are taken iogether with the adjacent carbon
atom 10 form a subsiituied or unsubstituled Cu-Cohetercoycioaliy!; ‘

R?is selected from the group consisting of H and a substituted or unsubstiluted group
selecied  from  Ci-Cpaatkyl, GCoCualkenyl, Co-Crakynyl, CeOucycloalkyl, G
Cesheterooycloalkyl, Ca-Cisaryl, Cs-Cysheteroaryl, C{OWC-Cealkyl), and C{OWC-Csaryl); or
R* is a bond batween 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 unsubstiiuied group
selected from Ci-Cealkyl, Ca-Caalkenyt, Cx-Cealkynyl or R and R* ars taken together with
the adjacent carbon and nitrogen atoms to form a Ci-Cicheaterooyeloalkyl; and
nis 1, 2 or 8, or a higher number,

in one embodiment, the compound of the invention comprises an amino acid residus
of Formula VI, whersin R% is 1 and all other groups are as previousiy disclosed. In another
embodiment, the compound of the invention comprizes an amine acid residue of Formuta VI,
wherain R® and R° are each H and all other groups are as previously disciosed, In ancther
embodimeant, the compound of the invention comprises an amino acid residue of Formula Vi,

wherein whan R® and R® are sach H, then R’ is not an aryl-substiuted G, alkyl. in another

embodiment, the compound of the nvention comprises an amino acid residue of Formula Vi,
wherein when R* and R*® are each M, then R' is not 2 -CHzaryl group. In another
embodiment, the compound of the invention comprises an amino acid residue of Formuta V!,
wherein when R? e H and R is H or a bond, then R’ is not & -CHphenyi group. In ancther
smbodiment, the invention provides compounds of Formula V, provided that aa’ is not 2
phenviaianine. in another embodiment, the invention provides compounds of Formula IV,
provided that aa' and as® are not poth D-phenylalanine. in another embodiment, the
invention provides compouncs of Formuta [V, provided that sa’ and aa® are not both L-
phenyiglanine. In anpther ambodiment, the invention provides compounds ¢f Formuia IV,
provided that when one of aa' and ag” is D-phenylaianing, then the other s net D-
phenyiatanine or D-tyrosine. in vet another ambodiment, the inventlon provides compotinds
of Formula IV, provided that when one of a2’ and aa® Is L-phenylalanine, then the other is
not D-phenyialanine or L or D-tyrosine,

Table 1: Exemplary amino acid prodrugs according to the invention

0 Shruciure 1] Structiure
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Freferred amino acid prodrugs according to the invertion are Cornpounds A2, A4,
A8, A7 and A18 (as described above), and pharmaceutically acceptabie salts and solvates

. fhereof.

{I-B Carbamate non-aming acid amide and related prodru

Certait aspects of the invention relate 10 a compound of Formula (VI and 0
pharmaceutically acceptable salts, esiers or solvaies thersof!
06
i M~
5 e j_r N N ~OHM

O (VID

wherein,

-F{E is a substituted or unsubstifuied group selscted from G.-Cralkyl, Gp-Cralkeny,
Co-Copalkyryl, Ca-Casoycloalkyl, Ci-Cosheteronyatoalkyl, Co-Cozaryl, Ce-Csheteroary, NM(T.-
Cealiey), N{C-Cealkyliz, and C{OWC~Cealkyl);

R® iz & hydrogen or a substituted or unsubstiutad group selecied fram C{OINH,,
CIOINM(C,-Cealkyl), CIONIC-Coalkylls, ang C{ONC-Ceatkyl); or R® and R® are iaken
togetner with the adjacent carbon aiom w0 form a substiiuied or unsubstitsted Co-
Cigheterogycioalivl;

M is selecied from the group consisting of oxygen, sulfur, and nitrogen (NH or N(C.-
Cealtkyl)) or iz absent.

The invention pertaing to both salt forms and acid/base forms of the compounds of

the inventon. For example, the inveniion perlains not only 1o the particular salt forms of
compounds shown herein as salis, but also the nvention includes other pharmaceutically
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acceptable saits, and ithe acid and/or base form of the compound. The Invention also
periains o salt forms of compounds shown herein.

In one ambodiment, the invention provides compounds of Formuia VH, wherein when
M is absent and R® is H, then R® is other than 1-(4-isobutylphenyliethyl. in another
embodiment, the invantion provides compounds of Formuta Vi, wherein when R iz H and M
is NH or absent, then R® is other than 1-(4-isabutylphenyheathyl. In another embodiment, the
invention provides compounds of Formula VI, wherein when R® is M and M is NH, then R is
ofrer than benzyl, diphenylmsthyl, hexyl, dodecyl, adamantyl, and tbuityl. in another
smbodiment, the invention provides compounds of Formula VI, wherein whan R is H and M
is NH, then B® is other than hydrogen, 1.4-dihydro-5 6-dimethyl-4-oxo-2-pyrimidiny, and 5-
ethyioxycarbonyl-1-penthyl. In another embodiment, the invention provides compounds of
Formula VII, whergin when M is NH and R® and R® ars taken together with the adiacent
carpon atom to form a substitted or unsubstiuied Caheterocycloalkyl, then the
heterocycioalky! is other thah benzimidazol-2-one, tefrahydro-2.4,8-trioxo-1,3,5-trazine, 2,4~
dioxe-1-imidazolidine, 2,4-dioxe-{(di or tetrahydro)-benzolg)pteridine, 4,10-dihydro- 10-methyi-
2,4-gioxepyrimidol4, Shiouinoling,  Z-oxe-1-imidazeliding!, and 3 4-dihydro-2,4-dicxe-
1(2H)pyrimidine. In ancther embodiment, the invention provides compounds of Formuta VI,
whargin when M is NH, then R® and R® are nottaken together with the adjécent carbon atom
to form a substitited or unsubstituted Ty heterocycloalkyl. in anotner embodiment, the
invaniion provides compounds of Formula Vil, wherein when R¥is H and M is O, then R¥ig
other thant-butyt and benzyl, In ancther embodiment, the invention provides compounds of
Formula Vi, wherein when R° is H and M is C, then R® ig other than i-butyl and 9H-flucran-
g-yimethyl. In another embodiment, the invention providss compounds of Formula VI,
wherain when R® is M and M is absent, then R° is other than benzyl, phenyl, 3-pyridiny!, 3-N-
methyipyridinium, methyi, triftucrometil, pentafivoroethyl, pentafivorophenyl, and -butyl. In
another embodiment, the invention provides compounds of Formuia Vi, wherein wien R s
H and M iz absent, then B’ is other than n-butyl, i-butyl, n-propy, i-propyt, vinyl, 2-oropenyl,
2-{1-decenyl), 2-(1-dodecenyl), i-(B-undecenyl), octyl, decy!, undecy, tdecyl, pentadecyl,
heptadiecyl, 4-(N-oxy-2.2.6 B-tatramethyipiperidinyl), E-{1,3-dihydre-1,3-dioxc-2-
benzofuranyl), 4-nitrophenyl, and 3-phenoxyphenyl.

a; Carbamate prodrugs

in some preferred embodiments, the comgounds of the inveniion are carbamaie
prodrugs that will yisld or generate 3APS once administered in a human, Preferred prodrugs
comprise an oxycarbonyl residue (-OC{0O)-) linked 1o the amine group of 3APS via a
carbamate bond (-OC(0)-NH-). The amine residue may be cleaved in vivo by enzymes or by
any other mechanisms, including hydrolysis, 10 fiberate the amine group of 3APS. in &
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preferred embodiment, the compounds of the invention are carbamate prodrugs thar will
yield or generate 3APS once administered in a humarn.

Maore paricularly, certain aspects of the invention relate to a compound o
Farmula {VHI), and to pharmaceutically accepiable szits, estars or soivates thereof:

(Vi)
wharein,

R’ is & substituied or unsubstituted group selected from C.-Coqalkyl, Go-Croalkenyl,
Co-Copallynyl, Ga-Cisoyoloalkyl, Cy-Cishetorooydlogikyl, Ce-Cearvi, Ce-Coshetercarvl, Gr
Cozarvialiyt, G-Gygsheteroaryialkyl, and combinations thereof,

in one embodiment, the definition of R’ is & substiuted or unsubstituted 1-
{atkylcarboxyiaikyl group. In another embodimant, R’ is & substituted or unsubstituted benzyl
group. In  another embociment, R’ is a substituted or unsubstiuted
heterocycicalkyimethylene  groug. In another embodiment, the invention provides
compounds of Formuia VIli, provided that R is other than Bbutyl or benzyl. In another
smbodiment, fhe invention provides compounds of Formulz VIl provided that R7 is other
than Hbutyl or 8H-fluoren-8-yimathyl.

Thig invention perains 10 both salt forms and acid/bass forms of the compounds of
the invention. For example, the invention periains not only 0 the parlicular salt forms of
compounds shown herein as salts, but atso the invention inCludes other pharmaceutically
acceptabie saltg, and the acid andfor base form of the compound. The invention alsc

pearains 1o sall forms of compounds shown herein, Caompounds of the invention are also
shown in Tabie 2 below. '

Table 2: Exemplary carbamate prodrugs according to the invention
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b} Non-arvino acit amide prodrugs

in some preferred embodiments, the compounds of the inveniion are non-amino acid
amicte prodrugs that will vield or generate 3APS once administered o a human. Prafarred
prodrugs comprise a carbonyl-coniaining residue iinked o the amine group of 3APS vig an
amide bond. The carbonyl-containing residue may bé cleaved in vivo by enzymes or by any
other mechanism, 1o liberats the amine group of 3APS.

Praterred prodrugs are composed of a carbonyl-containing residue linked fo the
aming group of 3APS via an amide bond and suech carbonyl-containing group having a
nucleophlie such as a carboxylic acid or akcohol, capable of intemally cleaving the amide
bond. The amino acld residug may be cleaved i wvo by enzymes, or by any othsr

‘machanism, (o liberate the amine group of 3APS,

More pariicuiarly, certain aspects of the invention relate o a compound of
Formuta (1X}, and io pharmaceuticaly accepiable salts, esters or scivaies thareof;
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R
Pe_ N e

O (1)

wherein,

R® is & substitiied or unsubstituted group selected from C-;C{galkyi, G Conalkeny,
Cp-Gopatkynivi, Cp-Cystycioaliyl, Ca-Cisheterocyoloalky, Ce-Ciparyl, Cx-Cyshetersary!; and

R® s a hydrogen or a substituted or unsubstitted CONCCealkyl), C(OINH,,
CIONHIC -Cealicyls, or TOM(C-Cealicwlly; or B® and R® are faken together with the
adjacent carbon gtom to form & subsiifuted or unsubstituted C;-C wheterocycloalkyl.

in one embodiment, R® is a substituted 0Cealkyl. In another embodiment, R® is a
Ci-Gypalhyl substituted with a substituent selected from hydroxyzarbonyl, atkoxycarbonyl,
atkylcarbonyioxy, substiuted or unsubstituted Z-hydroxyphenyt, subsiituted or unsubstituted
o-glkylcarponyioxypheny! group or combinations thereof, in anothet embodiment, R is a
substituied or unsubstituted benzy! group. In a further embodiment, R® is selected from the
groups depicied in Table 3.

In one embodiment, the compound of the inveniion is a2 compound of Formula 1X,
wharein R* is H. In another embodiment, the compound of the invantion is a compound of
Formula iX, wherzin R® and R® are taken togsther with the ad;acené carbon atom to form a
substituted or unsubstituted Cs-Cisheterocveloalky!. in another e:ribodimerit, the compound
of the invention is a compound of Formula 1X, wherein R® and FF are taken together with the
adjacent carbon atom 1o form 2 subsiiiuted or unsubstied phthalimide. In another
embodimeant, the compound of the invention is a compound of Formula IX, wherein R® and
R are taken together with the adiacent carbon aiom o form a substinuted or unsubstituted
Cs-Grpheterocycloalkyl, wherein said heterocycie is oiher than phihalimide. in ancther
embodiment, the invention provides comoounds of Formuia X, wherain when R® is H, then
R® is other than benzyl, phenyl, 3-pyridiny, &N-méthyipyridsnium, methyl, triffborometn,
pentativorosthyt, pentafitorophenyt, and t-butyl. in anciher embodiment, the mvention
provides compounds of Formula X, wharein when R® is H, then R® is other than —h-butyi, i
butyl, n-propyl, propyl, vinyi, 2-propenyl, 2-{1-decanyl), 2-{1-dodecenyl}, 1-(&-undecanylj,
ocivl, decyi, undecyl, tridécyi, pentadacyl, heptadecyl, Ae(N-OY-2,2.8,5~
tetramethylpiperidingl},  5-(1,3-gihydro-1,3-dioxo-2-berzofuranyl), 4-nitrophenyl, and 3
phenoxyphenyl, In another embodiment, the invention provides compounds of Formuiz IX,
wherein R® is selected from n-butyl, -butyl, n-propyi, i-propyl, vinyl, 2-propenyl, 2-(1-
dacenvl), 2-(1-dodecenyl}, T-(&-untecenyl}, ocivl, deoyl, undecyl, tridecyl, pentadecyl,
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heptadecyl, 4-{M-oxy-2,2,8 6-tetramethytpiperidiny), 5-{1,3-dihydro-1,3-dioxo-2-
benzofuranyh, 4-nitrophenyl, and 3-phenoxyphenyl. in yet another embodiment, the
invention provides a campound of Formuia 1X, wherein when R® is H, then R®C(0) is other
than a 24-oxocholan-24-yl. In vet another embodiment, the invention provides a compound
of Formula 1X, wherein when R® ls H, then RPC{Q) i other than (3¢,58)-3-hydroxy-24-
oxocholar-24-yl, (30,58, 120)-3,12-dihydroxy-24-oxochotan-24-vl, {3¢,58,70)-3,7-dilydroxy-
24-oxocholan-24-yl, or (36,5B,70,120)-3,7, 12-trihydroxy-24-oxechoian-24-yi. in yat ancther
embodiment, the invention provides a compound of Formula 1X, wherein REC(O) is salected
from {3, 5B)-5-hydroxy-24-oxocholan-24-vi, (8o, 50,1 2¢)-3,12-dihydroxy-24-oxocholan-24-yl,
{3050, 70)-3,7-dihydroxy-24-oxocholan-24-yt,  and  (3a,58,70,12a)-3,7,12-frihydroxy-24-
exocholan-24-yl,

The nvention pettains to both salt jorms and acid/ase forms of the compounds of
the inveniions, For example, the invention pertains not only 1o the particular salt forms of
compounds shown herzin as sahs, but alse the invention incluges other charmaceutically
aceeptable salts, and the acid and/or base form of the compound. The invention also

peraing {0 salt forms of compounds shown herein. Compounds of the inveniion are also
shiown in Table 3 below,

Tabie 3: Exempiary non-amino acid amide prodrugs acoording to the invention
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-G, Carbohydrate-derived prodrugs
lr: some preferred embodiments, the compounds of the invention are carbohwdrate-
derivad pﬁcdrugs that will yisld or generzie 3APS once administersd in 2 human. Preferred
prodrugs according to the invention disciosed herein comprise a carbohydrate or a polyol
analog residue linked o the amine group of 3APS viz g iinlaage,ue.g. an amide, a carbamale,
a urea, or & clzavable alkyl group. In one embodiment, the carbohyorate-derived molety is,
for example, a carbohydrate derivative such as hexose, pentose, a carbchydrate-derived
polyol, innsitol or an inositel-derived malely, a carbohydrate-derived carboxylic acid, ascorbic
acid, nucleic acid, or nucleotide. The finkage and/or carbohydrate-derived residue may be
cleaved in vivo by enzymes or by any other mechanism, o fiberate the amine group of
IAPS, ' _
More perticularly, cerain aspects of the invention relate to a compouncd of
Farmula (X}, and to pharmaceutically accepiable salts, esters or solvates thersof:
Y
R‘Q\ /NWS\
L CH (X)
wherein,
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R'™ is & residue of a carbohydraie, a carbohydrate derivative or a carbohydrate-
derived polyol, e.g., & Cs saturated or partially or completely unsaturated cycioalky! group,
optionaily and preferably containing an -O- group, which is substituted by 3 1o 5 substituents,
each independently selected from —QOH, Oz, -CHOH, -OCH,, ~-CH,QAc arid =0.

L is & linking molety or is absent, e.g., an alky! group, which may be saturated or
unsaturated, preferably & lower atkyl group, which is optionally interrupted by one or more -

O- andfor -NH- groups, and s optionally subsiituted by one or more =C, -OH, and/or ~Nii;
groups.

in one embodiment, the invention provides & compound of Formula X, wherein when
L is absent, then R is other than 2-deoxy-2-D-glucose.

The invention pertains 1o buth salt forms and acidibase lorms of the compounds of
trie invention. For example, the invention pertains not only to the particutar salt forms of
sompounds shown harein as salls, but also the invention includes other pharmaceutically
acceplable salts, and the acid and/or hase form of the compound. The invention also

neraing to salt forms of compounds shown herein. Compounds of the invention are also
shown irr Table 44 below,

Table 44 Exemplary carbohydrate-derived prodrugs according to the invention
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-0, Other prodriigs

in some preferred sembodiments, the compounds of the invention are N-hydroxy
prodrugs and derivaiives, cyciic double-protected prodrugs, praecursors of 3APS, as prodiugs

that will vield or generate 3APS once administered In & human,

&} N-hydroxy-derived prodrugs

Morg particularly, certain aspects of the invention relate 10 a compound of

Formuta (X4, and 1o pharmaceutically accentable salls, esiers or solvates thereof:
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Q. 0
A M~
G OH X0
wherein,
R is a hydrogen or 2 substituted or unsubstituted group selected from Cy-Czalkyl,
Ce-Crealkenyl, CorCualkynyl, CrCutysloaiky!, Ge-Cishetercoycioalkyl, Ge-Cosaryl,  Ce
5 GCysheteroaryl, CIOYR™, and CIO)YOR™,; and
B and R™ arz independenily selscted from substituted or unsubstituted C-Cpalkyl,
Co-Crzalkenyl, Co-Toalkynyl, Cy-Coscycloaliyl, Ca-Cisheterpoyoioalkyl, Gs-Cisaryl, Ce-
Cishateroanyd.
I one embodiment, the invention provides compounds of Formuia Xi, wherain R™ is
10 other than a hydroxyl.

Compounds of the inveniion include compounds:

Q Q\Sf,p ' K‘} C{\r{P
MeO” T 0H 207 T T
Compound M1 Compound H2
15
HO™ T "oy Bno” T T on
Compound H3 Compound H4

20 b) Oyclic double-protected progrugs
More particularly, certain aspects of the invention relate fo a compound of
Formuta (1), and to pharmaceutically atceptable saits, esters or soivaies thergof:

HN’Dh—X\s‘"’Q
| <o

S

{XiH
25 whergin,

D is a carbonyl, an amino acid rasidue, or a substituted methylens group; and
X is selectad from C, NH, and S.
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More particularly, certain aspects of the invention relate to a compound of
Formula (Xil-A), and 10 pharmaceutically acceptable saits, esters or solvates thereof:

5 wharein,

R™ s a substituted or unsubstituted group selested from G,-Coalkyt,

HN B

Q14
O\ /O

i
Y

XA

Compoungs of the inveniion include the following compounds:
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Compound D8

Co-Craalkenyl,
Ce-Copalkymyt, Co-Cyseycloatkyt, Co-Cushetercoycloalkvl, Ge-Cusaryl, Cs-Cosheteroaryl.



¢} imine prodrugs

More particularly, cenain aspecis of the invention relate to a compound of
Formula (X111}, and 1o pharnaceutically acceptable salts, esters or solvates thersof:

{XHD
whersin,
R™® and R' are independently selected from a hydrogen or a substituted or
unsubstiivted group selected from  Cy-Coalkyl, Cp-Cealkenyl, Co-Cpealkynyl, Ce
10 Ciovoloakyl, Ci-Cisheterocycioalkyl, Ce-Crsary, and Co-Cusheteroaryl,
In ore embodiment, fhe invention provides compounds of Formula Xill, wherein
when both R and R are substituted or unsubstiuted aryl, then at least one of R™ and R’
s substituted with a hydroxyl group at the ortho posiiion. in another embodiment, the
invention provides compounds of Formuia Xill, wherein when both R and R are
15 substituted or unsubstituted ary!, then none of R and R' is substituted with 2 hydroxy
group at the ortho position.

Compounds of the invention include the {ollowing compounds:

o0
Compound M1 Compound M2
=
. RV ~ | N o
20 H

Compounc M3 Compoung iid
g\ ¥ ) Y
= w”\[// s TR Sy

H
Compound M5 Compound M6
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in some preferred smbodiments, the compounds of the invention comprise a
combination of any of the prodrugs described herein in sactions |-A to i1-D, as prodrugs that
wilt yield or generate 3APS ence adminisiared in & human, The invantion further relaies o
suffonic acid precursors of any of the prodrugs mentioned in Sections A to 1-D, including
sulfonate esters, subionamides, sulffinic acids, sulfides, disuffides and the kiks.

£ Cligomers and Gemini Dimers

In a further embodiment the compound of the Formula | may comprise two of more
3APS molscules iinked together. Therefore, another aspect of the invention relates o
potymers of 3APE, Le., g molecule comprising, or consisting gssentially of, or consisting of
twe or more molecules of 3APS linked together with cleavable linkage. Thus, another aspect
of the invention relates to a compound of the Formula -P:

A (L — B)p— Ui (i-B)

as well as pharmaceutically acceptable salis, asters, matebolites, and solvaies theredt,
wherg:

Ais 3-amino-1-propanesulfonic acld moiety;

L* iz a cieavable linkage for covalently and dissosctably coupling togetner two
adiacent 3APS moietiss, and

b s 0, or an integer number witich may vary from 1108, e.4. 2, 3, 4, o7 5.
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Those skilied in the art will readily understand that there can be a great number of
possibie variations or orientations for coupling iogather three or more BAPS moisties (ihe
numbsr of possiotities being 2™, n being egual to 3 for a trimer {4 possibilities), n = 4 for
tetramer (8 possibilities), eic). Indeed, as exemplified with more details hereinafter with
gemini dimers, sush connections couid be made via the NH, group or the SO.H group of the
RAPS moiecule. For instance, for a trimer of 3APS (Le., 3 molecules of 3APS), there would
be 4 difierent possibililes:

1) ¢t o—"4—, 2)b—" gt B e e— &) % |
the symbol “¢” representing the NH, group of the 3APS molecule, the symbol " the

SCsH group of the 3APS moiecule, and the symbol **” representing the position of the
linkage.
Alternatively, the inveniion relates to a compound of Farmuia P2
LA} {+-P2)

and pharmaceutically acceptable salts, esters, and solvates thereo!, where:

m is an infeger from 210 &

A is 3-aming-t-propanesulionic acid moisty, ,

LY is @ muliivaient carrier moiety for covalently and disscciably coupling from two 1o
five A moleties, either at the amino or sulfonic acid end of A

in. preferred embodiments, the compounds of the Formula -P comprise or are
“Gemini dimers” Le., hey comprise two 3APS molecules linked togsther with a cleavabis

finkage. Thus, in another aspect, the invention relates to compounds of Formula +C {and
salts, esters and soivales thergofl:

: 3
HOSS’”\/\? L“QMSOSH
{+-C)
whargin, L* ie 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 imited 1o,
amidge linkage and carbamate linkage.
in another aspect, the invention refates o compounds of Formula |-D (and salts,

esters, and solvates thereof)

o, .0 G, L

AN PREAN

H
|2k N\/\/Smx/ L‘\X/S\/\\/N"“ P
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wherein, L' iz 2 bivalent linker which connects two molecuiss of 3APS at their suifonic acid
groups efther using the same or different linkages as defined herein, including, but not
limited o, ester linkage or anhydride linkage where X is oxygen, or sulifonamide linkage
where X is nitrogen (NH, or NR), or thiosulfonale linkage where X Is suliur. P iz hydrogen or
a N-protecting group as defined herein.

in ancther aspect, the invention relates o compounds of Formula -E (and salis,
asters, ang solvates theraof):

P—N A
TNy TN g0
A (-5)

whaerain, 1.° is a bivalent linker which connects two molecules of 3ARS, at amino group
in one 3APS using a linkage as defined in Formula I-C, and at sulfonic acid group in
the other SAPS using a linkage as defined in Formula -D. P is hydrogen or a N-
orotecting group as defined herein,

in preterred embodiment, the linker L% L% L% or L®, or the carrier moisty LY ars
selectetd such that the two, thres, four-or five linked 3APS moigties may be converted i vitro
or i1 vivo, directly or indirsttly, to release two, three, four or five pharmaceutically active
3APS molecuies. The capability of releasing the parent 3APS molecule(s) may be jested
and, in many cases, I can be predicied. Mors preferably, the linker is designed 10 bind the
3APS méiecu‘;es via thelr nitrogen aioms {for improved proteciion against first pass
metaboiism), but as exempiified hereinbsfore, & is also possible to bind the 3APS moistuies
via the oxygen atom of their sulionate group {e.g., through an esier-type ¢f linkage) or via
thelr sulfur atom (8.g., sulfonamide finked dimers!. Various permutations of the above are
also possible, Those skilled in the art will be capable to setect proper finkers and finkage site
and test the resuliing product for efficacy and for capablity of cleavage under various

chemical and/or biological conditions. Compeunds of the invention are also shown in Table
48 betow,

Tabie 4B Exemplary gemint dimers acocording (o the inveniion

|
f D | Structure
|

&1
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The invention periaing to both salt forms and acid/base forms of the compounds of
the invention., For example, the invention perfaing not only to the parficular salt forms of
compounds shown hersin as salts, but also the invention includes other pharmaceutically
aceepiable saits, and the acid and/or base form of the compound. The invention also
periains to salt forms of compounds shown hersin,
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Il Svrthesis of the Compounds of the invention

in general, alf compounds of the present invention may be prepared by the methods
fiustrated in the Examples hereinafter and/or other conventional methods, using readily
avaiiable and/or conventionally preparable siarting materials, reagents and conventional
synthesis procedures. in these reactions, it s also possible fo make use of variants which
are in themselves known, but are not menticned 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 eguivalents of the
compounds descriped harsin and which have the same general properties, wherein ong of
more simpig variations of substituents are made which do not adversely affect the essential
nature or the uility of the compound are also included.

More particularty, the amino ackd prodrugs of the present invention may be prepared
by the methods llustrated in Example 1-A  hereinafter, and in general reaction schemes
such ag, for exampie, described in Schemas 1 and 2, or by modifications thereo!.

The carbamate prodrugs of the present inveriion may be prepared by the methods
flustrated in Example 1-B hereinafter, or by modiiications thergol.

The non-amine acid prodrugs of the present invention may be prepared by ihe
methods Hlustaled in Example 1-C hersinatter, and in the general reaction schemes such
as, ior example, the amide coupling steps described in Schemes 1 and 2, or by
moedifications thereof.

The carbohydraie-gerived prodrugs may be preparsd by the methods ilusirated in
Example 1-D hereinafier, or by known coupling reactions depending on the iinkage used
(carbamate, urea, amide, and the like), or by modifications thereo!.

The AN-hydroxy prodrugs and their derivatives may be prepared by oxidation of the
amine group, and by alkylating such N-hydroxy group wnen desired. The procedures 0
accompiish these reactions are readlly available and known to the gkilled artisan.

The cyclic double-protecied 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 readity preparad in accordance with
the synthesis schemes and protocols descried herein, as llustraied in the spsclfic
procedures provided, However, those skilied in fhe gt will recognize that other synthetic
pathways for forming the compounds of this invention may be used, and that the following is
provided marely by way of example, and is not limiting to ihe present invention. See, a.g.,
“Comprehensive Organic Transformations” by R. Larcck; VOR Publishers (1889). 1t will be
further recognized that vaticus protecting and deprotecting strategies will be empioyed that
are standard in the art (See, e.g., “Protective Groups in Organic Synthesis” by Greene and
Wuts (1881Y). Those skilled in the relevant arts will recognize that the selection of any
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pariicular proteciing group (e.g., amine, hydroxy, thio, and carboxyl proteciing groups) will
depend on the stability of the protected moiety with regards to the subsequent reaciion
conditions and will understand the appropriate selections.

Furiher Husirating the knowletge of those skilled in the art is the tollowing sampiing
of the extensive chemical literature: "Chernistry of the Aminc Acids” by J.P. Greenstein and
M. Winitz, John Wiley & Sons, Inc, New York (1861); “Advanced Orgaric Chemistry:
Reactions, Mechanisims, and Structure” by J. March, 4th Edifion, John Wiley & songs (1882,
T.D. Ocain, of al., J Med. Chern., 31, 2183-89 {1988); E.M. Gordon, &f al, J. Med. Chem.
31, 2189-10 {1988);"‘?ractice of Peptide Synthesis” by M. Bodansky and A. Bodanszky,
Springer-Verlag, New York (1984); "Asymmetric Synthesis: Construction of Chiral Molecules
Using Amino Acids” by G.M. Coppola and H.F. Schuster, John Witey & Sons, inc., New York
{19873; “The Chemical Synthesis of Peptides” by J. Jones, Oxford University Press, New
York {1891); and “introduction of Peptide Chemistry” by P.D. Bailey, John Wiley & Sons,
inc., New York {1982},

The synthesis of compounds of the invention is preferably carried out in & solvent,
Suitable sotvents are liquids at ambiert room temperature and pressure or remain in the
fiquid siate under the temperature and pressure conditions ussd in the reaction. The choice
of solveni is within the general skills of the skilled artisan ahd wili depend on the reaction
conditions, such, temperature, the nature of the reagents and starting matsrial, soiubility and
stabiiity of the reagents and starting maierial, the type of reaction, and the like. Depending
on the cireumstances, soivenis may be distilled or degassed. Solvents may be, or example,
aliphatic hydrocarbons (e.g., hexanes, hepianes, iigroén‘, petroleum ather, cycichexansa, or
methvicyoiohexane! and halogenated hydrocatbons (e.g., methylenechioride, chiorofom,
carbontetrachioride, dichloroethane, chicrobenzene, or dichiororbenrene);, aromalic
hydrocatbons (s.g., benzene, toluene, tetrahydronaphthalens, ethylbenzens, oF xylenea};
ethers {eg., digivme, msthyi-tertbutyl ethar, methyh-ferf-amyl ether, ethyi-tert-butyl ether,
diethylether, dilsopropylether, tetrahydrofuran  of methyltetrehydrofurans, dioxane,
dimsthaxyethane, or digthylenegivesl dimethylether); amides (e.g., N M-dimethylformamide,
M N-dimethylacetamide);, nitiles (s.g., acetonitrile); ketones (e.g., acewonel; asiers (&g,
mathyl acetaiz or ethyl acetate); alcohots (& g., methanol, ethano!, isopropanol); waler and
mixiures thereof.,

“Activaied esters” and ecuivaleni expressions may be represenied by the formuia
COX, where X is =2 leaving group, iypical exampiss of which include
N-hydroxysuifosuctinimidyl and Mhydroxysuccinimidy! groups, aryioxy groups substituisd
with electron-withdrawing groups (e.q., p-nitro, pentafiuoro, pentacioro, p-cyana, or
oriflucromethyl); and carboxyiic acids activated by a carbodiimide or other conventional
coupiing reagents 1o form an anhydride or mixed anhydride, e.g., -OCOR® or -OCNR®*NHR®,
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where R* and R° are independentty C.Cyalkyl, CsCealkyl (eg., cysichexyl),
C.-C: perfluoroakyl, or C.-C, alkoxy groups. An activated esier may be formed in sifu or
may be an isplable reagent. The ester leaving group may be, for example, sulfosuccinimidy!
gsters, pentafluorothiophenol esters, sulfotetrafluorophencl, substituted or unsubstituted
Ci-Gr alky! {such s methyl, ethyl, propyl, isopropy!, bulyl, iscboiyl, secbubyi, ferf-butyl,
pentyl, or hexyl), or substituted or unsubstituied Ce-Cy, aryl or heterocyclic groups, such as
2-fuoroathyl,  2-chiorosthyl,  2-bromoethyi,  2,2-dibromoethyl,  2,2,2-Irichiorogthyl,
3-fluoropropyl, 4-chiorobutyl, methoxymethyt, 1,1-dimethyi-i-methoxymethyl, ethoxymethyt,
N-propoxymethyl, isopropoxymethyl, Nbutoxymethyt,  ferf-butoxymethyl,  t-sthoxysthyl,
1-methyl-1-methoxyethyt, T-{isonropaxy)ethyl, 3-methoxypropyi-4-methoxybutyl,
fluoromethoxymethyl, 2.2,2-irichioroethoxymeathyl, bis{Z-chiorosthoxyymathyl,
3fluoropropoxymethyl, 4-chiorobutoxyethyl, dibromomethoxyethyt, 2-chisrosthoxypropyl,
fluoromethaxybuty!, z-methoxyethoxymethyi! gthoxymethoxyethyl, meihoxyethokypropyi,
methoxyathoxybutyl, benzyl, phenethyl, S-phenylpropyl, 4-phenylbutyl, o-naphthylmethyl,
g-naphthvimethyl, diphenylimeathyl, triphenyimatiyl, a-naphthyldiphayimethyl,
g-anthrytmathvl, 4-methylbrenzyl, 2.4 6-trimethyibenzy, 3.4, B-trimethyviberzy,
4-methoxybenzyl, 4-methoxyphenvidiphenyimathyl, Z2-nifrohenzyl, 4-nitrobenzyl,
d-chiorobenzyl,  4-bromobenzyl,  4-cyancbenzvl,  4-cyancbenzyldiphenyimsthyl, o
bis(2-nitrophenyhimethyl groups.

i, Exemplary synthesis of aming acid prodrugs according to_the Invention

The foliowing schemes are for Hiustration purposes and are not intended o be
limiting. The goupling of 3-aminc-1-propanesuifonic acid with a first amino acid may be
generally represented by Scheme 1:

Scheme 1:
4 .
NN OH ;f.} ! !\
RN N . n X
© R ORe
|
% bass
¥
R0
é _OH
RZ/N i §M%\\
=X ;%{2 o™

36



10

20

25

wherein R', B and R* are as previously disclosed, R~ is R® or a protecting group, and X is
the izaving group of an activated asier,

In Beheme 1, a ronoaming acid prodrug of S-amino-1-propanesuifonic acid s
proci&ced by reacting its free amino group (or a2 protecied sulfonate ester variant) with an
activated ester of the desired amino acid (which may be M-protected). Group C(O¥X of the
activated 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 (3-
(3-dimethyiaminopropyl)-3-ciisopropyiethylcarbodiimide)) and uroniums (such as HATU (O-
(7-azabenzotriazol-1-yi-M NN Nietramethviuronium  hexafluorophosphatedy),  in the
oresence of a base {(e.g., amines (such as DIPEA (M N-diisopropyviethviamine), hydroxides
{such as sodium hydrodicle}, carbonates {such as potassium carbonate), etc), and optionally
a catalyst (e.g. 4-(dimethylamino)pyridine (DMAP), t-hydroxybenzotriazole (HOBH). The
¢choice of base and catalyst will depend mainiy on the naiure of the activaied ester.

At this stage, proteciing groups (R® on amine or protecing groups present on
hetercatoms in R’ and R? groups} may be removed. Protecting groups on heteroatoms cther
than on the amine may not be removed if further aming acid couplings are necessary (see
Scheme 2). Protecting groups of oxygen aioms may inciude benzyl and sityl ethers, acetals
and asters, proteciing groups of nitrogen may include carbamates and fluorens derivalives,

They are cleaved by widely used procedures {see, for exampls, Greene and Wuts (1881),
supra).

Seheme 2.
g v
E OH
HN . N/\‘/\$f + RI/’NK .
H NS
RYOR? C gr pe
% base
\if
c. H‘; O

o
R Lol
"\N NM M
E H l"\c

wherein R, RZ and R* are defined respectively as R', 5% anc B* but may or may not be the

same as R, R and B® in the above scheme, and RY, R% R R’ and X are as previously
disclased.
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Scheme 2 ts uged to produce prodrugs comprising two or more amine acids attached
1o 3APS. Coupling condilons are generally the same as described for Schame 1.
Subseguernt amino acids are added in the same mannar, with & deprotection of the amins
group batween each coupling step. If other protecting groups are presertt on heteroatoms of
the residues, they may be removed during a lest chemnica! step.

it general, after completion of the reaction, the product is isolated from the reaction
mixiure according o standard techniques. For exampls, the soivent is removed by
evaporation or filiration i the product is solid, optionally under reduced pressure. Afier the
completion of the reaction, waier may be added o the residue to make the agusous layer
acidic or basic and the precipitated compound filtersd, aithough care should be exercised
when handiing water-sensitive compounds. Similariy, water may be added o the reaction
reixture with a hydrophobic solvent 1 exiract the target compound. The organic layer may be
washed with water, dried over anhygrous maghesium suliate or sodium sulfaie, and the
selvent is svanorated 10 obtain the fargst compound, The target compound thus obtained
may be purified, if necessary, e.g.. by recrystaliization, reprecipitation, chromatography, or
by converting it 10 & salt by addition of an acid or bass.

IV, Alternate routes ang vehicles for deflvering 3APS by minimizing or lessening hepatic first-
pass metabolism

Ag indicated hereinbefors, an aspsct of the invention concemns new routes of
administration  (e.g. wansdermally, subcutaneously, intranasally, ew.) and new

pharmaceutical vehicles (e.g. paftches, implants, spray, formulations (including for oral
administration}) for iessening hepatic first-pass metabolism of 3APS.

Transdermal drug delivery devices

The delivery of crugs by the transdermal route Is an area of increasing Interest and
offers the advantage of aliowing a prolonged, steady input of Srug imte the blood,
Transgerrnal delivery of 3APS is one préiarrad smbodiment of the kveniion because it could
avoid hepatic firsi-pass matabolism that & associated with administration of 3APS, ang thus
increase the therapeutic effectiveness of 3APS. Transdermal delfvery may alsc help avoid
ihe pain associated with injections, and may increase dosage camplianca.

Accordingly, cartain aspecis of the presemt inveniion relate to a method for the
deiivery of a compound according v the inveniion, preferably 3APS, fo improve the
effectiveness of the sompound in the freatment of cognitive disorders. The invention further
refatas io a method of delivering 2 compound according io the invention, preferably 3APS,
whereln the compound may be administered in & transdermal patch.
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Transdermal drug delivery devices according to the invenfion can be manufactured
using techniques and components well known to the skilied artisan, Transdermal drug
delivary devices typically involve includes a backing layer, which may optionally be
composed of & pigmented polyester fiim, a drug reservoir, a microporous membrane that
controls the rate of delivery of the drug from the systers to the skin surface, and an adhesive
formutation to atiach the delivery sysiem to 2 sublact. Cptionally, the adhesive formutafion
may inciude the drug, thus providing a more immediate bolus of the compound upon
application of the pateh 1o a subject.

Transdermal drug delivery devices also typically involve a carrier {such as a liquid,
gel, or solid matrix, or a pressure sensilive adhasive) into which the drug to be delivered is
incorporated, The drug-containing carrier is than placed on the skin and the drug, slong with
any adjuvanis and excipients, is defivered 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 servas
to protact the carrier (and the components contained in the carrier, including the drug) rom
the environment and prevenis loss of the ingredients of the drug gdelivery device 1o the
environment. Because hydration of the stratum cormeum s known o enhance transport of
certain drugs acress the skin, it Is sometimes desirable that the backing have a relatively low
moisture vapor transmigsion rate in order 1 retain moisiure at the site covered by the drug
defivery device. in order to maintain the health of the covered skin during long term wear
{8.9., for pariode i excess of a day) by allowing the skin 1o breath, It is also desirable that
the backing have reiatively high permeability 1o oxygen. Further, as the backing is in contagt
with the components of e carrier, including the drug and any adjuvants and excipients, itis
importart that the backing be stable to such components in order that the backing retains its
struciural integrity, rensile strength, ang contormabllity 10 the skin. It is also desirable that the
backing not abisorh drug or other exciplents from the carrier. in connection with the
preparation of certain reservolr-type transdermai drug delivery devices, it is also desirabile for
the backing o be heat sealable at a relatively low temperature to itself and 1o 8 vatiety of
other poiymeric substrates. Backing maferiale that have found use in transdermal drug
delivery devices inciude metal folls, metalized plastic flims, and single layered and
multitayered polymerle flims (see U8, Patant 5,264,219).

Memiranes useful in the construction of a transdermal pateh are known in the art
and inciude, but are not imited o, CoTran™ membranes commarcially available from 3M,
such as the COTRAN™ 701, 9702, 8708, 8708, 9718, 8716, 8728, and GOTRANT 9728
mambranes. Backing useful in the construction of a fransdermal patch are known in the an
and inciude, but are not iimited to, backing material commercially avaiiabie from 3M, such as
COTRAN™ and SCOTCHPAK™ backings. Likewise, iners 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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cptionally added at up to 20% by volume. Gelling agents, include, but are not timited to:
crossiinked acrylic acid polymers, such as the “carbomer' family of polymers, e.g.,
carboxypolyalkylenes that may be obiained commercially under the tradename
CARBOPOL™; nydrophilic polymers, such as polysthviene oxides, polvoxyethyiene-
polyoxypropylene  copolymers  and  polyvinylalcoho!,  cellulesic  polymers, such as
hydroxyprapyt  celivlose,  hydroxycthyl  celislose,  hydroxypropy!  methyicelluiose,
hydroxypropy! methyicsiiulose phthalate, and methyl celiulose; gums such as tragacanti and
xanthan gum; sodium aiginate; and gslatin.

Those skilled in the art will readily identified the proper combination and/or
congentration of backing layer, drug reservoir, membrane, cartier, backing, penetration
enhancer, gelling agent, etc. if necessary, one could refer {o the numersus publications on
the subject, including the patent Metsiure such as EP 1 602 367, US 2005/018384, US
2005/0074487 and US 2005/175680 ali describing transdermal drug delivery devices and
associared, For ingtance, the absorption through human skin of a drug may be used w©
determine ihe feasibiily of fransdeimal delivery with a partigular carrier or vehicle. For
sxampie, penetration of a compound according to the invention, preferably 3APS, across
human epidermis may be measured in vifro using glass diffusion cells. Thersfore,
optimization of the compound's absorpiion is achieved by use of formulations disclosed
harein and known in the art as penstration enbancers. Additional well known tests and
assays include permeabiity rate studiss, absorpton studies, diffusion assays, ime-courss
profiling for panatration across human epidsrmis, imitancy studies, ete.

Clirical studies indicate that an oral dose of 2 3APS of about 100 andior 150 mg bid
‘may produce g beneficlal treatment for cognitive disorders, such as AD. Since transdermal
agministration of 2 compeund according to the invention, preferably 3APS, s beileved 1o be
subject 1© reduced first-pass metabolism, the dosage of a 3APS may be reduced when
administerad transdermatly. On the other hand, wansdermal administration could be helpful
1o increase the dosags of BAPS by avoiding common side affects such a3 gasmointestinal
irrkation associated with an oral administration of that drug.

Absneftt of 2 frarnsdermal dosage form includes improved subject compilance, due to
the possiblity of reduced administrations, For exampie, a transdermal paich of the invertion
may be formulated so as © provide ong, two, threg, four, five, six of seven days of
medication. in an exemplary embediment, the ransdermal paich provides medication for
about three days, beiore i s desirable to repiace the patch. In another exemplary
embodiment, the ransdermal paich provides seven days of medication, before it is desirable
to replace the pawch. In addition, the transdermal desage may be formulated with any
desirable dosage of 2 compounsd according o the invantion. For sxampie, the fransdermal
dosage may provids the eguivalen: dosage to oral administration of 100 mg bid, 150 mg bid,
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200 mg bid, 250 mg bid, 300 mg bid, 350 mg bid, ur 400 mg bid. As such, a transdermal
palch{es) having the egquivaleni dousage to oral adminisration of 150 myg bid may be
administered to a subject for a destred period of time, for example, four weesks, and then a
paich or patches having the equivalent dosage o oral administration of 200 mg bid may be
administerad {or a desired perind of time.

Also includad within the invention is a kit, which may contain a desired supply of
patches, for example, & pne month supply of transdermal paiches, Optionally, a kit may be
organized into a plurality of, e.g., three, differently identifled (numbered, colored or the ike)
pars, wherein the contents of a first part are initialy adminisiered, followed by administration
of the contents of 3 second part, which are then foliowed by adminisiration of the contents of

the third part.  Aliematively, a kit may comain & combpination of patches and oral
formulations.

V., Subiegis and Falient Poptlations

The term “subject” includes living organisms in which AR-amyioidosis can ooour, of
which are susceptible to AR-amyloid diseases, s.g., Alzheimers disease, etc. Examples of
subjects include humans, chickens, ducks, Peking ducks, geese, mbﬂkeys‘ dear, cows,
rabbits, sheep, goafs, dogs, cats, mice, rats, and iransgenic species thereof, The term
“subject” prefersbly inciudes animats susceptible to staies characterized by nsurponal cell
death, e.g. mammals, e.g. humans. The ammal can be an animat mode! for a disorder, e.q.,
g transgenic mouse with an Alizheimer's-type neuropathology. In preferred embodiments,
the subject is 2 mammal, more preferably 2 human subiect.

Tne ferm "human subject” includes humans susceptbls 1o benefit from 3APS
administration, and more parficuiarly those suscepiibie {o or diagnossed of having an
amyloic0 related dissase and/or suffering from 2 newodegenerafive disease, such as
Alzheimer's disease, Parkingon's dissase, etc.

in certaln embodiments of the invention, the human subject is in need of reatmant by
the methods of the invention, and is sslected for treatmen: basaed on this nead. A subject in
nead of eaimeni is art-recognized, and includes sublects thet have been ideniified as
having 2 disease or dizgorder relaied to B-amyloid deposition, has 2 symptom of suéh a
disgase or disorder, or is at risk of such a disezse or disorder, and wouid be expeciad,
based on diagnesis, £.g., medical diagnosis, to peaefit from treatment (e.g.. curing, healing,
preveniing, afleviating, relieving, altering, remedying, ameliorating, imgroving, or affecting

the disease or disorder, the symptom of the disezse or disorder, or the risk of the disease or
disordear),
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For example, the human subject may be a human over 30 vears oid, human over 40
years oid, & human over 50 years old, a human over 80 years oid, 2 human over 70 vears
old, 2 human over 80 years old, a human over 85 years old, a human over 80 vaars oid, ar a
hurman over 85 years old. The subject may be a female human, including a postmenopausal
temale human, who may be on hormone (estrcgen} repiacement therapy. The subject may
aiso be a male human. In another embodiment. the subject is under 40 years old

| in preferrad embodiments, the subject is a human subject having an Alzheimer's-type
neuropathology. Individuals presently suffering from Alzheimer's disease can be recognized
from characlenstic dementia, as well &5 the presence of risk faciors described below. in
addition, a number of diagnosiic tests based on cognitive and neurological testing are
avaiiable for identifying individuals who have AD. Far example, individuats suffering from
Alzheimer's disezse can be diagnosed by the Clinical Dementia Rating (CDR) scale, Mini-
mental State Examination (MMSE), Alzheimer's Disease Assessment Scale-Cognitive
Subscale (ADAS-Cog), or any sther test known in the art, as discussed herein. Bassline
seores on sulfable metrics including the MMSE and the ADAS fogether with other metrics
designed 10 evaluate a mors normal population can be used io find an at risk population.
Another methed for identifying an at risk group utllizes an assay for neural thread protein in
the uring; see, &.9., Munzar et al., Neurology and Clinical Neurophysioiogy, Vel, 2002, No, 1.
Batients with high risk for Alzheimer's Dissase can also be selected from a population by
screening for sarly signs of memory foss or other difficulties associated with pre-Alzhsimear's
symptomaiociogy, a family history of Alzheimer's Disgase, patients with Mig Cognitive
Impairmant (MC1}, genetic risk factors, age, sey, and other features found to predict high-risk
for Alzheimer's Diseass.

The term "prevention” or "preventing” is also used to desoribe the adminisiration of a
compound or composition of the invention to a subject who is at risk of {or susceptibie 10)
such a disease or condition. Patients amenable o treatment for preveniion of the disease ar
condition inciude individuals at risk of the disease or condition but not shewing symptoms, as
well as patients presently showing symptoms. In the case of Alzheimer's dissase, virtually
anyone 5 at risk of suffering from Alzheimers disease If ne or she lives long enough.
Therefore, the present methods can be administered prophylactically to the general
popuiation without any assessment of the risk of the subject patient. But the present
methods are especially useful for indivicuals who do have g known rigk of Alrheimer's
diseasa. Buch individuals include those having relatives who have experienced this disease,
and those whose risk is determined by analysis of genstic or biochemical markers, inciuding
brain plaques diagnosed by imaging methods, e.g.. MBI, PET, SPECT ete.. Exampies of
such imaging methods are discussed in Burggren et al., Current Topics in Medicinal
Chemistry, vol. 2002, no. 2, pp. 385-393, and Sair et al., Neuroradiology, vo!. 46, op. 93-104



[#34

10

15

20

(%
o

30

38

(2002). Alzheimer's disease pradisposing faciors identified or propesad it the scientific
fiterature include, among others, & genotype predispasing a subject 1o Alzheimer's disease;
svironmenta! factors predisposing a subject to Aizheimer's disease; past history of infection
by viral and bacierial agents predisposing a subject 1o Alzheimers disease; and vascular
factors predisposing a subject {6 Alzheimar's diseass. Genetic markers of risk toward
Alzheimer's disease include mutations in the APP gene, particularly mutations at posliion
717 and positions B70 and 671 referred to as the Hardy and Swadish mutations respectively
(s Hardy et al., TINS 20, 154-158 {1987)). Other markers of risk are mutafions in the
preseniiin genes, PS1 and PSZ, and Apok4, family history of AD, hypercholesterciemia ot
atherosclerosis. The subjasct may be shown {0 be at risk by g diagnostic brain imaging
technigue, for example, one that measures brain activity, plague deposition, or brain atrophy.
The human subject may aiso be shown to be &t risk by & cognifive fest such as Glinical
Dementla Rating ("CDR™, Aizheimer's disease Assessment Scale-Cognition ("ADAS-Cog™),
Digability Assessment for Dementia {"DAD™) or Mini-Mental State Examination (“MMSE™
andfor by any other cognition test known in the art.

In ancther embodiment, the human subject exhibits no symptoms of Alzheimer's
ciszase. In another embodiment, the subject Is &t least 40 vears of age and axhibits no
sympioms of Alzheimer's disease. in anothaer embodiment, the human subject is at least 40
years of age and exhibits one or more sympioms of Alzheimer's disease.

By using the methods and compounds of the present invention, the levels of amyiocid
B peptides‘ in a subject's plasma or cerabrospinal Huid (CSF) éouid be significantly reduced
from leveis prior i treatment from about 10 1o about 100 percent, o even about 50 to about
100 percent, 2.g., 15, 25, 40, 80, 70, 75, 80, 80, 95 or B28%. Accordingly, In ceriain
embodiments, the human subject can have an elevaied level of amyioid APy and AB.:
peptides In the biood angfor CSF prior t¢ a treatment according to the present methods, e.qg.
AB4; levels of greatar than about 10 po/ml, or greater than about 20 pg/mL, or greater than
about 35 pg/mL, or even graater than aboul 40 poiml,; and APs fevels 30 pg/ml to abown
200 po/ml, or even 10 about 300 pg/ml. Similary, according o some embodiments, the
methods and compounds of the present invention help reduce the size and/or number of AB
piagues or AR deposits in the brain, from about 10 1o about 168 parceht, oreven about 50 1o
about 100 peroent, e.0., 185, 25, 40, 60, 70, 75, 80, 80, 85 or 98%, when compared o levels
prior o reaiment.

VI Pharmaceulical Composifions

Preferably, the compounds of the invention are formulated prior o administration info
pharmacesutical compositions using techhigues and procedures well known in the art
Accordingly, i another embodiment, the pressn! invention relates io pharmaceutical
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parenterally, (IV, IM, depc-iM, SC, and depo SC), sublingually, intranasally {inhaiation)

compesitions {2.g. solulions, suspensions or emulsions) comprising effective amounts of one
or more compounds according o any of the Formules hergin and & pharmaceutically
accaptable vehicle, as well as methods of using and manufaciuring such pharmaceutical
compositions.

The pharmaceuiical compositions are formulated into suitable adminisiration (orally,
intrathecally, topically, or rectally}. Suitabie pharmaceutically acceptable vehicles include,
without limitatton, any non-immunogenic pharmaceutical catrier or diluent sultabie for oral,
parenteral, nasal, mucosal, ransdermal, topical, intrathecal, rectal, Intravascutar (IV),
intraartenial {IA), intramuscular (IM), and subcutanesous (SC) adminisiration routes, such as
phosphate buffer saline (PBS). Adso, the present invention includes such compounds which
have peen iyophilized and which may be reconstituied o form pharmaceuticaily acceptabies
formulations for administration, as by intravenous, intramuscular, or subcutaneous inlection.
Admintstration may also be intradermal or transdermal.

The vehicle can be a sofvent or dispersion medium conlaining, for exampie, water,
efhancl, polyol (for example, glvcercl, propylene glyeo!, and licuid polyetivdensa glveol, and
the like}, suitable mbdures thereof, and vegetable oiis. The proper fividity can be maintained,
for example, by the uss of a coating such as lachthin, by the maintenance of the reguired
paricle size in the case of dispersion and by the use of surfactanta. Pravention of the action
of microorganisms can be achieved by varipus antibacterial and antifungal agents, for
axampla, parabens, shiorobutanol, phencl, ascorbic acid, thimerosai, and the like. in many
Cases, isdtonic agants are included, for exampie, sugars, sodium chioride, or polyaicohols
such as manniiol and sorbitol, In the compasition. Proionged -absorpiion of the injectable
compesi’rims can be brought about by including in the composiion an agent which delays
absorption, for example, aluminum monosisarate or gelatin,

Preferably, the compoundis) of the invention can be orally administered.
Formulations of the prasent invention include these suitable for oral agmintstration. The
formuiations may conveniently be presenied in unit dosage form and may be prepared by
any metheds wall known in the art of pharmacy. Metheds of preparing thess formulations or
compoesitions include the step of bringing into association & compound of the present
invention with & pharmaceutically acceptable vehicie (e.g. an inert diluent or an assimilable
adibie carrienand, oplionally, one of more accessory ingredients. In gensral, the
formutations are prepared by uniformily and indimeately bringing into association a compoung
of the presant inveniion with liguid carriers, or fingly divided solig carrierg, or both, and then,
it necsssary, shaping the product. The amoumt of the therapeutic agent i such
therapeuiically useful compositions is such that g sultable dosape will be obtained.
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Formulations of the invantion suitable for oral administration may be in the form of
capsutes (e.g. hard or goft shell gelatin capsuis), cachets, pills, 1ablets, lozenges, powdars,
granules, pellets, dragees, e.g., coated (e.g., sresic coated) or uncoated, or as a solution or
2 suspansion in an agueous or non-aguecus liguid, or as an ollin-waier or water-in-oit Hguid
emulsion, or as an elixir or syrup, or as pastilles (using an inert base, such as gelatin and
glycerin, or sucrese and scacla) of 28 mouth washes and the like, sach containing a
predetermined amount of a compound of the present invention &s an active ingredient. A
compound of the present invention may also be administered as a bolus, slectuary or paste,
or incorporated directly nto the sublect's diet. Moreover, in certain embodimenis these
peletz can be formulated to {a) provide for instant or rapid drug release {le. have no
cogting on them); () be coaled, e.g., tv provide for sustained drug relsase over tms; or ()
he coated with an enteric coating for betlter gastrointestinal tolerability.

Iy solid dosage forms of the invention for orgl administration the active ingredient is
mixed with one or more pharmaceutically accepiable camiars, such as sodium citrate or
dicaleium phosphate, or any of the following: fillers or extenders, such ag siarches, laciose,
sucrose, glusose, manniol, or silicic  acld,  binders, such as, for example,
carboxymethyloslivioss, alginaies, gelaiin, polyvinyl pyrtoildone, sucrose or acacia;
humectants, such as giycerol; disintagrating agents, such as agar-agar, calcium carbonate,
poiato or lapisca siarch, alginic acld, ceriain silicates, and sodium carbonate; soiution
retarding agents, such as parafiin; absorption accelerafors, such a8 guaternary ammonium
compounds; wetting agents, such as, for exampile, catyl alcohol and giveerol monosgtearate;
absorbenfs, such g kaolin and benionite clay; lubricants, such as talc, calcium stearaie,
magnesium siearaie, soiid polyethylene glycols, sedium fauryl sulfate, and mixiures thereof;
and coloring agents. In the case of capsules, iablets and pills, the phammaceufical
compositions may aiso comprise buffering agents. Solid compasitions of a similar type may
also be employed as fillers in soft and hard-filied gelatin capsuies vsing such exciplants as
tactoss or mik sugars, as well as high molecular weight polyethyiens giycols and the like.

Peroral compositions typically inciude liguid soiutions, emulsions, suspensions, and
the fke. The pharmaceutically acceptabiz vehicles  suilable for preparation of such
composiiions are well known In the art. Typical components of carriers for syrups, slixirs,
ernulsions and suspensions inciude ethanol, giveero!, propylene ghyvcol, polyvethylene glyeol,
liguid sucrcose, sorbitol and water. For a suspension, typical suspending agents inciude
methy! celluinse, sodium carboxyinethy! celluiese, iragacanth, and sedium alginate; typical
wetiing agents include lecithin and polysorbate 80, and typical preservatives include methy!
paraben and sodium benzoate. Peroral liouid compositions may also contain one or mors
components such as sweeteners, fiavoring agents and colorants disciosed above,

o
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Pharmaceutical compositions suitable for injectable use include sterlle agueous
solutions (whare water sciubie) or dispersions, and sieriie powders {or the extemporangous
preparation of sterile injectable soiutions or dispersion. In ali cases, the compesition must be
sterile and must be fluid to the exient that easy syringability exists. It must be stable bnder
the conditions of manufaciure and storage and must be preserved against the contaminating
action of micreorganisms such as bacteriz and fungl. Sterle injeciable solutions can be
prepared by incorporating the therapeutic agent in the reguired amount in an appropriate
solvent with one or a combination of ingradients enumerated above, as required, followed by
filtered sterilization. Generally, dispersions are prepared by incorporaiing the therapautic
agent into a sterile vehicle which contains a basic dispersion medium and the requived other
ingredients from those enumerated abova, tn the case of sterite powders for the preparaiion
of steriie inieciable solutions, the methods of preparation are vacuum drying and
fregze-drying which vields & powdsr of the active ingradient ({e., the therapeutic agent) plus
any additional desired ingredient from 2 previcusly steriie-filisred solution thereol.

Pharmaceutical formulations are atso provided which are suitable for administration
a5 an aernsol, by inhalafion. These formulations cormporise 2 solutlon or suspension of e
desired compound of any Formula herein or a pluralily of solid particles of such
compound{s}. The desired formuigtion may be placed in a2 small chamber and nebulized.
Nebulization may be accomplished by compressad air or by utirasonic energy to form &
olurality of liguid droplets or solid particies comprising the agenis or salts. The liquid dropiets
or solid particies should have a particie size in the range of about 0.5 fo about & microns,
The solid particies can be obiathed by processing the solid agent of any Formula described
herein, or a salt thereoi, In any approprigie manner Known in the art, such as by
micronization, The size of the solid particies or droplets will be, for exampie, from about 7 1o
about 2 microns. In this regpect, commercial nabulizers are avallable 1 achiave this
purpese.

A pharmaceutical formulation suitabie for administration as an aerosol may be in the
form of & fquid, the formulation will comprise & water-solubie agent of any Formula
descriped hareln, or 2 salt thereof, in a carrier which Lomprises water, A surfaciant may bg
present which lowers the suriace tension of the formuiation sufficiently o result in the
formation of droplets within the desired size range when subjected to nebulization,

The compositions of this invention can alsoc be adminisiersd iopically 10 2 subject,
a.g., by the direct laying on of spreading of the composition on the epidermal or epithelial
fissue of the sublect, or fransdermally vi2 3 "paich”. Such compositions inciude, Tor example,
iofiong, creams, solutions, gels and solids. These topical compositions may comorise an
effective amount, vsually at least about 0.1%, or even from about 1% to about 5%, of an

agent of the invention. Suitable carriers for opical administration typically remain in place on
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the skin as a confinuous fiim, and resist being removed by pergpirgtion ar immersion in
waler. Generally, the carrier I3 organic in nature and capable of having dispersed aor
dissohred therein the therapeulic agenl. The carier may nclude pharmaceutically
atcepiable emoliients, emulsifiers, thickening agents, solvenis and the like.

Other compositions useful for akaining systemic delivery of the subject agenis
inciude sublingual, buccal and nasal dosage forms. Such compoghions ftypically comprise
one or more of soluble filler substances such as sucrose, sorbitol and mannitol; and binders
such as acaciz, microorysialine cediuiose, carboxymethyl celluiose and hydroxyoropyl
methy! celiulose. Glidants, lubricants, swesieners, colorants, anfioxidants and favoring
agents disclosad above may aiso be included. The compound(s} of the invention may also
be administered parenterally, intrapetitonsally, intraspinally, or intracerebrally. For such
composiiions, the compound(s) of the invention can be prepared in givosrol, liouid
polysthylene glvcols, and mixiures thereof and in cils, Under ordinary conditions of storage
and use, these preparations may contsin a preservative ¢ prevent the growth of
microorganisms,

To administer the compoundis) of the invention by other than parenieral
administration, it may be useful w coat the compound(s) with, or co-adminisier the
compound(s) with a material {o prevent its ihactivation. For exampie, the compound(s} of ihe
invention may be aaministered tc a subjectin an appropriate carrier, for example, liposomes,
or & diluent. Pharmaceutically accepiable diluenis inciude saline and agueous buffer
soiutions. Liposomes inciude watsr-in-oiHn-waier CGF emulsions as well as conventional
jisosomes.

Pharmaceutical compositions according o the invention may also be coated by
conventonal methods, typicaly with pH o fime-dependent coatings, such that the
compound{s} of the invention is ralzased In the vicinlty of the desired location, or at various
times to extend the desired action. Such dosage forms typically include, but are not limited
o, one or more of celiulose acetate phthatate, polyvinylaceiars phthalate, hvdroxypropy!
methyt celiose phthalzte, sthyvl cailulose, waxes, and shekac,

Tne compound(s) of the inventlon may be packaged as par of g kit, optionally
including 8 container {e.g. packaging, & box, a vial, stc). The Kit may bs commercially used
according to the methods described herein and may include instructions for use in & method
of the Invention. Additional kit components may include acids, bases, buffering agents,
inorganic salis, solvents, antioxidants, preservaiives, or metal chelators. The additional kit
components arg present as pure compesitions, or as agueous or organic solutions that
incorporate ane or more additional kit componsnts, Any or all of the kit components
optionally further comprise buffers,
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VH, Dosage

Dosage forms, upon releasing a compound according to the invention, can provide
the corresponding 3APS upon v vive administration to a human patient. i is understood that
apprepriate doses depend upon a number of factors within the knowiedge of the ordirarily
skillad physician, veterinarian, or researcher (2.g. see Wells et al. eds., Pharmacotherapy
Handbook, 2™ Edition, Aopieton and Lange, Stamford, Sonn. (2000); PDR Phérmacopaeia,
Tarascon Pocket Pharmacopoeia 2000, Deluxe Edition, Tarascon Publishing, Loma Linda,
Calif. (2000)). The dosa(s) of the compound(s) of the invention will vary, for exampie,
depanding upon a varisty 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 atministration,
the route of administration, the rate of excretion, and any drug combination, if applicable, the
effect which the practiioner desires the compound 1o have uponh the subject and the
propertiss of the compounds {e.g. bicavailability, stabifity, potency, toxioly, eigl. Such
appropriate doses may be determined using the assays deseribed herein, When one or
more of the compounds of the kwention is 1o be administered to humans, & physician may

for exampie, prescrive a relatively low dose at first, subsequently increasing the dose urtil

an approptiate regponse is obtained.
Exemnplary doses include milligram or micregram amounts of the compound per kilogram of
subject or sample weight {2.g., ebout 50 micrograms per Kilogram fo abouf 800 milligrams
per kilogram, about 1 milligram per kilogram 1o abouwt 100 miliigrams par kilogram, about 1
mifligram per kilogram to about 50 milligram per kilogram, about 1 milligram per kilogram 1o
abouet 10 milligrams per kilsgram. or about 3 milfigrams per kitogram to about 5 miliigrams
per kilogram). Additional exemplary doses include doses of about 5 1o about 800 mg, or
about 25 to shout 300 mg, or about 25 to about 200 mg, preferably about 50 o about 1580
mg, more preferably about 50, about 100, about 1530 mg, about 200 mg or about 250 mg,
and, preferably, cafly or twice dafy, or lowar or higher amounts, For comparison, exemplary
doses for 3APS per se include about 2-3-milligram of 3APS per Kiogram of subject {(twics
dally). Sze also US 11/103,856, filed on Aprl 12, 2005, which 18 incorporated herein Dy
refersnce.

it is generally advantageous 1o fonmulate parenterat compositions in desage 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 mammals,
gach unit containing 2 predetermined guantity of active maierial calculated 1o produce the

~ desired therapeutic effect, in association with a sulable pharmaceutical vehicle. In an

embociment, the composiiions eccording o the invention are formulated in a unit dosage
form, sach dosage containing from about 50 mg o about B30 mg, more preferably abowt 100
my 1o about 300 mg of the compound agcording to the invention, See also US 11/103.658,
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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 unigue characterisiics of the therapeutic agent and the particular therapeutic effect to
be achisved, and (b} the limitations inherent in the art of compounding such a2 therapsutic
agent for fne treatment of armvioid deposition in subjects.

Administration of the compounds and compositions of the present invention 1o a
subject 1o be treated can be carried out using known procedures, at dosages and for periods
of time eflective 1o achieved a desired purposes (e.g. prevention or treatment of AD,
obtaining speciic ievels of 3APS, eic). Dosage regimens can be adjusied o provide the
optimum therapeutic response. For example, several divided doses may be administered
dafly or the dose may be proportionally reduced as indicated by the exigenciss of the
therapeltio stuation.

in one embodiment, the compound(s) of the invention is administered at g
therapeutically effective dosage sufficient to inhibit amylold deposition in 2 subject,
preferably & human subiect. When referring fo amyickd deposition 3 “therapeutically
efiective” dosage inhibits amyloid deposition by, for example, at ieast about 20%, of by al
ieast about 40%., or even Dy at least about 80%, or by at least abour 80% relative 1o
unireated subjects,

In one ermbodiment, the compound(s) of the invention is edminisiersd at @
therapsutically offsctive dosage for the prevenfion or freatment of Alzheimer's. When
referring to Alzheimers, & “thergpeutically sffsctive” dosage stabifizes cognitive function or
prevents a further decrease in cognitive function {(ie., preventing, slowing, or stopping
diszase progression),

VIl Uges of Compounds. Composifion, angd Dosage Forms

Another aspect of the invention pertaing o a method for inhibiling neuronal cell death
by administering an effective amount of a2 compound of the present invention, in yet anoiher
aspact, the invention pertains to a methed for providing neuroprotection 1o a subject having
an AB-amyloid reiated disease, e.0. Alzheimer's disease, which includes administering an
efiective amount of 2 compound of the present inveniion 1o the subject, such tha
neurcprotacton is provided. As used hersin, the term “neurcprotection” includss protecton
of neuronal calis of a sublect from cell death that may result in inftiaiton of processes such
as, bul not limited fo: the destabilization of the coyioskelston; DNA fragmentalion; the
acivation of hydroiyvlic enzvmes, such as phospholipase AZ; activation of caspases, calchum-
activated proteases and/or calclumeaciivaied endonucieases; inflammation medisied by
macrophages; calcium influx into 2 cell; membrane poteniial shanges in a cell; the disruption
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of celt junctions leading o decreassed or absent cell-call communication; and the activation of
expression of genes invoived in cell death.

Agcording to a prefarred embodiment, the compounds and compositions of the
present invemtion are used for one or more of the following: 1o prevent Alzhetmer's disease,
to freat Aizheimer's diseass, or ameforate sympioms of Alzhsimer's disease, to regulate
production of or levels of anwicid B (AR} peptides, prevent, reduce, or inhibit amy foid
demosttmn in a subject, and o reat or pravent of amyloid-relatad diseases.

The compounds and pharmaceutical compositions of the invention may act 1o
ameliorate the course of a B-amyicid relaled disease using any of the following mechanisms
{this fist is meant to be llusteative and not limiting): stowing the rate of B-amyloid fibril
formation or depasition; iessaning the degres of R-armyicid deposition; inhibiting, reducing, or
preventing amytoid fibril formation; inhibiting neurodegeneration or cellular toxicity induced
by B-amyloid; inhibiting amyloid induced inflammation; enhancing the clearance of 3-amyioid
from the brain; enhancing degradation of AR in the brain; or favoring clearance of amyioid
protein prior to s organization in fibrilg, and decreasing the ratio of AB42:AB45 inthe CSE or
plasma. in another embodiment; the invention pertains o a methed for improving cognition
in 2 subjest suffering from AD. The method includes administering an sffective amount of 2
therapeutic compound of the inveniion, such ihat the subject’s cognition is improved. The
subject's cognition can be tested using methods known in the art such as the Clinical
Gementa Rating (“CDR"), Mini-Mental State Examination ("MMSE"), Disability Assesament
for Damemtia ("DAD"), and the Alzheimers Disease Assessment Scale-Cognition ("ADAS-
Ceg"}. Improvement in cognition is present within the context of the present invention if there
is & measurabie differance betwsen the performances of subletis treated using the methods
of the invention s compared to members of a placebo group, historical control, or between
subsequent tests given o the same subject. The invention also perains o a method for
treating, slowing or stopping a PB-amyioid related disease associated with cognitive
impairmant, by adminigiering fo a sublect an afiective amount of a therapeutic compound of
the invention, wherein the annual deterioration of the sublect's cognition as measured by any
of the foregoing mentioned test is improved. '

It is t be understood thai wherever vatues and ranges are provided hergin, 2.g., in
ages of subjert populations, dosages, and blocd tevsis, all vaiues and ranges encompassed
by these vaiues and ranges, are meant 1o be encompassed within the scope of the present

invention. Moreover, all values in these values and ranges may also be the upper or lower
lirmits of a range.
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VIll. Combination Therapy

in certain embodiments, the compounds and composition according o the inveniion
can be used in combination therapy with at leasl one other therapeutic agent. The prodrug
compounds according fo the invention and the at least one other therapeutic agent(s) can
act additively or, in certain embodimenis, synergistically. In ceriain embodimants, the
compounds of the Invention can be administered concurrently with the adminiswation of
another therapeutic agent. in certain embodirments, the compounds of the invention can be
administered prior or subseguent fo administration of ancther therapeuiic agent. The at leas!
ong other therapautic agent can be sffective for treating the same or different diseass,
disorder, or condlition.

Mathoos of the present invention include adrministration of one or more compounds
or pharmacsutical compositions of the prasent invaniion and ons or more other therapeutic
agents providad that the combined administration does not inhiblt the therapeutic efficacy of
e ong of more compounds of the pressnt invention andior doss not produce adverss
combination effects,

In certain embedimentz, compositions of the present invention can be administerad
cencurrently with e adminisiration of ancther therapeutic agend, which can be part of the
same phamaceutical composition as, o in a different composition from, that containing the
compounds of the present invention. In certain embodiments, compounds of the present
invantion can be administered prior or subsequent to agministration of ancther therapeutic
agent. In certain ambodiments of combination therapy, the combinaiion therapy comprises
alternating beiween administering a compos‘;téoh of the present invention and a composition
comprising another therapeutic agent, €.g., o minimize adverse side effects assosiated with
g pariicular drug. When a compound of the present invention is agrministered concurrently
with another therapeutic agent that poientlally can produce adverse side effects including,
it not lirmited to, toxicity, the therapeutic ageni can agvaniageocusly be administered at @
dose that falis below the thresnhold af which the adverse side effect is slicited.

in ecerain embodiments, & pharmaceutical composliion can further comprise
substances o anhance, modulate and/or control release, bicavailability, theransutic efficacy,
therapeutic potency, stabiifty, and the lke. For exarnpie, 10 enhance therapeutc efficacy a
compoungd of e present invention, the compound can be co-administered with one or more
aclive azgents fo incregse the absorpiien or diffusion of the compound from ihe
gastrointestingl ract, or to inhibit cegradation of the drug in the systemic circulation. in
certain embodiments, at least ong compound of the present invention can be co-
acministered with aciive agernts having 2 pharmacological effect that enhance the
therapeutic efficacy of 3APE.
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it certain embodiments, compounds or pharmaceuiical compositions of the present
invention include, or can be adminisiered 1o a patient twgether with, another therapeutic drug
that may be avallable over-the-counter or by prescripion. US patent application
No. 2005/4031651 {incorporated herein by reference) provide 2 iong but non-exhaustive st
of “therapeutic drugs” that can be usetul, in combination, according to the invention.
Preferred therapeutic drugs to be used with the compounds or pharmaceutical compositions
of the presant invention are therapeulic drugs useful in the prevention or treastment of
Alzheimer's Disease or its symptoms, including but not limited o donepszit (Aricept™),
mamantineg (Namenda™), rivastigmine (Exeion™), Galarnthamine (Remirnvi™ and R-
fiurbiprofen (Flurizan™). The compounds and compositions according to the invention could
aiso be combinad with vaccines and antibodies for the pravention or treatment of AD.

In & further embodiment, the compounds of the invention can be co-administered
with 3APE.

X Standard Mathods for testing the compounds of the invention,

The compounds according o the invention can be fwther anaiyzed, lesteg or
validated using a variety of in vitro assays, or in vive assaye to confinm their safety,
bivavallabity, neuroprotection, their capability to defiver 3APS etc. The following ars

illustrative of the type of biological assays that can be conducted 1o assess the insiant
COMPOUNgS.

i} Determination of Enzymatic Cleavage of Prodrugs In '\/’irra

For oraliy administered prodrugs, it is generafly desirable that the prodrig remaing
intact (L.e., uncleaved) whiie in the gastrointestinal tract and bé cleaved (Le., to ralease the
parent drug) while in the systemic circutation. A useful level of stability can at least in part be
getermined by the mechanism and kinetics of absomtion of the prodrug by the
gastroiniestinal tract. A useful level of {ability can af least in part be determined by the
pharmacokinetics of the prodrug and parent drug in the systemic circulation. in general,
orodrugs that are more stabie in a Caco-2 58 and/or pancreatin assay and are more labile in
a rat plasma, human piasma, rat fiver 89, and/or human lver 8% preparation can be useful
as an orally administersd prodrug. The results of tests, for determining the enzyrhatic
cieavage of prodrugs in vitro can be used to select prodrugs for in vivo testing.

i} Bioavaiability of Prodrugs in vivo
Prodrugs that provide a bioavailability of the corresponding parent drug that is
greater than the bioavailabiity provided by an equimolar dose of the parent diug

administered to a pafient by the same route (e.g., oral adminstration) can be useful as
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therapeutic agents. Bicavailability of the compounds of the invention and of relgased 3APS
can be measured /1 vive {humans and iaboratory anirmais) using methods well known in the
art. Example 3 herein provides an exemplary method for assessing Divavaitability in mice.

i} fn Vive Assays: Animal Models

Various animal modeis can be used to the efficacy and/or potency of the compound
according t© the invention. For example, certain transgenic animal models have been
described, for exampie, in U.S. Pat. Nos. 5,877.389; 5,812,486; 5,387,742, 5,720,836;
5,850,003; 5,877,015, and 5,811,833, and in Ganes et al., (Nature 1985, 373:523). Preferred
are anirmal models that exhibit characteristics associated with the pathophysiology of AD,
Administration of the compound Inhibitors of the invention to the transgenic mice described
herein provides an alternative method for demonstrating the inhibitory actvity of ths
compounds, Adminisiration of the compounds in & pharmaceutically effective carrier and via
an administrative route that reaches the target tissue in an appropriate therapeutic amount is
atso praferred,

v} Toxicity

A variety of different parameters can be monifored to assess toxicity. Examples of
such parameters include, but gre not imiied to, cell profiferation, monitoring activation of
celluiar pathways for toxicological responses by gene of protein expression anazlysis, DNA
fragmentation, changes in the compesition of celiular mambranes, membrane permeabilly,
activation of components of death- recepiors or downstream signaling pathways (e.g.
caspases), generic stress responses, NF-kappaB activation and responses 0 mifogens.
Relaled assays are used o assay for apoptosis (a programrmed process of cell degth) and
nacrosts, including ¢BMP formation and NO formation.

Toxicity and therapeutic efficacy of the compound(s} and composition{s] of the
invention can be cdeterminad by standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., for delarmining the LDSC {the dose isthal © 50% of the
poputation) and the EDS0 ({the dosk: therapeutically effective in 50% of the popuiation). The
dose ratio between foxic ang therapeutic effects is the therapeutic index and can he
expressed as the ratio LDBO/EDSC, and usually a larger fherapewutic index is more
efficacious. While agents that exhibil toxic side effacis may be used, care should be taken 10
design a delivery system that targets such agemts to the siie of afiected fissue in order
minimize potential damage o unaffesied cells and, thereby, reduce side effects,
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v} Neuroprotection

The following are ilusirative of the type of biological assays that can be conduciad to

assess whather a inhibitory agent has a proteciive effect against neuronal injury or disease.

a. Morphotogical Changes

Apoptosis in many cell types is comelated with altered morphoiogical appearances.
Examples of such alterations include, but are not mited to, plasma membrane blebbing, cell
shape change, loss of subsirate adhesion properiies. Such changes are readily detsctable
with a light microstope, Cells undergoing apopiosis can also be detectad by fragmentation

and disintegration of chromesomes. These changes can be daiected using light microscopy
and/or DNA or chromatin specific dyes.

b. Altered Mambrane Permeability

Cften the membranes of celis undergoing apopiosis become increasingly permeabie.
This change in membrane properiies can be readily detected using vital dyes f{e.q..
propidium iedide and trypan biue). Dyss can be used to defect the presence of necrotic celis.
For exampile, certain methods utiize a green-fiucressent LIVE/DEAD™ Cviotoxicity Kit #2,
availabie trom Motecular Probes. The dye specifically reacts with celluiar amine groups. In
nacrotic cells, the enfire free amine content is availabie to react with the dys, thus resuliing
in Imtense fiuorascent staining. in conirast, only the celi-aurface amines of viabie celis are
available to react with the dye. Mence, the fiuorescence Intensity for viabie zelis is reducsd
significantly relative fo necrotic cells (gee, e g., Haugland, 1998 Handbook of Fiuorescenf
Probes and Research Chemicals, 6th ed., Moiscular Frobes, OR).

¢. Dysfunction of Mitochondrial Mernbrane Potential

Mitochondria provide direct and indiregt blochemical reguiation of diverse celiutar
processes as the main energy source in cells of higher organisms. These process inciude
fne electron yansport chain activity, which drives oxidative phosphoryiation 1o produce
metahoiic energy In the form of adenesing triphosphate (Le., ATP). Altered o defective
mitochondrial activity can result in mitochondrial coliapse called the "permeability transition”
or miochondrial permeability transition. Proper mitochondrial  functioning  reguires
maintenance of the membrane poiential established across the mambrane. Dissipaiion of
the membrane poteniial prevehts ATP synthesis and thus halis or restricts ithe production of
a vital bivchemical energy source.

Conseauertly, a varlety of assays designed 1o aszess {oxichy and cell death invoive
monitoring the eftect of a test ageni on milochondrial membrane patentiais or on the
mitochondrial permeability transition. One approach is 1o utlftze flusrescent indicators (see,
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a.g., Maugtand, 1986 Handbook of Fluorescent Probes and Research Chemicals, 8th ed.,
Mpiecular Probes, OR, pp. 266-274 and 589- 584). Varlous non-tluorescent probes can also
pe ulifized (see, e.g., Kamo et al, (187%) J. Membrans Bicl. 48:108). Mitochongrial
metnbrane potentials ¢an aiso be determined indirectly from mitochondrial membrans
permaabifity (see, e.g., Guinn (1878) The Maolecular Biology of Cell Membranes, Urniversity
Park Press, Baltirnore, Md., pr. 200-217). Further guidance on methods for conducting such
assays fs provided in PCT publication WO G0/19200 1o Dykens et al.

d. Caspase Activation

Apoptosts s the process of programmed call death and invoives the activation of g
genetic program when cells are no longer needed or have become seriously damaged.
Apoptosis involves a cascade of biochemical events and is under the regulation of a nurnber
of ditferent genes. One group of genes act as efeciors of apoplosts and are referred 10 as
the intarteukin-18 converting enzyme (ICE) family of genes. These genes encocs a family of
cysteine proleases whose astivity is increased in apoplosis. The ICE family of proteases s
generically referred 10 as caspase enzymes. The "C" in the name refiects the fact that the
gnzymes are gysieine proteases, while "Caspase” refers 10 the ability of these enzymes to
cleave afier aspariic acid residuss,

Congeguentty, some assays for apoptosis are based upon the cbservation tha
caspases ars induced during apoptosiz, induction of these engymes can be detected by
monitoring the cleavage of specifically-recogrized substrates for these anzymes. A numbear
of naturally ocourring and synthefic protein subsirates are known (see, e.4., Ellerby et al.
{1897) J. Neurcecl. 17.5185; Kluck, et al. (1897) Science Z75:1132; Nicholson et al. {1985)
MNature 376:37; and Rosen and Casciola- Rogen (1837 J. Cell Biocham. 64:50). Methods for
praparing a number of different substrates that can be uliized in these assays are described
in U.B. Pai. Ng. 5,976,822, This patent alse describes assays that can be condugied using
whole calis tha are amendabile o centain of the microfiuidic devices deseribed herein. Other
methods using FRET echniques are discussad in Mahaijan, et al. (1288) Chemt. Biol. 6:401-
g and Xy, et al. (1998} Nucl, Acids, Res. 28:2034-5,

e. Cytochrome C Release

in healthy cells, the inner mitochondrial membrane s impermeable o
macromoiecules. Thus, one indicalor of cell apopiosis is the relsase or lsakage of
oytochrome C from the mitochondriz. Detection of cytochrome & can be periomed using
spectroscopie methods because of the inherent absorption properties of the orotein. Thus,
one detection option with the present devicas is to blace the celis within a hoiding space and
monitor absorbance &l e characteristic absorption wavelength for ovtochrome G,
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Altiematively, 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., Liu et al.
(1698) Coll 86:147}.

f. Assays for Celf Lysis

The final stage of celi death is typically iysis of the cell. When celis die they typically
releese a mixiure of chemicals, including nucieotides, and a variety of other substances
{e.g., proteins and carbehydrates) into their surroundings. Some of the substances released
inciude ADP and ATP, zs well as the enzyme adenylaie cyclase, which catalyzes the
convarsion of ADP to ATE in the presence of axcess ADP. Thus, certain assays involve
providing sufficlent ADP in the assay medium to drive the equifibrium towards the generation
of ATP which can subsaguently be detectad via & numnber of different means. One such
approach i3 to utilize a luciterinfluciferase system that is well known 1o those of ordinary ski
in the art in which the enzyme iuciferase utilizes ATP and the substrate iuciferin 1o generate
a photometrically detectable signal. Further deialls regarding certain cell iysis assays that
can be performed are set forth in PCT publication WO 00/70082.

g. lschemic Model Systems

Methode for assaving whather a compound can confer protactive neurniogicsal stfects
against ischemia and stroke are discussed by Aars, et al. (Science 288:846-850, 2002). in
general, this agsay invoives subjecting rats to a middie cerebral artery occlusion (MCAQ) for
a relatively short perigt of time {8.0., about B0 minutes). MCAQ can be induced using
various methods, including an intralumingl suture method (see, e.g., Longa, E. Z et al
(1989) Stroke 20:84; and Belayev, L., et al. (1998) Stroke 27:1616). A composition
containing the putative innibitor is introduced into the rat using conventional methods (e.g.,
via intravenous injection). To evaluate the compositions prophylactic effect, the composition
is administerad betfore performing MCAQ. if the compound s 1o be evaluated for ts ablitty 1o
mitigate against an ischemic event that has aiready occurred, the compesition with the
compound s introduced atter MCAD has been initiated. The exient of cerebral infarction is
then evaluated using various measures of neurological function. Exampies of sueh
measures include the postural reflex test (Bederson, J. B, et al. (1886 Sroke 17:472) and
e forelimb placing test (De Ryck, M. el al. {1989} Siroke 20:1388). Methods are also

described in Aarls el al assessing the effects of NMDA-induced excifotoxiclly using in viiro
assays.

h MTT Cytotoxicity Assay
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The MTT assay is another agsay which has bean widely used to assess cyinioxicity
in neuronal celis. The celiular toxicly can assessed using the 3-{4,5-dimethylthizzol-2-yi)-
2.5-diphenyl tetrazolium bromide (MTT) assay (Trevigen, Galthersburg, Md.) following the
recommendations of the manufaciurer.

i. Trypan Blue Cell Viability Measurement

Cell viability can be measured using the trypan blue exclusion mathod {Yao et &k,
Brain Hes., 888, 181-180 (2001)).

I Determination of Ceffular ATP Lavels

Celiutar ATP Levels can be indicative of call viability. Cellular ATP concantrations
can be measured using the ATPLie-M® luminescence assay (Packard BioSalences Co.).
For example, in this assay, cells typically are cuttured on black 98-well ViewPlais® and the
ATP concenirations are measured on & TopCount NXT® sounter (Packard BioSciences Co.)
following the recommendations of the manufactursr.

vi} Gastrointestinal gbsorption

The compounds or drugs ascording to the invention can be further analyzed, tested
of validated tor their ability 10 be absorbed by {he gut and/or intestine if so desired.

intestina! parmeabliity and transport of a drug candidate may be estimated using a
variety of in vitro, in situ, as well gg in vivo modsis [Balimane et al. {2000} J Pharmaco!
Toxico! Methogs 44:385-401; Hidalgo 1. (2001) Curr Top Med Chem 1:385-401, Hillgreen K,
Kato A ang Borchardt R, {1985) 15:83-108). '

For instance, paraliel artificlal membrane permeability (PAMPA;] asssy and cel-
basad svetems such as GCace-2 and Mardin-RDay canine kidnay (MDCK) cells are the most
frequently used /n vitro medsle. The PAMPA model consisis of a hydrophobic filter material
coated with a mixture of lecthin/phospholipids dissoived in an inert organic solvent creating
an ariificial lipid membrane bartier that mimics the intestingl eplthelium, Caco-2 celie, a
hman colon adenocarcinoma, underge spontanecus entercoyiic differentiation in culiure
and become polarized cells with wel-established tight junctions, resembling inzstinal
gpithefium in humang. Caco-2 cell model has beesn the most popular and the most
exiensively characterized celi-based model in examining the permeability of drugs in both
the pharmaceutical indusiries and academia. Alrernatively, MDCK cells which also develop
tight junclions and form monolayers of polarized cells are used.

An in sty study such as an iniestinal perfusion couid also be performed 1o assess
grug absorption. isoiated intestinal ssgments comprise fhe absorptive celis and the

underlying muscle layers. As it is commonly used, this technigue only aliows sampling from
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the mucosal side; drug disappearancs is assumed 10 be equal to dm§ shsomption. Typically,
a wholz animal absorption study (pharmacokinetic study) will be performed in paraliel with
the in vitro andfor in ity studies o assess intestinal permeabiiity. in general, drug absomption

in animals is believed 10 be a good predicior of absorpiion in humans.,

vif} Gastrointesting! toxicity

The compounds or drugs according (o the invention can be further analyzed, tesied
or validated for gastroiniestinal (G toxicity, Gastrointestinal toxicity of a compound in vivo
can be rgliably zstabiished thvough the implementation of a standard battery of genersl
ioxicological asssgsments. Generally, regulatory test guidslines from the EU, OECD, 1CH,
FDA and JMOMW are used as refersnce material for the preparaifion of study protocols for
such assessments. in North America, the toxicoiogical assessments will generaly be carried
out in compiieance with the United States Food and Drug Administration Titde 21 Code of
Faderal Regulations Part 58, Good Laboratory Pragtice for Non-clinical studies issued on
December 22, 1978, Faderal Reglster plus subsequent amendments.

Within the contaxt of such & non-clinical assessment of the toxicity of a particular
compound, Gl toxicity may specifically be assesssd through the monitoring of body weight
gain, the gross examination of materials emitied by the 1est sublect (gpacifically vomitus and
feces; and the monitoring of foodfwater consumplion {appetence). Furthermore, upon
termination of & non-clinical toxicological assessmant, the retention and processing of Gl
tract fssues from the iest subject(s) to the slide stage, foliowed by histopathological

-gxaminaiion of said tUssues Dy a trained pathelogist, is a useful 1ool, complementary 1o the

aforementioned “in-lite” observations.

vilf} Croasing of the Blood Brain Barier (BBB)

The blood-brain barrier {(BBB) is a very spetialized barrier sysiem of endothelial cells
that separaies the Dlood from the underlying brain cells, providing protection 1o brain cells
and preserving brain nomeosiasis. The brain endothelium has a complex arrangsment of
fight junctions betwaen the celis that restrict the passage of molecules, Typically the BBB iz
permeatie 1o small and lipophilic molecuies, but larger molecules are genetally nol
ransported acress unless there is an active Transport system availabie. Thus this s one of

- the stumbiing blocks for drug delivery. An additional problem is the very effective drug efflux

systems (P-giycoprotein), which pump the drug back out of calis,

The compeunds according to the invention can be ifurther anaiyzed, tested or
validated for their abllity to croge the BBE i3 50 desired. Many ir-vitro, In-vivo and in-sifico
methods may be emploved during drug development to mimic the BBE (Lonmann et al
(2002) Predicting bioog-brain barrier permeability of drugs: evajuation of differant in wvitro
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assays. J Drug Target 10:283-276; Nicolazzo &t al {2008) Methods © assess drug
parmeability across the blood-brain barrier. J Pharm Pharmaco! 58:281-293). In-vitro modsls
inciude primary endothelial cell culiure and immoralized cell fines such as Caco-2, BMEC,
MDGK. These cefls are useful @3 a screening method and can appropriately rank
compounds in order of BBS permssability. In vive models such as the irmernal carotid ariery
single injection or perfusion, intravenous bolus iniection, brain efflux Index and intracersbral
microdiaiysis provide more accurate information regarding brain uptake, and these can be
complemented with noval imaging technigues (such as magnetic resonance imaging and
posifron emission tomographys, although such methods are not suited to high&hroughpﬁt

‘permeability assessment,

ix) Brain and CSF level

The brain and/or cerebrospinagl fluid {CSF) leveis of the compounds or drugs
according to the invention can be assessed, msasured or estimated using various models
methods, and assavs (see Poichoiba MJ, and Nocerini, MR (2004) DMD 32:1190-1188;
Orlowska-Madiack M, {2004) Acta MNeurobiol Exo 64: 177-188; and Hocht, C, Opezza, JA
and Taﬁra, CA (2004) Curr Drug Discov Techno! 1:268-85)

One of the most commion technigues is probably g brain sampling after & whole
anima! absorplion siudy {pharmacokinetic). For instance, pharmaccokingtics (PK) profiles of
the compound of the invention could be investigated using fypical nonchinical PK studies in
mice. Briefly, ai different fime-poirts following intravenous, subsulansous and oral
compound administrations, brain, CSF and plasma sampies are coliecied. The brain, U8F
and plasma samples are then analyzed by LCAS to determine the concentration-fime
profiies of the compound. |

Alternatives such as brain dialysis or disribution 0f a radiciabelied compound with or
without autoradioluminography could also be used. A typical exampls Is 2 tissue distribution
study 10 assess the time course elimination of radioaciivity from tissues foliowing the
adminisration of & known guantity of radiclabeled compound, the percerttage of the original
dose tansported in the brain or CSF  can be determined.  Furnhermorg,
autoradioluminography of cryosections coniaining Drain tizsues with 2 wide range of
radicactivity concentrations can be readily quantified o datarming brain levels of a drug,

Alternatively, microdialysis offers g way (o remove drugs from the brain. The principie
of microdialysis is based on the diffusion of molecutes through small-dismeter pores of 2
semi permeabie membrane ubing connemed to a probe that is impianied into & defined
brain arsa. The probe is connacted to a perfusion pump and perfused with a liguid, which
eguilibrates with the fluid outsice the tubs by diffusion in both directions. & guantitative
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analysis of drug in the fraction-coliected microdialysates reflects thelr concentration in the
fluid. &

Those skilled in the art will recognize, or be able 1o ascertain using no mare than
routine experimentation, nuinerous eguivaients to the specifiic procedures, embodiments,
claims, and exampies described herein. Such equivalents are considerad (o be within the
scope of this invention and covered by the claims appended hersto. The conteris of afl
reterences, issued patents, and published patent applications cited throughout this
application are hereby incorporated by reference. The invention is further ilusirated by the
following examples, which should not be construed as furthar Bmiting.

EXAMPLES
The Exampies set forth herein below provide exemplary synthesss of ceriain
represemative compounds of the invention. Alse provided are axempiary methods for

assaying the compounds of the invention for 7 vitro sability, microsomes metaboliem and
mouse Dioavaiabiiity.

Uniess otherwise indicated, all numbers expressing quantities of ingredients, reaction
conditions, concentrations, propefties, and so forth used in the specification and ciaims ars
10 be understood as being modified in all Instances by the term "about.” At ihe very least,
each numerical parameter shouid at least be constried in light of the number of reporied
significant digits and by applving ordinary reunding technigues. Accordingly, unless indicated
1o the contrary, the numerical parameters set forth in the present specification and attached
cialms are approximations thal may vary depending upon the properiizs sought © be
nbtained. Notwithstanding that the numerical ranges and parameters setiing forth the broad
scope of the embodiments are approximations, the numerical values set forth in the spacific
examples ars reported as precisely as possible. Any numerical valus, howsver, inherantly
contaln cerialn errors resulting from variations in experiments, testing measurements,
statistical analyses and such.

The present invention also relates 0 novel compounds and the synthesis thereof.
The following detailed examples describe how 10 prepare the various compounds and/er
perform the various processes of the inveniion and are to be construed as mersly illustrative,
and not imiatons of the preceding disclesure in any way whatsoever, Those skilled in the
art will promptly recognize appropriate variations from the procedures both 23 to reactanis
and as to resction conditions and techniques, In some cases, the compounds may be

commercially availabie,
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Exampie 1-A: Chemical Synthesis of Amino acid prodrugs

Accordingly, the foliowing examples are presentad to illustrate how some aming acid
prodrugs according to the invention compounds may be prepared.

Preparation of N-hvdroxvsuceinimide ester
Rt Re =¥

®e o
X NHS, HEBTU
BOC%‘J%\/ NE,, CHCL B@CN%H/O\I?
M O ;!gz. G

o
o
R X _NHS.HETU, = _O.
N NeweRos YW
Q O

o

To a stirred golution of a N-Boc-protecied amine acid or a carboxylic asid (10 mmol)
it CHCL (100 mi) was addad HETU (NN N N-Tetramesthyi-O«(1 F-benzotriazol-1-
vhuronium hexafivorophosphate, 4.17 g, 11 mmaoll followsd by addition of triethytamine (1.55
mb, i1 mmol) and Mhydroxysuecinimide (NHS, 1.26 g, 11 mmol). The reaction mixiure was
stirred &t room iemperaitre for 4 h, and then difuted with HC! (1 N) and EiOAc (sthyi
acetate). The organic iayer was isolated, dried over Ng,30,, and conceniraied. The residual

~ rmaterial was purifiad by flash chromatography on sifica gel using hexanes-Et0AC a3 slueni

to afford the corresponding N-nydraxysucsinimide ester in good yisid (aboul 70 to 88%).

Oeneral procedures for the preparafion of aming acid prodruos of 3-amino- {-propanasuionic
ackd (Procedures A fo Di-

Frocedures A fo D were used in different combinations, to produce exempiary
compourids of the invention. Resuits for the preparation of Compounds A to Y using these
procedures are summarized in Table 2 below,

Procedure A
= 2
i /F% o 1y Bl 50, RoB2 u
BOCNMOW NaOH - LN -SOH
LT 2 ARG
B O o e 5
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A soiution of the N-bydroxysuceinimide ester of a N-Boc-protected amino acid or a

carboxylc acid {48 mmoi, 1.2 eq) in acetoniirile or acetone (50 ml) was added siowly to a2
solution of SAPS, 3-aming-1-propanesulfonic acid, 40 mmol, 18y in 2 N NaOH (sodium
hydroxide, 23 mi, 1.2 eq). The reaction mixture was sfirred at room temperature overnight.

The mibxure was evaporated to dryness. The residual material was stirred with ELO (diethyl

gther, 150 mL) at refiux for 1 h. Altar the mixture was cooled to room temperature, the solid

matertal was filtered and dried in vacuo, and further purified according to one of the foliowing
work-up proceduras:

{ii The solid material was dissolved in watsyr {25 mb), The soluticn was passed through

a Dowex™ Marathon™ C ion-exchangs column (strongly acidic, 110 g (5 eg), pre-
washed). The strong acidic fractions were combined and treated with concenirated
HCH (10 ml). The mbdure was stimed at B) °C for 30 minutes, and then was
concentrated 1o dryness, The residual material was co-evaporated with EfOH
{ethanol) 10 compiletaly remove water. EIOH (100 mbL) was added to the residue. The
mixture was stirred at refiux for 1 b, and then cooled 10 room temperaturs. The solid
material was collected by filtration. The solid material was dissolved in water (10 mL).
The soluion was added drop wise to E1OH (100 mb). The product siowly crystaliizad.
The suspension was stirred at room temperature for 30 minutes. The solic materal
was coliacted by filtration and it was dried in & vacuum oven (80 °C).

‘Th@ solid material was dissolved In water (25 ml.), The solution was passed through
a Dowex™ tarathon™ O jor exchange column {(strongly acidic, 110 g (5 eq), pre-
wasned). The strong acidic fractions were combined and evaporated under reduced
pressure. The residus was purified using reverse-phase flash chromatography
{Bigtage™ SP-1, 018 column). For esier-containing compound, the final product was

obtamed atter removal of the solvent from the corresponding fractions; otherwise go
o (ifi}.

{iil) The residual matorial from step (#) above was stirred with 4N HCH {3 ml) at 80 *C for

1 h. A white solid precipitale appeared. Afier the mixiure was cooled o room
temperature, ihe soiid material was coilected by filtrgtion, washed, and dried i
vacue, to provide the final product.

Procedurs B:

To a sirred solution of a N-hydroxysuccinimide ester (3 mmol) in & mixiure of

HeOrtetrahvdrofuran/CH:CN (10/10/10 ml) was added a solution of 3APS (as sodium salt)
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{3.2 mmol) in water (5 mL} followed by addition of 1M solution of potagsium carbonate (3
mL). The reaction mixure was stirred for 2 h, foliowad by addition of EtCArn, The aguecus
tayer was isclated and concentrated {o a residue. The residus! material was purified by silica
gel colurmn using CHaCi-MeOH (80-20) as eluent to give the corresponding N-Boo-protected
product. The purified N-Boc-protected product was dissclved in dichioromethane (CHCly, 10
mL) followed by addifion of TEA (irifiuorcacetic acid, 5 mb). The reaction mixture was stirred
for 2 h, and then concentrated under reduced pressure. The residual solid material was
suspended in a minimum amount of ethariol and the mixture was stirred for 1 h uncier refiux.
The mixture was cooled to room temperature. The solid material was collected by filtration,
washed with ethanol, and dried under high vacuum o afford the final compound.

Progaedure C:

To the purified product containing benzyvl ether protection group from procedure & or
B (3.5 mmol) in 2N HC! {500 mL) and MeQH (500 mb) 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 mbl) The filtrale and the washing were
combined and evaporated under reduced pressure. The residual matertal was purified by
raverse-phase MPLC [C18 column, 0-15% scetoniiriie/water). The fractions containing the
desired compound were combined and yophifized, to give the final product.

Procedure D:

This procedurs is used o praduca prodrugs of Formulae | to Vi having more than
oche aming acid coupled o 3APS. Siep (i) or (i) is repeate::f BS necsssary to obtain the
desired compound,

RY B2 1) D‘N 3 R
3 5G,H \p: N H
I “ o
Hg\l"?%ﬂ/ SO e R'/U\NMF( N -SOH
4 e l |
R D 2) L 4

(i The product from Procedures A, B, or C iz further reacted with another A
hydroxysuccinimide ester following Procedure A,

iy The product from Procedures A, B, or C was further reacted with another N
hydroxysuccinirnide ester following Procedurs B,

B3



Table §, Synthesis and characterization of exempilary amino acid prodrugs according
to the invention

Synthelic | NMR (ppm; 1H 830 MHez; 130 125 M)
Procedure | MS (electrospray ionization)

o

TH NMR (D2C; 6 1.55-1.87 (m, 2H), 2.40-2.48 (m, 2H), 2.82-3.01 {m, 2H;,
3.04-3.14 (m, 2H}, 3.85-8,88 (m, 1H), 7.11 {d, J = B.8 Hz, 2H), 7.187.27 (m,
A1 1AL 3}, 180 NMR (D20 § 23,76, 37.02, 38.21, 48.36, 54.78, 128.1%, 124.33,
128,42, 134.01, 168.84;

m/z 285 {(M-1).

TH NMR (D20} 5 0.87-0.80 {m, 8H), 1.83 (qt, J = 7.2 Hz, 2H), 2.02-2.09 (1,
), 279 {1, J = 7.8 Hz, 2H), 8.20-8.28 (m, 2H), 3.80 (d, J = 8.3 Hz, 2H); 13C

A2 | A NMR (D20} § 1720, 17.77, 24.11, 30.00, 38.28, 48.853, 58,96, 188.35,
m/fz 237 (M-1).
TH NIMR (D20) 8 1.82 (gL, J = 7.2 Hz, ZH), 1.80-1.85 (m, 3M)}, 2.28-2.35 {m,
, ML 278 {1 J =78 Hz, 2H), 3.22-3.33 (m, 4H), 421 (4 J = 70 Hz, 2H) 130
A3 1AL

NMR (D20} 5 23.95, 24.07, 20.85, 38.48, 46.57, 48.53, 50.00, 160.64;
miz 235 (V-1),

TH NMR {D20) 3 1.30 (gt J = 8.1 Mz, 2H), 157 (0, J = 7.8 Hz, 2H), 1.75
1.85 (m, 4H), 2.77-280 {m, 2H), 287 & J = 7.8 Mz, 2H), 317 (g, J = 6.7 Hz,
Ad AR THY, 331 (ot J = 8.8 Hz, 1H}, 3.83 (L, J = 6.8 Hz, 1H); 13C NMR (DED) &
21.47, 24,12, 30.48, 38.30, 38.18, 48,63, 53.28, 168.66,

/2 268 (M-1).

TH NMR (DMSO-06) 5 0.81 (d, 4 = 7.6 Mz, 3H), 7.84 (0, J = 7.3 Fz, 3H), 1 5
{m, 1H), 1.60 tm, 2, 1.82 (m, 2H), 2.80 {m, 2H), 3.20-3.80 (. 2H), B8R (.
A5 | B J = 7.3 Hz, 14); 130 NME (DMSO-0B) § 21.48,21.78, 24,17, 38.42, 40.08, |
4866, 52.35, 170.53;

iz 251 (1),

TH NMR (D20 & 1.84 {m, 2H), 1.88 {s, 3H), £.04 [m, 2H}, 2.47 (m, 2H}, 2.80

ae | A (m, 2+, 3.24 (L. J = 6.8 Hz, 2H), 2,84 {t, J = 6.5 Hz, 2H) 18C NMR (D20} § |
# H H
' 14.18; 24.07, 28.44, 30,08, 38.41, 48.61, 52.66, 169.45;
iz 268 {M-1}.

“H NME {D20) 8 1.81 (m, 21, 2.80 (m, 2H), 3.23 [m, 2}, 3.80 {m, 21}, 3.97

P A {, J = 5.0 Hz, 1H} 13C NMR {D20) & 24,10, 38,39, 48.55, 54.85, 60.44,
187.97; :

iz 225 (Ni-1). |

1H NMPR (D20) 3 3.80 (G, 1M, J = 7 HZ), 3.23 (4 2H, J = 7 Hz], 5.78 (m, M),

s | Ap 1,82 (m, 2H), 1.38 (d, BH, J = 7 Hz); 13C NMR (D20) § 170.00, £8.30, 48.55,

38,28, 2410, 18.85;

miz 208 {M-1).
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TH NMR (D20} 5 3.80 (g, 1H, J = 7 Hz), 3.28 (1, 2H, J = 7 Hz), 2.78 {m, 2H),
1.82 {m, 2H), 1.38 (4, 3H, J = 7 Hz}: 130 NMR (D20} 3 170.90, 49.30, 48 55,

!

s | AR

38.28, 24,10, 16.65;

Mz 209 (W-1).

TH NMR (D20) 6 1.82 (m, 2M), 2.80 (m, 2H}, 3.25 (m, 2).8.67 (s, 2H}; 13C
ao | B NMR (D20) § 24.13, 38.26, 40.57, 48,58, 167.08;

mfz 195 (M-1).

TH NMR (D20} 6 0.80 {t, 3H, J = 7.3 nz), 0.86 (4, 3H, J = 6.8 Hz}, 1.12 (m,

TH), 1.40 {m, 1H), 1,83 (m, 3H}, 278 (m, 2H), 3.25 (m, 2H), 3.86 (¢, 1H, J =
INEREY 5.9 Mz ); 130 NMR (D20} § 10.58, 14.22, 24.11, 24.37, 3638, 38.29, 48.64,

58.00. 169.35;

miz 25 (M-1).

TH NMR (D20 5 1.84 (m, 2+, 1.89 (s, 3H), 2.04 (m, 2H), 2.47 (M, 2H), 2.80
w2 | A (m. 2H), 3.25 {1, J = 7.3 Hz, 2H), 3.94 (t, J = 6.6 Hz, 1H); 130 NMR (D20} §

14,18, 24.06, 28.42, 30.07, 38.41, 48.60, 52.66, 169.42;

miz 268 (M-1). '

TH NMR (D20) 5 1.70 {m, 2H), 2.64 {m, 2H}, 3.15 {m, 1M, 3.22 (m, 3H), 4.06
. (LJ=8.3 Hz, 1H), 7.30 (s, 1H), 8.55 (¢, J = 1.5 Hz,1H); 13C NMR (D20) 8

23.94, 26.27, 36.36. 48.43, 5250, 115.40, 12636, 134,60, 167.98; ;

miz 275 (M-1).

TH NMR (D20) b 1.46 (5, 6H), 1.83 (m, 21), 2.77 (. 2H), 323 (1, J = 6.6 Hz, |
A4 | AG) M3 130 NMR (D20} 5 23.44, 24,08, 38.54, 48,81, 57.21, 173.20;

mfz 223 (-1}, ' k

TH NMR (D20} b 174 (M, 2H), 2.56 (m, BH), 815 (m, 1H), 529 {m, 1F), 4.95 |
O (8, 1H), 7.38 (m, 5H): 13C NMR (D20) § 24.00, 36.35, 48.38, 56,84, 126,08,

128.87, 130.52, 132.48, 168.80;
m/z 271 (M-1).

1H NMR (D20) b 1.49 (m, 24, 2.54 (m, 2H}, 2.98 (M, 2H), 3.27 (M, oM, 4.07
(m, 1H), 7.05 (4, 1H, J = 7.3 Hz), 7.44 {m, 24}, 7.39 (¢, 1H, J = 8.3 Hz), 747

A16 | A {m, tH}: 13C NMR {D20) 5 23.60, 27,14, 38.32, 48.18, 54.12, 106.83,
112,82, 11825, 118,70, 122,35 128,18, 126.83, 138.37, 183857,
miz 324 (V1) !
UH NMR (D203 6 1.86 (m, 2H), 2.58 (m, 2H), 2.92 {m, 1H), 2.04 (m, 2M), 3.17 ¢
(m, 1HL 385 TH, =62 H2 ), 877 (d, 2H, J 8.8+, 7.0210d, 24, J = 8.3
(17 Ay and

thanC

Hz}; 13C NMR (D20) 8 22.91, 36.28, 38.25, 48.42, 54.95, 116.07, 125.88,
130.91, 155.29, 166.56;
miz 307 (-1,




A18

34

1H NMR (D20) § 1.77 (s, 2H), 2.74 {m, 2H}, 3.19 (, m2H), 2.75 (m, 24}, 4.08
(m, M), 4.42 & 4.85 (AR, J = 12.2 Hz, Z2H), 7.26-7.33 {m, BH); 130 NMR
(D20) 8 24,10, 38.43, 53.23, 67.39, 73.28, 12B.63, 128.87, 126.86, 136.68,
167 55

iz 315 (M-1).

A19 | Al

TH NMR (D201 6 7.6 - 7.2 (M, 5, 5.05 (8, 211, 3.83 (1, J = 6.7 iz, 1H), .21
(an, J = 7 Mz, 1+), 3.08 {gn, J = 7 Hz, 1H), 278 (1, J = 7.8 Hz, 2H), 2.45 (¢, J
=7 Hz, 2H), 2.08 (g, J = 7 Hz, 2H), 1.78 (m, 2H);

miz 357 (M-1},

A20 | B

i miz 223 (M-1).

TH NMR (D20) 6 1.78-1.85 (m, 4H), 2.24 (1, J = 7.5 Hz, 2H), 2.78 (m, 2H),
2,88 {t, J = 7.8 Mz, 2H), 318 {1, J = 7.0 Hz, 2H). 13C NMR (D20) 5 23.21,
24.16, 32.70, 38.16, 38,98, 48.65, 175.06;

AZ2

1H NMR (D20} 6 .84 ign, 2H, J = 7 Hzy, 2.78 (dd, 2F, J = 8.0, 6 Hz), 2.88
(ABX, 2H, J = 5.5, 7.3, 16,8 Hz), 3.24 (m, 2H), 3.61 (¢, 14, J = 5.5, 7.3 Hz):
13C NMR (D20) § 24.05, 35.42, 38.46, 48 53, 50.04, 168, 171.

A28

TH NMR (D20) 8 0.6 - 0.8 (M, 12H), 1.61 (m, 1M}, 1.68 im, 17}, 2.08 (™,
SHY, 277 (4 2H, J = 8.0 Hz), .20 (1, 2H, J= 8.8 Hz), 87314, 1H, J = 6.1
Hzj, .87 {d, 1H, J = 6.8 Mz); 13C NMR (D20) § 16.93, 17.82, 18.36, 24.21,

| 28.77,30.27, 38.08, 48.72, 58 .42, 60.66, 168.45, 173.07

Exampie 1-8: Chemical Synithesis of Carbamate Prodrugs

Arcordingly, the foliowing sxamples are presented to llusirale how some carbamate
procirugs according o the invention compounds may be prepared,

General synthetic proceduras

Procedure A:

Preparation of Compound &f sodium salt (3-(p-acetyloxybenzvioxyoarbonyhamino-1-
oropanesulfonic acid sodium salt)
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AcCL NaQH !
~Dioxane, PTG e Q
Ae0 |
Q

o
T
o
pyridire
J
L Yy
2 ] o HMSOGN& TEA, DMF A G/s\f\;/;l)'
- a1,
P
AcO e HN SO,Na

NOE

Step 1. Acetyl chloride (3.0 mi, 42 mmol, 1 en) was added to 2 mbdure of 4-
hydroxybenzylalconol (8.3 g, 42 mmal), sodium bydroxide (1.7 g, 42 mmoi, T eg.) ang
teirabustylarmmoniim hydrogen sulfate (7 g, 0.5 eq.) i dioxane (100 mbL). The rzaciion
mixture was stirred af room temperature for 4 hours and the solvent was evaporatad. The
residue was dissoived In water and the agueous phase was exiracted with E1CAC {3 times).
Gombined organic extracls were washed with brine, dried and concentrated o give colcrless
oil. Purification (flash chromatography; hexans/Ei0Ac, gradient mode) provided the
corresponding monoacetate (2.2 g, 32%:,

Step 20 Anhydrous pyridine (1.1 mi, 13 mmol, 1 eq.) was addsd drop wise {0 a
stirred mixture of pnitrophenyl chlorciormate (4.0 g, 20 mmoi, 1.5 eg.) and the monoacetate
{from step 1:2.2 ¢, 13 mmol) in dry tetrahydrofuran (THF, 25 mi). A white precipitate was
formed. The reaction mixture wag stirred at room temperature for 1 hour. The solid maierial
was removed by filtration, and washed with THF.  The filirate and the washing were
combinad; and fhe solvent was removad it vacus,  The residual material was purified by
lash chromatography {(hexanes/EICAS, 80/20) to provide the corresponding carborniaie (2.8
g, 62%).

Step 3 The caronale prepared in the step 2 (2.2 g, 6.7 mmol, 2 eg.) was added 1o
2 mbiure of T-amino-i-propanssulionic acikd sodivm sall (538 mg, 3.32 mmol) and
rigthylamine (0.90 mi, 6.7 mmaol, 2 eq.; in dry N Ndimsthylformamide {(DMF, 10 mL). Ths
reastion .mixture was stirred at room {emperalure overnight.  Solvent was removed by
svaporation. The rasidue was partitioned betwsen EtDAr and water. The aguedus phase
was washed twice with EtOAc, and then iyophilized. HPLT purification {acetonittiie/waier,
20/80 1o 80/10) of the lyophifized residue provided the title compound (386 mg, $3%): ™
NMR (500 Mz, D:0) & ppm 1.83-1.88 (m, 2H), 1.88 (5, 3H), 2.84-2.87 (m, 2H), 3.18-3.21
{m, 2H), 5.01 (g, 2H3, 708 (d, J= 8.8 Hz, 2+, 7.32 (¢, J = B.2 iz, 2HL.
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Procedure 5:

Preparation of Compound C6 sodium salt {4-ara-7-methy-15-phenyk-11,1 1 detramethyiens-
6,8, 14-trioxa-5,2,13-trioxo-1-pentadecangsulionic acid sodium salt)

0] 1} Ag,0, O O
MaCN/MH,0 - /L /iL
Bro OH 2 ébiueon& Bl o O _
T
\T NO

. ‘ =
i /MF, | . 1
7 HNTT~" T s0,Ns
NO
B0 0" o g’/\/\“sosz\za

Swep 1t §38-Teramesthvienegiutaric acid monobenzyl ester {(4.26 g; 154 mmoel,
preparad by heating overnight the cyclic anhydride and benzyl alcoho! in dioxane 2t 80 *Cin
the presance of friethylamine) and shiver oxide (2.13 g; 2.22 mmol} were added ¢ a mixiurs
of acetonitrile (40 ml) and water {20 mL). The mixiure was heaied a1 70 °C for 2 h, and then
cooled to room temperaiure. The mixturs was filtered through a pad of Celite™. The fitrate
was svapaorated to provide the crude silver carboxylate (2.18 g, 37%) which was used in ihe
next step-whhouw! further purification.

2

Step 2: A mixiure of the siiver carboxvlate {2.18 ¢, 5.71.mmal; from step 1) and the
carbamating reagen{ (1.00 g; 2.9% 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
Celitle™ and the filvate was evaporaied 0 provide a solid residue, which was purified by
flash chromatography using hexane/EtOAC (80/20), giving the desired intermediaie product
{0.915 g, 64%).

Step 3 To a solution of the infermediate product from step 2 (0,915 g; 1.88 mmely I
dry DMF (5 ml) was added Z-amino-t-propanssulionic acid sodium salt (300 mg; 1.85
mmotl,. The mixiure was stirred at room emperature overmnightl. Sclvent was ramoved by
evaporafion. The residual material was purified by Prep-HPLC to furnish, atter iyophilization,
the title compound (832 mg, 86%): ' H NMR (CB0D, 500 MHz) & 1.39 (d, J = 5.8 Hz, 3,
1.64-1,58 (m, 8 H), 1.87-1.81 (m, 2H), 2.48 (GAB, J = 18.1 Hz, 2H), 2.57 (AR, /= 15.1 Hz,
2H), 2.82-2.78 {m, 2H}, 5.10 {8, 2H), 3.28-2.14 (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
gither by precipiiation using methanol and ether (protocol (b)), or by preparative HPLC
using acetonitrile/water (10/80 {o 80/10) over 40 minutes at 56 ml/min {protocol {a)), or by
normal phase fiash chromatography (protocal (c)).

Procedure T

Preparation of Compound C2 sodium sall (4-aza-12-carboxy--8,8-dioxa-5,8-dioxo-7-methyl-
11,1 1-tetramethylene- 1-dodecanesulionic acid sodium sal)

w S e
80 o o i_\_['/\"/\SOSNa

P PO/C 0%,
Methanol,
Ha, 40-45 D

! 9]
HOMOAOJLEMW

The corrpsponding benzylester of the title compound (344 mg; 0.678 mmol} in
methano! (B mbl) 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 filtrate was evaporaied o dryness. The
residual material was dissoived in water and the agueous soluficn was lvophilized, giving the
title compound (242 mg, 86%): ' M NMR {CD,OD, 500 Miz) B 1.43 (d, J = 5.4 Hz, 3H), 1.66-
1.63 (m, 8H), 1.98-1.82 (m, 2H), 2.48 (0AB, J = 15.6 Hz, 2H), 2.55 (gAR, J = 15.1 Hz, 2H),
2B3-2.80 (m, 2H}, 3.24-3.21(m, 2H), 8.77 (g, J = 5.4 Hz, 1M}, 7.22 {1, J = 5.4, N-H). B

Procedurs D:

Preparation of Compound C19 sodium  salt  (d-azs-7-methyi-6,2 -dioxa-%,9 -dioxo-1-
decanesulionic acid sodium salt)
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(o] : &)
OH J\ u : J\
) ?J\o . A
i )k pyriding SN Ha(OA),
& T e e N SR, Fo ChGaA ] =
! = >
NO, }
NG, NO,
{HEN/\-"ASOsNa

>
I
io/\‘c: E‘MSORNa

Step 10 1-Chiorosthyichicroiormate (7.8 mi, 72 mmol, 1 eq.) was added 1o an ice-
cold soiution of penitrophenct (10 g, 72 mmol) in chioroform {100 mL), followsed by drop wise
addifion of pyriding (8.8 mi, 108 mmol, 1.5 eq.) aver a peried of 20 min. The mibxiure was
gtiired in the ice-cold bath for 15 min, and then at room wemperaiure overtighi, The reaction
mixiure was sequentially washed with water, 1 N hydrochlonic scid, water, 1 N sodium
hydroxlde, water, and brine. The organic phase was dried over Na,SC,, and concentrated
to give vellow off which, upon standing, crystallized to afford the corresponding chioroethy!
rarbonaie (15.5 g, B8%),

Siep 2@ To a solution of the cnloroathyl carbonate cbianed from step 1 (6.2 g, 25
mmol} in acetic acid (150 mb) was added mercuric acetate (9.6 g, 30 mmot, 1.2 eq.). The
mixture wag stirred at room temperature overnight.  Solvent was evaporated. The residual
material was transferreg into ether and washed with a saturaied acuecus solution of
NaHCO.. The ether layer was dried over MgB0. and conceniraied o give thick yeliow oil,
Furification of the off by flash chromatography (hexane/EtOAs, 85/5) gave the corregponding
acetyloxvethyl carbonase (6.3 g, 84%;) as coloriess oll, )

Step 8 The acetvioxyethyi carbonate obtained from step 2 {1.2 g, 4.3 mmol, 1.1 eq.)
was added 1o a solution of 3-amino-1-propanesulionic acid sodium salt (0.63 g, 3.8 mmol) in
DMF (10 ml).  The veliow soluion was sired at room femperaturs overnight (color
dissppeared al this point). Solvent was evaporated. The residue was t{rituraied several
fimes with ether anc turned 1o a solid, The solid material was collected by filtration v give
the title compound {840 mg, 74%}: "H NMR (500 MHz, CD:0D) 8 1.42 (d, J = 5.4 Hz, 3H),
1.82-1.98 (m, 2H), 2.02 {5, 3H}, 2.80-2.83 {m, 2H), 3.20-3.24 (m, 2H), 6.73 {0, J = 5.4 Hz,
1H)

Other compounds prepared according to this procedurs (Procedure D) were purified
either by extraction from EiOAciwater followed by lyophifization of the acueous phase, or
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reverse-phase HPLC purification using acetonitriie/water (10/280 to 90/10) in 40 minutes at 50
mb/min, or tituration/orecipitation with ether.

Procedure E;

Preparation of Compound C18 sodium salt {(4-aza-7-metiyi-6,8,-dioxa-£,9,-dioxe-9-phenyl-1-
nonanesutfonic acid sodium salt)

& &} .
LA S OiOJ\OJL@
N o
i =

o
Bz, WMeCN i —_—
—€al, o i Toluene
P

|
1 E

NO NG NO.

[5)

HNT" 80 e

o o

A
i i i g A
| P H :

Szép 1 Sodium jodide (14 g, B2 mmol, 3 2q.) was zdded 1o 2 mixture of the
chioroethyl carbonate (7.5 g, 31 mmol; for preparation, see In Procedure D), and grinded
cajcium chioride (10 g, 82 mmol, 3 eg.} in aceionitriie {100 mL), The reaction mbiure was
stirred at 40 °C for 4 days, foliowad by filration through a Cefie™ pad. The filrate was
concentrated to give a red gummy residue, Purification by flash chromatography using
EQAc/hexane in 5 gradient mode provided the corresponding iodosthyl carbonate (6 ¢.
59%;) as pale yellow ofl,

oA

Step 2! Siver benzoate (5.5 g, 24 mmol, 2 eq.) was added 1o a solution of the
above-obtainad indoethyl carbonate (4 g, 12 mmol) in lusne (80 mL). The reaction mivxiure
was stirred at 55 °C overnight. The reaction mixture was fitered through a Ceiite™ pad and
washed with loluene. The filrale was concentrated to give brown il Two repsated
purifications by flash chromatography using hexane/Ei0Ac  {80/10) provided the
corresponding benzaate (0.98 g, 28%) in high purity.

Step 31 The above-obtainet berzoate (0.98 g, 2.8 mmol, 1.1 eq., from step 2) was
added ¢ a solution of 3-amino-t-propanesuifonic acid sodium salt (0.43 g, 2.7 mmol) In
DMF {10 mL). The yeliow solution was silired af roam femperature overnight. Soivent was
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evaporated and the residue was dissolvad in water. The agueous solution was extracted
several tmes with EtCAC. The agueous phase was lyophilized to give a residue, which was
purified by preparative HPLD '(acetonitrileiwater; 10/80 to 8010, in 40 minutes at 80
mijmin), giving the title compound (256 mg); 'H NMR (500 MHz, D,0) 3 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}, 7.3%-
7.42 (m, 2H}, 7.55-7.58 {m, 11}, 7.88-7.91 (m, 2H).

Procedure F
Preparation of Compound C26 sodiom  salt  {(3-({{{E-methyl-2-0x0-1,3-dioxob-4-y)
methoxyicarbonyliaming)-1-propanesulfonic acic sodium sait)

H T
| we N
H/N\/\\/SOnNa ‘ - Y

OMF, BT,

g :

A mixture of the sodiurmn sali of 3-amino-t-propanesulfonic acld (332 mg; 3.30 mmoi
and the cémonate (1.10 g; 3.73 mmol; rel., J. Msd. Chem., 1998, 38, 480-486) in dry DMF
{10 mL) was stirred at room femperature overnight.  Solvent was removed in vacuo, Jo the
residual material was added methanol (10 mL), iollowed by the acdition of ether {75 mi).
The solid formed was coliected by flitration and dried overnight.  Agaln the solid was
dizgzolved in methanot (10 ml) and precipitaied with ether {80 mL}. The solid material was
purified by preparative MPLC to provide the title compound. (280 mg, 25%) as 8 white
lvophilized solid: ' H NMR {CD0D, 500 MHz) § 1.88-1.82 (m, 2H), 217 {g, 3H), 2.80-2.78 {
m, 28}, 3.22 {t, J= 6.8 Hz, 2H), 4.88 (s, ZH}).

Table & Syathesis and characterization of exemblary carbamate prodrugs according
io the invention

| yp | Synthetic Purifying = myz (ES)
provedure protocol® {-H. or M-Na)’

‘ o1 A {&) 330.¢

cz | c ) 394.0

o2 BC @ | 4085
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Ca

l

c () 326.1
5 B tay 416.0
o B (2] 454.0
7 B a) 458.3
ca c (d) 368.5
co c () 354.0
c19 B (a) 4441
C11 C (d) 340.1
Ci2 B (b} and {a) 430.2
l¢1g B (b} and (a) 378.0
Ct4 B (b) and {a) 372.0
C15 D (@) 310.2
Ci6 | E (@ 330.2
c17 D ? a) | 336.2
Cis D ©) 296.2
cie D ) | 268.1
oo D (a) l 378.1°
c21 D 2101
cz2 D (2) 2061
o2 D (a) 338.%
C24 D {a) 310.0
cos £ (b) 253.8
C26 = (b} and (a) 294.0

¥ {a), HPLC; (b}, precipliation; {¢), fiash chromatography; (d}, fitration; (8}, exractiorn, Tthe
compotinds were synthesized as acid form, or as sediur sakt iorm.

Example 1-C: Chemical Synthesis of Non-Amino Acld Amide Prodrugs
Aceordingly, the following examples are presenied to llustrate how some non-amino
acit amide prodrugs ascording o the invention compounds may be preparad.

Procadurs A;

Frepargtion of Compound B3 sodium salt (3.3-dimethyl-3-oxo-5-{(3-suliopropyljamine]

pentancic actd sodium sait)
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HENM\SQBNa HO ﬁwscgva
DhE o 0 ‘

A mixture of the 3,3-dimethyiglutaric anhydrids (1.0 g; 7.0 mmol) ang 3-amino-1-
propanesuifonic ackd sodium sall {0.950 g; 5.86 mmol) in dry DMF {20 mi) was strred at 50
C for 2 days. Solvent was evaporated. To the resicual material was added methanol (~10
mL) foliowed by the addition of sther (~50 mL} to cause pracipitation. The precipitate formed
was collected by filration and then dissolved in water and lvophilized o provide the thie
compounds (1.33 g, 78%) as a powder: "M NMB (D:0, 500 MHz) 5 0.94 (s, 6H3, 1.82-1.77
{(m, 2H), 214 (s, 3H}, 2.23 {5, 3H), 2.78-2.78 {m, 2H), 3.16 {1, J= 6,8 Hz, 2H).

Other compounds prepared in the above procedure (Procedure A, see Tabie 7)
ware purified slther by methanol-ether precipitation (Purification protosol (b)), or using
preparative HPLC (Purification protocol {a)), or by normal-phase flash-chromatography

(Purification protocol (o). Reaction #me for Compounds B1 and B2 was 4 days; and for all
ciher compounds, 2 davs.

Procegure 8:

Preparafisn of Compoung EY (3—{3~(2—Hydroxy-'({S)~vain gstar-4,8-dimethy-phenyl)-3-
methyi-butyrylaminol-1-propanesuifonic acid)

94



[ 8]

10

i
£n

20

TEDMS I!JTBDMS Ou
oH Hoe-Vais, ir/‘ Baoe Vas-.,

SN BOGVEROH, RN _CH000H
/ﬂ\,)\ EDC, DMAE e

—(

PCC
mﬂ"—\fa}\ OH Boc-Val.
?\.aClO
~TarRpo,
T 0 N l g&?ﬁi?
T
]
BOCValn KU\'QM SO Vaih. N0
M TFAICHCL, e
A HPLC purification | P

Step 10 EDC {(N-(3-dimatiyi AMiNopropyl)- N -gthyicarbodiimide) (6.4 g, 33 mmai, 3
eg.) was added, at 0 °C, i a 150-ml. dry dichiorometnane soiuiion containing Boc-Val-OH
(4.9 g, 22 mmol, 2 en.), the silvlated pheno! (2.6 g, 11 mmol; ref,, J. Med. Chem., 2000, 43,
475-487), and DMAP (4-{dimethylaminojpyridine, 5.5 ¢, 45 mmol, 4 eq.). The reaction
mixture was sired at room temperature overnight, then diluied with dichioromethane, and
washed with 2 saturated agueous solution of NaHCO;, 1IN HMCI, and brine subssquently.
The organic laver was dried and concentrated to a ooiorless ofl resigue. Purification of the
residual material (flash chromatography; using hexane/EtOAG, 85/5) gave the correstonding
intermediiate (5.7 g, 99%) as a colorless ofl. ‘

Step 2, The inermediate from step 1 (5.7 g, 1 mmol) was slirred in a mixture of
THF-water-acetic acid (20 mL/20 mL/B0 mL) at room temperature for 3 h; then the solvent
was remo_ved and the residue dried in vacuo. The residual materizl {the fres alcohol)
oblained was used in the next step without further purification

Step 20 A solufion of the gloohiol (11 memol, from step 2) in gichloromethane (125 mL)
was slowly added ¢ a suspension of PCC {pyridinium chierochromate, 5.0 g, 23 mmol, 2.1
20.) in dry dichloromethane {125 mL). Thereaction mixiure was stirred at room emperaiurs
overnighi. Solvent was evaporated and the residue was dissolved in 2 minimum amount ¢f
dichioromethane. The resuliing dichioromethane solulion was passed through 2 silica gel
column using Hexane/BEiOAs (50/50). Evaporation of the solvent gave the corresponding
aldehyde as veliow oll which was directly used in the next step without further purification.

25
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Step 4: A solution of 80% sodium chiorite (2.5 g, 28 mmol, 2.5 ec.) in water (10 mL)
was addded slowly o 2 solution of the aldehyde {1t mmol, form step 33 and sodium
dihydrogen phosphate (818 mg, 6.8 mrnol, 0.6 eq.} in acetonitrile (20 mL) and water (20 mL)
at 0¥, The mixture was stirred 1 b at 0 °C then st room temperature for 1 . Sodium suifite
(1.5 g, 1 eq.) was added io decompuose peroxides, and the pH was adjusted to 2 with 1N HCI
solution. Reaction mixture was exiracted iwice with EtQAc. The organic layers ware
washed with brine, dried, and concenwated. Purificafion of the residual material (flash
chromatography; CH:Cl/CH.DM, 100/0 to 25/5) gave the comasponding carboxylic acid (3.4
g, 73%) as a foam.

Step 5 EDC (908 mg. 4.75 mmol, 2 eq.) was added 1o a mixiure of the carboxylic
asid (1 g, 2 mmol; from step 4}, 3-amino-1-propanesuffonic acid sedium salt (380 mg, 2.34
rmol) and a catalytic amount of DMAP in DMF (10 mL). The resction mixture was stirred at
reom. temperature overnight.  Solvent was removed and the residue was dried in vacuo 1o
provide the corresponding derivative of 8—amino-1-propanesu}fdnic acid which was used in
the next step withoui further purification,

Step 6 Trifluorcacstic acid {5 mb) was added o a solution of the 3-amino-1-
propanesulionic acid derivative (2.4 mmol, from step ) in dichioromsthane (5 mL) ai room
temperature. The reaction mixiure was stirred for 2 h, foliowed by evaporation of the
solvent. The resulted residue was purified (preparative MPLT, acetonitrileswater, 5/85 1o
70/30 in the presence of 0.01% TFA) to yield, after iyophiiization, the titie compound (0.3 g,
29%) as a white sofid: “H NMR (500 Mkz, D,0) 51.04 {d, J=7 Hz, 3H), 1.07 (d, J = 7 Hz,
3H), 1.39 (s, 3i), 1.45 (s, 3H), 1.55-1.58 (m, 2H), 2.11 (g, 3H), 2.43 (g, 3H), 2.45-2.58 (m,
SHY, 2.88-3.02 {m, 2H), 4.26 (d, J= 4 Hz, 1H}, 6.54 (d, J= 1.5 Mz, 1H), 8.93 {d, /= 1.5 Hz,
1H,

Procadure £:

Freparation of Compound Bi4: 2-{{(30,58,7¢,120)-3,7,12-trihydroxy-24-0x0-cholan-24-
yllaminoj-1-propanesulfonic acid

!
R
HD“(\/E‘.\’“/”' oH
To a mixture of (+)-chofic acid (5.0 g. 12.2 mmof}, 3-amino-1-propanesulionic acid
godium salt (1.85 g, 11.5 mmol}, 4-dimethviaminopyridine {72 mg, 0.6 mmel in DVF (30 mL)

was added M-(3-cimethylaminopropyl)-N-ethvicarbodiimide hydrochioride {EDC, 4.88 g,

06
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24 4 mmol). The resciion mbdure was stirred at room temperature overnight, The cloudy
mixture was filiered through sintered glass before the solveni was evaporated to dryness
under reduced pressure. The viscous residue was dissolved in water (30 mb). The solution
was reated with Dowex Marathon C™ jon exchange resin {strongly acidic, 30 g, pre-
washed). The suspension was sfirred for 15 minutes before the resin was removed by
filtration. The flirate was concenirated fo dryness under reduced pressure and dried in
vacup. The residue was titurated with diethyl ether (1000 mbl). The soiid product was
recovered by filration and dried in vacuo. The crude product was purified by flash
chromatography (Biotage™ SP1; 20-40% EOH in CH.Ch) and the corresponding fractions
were collected and lyophilized, affording the title compound (178 mg, 3%); "H NMR (D0,
500 MHz) 8 ppm 0.73 (&, 3H), 583 (g, 3H), 1.02 (m, 4H), 131 (m, 7H), 1.82 {d, 1H, J=14.5
Hz), 1.85 (m, 8H), 1.78 (m, 3H), 1.84 (m, 3H), 2.04 {m, 3H), 2.23 (m, 1H), 2.31 (m, 1H), 2.82
{m, 2H), 3.31 (m, 2H), 3.52 (m, 1H), 2.82 (5, 1H), 4.08 (5, 1H); "*C NMR (B0, 125 MHz) &
ppm 12.31, 16.82, 22.33, 23,12, 24.30, 26,48, 27.47, 27.85, 28,37, 31.87, 32.71, 34.06,
B4.54, 35.08, 35.33, 38.15, 38.49, 38.50Q, 41.29, 41,64, 45,27, 46.28, 48,73, 68.33, 71.69,
7344, 177.44, mfz (ES™) 530; [¢lp = +25.7 % (¢ = 0.005, water),

Table 7, Synthesis and characterization of exemplary nor-aming actd amide prodrugs
ascording to the invention

i | Synthetic | Puriying miz {ES) !
procagurs profocol” {Mi-H, or M-Na)’
B A (a) 320.4 |
B2 | A (a) 308.5
B3 A (b 280.2
B4 A () C 2803
B5 A b 238.0
‘B8 A o) B28.0
57 B {a) ; 4418
29 B ta) 4914
BiG B {2} 457.3
B B (a) 5142
B13 37| (a) 548.1

T {ay, HPLC, (b}, preciphation; {g), flash chromatogranhy; (4, fikgtion; (2), extraction; ** Procedure B,

reptacing 3-APS by N-givoy-3-4P5: T the compounds were symnesizad as acid form, or as sodium
galt form.

g7
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Exampie 1-D: Chemical Synihesis of Carbohydraie-derived Prodrugs
Aoeordingly, the foliowing examples are presented to ilustrate how some
carbohydrate-Gerived prodrugs according to the invention compounds may be prapared.

Svnthesis of Compound 57 sodium salt

e O OH ?,ON&
+ HZN\.’/\\/S‘:«‘O
HO™ o™
OH

A suspension of glucose (2 ¢, 11.1 mmol) and the sodium salt of 3APS (2.24 g, 11.1
mimol) in MeOh (10 mi) was refluxed for 30 min before being cocled down 1o room
emperature. Alter 24h of stirring at room 'temperature, the solid was filtrated and washed
wice with MeOH (2 x 10 mL). The resulting solid was dried overnight under high vacuum
and afford the sodium salt of Compound S1 (3.1 g, 2.6 mmol, 86%) a3 a white solid. 'H NMR
(D:0) (500MHZ) & ppm 4.68 (d, J=4.4 Hz, 0.33H, c~anomer}, 3.87 (d, J=9.3 Hy, G.SBH, a-
gnomer}, 3.74 (dd, J=12.2, 1.5 Hz, 0.86H), 3.70 (dd, J=12.7, 2.4 Fz 0.33H), 361 {dd,
J=12.2, 4.9 Hz, 0:23H), 3.56 (da, J=12.2, 5.4 Hz, 0.66M), 3.53-3.48 (m, 1H), 3.33 {1, J=0.3
Hz. 0.86%), 3.26-3.20 {m, tH}, 3.05 (i, J=B.8 Hz, 0.33HM), 2.83 {m, 2.66H), 2.68 (m, 1H), 2.57
{m, 0.33H), 1.78 (rm, 2H}. m/z (ES) 300.0 (M-H}.

[

Synthesis of Compound S8

NaN,, D .
800 HO®
OH
N Cse ™
(M\O r—iO"m ' | oo W0
g kﬁ” T
L e T
CH,CN, BIOH Ho“'Y"foH
refien

Metnyl 6-bromo-6-deoxy-o-D-glucopyranoside was prepared according 1o Tetrahedron 1891,
2847y, 5185-5132.

Step 1. A stirred suspension of bromide (1g, 3.89mmol) and sodium azide {278myg,
4.2emmol) in DMF (10ml) was stirred at 90°C for § days. After being cooled down o room

9B
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temperaiure, he solution was evaporaied under vacuum and the residue was purify by
chromatography on sifica gel (CHCL/MeOH 85/8 1o 70/30 fingar gradient) to =zfiord the
desired azido (778myg, 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 betore a suspension of 10% Pd/C (Blmg)
CHCl: was added. After being stirred 2h under H; pressure (40PS1), the solution was fitrated
over a pad of Celite” (MeOH) and svaporated under vacuum and afforded the desired
aming (628myg, 3.25mmol, 82% crude) as & yeliow ofl. This compound was usad i the next
step without further purification, _

Step 3: A solution of sultone (2851, 3.25mmal) in CHON (5mi) was added drop
wise {over 30min} o a refiuxing solution of the previously prepared amine (628myg,
3.25mmol) in g 2/1 mbtiure CHCN/EIOH (10mi}. The resulting solution was heated under
reflux for 15h before being sooled down to room femperature and evaporated under vacuum,
The residue was puriiied by chromatography on silica gel (FPrOMHML0 {0.5%NH.OH) 88/2 10
80/20 linear gradient). After Evaporation, the compound was passed through a C-8 pad
{H0) and lyophifized and afforded Compound $2 (450mg, 1.43mmol, 44% over fwo sieps)
as a white solid. NMR H (D,0) (B00MMz): 2.06(m, 2H), 2.82(1, J=7.0Mz, 2H), 3.18 {m, 3H),
321 {t, J=8.5Hz, 1H), .34 (5, 3H), 3.38 (dd, 12,5, 3Hz, 1H), 3.48 {ad, J=0.5, 3.5Hz, 1H),
3.56 o, J=B.0Mz, 1H), 3.77 {0, J=8.0, 2.5Mz, 18), 4.74 {d, J=3.5Hz, 1H). ES (MS) 314.1 (M-
Hi ol = +88.3 (¢ 1.0, MO

Procedure A General procedure for the deprofection of 1.2.8.4- or 2.2.4.6- telragcetate
alucose gerivative:

To a siirred solution of the protected giucose derivatlve was added enough of a

- solutton of NaOMe (sodium methoxide, 5.5M in MeOH) in order fo obiain a basic pH (8-8, pH
‘papet), The resufting solution was stirred at reom temperature untll compiation (the reagtions

were penerally followed by MS) before addition of twice the initial volume of CHCN. The
resulting solic was then filtrated and washed several tme with CHaCN, acetone and disthy

ether. The resulting solid was then passed trough 2 08 column {0.5% NRE.OH in H.0) and
vophilized to afiord the desired compound.

Swithesis of Compounds $2 and 54
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OAc OAC

MNaOMe, MeOM Tedl]
O

Compound 84

Step 1: A suspension of the sodium salt of 3-amino-1-propanesulfonic acid (288 mg, 2.47
mmol) and glucopyranuranic anhydride (388 mg, 247 mmol) In OMF (15 ml) was stirredt 3
days at room temperature betors evaporation of the solvent under vacuum. The residue was
purified by chromatography on siica ge! (CHGL/MaOH 100/0 1o 70/30 linear) to afford
compound 83 (718 mg, 1.49 mmol, 80%) as a white foam. 'H NMR (CD,0D, 500MHz) &

pem 1.98(m, 2, 1.98(s, 3H), 2.01(s, 3H), 2.02(s, 3H), 2.08(s, 3H), 2.83({m, 2H), 3.31(m
2H), 4.18(d, J = 8.5 Hz, 1H, Hal, 5.12(1, J = 8 Mz, 1H, Hy), 5.19(t, J = 10 Hz, 1H, M), SSB(t J
= 8 Hz, 1M, Ha), 5.87(d, J = 85 Mz, TH, Hy). m/z (ES) 482.4 (M-H); [a = +6.2 (¢

MeaOH).

Stgp 2: Compound 33 (180mg, 0.54mmol) was treated according o Procedurs A 1o
afford Corﬁpound S4 (150mg, 0.48mmol, 88%) as a white solic. 'H NMR (D0, 500 Mz} &
ppm 1.82 {m, 2H), 2.80 (m, 2H), 3.27 (1, J = 8.5 Hz, 0,5H), 3.32 (m, 2K}, 3.47-3.50 (m, 1.5H),
3.56 (0, J = 9.5, 4.0 Hz, 0.5M), 3.89 (1, J = 9.0 Hz, 0.5H), 3.85 (4, J = 7.0 Hz, 0.5H), £.16 (¢,

d= 10.0 Hz, 0.5M), 4..6-4.7 (0.5H, under water peak), 5.25 (d, J = 3.5 Hz, 0.5H); m/z (ES)
3144 (M-H). |

Svrthesis of Compound 85 sodium salt and Compoiing S8 ammpniurn salt
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" Ohs Et;N, CH,C!
AeO OA 2 gy Shc
DAc
)
i _ona I.-ONa
Hebh o S : \/\,/SQ:O
pyr, DMP Compound S5-hz
0
oo N g oM
NaOMe, MaOH e N N NN
' iy O
HO i O Compound S&-NH
Ok

2,3,4,6-Tetra-C-aceiy-D-glucoss was prepared according to [ Am. Chem. Sop, 18€3, 715,
2280-2287. ‘ ‘

Step 1: p-nitrocpnenolchlorcformate (638mg, 3.18mmol) was added w0 & siired
solution of tetraacsatyiglucose {1g, 2.87mmel) ang BN (800u, 8. 74mmal) in CHeCls (20mib
and the reaction was siired overnignt at room temperature. A 1N agqueous solution of
hydrochloric acid (1omi} was adoed and the layars were separatad. The aqueous layer was
extracted twice with CH.Ch (20ml) and the tcombined organic layer were washed
subsequently with & saturated solution of sodium carbonate (30mi) and a saturaied solution
of sodium chloride. The organic layer was then dry over Mg3Q.,, filtrated and the solvent was
evaporated under vacuum. The residue was purified by chromatography on siiica gel
{Hex/EtOAc 80/10 to 5050, Hnear gradient) to afford the desired carbonate (1.108g,
2.16mmol, 75%) as colorless solid,

Step 2 Pyridine (524mi, 6.48mmol) was added to a2 suspension of the carbonaie
previously preparsd (1.108g. 2.16mmol) and the sodium salt of 3APS (822 mg, 2.16 mmol}.
Atter 3 days of stirring at room emperaiure, the solvent was evaporated under vacuum ang
the residue was purified by chromatography on siiica gel (CHCL/MVieCM 100/0 1o 80/20,
linear gradient] 1o afford Compound 85-Sodium salt (1.066 g, 2.07 mmol, 88%) as a white
solic. "H NMR (D0, 500 M+z) & ppm 1.87 (g, 3H), 2.00 {5, 3H), 2.01 (5, 3H}, 2.1 {m, 2H,
hide), 2.05 (s, 3H), 2.83 (m, 2H), 3.28 (m, 2H), 3.88 (brd, J = 8.0 Hz, 0.4H, Hg), 4.08 (1, J =
10.5 Mz, tH, Hg), 417 (brd, J = 10.2 Mz, 0.6K, Hg), 4.26-4.30 (m, 1H, Hs), 4.85-5.12 (m,
2H, Fza: Mo, Map, Hea)s 532 (L J = 8.5 Hz, 0.40H, Ha) 5.50 (1, J = 8.9, 0.6H, Hg,), 5.88 (d. J
= 8.4Hz, 0.3H, Hy) 8,17 (d, J = 3.5 Hz, 0.6H, M) miz (M3 512.5 (W-H},
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Step 2 Compound S8 sedium salt {00 myg, 0.87 mmol) was trealed according o
Procedure A to afford CGompound SS-ammonium sall (220 mg, 0.64 mmpi, 88%) as a8 white
solid. "H NMR (D0 (500 MHz) & pprm 1.80 {m, 2H), 2.80 (m, 2H), 3.15 (m, 2H), 8.30-3.37
{m, 1.5H), 3.41-3.43 {m, 1H), 3.68-3.53 {m, 3H), 3.75 (d, J = 12.2 Hz, 0.5H), 5.26 {0, J = 8.2
Hz, 0.5H, Hy), 5.82 (d, J = 3.05 H2, 0.5H, H.,). miz (ES) 344.4 (M-H.

Svynthesis of the Sodium Selt of Compound 57

AﬂoﬁY \r»O\/\Nj\ /\)
AcO" Y"ow

Ohe W& I
PN O !
H4 g /au.\i/-c G..\//‘\N/D\N_,/\\/\Sf 9]
! : A
o -

Ho J ?“ Oha
! \‘ e

2-{p-nitrophenyl carbamata)-ethyl-2,3,4,6-tetra- C-acetyl- £-D-glucopyranoside was prepared
according to Org. Lett. 2000, 2(8}, 1083-1088,

Sten 1: 3APS-sodium salt (223 mg, 1.28 mmol) was ddded 10 a sfiring solution of &-
ritropheny! carbamals (643 mg, 1.16 mmiol) in DMF (7 ml). After 24 h of stirring at room
temperaiure, the solvert was evaporated under vacuurm and the residue was purified by
chromatography on siilca gel (CHCL/MeOH 100/0 to 70/30, linear gradient) and affordec the
tesired sulfonate (598 mg, 1.07 mmol, 82%) as a white solid.

Sfep 2: The 2.3.4.51etre-O-aoatvi-D-glusose previously prepared (585 mg,
1.07mmol) was ireated according to Procedure A 1o afferd Compound S7-sodium salt
(280mg, 0.87mmol, 63%) as a white solic. "H NMR (0,0, 500 Mrz) & ppm 1.81 (m, 2H,
M11), 283 {t, J=7.50z, 2, K123, 2.24 (i, J=6.0Hz, M10), 3.2B8 (i, J=0.0Hz, 1, HB}, 3.34 {m,
2H, HB), 3.38 (1, J=0.8Hz, 1M, B4}, 3.45 (m1, 1H, H8a), 3.498 (dd, J=8, 8Hz, tH, H3). 3.7-

162



377 (m, 2H, H8a, H7a), 3.81 (apparent ¢, J=118Mz, HE, H7D), 4.48 (d, J=B.0Mz, Hi). wiz
(E3) 388.9 (M-H).

Syrthests of the sodium salf of Compounds S8 and SG

5
NHFmoe  F NHFmoe o
5o \,.«‘OM\[( - Q g,cma
ASOM \/W N 20
el g
o A Ohia C Chc
Ohc
NH
. 0. .0 T ¢ 5 io§ ~ONa
] . ] -
~ S SR
O =YY °
T e "Che
OiF Bhc
NH? N
o : rmiv,\\/: ~ONa
[ X
NaOMe, MeOH  HO ' \/\{f ©
B n . O
HO\. T
A-(8-Fluorenyimethoxycarbonyl»-3-C-(2,3 4,6-tstra- O-acetyl- £-D-glucopyranesyl)-L-serine
Pentafiucrophenyl ester was prepared according o J. Med. Che_m, 1985, 38, 181-162.
10

Step 1 3APS-sosium salt {258 mg, 1.60 mmel) was added 10 & siirring soiution of
pentafiurophenyt ester (1200 mg, 1.45 mmol) in DMF (15 mL). Aler 24 h ot sfirring ai room
temparaiure, the solvent was evaporated under vacuum and the residue was purified by
chromatography on silica gel (CHCI/MeOH 100/0 to 80/20, linear gradient) to afford the

15 cesired sulfonate (1070 mg, 1.37 mmol, 84%) as a white solid.

Bep 2 Pipetidine (2.7 ml, 27 mmol} was added 1o 2 stimed sciution of praviously
prepared Fmoc serine derivative (1070 mg, 1.37 mmol) in DMF {18 mi). After stired for 1 h
solven! was evaporated under reduced pressure.  The residus was purified by
chromatography on slica gel (CHCR/MeOH 100/0 o 75/25, linear gradient) (o afford the

20 desired amine Compeund S&-sodium salt {350 mg. 0.83 mmol, 48%) as a white zolid.

Step 3 The 2,3.46-tetra-C-aceyl-D-glucose previously prepared (250 mg, 0.63
rmmol} was treated according to Procedure A ic afford Compound S%-sodium salf (210 mg,
C.54 mmol, 86%) as a white solic. TH NiR (0,0, 500Mz) 1.98 (m, 2H, H11), 2.84 {t, J=8.0
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Hz, 2H, 12}, 3.35 {dd, J=7.5, 8.0 Mz, tH, H2), 3.36-3.41 (m, 3H, H4, H10), 3.42-3.50 {m,
2H, H3, HE), 3.73 (dd, J=6.0, 1M, 12.0 Hz, H6a), 3.82 (or d, J=12.0 Hz, 1H, H8b), 2.96 (dd,
J=4.8, 1H, 11.5 Hz, HB), 4.05 (1, J=4.5 Hz, 1M, H7a), 4.22 (dd, J=4.5, 11.5 Hz, 1H, H7), 4.47
{d, J=7.5 Mz, 1H, H1). m/z (ES) 387.25 {(M-H).

Synthesis of the sodium salt of Compounds 814 and 515

Ch O O.N
T NN o
,\;/ojﬂ.o;\c 6 o, i

O JOhc
AcO” “Ohc BN, CH,CL, N O“J\/“’OA
GhAc c [
OhAc
O /ii) o Oy
"‘i‘ W\N e - s
NaO’i H O/\T j
o AcC™ " OA
_ONa ] OA
HEN\/‘"\/"%D Compound 51 5_ Mz G
. 5 "
|
oM o Py O _OH
g TN T TN N
NaOo" | H i
A0 " Ohe
O
NaOMe, MeOH O3y ‘ o O O
- Na{}’és) H ; r
Ho™ " OH

Compound S14-Na OH

1,2,3,4-tetra- O-acetyl- o+ D-glucopyranoside was prepared according to Org. Lett. 2008, 8,
10 2383-2306 and J. Am Chem. Soc. 2000, 122, 12151-12157.

Step1: p-Nitrophenolchioroformate (3 g, 14.8 mmob was added to z stirred solution of
1,2,8,4-tetra- O-acetyl- a-D-giucopyranoside (4.7 g, 13.4 mmol) and triethyiamine (3.7 mi,
26.8 mimol} in dichloromethane {100 mL). The reaction mixture was stirred ovarnight at

15 room temperature. A 1N agueous solution of hydrochiaric acid (30 mL} was added and the
layers were separated. The aqueous laver was exiracted twice with dichloromethans (100
mi) and the combined organic layers were washed subseguently with 2 saturated solution of
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sodium carbonate (50 mb) and then with a saturated solution of sodium chioride. The
organic layer was dried over magnesium sulfate, filtered and the solvert was avaporaieg
under vacuum. The residue was purified by chromatography on silica gel (hexanes/ethy!

acetate 80/10 o 5O/50, linear gradient}, affording the corresponding carbonate (4.7g, 68%)
&5 & coloriess solid,

Step2: The sodium salt of 3APS (2.22 g, 13.8 mmol) was added 1o a golution of the
carbonate previously prepared (4.7 g, 8.16 mmol) in N, N-dimethyliormamide (50 mbL). After 3
days of stirring at room tsmperature, the solvent was evaporated under vacuum and the
residue was purified by chromatography on silica ge! (dichioromethane/methano! 100/0 1o
70/3C, tinear gradient) and afforded Compound $15-sodium salt (1.85 g, 41%) as a white
solid together with its 1-deactstylaied derivative (1.21 g, 36%) as 2 whits solid' "H NVR
{D20, 500MHz) & ppm 1.81-2.02 {m, 11H), 2.07 (s, 2M), 2.17 {5, 1H), 2.86 (m, 2H, H1), 3.24
(t, J=8.0Mz, 2H, H3), 3.88 (m, 0.7H, HBB), 4.10-4.20 {m, 2.3H, M5 and Hea), 5.02 im, 1H,
HE}, 5.08 {t, J=10.0Hz, O.7H, H78), 5.13 {t, J=8.5Hz, 0.3H, H7¢), 5.34 {t, J=8.5Hz, 0.7H,
H88), 5.44 (1, J=8.5Hz, 0.3H, HBa}, 5.81 (d, J=8.0Hz, 0.7H, H10B), 6.28B (d, J=3.5Hz, 0.3H,
H10a); miz (ES) 512.0 (M-H). '

Stepd: Compound St5-sodium salt (1.37 ¢, 2.67 mmol}) was treated according to Procedurs
A 1o afford Compound S14-sodium salt (520 mg, 1.51 mmol, 58%) as & white sofid: 'H
NMR(D,0\ 500MHz} & ppm 1.80 {m, 2H, H2}; 2.81 {m, 2H, H1), 3.12 {(m, 2.55H, H3 and

HOB); 3.31 (m, 1H, H7a and H78); 3.36 (m, 0.55H, HEB); 3.41 (dd, J=10.0, 4.0Hz, 0.45H,

Hoa); 3.48 (m, 0.55H, HBBY: 3.56 (I, J=0.0Hz, 0.45H, HEa); 3.84 (brd, J=10.0Hz, 0.45H,
HBa), 4.10 (m, 1H, H5a), 4.23 {apparent 1, J=12.5Hz, 1H, H5bY), 4.51 (¢, J=8.0Hz, 0.55H,
H10BY: 5.08 (d, J=4.0Hz, 0.45H, H100): m/z (ES) 344.0 (M-H),



Synthesis of the sodium salt of Compounds S18 and 817

AcC
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2,3,4,6-Tetra-C-aceiyl-D-glucose- 1 -propancl was prepared according to J. Am. Chem. Soe.
1840,82, 917-020.

Stept: p-Nitrophenolchiorsformate (2.3 g, 11.4 mmol) was added to a stirred solution of 3-
10 hydroxy-1-propyl 2,3,4,S-ietra-Cf-ace‘tyE-5—D~g$ubopyranoside (3.1 g, 7.64 mmal) and
tristhylamine (2.12 mL, 11.44 mmel) in dichloromathans (60 mL} and the reaction mixture
was sthred overnight at room temperature. Agusous hydrochlioric acid (1N, 18 mbL} was
added and ihe layvers were separated. The aguesus layer was axiracted 2 times with
dichioromethane {40 mL) and the combined organic layer were washed subssquently with a

15 saturated solution of sodium carbonate (18 ml) and then with 2 saturated soiution of soddium
chloride. The organic layer was then dried over magnesium sulfate, filirated and the solvent
was evaporated under vaguum, The residue was purified by chromatography on silica gel
{hexanes/ethyl asetate 80/10 o 50/50, insar gradient) o afford the coresponding carbonais
(3.1 g, 71%%) as coloriess solid. |

20

Step2: The sodium salt of 3-APS (655 mg. 4.07 mmol) was added 1o a solution of the
carbonate previously prepared (1.55 g, 2.71 mmoel) in N N-dimethylformamide (30 mL). After
3 days of stirring at room temperature, the soivent was evaporated under vacuum and the
residue was purified by chromaiography on sifica get {dishioromethane/methano! 25/5 10
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70/30, linear gradient) to afford a mixture of Compound 317 and p-nitrophenot {(1.33 g) as a
white solid, which was used in next step without further purification.

Stepd: The crude Compound S17 (1.33 g) was treated according to Procedurs A 1o afford
Compourid S16-sodium salt (850 mg, 48% over two steps) as a white solid: H NMR (D0,
500MHMz) 8 pprm 1.84-1.91 (m, 4H, HE+H2), 2.88 (m, 2H, H1}, 3.18 {m, 2H, H3), 3.21 (,
J=8.5Hz, TH, M8, 3.33 (1, J=8.3Hz, 1H, H11), 3,38 (m, 1H, H12), 3.44 (, §=8.3Hz, 1H, H10},
387 (dd, J=12.3, 5.8Hz, 1H, H13a), 3.71 (m, 1H, H7a), 3.85 (dd, J=12.3, 2.0Hz, 1H, H13b},
3.84 (m, 1, M7b), 4.10 (m, 2H, H5}, 4.38 {d, J=8.0Hz, 1H, HB}; m/z {(£8) 402.1 (M-H].

Exampie 1~E: Chemical Synthesis of Imine-derived Prodrugs
Accordingly, the foliowing examples are presented to flustrate how some imine-

derived prodrugs sccording to the invention compounds may be prepared.

Syrithesis of Compound M7 sodium salf

¢l

e

Sodium 3-amino-1-propanesuffonaie (0.64 g, 4.0 mmol) was added to & solution of 4'-chiore-
B-flucro-2-hydroxy-banzophenone {0.50 g, 2.0 mmol) in methane! (50 mij. The reaction
mixiure was stirred under refiux for 4 » then concentrated under reduced pressure. The
residual maerial was pusified by flash chromatography (siiica gel, chioroform: mathano
G010 then BOI20) 1o afford the titte compound {0.51 g, 84%): H NMR (CDUTl;, 500 MHz) 8
1,88 (m, 2H), 2.5 (1, J= 7.0 Hz, 2H), 3.36 {, J= 7.0 Mz, 2H), 6.5 (m, 1H}, 6.95 (m, 1H), 7.22
(m, 1H), 7.38 (¢, J= 8.0 Hz, 2H), 7.86 (d, J= 8.0 Hz, 2H), 15.27 {g, TH). ES-MS (370 M-1).
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Syrithesiz of Compound M?—su!fonamide

{ o N N80, Na N; 50,01
Toluens
so N, 1) N,OH (30%)
2) H,, PA/C

MaOH
M M 50,NH,
Rafiux

Siep 1: To & stirred solution of sodium azide (3.5 g. 50 mmol}) in water (25 mb) was added a
solufion of 1,3-propane sultone (6.1 g, 50 mmal) in acetone (25 mbL). The reaction mixture
was stirred af raom lemperaturs far 24 h then concenirated to dryness. The resulting solid
was suspended in disthyl ether (100 mbL) and stirred at reflux for 1 h. The suspension was
cocled 10 room termperatire and the sclid was colizcted by fillration, washed with acetone

and diethyl ethar, and dried under vacuum, affording of 3-azido-1-propanesulionic acid (7.6
g, 80%}.

¥

10

Step 2: PCls {(2.81 g, 12.33 mmol} was added to a suspensioh of 3-azido-1-propanesuifonic
acig (2.G7+¢, 12.53 mmol} in 1oluene, The reaction mixture was stirred under refiux for 31
After cooling 1o room femperature, the solvent was evaperaied, and the resulting material
was used in the next step without further purification,
15
Step 31 Ammontum hydroxide (28%) (10 ml) was added to a solution of S-azido-1-
propanesuifonyl thiorids (~2.28 g, 12.53 mmol; obtained in sep 2) In gthanol (10 mL), The
raaction mbxiwre was stimed at room i@mperature for 3 h then concentrated. The residual
material was passed through & short sliica gel column using hexanes:athy! acetate as eluent
20 to isolate 3-grido-1-propanesulfonamids (1.5 g, 88%)].

3iep 4; 3-Azide-1-propanesulfonamide (1.5 g, 10.86 mmo!; abtained from step 3) was
dissolved in water/sthanot (10 mL/10 mlL), followed by addition of 10% P&/C {0.2 g). The
rasulting suspensgion was siirred under atmoespheric pressure of M, for 5 h. The insoiuble
25  malenal was removad by filtration; and the firate was concentrated. The residual material
was suspended in hydrogen, The suspension was filiered and the resuliing solid was
washed with ethano! and dislhy ether, dried under high vacuurm, affording 3-amino-t-
propanesuifonamide {1.2g, 80%;).
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Sien & 3-Amine-1~-propanesulfonamide {£.85 g, 4 mmol; from step 4) was added to a
selution of 4'«chloro-5-flupro-2-hydroxy-benzophenone {1g, 4 mimol) in methanol (50 mL.).
The reaction mixiure was stirred under raflux for & h then concentrated urder reduced
pressure. The residgual material was purified by column chromatography {silica gsl,
dichioromethane:methans! 90710 then 80:20). The corresponding solid (after removal of
solvent) was recrystallized in diethyl ether 1o affora  3-{{(1 £)-(4-chicrophenyl{5-fluore-2-
hydroxyphenylimethyienelamincjpropane-1-sulfonamide (0.75 g, 51%). 'H NMR (CDCls,
500 MHz) $2.21 (m, 2H), 3.24 (1, d= 7.0 Hz, 2H}, 3.47 (1, J= 7.0 H, 2H), 4.83 (bs, 2H), 6,83
{m, 1H), 8.85 (m, 1H), 7.04 (m, 1H), T.13 (d, J= 8.2 Hz, 2H), 7.54 (d, J= 8.2 Hz, 2H}, 14.71
{g, 1H). ES-MS (388 M-1}.

Example Z: i vitro stability and metabolism

In vitro stabiiity of exemplary prodrugs of the nvention was tested In water, in an

acidic agueous solution (pH: 1.5), in PBS, in human and mouse microscmes, and i human
and mause whole blood.

A Stability in water, at pH: 1.5 and PBS

Stabiiity of exemplary compounts was defermined in water, agueous acidic solution
(pH 1.3, HCh and PBS (phosphate buffered salineg) solution wsing ESIMS (electrospray
ionizafion mass speciromeatry) as the detecting instrﬁments. in general a 2 pg/mb pro-drug
solution comtaiming 1 ug/ml 1S (infernal standard) was prapared and incubated for 60 min.
For wailer stability the incubation was performed at rcom terhperaiure and for stability in
acidic solution and in buffer.  The incubziion temperawre was 37 °C. Samples wers
analyzed for prodrug content &t time poinis ¢ and 60 min, using MS. The % changes in peak
area rafio afier 60 minutes for each test compound iested are caiculaied using the average
values from six replicate runs. The compounds izsted inciuded Compounds Al to A19,
Compounds BS and 36 and Compounds T o C26. Excapt for C26 which was found
unstabie at pH 1.0 and in PBS, all other compounds were udged o be stable under all
conditions tested with less than about 15%-20% concentration change after 80 minuies,

B, Metabolism in mouse and human microsomes

Microsomal stability of Compounds AT, AZ, A3, 017, C18 and 018 was determinad
in duphicats, in presence of posied mouse or human fiver micresomes for up {0 680 minutes at
37C. Briefly, micresomes were diluted to achieve a concenirafion of 1.0 mg/ml in PBS
buffer (pH 7.4) containing 3 miM MgGCL and 1 mM EDTA. Compounds (10 uM) and
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microsomes wers pra-incubated for a period of 3 minutes before the enzymatic reaction was
started by addition of co-tactors (1 mM NADPH- and 2 miM UDPGA in PB3 buffer). Afier a 1-
hour incubation period, the reaction was stopped by the addition of ice coid acetonitrile. For
time 0 samples, the reaction was stopped with acetoniiriie before the addition of the co-
tactors. Analysis of extracted sampies was achieved using HPLC with ME deteciion.
Several types of HPLC columns and mobile phases weare used depending of the polarity of
the compound. The compound siability was determined by the % of compeund remaining at
60 minutes (peak response of compound at 8¢ minutes / peak response at ¢ minuies x 100).
Four of the compounds fested (three amino ackd prodrugs A1, A2, A3, and the carbamaiz
prodrug C19) were found siable, with over 80% of the compounds remaining after 60
minutes in presence of mouse or human microsomes {data not shown), Compaund C17 was
found less stable with between 20 and 35% of the prodrug remalning after 50 minuies in
presence of mouse or human micresomes, while carbamate C18 showed moderate stabiiity
with betwean 75 and 80% of the prodrug remaining under the same conditions.

C. Mouse ang-human whole blood stabifity

Test compounds were incubated for a tota of 240 minutes at 37 °C in whole mouse
and whole human bioed. The compounds ware added at time-point ¢ and sampie aliquots
were withdrawn at each time point (usually C, 60 and 240 minuies). The samples were
extracted using proiein precipitation. Analysis of extracted samples was achieved using
HPLC with MS detsction. Several typas of HPLC columns and mobile phase were used
depending of the polarity of the compound. The compound siability was determinad by the %
of compound remaining at 240 minutes (peak response of compound at 240 minutes / peak
response at 0 minutes x 100). Results are summarized in Table 8,

Table 8. Stability in mouse and human whole blood

Biood stability (% of compound

10 remaining after 240 min.}
Human Blood House Blood

Ad N +
AZ ND .
AZ ND et
A4 + ot
AL + -
AB ++ +
AT et e
AB + R
AD et ot
A1H et e




Blood stability (% of compound

In - remaining after 240 min.)
Human Blood Mouse Blood
A1 et . ek
Atz et bt
A3 e e
A4 et ot
AlE ot +
A16 o e
AlB - +
A8 +- +
83 ok RS
B4 et +++
B5 ot bt
B5 et ke
e + +
G4 I -
cs + +
C7 e “
GB ST E—
Co ot ot
cie + +
C11 RAVENS RS-
Gi2 oot +
C13 + +
Ci4 Tt e
Ci% R +
ci6 s +
C17 ND -
c18 ND -
Ci9 ND +
C2o et +
Gzt ++ +
G2z S +
ez N +
(24 ++ +

+7 <B0%, ++ | 30-75%, e | >75%; N not deiermined

Thase data illustrate the use of these compounds a3 prodrugs, as they are converted
0 BAPE in the biood.

Example 3: Pharmacokinetics in mice

A. Bloavsilability of exernplary compounds
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Selecied exemplary compounds were {ested for bioavailability in mice. Bicavaiiability
estimates are pariormed for 3APS after administration of molar eqguivalent the selected
compounds. Al a specific ime point Jollowing drug administration, one blood sampie
{approximately 1 mi) is coliected from each of 3 animals from the inferior vena cava. The
animals are anesthelized with isoflurane before blood coliection (approximately 45 sec).
Sampies are colizcted at §, 30, €0, 120, 180, 240 and 360 min post iwravenous
administration and at 15, 30, 60, 120, 180, 240 and 360 min post oral administration. One
animal is used o obiain a baseline sample (pre-dose sample). Blood samples are collecied
ino Sarstedt™ micro fubes (EDTA KE / 1.3mi), kept on ice untl cenirifugation at 4°C at a
minimum speed of 3000 mm (18204; for 10 min. Plasma sampies are ransferred info
Eppandorf™ tubes, immediately placed on dry ice and stored ar -80°C. Plasma sampizs are
stored frozen at -200 pending anatysis.

Compounds in mouse plasma are extracted using protein precipitation. Quantitation
of 3APS In mouse plasma matrix is achieved using LC-MS detection, Sample conceniration
iz calculated using a calibration curve., Bicavailability resulls are summarized in Table 8.

Table 9. Blogvailability of selected compounds in mioe

Bicavailability {F) in micg *

D (! C25%, v BE5-85%, dni? > BE%)
A (BAPS) NI
A S
AZ R
A2 -+
Jo¥:S ekt
AB i
AT et
AlE skt
At ot
o +
o1z +
Ci4 +
G158 +
Ci6 -
o +
18 o+
Cig o
o7al T4
cz2 o+
c2h “+

* Calculated from the concerniration of 3AFS, € hours after adminisiration of the tested compound.
The calcuiated £ value represents the Ralic (in parceriage) of the AUC p.o. of the compount iested
over the AUC v, of BAPS, based on the obsarvation of 34PS.
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As shown in Table ¢, ali the compounds tested were capable of delivering
n‘ieasurabie quantiies of 3APS, Compounds A2, A4, A7 and A18 were halpful in increasing
the biogvaitability of 3APS suggesting that they were more readily absorbed than 3APS or
were able 10 prevent first-pass metabolism of 3APS. Although not shown, Gompounds A3,
C13, C14, C18, C17, C21, C22 and C25 had a measured The 4 times o 16 times longer

that 3APS (0.25h), suggesting a significant improvement in the pk profiles of 3APS using
thase compounds.

B, PK brain and plasima levels of oraf Compound A2 and 3-APS
Gompounds AZ and 3-aminopropanesulfonic acid were tested for pharmacokinetic
parameiers in mice. Parmacokinetic parameters (Cmax, Trnax. T1/2. AUC) are evaluated for

SAPS afier administration of a molar eguivalent of sach compound. Blood sampiss

{approximateiv 1 ml) and brain samples are collected from each of 3 animals at fime points

9.15, 30 minytes 1. 2 4 8 12, and 24 hours. The resuis analvzed from plasme samples
and braln homogenates are summarized in Table 18 Heigtive bicavalability [Fo) of

Gompoung A2 and 3-APS wers respectively of 51% and o 32%. A 2-fold increase in plasms

conceniration (Cmax) of 3-APS was observed when oraliy administering Compound A2

compared 1o 3-APS, Brain concentration of 2-APS was obhsarved after oral adminisiration of

0.18 mmelkg for Compound AZ, whergas the coneentration could not be guantfied afier oral
adminisiration of the same molar eguivalent of 3-APS,

Table 10. PK data on 3-APS analysis foliowing oral administration of 25 mgfkg
{0.18mmol/y) and 250 mglky (1.80mmol/ke) equivalent of 3-APS

Dose Flasma - Brain
D {mmgi Cmaex | Tmax | Ti/2 Omax | Tmax | T1/2
kg MY memn e | AYC lmaml L m)
3-APS T pi8 G427 1768 0.5 4.8 BLLO | BLLO N/A N/A
A2 0.18 10135 | 34358 0.5 2.8 557 148 1 2.0 3.9
A2 1.80 | 1406671 | 35451 £.5 2.8 8772 1 1088 2.0 12.4

BLLQ: below the lower imif of guantification
N/A: not appiicable

Example 4: Pharmacolinetic analysizs of 3APS and essocisied metabolism

Exampie 44: Metaboiic Profiiing of *C-3APS in Mice, Bats and Dogs

Threa single dose siudies were condusted in mice, rals and dogs to detarmine the
metabolic profile of "C-3APS in plasma, wine and jeces. In the first study, twenty-seven
maie CO-1 mice received a single dose of 100 mg/kg (20 ;;Ci/animai) of “C-3APS by oral
gavage. Blootd sampies (3 animaisiime point) were collected for 12 tr foliowing drug
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administration while uring and feces (3 animals/time point) samiples were coliectad for 96 nr.
in the second study, eight maie Sprague-Dawiey rats received & singie dose of 100 mg/ky
(50 uCianimal) of “C-3APS by oral gavages while in the third study, three maie Beagle dogs
received a singie dose of 100 mg/ikg (30 pCiikg) of “C-3APS by orai gavage. For the rat
and dog studlea,' bioed samples wars coliectad for 24 hr following drug atministration while
urine and feces sampies were coliecied for 72 hr. - Al samples were analyzed for tolai
radicactivity using appropriate sample preparation procedures and scintiliation counting.
Plasma and wine samples were aiso anaiyzed for 3APS and 3APS metaboliles
(2-carboxyethangsulfonic acid, 3-hydroxy-i-propanesultonic acid and 3-acetylaming-i-
propanesulfonic acid) concentrations using gualified HPLC and MS/MS mathods.

Foliowing oral administration of 100 mg/kg “C-3APS to mice and rats, mean maximum
plasma concengations of total radicacivity and 3APS were reached &t approximately 30
minutes posi-cose (Table 11). Thergafier, plasma concentrations of {ofal radicactivity and
3APS dechined in & mult-phasic manner with apparent terminal half-ives of approximaely
Zand & n for mice and rafs, respectively. Mean meaximum plasma concentration of
2-carboxyethanesulfonic acid was achisved at 120 o 240 h post-dose, Thereafter, plasma
concentrations declined in 2 multbphasic manner with an apparent ferminal hali-ife of
apprcxirhateiy 2n and 4n for mice and rats, respeciivaly.

Following oral administration of 100 mg/kg “C-3APS to dogs, maximum piasma
concentration of fotatl radioactivity and 3APS were reached &t approximately 30 minuies posk
cose, whareas maxirum plasma concenmration of 2-carboxyethangsulfonic acid was achieved
gl 720 minuies posi-dose (Table 11). Thereafer, plasima concentrations of total radioactivity
and 3APS declined in a multi-phasic marmer. The mean apparen; terminal hali-ives were
aporoxdmately 35 h and 5 h for woial radioaciivity and 3APE, raspectively,

For all gpecies, the majority of ol radioactivity was asseciated with 3APS and 2-
carboxyethanesulfonic acid (Table ‘52). Based on AUGC... values, SAPS accounted for
aphroximately 8% of tatal redicactivity while 2-carboxyethanesulfonic acid agcournied for 30%
in mice and rais. in doge, 3APS accounted for approximaiely 54% of fotal radicactivity while 2-
carboxyethanesulfonic  acis  accounied for  aoproximately 67%.  3APS amd
Z-carboxyethanssulionic acid AUGC:. constituied approximately 90% (mouse and rat) and
approximately 121% {dog) of the total radioactivity indicating that 2-carboxyethanesulionis acid
is the major metabolite of 3APS in the miouse, rat and dog.

For all species, total radicaciivity was guantitatively recovereg in urine and feces with
approximately 75 fo 80% of the administered dose recovered in 72 b (rat and dog) or 88 h
{mouse). The major route of excretion of total radicactivity was via urine.
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On average, 80% of the dose was excreted in urine as total radicactivity in ail species.
Based on the total amount of radicactivity excreted in urine, approximately 30% was excreted
as 3APS while 2-carboxyethanesulfonic acid accounted for another 83% to 77% in mouse and
dgog. tn rats, 3APS and 2-carboxyethanesulionic acid accounied for 59% and 62% of toial
radioaciivity, respectively. On average the two metabolites 3-hydroxy-1-propanesulionic acid
and 3-acetylamino-1-propanesulfonic acid represenied less than 3% of the total radicactivity in
all spacies (Table 11). The urinary cumulative amount of 3APS and 2-carboxyethanesulfonic
acid accounted for approximately 20 to 110% of that determined for total radioactivity, once
again suggesiing thal Z-carbowyethanesulfonic acid is the major metabolite of 3APS in the
mouse, rat and dog.

Table 11: Pharmacokinelic Paramelers of Teta! Radicactivity, 3APE and 2-
carboxyethanesulionic acid Following Sinpgle Cral Administration of 100 mglkg
#C-3APS tn Mice, Rats and Dogs

Parameter Mouse' Fat Dog

Total Radioactivity

Crra (Mol eg/ml) 0,126 0.228 g.24¢
Troa (TN 30 30 31
ALCq . {Umot egemityml) 24.4 433 45.4
AUG ., {umot ggemin/mL} 250 4582 168
T, (D} 2.14 8.02 387
3APS
O (LLTIONMLY ¢.0877 6.218 0.250
T e (1T} 30 30 - 31
Ao (umobmin/mL) 155 287 24.5
AUC. (umolemin/mL; 15.7 278 28.3
To (N 1.72 643 5.04

2xcarboxvethanesulfonic acid

Comer (UMIOUMLY 0018 00234 0.0312
T (1N} ‘ 120 240 720
AUCq, (umoleminimL) 7.26 127 305
ALC,, (pmotemin/mi] 7.56 2.8 NC
Ty (1) 2.33 3.09 NC

'PK parameters were denved using the mean plasma conceriration-ime profiies
NC: Net caloulated
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Table 12 Percentage of 3APS, 2-carboxyethanesulfonic acid, 3-acetylaminowi.
propahesulfonic acld and S-hydroxy-1-propanesulfonic acid in Plesma
and Urine Following Single Oral Administeation of 100 mgikg “C-3APS
in Bice, Rats and Dogs

% of Total Radioacivity

: 2. S-ace?):éamino- 5-hydroxy-1-
3APS carboxyethanesuifonic or Op&n{;su! tonic  Propanasulfonic
acid anid acid
Micuse Piiisnnég gg gg 21 5.4
Rat PLijaris;r!ég g:; gg 23 03
bog Péaﬂsnr;;? Zg ?; 0.01 0.3

*Caicuiated as [ALUGH-= 3APE or matabolites / AUG total radioactivity)] (or using AUGO- If AUGD-= could not be reiiabiy
estimated)

+ Caloulated as [Amount Excreted 3APS or metabolites / AU total radioastivity)!

Example 4B Ahsomigion, Exorefion and Plasme Kinetics of *C-34P8 in huméns

Following the identification of 3APS metabolites, plasma and urine sampies from this
human  AME  study  were reanalyzed for  3APS  and  3APS  mataboliie
(2-carboxyethanssulfonic acid, 3-hydroxy-1-propanesulfonic acid and 3-acetylamino-i-
propanesulionic acid) concentrations using gualified HPLC and MS/MS methods w©
determine the metabolic profile of C-3APS in numari.

Following oral administration of “C-3APS to healihy subjects, maximum plasma
concentration of total redicactivity and 3APS ware reached at approximately 1 o0 1.25 hours
post-dese, whereas maxdmum plasma concentration of Z-carboxvethsnesuffonic acid was
achieved at £.5 hours. in plasms, the majority of tomal radicactivity was associated with 3APS
and 2-carboxyethanesulfonic asic. Bassd on AUC., values, 3APS accountad for
approximately 48% of total radicactivity while Z-carboxyethanesulionic acid accoumed for
48%. 3APE and Z-carboxysthanesulionic acid AUC,. consiituted approximately 87% of the
total radioachvity indicating hat 2-carboxyethanesulionic acid is the major metabolite of 3APS
in human plasma.

Zaset on the iofal amount of redicactivily excreted in urine, approximately 15% was
excreted as 3APS while Z-carboxyethanesulfonic acid sccounted for another 79%.. The
urmary cumulative amount of 3ARPS and Z-carboxyethanssuffonic acid accounied for
approximately 94% of that determined for total radicactivity, once again suggesiing that
2-carboxyethanssulfonic acd is the major metabolite of 3ARS.
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Example  4C:  Comparafive  Pharmacokinetic _parameters  of  34APS  and

S-carboxvethanesulfonic asid following a sinale Oral and IV administration of “C-3APS o
rats

The purpose of this study was fov investigate the absorpfion, meizbolism and
excretion profiles of *C-3APS foliowing a single intravenous bolus and oral administration 1o
rats. Thirty-six male Sprague-Dawiey rats received a single 100 mg/kg (~ 50 uClanimal)
dose of “C-3APS by an IV bolus injection (water or isotonic saline solution} and an

-adoifional 36 male rats recelved the same dose level by oral gavage (in water). Blood, uring,

feces, brain and CSF samples were collectet for up to 72 hr following dose administration.
Plasma, uring, brain and CSF concentrations of 3APS and 2-carboxyethanesuifonic acid
(3APS major metabolite) were measured using LC and MS/MS detection method., Plasma,
uting, feces, brain and CBF samples were analyzed for fotal radicactivity using appropriate
sampie preparation procadures and scintiiation counting.

Based on AUC,. values, afier IV adminisiration, SAPS accounted for 89% of intal
radicactivity and 2-carboxyethanesulfonic acid only about 8%. On the other hand, afier oral
adminisiration, 3APS  mccounted  for sbowt 68% of  iotel  radipaciivity  and
2-carboxysthanesulfonic acid about 28%. Using those data, it i possibie o caiculate a
mstabolite-to-parent ratio of the exposure of abou! 0.1 following IV administration and 2 rafio
of 0.38 foliowing oral acministration. This higher metabolite-to-parent raiio of the exposure

foliowing oral administration when compared 1o IV is consistent wiih an inestinal first-pass
mataholisi.

117



10

Table 13 Comparison of Systemic Exposure of 3APS and 2-carboxyethanesuifonic
-acid versus Total Radioactivity fellowing a Single IV and Oral
Administrafion of 14C-34PS in Hats

v
- AUGo.{ r:'noi_‘nfm 2l {g (APS and 2-
Animal . - Tzl carboxyethans  CErooXyetnan
M e sy Sieor S
1001 1528 105 1825 8.5 100.6
1002 1420 144 1588 a1 8gn
1003 1581 1B4 1883 2.8 84.3
1004 1147 125 1288 8.9 100.5
Mean 1422 140 1581 B8 98.4
+80 196.2 337 2583.0 1.60 2.83
%0V 13.8 241 5.8 18.1 2.08
* AUGo.. expressed 23 Mot eg.YmL for 1018
rzdinaciivity

*Calcutated as [{AUG. 2-Carboxyethanesulfonic acid / AUC tal radioaciivity)"100]
*Celctiated £3 [[AUCo.. BAPE + AU E-carboxyethenesuifonic acid) / AUC total radinastivity] =100

PO
el n/m™ %
o Adcm(r;moi.ﬁ/rv" LY | (og, (BAPS g 2
Anime AAPE carhoxysthanes df O‘{Eé;m carbox_yeﬂ;a\_an!f carezcl)j%eggan
uffanic aeid nacioae Y sulionic acid) acidy™
3001 810 232 874 285 883
3002 538 153 74 2.4 98.9
3003 407 177 2B 28.2 83.0
3004 471 229 781 28.3 BY.G
Maan BOT 198 T4G 26.4 84.0
180 87.4 39.1 104 348 3.37
%V 17.3 18.8 13.8 13.2 2.5¢
® AUC,.., expresses as nmol eg.nimil. for ot
ragioactivity

“Calculated as [(AUG... 2-carboxyethanaesulfonic acid / AU wtal radioacivity)* 1001
=Caleukatet 28 (AU - JAPS + AUC.. 2-carpoxyethanassulionic asid) / AUT ol radioactivity] *100

Fyxample 4D Comparative  Pharmacokingtics  parameters _of  34PS  and

2-carboxvethanesulfonic acid Following a Singie Oral_intravenous and Portal administration
of BAPS in rais

The purpose of this study was 1o compare the pharmacokingtic profiie of 3APS
foliowing 2 single dose administration either orally, intravenously or inte the portal vein o
male Sprague-Dawley rats, The oral, Intravenous and porial reutes of administration were
selecied 10 determine the imtestinal and hepatic first-pass effects in the rat. Three groups of
4 male Sprague-Dawley rats ware assigned 1o receive & singie dose of 250 mg/kg 3APS by
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differani routes of administration. One group received 3APS as an IV bolus admihistr‘ation
(in watar or isotonic saine soiution), one group by oral gavage (in water) and the last group
vig & catheter into the pontal vein (in water or isotonic saline solution}, Blood samples were
collected for 24 hours following dose administration.  Plasma concentrations of 3APS and 2-
carboxyethanesulfonic acid (the major meiabalite of 3APS) were deterrined using LG and
MS/MS mathod. | |

Foliowing oral administration, maximum piasma concentrations (Crax) ware generally
reachad within 1 howr for 3APS and its biogvaliability based on the AUC,. was calcuiated to
be about 38%.

The resulis obtained confirmed that there is an important metabolism of 3APS. More
particuiarly, based on a comparison between the systemic exposures foliowing hepatoportal
and intravenous agministrations, metaboelism of 3APS associated with hepatic first-pass was
gsfimated 1o be 24%. By comparison between the sysiemic exposures following oral and
hepatoportal administrations, mstabolism of 3APS associaied with intestinal first-pass was
estimaied to be 43%. This siudy also showed that the oral agministration of 3APS generated
50% meore metabolie than the intravenous adminisiration which is consistent with an
intestinal firsi-pass metabolism.

Exampie §: In viire metabofism of 34P8 in primary rat nevron culture and organotypic
hippocampal shice culture

The metabchism of 3APS was also studied i witro in different types of celiular
modeis, In some cases, the metabolism of 3APS was compared with that of yv-amino butyric
acld {GABA).

The resuits obtained demanstrated that incubation of 3APS (400 uMb in primary rat
heuron culiure media produced Z-carboxyethanesulionic ackl sz a metaboiie.  The
conversion of 3APS 1o Z-carboxyethanssulionic acid was time-dependant and cell
goncentration-dependent, thcubation of 3APS (400 ub inllial conceniration} for six days in
the cell’ culture media (containing 800,000 celis) produced with 48 uM of 2-
carboxyethanasulfonic acid. Under the same experimental conditiong, 5.4 uM succinic acid
was detected starting trom GABA (400 M inftial concentration).

The conversion of 3APS tb- S—Qarboxyetnanesu!fanic acid in the primary neuron
culture mediz was significantly inhibited by vigabatrin, ihe lalier a clagsic GABA
fransaminase inhibiior.  Niglamide, a moncaming oxidase inhibiior, also reduced the
formation of Z-carboxvethanasulionic acid {from 3APS) but 10 a lesser axiont in contrast,
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gabapentin (known 1o increase GABA concentration in the brain} had no significant effect on
the convarsion of 3APS o 2-carboxyethanesulfonic acid, _

in another in wvitro model emploving organotypic hippocampat slice culture, the
conversion of 3APS fo 2-carbosyvethanesulfonic acid was time-dependent. More than 80%
of 3APS was converted to z-carpoxyethanesulfonic acid after 3-day incubation in the culture

media. 2-carboxyethanesulionic acid was also deiected alter incubation of 3APE in human
hepatocyte (HepG2) culure media.

k i understood thai the sxamples and embodiments deécr‘tbed herein are for
Hiustrative purposes only and that various medifications or changes in light therso! will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appendsd claims.
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Claims

1. Acompound of Formula IV, or a pharmaceutically acceptable salt or solvate thereof,

aaz-—-aaf-——-N/\/\S/OH
H N\

wherein:

aalis a nalural or uhnatural amino acid residue;
aa? is a natural o unnatura! amine acid residue, or is absent;
wherein said 2a’, and aaZ, are sach independently amino acld residues of Formula Vi

Vi

wherein:

R* is seiected from the group consisting of a substituted or unsubstituted group selected from C,-Cyyalkyl,
Co-Cugalkenyl, Co-Cqgalkynyl, Co-Cysoycloalkyl;

R2 is hydrogen

R3is hydrogen; or R3 Is a bond batwean two amino acid residues, when two amino acid residues are present,
R*is sefected from the group consisting of H and a substituted or unsubstituted group selecied fram C,-Cyalky!,
Cy-Cgalkenyl, Cx-Cgalkynyl; and

nis1,2or3;

wherein the ferm substituted when in association with any of the faregoing groups refers to a group substituted
atone or mare position with substituents selected from amino selected from simpie amine, mono and dialkylami-
no, mens and diaryiamino, and alkylarylamino, acylamine inciuding carbamoyl, and ureido, aminccarbonyl,
mong and diatkylaminocarbonyt, cyana, azide, halogen, rydroxyl, nifro, triftuoromethyt, G4-Cg alkyl, G5-Cg alke-
nyl, C-Cg alicynyl, cycicaikyl, heterocycloalkyl, aryl, heteroaryl, C-Cg alkoxy, aryloxy, benzyioxy, benzyl, gua-
nidine, imine, and formyt; :

provided that when R? is H and R® is H or a bond, then R is not a -CH,phenyl group.

The compound of claim 1, wherein said compound is 2 compound of Formula V, or & pharmaceutically acceptable

ar solvate thereof,

2

wherein:

az' is a natural or unnatural amino acid as defined in claim 1.

compolind of claim 2, wherein aa’ is selected from amino acid residues of vajing, lysine, leucine, serine, alanine,

isoleucine, histidine, and O-benzylserine,

sait
3. The
4. The

compound of claim 1 or 2, wharein said compound is selecied from the group consisting of:

121



0
NH,
H 0,0
N o8
o HNT Y,
O
HO
N O‘“s"O
HzN I \/\v \OH
0
g H O\\ /,O
: NWS\
HZN/\H/ oH H,N
o O
H O\\ _,/0
N\/"\/S\
HN O+
O
H
/N
N =
H o, .0
N p=3g
H,N S TN
0
H N ,,O
N So
H,N T N0H
O
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HO

H Q. .0
HzN N\/\/S\GH
0
o}
H 0\\ ,,O
sz N\/\/ \'OH
0
HO 0] OH
© H 0.0
Q\/\O/\\S/:.Q H N NWSKOH
HN OH !
0
VY 0P

Ser — Val WHN\/\/S\OH Ala— Len ——HNWS\OH

g o 0 0
\Y/i Y/
Vai— Val “HN\/-\/S“OH Lys— Len—HN \/\\/S\OH

%A

N

O-Bn-Ser—Val —HN. __~__-3 ~oH

or & pharmaceutically accepiable salt or solvaie theraof,

5. The compound of claim 4, wherein said compound is selected from:
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H O\\ f,c} H Ox. /O
N S S 4
H,N e H,N MBSy
O o
NH,
0
M o, 0 § o, .0
H2N N\/\/S\OH HZN \/\/ \OH
o} G .
H
7N
N ——
M O\‘- ,}O
N ~
HN oy
8 )

and pharmaceutically acceptable salf or soivates thereof.

6. The compound claim 5, wherein said compound Is:

N 8.

or & pharmaceutically acceptable salt or soivate thereof.

7. Apharmaceutical compesition comprising a compound of any one of claims 1 to 6 tagether with a pharmaceuticaty
scceptable carrier.

8. Aprodrug of 3-amino-1-propanesulfonic acid, wherein said progrug is a compaund of any one of claims 1 to 6.

9. Acompound of any ane of claims 1 to 8, for use in the reatment or prevention of a disease or condition selectad
from Alznheimer's disease, mild cognitive impairment, Down's syndrome, Hereditary Cerebral Hemorrhage with
Amyioidosis of the Duich-Type, cerebral amyloid anglopathy, Parkinson's disesse, a degenerative dementia, a
dementia of mixed vascular and degenerative crigin, dementia associated with Parkinson's disease, dementia
associated with progressive supranuciear palsy, dementiz associated with cortical basal degeneration, or diffuse
Lewy body type of Alzheimer's disease,

10. The compeund for use according to claim 9, wherein said diseass or condition is selecied from Alzheimer's disease,
mild cognitive impairment, cerebral amyloid angiopathy, ang degenerative dementia.

11, The compound for use according to claim 10, wherein said disease or condidon is Alzheimer's disease,
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12.

13.

14,

15,

The compound of any ong of claims 1 to 8, for use in providing neuroprelection io a subject having an amyloid-p
refated disezse. ' :

A compound of any ane of claims 1 fo §, for use in delivering 3-amino-1-propanesulfonic acid {3APS) by contacting
sald compound with an enzyme which metabolizes said compound to 3APS in vitro or in vivo.

The compound of ciaim 13, wherain 3APS is delivered when said compound is contacted with ptesma, biond andior
brain cells.

The compound of any one of claims 110 5, for use in inhibiting neuronal celi death,
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