METHODS, COVPOUNDS, COMPQCSI TI ONS AND VEHI CLES FOR DELI VERI NG 3- AM NO- 1- PROPANES
fromU. S. provisional patent application no. US 60/851,039 filed Cctober 12, 20Q
2007, which are incorporated herein by reference. 10Field of the invention
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Backaround of the invention
Aizheimer's disease (AD) is a progressive degenerative disease of the brain primarily
associaied with aging. Prevalence of AD in the United Stafes in 2000 was ciose to 4.5
Million. It was estimated that about one in ten individuals over 85 and nearty haff of those
over 85 are affected by Alzheimers disease. Approximately 360,000 patierﬁs will be
diagnosed with AD each year in the United States alone.
Clinical presentation of AD is characferized by loss of memory, cognitior, reasoning,
“judgment, and orientaiion. As the disease progresses, motor, sensory, and linguistic abilities
are éisp affected until there is global impairment of multiple cogniiive functions. These
cogniive losses occur gradually, but typically iead o severe impairment and eveniual death
in the range of four 1o twelve years.
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Alzheimer's disease is characterized by twe major pathologic observations in the

~ brain: neurofibrillary tangles and beta amyioid (or neurific) plagues, comprised predominantiy

of an aggregate of a peptide fragment know as AB. individuals with AD exhibit characteristic

beta-amyioid deposits in the brain {beta amyioid plagues) and in cerebral blood vessels

(beta amyloid angiopathy) as weli as neurofibrillary tangles. Neurofibrillary tangles occur not
only in Aizheimer's disease but also in other dementia-inducing disorders.
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3-amino-1-propanesulionic acid (3APS, Tramipresate, Alzhemed™) is a promising
investigaiional product candidate for the treétment of Aizheimer's disease that is currently in
Phase 11l clinical trials in North America and Europe (Wright, T. M., Drugs of Today (2006},
42(5): 291-298). This product is deveioped by Neurochem inc. (Laval, QC, Canada) and it is
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Previous metabolic stability studies had demonstrated that there was no in vifro
metabolism of 3APS. Those studies include: 3APS metabolic stability in pooled human
hepatocytes, human, rat and dog liver microsomes, human intestinal microflora, pooled
human liver cytosol, and human arylamine N-acetyltransferase (Sée Examples 4 and 5).

a. PCT publication number WQ2004/112375 discloses phenylalanyl and
phenylalanyi-phenytalany! substituted 3-amino-1-propanesulfonic acid for use in inhibition
amyloid deposition. PCT publication number WO2002/096937 discloses all-D peptides
which include 3-amino-1-propane sulfonic acid as potential vaccines against amyloid-beta
related diseases.

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

‘neurotransmission assays.

c. A 3-APS derivative of carbobenzoxy-iryptophan was described in U.S. Patent
No. 5-776,870 (Shechter et al.) as a treatment for neoplasms, where the tryptophan moiety
s the core structure and the CBz group acts as a lipophilic group to help cell penetration.

Summary of the invention

Surprisingly, it has now been found that 3APS is metabolized both in vifro and in
vivo. Indeed, as described in more detail hereinafter, recent in vivo studies indicate
extensive metabolism, particularly first-pass and/or systemic metabolism of 3APS. Three
potential metabolites were identified from at least one type of biological species:
2'-carboxyethanesulfdnic acid, 3-hydroxy-1 -propanesuifonic 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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via a patch, etc. This invention in various aspect
I s a pharnmacoki netic nodul ating noiety, which is o
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er el nafter rn'aceut

2-carboxyethanesulfonic acid (from 3APS) but to a lesser extent.

Accordingly, an aspect of the invention concemns compounds and compositions that
can deliver 3APS by minimizing the metabolism, e.g., firsi-pass metabolism, associated with
that drug, and more particularty compounds that would block or protect the amino group of
3APS such that it avoids metabolism, e.g., by transaminases and/or monoamine oxigases.

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

H N/\/\ OH
// R\

O

3APS

Accerding to an aspect, the present invention relates to compounds or compositions
that will yieid or generaie 3APS after administered in a subject. In one embodiment, the
compound that will vield or generate 3APS is an amino acid prodrug of 3APS. In another
embodiment, the compound that will yvieid or generate 3APS is a carbamate prodrug of
3APS. In another embodiment, the compound that will yield or generaie 3APS is an amide
prodrug of 3APS. In ancther embodiment, the compound that wil yield or generate 3APS is
a carbohydrate-derived prodrug of 3APS. in another embodiment, the compound that will
yield or generate 3APS is a N-hydroxy prodrug. In another embodiment, the compound that
will yield or generate 3APS is a cyclic doubie-protected prodiug. in further embodiment, the
compound that yields or generates 3APS is a 3APS polymer fe.g. a moleculs compesed of
two or more molecules of 3APS linked together). In further embodiment, the compeund that
yields or generates 3APS is a gemini dimer of 3APS. in certain embodiments, the amino
acid prodrugs of 3APS that are capabie of yielding or generating, either in vitro or in vivo,
3APS have one of the general or specific formulae or struciures disclosed herein. The
present invention encompasses these compounds, pharmaceutical compositions containing
these compounds, and methods employing such compounds or compositions in the
treatment of various medical disorders such as Alzheimer's disease.
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The present invention also provides processes for converting compounds of the
invention to 3APS. The conversion and/or generation of 3APS involves centacting any of the
compounds of the invention, e.g., with blood, plasma and/or brain cells. The conversion can
occur in vitre or in vive. The conversion may also occur in the presence of enzymes capabie

10 of cleaving amine bonds, such as pepiidases, or other enzymes appropraie for gpther
structures herein, including those found in the blood, plasma and/or brain.

The invention also provides the use of a cémpeund according fo the invention for the
manufacture of a medicament. The invention also provides the use of a compound of the
invention for the treatment or prevention of Aizheimer's disease, mild cognfﬁve impairment,
Down's syndrome, Hereditary Cerebral Hemorrhage with Amyioidosis of the Dutch-Type,

cerebral amyloid angiopathy, other degenerative dementias, dementias of mixed vascular
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and degenerative origin, demeniia associated with Parkinson's disease, dementia

associated with progressive supranuciear palsy, dementia associated with corical basal

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

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

sysiem, e.g., by inhalafion, intranasally or intratracheally.

The invention in further aspects includes the administration of compounds of the
invention via any mode and/or vehicle, including all modes and/or vehicles disclosad herein,
e.g., the administration of the prodrugs of 3APS via the nose, mucous membranes,

35  transdermally, via a patch, eic.

This invention in various aspects relates 1o the following numbered aspects:

Live inpairment Down's syndrome, Hereditary Cerebral Henorrhage wth

ntia, a denentia of mxed vascular and degenerative origin, dementia

hucl ear pal sy, denentia associated with cortical basal degeneration, or
eutically effective amount of a conmpound of aspect 1 to a human subject in
conprising contacting said conpound with an enzyme which netabolizes said

8, conprising contacting said conpound with plasma, blood and/or brain

PS in a 15human subject, conprising | essening netabolismof 3APS, e.g., first
ect 11. A nethod for reducing side effects of 3APS in a human subject (e.g.,
bolismof 20 3APS, e.g., first pass metabolism which occurs when 3APS is
rein 3APS is admnistered in the formof a prodrug of 3APS which yields
A method according to aspect 10, wherein the prodrug is a compound of the
optionally also bonded to A directly or indirectly through a further |inking

and




35L is a cleavable linkage for covalently and di ssociably coupling B to A (pref
direct bond or additional chem cal structure providing a cleavable |inkage, or:
according to aspect 10, wherein 3APS is adm nistered t hrough the respiratory
the ear, rectally, or vaginally, or by an inplant, spray, nasal spray, chew ng
Aspect 15. The method of aspect 10, wherein the bioavailability of 3APS, AUG of
SAPS, and/or biolOabsorption of 3APS is increased. Aspect 16. A nethod accordi ng
17. A nmet hod according to aspect 10, wherein the effective therapeutic |evel of
aspect 17, which increases the |evel
t herapeutic effectiveness of 3APS. Aspect 20.A nethod according to aspect 10, v
according to geitl- 10, A GRITRYY EidtRBYMURE: si de effects of SAPS. 30Aspect 22. A n
| east §0@6 Aspect 23. A net hod fo&}iﬂgugasuﬂg the therapeutic bio-distribution a

wherein

B is a pharmacokinetic modulating moiety, which is optionally ailso bonded to A directly or
indirectly through a further linking group L;

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

10 L is a cleavable linkage for covalently and dissociably coupling B to A (preferably and
typically via the NH, group), or is absent, whereby L can be 2 direct bond or additional
chemical struciure providing a cleavable linkage,
or a pharmaceutically acceptabie salt or solvaie thereof.

15 Aspect 2. The compound according to aspect 1, wherein
L is a linkage that when metabolized or hydrolyzed either in wvitro or in vivo produces 3APS,
andfor _

B is a moiety that increases the therapeutic bio-disiribution of 3APS upon administration of
the compound of formuta | to a human subject.

20

Aspect 3. The compound according to aspect 1, wherein B is a 3-amino-1-
propanesulfonic acid moiety.
Aspect 4. A compound according o aspect 1, wherein

25 B is an amino acid or a peptide, and
L is a hydrolyvzable linkage.

Aspect 5. A compound according o aspect 1, which is a compound of formuila
(1, (1-A), (-G), (=D, (IFE), (1-P), (1-P2), (11}, {11, (IV), (V), (V1), (VIT), (VI (X), (X0, (XI3, (XD,

30  (XH-A) or (X}, which are set forth hereinafter, or a pharmaceutically acceptabie salt
thereof.

Aspect 8. A pharmaceutical composition comprising a compound of aspect 1
and a pharmaceutically acceptable vehicle.
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Aspect 7.
impairment Down's syndrome, Hereditary Cerebral Hemorrhage with Amvioidosis of the

A method for freafing or preveniing Alzheimer's disease, miid cogniiive

Dutch-Type, cerabral amyloid angiopathy, a degenerative dementia, a dementia of mixed

of 3APS in the brain of said human subj ect..
hi ch | essens the first pass 25 netabolismof 3APS. Aspect 21, A nmethod
et hod according to aspect 10, wherein the oral

whereby L can be a
Aspect 14. A net hod
vi a

erably and typically via the NH2 group), or is absent,
a pharmaceutically acceptable salt or solvate thereof.
system intratracheally, intranasally, via or under a nucous 5nenbrane,
gum eye drop, eardrop, suppository, enemm, or vaginal creamor |otion.

3APS, brain |evels of 3APS, CSF |evels of SAPS, Crnax of 3APS, Trnax of
to aspect 10, wherein Al zheiner's disease is treated or prevented. 15Aspect
3APS in a selected human tissue is increased. Aspect 18. A nethod according to
20 Aspect 19. A nethod according to aspect 10, which increases the

AUG of 3APS is increased by at
f SAPS in a




conprising admnistering 3APS in the formof a prodrug or in the
t herapeutic bio-distribution of 3APS in a human subject, conprising adm nisteri
10, wherein 3APS is delivered using a 5route (transdermally, S.C.,
hepatic first-pass metabolismof 3APS. Aspect 26. A conpound accordi ng to aspect
generating 3APS or a derivative of 3APS, either in vitro or in vivo, 10e.g., wh
conpound according to aspect 1, wherein said pharmacokinetic nodul ating noiety
adm ni stration of the conpound of fornula Ito a human subject. 15 Aspect 28.A p
nodul at i nYESAYRERT, degpieEive Srigpt demealia pssocatpdiydin Radkinson'ndigeasecdémense i ndirect!y

noi ety (i a®ociaddREhhOuGEeshve dupRBhuci@dtthaisy, deménid £haaNRDWEn hdkagrsdior coval entl

- group), or_is absent...whereb can a.direct bond or, additjonal 25chem cal s
gal tI,O) et SEST PRI P ﬁ'ﬁﬁ'ﬂ‘iiﬂs’y %ﬂéyr%ef ?P&ﬁ%‘?@?ﬁ% FESHHEREYNS 2EMBEE85 8 prodrug can

i denti f i ethempsdinhibyrafiehipreaimmuneoiga compeungxeirgspes .1 18 GAdiani bkt objeedt s, advant ag
readi ng ofetdae foll owi ng non-restrictive description of preferred enbodi nents w
i nvention.

human subj ect,

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

10

Aspect 8. A process according fo aspect 8, comprising contacting said

compound with plasma, blood and/or brain cells.

Aspect 10.
human subject, comprising lessening metaboiism of 3APS, e.g., first pass metabolism, which

A method for increasing the therapeuiic bio-distribution of 3APS in a
15
occurs when 3APS is administered o a human subject.
~Aspect 11. A methad for retiucing side effects of 3APS in a human subject (e.g.,

reducing or preventing gastrointestinal intolerance), comprising lessening metaboiism of

20 3APS, e.g., first pass metabolism, which occurs when 3APS is administered to a2 human

subject.

Aspect 12,
the form of a prodrug of 3APS which yieids or generates 3APS after being administered to

A method accdrdtng to aspect 10, wherein 3APS is administered in

25  said human subject.

Aspect 13
of the Formuia |-

A method according to aspect 10, wherein the prodrug is a compound

30 B—-L—A )]
wherein
B is a pharmacokinetic modulating moiety, which is optionally also bonded to A directly or
indirectly through a further linking group L_;
A is a 3-amino-1-propanesulfonic acid n;oiety (i.e., 3APS bound to L-B), and
\85 L is a cleavable finkage for covalently and dissociably coupling B to A (preferably and
fypically via the NH. group}, or is absent, whereby L can be a direct bond or additional

chemical struciure providing a cieavable linkage,

i ntranasal | y;

formof a 35 gemni dinmer of SAPS. Aspect 24.A nethod for increasing the

ng 3APS non-orally or non-enterally. Aspect 25. A nmethod according to aspect
etc.) or vehicle (patch, inplant, spray, formulation, etc.) which mnimzes
1, wherein said cleavable linkage is sel ected for yielding or

erein the Iinkage is cleavable hydrolytically or enzymatically. Aspect 27.A
is selected for increasing the therapeutic bio-distribution of 3APS upon
rodrug of the Formula I: B- L - A(l) wherein 20B is a pharmacoki netic

'hrough a further linking group L; Ais a 3-am no-1-propanesul fonic acid

y and di ssociably coupling Bto A (preferably and typically via the NH2
tructure providing a cleavable |inkage, or a pharnaceutically acceptable

be 3APS and/or other netabolites, including, but not limted to, netabolites
es and features of the present invention will becone nore apparent upon

hi ch are exenplary and should not be interpreted as limting the scope of the




£
. Definitions All technical and scientific terms used herein have the sane neani ng as comonly understood by one ordinary skilled in the art to which

the invention pertains. For 5 convenience, the neaning of certain terns and phr%ases used herein are provi ded bel ow. To the extent the definitions of
ternms in the publications, patents, and patent applications incorporated herein by reference are contrary to the definitions set forth in this
specification, the definitions in this specification control. The section headings used herein are for organizational purposes only, and are not to be

construed as |limting the subject 10matter disclosed. It should be noted %t hat, the singular forms "a", "an", and "the" include plural referents unless
the content clearly dictates otherw se. Thus for exanple, reference to a corrp0§5| tion cont aining "a conpound” incI udes a m xture of two or nore conpounds.
It should also be noted that the term"or" is generally enployed in its sense including "and/or unless the 15content clearly dictates otherw se. The

cheni cal Yt&RigfAcedicAlyrastepigiesafroagpivale ferati.ng to the conventional standards krrown in the art. Thus, where an atom such as a carbon atom as drawn appears
to have an unsatisfied val ency, then that valency is assuned to be satisfied by a hydrogen atom even though that hydrogen atomis not necessarily explicitly
drawn. Hydr ogen att ‘gls sAhouI d,20be inferred to be part of the conpound. The synbol "-" in general represents a bond between two atons in the chain.
Thus CH, 3- 0- 5P ? ) L PEOd 8 M§%1%W§?HW§§WW?HF@MWopane conpound. In addition, the synbol "-" represents the point of attachnment of the
subst i t uethtouglo the oespreiend systbrus iftatrachealiyp | ieramaydilg,Clia06) uaddeyd rmmdusat es an arylal kyl group, such as benzyl, 25attached to the conpound at the al kyl noiety.
VWher e | ks WRsi, r n ructure, it is to be understood that the substituents can be the sane or different. Thus
for ex%mrrpr:her%%%éopt|%%éa{frg;%sﬂgbogtv%@ﬂ%ﬁgatgred}taﬁngﬁgt %)%g%%ahg&o{l%hgmg%dl cates that Rmis substituted with 1, 2, or 3 Rg groups where the Rq groups can be the
same or dFYTF-EVeRPD: SETAP. SERRPSREY: @P?Wast%éa@'@'ﬁﬁea’@@ﬁbmds of the present inventiion" and equi val ent expressions refers to conpounds nentioned herein as being
useful for at |east one purpose of the invention, e.g., those enconpassed by structural Formulae such as (l), (I-A, (I-O, (1-D, (I-F), (I-P), (1-P2),
(rey, (e, V), I I (X 11-A) and(XIII), and includes specific conmpounds nentioned herein such as Al to
A35, d to CZ(GAS% é Thgéﬁho{ﬁ{a%gecf—& \@f}e{m t%e;ﬁf’a"ag%&{t‘b&éﬁl)osa%géé to D8, etc.;, as well as their pharmaceutically acceptable salts and sol vates.

Enbodi mentAPSh&rain kvelng’ 308, GEE levels rSATS: Bnafof BARS.Joand GABS, apkiior bie- i nvent i on. Gonpounds nmay be identified either by their chemcal structure and/or

chenm cal ambBioNieArs kangbgysical structure and chemical name conflict, the chenical structure is determnative of the identity of the conmpound The conpounds
described herein may contain one or nore chiral centers and/ or double bonds and therefore, nmay exist as stereoi soners, such as doubl e-bond isoners (i.e.,
geonetric isoners), 5 enantioners, or diastereoners. Accordingly, the chem cal istructures disclosed herein enconpass all possible enantioners and

st er eoi soner s Aspect e i |A aethodt adocimgpio uagscti 10c vindieing Alzhmetsediegiss agrer i cal |y purie form (e.g., geonetrically pure, enantionerically pure, or

di ast er eop@fidacAbleveridy. ) and enantioneric and stereoisoneric mxtures. Enantionmeric and stereoisoneric mxtures can be resolved into their conmponent

enanti omers or stereoisoners 10 using separation techniques or chiral synthesis techniques well known to the skilled artisan, e.g., chiral chromatography
(such as chiral HPLC), immunoassay techni ques, or the use of covalently (such gas Mosher's esters) and non-covalently (such as chiral salts) bound chiral
reagetis to réspattl.veldy mbiioh Redliiag te bEHIL 1), OvHidkeid tHetefidbive Ihgaskule separated hy conventional nethods, such as chromatography, distillation, crystallization
or subli is then exchanged or cleaved by conventional neans, to recover the desired isoners. The conmpounds may al so exi st
in severgﬁ%%ﬁ#ﬁ?%%%&n@%%@%%&n F%té&{enol form the keto form and m xturés thereof. Accordingly, the chem cal structures depicted herein enconpass all
possi bl e tautoneric forns of the |IIustrat ed conpounds. The di scl osed conpounds al so include isotopically |abel ed conpounds where one or nore atons have an
20 atomc nagspaxig eresn.‘tneﬁhw@bédaﬁngafooggpgctrﬁas&m&pﬁgre%g@Qa@@g[gf $osnd in nature.; Exanples of isotopes that may be incorporated into the conpounds of the

pr esent lﬂé%%trauﬁ) Ircllﬁ]u%e but are not linmted to, 2H (D), 2E1 (T), 110, 130, 140, 15N, 18",

170, etc. rrpoun T 5)??’%'? in unsolvated forns as weII as solvated fornms, including hydrated fornms. in general, conpounds may be hydrated or sol vated.
Certa?(h conpounds may exist in nultiple 25 crystalline or anorphous fornmns. In general, all physical fornms are equivalent for the uses contenplated herein
and are intendggbet 95 be MirelioB dcBSaRG W BisPct HBCWRLE FRALAMME Md- Pl ur t her, when partial structures of the conpounds are illustrated, brackets or equivalents
i ndi cate tf%ctw@r?ésrs]tofa%fﬂ attachnment of "the parti a]v structure to tHe rest of the nolecule. The term"prodrug” and equival ent expressions refer to agents which
can be

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

Aspect21. A method according to aspect 10, which reduces the side effects of
3APS.

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

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




30 converted in vitro or in vivo directly or indirectly to an active form(see e.g., RB. Silverman, 1992, "The Organic Chem stry of Drug Design and Drug
Action," Academ c Press, Chap. 8; Bundgaarci, Hans; Editor. Neth. (1985), "Desrgn of Prodrugs". 360 pp. Elsevier, Anmsterdam Stella, V.; Borchardt, R ;
Hageman, M; diyai, FL; Maag, H; Tilley, J. (Eds.) (2007), "Prodrugs: Challenges and Rewards, XVIII, 1470 p. Springer). Prodrugs can be used to alter 35
the bi odistribution (e.g., to allow agents which would not typically enter the reactive site of t he protease) or the pharmacokinetics for a particular
agent. A wide variety of groups have been used to nodify conpounds to form prodr ugs, for exanple, esters, ethers, phosphates, etc. Wen the prodrug is

adm nistered to a subject, the group is cleaved, enzymatically or non-enzymatically, reductively, oxi dati vely, or hydrol yti cal ly, or otherwi se to reveal the
active form As used herei n, "prodrug" includes pharmaceutically acceptable salts thereof, or pharmaceutically acceptable solvates as well as crystalline
forms of any SEPEhE4f oreBEIngg for mpremsipgring thespeuticrhiqdiatibytipn 0&3%?%!5@*1 not necessarily, phar macol ogi cal |y inactive until converted to the parent drug.

The termh@ﬁmsnb;ealdmrpnsra@ddrﬁﬁmeﬂrajmsWr@lﬁr&irﬁﬂﬁeﬁ@ﬁw to a synthetic corrpounéd conprising at |least two noieties of the sanme agent or drug coupled

toget her. For background on gemni diners, see: Hanmmel! D C, Hamad M Vaddi H K, Crooks P A, 10 Stinchconb AL. A duplex "Gem ni" prodrug of naltrexone for
transdernmal delivery. J Control Release. 2004. 97(2):283-90. In preferred enbodi nent, the gem ni diners of the invention are made of two |inked 3APS

nol ecul es t hat*shesy2be comethod adcardingviotaspedri0j wiheréin GABS ieddiveyecbusingnali rect |y to riel ease at |east one, preferably two, pharmaceutically active 3APS ol ecul es.
The tegr Ny @qf@%g@,yg,‘;y r@éer,ﬁraﬁ&amne@ﬁy&%p@;@%&&e%g% £ rgjogc%m)mdﬂ nked to an am no 15 group to forma group conprising a (-0C(0)N(or NH)-) radical The

car bamat e can be secondary ‘F termis further defined in Section Il-B(a). The term "am de" refers to an organi ¢ conpound
cont ai ni n@gg 'BB"HVFBS(“EB?@“W"“D&?%%%‘ﬁ%’s‘f’(?fé‘ﬁp%m ne group to forma group conprising the radical (-C(0)N(or NH)-). The anmide group can be secondary (NH) or
tertiary (N). This termis further defined in Section 20 Il-A The terrn "non-lanmno acid am de" refers to an am de group where the carbonyl (-0(0)-) does
not form part am t din Section I1-B(b). The term "car bohydrate-derived" refers to conpounds where

t he group attggé%cga%o rﬁrgd)?gdﬁfc%bq@%§wé&1 \ﬁﬁé?éhﬁaé‘dfeﬁ\%%lé kq?#qul s or is deriived froma pol yhydroxy al dehyde, poiyhydroxy ketone, or a polypi, can change
to such gFeRESAdRr ﬁ?‘ﬁm ar wmtlaeﬁﬂpﬁerer%ww ﬁ‘h@ﬁ%@"fh%’w&wfaﬁ ityidvoe| ysi s, oxidation, or reduction. These groups include, for exanple, sugars, starches,

cel | ulmsesg., argeig Hinkaddel iScibRiabk ihgdrbiviidahes: edefmdseslyi n Section 11-C. The term "N-hydroxy-derived" refers to conpounds containing a hydroxy or hydroxy-derived
group (e.g. al koxy, benzyl oxy, phenoxy, acyloxy, and the like) to forman (RO-N(or NH-). This termis further defined in Section II-D(a). 30The term
"cyclic double-protected” refers to conpounds wherein a protecting group in linked to both the am ne and the sulfonic acid of 3APS. This termis further
defined in SedebashaT.| - X lspmpding acerrding ds taspect rlefwdiewin said phpounddetinat can be represented by the fornul a RCOOR (carboxylic ester) or the fornul a RSOBR)

(sul fonat@o&gt,e@}no,émgr@ebgg fgr,gérpasﬁgqﬁ@t@aplggm ggg_@ls%gﬁggloesgﬁgg gf the 3-am nopropane part thereof, and the group Pr can be another organic group. These
conpounds c&'}‘r‘? ua X esoecqs ern@ m[ﬁ % reaction between a carboxylic ior a sulfonic acid and an al cohol usually with the elimnation of water.

The term apid e@@r‘#ﬂ“ﬁ Pf)f"r ae'rt‘% yma Swegj’énl ¢ conpound conprising both & carboxylic acid group and an anine group. The term "amino acid" includes
bot h *hatural " and 5 "unnatural” or "non-natural” am no-acids. Additionally, thhe termamno acid includes 0- alkylated or Mal kyl ated am no acids, as well
as am no aci d%g&ybgg rﬂﬁg&@ﬁg%ffHEFQPﬁMﬂaeP containing side chains (such as Lys, Orn, or Ser) in which the nitrogen or oxygen atom has been acyl ated or

al kyl ated. Am no acids y be pure L or Disoners or mxtures of L and D isonerjs, including racemc mxtures. In general, am no acids are represented by the
resi due 10of Fornula V. The term "natural am no acid" and equi val ent expressions refer to L-am no acids commonly found in naturally occurring

protei ns. Exanpl es of natural anithotadt ds ncl ude, without limtation, alanine (A a), cystein (Cys), aspartic acid (Asp), glutamc acid (du), phenyial ani ne
(Phe), giwldreie (Ay), histidine (Hs), isoleucine (Ile), lysine (Lys), |eucine:(Leu), 15 methionine (Met), asparagine (Asp), praline (Pro), glutam ne

(G n) g argi i Bﬁar&é&&%neti@ﬁ{ohﬂgﬁr&%&éty, &méhe@rypgoe]aﬁﬂﬂgg bon\égéilt Ed‘r é%ll )ot trypt ophan (Tr p), tyrosine (Tyr), 13-alanine (13-ALA), and 7-am nobutyric acid (GABA).

indirectly through a further linking group L

A is a 3-amino-1-propanesulfonic acid moiety (i.e., 3APS bound to L-B), and
L is a cleavable linkage for covalently and dissociably coupiing B to A (preferably and
typically via the NH. group}, or is absent, whereby L can be a direct bond or additional
- 25 chemical structure providing a cizavabie finkage,
or a pharmaceuiically acceptable salt, metabolite or solvate thersof,
wherein the metabolite of said prodrug can' be 3APS and/or other metabolites,
including, but not limited to, metabolites identified eisevrrhere herein, e.g., the examples.

30 Additional objects, advantages and features of the present invention will become
more apparent upon reading of the foliowing non-restrictive description of preferred
embodiments which are exemplary and should not be interpreted as limiting the scope of the
invention.




The term "unnatural am no acid" refers to any derivative of a natural am no aci
"unnatural am no acid" 20 and "non-natural am no acid" are used interchangeabl
am no acids, e.g., hydroxyproline, that are classified as a non-natural amno a
protein. Amino acids with many different protecting groups appropriate for imre
available. In 25 addition to the twenty nost common naturally occurring am no
derivatives may be used according to the invention (common abbreviations in par
2-am nobutyric acid (2-Abu), a,13-dehydro-2-am nobutyric acid (8-AU), 1-am nocy
am noi sob fingioagi d (13- A b), 2-am no-thiazoline-4-carboxylic acid, 5-am nova
(Ahe), 8-am nooctanoic acid (8- Aoc), 11-am noundecanoic acid (11-Aun), 12-amn
(3-Abz), 4-am ppbenzojc acjd(4-Abz), 4
(ATC), 4- ani nog‘gt?(gqﬂqal)ﬂ"éjﬂﬂep&icﬁ?m%Wéﬂ%\‘hB‘?"@ - Fae ARIMI) aSFRER nophenyl al a
par a- br ontysieesigdcaibaminee oitifaBr sifee) in dn¢ hot ¢d lviiich pihe Niibeakion i gaaif2 - €dr- Phe) , net a-
net a- chi o gatsy =l o PaLa- X i . a tert-butylglyc
OESHVERiBRi e (T[’éalglllﬁ J;‘ycre}talg @Q’ﬁ% ah%ﬂ%éa%@&‘b{éré\h %{?e Cf? vnc%%&%o&r_. ylgly

2,2-diam nopingiic acid %g) 3- di am nopropl oni cac di am nobutyric
(3, 4- F2- Phe),, rrgo iy PYIEH iy rFERHRNS( of &erms-imyipg pubicalions:| pAtyRs.neand Baiglty) , N- et hyl a
hrret a- f | uorppibstions mbanéraed (3reir tsghe)eremlr@e f:br}i:@mﬁ hr@"aélfd iﬁfkﬁ{éi sjaefo&mﬁlnl%g)e) : Srrﬁt g- fl
onot yr 0s ” r [ LHv] ), = r.OX i ne -1yl), 5- r ox
par a- iyodo% e'r‘;'%#‘é‘f{a’}{f}_ﬁgﬂ”%?%%%)%E’%ﬁ’f*{'r%'aﬁt‘:?‘%@-ﬁﬁﬁ%“é’%ﬁ%ﬁ'}% "Isg‘glh?rre%e- 2-car %oxyl
(1np), N fiEtRYPiosoEaiges mumeres Priy. ardd- aretiioy Id bes bonstrdeiedsy Enitingrine ssubjethy | t yr osi ne
2- naphy hy atieriigaRséd®- Nal ), par a-ni trophenyl al ani ne (4-NO2- Phe), 3-nitrotyrosine

or t ho- phosphotyr.osi ne RPO3-.Tyr. oct ahydr oi ndol e- 2-car boxylic acid (Dic),
pi pecol i ¢ aci JY?W—‘?.“%S)“? n%{géﬁ??dt}%/a?'%‘?ﬁ%"? )27 I ogF URSiAeP RlirefeePRLY) , sar cosi
and t hi azuniessi teecantand eibaivydidtaieetharwigeh Moy, @i iexenplel gfereis: tisedmpediinn, the term

"l i phati Sorifhpra LAAHoHS SncAlGEN HinftRd B B R ht or branch
al kenyl g

-am _no- 3- hydro' - 6- et hyl heptanoic acid (Statine,

peni ci |l | am ne (Pen),

d including D forns, and a- and 13-am no acid derivatives. The terns

y herein and are neant to include the same noieties. It is noted that certain
cid herein, may be found in nature within a certain organismor a particul ar
di ate use in the solid phase synthesis of peptides are conmmercially

aci ds, the follow ng exanples of non-natural am no acids and am no acid

ent heses): 2-am noadipic acid (Aad), 3-am noadipic acid (13-Aad),

cl opr opane- 1-carboxylic acid (ACPC), am noisobutyric acid (Aib), 3- 30

eric acid (5- Ava), 6-am nohexanoic acid (6-Ahx), 2-am noheptanoic acid
ododecanoi ¢ acid (12-Ado), 2-am nobenzoic acid (2-Abz), 3-am nobenzoic acid
Sta), am nooxyacetic acid (Aoa), 352-am notetraline-2-carboxylic acid
ni ne(4- NH2- Phe), 2- am nopi nel i caci d(Aprn), bi phenyl al ani ne (Bi p),

chl or ophenyl al ani ne (3-Cl-Phe), para-chlorophenyl al ani ne (4-Cl -Phe),

ne (TLG, cycl ohexyi al anine (Cha), cycl ohexyl glycine (Chg), desnosine (Des),
aci d(Dbu), 3, 4-dichlorophenyl al anine (3, 4-C12-Phe), 3,4-diflurorphenyl al ani ne
sparagi ne (EtAsn), ortho-fluorophenyl al ani ne (2-F-Phe),

uorotyrosine (3-F-Tyr), honoserine (Hse), 10 honophenyl al ani ne (Hfe),
ytryptophan (5-OHTip), 3- or 4-hydroxyproline (3- or 4-Hyp),

c acid (lda), isodesnosine (lde), allo-isoleucine (a-11e), isonipecotic acid
(3-Me-Tyr), N-nethylvaline (MeVal), 15 1-naphthylal anine (1-Nal),

(3-NO2-Tyr), norleucine (N e), nonrahne (Nva), ornithine (QOm,

pent af | uor ophenyi al ani ne (F5-Phe), phenyl giyci ne (Phg),

t et rahydr oi sogui nol i ne- 203-carboxylic acid (Tic), thienylalanine,
refers to an organic noiety without ring system The term
typically having between 1 and 15 carbon atons. Aliphatic groups
refers to saturated hydrocarbons having fromone to

ne (Bar),
"acyclic"
ed- chai ns,
herein, the term "al kyl

Lze tr.ai
i ncl ude nqgﬁﬁ @ch al kyl %éoups, ) roups,%ghggg%kﬁﬁgﬁmgﬁggp . 25As used
twel ve caf &1 Al rRplove ih e Rege inphidingy'and/es” aipkse thgr oups.  Exanp

g isto e

but yl 15 peexingnt cihakdictaidespbigrivise Dot y! , nonyl , decyl, isopropyl, tert-butyl,
oth un uthituted al kyl
REOPPEIE

cycl ooctyl, ang .t L T : | incl ude

i nteger from 2ﬁ1 teogp‘%?k’b}lr(%?“é‘? %gt%?%ﬁnag% éi/élwngaf %Oﬁ%n%g)vtlg $HCRE | ndi cated "
unsat ur at SRS BB WHeGi anAIeT oRrch\as aasmonetors as draworerat@ng havacl udi ng | i ne
EﬁUﬁgmi ncl ude, wt

one to Sian QadalisiedGahe A ubievRMBH is ARl &S oo taRlidesYh n3Pes
ohexenyl, ethylcyc

ansubst | { 0B SRR Bl Pkiost storh R heE et el B o onE) m * 2. - ol
havi ngf f r emintered ta beepartvdithespmdotng. nunber of carbon atons As used herein, the t
The symbol "=" in general represents a bond between two atoms in the chain. Thus
CHy~0—CH,~CH(R)) —CH; represents a 2-substituted-1-methoxypropane compound. in
addition, the symbol "—" represenis the peoint of atiachment of the substituent to a
compound. Thus for example aryH{C,-Ce)—alkyl indicates an arylalkyl group, such as benzyl,

25  attached to the compound at the alkyl moiety.

Where multiple substituents are indicaied as being attached to a structure, it is to be
understood that the subsfituents can be the same or differeni. Thus for example "Rp,
optionally subsiituted with 1, 2 or 3 R, groups" indicates that R, is substituted with 1,2,0r3
Rq groups where the R, groups can be the same or different.

30 As used herein, the term "Compounds of the present invention” and equivaient
expres:.sions refers to compounds mentioned herein as being useful for at least one purpose
of the invention, e.g., those encompassed by structural Formulae such as 0, (-A), (I-C},
(1-D). (-B), (I-P). (1-P2), (1), (M5, (IV), (V), VY, (VIR (VI (X3, 00, (XD, (XID, {(XH-A) and
(XH1), and includes specific compounds mentioned herein such as Al to A35, C1 1o C28, B
to B14, Hi to H4, G1to G11, 51 to 814 and D1 1o D8, ete., as well as thair pharmacsutically
acceptable salte and solvaies. Embodiments herein may exciude one or mare of the

compounds of the invention. Compounds may be identified either by their chemical structure

35

sec- b
grou

without limtation, nmethyl, ethyl, propyl,

cycl opentyl, cycl ohexyl, cycloheptyl,

ps 30 and substituted al kyl groups. The term"Ct-Cnallkyl"™, wherein n is an
n" nunber of carbon atons. As used herein, the term"al kenyl" refers to
ar, branched, and cyclic non aromatic al kenyl groups, and conprising between

| es of al kyl groups include,
utyl, isobutyl, cyclopropyl,

hout limtation, vinyl, ally!, 1-propen-2-yl, 1l-buten-3-yl, 1-buten-4-y!, 2-
| opent enyl , et hyl cyl ohexenyt and the |ike. The term al kenyl includes both
enyl"”, wherein nis an integer from3 to 12, refers to an al kenyl group

erm"al kynyl" refers to unsaturated hydrocarbons having from




5 tw to twelve carbon atons, including |inear, branched, and cyclic non aromatic al kynyl groups, and conprising between one to six carbon-carbon triple
bond. Exanpl es of al kynyl groups include, without limtation, ethynyl, 1-propyn:3-yl, 1-butyn-4-yl, 2-butyn-4-yl, 1- pentyn-5-yl, 1, 3-pentadiyn-5-yl, and
the like. The term al kynyl includes both unsubstituted al kynyl groups and substjtuted al kynyl groups. The term "Crenal kynyl", wherein n is an 10 i nteger

from3 to 12, refers to an al kynyl group having from2 to the indicated "n" nunpber of carbon atons. Unl ess the nunber of carbons is otherw se
specified, "lower” as in "lower aliphatic,” "lower alkyl,” "lIower alkenyl,"” and;"lower alkylnyl", as used herein neans that the noiety has at | east one (two
for al kenyl and al kynyl) and equal or |less than 6 carbon atonms. 15 The terns "cycloal kyl", "alicyclic", "carbocyclic" and equival ent expressions refer to a

group conprising a saturated or partially unsaturated carbocychc ring in a single, spiro (sharing one atom), or fused (sharing at |east one bond)
car bocycl FY?' FHEmiSEL pame-hiren ghe coRmicalr etjiciuee Bnd cbemicali ranareefist.sthe Exanpl es of cycl oal kyl groups include, without limitation, cyclopropyl, cyclobutyl,

cyci opent yﬂemig‘ay@tfg@@@t@rueierminamfey@i (ﬂ@eiﬁeﬁﬂ'ty%ﬂ{he &Mﬁélﬁeel‘rﬁ@% ydndszo cycl ohexyl, cycl ohexen-1-A, cyclohexen-2-yl, cyclohexen-3-yl, cycl oheptyl,

b| cycl 0[4 nany bo h rm i ncl udes both unsubstituted cycl oal kyl groups and substituted cycl oal kyl groups. The term
"03- Qlcyc?ggoﬁ’ﬁgq]e‘re' ?DQF %}/eldgnéoige?rﬁrlagrgegi,ersfa}ng% ULEb %gg?%‘f@?gf“o a cycloal ky] group having from3 to the indicated "n" nunber of carbon atons in the ring
st r uct ur emen| exist asheieneoindresrs.obuchs ag alobiadond isotrker (ies egepedicf iseers),| ower cycl oal kyl " groups as herein used, have at |east 3 and equal or |less than 8 carbon

atons &n ERkibméksNgr %%gé%g{e% Accordm 'ghqhet %g%lcgegt@cgpéécgg@éggglheg pd equival ent{ expressions refer to a group conprising a saturated or partially unsaturated
carbocyciic ri sSharing one used ?sharl ng at | east one bond) carbocyciic ring systemhaving fromthree to fifteen ring 30

n piro )

menber s, F'?Ft?ﬂi?ﬁ?%épé‘ﬁ’ésu?'% eg\ﬁ;{tiq%e{%,aggt%ﬁﬁgmg%negs o, e, L@“""*Fﬁ @MPE#EEpPs cont ai ni ng such heteroatons (e.g. NH, NR' (R' is alkyl, acyl, aw, heteroaryl or

cycl oal kyln):lpdnﬁ{ﬁ)ﬂh,e sBRoisbMBricatiydurt kel elge)geomﬁﬁ:ﬁnmygleaa:hﬂémn@ﬁpups gy be Cattached or heteroatomattached (e.g. via a nitrogen atonm) where such is

possi bl e. @HEB ‘é‘r?ta@l pJ? tﬁc"&%ﬁ &ﬁér’éyalndgit%é'&&rﬁeﬂ IM&ESV%&P%%?” %t ation, pyrrolidino, tetrahydrofuranyi, tetrahydrodithienyl, tetrahydropyranyl, 35

t et rahydrot ranyl % | or nor Fno, Cthi oxanyl, piperazinyl, azetidinyl, oxetanyl, thietanyl, honopiperidinyl, oxepanyl,

t hi epanyl Ste@gﬁg@grwﬁturegpa@E?)rqsylp/ed intyi tagiegpimppnent gn@tfgngspéﬁta@hywwyn dinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl, 2Hpyranyl, 4H pyranyl, dioxanyl,

1, 3- dn@xohsamg/gepaﬁw;atéaimqwg or Ehisahéyaihkis tééh,ﬁ,meglv@nxhswrﬂﬂohyéjg@gyrag,gyd , di hydr ot hi enyl di hydrofuranyl, pyrazolidinyl, imdazolinyl, imdazolidinyl, 3-

azab| cycl g[.3, Thex ab| t an qui nol i zi nyi and sugars, and the like. The term heterocycl oal kyl includes both

unsubst i tgp 8%% ¥ ma‘\?grragiazl (i?v %ﬁ* QrL‘gb)aﬁﬁ'] é"'?ﬁéﬁ?r%‘eﬁ’e?rg'?%%%?cqfoal kyl groups. The term "Crenheterocycloal kyl", wherein n is an integer from4 to 15,
refers toctafaleeﬂyeﬁswﬁyaﬂ Meshkyd eﬂﬁf@hmmmmaiémbmmehtaech!rwsaltsﬁbmmdeﬁ:réﬂn nunber of: atons in the ring structure, including at | east one hetero group or atom as

defi ned a@ag&tngerg%egh@ynwmeg &gst&@g,{qgﬁsm,@rgtm‘ghwcgﬁ @pggda[, t&§i1by | ower het eriocycl oal kyl " groups as herei n used, have at |east 3 and equal or less than 8
carbon atons i | ring" refer to aromatic groups havi ng "4n+2" tr(pl) el ectrons, wherein n is an integer

n rrin ry
from1l to %“Ve“hr?n%{ ’E%?ﬁ‘%g%%@oasnaﬁ%?eqﬂ?’&hyop'sﬂ@ %ya’rsia@@vgt%ﬁw(*w@% or not) and having six to fourteen ring atoms. A polycyclic ring systemincludes at
| east 1Dnetharcbinatsilt o sty is thety bxaaygddeor dieaest byycoatdnaaiaethearsy; tocretsvecthed via a C Csal kyl group (also referred to as arylal kyl or aral kyl). Exanples of aryl
groups ing F&lﬂg , e phenyl et hyl, tolyl, naphthyl, biphenyl, terphenyl, indenyl, benzocycl ooctenyl,
benzocycl o %1 F?ésr?géé E‘%%J oumg]a@tgﬁ;a%ﬁ% 'S{)'nesg?gral @ﬁ‘%é{rlc me ﬁgﬁ%ﬁwg nyl, anthracenyl, and t he I|ke The termaryl includes both unsubstituted aryl groups
and subst £ ?i??m{j’t"&ﬁ%j mixieesigrent OFQWQ‘VWECEW @rmturesld;ep'awm nteger from6 to 15, refers to an aryl group having from6 to the indicated "n' nunber

of atons hé‘remf&acd’m;ﬂgsaQﬁSQU[@ttaU’f@fneﬂcﬁsﬂmdjflﬂg|aﬁ;trét@@.§6mm3d§‘l¢ﬁ@al&g@’egup or atom as defined above. The terns "heteroaryl"™ and "heteroaryl ring" refer to
n_integer fromil to 3, in a conjugated nmonocyciic or polycyclic system (fused or not) and

an aromat yi 4n+ el ectro ein S . a
havi ng fl{:/ogTl Réégu? 'e%%yeglsoﬁao?’?eﬁ{?gglgd%?'ﬂ%?uﬂaﬁ Wge’%ﬁae? mgreft%réar"?) &foms (e.g. N 0, S) or groups containing such heteroatoms (e.g. NH NR, (Rx is 25 alkyl,
acyl , 2&r yhiomigamansatiffeydnt Biem dye hioaickpass, m@Oabendantly Heuridiik ejtureAEmpjesyad| i ¢ ri ng sys"t emincludes at |east one heteroaromatic ring. Heteroaryl S may be directly
attached,;s%p&qnaqggﬁg MdoRodRated itk ¥npSin@s Bt t@glpﬁege,gte;ﬁv@ﬁ{dﬁqng@aaﬁ”heteroaryl al fkyl or heteroaral kyl). Heteroaryl groups may be C-attached or

heteroatomat o ( a, ni,traqgen, atom, where such i s possible. Exanpl as of heteroaryl groups include, without limtation, pyridyl, imdazolyi,
pyri mi di n§| %Bwjatﬁ’ ZEW% %r(q‘hzc#]);lc‘r ar'\g % 7P e;cupg;mpcqnﬁf,gwpxzst, 'Booxazol yl, tihiazolyt, oxazoiyi, isothiazolyl, pyrrollyi, quinolinyl, isoquinolinyl,

i ndol yI, wmivalédlfprms (alarwatbrayl sotwaatMrmsemydlugrnbemmdamﬁsylin deemz0f ur anyl, ci nnol i nyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, pyrazinyl,
triazi nyI d | n aci QLyi, furazanyl , benzof urazanyi, benzothi ophenyl, benzothi enyl, benzothiazolyl,
benzoxazocl; , H%()ﬁ%é% ngrhfég Xruf%iga}iéd ndérfa“pmbﬁﬁgén%ay %‘%)t ﬁll Ir?gﬁ %yl qui noxali nyl, napht hyridinyl, furopyridinyl, carbazolyl, phenanthridinyl, acridinyl,
peri i n?%;s"ab'f?e?faﬁfﬁ%ﬁ”t?l”i; fRms. b‘h@ﬁ‘ﬁ'&%‘ i %M%%f%mﬁﬂ%%uwatﬂﬁb%i@zﬁlml , dibenzofurnayl, and the like. The term heteroaryl includes both unsubstituted

het er oar ytongingitned aadinsanashret infefged et I8¢ Q@Fil | thd) kEiRSef & @rdshiMhvdai@nhet eroaryl”,i wherein n is an integer from6 to 15, refers to an heteroaryl group having

from5 to- u he r tructure, including at! | east one hetero group or atom as defined above. 5The terns "heterocycle" or
“het er ocy e ge itk FROE waPlurded e abo e lekiBe, gpcke® & iR

indicate the point of attachment of the partial structure 1o the rest of the moiecule.

The term “prodrug” and equivalent expressions refer to agents which can be
30  converted in vitro or in vivo directly or indirectly to an active form (see, e.g., R.B. Silverman,
1892, “The Organic Chemisiry of Drug Design and Drug Action,” Academic Press, Chap. 8;

Bundgaard, Hans; Editor. Neth. (1985), “Design of Prodrugs”. 360 pp. Eisevier, Amsterdam;
Stella, V.; Borchardt, R.; Hageman, M.; Oliyai, R.; Maag, H.; Tiley, J. (Eds.) (2007),
“Prodrugs: Challenges and Rewards, XViil, 1470 p. Springer). Prodrugs can be usad 1o alter

35  the biodistribution (e.g., to aliow agents which would not typically enter the reactive site of
the protease) or the pharmacokinetics for a particular agent. A wide variety of groups have

been used to modify compounds to form prodrugs, for example, esters, ethers, phosphates,
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groups. Exanpl es of heterocycles include, without limtation, acridinyl, azoci@yi,
benzi m dazol yl , benzof uranyl, benzot hi of ur anyl , benzot hi ophenyl , benzoxazol yl, benzt hi azol yl, benztri azol yl, benztetrazol yl , benzi soxazol yi, benzi sot hi azol yl,

benzi m dazol i nyl carbazolyl, 4aH carbazolyl, carboiinyl, chromanyl, chronenyl, cinnolinyl, 10 decahydroqui nolinyl, dihydrofuro[2, 3-bitetrahydrofuran,
furanyl, furazanyl, imdazolidinyl, imdazolinyl, imdazolyl, 1Hindazolyl, indolenyl, indohnyl, indolizinyl, indolyl 31-1-indolyl, isobenzofuranyl,

i sochromanyl , isoindazolyl, isoindolinyl, i soqui nolinyl, isothiazoliyl, isoxazolyl, nethylenedi oxyphenyl, norpholinyl, naphthyridinyl,

oct ahydr oi soqui nol i nyl, oxadi azol yl, 1,2, 3-oxadi azolyl, 1,2, 4-oxadiazolyl, 151, 2,5-0xadi azolyi, 1,3, 4-oxadiazolyl, oxazoiidinyl, oxazolyl, oxazolidinyl,
pyrinidinyl,“Phenanthridinyl, phenant hrol i nyl , phenazi nyl, phenothi azi nyl, phenoxathiinyl, phenoxazinyl, phthal azinyl, piperazinyl, piperidinyl,

pi per i don§tF, Wirep thseprpdium iFl adnpiigened iy b supjeayr ihdigropb is @eavedydnzyrpatiealigydr,  pyrazi nyl ,. pyrazol i dinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole,
pyri doi m BRZe9maitaly, | i LA YT . iodinyl.. pyrrolidinyl, pyrrolinyl, 202H pyrrolyl, pyrrolyl, quinazolinyl, quinolinyl,

4H- qui nol | Iy, SRA %ﬁ%?ﬁﬁ?%ﬁgﬁ?%¥%¥FQMi%?¥Eﬂ§§¥%ﬁ§%%ﬁ§¥?‘3 rahydr oi soqui noi i nyl , tetrahydroqui nolinyl,tetrazolyl, 6H 1,2,5-thiadiazinyl,1

zi nyl, i noxal i ny _
, 2, 3-thi a'tﬂ’i"&zé‘?ﬁg‘?ﬂe’fm4- PIRRYET J5biosy pharmaseyinglhy cicasriable salts, Bemot tor adi azol yr, t hi ant hrenyl , t hi azol yI, t hi enyl , t hi enot hi azol yI , t hi enooxazol yl ,
t hi enoi m derohsdulicdly epdepiaple, dofvaiez iaBWell, 23, Sysidiind 26| of hny? otk ibragdihg/! » 1, 2, 5-tri q{izol yi, 25 1,3,4-triazolyl, xanthenyl, and the like. The term heterocycle

i ncl udgs bghn,ggﬁHgﬁhét t t cli.c ar s.and substituted heterocyclic grioups. The term "am ne" or "am no," as used herein, refers to an
unsubsti t ut edgor substﬁ”#’u%tgau n?’([a'?é&\ég%a”&hgna?rﬁ%r?{ﬂggggymﬁieﬁ”@kﬁ%‘ﬁ"@ﬂ and Fib are each independently hydrogen, alkyl, aryl, or heterocyclyl, or Pa and Rb,

t aken tog@tth“‘ePafﬁ’j‘ttdFPgt- he nitrogen atomto 30 which they are attached, forma heterocyclic ring. The termanino includes conpounds or noieties in which a

ni trogen at omTre teovgemidildm&oaaeeqdiaict et bngﬂﬁygagggmmggcaﬁg r@atom Thus, ithe ternms "al kyl ami no" and "di al kyl ami ne as used herein neans an amine group
having reg Ehéq&yb%ge and @%ﬁle §ﬁ t wo 1-Cealg%l groups attached thereto. The termeirylam no" and "di aryl am no" include groups wherein the nitrogen is
bound to at M Gagt one 350r ¥ “arotjl GroUpsOFeShets FHAFd tpaathele i " ani de" or "lami nocar bonyl " incl udes conpounds or noieties which contain a nitrogen atom
whi ch i s Breigrguachon igemind plivens, cleeaHammbbmy C. dlamad M, hizodiald BQrotboigrup. The term acyl amino refers to an amino group directly attached to an acyl group as

defi negl hgfirRhdbmb A L. A dddks CRMHAIT dbdrl "fﬂﬁ@&&T-&ﬁ%ﬁ . " ' and "hal ogen" refer to bromne, chlorine, fluorine or iodine substituents; the term
' " éganWP%H; 5 aﬁJ t ea%%ﬁﬁ%gﬁgﬁf%xékﬁﬂor "hydroxy" nmeans -OH The term"al kylthio" refers to an al kyl group, having a

"thiol", Lthio", or "ne t _ te ( .
sulfhydryﬁeia?sguaooﬁt ?Qgﬁ%%?foh&%rf*@f" BF'lba@T“é”taihR)Hef‘!ﬁ' 6‘”@!’50@]’;?%9 inMeritgele groups having 1 to about 12 carbon atons, preferably from1 to about 6 carbon atons.
The t er m &ralntagech eoingkéd 3ARS nsieduidtethal mayBacsvetedah kirb o0haip digdiyd® a car boxyl group attached thereto. 10The term "al koxy" or "lower al koxy" as used herein

means an ﬁ&hﬁﬁygq@gg??ﬁﬁ%%gmagﬁﬁé%%gQwﬁ&@g&é&%ﬁ@?ggm%?géﬁégyvgﬁgresentative al koxy groups include groups having 1 to about 6 carbon atons, e.g., nethoxy,

et hoxy, propoxy, . oxy _ %ups i ncl ude net hoxy, ethoxy, isopropyloxy, propoxy, butoxy, pentoxy, fluoronethoxy,
di f | uor omet hoxy'e 1§ ‘FRGEMaHe faiRI% °, arcinverrernyt eistye (-QTEM) tnkedst 4roargino 15 tri chl orionet hoxy groups and the |ike. The term al koxy includes both unsubstituted or

subst 1& ut @dumiokontya oo pempristih @ (-ORXD) M@t NHASrBRANAL eSBARLE Grddb it¥h BXY groups. ~The term"carbonyl ™ or "carboxy" includes conpounds and noieties which
gﬁ?ggg? gg%%%ggﬁén gﬁgﬁgﬁgN%h%gtgmqgﬁg%gwgﬁgghﬁgegﬂnﬂé%ﬁ?n atom Exanpl es of noieties which contain a carbonyl include al dehydes, ketones, carboxylic acids,
The term “amide” refers to an organic compound containing a carbonyl (-C{C}-)

aftached to an amine group to form a group comprising the radical {-C(O)N{or NH)-), The
amide group can be secondary (NH) or tertiary (N). This term is further defined in Section
20  li-A. The term “non-amino acid amide” refers to an amide group where the carbonyl {-C{O}-}

does not form part of an amino acid residue. This term is further defined in Section {-B{b).
The term “carbohydrate-derived” refers o compoundé where the group attached o,
- for example, 3APS, is an organic group that is or is derived from a polyhydroxy aldehyde,
polyhydroxy ketone, or a polyol, can change to such group on simple chemical
25  transformations, such as hydrolysis, oxidation, or reduction. These groups include, for
example, sugars, starches, celiuioses, and gums. This term is further defined in Section [I-C.
The term “N-hydroxy-derived” refers to compounds containing a hydroxy or hydroxy-derived
group (e.g. alkoxy, benzyloxy, phenoxy, acyloxy, and the like) to form an-(RO-N{or NH)-).

This term is further defined in Section I-D(a).

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

The term “ester” refers to compounds that can be represenied by the formula
RCQOR (carboxyiic ester) or the formula RSO:R’ (sulfonate ester)’, where the group R can
35 Dbe, for example 3APS or the 3-aminopropane part thereof, and the group R’ can be ancther

11




20et c. The term"acyl" refers to a carbonyl group that is attached throug‘h its carbon atomto a hydrogen (i.e., fornyl), an aliphatic group

(C1- Ceal kyl, Ci1-05al kenyl, Ol -C6al kynyl, e.g. acetyl), a cycloal kyl group (03- 02cyc| oal kyl'), a heterocyclic group (03-Csheterocycl oal kyl and

05- Cohet eroaryl), an arorratl c group (Caryl, e.g., benzoyl), and the like. Acyl tgroups may be 25unsubstituted or substituted acyl groups (e.g. salicyloyl).
It will be understood that 'substitution” or "substltuted with" includes the inplicit proviso that such substitution is in accordance with the permtted
val ence of the substituted atom and the substituent, and that the substitution results in a stable corrpound e.g., which does not spontaneously undergo
transformati on such as by rearrangenent, cyclization, 30 elimnation, etc. As Lésed herein, the term"substituted" is nmeant to include all permssible
substituents of organic conpounds. In a broad aspect, the perm ssible substi tuesnts i ncl ude acyclic and cyclic, branched and unbranched, carbocyclic and
het er ocyctPFQ@ﬂlCaﬁomm'fhe@emﬂdﬂonme)nmitregmvamfammdwdfe reagambeiweanpounds. The perni ssi bl e substituents can be one or nore. The term 'substituted", when in

associ at | @bdMyiicbr 8RMioRAE bR &nd 8k ggg{ongsmd}‘wp@mggﬁﬁﬁgmﬁghgggf group substituted at, one or nore position with substituents such as acyl, amno (including sinple
am no, nono and diallylamnc, nono and diarylam no, and al kyl aryl am no), acylam no (including carbanoyl, and ureido), alkylcarbonyl oxy, aryl carbonyl oxy,

al koxycar bonyiToe termaaiincyfid’ @nyﬂaﬁy maérbwyn o@éﬁzb@ﬁﬁﬂoﬁh@ccrﬁﬁﬂsﬂa@%&b@nyl mono and di al kyl am nocar bonyl, cyano, azido, hal ogen, hydroxyl, nitro,
trifluor Oé@i)dlﬁc’a&d@'r&\%gaﬁd Fy%mgg Q}np am&}‘loka\éd“d 1052 bgf?nnXatBrg ﬁ?car boxyl ate,; lower alkyl, |ower al kenyl , lower alkynyl, 5 cycioalkyl, heterocycl oal kyl,
I

aryl, heteroa i &&i I oxycar on oxy, benzyl,i sulfinyl, alkylsulfinyl, sulfonyi, sulfate, sul fonate, sulfonam de,
phosph%teunﬁﬁd@b% Eﬁrd’attﬁﬁoélﬁ‘mon%ﬁ don@luaﬁpdﬁrn“eamlnmaﬂﬁ lﬂﬁbﬂ@ﬁ/ﬂ and the |ike. Any of the above substituents can be further substituted if perm ssible,

e.g. if tﬁ@@é@@pm&%@u@m,@na@égk% @;;Oégpamg@a@ayha@qgohm@géﬁrorq;xp@én. 10The term "sol vate" refers to a physical association of a conpound of this invention
wi th one or r _organic or morggm C. This physical: association includes hydrogen bonding. In certain instances, the solvate

will be c%oﬁ'é%rf"éq %c?e ‘fhESF;ﬁuic%ﬁs Eﬁ@ﬁ*’%ﬁﬁ%ﬁpé” WRER, g Irogen propxee 85 ol ecul es arie incorporated in the crystal lattice of the crystalline solid. "Solvate"
enconpas skeeninoyiated of altviadet phaweckln dndy$e mid eosDisvaker mixtibeEridnglddd y sol vat es iincl ude hydrates, ethanol ates, methanol ates, hem et hanol ates, and the |ike.

A "phar mg&gggsqﬁétd%gqg&@,pgﬁg{ﬁessmqenegj it IRR YR R8RSR fesRie @ COMpound that is pharmaceutically acceptable. Desirable are salts of a conpound that
retai n or Lfgprove t he bi ol ogi cal fectiveness and properti es of'S the free acids and bases of the parent 20 conmpound as defined herein or that takes

advan Oatge B Vnt rinsi cal | y basic, acidic or charged functionality on the noliecule and that is not biologically or otherw se undesirable. Exanple of
phar maceut i caI'IThyz ieroC mptusdl| amnisa latie” ang eahnsa)erdes;ﬁreished reféof Eemazﬁ‘@lae;dsi n Berge etal., "Pharmaceutical Salts", J. Pharm Sci. 66, 1-19 (1977). Such salts

i ncl ude: d S charged functionality, by the 25 addition of inorganic acids such as hydrochloric acid,
hydr obr orﬁg%a acl \q’u'%dﬁ Muq%ﬁycso%%ﬁnc? E urEggc'“Fg%l % r!agj %farrﬁ) AS ’ﬁ%hynl tric acid, phosphoric acid, carbonate form ng agents, and the like; or fornmed with

organi ¢ aeifgyt ﬁ'ﬂtfﬁﬁ'o'asai%@t {Ada) o gysiEin d?hﬁii genagicaasic Asp)acﬂhi‘f@m'acﬁw @walic, gl ycoliic acid, pivalic acid, t-butylacetic acid, p-hydroxybutyric acid, valeric
acid, hexgnaiiglafifd d:he)cggéiﬁ@p@m a»nﬁiarnqu RN iiicd6ihdl; ueﬁ‘g,ﬁy(@sp@bgne mejponi ¢ acid, succinic acid, malic acid, 30 maleic acid, fumaric acid, tartaric acid, citric

aci d, enzo C 'acli‘ﬁ ¢ f{ gé}y @ Io amAc acid, mandelic acid, net hanesul f oni c aci d et hanesul fonic acid, 1, 2-ethanedi sul fonic acid,
2- hydr oxy'g? RRES (VP SEaRR g | yc‘?r8ﬁ"§x P H%EU\ef af&‘&l*"a( Ben®8RRsul foni ¢ aciid, sulfanilic acid, 4-chiorobenzenesul fonic acid, 2-napthai enesutionic acid,

4-t ol ueneghf tndooina cTh), velmaVial, dvbtooiranc(Tan i irosiBe phenplalapneip-dahc aati d, |auryl sul Phonic acid, 35lauryl sulfuric acid, oleic acid, palmtic acid, stearic
acid, | auf_%mg&] ,C aggﬁgﬁg‘@ (panoi c) acid, palnoic acid, pantothenic acid, lactabionic acid, alainic acid, galactaric acid, galacturonic acid, gluconic

aci d, glucoheptonic aci | utam ¢ aci d, naphthoic aci d hydr oxynapt hoi ¢ acid, isalicylic acid, ascorbic acid, stearic acid, nuconic acid, and the |ike;

(2) base addi tT“Srie’g"aI”f@at“faglaﬂMP APIE relers 4e 2N eeTpyRibE o amaés‘@lrﬁmmma@l%e parent corpound either is replaced by a metal ion, including, an alkali netal ion (e.g.

i thi um  iBciuGRd DUBAMs PARPSESArkd-amiAb aaidk@nmiee@a-h@ Ifb;m@nu%gwgﬂ afR@NRer um cal cium; barium, or other netal ions such as alum num zinc, iron and the |ike; or
coor dj at es, W th an org ﬁ‘f‘;‘f base ?@F thyl am ne, djethylam ne, ethyl enediam ne, N, Mdi benzyl et hyl enedi am ne , et hanol am ne, di et hanol am ne,
triet no?%ﬂ%”awrﬁo% hE e usgd W?’tﬁeﬁ rﬁ'@ a“%ﬁi?é?%aﬁ WahcdR 188 opr ocai n, priocain, choline, Iysine and the |ike. 10Pharnaceutically acceptable salts nmay

be synt hesimeenobiiasnit isheiqubthaintertaigeming hads, e.g., hydroxyproiine, that are classified
as a non-naiural amino acid herein, may be found in nature within a certéin organism or g
particular protein. Amino acids with many different protecting groups appropriate for
immediate use in the soiid phase synthesis of peptides are commercially available. In

25  addition to the iwenty most common naturally occurring amino acids, the foflowing examples
of non-natural amino acids and amino acid derivaiives may be used according io the
invention (common abbreviaiions in parentheses): 2-amincadipic acid (Aad), S-aménoadipic

acid (B-Aad), 2-aminobutyric acid (2-Abu), g,B-dehydro-2-aminobutyric acid (8-AU),
1-aminocyclopropane-1-carboxylic acid (ACPC), amincisobutyric acid (Aib), 3-

30  aminoisobutyric acid (B-Aib}, 2-amino-thiazoline-4-carboxylic acid, 5-aminovaleric acid (5-
Ava), 6-aminohexanoic acid (8-Ahx), 2-aminoheptanoic acid (Ahe), 8-aminooctanoic acid (8-

Aoc}, 1i-aminoundecanoic acid (11-Aun), 12-aminododecancic acid (12-Ado),
2-aminobenzoic acid (2-Abz), 3-aminobenzoic acid (3-Abz), 4-aminobenzoic acid(4-Abz),
4-amino-3-hydroxy-6-methylneptancic acid (Statine, Sta), aminooxyacetic acid (Aoa),

35 2—amEnotétraiine-2-carb0xyiic acid (ATC), 4-amino-S-cyclohexyl-3-hydroxypenianoic acid
(ACHPA}, para-aminophenylalanine = (4-NH:-Phe), 2-aminopimelic  acid  (Apm),

12




contains a basic or acidic noiety, by conventional chem cal nethods.
agents with a stoichionetric anount of the appropriate base or acid in water or
situ, during the final isolation or purification of the agent or 15 by separat
formwi th the desired correspondi ng base or acid, and isolating the salt thus f
conpounds containing a cationic group covalently bonded to an ani oni c group,
non-ionic forms of the conpounds described 20 are included as conpounds of the
forms of the conpound are also included. Likew se, if a conpound is shown as a
" 8- amyl oi liPhenyialagieg i (RiR) asraRpmeRYiaanines (A-BrPhe)f rashiv-Bléerapheavialanies nmedi at ed cl

pepti des @iCIFhe), 3MetadBlordPlenyilanind?, S-QBFIhéI?) ,@?&&%r@ﬂeﬂﬁaﬁaﬁrﬁ&j (@3@ ensli ng fromthe
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non- t r3INCajoRfl pe@@ﬁ@ﬁm&Bﬁﬁbﬁé ofaﬁpe ﬁﬁﬂye”@ﬁ4ﬁﬁﬁwaﬁﬂm§ apd Y- gb@avage sites O

be used for vascul] ar dementi a; earléygaezhel mer's dis

di sease a?rﬁ'd%IﬁIoPI’?ﬂ%aIeﬁ@?edl Iﬁaﬂi Fme%hel AdrdiugreeaKaaning o - (a1 leogni tive dec
seni | e deBwatiadatyrdsmen’ 8,5y Mg, 0 i:ethylcins | qRiGgdy Ngthgasbaragifé | BEAsn:, or age-rel at

anyl oi d apgi qﬁp%g%n I"%) ?farPﬁgat ed gudug opﬁﬁﬁ@%ﬁn?t' on#ﬁg{p@% "AUC' is t

bi ol ogi ca H func Ion o nistration o
bi ol ogi caP@# FIHR%EEII%!W'% fiFahe dpiaBesenrrosise Grigan): hb?ﬂi@f@ﬁ%ﬁt d&lsguch as brain

concemramdm?@fyiavanmrrpwﬁdhdnﬁbtﬁom@I(ngcalyd@a,n@r@ @%2 a?l&ll'ﬂfdﬂ%y%rﬁ@”ah bl ood or
spectromne int al cul ating the area un
AUC from angI qucyg gﬁ%ogﬁ Q t| me° cu?II%C?%’ImeIII%eI IéknSINn‘.‘;II_IPII.It he art. As r
measur i ngquﬁr@demm‘cﬂﬁﬁmm r(‘fthI@f) magynonme He-! 'p'vréa.sfn@im&ﬁ@&bmdﬁc Bridi(liclhonogenat e of

E)I Ilél)’ N glars@esm(aémé)) {ide | 2falisoiéuctnl) (a—IIeI ), Ps%hlptec(oItiI:)acm( I InI)I N—(’rIeWyIasoIeIﬁ:ne (VI), (Vv I ?3;
systenic I'\I;'I’?tg yyjpe a‘géda eater I“SI%I’IBII\I?SHI? §CI‘1Iﬁ ﬁl’ LIIg @FI“IIYP%? nIII?IZaI Jdrug or prodr
exanpl&, -hapi'mymmedn Nal} 0®dagrdimdentreatPiNally @esusbirophenylafaniot i(4-8106-Fhe)t he drug. Par

curve inc ar { . Kk centration (T
egp\r/eslsedé I’;ItﬁsIGII—(IOPﬁ? SN erpqﬁ III;I?EU I(I;,Ié\rlgNl @UC}IUN&IIEIrIIage&III I"III%%e IX%I& of theI com()o

conpound %WOwOYW%arﬁ*zﬁ St’ryé)t |°6I4“Vdm’”d°Ie2¢*BP@%’I*ﬁJW I(@ﬁbé’emﬁ'&@r@'ﬁ% to equival e
equal dose&npf pémludbu@ngtalapmed(m@hép phePflbivand . (PAS), uI&@@oneraeidn,(Pupy\o pl asnma or

(201 BB ORI RN P sl Bt e 11
subj et foFarbody c@b(mchlﬂyw@ﬂanme @fdt%iamﬁgieeﬁfcambnyi:@la%(tmeprﬁme,dFMg to the subj ec
bi ol ogi cal As used herein, the term “acyelic” refers to an organic moiety without ring system.
The term “aliphatic grbup" inciudes organic moieties characterized by straight or
branchad-chains, typically having between 1 and 15 carbon atoms. Aliphafic groups include
non cyclic alky! groups, alkenyl groups, and alkynyl groups.

25 Ags used herein, the term “alky!l” refers {0 saturated hydrocarbons having from one to
twelve carbon atoms, including linear, branched, and cyciic alkyl groups. Examples of alkyl
groups include, without limitation, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octy!,
nonyl, decyl, isopropyl, tertbutyl, sec-butyl, isobutyl, cyclopropyl, cyclopentyl, cyclohexyi,
cycloheptyl, cyclooctyl, and the like. The term alkyl inciudes both unsubstituied alkyl groups
30 and substituted atkyl groups. The term “C-Cpalkyl”, wherein n is an integer from 2 to 12,
refers to an alkyt group having from 1 1o the indicated “n” numiber of carbon atoms.

As used herein, the term “alkenyl” refers to unsaturated hydrocarbons having from
two to twelve carbon atoms, including linear;, branched, and cyclic non aromatic alkenyl
groups, and comprising between one 1o six carbon-carbon double bond. Examples of alkenyl
35 groups include, without limitation, vinyl, aliyl, 1-propen-2-yl, 1-buten-3-yl, t-buten-4-yl, 2-

buien-4-yl, 1-penten-5-yl, 1,3-pentadien-5-vi,

and the like.

cyclopentenyl, cyclohexenyl,

ethylcyciopentenyl, ethylcylohexenyl, The term alkenyl includes both
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as

ug thereof to the patient 20 and can be determ ned by eval uati ng,

such salts are prepared by reacting the free acid or base fornms of these
in an organic solvent, or in a mxture of the two. Salts may be prepared in

ely reacting a purified conpound of the invention in its free acid or base
ormed. The term "pharmaceutically acceptable salts” also include zwitterionic

they are "internal salts". Al acid, salt, base, and other ionic and

i nvention. For exanple, if a conpound is shown as an acid herein, the salt
salt, the acid and/or basic fornms are al so incl uded. "Abeta", "AB", or
eavage of Beta Anyloid Precursor Protein (APP), including for 25 exanples
bet a- secretase cl eavage site to am no acids 37, 38, 39, 40, 41, 42, or 43. It

such as the pyroglutamc fornms pE3-40, pE3-42, pE3-43, pEll-42, pEll-43 and
s "A8(1-42)" or sinply as "A842" (and 30 |I|ikew se for any other anyloid

id", "anyloid-13" are synonynous referring collectively to truncated and

f APP. The term "anyl oi d-13 di sease” or "antyloid-p rel ated di sease" may
ease; Al zheiner's 35di sease, including sporadic (non-hereditary) Al zheiner's

| ine; cerebral anyloid angiopathy ("CAA"); hereditary cerebral henorrhage;

ed macul ar degeneration ("ARVMD'), MId cognitive inpairnment ("M"), Cerebral
he area under a curve representing the concentration of a conpound in a 5

f the conpound to the subject. Exanples of biological sanples include

or |iver honogenates. The AUC can be determ ned by neasuring the

brai n honogenate using nethods such as |liquid chromatography- 10 tandem nmass
der the concentration-versus-tinme curve. Suitable nethods for cal culating the
el evant to the disclosure here, an AUC for 3APS can be determ ned by

a subject followi ng oral adm nistration of a conpound 15o0f Formulae (1),
(ML), (1X), (X, (X)), (XI1) or (XII1-A), to the subject. Unless noted
oavailability" refers to the rate and anount of a drug that reaches the

for

aneters useful in characterizing a plasma or blood concentration-versus-tine
ama), and the maxi mum drug concentration (C). Bioavailability is often

und for a 25 specific node of admnistration (e.g. orally) over AUC of the
nce of the rate and extent of absorption of a drug after adm nistration of

bl ood concentration profiles are bioequivalent if the 90% confi dence interval
of 0.8 and 1.25. The nean response includes at |east one of the

, X" is the maxi mum concentration of a drug in the biological sanple of a

t. 35"Tanx" is the tinme to the maxi num concentration (Crax) of a drug in the




sanple of a subject following adm nistration of a dose of the drug or prodrug t
t he anobunt or dose of the conpound, upon single or nmultiple dose adm nistration
di agnosis or treatnment. An effective anount can be readily determ ned by the at
t echni ques and by observing results obtai ned under anal ogous circunstances. In
of factors are considered by the attendi ng di agnostician, including, but not |
di sease involved; the degree of or involvenent or the severity of the disease;
adm ni st er ed; the mode of administration: the bioavailability characteristics o
conconi t EURRINIedaElkes! rnRe Gt eHPstE R Alen igreupis T Bhés® “C-Cralienlised herein th
phar macokiieedin 6 isaaricegdrebm Db 13ABBraBiaui@hf arlup BARS fidie? spedihbicatagt i vity. 15 E
to: bi Oavﬂ**@er%ﬁtc%rb% OQES AUG of 3APS, brain |evels of 3APS, CSF |evels of 3
used herein 'NEY eased (or like ternms, e.g., increasing, increase in,

As used herein the term"effective anount” refers to
to the patient, which provides the desired effect in the patient under

L endi ng di agnostician, as one skilled in the art, by the use of known 5
determ ning the effective anount or dose of conmpound adm ni stered, a nunber
mted to: the size, age, and general health of the subject; the specific

[ he response of the individual subject; the particular conpound 10

f the preparation adm nistered; the dose regi nen sel ected; the use of

e term "therapeutic bio-distribution of 3APS" refers to one or nore

b t he subj ect.

xanpl es of such pharmaooki netic (PK) paraneters include but are not limted
APS, Cnmax of 3APS , Lax of SAPS, and/or bio-absorption of 3APS, etc. As
etc.) therapeutic effectiveness of 3APS' and "enhanced (or like terns, e.g.,

enhanci ng, 20 Asrisgthbergianthe terrcalkynye ﬁﬁ@@d@u&ﬂ%ﬁﬂ@tbﬁVEaésssb&wmyﬁwﬂ refer to an increased effectiveness of 3APS as neasured, e.g., by one or nore paranmeters
|1'Stech Uderio " hiies sarseH iordl Groling Tibu! bRciRh, 3AP 'E:l:@h&%’ﬁmrr%mgalkym 50 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 125% etc., or even nore,
en _nore ect ., animal or human, which increase is with respect to the sane 25 equi val ent nol ar dose

e.g. dm ni ste
of 3APS a%rf’rll’pﬁl §'f4e?°@}ﬁ’r'8'?%¥f’t§?’e?% G‘Vﬁattoes?x ?%‘I"lﬁ‘t‘?aét??“ “’Fﬁ”etf’ pé‘{?é’rfl a%’“yﬁcr eases are
Tabl e 3 ofroug8SNciLdd, 1881066 Gmitdtich.e dthgmyl Aprirdpyd-2;yl, 208 8yn- Eﬂr!f eethutynehgsd-can al so be

achi eved also with respect to 3APS administered orally in the formulation of
as neasured,

for exanple, by effect on characteristics of a disease such as

AlzhelnerEﬁ I5gapgnaf 50V I n the brain, or by an inprovenent in 30 selected nanifestations of the disease, e.g.
menory % qus)g tP%na&;néaWa (pg}e ?gu?é %ﬂn%k}/r@l{ 91%9;3 &{th ﬁﬁsu’b&@ﬂg& USSN 11/103,656, filed on April 12, 2005, for details on how to neasure effects on
char acter"i”@‘f‘?’c%r LEB’IS aé’ﬂc?‘\‘bﬁﬂt‘éi%%é@%w groups. 'ﬁﬂ?etefr%rq:ngn?@g%mwj?@reﬁe‘ﬁ%@ﬂl sm of SAPS"'! (or related terns such as reduction, |ess, |owering, reducing, |owered, etc)

ref er 80 t on@gerimass g2, heerd agaresindy @omitvingfiofi 2 Blthe BSicesS” AhiBRFi sSmin the C
particul at,,of Hormulations or in the formof a prodrug) by e.g., 5% 10% 209
is wth respec °%5 the degree or amount of netabolismof 3APS that occurs when
sol ution. Pref4sleaping nyuiber chrarbensdasibswisesrasiindellewerarsis “invenaliphefiect to 3APS ad

April 12, l&%@lkyﬁﬁrh@vér%l@n r%ﬁd@ld\r&lqaikfyl "0 @kh askh iHans MEBhe i@y S to decreasi

5% 109% % 0% 70 % . 95% 9% 99. 9%
ef?ect (z)f )&%,@ag %é)?% ‘P@ﬁ‘%&@?fﬁ%ﬂ%&?{g S%HW@()&IEEHFQWE{SM dos(za of SAPS is

achi e¥®d al so T\hﬁﬁé’tms éeyvbmtkyl o “dbARrdici doanbbsyadic bahdosoalvhignt exptebsiorfsoefaul ati ons of T

the ter , to the perce
0% 123“%" e RnghTe Sﬁ%ﬁmjﬁgﬂnﬁﬁﬁ o ag o Bl Rt o P, ' OF Phe
| Ui

s
i ncor por aFERAINE QPRAMYPT fused (sBRING tcﬁ@oafa!ecama@vst@ﬁawm@eﬂqn and of Table
the presehtecitovigngr ang members. Exiifpias mefcwwamggﬁoq;é' BARE, vhaomgmmamﬂuced (e.g., r

sol vat es Qlﬁér@%{i c}cﬁ)gb@@ Vc\’%%é(io;gé ﬁlﬁoﬁc@?&ﬂe ctv)a&s);gen%‘:\% ?y%m erggrg 3 Pr ms t her eof,

inert | ng suita
i ncon®at | BEPRYY. | neelebeientiyy. i r craiehexen2- Ybl I e?)@iobeﬁe%p’bnsecympmfhe li ke,

conpound bicycio[4,3,0jnonanyl, norbomny!, and the like. The term cycloalkyl includes both
unsubstituted cycloalkyl groups and substituted cycloalkyl groups. The term “Cs-

com

Creycloalkyl”, wherein n is an integer from 4 to 15, refers to a cycloalkyt group having from 3

to the indicated “n" number of carbon atoms in the ring structure. Uniess the number of

25 carbons is otherwise specified, “iower cycloalkyl” groups as herein used, have at least 3
and equal or less than 8 carbon atoms in their ring structure,

The term “heterocycloalkyl” and eguivaient expressions refer to a group comprising

& saturated or partially unsaturated carbocyciic ring in a single, spiro (sharing one atom), or

fused (sharing at least one bond) carbocyclic ring system having from three to fifteen ring

30  members, inciuding one io six heteroatoms (e.g. N, O, S, P} or groups containing such

hetercatoms (e.g. NH, NR, (R, is alkyl, acyl, aryl, heteroaryl or cycloaikyl), PO;, SQ, SO,

and the like}. Heterocycloalkyl groups may be C-attached or heteroatem-atiached (e.g. via a

nirrogen atom} where such is possible. Examples of heterocycloalkyl groups include, without

iirmitation, tetrahydrofuranyl, ietrahydropyranyl,

pyrroiidino, tetrahydrodithieny!,

35 tetrahydrothiopyranyl, piperidino, morpholino, thiomorpheline, thioxanyl, piperazinyl,

azetidinyl, oxetany!, thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl,
thiazepinyl, 1,2,3,6-tetrahydropyridinyl, 2-pyrrolinyl, 3-pyrrofinyi, indolinyl, 2H-pyranyl, 4H-
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D

tract or liver of 3APS (by admnistering it to a subject non-orally or in
30% 40% 50% 60% 70% 80% 90% 95% 99% or even 100% which decrease
t he sanme equival ent nolar dose of 3APS is admnistered orally in water
mnistered orally in the formulation of Table 3 of USSN 11/103, 656, filed on
ing the anbunt of or severity of one or nore side effects of 3APS by, e.g.,

or even 100% which decrease is with respect to the ambunt of or severity of a side

adm nistered orally in water solution. Preferably such % decreases 1l0Oare
able 3 of USSN 11/103,656, filed on April 12, 2005. More general ly,

nt age changes, e.g.. by 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95%
har macoki netic data in USSN 11/103, 656, filed on April 12, 2005, are

3, for exanple, for formng a conparative basis for the effects achieved by
el eased froma fornulation or prodrug), all forns of SAPS are included, e.g.,

etc. "Pharmaceutically acceptable” refers to drugs, nedicanents,

i n contact Wlth the tissues of humans and | ower animals w thout undue toxicity,
ensurate with a reasonable benefit/risk ratio.

It preferably refers to a




25 or conposition that is approved or approvable by a regul atory agency of the
general ly recogni zed pharnmacopoeia for use in animals and nore particularly in
adj uvant, excipient, or carrier with which a conpound is adm nistered. 30"Pharnj
pharmaceutical ly acceptable vehicle, with which the conpound is adm nistered to
| east the reduction of |ikelihood of the risk of (or susceptibility to) acquiri
of the disease not to devel op in a patient that nay be exposed to or 35predispo
di sease). tlngla or "treatment" of any di sease or disorder refers,

arr est i ngPBa: edifB‘P% t htigeRiab prRvrzoBY!.  ditfiandi s dificdanyl  gihvtrepanyene of the cl
r ef er s t odiaydebthienyt i n@hym“tcfdueﬁgst Oﬁpaﬁnwaylcal imREERRL er .m,a@bmyn’ay Pr may not be;
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The term 219 Bgtikyghe ﬁ%ﬁ‘éﬁéefwyc'aﬂyyfllmd@t? both funsisitiess héterotyoatiylapdupent or anel i o
subj ech i VendabenBee histié6lticakylaPatpR mend forf @cEQ-{'.S Eét@(bcf]bﬂk{\‘ m;@g, rp.fs aiyTpLons or m

sl owi ng |Inm_;t Qleﬂ,lgmat‘!’et f dgﬁg%aner t| on aor ic I ne; final point of degen
wel | - bei n§:% go IR NEFRECCYRPRIPE RIoHR 2T Sep “Eﬁ ingigd#htN'a. The treat

par anet er Bumtpem@t ammﬂg thehingr svmaiutss inofudimg phipsst osd hetetapionabi @iom aa dgimyehi atri ¢ eval
test kno p X ccessfully t
WbdvB, @lh&set‘ﬁé nunﬁi@F otet?éﬂfmg & ot&gﬁsg‘éﬁ%&@ % l?@ggﬁaeﬁeé%c&%sgm% u%%j

cognitive decll her apeut | he anmount of

di sease, 7SIEER 1“?‘?9 Eﬂteaft?a%tfs’faé@teq%‘(ﬂﬁ '332 ap ﬁééﬁ’%ﬁ?m@tﬂ thelewriivgweof the di seas
conpotihd, t he Thesease “amgt] ards @V angt Yefeand atohan@@mupy\mag.h@ “4@$2’11T @hof the patie
be nmade i i eLt.ai t f unds_an The di scl ose
further a@%éel@bg ‘{ﬁ%é@%&e% aiﬂoilr:the ?%gg%t A d?%nﬂggq?? gtoir’?)?’(d@foi&%@yct[ﬁat is not vi

e.g., |otPEks ”E?eé*a?fsnoﬂsé'ﬂ%ﬁ“ﬁﬁm sixgigl @Umeﬂsmgl alemorA motycysiic sopeytemeous, intrav

30b| . . Coiiodrds &dst brklﬁarbﬂtéﬁtﬂhth@'?\ryt maydber H‘%Cm{ ?c%@ﬁt\i bP(‘,’(fﬁﬂEétiQ@wﬁ%l Les ;Ohmt hod
subj ec onic. acid or salts thereo so referred herein
3APS, ei tﬁgﬁm ﬁ’%v? t($ c?? ea%vﬁ?aa@? Ly ?f?'@fﬁerEF@'H‘)E%srrB'oW'r@ﬁt'ps BeHFounds of the

in a Rumatinow timiistonwi siienylg beozshe pbenatd, byphtinstiryy, toivh smmsbeﬁé:ﬁ{the pr odr ugs

e.g., B, Relhen, GRMAeRbi% ih$tS OSdrdbh Mot ebiakiid %@P by a link
specific ﬁl ssue }g g br ai ﬁ OtC g?e k el e%séf){é " EI%@ §ce§ng?1|5;th aspect, t he
uoreny!, phenathernyl, anthracenyi, and elike. The term aryl includes both unsubstituted

aryt groups and substituted aryl groups. The term “Ge-Craryl”, wherein nis an integer from 8

to 18, refers to an aryl group having from 6 to the indicated “n” number of atoms in the rng
20 structure, including at least one hetero group or atom as defined above.
. The terms “heteroaryl” and “heteroaryl ring” refer to an aromatic groups having
“an+2"mi(pi) electrons, wherein n is an integer from 1 to 3, in a conjugated monocyciic or
polycyclic system (fused or not) and having five to fourteen ring members, including one to
six heteroatoms (e.g. N, O, S) or groups containing such heteroatoms {e.g. NH, NR; (R, s
25 alkyl, acyl, aryl, heteroaryl or cycioaikyl), SO, and the like). A polycyclic ring system includes
at ieast one heteroaromatic ring. Heteroaryls may be directy attached, or connected via a
G4-Csalkyi group (also referred to as heteroaryialkyl or hetercaralkyl). Heteroary! groups may
be C-atfached or heiercatom-attached (e.g. via a nitrogen atom), where such is possibie.
Examples of heteroaryl groups inciude, without limitation, pyridy!, imidazolyl, pyrimidinyl,
pyrazolyl, furyl,
pyrroliyi, isoquinolinyl,
benzimidazolyl, benzofuranyl,

30 tiazolyi, tetrazolyl, ihienyl; isooxazolyl, thiazolyl, oxazolyl, isothiazolyl,

guinolinyl, indolyl, isoindolyl, chromenyl, iscchromenyl,

cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyi,

pyrazinyl, trazinyl, isoindolyl, pteridinyl, purinyl, oxadiazoiy, thiadigzolyl, furazanyi,

benzofurazanyl, benzothiophenyl, benzothienyl, benzothiazolyi, benzoxazolyl, quinazoliny,
quinofiziny!, quinoionyl, iscquinoionyl, quinoxalinyl, naphthyridinyl, furopyridinyl, carbazoiyl,
phenanthridinyl, acridinyl, perimidinyl, phenanthrolinyl,

phenazinyl, phenocthiazinyl,

phenoxazinyl, dibenzofurnayl, and the like. The term heteroaryl inciudes both unsubstituted
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enous or intraperitoneal
S,

listed in the U S. Pharmacopoei a or other
"Pharmaceutically acceptable vehicle." refers to a diluent,
pceut i cal conposition” refers to at | east one conpound and at | east one

a patient. "Preventing” or "prevention"” is intended to refer at

ng a di sease or disorder (i.e., causing at |east one of the clinical synptons
sed to the disease but does not yet experience or display synptons of the

n sone enbodi ments, to aneliorating at | east one disease or disorder O.e.,

ni cal synptons thereof). In certain enbodinents "treating.' or "treatnent'
di scernible by the patient. In certain enbodi nents, "treating" or

g., stabilization of a 5 discernible synpton), physiologically, (e.g.,

ng" or "treatnent” refers to delaying the onset of the disease or disorder
ration of an injury, pathology or condition, including any objective or
pki ng the injury, pathology or condition 10 nore tolerable to the subject;
eration |l ess debilitating; inproving a subject's physical or nental

ment or anelioration of synptons can be based on objective or subjective
uation, or a coanition test such as CDR, MVBE, 15 DAD, ADAS-Cog, or anot her
reat a subject's denentia by slowng the rate of or |essening the extent of
conpound that, when adm nistered to a patient for treating or preventing a

"Feder a
hunmans.

or state governnent or

e. The "therapeutically effective amount” will vary dependi ng on the
nt having the disease to be treated or prevented. Ref erence wi |l now
d enbodi nents are not intended to be [imting of the invention. 25 1In a

not by topical admnistration in a conposition,
injection, or not intraspinally, or intracerebrally.
conmpounds and conpositions for delivering in a subject, preferably a human
as SAPS. The invention enconpasses conpounds that will yield or generate
i nvention include prodrugs that will yield or generate SAPS once adm ni stered
according to invention conprise a "pharmacokinetic nodulating noiety,"
age, L, below, which will be cleaved once in the bl ood, plasma or other
invention relates to a conpound of the Fornula 5

a a transdermal patch, or




B- L - A(l) as well as pharnaceutically acceptable salts, netabolites, and sol vigat es thereof, where: B is a pharmacokinetic nodul ating noiety, which is
optionally also bonded to A directly or 10indirectly thought a further linking group L; Ais 3-am no-1-propanesul fonic acid noiety (i.e., 3APS bound to
L-B); and L is a cleavable linkage for covalently and dissociably coupling Btao A (preferably and typically via the NH2 group), or is absent, whereby L can
be a direct bond or additional chem cal structure providing a cleavable |inkage. 15Suitabl e pharnmacokinetic nodul ating noieties (e.g. B) noieties include
am no acid or peptide npieties, carbamate noieties, non-anino-acid am de noieties, carbohydrate-derived noieties and anal ogs such as inositol-derived
moi eti es, N-hydroxy and derivatives thereof (e.g., where the Hin OHis replaced by an OH protecting group). B can also conprise a cyclic double protected
3APS nol ecul e and precursors (e.g., where a noiety connects NH2 20 and SO3H of 3APS, e.g., sulfinic acids, thiols, sulfides, disulfides, etc.), and
conbi nat i BHF W Gree anfpyistiyie delereany! r%?-érthPé‘%’mi"éepd&@f%rp!?mf@@ﬁﬁ Mg groups. B can also be the nolecule 3APS itself (see genini diners). Sui t abl e
| i nkages ik aniihtbgdd@rodnNg 1M, e i€ a6 Iherv&ely afud Baahd PEF She Rl iRgiced 'y Dy enzynes nentioned herein or others in blood, plasma and or brain cells, in vitro or
in vivo. in T neral l onmprise a .bond which is knagwn,to be so cleavable such as but not Iimted to, a peptide, am de, ester, sulfide,
di sul fi de%ﬁ%blgrrg#(;a%%ﬁ%{"\é\%'e rlﬁnrg% r,ugtyrﬁi'asv‘lf‘&@ggt.'ea}?ﬁmfhegﬁﬁ%lg@%%rraéor%@s WBfstrated for iexanple in the structures disclosed herein, all of which are in general
appl i cabl @98 |inkages, L, in compounds in general. Actual cleavability of the | inker can be assessed in vitro and/or in vivo by using hydrolytic-,
enzymed i c- (€.1e 1BRR! hdRPRyciR0 oL &ebdrasRlic Ohcli® RRGLEEHBRY 8fld HeRicin@nd assays wel | known in the art. International PCT application WO 91/14434, published
applications US_200 /0096%7, US 2006/ 0046967 and provisional application US 60/ xxx,xxx filed concurrently herewith, are all incorporated herein by
referencegrQP‘?f‘ceEfﬂﬁ‘gesue‘gc BECKFar PEYSP oPithquh  WPtieh o Ao h&Z9F Wk ul  according to the present invention. 35 | n anot her aspect, the invention relates
t o For nul kerkzimidazaipid sbdrizsfurapglt er seranitiiofodnyat edertdotiopbényl, Rb&nhzbkazdlyl.| 20 \\ 00 wherein, 51 R and EV are independently selected from hydrogen and a protecting
group, whglg an : not rogen..; i 2 are each a cl eavabl e |inkage; wherein when Rx is H Cis absent, and when RL is H, then
12 is absenr?fh%ggi'lhe %SE%{}%%&M ec?élﬁ%p?]%p" ?ﬂ?’ée’rg{s}gglg a ngouﬁmi'w %yti ting and reduci ng netabolismof the am no group of 3APS. Exanples of protecting groups
i ncl ude, RnEldRAzolNYicRRETbh, 4Hhcaibazaly, eibdiinye shipmany! acleemenyhesineolingl, non- anmi no acid am de, a carbohydrate-derived residue, a N-hydroxy-derived residue, a
cycl i e dogddgydpicRinglidyl, NQHBHOUD 2-daRezityie ditykRiurds adiidkhgarb@rahl efupidyed enbodi ment's, the conpounds of the invention exhibit 15 numerous advantageous
properti es. I n or}e.den(‘gg.diirre.nt tihel C%BOUQE iﬁ.%#?grqdr.u whj ch b%]passes first-pass netabolismby the liver and/or the digestive tract (e.g. gut, stomach, or
i nt est i ne T PRARY i "TGeUGRY bt THPARPIN. 2 HNPFOYL r ATTURZYY: SREENYY o ARV t her eby i ncrieasi ng bi odi stribution and/or bioavailability of 3APS as compared to an
admi ni st riatidliginylofindelyhoBdndelglui iscbeantfiurefyl, 3 ABRSrorBypya sisoimpzbi@p atoinciolinys t - pass net abol i sm nodi fi es, inproves or |ncreases

isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl, methylenedioxyphenyl, . morpholiny,

naphthyridinyl, octahydroisoguinofinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyvi,

15 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidiny!, pyrimidiny!,
phenanthridinyl, phenanthroliny!, phenaziny!, phenothiazinyt, phenoxathiinyl, phenoxaziny!,
phthalazinyl, piperazinyl, piperidinyl, piperidonyl, 4-piperidonyl, piperonyl, pteridinyl, purinyi,
pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole,
pyridoimidazole, pyridothiazole, pyridinyl, pyrigyl, pyrimidinyl, pyrrolidinyl, pyrrolinyi,

20 2H-pyrrolyl, pyrrolyl, quinazoiinyl, quinolinyl, 4H-guinoliziny!, quinoxaiinyl, quinuclidinyl,
feirahydrofuranyl, tetrahydroisoquinolinyl, fetrahydroguinolinyl, tetrazolv,
BH-1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl, 1.2,4-thiadizzolyl, 1,2,5-thiadiazoivi,
1,3, 4-thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thisnothiazoiyl, thienooxazolyl,
thienoimidazolyl, thiophenyl, triazinyl, 1.23-triazolyl, 1,2,4-triazolyl, 1,2,5-iriazolyl,

25 1,3,4-triazolyl, xanthenyl, and the like. The term heterocycle includes both unsubstituted
heterocyclic groups and substituted heterocyciic groups.

The term “amine” or “aming,” as used herein, refers to an unsubstituted or
substituted moiety of the formula —NR*R®, in which R* and R® are each independently
hydrogen, alkyl, aryl, or heterocyclyt, or R* and R®, taken together with the nitrogen atom to

30 which they are attached, form a heterocyclic ring. The term amino includes compounds or
moieties in which a nitrogen'atom is covalently bonded to at least one carbon or heteroaiom.
Thus, the terms “alkylaminc” and “dialkylamino” as used herein means an amine group
having respectively one and at least twe C,-Cealkyl groups attached theretc. The term
“arylamino” and “diarylamino” include groups wherein the nitrogen is bound 1o at ieast one

35 or two aryl groups, respectively. The term “amide” or “aminocarbonyl” includes compounds
or moieties which contain 2 nitrogen atom which is bound to the carbon of a carbonyl or a

16




20 pharmacokinetic paraneters of 3APS such as the AUC, the Cmax and/or Tnmw, of
i ncreased absorption by the gastrointestinal tract, conpared to the adm nistrat
prodrug which provides a slow rel ease of 3APS over tine. In another enbodi ment
conpared to the adm nistration a nol ar equival ent of SAPS per se. |In another en
associated wth the adm nistrati on of 3APS per se. For instance,
SAPS. In preferred enbodi nents the conpounds and/ or conpositions of the inventi
dose of 3APS administered to a patient (e.g. due to a inproved absorpti on when
(2) avoi diniegareemhenueiTde tRshfasparging (rRigrs isamyamine giodp decinatiachedrd emidybn associ at ed
across th Q%de{ﬂﬂéd h&EHCI ng the side effects associated with SAPS (e.g. by le
3APS reac |ng he brai.n; .g_'?%r@l ncreasing concentration or levels of 3APS in desi
t hose skilled | A 1BHE TP THPeribs fimserele] A thgloger hrelea iy bogings and aci d/ ba
pertai ns codrineniupriteoot .ban@anﬁsnmaﬂtartmsadrﬁu immmswé SOTREEHPES nsdpwizHIer ei n as sal

R s R S et M TR R oA e

accor di nggmep thaving Rreulnydivbaronmytidsbechihersso. ctlitilye elkyftbi ardupz atcluda gronder  di fferent
m xtures mngrﬁerab%maié bir@éd 2Bms Cdréfértaallylﬂo%@‘i h ﬁta@é@é#%@@&lf‘m@ﬁﬁ atures; varl

crystalliz hsma al so be obtai ne or rreltlngapr
det er ni nec?ﬂgkfag%ﬂ % @ﬁ?’b%ﬂpﬂ]"”q F@‘@}Se‘t‘:??’% o@9uP af4hed enti al scann
The conpotraes. of the present

i nvention may al so eX| st in the formof a solvate,
1- but gpol at e, .. accept abl e
Conf e?gnce on ﬁglr?ér%ﬁ?gégt o i%?ﬁi@oxggé’ﬁeﬁ%e n%ﬂ}{jsg'r%%gwﬁ% rl]y P

dance urities: Resid
t her eof . THEBSRAPROARCHEF B\ef%‘ep':iqpfﬁséntﬁW@e%"Wy tgﬁélpeawlyammpﬁﬁamw t? he non-am no

i nosi t ol - gt & estbort ktemE\!rdilydm@mb(xynah@@ypreﬂ@kyd@mb\m&y a‘vfﬂ&he Re. BRpRisher phar nacoki

3APS d disulfid d
absor gtn i o%&%g ﬁogbgastcﬁugl nfnggjflxygegthg’%;cfso?rg%oxy‘ vﬁr?pr?l’% ?H@x’léts (léﬁ?fle’ﬁ’eor elt :’:1% esf1 |n na

i nt est i nafiuoramathpxy, bHifertomether , triinoromisthoxs ui chidndresticxg,s ugicidrometmamal ). I n cert

nodul a4 i nﬁcﬁ@bﬂ&ﬁﬁoﬁﬂ?hﬂﬁs tah@nad tllkeacfi”FéS%rﬁh@kdxvtlﬁ’éﬁdeg@oth”UEs%ﬁﬁltth@r fier to provi
phar macoki net i c ting noieties acc Ogeﬁﬂ}gdgl 5fl nvention are essentially

or |iver {&syuiedq %’fymésetchébﬂ?b%sﬁeé OYBS-t he parent 3APS nol ecul
of the prodru§nademritatbengtiogearbogt eeivtibecontmt ndaspo ndigtigs @bﬂﬂﬁc@niﬂnrya once in the
the phar npgold aé&emﬂw Ll @ae%yanoéxypﬁ%{oggfagﬁ&ggg { Pichid: Wi ! nvention af

absorbed into t temc circulation Ive transp , passive diff
Accor di ngFapiain %C'ﬁlflé?rtyb'ﬂﬁ“%‘éﬂﬂ'ﬁ’%n‘t%ﬂmﬁs WYI‘*&@@'Q% |35wesc@iﬁ5%§hwd6¢ﬁs fornul ati on,
t her apeutéical |y effecti ve concentratl on of 3APS in the plasma or blood of a pat
| east 3 hours, UL S, o abo

certain errbodl-rr}}éh{}91 %%# eas '%8{0”5
accor di ng2 twdregrs ifﬁvéwm)’bnalaﬁhbhatlmn@nnd@e@ba!iwélGiﬁeab&re!ptﬁ‘a-lﬁlsakwdhle@l e is orally

conmposi t i atyl) f@éy'ﬂb'a&&tlg%bp (O- C@é@ﬂ?]}féﬁ&bt‘%yc‘i :bgr @%et&r%l@étkﬁﬁn& s capabl e of
7, 8, 9 é}%t C@{Q rma(:10| ﬁécm)uatlng noi ety of cert
cheni cal I% BFWrygn?i/?fo”iaﬁ%QrP‘ﬂP( BF- ﬁﬁ?z@y eAy gkepf\@é@'f%‘p? meY e st onach,

ti ssu@d of ursutrstitatesl or welystieeziyarpitgrept (9/0.chiglogl).t he anmino acid or peptidic noiety o
absorption by g bg% ér@ﬂo@c‘i &=l "%gtltbﬁér?t or g@:;stii‘?ﬁtgd Qi R@lu&é&ﬁﬁé’k’rﬁﬂ;&t according to

circulation fromth ge I ntestine. enbod har macoki net

tract or '%{P‘E'Fé’rth%tr%‘g% ﬁv\t@f@ﬁ%’* 'BBBQCCQ"QM"(@H’&WHE ??fé‘t‘ﬂe? V@ﬁ“@ﬁéﬂ*’@tﬁ“@ﬁ"ﬁw@d di scussed herein,

atom and the substifuent, and that the subsiitution results in a stable compound, e.q., which

does not spontaneously undergo transformaiion such as by rearrangement, cyclization,
30 elimination, etc. As used hersin, the term “substituted” is meant to include all permissible
subsiiiuents of organic compounds. In g broad aspect, the permissible substituents include
acyclic and cyclic, branched and unbranched, carbocyclic and heterocyciic, aromatic and
nonaromaiic substifuents of organic compounds. The permissible substituents can be one or
more. The term “substituted”, when in association with any of the foregoing groups refers to
35 agroup substituted at one or more position with substituents such as acyl, amine (including

simple amino, mono and dialkylamino, mono and diarylaming, and alkylarylamino),
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in a preferred

he conpounds

P e e SR B Amdt T cal “comosi ti on. for mul ati on

i ntestinal

SAPS. In one enbodi ment, the conpound is a prodrug which exhibits an
ion a nolar equival ent of 3APS per se. In one enbodi nent, the conpound is a

,> the conpound is a prodrug which increases brain |evels of 25 3APS when

bodi ment, the conmpound is a prodrug which | essens conmon side effects

enbodi nent, the prodrug exhibits a better gastrointestinal tolerability than

on 30 achieve one or nore of the follow ng benefits: (1) reducing the nol ar

conpared to 3APS or due to a reduction in the first-pass netabolism of SAPS);

with an oral admi nistration of SAPS; (3) inproving penetration of SAPS

ssening gastrointestinal problens or by increasing the relative anount of

red tissues or fluids (e.g. brain, CSF). O her benefits will be apparent to

se forms of the conpounds of 5 the invention. For exanple, the invention

ts, but also the invention includes other pharmaceutically acceptable salts,

alt forms of conpounds shown herein. Conpounds of the invention are al so

of the present invention nmay exhibit pol ynorphi sm Pol ynorphs of conpounds

conditions. For exanple, using different solvents or different sol vent

ous nodes of cooling ranging fromvery fast to very slow cooling during

odrug foll owed by gradual or fast cooling. The presence of polynorphs may be

ing calorinetry, powder X-ray diffraction or other such techni ques.

-for exanple, hydrate, ethanoiate, n-proponal ate, iso-propanol ate,

solvents, such as the Cass 3 solvents described in the International

ual Sol vents (1997). The present invention includes each solvate and m xtures

acid amde 25 noiety, the carbohydrate-derived noiety and anal ogs such as

netic nodul ati ng noi ety of the prodrugs, including cyclic double protected

conbi nati ons thereof, according to the invention nay be cleaved prior to

| Tumen) 30 and/or after absorption by the gastrointestinal tract (e.g.,

ai n enbodi nents, 3APS renmains covaiently attached to the pharnacokinetic

de protection from presystem c nmetabolism In certain enbodi nents,

not 35 netabolized to the corresponding 3APS within cells of the intestine

e once within the systemc circulation. In certain enbodinents, at |east sone

brain, i.e. after it has passed the blood brain barrier (BBB). C eavage of

ter absorption by the gastrointestinal tract may all ow these prodrugs to be

usion, or by a 5 conbination of both active and passive processes.

or dosage formof the present invention is capable of nmaintaining a

ient for a tine period of at |east about 1 hour, for at least 2 hours, for
at |l east about 16 10 hours, at |east about 20 hours, and in

or dosage form conprising a correspondi ng conpound

adm nistered to the patient. In certain enbodi nents, a pharmaceutica

i nproving the Thai of 153APS by at least 2 fold, or by at least 3, 4, 5, 6,

ai n of the conpounds according to the invention may be cl eaved either

| umen, intestinal tissue, blood, liver, brain, or any other suitable

f 20 the compound. I|f the pharmacokinetic nodul ating noiety is cleaved after

the invention nay have the opportunity to be absorbed into the systemc

ic nodulating noiety is cleaved after absorption by the gastrointestinal

for specific conpound structures,

in

at




I ncl udi ng al l
specifically stated otherw se.
li-A Amno acid orodruds
adm nistered in a human.

resi due may be cleaved in vivo by enzynes such as pepti dases,
aspect of the invention relates to a conpound of Formula (11),
ﬁeptlde conprising 2, 3 or
akyipahandesit iaDATRPIEeept abl e sal t

nat ur al

5

10

15

20

25

30

35

or
rel ate tAYBMEBUNUEUSINS FFRRAMeYY | _BNY  dHigidelo
aci d r esi glkeycaltmagidxyangkaaSanttorg!, ea@hoﬂyndwﬂgat | amidocadbiialmedt  WRinat ur al
conpound
acid resi

generic structural
Thus, all uses of all novel
In a preferred enmbodi nent,

unnatural am no acid residue or

l.a nd. har
dgé’%@ é%mon’glaég)ﬁ'é? (5P o%? nha
arylthio, alkylthiocarbonyl, thiocarboxylate, lower alkyl,
aryl,

benzyloxy, benzyl, sulfiny, alkylsulfinyl, sulfonyl, sulfate, sulfonate, sulfonamide, phosphate,

-

R B MoTSETBNACLR, AR

lower akenyl, lower alkynyl

cycloalkyl, heterocycloalkyl, heteroaryl, lower alkoxy, aryloxy, aryioxycarbonyioxy,
phosphonato, phosphinato, oxo, guanidine, imino, formyl and the like. Any of the above
substituents can be further substituted if permissible, e.g. if the group contains an alkyl
group, an aryl group, or other.

The term “solvate” refers o a physical association of a compound of this invention
with one or more solvent molecules, whether organic or inorganic. This physical association
incivdes hydrogen bonding. in certain instances, the solvate will be capabls of isolation, for
example when one or more solvent molecules are incorporaied in the crystal lattice of the
crystaliine solid. “Soivate” encompasses both soiution-phase and isolable solvates.
Exemplary soivates include hydrates, ethanolates, methanoiates, hemisthanolates, and the
like.

A "pharmaceui:ica[!y acceptabie salt" of a compound means a salt of a compound
tnat is pharmaceutically acceptable. Desirable are salts of a compound that retain or
improve the biclogical effectiveness and properiies of the free acids and bases of the parent
compound as defined herein or that takes advantage of an intrinsically basic, acidic or
charged functionality on the molecule and that is not biologicaliy or otherwise undesirable.
Exampie of pharmaceutically acceptable safts are also described, for example, in Berge
ef al, "Pharmaceutical Salts”, J Pharm. Sci. 66, 1-19 (1977). Such salts inciude:

{1} acid addition salis, formed on a basic or positively charged functionality, by the
addition of inorganic acids such as hydrochloric acid, hydrobromic acid, hydroiodic acid,
sulfuric acid, sulfamic acid, nitric acid, phosphoric acig, carbonate forming agents, and the
like; or formed with organic acids such as acetlic acid, propionic acid, lactic acid, oxaiic,
glycoiic acid, pivalic acid, t-butylacetic acid, B-hydroxybutyric acid, valeric acid, hexanoic
acid, cyclopentanepropionic acid, pyruvic acid, malonic acid, succinic acid, malic acid,
maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic
acid, cinnamic acid, mandeiic acid, methanesulfonic acid, ethanesulfonic acid, 1,2-ethane-
disulfonic acid, 2-hydroxyethanesulfonic acid, cyclohexylaminosulfonic acid, benzenesulfonic
acid, sulfaniic acid, 4-chiorobenzenesuifonic acid, 2-napthalenesulionic  acid,
4-toluenesulfonic acid, camphorsulionic acid, 3-phenyi propionic acid, lauryl sulphonic acid,
lauryl sulfuric acid, cleic acid, paimitic acid, stearic acid, launc acid, embonic {pamoic) acid,

palmoic acid, pantothenic acid, lactobionic acid, aiginic acid, galactaric acid, galaciuronic

18

formul as and specific nanmes and formulas of co
conpounds are enconp
t he conpounds of th
Preferred prodrugs are conposed of an amno acid resid
or by any ot her
and to pharmaceut
nore nat

am no
esters or s
i's absent.

nechani sns,

pounds, the invention is not limted by any such theories unless

assed by the invention, irrespective of nechanismor theory of operation.
e invention are am no acids prodrugs that will yield or generate SAPS once
le | inked to the am ne group of SAPS via an am de 35 bond. The ami no acid
to liberate the am ne group of 3APS. More particularly,
ically acceptable salts, esters or solvates thereof: 5 wherein AAis a
ural or unnatural am no acid residues. QO her aspects of the invention
or solvate thereof: 10 OH Do wherein: aai is a natural or unnatural am no
acid residue or absent. Further aspects of the invention relate to

ol vates thereof: 20 OH 00(IV) wherein: aal is a natural or unnatural am no

30

an




Yet further aspects of the invention relate to conpounds of Fornula (V), and to
wherein aal is a natural or unnatural amino acid residue, 5The invention furthe
salts, esters or solvates thereof: 00 (V-A) 1Owherein aa" is an anmno acid res
D-net hi oni ne, serine, alanine, D-alanine, glycine, isoleucine, histidine, am no
benzyi gl utam ne, and 7-am nobutyric acid.
serine, and 0O-benzylserine, or a pharmaceutically acceptable salt or solvate th
end (C-coupled). In an enbodinent, the amno acid residue is a natural am no ac
resi due i GelicaNastd. slucahdnimicRsidd giHiagiiciarid, naphtienic acids Aydrognapdistiedcid, her eof . 1 n vy

in the casgicybasie, @csrbiodkie, sﬁéﬂn@@cr@%ﬂmb@ a@lﬁt%hﬁ‘éjhléo the N atom but also in an
resi dues in Fogmg)la I 1 Forrml Formula |V, Formula V, or Formula V-A are

Rl and R2 are A% ﬁ%&%‘nﬁ%‘ﬁtlm@l'@ﬁ’bﬂnf if PHOT PESHN CBNSE SR of H and a
02- Cl2al kenydound 2@t 2ardpjaved by CoeBl Sy dlckainkyhn ak3h GkEheneieqc yitluaal kyl , C6- C15

or RL andsdditm, 3bsdiahe dn bRAFEREn Whib o! AorRGLACEM s AR, B A R 0rm @ substi
ions such as aluminum, zing, iron and the like; or coordinates with an organic base such as

N, N-dibenzylethyienediamine,

tromethaming,

ammonia, ethylamine, diethylamine, ethylenediamine,

ethanofamine, diethanolamine, triethanolamine,

N-methylgiucamine,
piperazine, chloroprocain, procain, choling, lysine and the like.

10 Pharmaceutically acceptable salts may be synthesized from the parent agent that
contains a basic or acidic moiety, by conventional chemical methods. Generally, such salts
are prepared by reacting the free acid or base forms of these agents with a stoichiometric
amount of the appropriate base or acid in water or in an organic solvent, or in a mixture of
the two. Salts may be prepared in situ, during the final isolation or purification of the agent or
1% by separately reacting a purified compound of the invention in its free acid or base form with
the desired corresponding base or acid, and isolaiing the salt thus formed. The term
‘pharmaceutically accepiable salis” also include zwitterionic compounds containing a
cationic group covalently bonded to an anionic group, as they are “internal salts”.

All acid, salt, base, and other ionic and non-ionic forms of the compounds described
20 are included as compounds of the invention. For example, if 2 compound is shown as an
acid herein, the salt forms of the compound are aiso included. Likewise, if a compound is
shown as a salt, the acid and/or basic forms are also included.

“Abeta”, “AR", or
secretase mediated cleavage of Beta Amyloid Precursor Protein (APP), including for
examples peplides of 37, 38, 39, 40, 41, 42, and 43 amino acids, and exiending from the
beta-secretase cleavage site to amino acids 37, 38, 39, 40, 41, 42, or 43. It also includes It
also includes N-terminal truncated species of above peptides, such as the pyrogiutamic
forms pE3-40, pE3-42, pE3-43, pE11-42, pE11-43 and the like. For convenience of

nomenclature, “AB.4,", may be referred to herein as “AB(1-42)” or simply as “AB,," {and

“B-amyloid”, is defined as any pepiide resuling from beta-

25

30 likewise for any other amyioid peptides discussed herein). As used herein, the terms
“Abeta”, “AB", “B-amyloid”, “amyloid-8" are synonymous referring collectively to truncated
and non-truncated pepiide species of the seguence between B- and y-cleavage sites of APP.

The term "amyloid—B disease” or “amyloid—f related dissase” may be used for
mild cognitive impairment; vascular demenfia; early Alzheimer's disease; Alzheimer's
35 disease, inciuding sporadic (non-hereditary) Alzheimer's disease and familial (hereditary)

Alzheimer's disease; age-related cognitive decline; cerebral amyioid angiopathy (“CAA™);

19

In preferred enbodi nents aa"

esters or solvates thereof: aal-- 00(V)
and to pharnmaceutically acceptable
| euci ne, net hi oni ne,

pharmaceutically acceptable salts,
relates to conpounds of Fornula (V-A),

due selected fromvaline, prairie, |ysine, _

sobutyric acid, phenylglycine, tryptophan, tyrosine, abenzylserine, O-

s an am no acid residue selected fromvaline, |ysine, 15 nethionine,

er eof . In one enbodi nent, the am no acid residue is coupled via an acid
d residue, or a salt or ester thereof. In another enbodi ment, the am no acid

et anot her enbodi nent, the amino acid residue is not a phenylalanine, e.g.,

y other case. In a further enbodi nent, natural or unnatural amno acid

optionally represented by Fornula (VI): 25 Rl R2 (VI) wherein:

30substituted or unsubstituted group selected fromC -G zal kyl ,

aryl, 05-Cl5heteroaryl, NH(G -Csal kyl), N(ClCeal kyl)2, and C(0)(01-05al kyl);

futed or unsubstituted 02-Cl2heterocycl oal kyl ;

]




F12 is selected fromthe group consisting of H and a substituted or unsubsti tut%‘fed group 5 selected from Cl-Cl2al kyl, C2-Cl2al kenyl, C2-Cl2al kynyl,

03- Cl5cycl oal kyl, C3- Cisheterocycloal kyl, Cs-Cl5aryl, C5-Cl5heteroaryl, C(0)(Cl-05alkyl), and C(0)(C6-Cl Oaryl); or IR2 is a bond between two ami no acid
resi dues, when at least two amino acid residues are present; R4 is selected fromthe group consisting of H and a substituted or unsubstituted group

10sel ected from Cl - Coal kyl, C2-05al kenyl, C2-C6al kynyl; or RL and Fr are taken ?gﬁ_toget her with the adjacent carbon and nitrogen atons to forma

C3- ClOheterocycioal kyl; and nis 1, 2 or 3, or a higher nunber. I n one enbodi nent, the conmpound of the invention conprises an am no acid residue of

Formula VI, wherein R2 is Hand all other groups are as previously discl osed, |ﬂn anot her 15 enbodi nent, the conpound of the invention conprises an am no
acid residue of Formula VI, wherein R2 and Ft2 are each H and all other groups are as previously disclosed. |In another enbodiment, the conpound of the

i nvent i orl"ESHHY FLERANPTRATIAY: 48118 PRET TR BOWR S REPmRMEaNGsionpRSY 81VASilhen F12 and Fe are each H, then RL is not an aryl-substituted G alkyl. In another
enbodi mentiBMYher aerplated dnaziiat Hegenenassit i“ARMDY NI s@sitieningairnentdal™yr esi due of Forrmula VI, 20 wherein when R2 and R2 are each H, then F11 is not a -CH2arYI

group. | 200! LB N e 4 ko [ inyvent i conprises an am no acid residue of Fornmula VI, wherein when F12 is Hand IR3 is H or a bond,
t hen Ierq's nd?ﬁﬁ"?%%’hﬁ fCG%‘&’ﬁaﬁgQﬁg(%@gra%?ﬂérr&egﬁ%%ﬁgéﬁééﬁmf he invention provides conpounds of Fornmula V, provided that asal is not a phenylalanine In
anot her enbodi Mt terarea widen Riculys PRRIvdedEnD beapwanttiont! Feomuad e 25 provided that aal and aa2 are not both D-phenylal anine. In another enbodiment, the

i nvents origkigiial Ssie SMRYRESsAf fukAbAHI ndlMilovitiabnaashibass tRddorREna2 are not both Lphenyl al ani ne. In another enbodi ment, the invention provides conpounds
of For mul a | V. gr ov__iéde t?q%)t I\/\/mep one of acgl .and @{2/? IS Pghenra%]allﬁfini ne, then the other is not Dphenylal anine or D-tyrosine. In yet another enbodi nent, the
i nvent i or® Bt Pl BUH FIosE! F s I Q"V,’g’ﬁ?f G EnBESTREY one of aal and aa2 is L-phenyl al anine, then the other is not D-phenylal anine or L or
D-t yr osi ridnodTabloegah: hdtxagepdies pucnen draiciod iveotvrogenaes offei AgCt@ntiee i nvention IDStructurel DStructure Al H 1\ 1-"-S %H H2N A2 HO,, 00 NS ()H A3
N, .., .., determined by measurmg ¥ tdrkcédilEion of a compound in a biological sample such as
the plasma, blood or brain homogenate using methods such as liquid chromatography-
1¢  tandem mass spectrometry (LC/MS/MS), at various time intervals, and calculating the area
under the concentrafion-versus-time curve. Suitable methods for calculating the AUC from a
drug concentration-versus-firne curve are weli known in the art. As relevant to the disclosure
here, an AUGC for 3APS can bs determined by measuring the concentration of 3APS in the
piasma, blood or brain homogenate of a subject following oral adminisiration of a compound
15 of Formulae (1}, (I-FA}, (I-C), (1-D), (IFE), (I-P), (1-P2), (I, (I, (IV), (V), (V1), (VID, (VID, (D4,

Xy, (X1}, (XID or (Xli-A), to the subject. Unless noted otherwise hearein; AUC means AUCq.«,

as further defined in Exampie 4.

"Bioavaiiability" refers io the‘rate and amount of a drug that reaches the systemic

circulation of a subject following administration of the drug or prodrug thereof to the patient

20 and can be defermined by evaluating, for example, the plasma or blood concentration-
versus-time profile for the drug. Parameters useful in characierizing a plasma or blood
conceniration-versus-time curve inciude the area under the curve (AUC), the fime o peak
concentration (Tma), and the maximum drug concentration (Cpa.,). Bioavaitability is often
expressed as F(%) referring o the ratio in percentage of the AUC of the compound for a

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

"Bioeqguivalence” refers 1o equivalence of the rate and extent of absorption of a drug
after adminisiration of equal doses of the drug or prodrug 1o a patient. As used herein, two
plasma ot biood concentration profiles are bioequivalent # the 90% confidence interval for

30 the ratio of the mean response of the two profiles is within the limits of 0.8 and 1.25. The
rmean response includes at ieast one of the characteristic parameters of a profiie such as
Crax, Tmax, @and AUC.

"Cex 1S the maximum concentration of a drug in the biological sample of a subject
following administraiion of a dose of the drug or prodrug to the subject.

35 "Trex IS the fime to the maximum concentration (Ch.) of a drug in the biological

sample of a subject iollowing administration of a dese of the drug or prodrug to the subject.

20
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As used herein the term "effective amount" refers ic the amount or dose of the
compound, upon single or muliiple dose adminisiration to the patient, which provides the
desired effect in the patient under diagnosis or treatment. An effective amount can be readily
determined by the attending diagnostician, as one skilied in the art, by the use of known
technigues and by observing results obisined under analogous circumstances. in
determinihg ihe effective amount or dose of compound adminisiered, a number of factors

- are considered by the attending diagnostician, inciuding, but not limited to: the size, age, and

general health of the subject; the specific disease involved; the degree of or involvement or
the severity of the disease; the response of the individual subject; the particular compound
administered; the mode of administration; the bicavailability characteristics of the preparation
administered; the dose regimen selected; the use of concomitant medication: and other
relevant circumstances.

As used herein the term “therapeutic bio-distribution of 3APS® refers ic one or
more pharmacokinetic parameters of 3APS which affect 3APS therapeutic  activity.
Examples of such pharmacokineiic (PK) parameters include but are not limited to:
bicavailability ot 3APS, AUC of 3APS, brain levels of 3APS, CSF leveis of 3APS, Cha of
3APS , Trmax 0 3APS, and/or bio-absorption of 3APS, efc.

As used herein the terms “increased (or like ierms, e.g., increasing, increase in,
etc.) therapeutic effectiveness of 3APS” and “enhanced (or like terms, e.d., enhancing,
enhancement, eic.) therapeutic effectiveness of 3APS” refer to an increased
effectiveness of 3APS as measured, eg., by one or more parameters listed under
“therapeutic bio-distribution of 3APS” above, e.g., by 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, 99%, 125%, efc., or even more, e.g., 2, or 4 fold, or even more when
administered to 2 subject, e.g., animal or human, which increase is with respect to the same
equivalent molar dose of 3APS administerad orally in water solution. Preferably such %
increases are achieved also with respect to 3APS administered orally in the formulation of

Table 3 of USSN 11/103,858, filed on April 12, 2005. Effectiveness can also be as

measurad, for exampie, by effect on characieristics of a disease such as Alzheimer's
disease, e.g., by the reduction of plagues or AB load in the brain, or by an improvement in
selected manifestations of the disease, e.g., memory loss, cognition, reasoning, judgment,
orientation, etc. See USSN 11/103,658, filed on April 12, 2005, for details on how to
measure effects on characteristics of such diseases.

The term “lessening metabolism of 3APS” (or related terms such as reduction,
less, lowering, reducing, lowerad, eic) refers to decreasing the degree or amount of first-
pass metabolism in the GI tract or liver of 3APS (by administering it to a subject nor-orally or
in particutar oral formulations or in the form of a prodrug) by e.g., 5%, 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, ©5%, 99%, or even 100%, which decrease is with respect to the
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degree or amount of metabolism of 3APS that occurs when the same equivalent molar dose
of 3APS is administered orally in water solution. Preferably such % decreases are achieved
aiso with respect to 3APS administered orally in the formulation of Table 3 of USSN
11/103,856, filed on Aprit 12, 2005.

The term “reduction of side effects of 3APS" refers to decreasing the amount of or
severity of one or more side effects of 3APS by, e.g., 5%, 10%, 20%, 30%, 40%, 50%, B0%,
70%, 80%, 80%, 95%, 99%, or 99.9%, or even 100%, which decrease is with respect o the
amount of or severity of a side effect of 3APS that is exhibited when the same eguivalent
molar dose of 3APS is administered orally in water solution. Preferably such % decreases
are achieved also with respect to 3APS administered orally in the formulations of Table 3 of
USSN 11/103,658, filed on Aprit 12, 2005.

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

Al of the pharmacokinetic data in USSN 11/103,656, filed on Apri 12, 2005, are
incorporated herein by reference, inciuding the data for example 1 and of Table 3, for
example, for forming a comparative basis for the effects achieved by the presant inventions.

When referring to “3APS” being produced {e.g., released from a formulation or
prodrug}, all forms of 3APS are inciuded, e.g., sclvates thereof, ionically dissociated forms
thereof, charged forms thereof, eic.

"Pharmaceutically acceptable” refers to drugs, medicaments, inert ingredients eic.,
which the term describes, suitable for use in contact with the tissues of humans and lower
animals without undue toxicity, incompatibiiity, insiability, irritation, allergic response, and the
like, commensurate with a reasonable benefit/risk ratio. it preferably refers to a compound
or composition that is approved or approvabie by a regulatory agency of the Federal or state
government or listed in the US. Pharmacoposia or other generally recognized
pharmacopoeia for use in animals and more particularly in humans.

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

"Pharmaceutical composition” refers io at least one compound and at least one
pharmaceutically accepiable 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 (i.e., causing atf least one of
the clinical symptoms of the disease not 1o develop in a patient that may be exposed to or
predisposed io the disease but does not yat experience or display sympioms of the disease).

"Treating” or "treatment” of any disease or disorder refers, in some embodiments, to
ameliorafing at least one disease or disorder (i.e., arresting or reducing the development of
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the disease or at least one of the clinical symptoms thereof). In certain embodiments
"lreating” or "ireatment" refers to ameiioraiing at ieast one physical parameter, which may or
may not be discernible by the patient. In certain embodiments, “treating” or “treatment”
refers to inhibiting the disease or disorder, either physically, (e.g., stabilization of a
discemibie symptom), physiologically, (e.g., stabilizafion of a physical parameter), or both. In
certain embodiments, "treating” or “treatment” refers to delaying the onset of the disease or
disorder. The term “treaiing” refers to any indicia of success in the trsatment or amelioration
of an injury, pathology or condition, including any objective or subjective parameter such as
abatement; remission; diminishing of symptoms or making the injury, pathology or condition
more tolerable to the subject; slowing in the rate of degeneration or dedline: making the final
point of degeneration less debilitating; improving a subject's physicai or mental well-being;
or, in some situations, preveniing the onset of dementia. The treatment or amelioration of
symptoms can be based on objective or subjective parameters; including the results of a
physical examination, a psychiatric evaluation, or a cognition' test such as CDR, MMSE,
DAD, ADAS-Cog, or another test known in the art. For example, the methods of the
inveniion successfully treat a subject's dementia by stowing the rate of or lessening the
extent of cognitive decline.

"Therapeutically effective amount” means the amount of compound that, when
administered to a patient for treafing or preventing a disease, is sufficient fo effect such
treatment or prevention of the disease. The "therapeutically sffective amount” wil vary
depending on the compound, the disease and its severity, and the age, weight, efc., of the
patient having the disease 10 be treated or prevenied. |

Reference will now be made in detail to certain embodiments of compounds and
methods. The disclosed embodiments are not intended io be limiting of the nvention.

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

il. Compounds of the Invention

The present invention relates to methods, compounds and compositions  for
gelivering in a subject, preferably a human subject, 3-amino-1-propanesulfonic acid, or salts
thereof, also referred herein as 3APS. The invention encompasses compounds that will yield
or genarate 3APS, either in vifro or in vivo.

In a preferred embodiment, compounds of the invention include prodrugs that will
yield or generate 3APS once administered in a human. Without wishing fo be bound by
theory, in some aspecté the prodrugs according to invention comprise a “pharmacokinetic
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modulating moiety,” e.g., B, below, covalently but dissociably linked to 3APS that, e.g., by a
linkage, L, below, which will be cleaved once in the biood, plasma or other specific tissue
(e.g. brain), thereby releasing 3APS.

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

B—L—A {);

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

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

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

L is a cleavabie linkage for covaiently and dissociably coupling B to A (preferably and
typically via the NH; gi"oup}, or is absent, whereby L can be a direct bond or additiona
chemical structure providing a cleavabie linkage.

Suitable phammacokinetic modulafing moigties (e.g. B) moieties inciude amino acid or
peptide moieties, carbamate moieties, non-amino-acid amide moieties, carbohydrate-derived
moiefies and analegs such as inositol-derived moigties, N-hydroxy and derivatives thereof
(e.g., wnere the H in OH is replaced by an OH protecting group). B can also comprise a
cyclic double protecied 3APS molecuie and precursors (e.g., where a moiety connects NH,
and SO;H of 3APS, e.g., sulfinic acids, thiols, sulfides, disulfides, aic.}, and combinations
thereof. More generally B moieties inciude N-proteciing groups. B can also be the moleculs
3APS itself {see gemini dimers).

Suitable linkages L will be any which are cleaved as described herein, e.g., by
enzymes mentioned herein or others in blood, plasma and or brain cells, in vitro or in viva.
Linkages will generaliy comprise a2 bond which is known to be so cieavable such as but not
limited t0, 2 peptide, amide, ester, sulfide, disulfide, carboxamate, urea, -N-O-, atc. bond,
and others as demonsirated for exampile in the structures disclosed herein, all of which are
in general applicable as finkages, L, in compounds in general. Actual cleavability of the linker
can be assessed in vitro and/or in vivo by using hydroiytic-, enzymatic- (e.g. peptidase,
esterase) or metabolic-based iests and assays well known in the art. international PCT
application WO 91/14434, published appiications US 2005/0098317, US 2006/0046967 and
provisionai application US 80/xxx,xxx filed concurrently herewith, are all incorporated herein
by reference since they describe a varisty of linkers that may be useful according to the

present invention.

In another aspect, the invention relates to Formula |-A (and salts, esters and solvaies
thereof)
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wherein,

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

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

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

According to preferred embodiments, the compounds of ihe invention exhibit
numerous advantageous properties. in one embodiment, the compound is a prodrug which
bypasses first-pass metabolism by the liver and/or the digestive tract (e.g. gut, stomach, or
intestine} that is associated with administration of 3APS, per se, thereby increasing bic-
distribution and/or bicavailability of 3APS as compared to an adminisiration of a molar
equivalent of 3APS. Bypassing hepatic fist-pass metabolism modifies, improves or increases
pharmacokinetic parameters of 3APS such as the AUC, the Cre and/or Tra O 3APS. In
one embodimenti, the compound is a prodrug which exhibits an increased absorption by the
gastrointesiinal fract, compared to the administration a motar eguivalent of 3APS per se. In
one embodiment, the compound is a prodrug which provides. a slow release of 3APS over
time. in another embodiment, the compound is a prodrug which increases brain levels of
3APS when compared to the administration a molar equivalent of 3APS per se. In another
embodiment, the compound is a prodrug which lessens common side effects associated with

-the administration of 3APS per se. For instance, in a preferred embodiment, the prodrug

exhibits a better gastreintestinal tolerability than 3APS.

in preferred embodiments the compounds and/or composiiions of the invention
achieve one or more of the foliowing benefits: (1) reducing the molar dose of 3APS
administered 1o a patient (e.g. due to a improved absorption when compared to 3APS or due
10 a reduction in the first-pass metabolism of 3APS); (2) avoiding common side effects such
as gastrointestinal irritation associated with an oral administration of 3APS: (3} improving
penefration of 3APS across the BBB; (4) reducing the side effects associated with 3APS
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Preferred am no acid prodrugs according to the invention are Conpounds A2, A4,
and solvates thereof. 5 ||-B. Carbamate, non-am no acid am de and rel ated brodr
(VIl), and to pharnaceutically acceptable salts, esters or solvates thereof: R

(e.g. by iessening gastrointestinal problems or by increasing the relative amount of 3APS
reaching the brain; (5) increasing conceniration or levels of 3APS in desired tissues or fivids
{e.g. brain, CSF). Other bensfits will be apparent to those skilled in the art.

The invention pertains to both salt forms and acidibase forms of the compounds of

the invention. For example, the inveniion pertains not only to the particutar salt forms of
compounds shown herein as salts, but also the invention includes other pharmaceutically
acceptable salts, and the acid andfor base form of the compound. The invention aiso
pertains fo salt forms of compounds shown herein. Compounds of the invention are also
shown in Table 1, Table 2, Table 3, Table 4 and Table 4B below.
10 The compounds of the present invention may exhibit polymorphism. Polymorphs of
compbunds according fo this inveniion may be prepared by crystaliization under different
conditions. For example, using different solvents or different solvent mixtures for
recrystallization; crystaliization at different temperatures; various modes of cooling ranging
from very fast to very slow cooling during crystallization. Polymorphs may aiso be obtained
15 by heating or meliing a prodrug followed by gradual or fast cooling. The presence of
polymorphs may be determined by solid probe NMR speciroscopy, IR spectroscopy,
differential scanning calorimetry, p'owder X-ray diffraction or other such technigues,

The compounds of the present invention may also exist in the form of a soivate, for
example, hydrate, ethanolate, n-proponalate, iso-propanolate, i-butanolate, 2-butanoiate
20  and solvates of other physiclogically acceptable solvents, such as the Class 3 solvenis
described in the fnternational Conference on Harmonization (ICH), Guidance for Industry,
Q2C Impurities: Residual Solvents {1997). The present invention includes each solvate and
mixiures thereof.

The amino acid or peptidic moiety, the carbamate moiety, the non-aming acid amide

25 moiely, the carbohydrate-derived moiety anc analogs such as inositol-derived, the
| N-hydroxy moiety and derivatives, or any other pharmacokinetic modulating moiety of the
prodrugs, including cyclic double protected 3APS and precursors (e.g. sulfinic acids, thiol,
sulfide, disulfide, etc), and comibinations thereof, according to the invention may be cleaved
prior to absarption by the gasirointestinal ti;ac:t (e.g., within the stomach or intestinal lumen)
30  and/or after absorption by the gastrointestinal tract {(e.g., in intestinal tissue, blood, liver, or
other suitable tissue of 2 mammal). In certain embodiments, 3APS remains covalently
attached fo the pharmacokinetic moduiating moiety during transit across the intestinal
mucesal barrier to provide protection from presystemic matabolism. In certain embodiments,
pharmacokinetic modulating moieties according to the inveniion are essenfially not
35  metabolized to the corresponding 3APS within cells of the intestine or liver (e.g. enterocytes,
hepatocytes), but generates the parent 3APS molecule once within the systemic circulation.

tn ceriain embodiments, at least some of the prodrug adminisierad generates the
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(VIl) wherein, R5 is a substituted or unsubstituted group selected from 01-C22al kyl, 02-Cl2al kenyl, C2-Cl2al kynyl, C3-Cl5cycl oal kyl,

03- Cl5het erocycl oal kyl , C5-Cl5aryl, Cs-Cnrheteroaryl, NH(Cl- 15Csal kyl), N(C2-Cé6al kyl )2, and 0(0) (Cl-Co6al kyl); R6 is a hydrogen or a substituted or
unsubstituted group selected from C(0)NH2, C(0)NH(CI-C6al kyl), C(0)N(Cl-05al kyl)2, and C(0)(Cl-Co6al kyl); or R5 and R6 are taken together with the adjacent
carbon atomto forma substituted or unsubstituted 03- Cl2 heterocycl oal kyl; 20Mis selected fromthe group consisting of oxygen, sulfur, and nitrogen (NH

or N(O1- Coealkyl)) or is absent. The invention pertains to both salt fornms and aci d/ base forns of the conpounds of the invention. For exanple, the
i nvention pertains not only to the particular salt fornms of 25conpounds shown herein as salts, but also the invention includes other pharmaceutically
acceptable salts, and.the acid and/or base form of the conmpound. The invention also pertains to salt forns of conmpounds shown herein. I n one

enbodi mentO SRR AR B PR HeLraibrigoatidt s resteitabvrd bilverasien when M is absent and R6 is H, then R5 is other than 1-(4-isobutylphenyl)ethyl. in
anot her BBEbCdawabf thehsharma@RineRNmpaating @SoidtP BPHEAMEs afcofiigniel Be VI |, wherein when R6 is H and Mis NH or absent, then R5 is other than

1-(4-isob . nbodi ment , the I nvention ovi des compounds of Fornula VII, wherein when R6 is Hand Mis NH, then R5 is other than
benzyl , df’“ﬁ%’ﬁ'ﬁ@%ﬁ%’i %%D%M%%£%ﬂpg%£®§}?§'%d@?gﬁqa% a}lto‘ﬁﬁteeste-%rﬁ pS tqphe anot her embodi nent, the invention provi des conpounds of Fornmula VI, wherein when R6 is H
and M 102sertRetjinto theesystrmic) dreplatien eithbaby aojide tagesnort, Inadsivl diffubian, 51 By i met hy 1- 4- oxo- 2- pyri nidinyl, and 5- et hyl oxycarbonyl-1-penthyl. In another enbodi ment,

the i n&ventdnitinaabi0yi 85 aGRERAY RESsiRS prieistadl AcdldingyWMRedeRan MREimMsSa NH and RS and R6 are taken together with the adjacent carbon atomto forma substituted
or unsubs igérclfll't e(EIl i‘f%g 12heE.er C ck\gal kﬁl , then the heterocycloal kyl s other than benzin dazol -2-one, tetrahydro-2,4,6-trioxo-1,3.5-triazine 2 4-

15di oxo- 171 dAZ BT TReStit, Joriuaian: Chfcsgpe 104 LG RS TIERREN R P8 di ne, 4, 10- di hydr o- 10- met hyl - 2. 4- di oxopyri m do[ 4, 5b] qui nol i ne, 2- oxo- 1-i m dazol i di nyl
and 3, 4- defipenieinig 4-tkrapeot€adipfigding dongentration airesFSan trentiastianebilopd bhe i nvention provi des conpounds of Formula VII, wherein when Mis NH, then R5 and R6 are

not takenpiiraEbNelimdbdidalons: i@l 366N HofY f Ltyted or unsubstituted C3_12heterocycloal kyl. In another enbodi nent, the 20 invention
I %\? Formula VI'! Wneréﬁ%ﬁéﬁ@ﬁéeﬁséﬁf—ﬁ@é‘%ﬁﬁi‘%&f then 55 is other than t-butyl and benzyl. in another enbodi nent, the invention provides

provi des conpqund F,ow j

corrpoundsh‘zﬂ“'n;‘r')I(%‘fi'rartriifl"“étt PPIt & REE feha RAKAS k6t leastiabavid 2NoHs, @, leashabpuRSSi s ot her than |-butyl and 9H-fluoren9-yimethyl. In another enbodi ment, the invention
provi tles bonpatiedst ab6ut B0 hoursaand ih cendiesabotindignioR& iésst dboansh Mursaigbsent, then R5 is other than benzyl, phenyl, 3-pyridiny!, 3-N- 25 nethyl pyridini um

met hyl , t§LEfIRHOL Y, 1t af I af | uorophenyl . _and t-butyl. in another enmbodinent, the invention provides conpounds of Fornula VII, wherein
when R6 is I—L|J anc?g%il%] ég@g@ﬁﬁf{%@@aﬁ@,%dg%a}%gﬁér{rh%%n%rgnﬁ%tay%ﬁ’rre?goﬂgp%l , n-propyl,:i-propyl, vinyl, 2-propenyl, 2-(1l-decenyl), 2-(1-dodecenyl),

1- (8- undetWIRPHY agretdng, to dae yveniipoensya pharmacrebsdlly peseptaiecyehicleHeptaidecyl , 4- (N-oxy- 2, 2, 6, 6-t et ramet hyl pi peridinyl), 5-( 1 ,3-di hydro-1, 3-di oxo- 2-

30benzof usdmiyibtered 4toniter paRANY In, camdhn %nm%gia@}ggép@egyéma@guﬂg@rgor@ggg& pr odr ugs - In sone preferred enbodi ments, the conmpounds of the invention are

car bamat e g hat will .yijeld or generate 3APS once admnistered in a human. Preferred prodrugs 35 conprise an oxycarbonyl residue (-00(0)-) linked to
the am nefogjtg%%}{o% %’E\%? %%"5 ‘gtb?irpbeéﬁgt'gvaﬂg%'s(c-aﬁﬂ%?f-'IQIIQ-’C)"’!”Q‘I{H%TamQﬁe resi due may be cleaved in vivo by enzymes or by any other mechanisns, including

hydr ol§/si 3APS ey atidget2iolg. ety adirianieB. gr Hdp7,¢&f 9 BARSoldlanmare. pr ef erred enbodi nent, the conpounds of the invention are carbamate prodrugs that will yield or

gener at e SAPS 708 ¢RarAd Mkt %@gaﬁ,{a ,@oigwm:gnam Uftr%gnﬁgﬁﬁoﬁg&bﬁa@béy, certain aspects of the invention relate to a conpound of Formula (VII1), and to

phar maceut i cal | 'A a%cecyi)t able salts, esters or sol ereo 50(VIll)
nvention may be cleaved either chemically and/or enzymatically. One or more enzymes

present in the stomach, intestinal lumen, intestinal tissue, blood, liver, brain, or any other
suitable iissue of a mammal may enzymatically cieave the amine acid or peptidic moiety of

20 the compound. If the pharmacokinetic modulating moiety is cleaved after absorption by the
gastrointestinal tract, certain of the compounds according io the invention may have the
opportunity to be absorbed into the systemic circulation from the targe intestine. In certain
embodiments, the pharmacokinefic modulating moiety is cleaved afier absorption by the
gastrointestinal tract or after crossing the BBE.

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

30 '

i-A. Amino acid prodrugs

In a preferred embodiment, the compounds of the invention are aminc acids
prodrugs that will vield or generate 3APS once administered in a human. Preferred prodiugs
are compesed of an amino acid residue linked to the amine group of 3APS via an amide

35  bond. The amino acid residue may be cleaved in vivo by enzymes such as peplidases, or by
any other mechanisms, to liberate the amine group of 3APS.
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. whearein:

- absent,

R7 is a substituted or unsubstituted group selected from Cl-Cl2al kyl, C2-Cl2al kenyl, 02-012al kYnYl, 03-Cl5cyd oal kyl ,

Cs-Cmaryl, 05-C45heteroaryl, C Cl2arylal kyl, C7-Cl2het

unsubstituted 1- (al kyl carboxy)al kyl group.

or benzyl. I n another 15enbodi nent, the
The invention pertains to both salt for
garti_cul ar salt forms of _conpounds shown her

ViR r¢idfpsront CAPROVES AR (e i nvent i on

or 9H-fl uoren-9-yinet hyl .

to the

OH
AA-—-Q/\/\S/

AN

(i}

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

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

aa®—aa’ _ggl— N/\\’/\s’OH
H o// L\

(i)

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

Further aspects of the inveniion relaie io compounds of Formula (IV) and.to
pharmaceutically acceptable salis, esters or solvaies thereof,

aa2_aa1_.N/\/\S/OH
H & \\O

wherein: ‘
aa' is a natural or unnatural amino acid residus;
aa®is a natural or unnaiural amino acid residue, or is absent.

Yet further aspects of the invention relate o compounds of Formuia (V), and o
pharmaceutically acceptable salis, esters or solvates thereof:
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aa‘*—-u/\/\s/OH

/AN

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

The invention further relates to compounds of Formuia {V-A}, and fo
pharmaceutically acceptable salts, esters or solvates thereof:

88 e H/\/\S/OH

£\
© (v-A)

wherein a3 is an amino acid residue selecied from valine, proling, lysine, leucine,
methionine, D-methionine, serine, alanine, D-alanine, glycine, isoleucine, histidine,
aminoisobutyric  acid, phenylgiycine, fryptophan, tyrosine, O-benzyigerine, O
benzyiglutamine, and y-aminobutyric acid.

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

In one embodiment, the amino acid residue is coupled viz an acid end {C-coupled).
in an embodiment, the amino acid residue is a natural amino acid residue, or 2 salt or ester
thereoi. in another embodiment, the aminc acid residue is an unnatural amino acid residug,
or a salt or ester thereof. In yet another embodiment, the amino acid residue is not a
phenylatanine, e.g., in the case where a single amino acid is attached to the N atom, but
alsc in any other case. In a further embodiment, natural or unnatural amino acid residues in
Formula Il, Formula !ll, Formula IV, Formula V, or Formula V-A are optionally represented
by Formula (VI):

T
e N S
R' R2 (Vi)

wherein:
R' and R* are each independently selected from the group consisting of H and a
subsiituted or unsubsiituted group selected from C;-Cy.alkyi, Co-Cizalikenyl, Cs-Cosalkynyl,

25
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C5-Ciscycloalkyl, C;-Cisheterocycloalkyl, Ce-Cysaryl, Cs-Cysheteroaryl, NH(C,-Csalkyl), N(C-
Cealkyl),, and C(O)C:-Cealkyl); or R' and R® are taken together with the adjacent carbon
atom fo form a substituted or unsubstituted C;-Cyzheterocycioalky!;
R®is selected from the group consisting of H and a substituted or unsubstituted group
5 selected from Ci-Ceealkyl, CsCiealtkenyl, Cs-Cialkynyl, Cs-Ciscycioalkyl, GCs-
Cisheterocycloalkyl, Cs-Cisary!, Cs-Cisheteroaryi, C{O)C-Cealkyl), and C{OYCe-Coaryl); or
R? is a bond between two amino acid residues, when at ieast two amino acid residues are
present,
R*is seiected from the group consisting of H and a substituted or unsubstituted group
10 selected from Ci-Cealkyl, Co-Ceatkenyl, Co-Cealkynyt; or R’ and R* are taken together with
the adjacent carbon and nitrogen atoms to form a Cs-Cqcheterocycloalkyd; and
nis 1, 2 or 3, or a higher number,
in one embodiment, the compound of the invention comprises an amino acid residue
of Formula VI, wherein R® is H and all other groups are as previously disclosed. in another
15  embodiment, the compound of the invention comprises an amino acid residue of Formuia Vi,
wherein R? and R® are each H and all other groups are as previously disciosed. in another
embodiment, the compound of the invention comprises an amine acid residue of Formuia VI,
wherein when R® and R® are each H, then R’ is not an aryl-substituted C,alkyl. In another
* embodiment, the compound of the invention comprises an aminc acid residue of Formuia VI,
20  wherein when R® and R® are each H, then R' is not a -CHaryi group. In ancther
embodiment, the compound of the invention comprises an amino acid residue of Formula Vi,
wherein when R is H and R® is H or a bond, then R’ is not a -CHzphenyl group. in another
embodimeht, the invention provides compounds of Formuia V, provided that az' is not a
phenylalanine. In another embodimeni, the invention provides compounds of Formulz IV,
25 provided that aa' and aa® are not both D-phenylaianine. in another embodiment, the
invention provides compounds of Formuta 1V, provided that aa’ and az® are not both L-
phenylalanine. In another embodiment, the invention provides compounds of Formula IV,
provided that when one of aa' and aa® is D-phenylalaning, then the other is not D-
phenylatanine or D-tyrosine. In yat another embodiment, the invention provides compounds
30 of Formula IV, provided that when one of ag' and aa® is L-phenylalanine, then the other is
not D-phenylaianine or L or D-fyrosine.

Table 1: Exemplary amino acid prodrugs according to the inveniion

{3] Structure D Structure
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Preferred amino acid prodrugs according to the invention are Compounds A2, A4,
A8, A7 and A18 (as described above), and pharmaceutically acceptabie salts and solvates

- thereof.

i1-B, Carbamate, non-amino acid amide and related prodrucs

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

O (VI

wherein,

R® is a substituted or unsubstituted group selected from C,-Cyalkyl, Co-Crpalkenyl,
Co-Grralkynyl, Ca-Ciscycloalkyl, Cz-Cysheterocycloalkyl, Cs-Cisaryl, Cs-Cisheteroaryl, NH(C -
Cealkyl), N(C+-Cealkyl)., and C(O)C:-Cealkyl);

R® is a hydrogen or a substituted or unsubstituted group selected from G(OINH.,
C{O)NR(C-Cealkyl}, C{O)N{C1-Csalkyl)s, and C{ONC-Cealkyl); or R® and R® ars taken

- fogether with the adjacent carbon atom to form a2 substituted or unslubstituted Cs
‘Cizheterocycloalkyt;

M is selected from the group consisting of oxygen, sulfur, and nitrogen (NH or N{C;-
Cealkyl)} or is abseni.

The inveniion pertains to both salt forms and acid/base forms of the compounds of

the invention. For example, the invention pertains not oniy to the particular salt forms of
compounds shown herein as salts, but also the invention includes other pharmaceutically
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acceptable salts, and the acid and/or base form of the compound. The invention also
pertains to salt forms of compounds shown hergin.

In one embodiment, the invention provides compounds of Formutla VII, wherein when
M is absent and R® is H, then R® is other than 1-(4-isobutyiphenyl)ethyl. in another
embodiment, the invention provides compounds of Formula VI, wherein when R%is Hand M
is NH or absent, then R® is other than 1-(4-isobutyiphenylaethy. In ancther embodiment, the
invention provides compounds of Formula Vil, wherein when R° is H and M is NH, then R® is
otter than benzyi, diphenyimethyl, hexyl, dodecyl, adamantyl, and t-butyi. In another
embodiment, the invention provides compounds of Fermula VI, wherein when Ris Hand M
is NH, then R® is other than hydrogen, 1,4-dihydro-5,6-dimethyl-4-oxo-2-pyrimidinyl, and 5-
ethyloxycarbonyl-1-penthyl. In another embodiment, the invention provides compounds of
Formula VII, wherein when M is NH and R® and R® are taken together with the adjacent
carbon atom to form a substituted or unsubstituted Csiheterocycloalkyl, then the
heterocycloalkyl is other than benzimidazol-2-one, tefrahydre-2.4,6-frioxo-1,3,5-triazine, 2,4-
dioxec-1-imidazoiidine, 2,4-dioxo-(d} or tetrahydro)-benzoiglpteridine, 4,10-dihydro-10-methyl-
2,4-dioxopyrimidol4,5bjquinoline,  2-oxo-1-imidazolidinyl, and  3,4-dihydro-2,4-dioxo-
1{2H)pyrimidine. In another embodiment, the invention provides compounds of Formuia VII,
wherein when M is NH, then R® and R® are not taken together with the adjacent carbon atom
to form a substituted or unsubstituted Ciizheterocycloalkyl, In another embodiment, the
invention provides compounds of Formuia VI, wherein when R® is H and M is O, then R® is
other than t-butyl and benzyt. in another embodiment, the invention provides compounds of
Formula Vi, wherein when R®is H and M is O, then R® is other than i-buty! and 9H-fluoren-
g-yimethyl. In another embodiment, the invention provides compounds of Formula VI,
wherein when R® is H and M s absent, then R® is other than benzyl, pheny!, 3-pyridiny!, 3-N-
methyipyridinium, methyl, triftuoromethyl, pentafluoroethyl, pentafiuorophenyt, and t-butyl. in
another embodiment, the invention provides compounds of Formuia Vil, wherein when R° is
H and M is absent, then R® is other than n-butyl, -butyl, n-propyi, i-propyl, viny!, 2-propeny,
2-(1-decenyl), 2-(1-dodecenyl), 1-(8-undecenyl), octyl, decyl, undecyl, tridecyl, pentadecyl,
heptadecyl, 4-(N-oxy-2,2,6,6-tetramethyipiperidinyl), 5-(1,3-dihydro-1,3-dioxo-2-
benzofuranyl), 4-nitrophenyl, and 3-phanoxyphenyl.

a) Carbamate prodrugs

in some preferred embodiments, the compounds of the invention are carbamate
prodrugs that will yield or generate 3APS once administered in 2 human. Preferred prodrugs
comprise an oxycarbonyt residue (-OC(0)-) linked fo the amine group of 3APS via 2
carbamate bond (-OG(O)-NH-). The amine residue may be cleaved in vivo by enzymes or by
any other mechanisms, including hydrolysis, to liberate the amine group of 3APS. In a
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bond and such carbonyl -contai ning group having a 10 nucl eophile such as a carb

-"SBH H b) Non-amno acid amde p

rodr ugs In sone preferred enbodi nents, the conpounds of the invention
tered to a human. Preferred 5 prodrugs conprise a carbonyl -contai ni ng

ning resi due nay be cleaved in vivo by enzynmes or by any other mechanism to
ar bonyl - containing residue linked to the am ne group of SAPS via an am de

oxylic acid or al cohol, capable of internally cleaving the am de bond. The

am no acid residue nmay be cleaved in vivo by enzynes, or by any other nmechanism to |liberate the am ne group of 3APS. More particularly, certain
aspects ofrewree [ n\L/P Qtl ogtrel at e t@maf‘fﬁ nEound of Fornul a é X%ﬁ and _to pharmaceutically acceptable salts, esters or solvates thereof: (I'X) wherein, 5R8 is
a subst it BCSd c8roRRe st M CUPYPHR C8I"AENIRT 7P FAPETe1ar Ry thahwilci 2al kenyl, C2- C42al kynyl, C3- Cl5cycl oal kyl, 03-Cl5het erocycl oal kyl , 09-Cl5aryl

C5- Cl5het #eldar géneraim@APS once s@fnirigerad Imedmogeen or a substituted or unsubstitut ed C(0) (01-e9al kyl ), C(0)NE12, C(0)NH(C -Ceal kyl), or C(0) N( Cl- Ceal kyl )2 or R8
and RO are tak;%} t ] Acgpt o] 0 ubstituted or unsubstituted C3-Cl2heterocycloalkyl. 10 In one enbodinent, R8 is a

substi tut 215&(02?Aﬁﬂﬁ‘&mﬁ n\e%rrrtl%{ halegrse%dnb% lﬁrgreﬂ&&%%gqei% {HC}a- &%@&ﬂﬁ &substl tuted Wth a substituent sel ected from hydroxycarbonyl, al koxycar bonyI ,

ai kyl carb H’)‘ﬂ” y“g)’s"‘lﬁ‘ﬂéq PATraEUiRalY ARSERIabIF BalisetRters A PVGIOS HIRSRR1 | substl tuted or unsubstituted 2-al kyl carbonyl oxyphenyl group or conbinations thereof. In

In a fur

anot her enbodi ment, RBis a suq$t|tutemhgw unsubsti t ut ed benzyl gr oup.

Rr’O\U’N\V/A\V’S\OH
O VIl
wherein,

R’ is a substituted or unsubstituted group selected from C, -Gipalkyl, Co-Cyoalkenyl,
Co-Cypalkynyl, Ce-Cosaryl, Cr
Gioarylalkyl, G-Cqpheteroarylalkyl, and combinations thereof.

Ga-Giseycioalkyl, Cs-Cisheterocycioalkyi, Gs-Cishetercaryl,

10 in one embodiment, the definitton of R’ is a substituled or unsubstituied 1-
(alkyicarboxy)alkyl group. In another embodiment, R’ is 2 substituted or unsubstituted benzyl
group. R’ substituted unsubstituted
heterocycloalkyimethylene group. In  another fthe invention provides
compounds of Formula VIIl, provided that R’ is other than t-butyl or benzyl. tn another

in another embodiment, is =2 or

embodiment,
15 embodiment, the invention provides compounds of Formula VI, provided that R’ is other
than i-butyt or 9H-fiuoren-g-yimethyl.

The invention pertains to both salt forms and acid/base forms of the compounds of
the invention. For exampie, the invention pertains not only {o the particuiar salt forms of
compounds shown herein as salts, but also the invention includes other phammaceutically
20  acceptable salts, and the acid and/or base form of the compound. The invention also
pertains to sait forms of compounds shown herein. Compounds of the invention. are aiso
shown in Table 2 below. )

Table 2: Exemplary carbamate prodrugs according to the invention
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icular salt forms of conpounds shown herein as salts,
ind/ or base form of the conmpound. The invention also pertains to salt forns of conmpounds shown herein.

I n anot her enbodi nent, the conpound of the invention is a
carbon atomto forma substituted or unsubstituted C3-Cl2heterocycl oal kyl .
X, wherein R8 and RO are taken together with the adjacent carbon atomto

In

Ut ed 03- Cl2het erocycl oal kyl, wherein said heterocycle is other than

mula | X, wherein when RO is H then R8 is other than benzyl, phenyl,

ent af | uorophenyl, and t-butyl. In another enbodi nent, the invention provides
utyl, n-propyl, i-propyl, vinyl, 2-propenyl, 2-(1-decenyl), 2-(1-dodecenyl),
(N-oxy-2, 2, 6,6- tetranethyl pi peridinyl),

n anot her enbodi nent, the invention provides conpounds of Formula IX

enyl, 2-(1- decenyl), 2-(1-dodecenyl), 1-(8-undecenyl), octyl, decyl,

nyl ), 5- (1, 3-di hydro- 1, 3-di oxo-2- benzofuranyl), 4-nitrophenyl, and

f Formula I X, wherein when Ft8 is H then 580(0) is other than a

d 5 of Formula I X, wherein when RO is H, then RC(0) is other than

24-yl, (3a, 53, 7a)-3, 7-di hydr oxy24- oxochol an-24-yl, or

the invention provides a conpound of Formula I X, wherein 580(0) is selected
an-24-yl, 10 (3a, 5p, 7a) -3, 7-di hydr oxy- 24- oxochol an- 24-yl, and (3a, 513
to both salt forns and aci d/ base forns of the conpounds of the invention.
but al so the invention includes other

For
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b, Non-amino acid amide prodrugs

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

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

More particutarly, cerain aspects of the inveniion relate to a compound of
Formuta (iX), and to pharmaceutically acceptable salts, esters or solvates thereof:

38

H 0 Bi

0O N

H2




*

H Bi

1 10 HNH2 HO B12 NH 2 H p. H

10

15

20

25

30

© (%)

wherein,

R® is a substituted or unsubstituted group selected from C-Ciqalkyl, C-Coralkenyl,
Cz-Cyzalkynyi, C;5-Cyseycloalkyl, Cs-Cisheterocycloalkyl, Cg-Cysaryl, Cs-Cisheteroaryl; and

R’ is a hydrogen or a substituted or unsubstituted C(ON(C4-Caaliyl), C(OINH,,
C{ONH(C:-Cealkyl), or C(OIN(Cy-Cealicyl)s; or R® and R® are taken together with the
adjacent carbon atom to form a substituted or unsubstituted Cs-Cozheterocycloalkyl.

in one embbdiment, R® is a substituted Ci-Cpakkyl. In another smbodiment, R® is 2
C1-Gipalkyl substituted with a substituent selected from hydroxycarbonyl, alkoxycarbonyi,
alkyicarbonyloxy, substituted or unsubstituted 2-hydroxypheny!, substiiuted or unsubstituted
2-alkylcarbonyloxypheny! group or combinations thereof. In another embodiment, R® is a
substituted or unsubstituted benzyl group. in a further embodiment, R® is selected from the
groups depicted in Table 3.

-in one embodiment, the compound of the invention is a compound of Formuia X,
wherein R® is H. in another embodiment, the compound of the inveniion is a compound of
Formula IX, wherein R® and R° are taken together with the adjacent carbon atom to form a
substituted or unsubstituted C4-Cizheterocyclioaliyl. In another erﬁbodiment, the compound
of the invention is a compound of Formula IX, wherein Rs_and R® are taken together with the
adjacent carbon atom to form a substituted or unsubstituted phthalimide. in another
embodiment, the compound of the invention is a compound of Formula IX, wherein 2° and
R® are taken together with the adjacent carbon atom to form a substituted or unsubstituted
Cs-Cizheterocycioalkyl, wherein said heterocycie is other than phithalimide. In -another
embodiment, the invention provides compounds of Formula IX, wherein when R® is H, then
R® is other than benzyl, phenyl, 3-pyridinyl, 3-N-methylpyridinium, methy, triflupromethyi,
pentafluoroethyl, pentafiucrophenyl, and t-butyl. In another embodiment, the invention
provides compounds of Formula IX, wherein when R® is H, then R® is other than n-butyl, i-
butyl, n-propyl, i-propyl, vinyl, 2-propenyl, 2-(1-decenyi), 2-(1-dodecenyl), 1-(8-undecenyl},
ociyt, decyl, undecyl, iridecyl, pentadecyl, heptadecyl,  4-(N-oxy-2,2,6,6-
tetramethyipiperidinyl), 5-(1,3-dihydro-1,3-dioxo-2-benzofuranyl), 4-nitrophenyl, and 3-
phenoxyphenyl. in another embodiment, the invention provides compounds of Formuia IX,
wherein R® is selected from n-butyl, Foutyl, n-propyl, i-propyl, vinyl, 2-propenyi, 2-(i-
decenyl}, 2-(1-dedecenyl), 1-(8-undecenyl}, octyl, decyl, undecyl, tridecyl, pentadecyl,
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heptadecyl, 4-{N-oxy-2,2,8,6-tetramethyipiperidinyl), 5-(1,3-dihydro-1,3-dioxo-2-
benzoturanyl), 4-niiropheny!l, and 3-phencxyphenyl. In yet ancther embodiment, the
invention provides a compound of Formula IX, wherein when R® is H, then R*C(O) is other
than a 24-oxocholan-24-yl. In yet another embodiment, the invention provides a compound
of Formuta IX, wherein when R° is H, then R3C(Q) is other than (30,5B)-3-hydroxy-24-
oxocholan-24-yl, (3a,5B,12a)-3,12-dihydroxy-24-oxocholan-24-yl, (3a.,5p,7m)-3,7-dihydroxy-
24-oxocholan-24-yl, or {3¢.,5B,70,120)-3,7,12-trihydroxy- 24-oxocholan-24-yl. In yel another
embodiment, the invenfion provides a compound of Formula [X, wherein R*C(Q) is selected
from (3¢, 56)-3-hydroxy-24-oxochoian-24-yi, (3¢,58,120)-3, 12-dihydroxy-24-oxocholan-24-yl,
{30,5B.70)-3,7-dihydroxy-24-oxocholan-24-yl, and  (3c,5B,7¢,12w)-3,7,12-trihydroxy-24-
oxochoian-24-yl.

The invention pertains io both salt forms and acid/base forms of the compounds of

- the inveniion. For example, the invention pertains not only to the particular salt forms of

compounds shown hergin as salts, but also the invention includes other pharmaceutically
accepiable salts, and the acid and/or base form of the compound. The invention also
pertains to salt forms of compounds shown herein. Compounds of the invention are also
shown in Table 3 below.

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

1D Structure
0 0
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[i-C. Garbohvarate-derived prodigs
in some preferred embodiments, the compounds of the invention are carbohydrate-
derived prodrugs that will yield or generate 3APS once administered in a human. Preferred
5  prodrugs according to the invention disciosed herein comprise a carbohydrate or a poiyol
analog residue linked to the amine grdup of 3APS via a linkage, e.g. an amide, a carbamate,
a urea, or a cieavable alkyl group. In one embodiment, the carbohydrate-derived moiety is,
for example, a carbohydrate derivative such as hexose, pentose, a carbohydrate-derived
poiyal, inositol or an inositol-derived moiety, a carbohydraie-derived carboxylic acid, ascorbic
10 acid, nucleic acid, or nucieotide. The iinkage and/or carbohydrate-derived residue may be
cleaved in vivo by enzymes or by any other mechanism, io liberate the amine group of
3APS. '
More particularly, certain aspects of the invention reiate to a compound of
Formula (X}, and fo pharmaceuticaliy acceptable salts, esters or solvates thersof:
e, ¥
.5 L S~ O OH X

wherein,
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hexose, pentose, a carbohydrate-derived poiyol, inositol or an
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the am ne group of 3APS. More particularly, certain aspects of the
e salts, esters or solvates thereof: R RIK 15(X) wherein, R10 is a
pol yol , e.g., a C5_6 saturated or partially or conpletely unsaturated
ubstituted by 3 to 5 substituents, each independently selected from -COH,

an al kyl group, which nmay be saturated or unsaturated, preferably a | ower
pups, and is optionally substituted by one or nore =0, -OH, and/or -NH2
mula X, wherein when 10 L is absent, then IRl is other than

base fornms of the conpounds of the invention. For exanple, the invention
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0 salt fornms of conpounds shown herein. Conpounds of the invention are al so
rding to the invention ID Structure Si HOO
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R' is a residue of a carbohydrate, a carbohydrate derivative or a carbohydrate-
derived polyol, e.g., a Cs, saturated or partially or complefely unsaturated cycloalkyl group,
optionally and preferably containing an -O- group, which is substituted by 3 to 5 substituents,
each independently setected from —OH, -OAc, -CH,OH, -OCH,, -CH,0Ac and =0.

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

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

The invention pertains to both sak forms and acid/base forms of the compounds of
the invention. For example. the invention pertains not only to the particular salt forms of
compounds shown herein as salis, but also the invention inciudes other pharmaceutically
acceptable salis, and the acid and/or base form of the compound. The inveniion also
pertains to salt forms of compounds shown herein. Compounds of the invention are aiso
shown in Table 4A below.

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

iD Structure
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In some preferred embodiments, the compounds of the invention are N-hydroxy

prodrugs and derivatives, cyclic double-protected prodrugs, precursors of 3APS, as prodrugs

L8]]

a} N-hydroxy-derived prodrugs

that will yieid or generate 3APS once administered in a human.

More particularly, ceriain aspects of the inveniion relate to a compoung of

Formula (X1}, and to pharmaceutically acceptable salts, esters or solvates thereof:
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(X1
wherein,
R is a hydrogen or a substiiuted or unsubstituted group selected from G,-Cpalkyl,
Co-Ciealkenyl, Co-Cralkynyl, GCi-Ciscycioalkyi, CyCisheterocycloalkyl, Cg-Cisaryl, G
5  Cisheteroaryl, C(O)R™, and C(O)OR™; and
R™ and R" are independently selected from substituted or unsubstituted C,-C paliyt,
Co-Cioalkenyl, Co-Cralkynyl, GCs-Ciscycioalkyl, CgCisheterocycloalkyl, Celsaryl, Ce
Cisheteroaryi.
in one embodiment, the invention provides compounds of Formula X|, wherein R" is
1C  other than a hydroxyl.

Compounds of the invention inciude compounds:

4 Q\SfP § 2y’
MeO” T o BO” 7 ""Non
Compound H1 Compound H2
i5
| P 5 Y
HO™ " N""Non Bro” "oy
Compound H3 ' Compound H4

20 b) Cyclic double-protected prodrugs
More particularly, certain aspects of the invention relate to a compound of
Formula (XII), and to pharmaceutically acceptable salts, esters or soivates thereof:
P—X 0

A

HN 8%

\\)\O

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

(i)
25  wherein,
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More pariicularly, certain aspects of the invention relate to a2 compound of

Formula (XII-A), and to pharmaceutically acceptable salts, esters or solvates thereof:

OR4

=00

HN S
O

/Y

wherein,

R™ is 2 substituted or unsubstituted group selected from C.-C.alkyt, Co-Cypalkenyt

(X1-A)

tl

Co-Cooalkynyl, C5-Ciscycloaltkyl, Cs-Cisheterocycloalkyl, Ce-Cysaryl, Cx-Cqsheteroary.

Compounds of the invention include the following compounds:
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¢) Imine prodrugs

More particularly, cenain aspects of the invention relate to a compound of
Formula (X111}, and to pharmaceutically acceptable salts, esters or soivates thereof:

Rie )
wherein,

R™ and R'™ are independently selected from a hydrogen or a subsfituted or
unsubstituted group selected from  Gi-Cialkyl, Co-Coealkenyl, Co-Crealkynyl, Cs-
Ciseycloalkyl, Cg-c1sheterocycloalkyi, Cs-Csaryl, angd Cy-Cosheteroaryl.

In one embodiment, the inveniion provides compounds of Formula X!, wherein
when both R™ and R'® are substituted or unsubstituted aryl, then at least one of R and R'®
is substified with a hydroxyl group at the ortho position. In another embodiment, the
invention provides compounds of Formula XIi, wherein when both R™ and R™ are
substituted or unsubstituted aryl, then none of R™ and R'® is substituted with a hydroxyl
group at the ortho position.

Compounds of the invention include the folilowing compounds:

Qe

Compound M1

o{\ //O N O\\ Sf/
H
Compound M2 Compound M4
Wi O\\ //O
N S N g
o -~ ~ N \OH -z SN NN OH

H

Compound M5 Compound M6
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In sone preferred enbodi nents, the conpounds of t
precursors of 3APS, as prodrugs S5that will yield or generate 3APS once
certain aspects of the invention relate to a conpound of Fornul a
OCH wher ei n, R11 is a hydrogen or a substituted or un

Cs- Ci sheterocycl oal kyl, Cs-GC saryl, C5- 5C sheteroaryl, C(0O)R1
unsubstituted 01-012al kyl, C2-Cl2al kenyl, C2-Cl2al kynyl, C3-Cl5cy
t he invention provides conpourcl)(}j_'s of Formula XI, wherein Rl
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) O
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Gl Gl
Compound M7 Compound M8
OMe
OH
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H
Compound M2

In some preferred embbdiments, the compounds of the invention comprise a
combination of any of the prodrugs described herein in sections [I-A io 1i-D, as prodrugs that
will yieid or generate 3APS once administered in a human. The invention further relates. to
sulfonic acid precursors of any of the prodrugs mentioned in Sections I-A 1o II-D, including
sulfonate esters, sulfonamides, sulfinic acids, sulfides, disulfides and the like.

H-E. Oligomers and Gemini Dimers

In & further embodiment the compound of the Formulz | may comprise iwo or more
3APS moiecules iinked together. Therefore, another aspect of the invention relates to
polymers of 3APS, i.e., a molecuie comprising, or consisting essentially of, or consisting of
two or more molecules of 3APS linked together with cleavable finkage. Thus, another aspect
of the invention relates to a compound of the Formuia i-P:

A—(L* — A)— LA (I-P)
as well as pharmaceutically acceptable salts, esters, metabolites, and solvates thereof,
where:

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

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

p is 0, or an integer number which may vary from 1i¢ 5, eg.2, 3, 4, or 5,
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20 b) Cyclic doubl e-protected prodrugs

phar maceutically acceptable salts, esters or
and X is selected fromO, NH, and S
pharmaceutically acceptable salts,
from Cl - Cl2al kyl, 02-Cl2al kenyl,
the foll ow ng conpounds.

More particularly,
sol vat es t hereof:
More particularly,

esters or solvates thereof: OR14 HR sic (X
C2- Cwal kynyl , C3-Cl5cycl oal kyl, C3-Cl5het erocy
Conmpound D1 Et0 HNS. Conpound D3 O N\ HN Conpound D

certain aspects
DX H'" 25 where
certain aspects

Those skilled in the art will readily understand that there can be a great number of
possible variations or orientations for coupling together three or more 3APS moielies (the
number of possibilities being 2", n being equal to 3 for a rimer (4 possibilities), n = 4 for
tetramer (8 possibilities), etc). Indeed, as exemplified with more details hereinafter with

5  gemini dimers, such connections could be made via the NH; group or the SO:H group of the
3APS moiecule. For instance, for a trimer of 3APS (i.e., 3 moiecules of 3APS), there wouid
be 4 difterent possibilities:

HNe—¢—"e¢— 2)6—¢—"¢; 3 6—"—¢"0— 4)¢—"—¢"—¢;
the symbol “¢” representing the NH, group of the 3APS molecule, the symbel *— the
10 SO:H group of the 3APS molecule, and the symbot ** represeniing the position of the
linkage.
Alternatively, the invention relates to a compound of Formula -P2:
| L {A)n (-P2)
and pharmaceutically acceptable salts, esters, and solvates thereof, where:
15 m is an integer from 2 to &;
Ais 3-amino—1-propanesuifomc acid moiety;
LY is a muliivalent carrier moiety for covalently and dissociably coupling from two o
five A moieaties, either at the amino or sulfonic acid end of A
20 in preferred embodiments, the compounds of the Formula P comprise or are
“Gemint dimers” i.e., they‘ comprise iwo 3APS molecules linked together with a cleavable
linkage. Thus, in another aspect, the invention relates to compounds of Formula -C {and
salts, esters and solvates thereof):
o8 >N T 80
° H H
25 (I-C)
wherein, L? is bivalent linker which connects two molecules of 3APS at their amino groups
either using the same or different linkages as defined herein, including, but not limited to,
amide linkage and carbamate linkage.
in another aspect, the invention relates to compounds of Formula i-D (and salts,
3C esterg, and solvates thereof): .
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certain aspects of the invention relate to a conpound of Fornul a

>-0\ 00 HN Conpound D4 O HN Conpound D6 <c) !m ne prodrugs More particularly, ce \ (
(Xrtr), and t(r)rpphar maceut i cal | ;/rpaccept abl e salts, esters or solvates thereof: 5 \\" FIiySOH RO (XII1) wherein, R15 and RTh are independently sel ected
froma hydrogen or a substituted or unsubstituted group selected from Cl-Cl2al kyl, C2-Cl2ai kenyl, C2-Cl2al kynyl, 10Cl5cycl oal kyl \’Nherei when both F115

I n one enbodi ne

C3- Cl5het erocycl oal kyl, Cs-C ary!, and C5-Cl5heteroaryl.
< f f | east one of R15 and R1

and Ft15 are substituted or unsubstituted aryl, then at _

enbodi nent, the invention provides conpounds of Forrmula Xl I1I, wherein when both

| R15 is substituted with a hydroxyl group at the ortho position. Conpounds of th
wherein, L* is a bivalent linker which connects two molecules of 3APS at their sulfonic acid :

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

limited 1o, ester linkage or anhydride linkage where X is oxygen, or sulfonamide iinkage

where X is nitrogen (NH, or NR), or thiosulfonate linkage where X is sulfur. Pis hydrogen or

a N-protecting group as defined herein.

In another aspect, the invention relates to compounds of Farmula I-E (and satts,

esters, and soivates thereof):
P H NP s
TSNS B g0
i (-E)

10 wherein, L® is a bivalent finker which connects two molecules of 3APS, at amino group

in one 3APS using a linkage as defined in Formula |-C, and at sulfonic acid group in
the other 3APS using a linkage as defined in Formula i-D. P is hydrogen or a N-
proieciing group as defined herein.
In preferred embodiment, the finker L, L° L% or L°, or the carrier moiety LY are
15 selected such that the two, three, four or five linked 3APS moicties may be converted in vitro
or in vivo, directly or indirectly, to reiease two, three, four or five pharmacsutically active
3APS molecules. The capability- of releasing the parent 3APS molecule(s) may be tested
and, in many cases, it can be predicted. More preferably, the linker is designed to bind the
3APS molecules via thelr nitrogen atoms (for improved profection against first pass
20  metabolism), but as exemplified hereinbefore, it is also possible to bind the 3APS molecuies
via the oxygen atom of their sulfonate group {e.g., through an esiar-type of linkage) or via
their sulfur atom (e.g., sulfonamide linked dimers}. Various permutations of the above are
alsc possibie. These skifled in the art will be capabie to select proper finkers and iinkage site
and test the resulting product for efficacy and for capabiiity of cleavage under various
25>  chemical and/or biclogical conditions. Compounds of the invention are also shown in Table

4B below.

Table 4B: Exemplary gemini dimers according to the invention

iD

Structure
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The invention pertains to both salt forms and acid/base forms of the compounds of
the invention. For example, the invention pertains not ony to the particular salt forms of
compounds shown herein as salts, but also the invention includes other pharmaceutically
acceptable salis, and the acid and/or base form of the compound. The invention aiso
pertains o salt forms of compounds shown herein.
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wherein, L4 is a bivalent |inker which connects two nol ecul es of SAPS at their
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are in themseives known, but afe not mentioned here. Certain novel and exemplary methods

of preparing the inventive compounds are described in the Exempilification section. Such
methods are within the scope of this invention. Functional and structural eguivalents of the
compounds described herein and which have the same general properties, wherein one or

10 more simple variations of substituents are made which do not adversely affect the essential
nature or the utility of the compound are also included.

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

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

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

20  modifications thereof.

The carbohydrate-derived prodrugs may be prepared by the methods #lustrated in
Exampie 1-D hereinafter, or by known coupling reactions depending on the linkage used
(carbamate, urea, amide, and the like), or by modifications thereol.

The N-hydroxy prodrugs and their derivatives may be prepared by oxidation of the

25  amine group, and by alkylating such N-hydroxy group when desired. The procedures io
accomplish these reactions are readily available and known to the skilled artisan.

The cyclic double-protected prodrugs are prepared according 1o standard procedures
for the cyclization of such groups, depending on the D and X groups used.

The compounds of the present invention may be readily prepared in accordance with

30 the synthesis schemes and protocols described herein, as illustrated in the specific
procedures provided. However, those skilled in the art will recognize that other synthetic
pathways for forming the compounds of this invention may be used, and that the following is
provided merely by way of example, and is not limiting to the present invention. See, e.g.,
“Comprehensive Organic Transformations” by R. Larock;, VCH Publishers (1989). It will be

35 {urther recognized that various protecting and deprotecting strategies will be employed that
are standard in the art (See, e.g., “Protective Groups in Organic Synthesis” by Greene and
Wuts (1951)). Those skilled in the relevant arts will recognize that the selection of any
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particular protecting group (e.g., amine, hydroxyl, thio, and carboxyl protecting groups) will

depend on the stability of the protected moiely with regards to the subseguent reaciion
conditions and will understand the appropriate selections.

Further illustrating the knowledge of those skilled in the art is the foliowing sampling

5 of the extensive chemical literature: “Chemistry of the Amino Acids” by J.P. Greenstein and

M. Winitz, John Wiley & Sons, Inc., New York {1261}, “Advanced Organic Chemistry:

Reactions, Mechanisms, and Structure” by J. March, 4th Edition, John Wiley & sons (1882);

T.D. Ocain, et al, J. Med. Chem., 31, 2193-99 (1988); E.M. Gordon, et al,, J. Med. Chem.

31, 219910 (1988); “Practice of Peptide Synthesis” by M. Bodansky and A. Bodanszky,

10 Springer-Verfag, New York (1984); “Asymmetric Synihesis: Construction of Chiral Moiecules
Using Amino Acids” by G.M. Coppola and H.F. Schuster, John Wiley & Sons, Inc., New York
(1987); “The Chemical Synthesis of Peptides” by J. Jones, Oxford University Press, New
York (1991); and “introduction of Peptide Chemistry” by P.D. Bailey, John Wiley & Sons,
inc., New York (1922). _

15 The synthesis of compounds of the invention is preferably carried out in a solvent.
Suitable solvents are liquids at ambient room temperature and pressure or remain in the
liquid state under the temperature and preséure conditions used in the reaction. The choice
of soivent is within the general skills of the skilled artisan and will depend on the reaction
conditions, such, tempsrature, the nature of the reagents and stariing materiat, solubility and

20  stability of the reagenis and starting material, the type of reaction, and the like. Depending
on the circumstances, solvents may be distilied or degassed. Solvents may be, for exampie,
aiiphatic hydrocarbons (e.g., hexanes, heptanes, ligroin, petroleum ether, cyclohexane, or
methylcyclohexane} and halogenated hydrocarbons {e.g., methylenechioride, chioroform,
ca,rbontetrachloride, dichtoroethane, chiorcbenzens, or dichiororbenzene); aromatic

25  hydrocarbons (e.g., benzene, toluene, tetrahydronaphthalene, ethylbenzene, or xylenej;
ethers (e.g., diglyme, methyl-fert-butyl ether, methyl-tert-amyl ether, ethyl-tert-butyl ether,
diethylether, diisopropylether, tetrahydrofuran or methylietrahydrofurans, dioxane,
dimethoxyethane, or diethyleneglycol dimethylether); amides (e.g., N,N-dimethylformamide,
N.N-dimethylacetamide); nitriles (e.g., acetonitrile); ketones (e.g., acetone); esters f2.0.

30 methyl acetate or ethyl acetate); alcohols (e.g., methanol, ethanol, isopropanol); water and
mixtures thereof. '

“Activated esters” and equivalent expressions may be representied by the formuta
COX, where X is a leaving group, typica exampies of which inciude
N-hydroxysulfosuccinimidy! and N-hydroxysuccinimidyt groups; aryloxy groups substifuted

35  with electron-withdrawing groups (e.g., p-nitro, pertafiuoro, pentachlore, p-cyano, or
prifluoromethyl); and carboxylic acids activated by a carbodiimide or other conventional
coupling reagents to form an anhydride or mixed anhydride, e.g., -OCOR? or -OCNR*NHR?,

55




H2ZN O 0 H\\4/ HOH 07 HO."c"...--..,"""---"" TANOO NH,S, a Nk 00 &8 HO

10

15

20

25

where R?® and R® are independenty C,-Csalkyl, CsCsalkyl (e.g., cyclohexyl),
C4-Cs perfiuoroalkyl, or C.-C, alkoxy groups. An aciivated ester may be formed in situ or
may be an isolable reagent. The ester leaving group may be, for example, sulfosuccinimidy!
esters, pentafiuorothioptienol esters, sulfotetrafluorophenol, substituted or unsubstituted
C-C; alkyl (such as methyl, ethyl, propy!, isopropyl, butyl, isobutyl, sec-butyl, teri-butyl,
pentyl, or hexyl), or substituted or unsubstituted Ce-C. aryl or heterocyclic groups, such as
2-fluoroethyl,  2-chloroethyl, 2-bromoethyl, 2,2-dibromoethyl,  2,2,2-trichioroethyl,
3-fluoropropyl, 4-chlorobutyl, methoxymethyl, 1,1-dimethyi-1-methoxymethyl, ethoxymethyl,
N-propoxymethyl, isopropoxymethyl, N-butoxymethyl, fert-butoxymethyl, 1-ethoxyethyl,
1-methyi-1-methoxyethyl, 1-(isopropoxy)ethyi, 3-methoxypropyl-4-methoxybutyi,
fluoromethoxymethyl, 2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl,
3-fluoropropoxymethyl, 4-chlorobutoxyethyl, dibromomethoxyethyl, 2-chioroethoxypropyl,
fluoromethoxybutyi, 2-methoxyethoxymethyi, ethoxymethoxyethyl, methoxyethoxypropyl,
methoxyethoxybutyl, benzyl, phenethyl, 3-phenylpropyl, 4-phanybutyl, a-naphthyimethyl,
B-naphthyimethyl, diphenvimethyt, triphenylmethyl, a-naphthyldipheylmethyl,
g-anthrylmethyl, 4-methylbenzyl, 2,4.6-trimethyibenzyi, 3.4,5-rimethyibenzyl,
4-methoxybenzyl, 4-methoxyphenyldiphenyimethyl, 2-nitrobenzyl, 4-nitrobenzyl,
4-chlorobenzyl, 4-bromobenzyl, 4-cyanobenzyl, 4-cyanobenzyldiphenyimethyl, or
bis{2-nitrophenylimethyl groups.

/I, Exemplary synthesis of amine acid prodrugs according to the invention

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

Scheme 1
R4 O
HN ﬁ\\ + R n X
O o]
R R2
base
?4 Ci)
OH
] Z/N%\ﬁ/\/\ﬁg
H1 R2

S// \\ 00

H N 2114
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wherein R', R? and R are as previously disclosed, R is R? or a protecting group, and X is

the leaving group of an activated ester.

in Scheme 1, a monoamino acid prodrug of 3-amino-1-propanesulfonic acid is
prodﬁced by reacting its free amino group (or a protected sulfonate ester variant) with an
activated ester of the desired amino acid (which may be Atprotected). Group G{OIX of the
activated ester may be an acyl halide, mixed anhydride, succinimide ester, or may be a
carboxylic acid activated by a pepfide coupling agent {e.g., carbodiimides (such as EDC (1-
(3-dimethylaminopropyl)-3-diisopropylethylcarbodiimide)) and uroniums (such as HATU (O-
(7-azabenzotriazol-1-yl}-N.N,N' N-tetramethyluronium  hexafluorophosphate))), in  the
presence of a base (e.g., amines {such as DIPEA (N N-diisopropylethylamine}, hydroxides
{such as sodium hydroxide), carbonates (such as potassium carbonate), efc), and optionally
& catalyst (e.g. 4-(dimethylamino)pyridine (DMAP), 1-hydroxybenzotriazole (HOBY). The
choice of base and catalyst will depend mainly on the nature of the activated ester.

At this stage, profecting groups (R® on amine or protecting groups present on
heteroatoms in R’ and R? groups) may be removed. Protecting groups on heteroatoms other
than on the amine may not be removed if further amino acid couplings are necessary (see
Scheme 2). Protecting groups of oxygen atoms may include benzyl and silyl ethers, acetals
and esters, protecting groups of nitrogen may include carbamates and fiuorene derivatives.
They are cisaved by widely used procedures (see, for example, Greene and Wuts (1991),
supra).

Scheme 2:
r g T3
OH
H 1N
= =t ) Rt Rz

base

RT HZ o3 O .

I
R OH
L\N%WNW{L“/\/\K
E H NS
R« C

BT R2 0

‘wherein R', RZ and R* are défined respectively as R', R? and R* but may or may not be the

same as R’, R® and R* in the above scheme, and R, R?, R*, R? and X are as previously
disclosed.

0=S

OH 0 H 00
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In general, after completion of the reaction, the product is isolated from the reaction
mixiure according to standard techniques. For example, the solvent is removed by
evaporation or filtration if the product is solid, optionally under reduced pressure. After the
completion of the reaction, water may be added to the residue to make the aqueous layer
acidic or basic and the precipifated compound filtered, although care should be exercised
when handiing water-sensitive compounds. Similariy, water may be added to the reaction
mixture with a hydrophobic solvent to extract the target compound. The organic layer may be
washed with water, dried over anhydrous magnesium sulfate or sodium sulfate, and the
solvent is evaporated to obtain the target compound. The target compound thus obtained
may be purified, if necessary, e.g., by recrystaliization, reprecipitation, chromatography, or
by converiing it to a salt by addition of an acid or base.

IV, Alternate routes and vehicles for defivering 3APS by minimizing or lessening hepatic first-
pass metabolism '

As indicated hereinbefore, an aspsct of the invention concerns new rouies of
{e.g.
pharmaceutical vehicies {e.g. patches, implants,

administration transdermally, subcutaneously, intranasally, efc.) and new
spray, formulations (including for orai

administration)) for iessening hepatic first-pass metabolism of 3APS.

Transdermal drug delivery devices

The delivery of drugs by the transdermal route is an area of increasing interest and
offers the advamage of allowing a prolonged steady input of drug into the blood.
Transdermai dellvery of 3APS is one preferred embodiment of the invention because it could
avoid hepatic first-pass metabolism that is associaed with administration of 3APS, and thus
increase the therapeutic effectiveness of 3APS. Transdermal delivery may also help avoid
the pain associated with injections, and may inprease dosage compiiance.

Accordingly, ceriain aspects of the present invention relate to a method for the
delivery of a compound according to the invention, preferably 3APS, to improve the
effectiveness of the compound in the treatment of cognitive disorders. The invention further
relates to a method of delivering a compound according 1o the invention, preferably 3APS,
wherein the compound may be administered in 2 fransdermal patch,
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di sti | | ed"GPYRER ST FUISOMAEYRICAFSY isgRen Flaned of dippikis andthefleg. ialenaydlk ocar bons (e.lg., hexanes, heptanes, ligroin, petrol eum ether, cycl ohexane, or

met hyl cycémyheianaey and dxdyadraganasiRered sl trRcadh apgicdlie 1 porimk by kbengeRkt ori de, chl orof orm carbontetrachl ori de, dichl oroethane, chlorobenzene, or

di chl oror ). olag:! I ' rocarbons (e.q.,..benzene, . tol uene, tetrahydrionaphthal ene, ethyl benzerre, or xylene); ethers (e.g., digiyne,

net hyl - t e@ﬁ%ﬁ%m gﬁger , ‘tﬂﬁg}ehséﬁéegf}yés%k'-naﬁr%?/?Ve%etd&él‘a?oagf'%Fr-%'?g?‘fklnglf?ws ether, diethylether, diisopropylether, tetrahydrofuran or nethyltetrahydrofurans,

di oxane, WirRiEeddeRAIeaRd thy celfrankyis eprigngio thedtamisr Hpdlustingdhy grughrates (e. g., N, N-di met hyl for mani de, N, N-di nethyl acetami de); nitrites acetonitrile); ketones

(e. .15 acé Gn@jannRat HSprefers loss 3P HEEGXHIeAS & ML R R cdikt@tfad: al cohols (le.g., nethanol, ethanol, isopropanol); water and m xtures thereof.
"Activated esters". and Hi val efng1 ex$r essi ons NF% be regr esent ed b¥ the fornmula COX, where X is a |eaving group, typical exanples of which include
e YRy St ARHRyP o

N- hydr oxy%rmr?'&%i‘ﬁ Y BRYOEVE] YEpE&anspey o1 | oxy groups isubstituted 35 with el ectron-withdraw ng groups (e.g., p-nitro, pentafluoro,
pent nchl orepainpiupgaess the spint i is sbmeimmsetehiydb)e thatnidk akibe kyleiaorelatietdovact | vat ed by la carbodii m de or ot her conventional coupling reagents to form an anhydride

or m xed AHBVA 6 rBisBission %dgér 5 %W%@QF%?%@& ?°ﬁ529f1?38%§§9ﬁ£;e i ndependently 01-C6 al kyl, 05-C8 alkyl (e.g., cyclohexyl), C-Cc perfluoroalkyl, or

Cl-C6 al k x_%/eé?rou s. An activated ester may _ _ be an isoliabl e reagent. The ester |eaving group may be, for exanple, sulfosuccinim dyl
esters, pcg?rll P%‘r%ofrhi’raﬁ’ht@rfﬁ?'mé@tt@? gealiy g fith @averar iskip rypreleay ersuRst i t ut ed or unsubstituted 5 01-06 al kyl (such as methyl, ethyl, propyl, isopropyl, butyl,
i sobuayy| , (egedertneripds integtdss btk \day) fedibyihg trer sidhens\ordath, @ris Sed8édichble @t or unsubstitiuted Ce-Cl4 aryl or heterocyclic groups, such as 2-fluoroethyl,

2-chl or oet.ly 2 , - di. . 2,.2-trichloroethyl, 3-fluoropropyl, 4-chlorobutyl, nethoxynethyl, 1,1-dinmethyl-1-nmethoxynethyl,
et hoxy mﬁhgpgc@ph?g%%@m? ?e'ﬁ“ggfﬁ)‘ﬁ*@g"g@@ hﬂ‘/‘F"%Tﬁséﬁ %%?3%'??1&'?19?",&? ert-butoxynet hyl, 1-ethoxyethyl,

101- et hwi%ﬂhwwy@ﬁ Ryhe garfips Bysiuging Kp)dsethgid By aeityamegndepsidients, gt hoxybut yl ,  fil uor omet hoxymet hyl, 2,2, 2-tri chl or oet hoxymet hyl , bi s(2-chl or oet hoxy) net hyl ,
3- f | uor opmppeaty fracthB Bhoking ttBiabicon BLedmidMents gioaje@mfrﬁg@gmtrgmns - Chl or oet hoxypropyl, fluoronethoxybutyl, 2-nethoxyethoxynethyl, ethoxymethoxyethyl,

et hoxy et DOXIRT ARy, (SFH0 SXYRh) 2K Botiofmaniy e sl NS Gt0 Yasirasns it hg. Pr OPY! - 4-ghenyibutyl, a-napht hyl met hyl,
25  backing not absorb drug or other excipients from the carrier. in connection with the :
preparation of ceitain reservoir-type transdermal drug delivery devices, it is also dasirable for
the backing to be heat seaiable at a ralatively low temperaiure 1o itself and to a variety of
ofher polymeric substrates. Backing materials that have found use in transdermal drug
gelfivery devices include metal foils, metalized plastic fiims, and singie lavered and

30  muliiiayered polymeric films (see U.S. Paient 5,264,219).
Membranes useful in the construction of a transdermal patch are known in the art
and include, but are not limited to, CoTran™ membranes commercially available from 3M,
such as the COTRAN™ 9701, 8702, 9705, 9708, 9715, 9718, 9726, and COTRAN™ 8728
membranes. Backing useful in the construction ot a transdermal patch are known in the art
35  and include, but are not limited to, backing material commercially available from 3M, such as
COTRAN™ and SCOTCHPAK™ backings. Likewise, iiners are well known in the art and
may be obtained from a number of commercial sources. Optionally, a gelling agent may be
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1513- napht hyl net hyl , di phenyl met hyl , t ri phenyl net hyi, ci - napht hyl di pheyl net hyl , 9-ant hryl net hyl , 4- net hyl benzyl , 2, 4, 6-tri nmet hyl benzyl, 3, 4, 5-tri net hyi benzyl ,

4- met hoxybenzyl , 4- met hoxyphenyi di phenyi net hyl , 2-ni t robenzyl , 4- ni trobenzyl, 4-chl orobenzyl, 4- brom obenzyl, 4- cyanobenzyl, 4-cyanobenzyl di phenyl net hyl , or

bi s(2-ni trophenyl ) net hyl groups. 20 Exenplary synthesis of am no acid prodrues iaccording to the invention The followi ng schenmes are for illustration
pur poses and are not intended to be limting. The coupling of 3-am no-1 -propanesulfonic acid with a first amno acid may be generally represented by Schene
1: 25Schene 1: 54 "-N H2N-SR7 R1 R2 if base 1540 1 R R20 wherein Rl, R2 and R4 are as previously disclosed, Fiz is R3 or a protecting group, and X is the

| eaving group of an activated ester. In Schene 1, a nonoam no acid prodriug of 3-am no-1-propanesul fonic acid is produced by reacting its free am no
group (or a protected sulfonate ester variant) with an 5 activated ester of the desired am no acid (which nmay be N-protected). Goup C(0)X of the activated
est er mayphatynaduey|at lalto @ev. by xeuna rdwylithyi apents siacodenibnt ate restieitsd or may be a carboxylic acid activated by a peptide coupling agent (e.g., carbodiim des

(such as CEQ% ét;] a(;g, (glémt é{iw%n REGORY Lhe 3¢ rﬁQrperRW %; %\iw@paboqu%i m de)) and uroni uns (such as HATU (0- (7-azabenzothazol-1-y1l)-N N, WNttetranethyl uronium
ropho

hexaf | uo he 1 presence i) (such as D PEA (N, N-diisopropyl ethyl am ne), hydroxides (such as sodi um hydroxide),
car bonat €8/p w&walbbée'lﬁét &8 gy c depboviainey Céﬁﬂ?fc'aéhdu alragenanet al yst (e. g.: 4- (di net hyl ami no) pyri dine . (DMAP), 1-hydroxybenzotriazole (HOBO. The choice

of base mmWShyamﬁﬂutrcd@B@mdrsmuah yasom,om,aayg@@t @&;@e@fpdimy@gﬁgn\éat ed ester. At this stage, protecting groups (R3 on amine or protecting groups present on
15 hetero%}omsr J ey . ed Protectlngjgroups on heteroatons other than on the ami ne may not be renoved if further amno acid
coupl i ngsD g?)@’pﬁgﬁ saﬁ?g n%yf y 'ﬁ?oq[ eccte gs'cgr%cﬁ'm of Bxygen atons may iinclude benzyl and silyl ethers, acetals and esters, protecting groups of

ni trogen wamhd@e%mbar rinl@syGehYU fdem%ne Ferdoiypeanyl e snetifireluleiee cl eaved by widely used procedures (see, for exanple, G eene and Wits (1991), 20supra).

Scheme  2:hygroxypropyl methyicellulose phthalate, and methyl cellulose; gums such as tragacanth and
xanthan gum; sodium alginate; and gelatin. _

Those skilled in the art will readily identified the proper.combination and/or

10 concentration of backing layer, drug reservoir, membrane, carrier, backing, penetration
enhancer, gelling agent, etc. If necessary, one could refer to the numersus publications on
the subject, including the patent literature such as EP 1 602 367, US 2005/013384, US
2005/0074487 and US 2005/17568¢ all describing transdermal drug delivery devices and
associated. For instance, the absorption through human skin of a drug may be used fo

15 determine the feasibility of transdermal delivery with a particuiar carrier or vehicie., For
exampie, penetration of a compound according to the invention, preferably 3APS, across
human epidermis may be measured in vifro using glass diffusion cells. Thereiore,
optimizaiion of the compound’'s gbsorplion is achieved by use of formulations disclosed
herein and known in the art as penetration enhancers. Additional well known tests and

20  assays inciude permeability rate studies, absorption studies, diffusion assays, time-course
profiling for penetration across human epidermi’s, irrifancy studies, eic.

Clinical studies indicate that an oral dose of a 3APS of about 100 and/or 150 mg bid
may produce a beneficial treaiment for cognitive disorders, such as AD. Since transdermal
administration of a campound according to the invention, preterably 3APS, is believed 1o be

25  subject to reduced first-pass metabolism, the dosage of a SAPS may be reduced when
administered transdermally. On the other hand, transdermal adgministration couid be helpfut
to increase the desage of SAPS by avoiding common side effects such as gastrointestinal
irritation associated with an oral administration of that drug.

A beneflt of a fransdermal dosage form includes improved subject compliance, due 1o

30  the possibility of reduced administrations. For example, a transdermal patch of the invaniion
may be formulated so as o provide one, two, three, four, five, six or seven days of
medication. In an exemplary embodiment, the ransdermal patch provides medication for
about three days, before it is desirable to replace the patch. In another exemplary
embodiment, the iransdermal patch provides seven days of medication, before it is desirable

35 to replace the paich. In addition, the transdermal dosage may be formulated with any
desirable dosage of a compound according fo the invention. For example, the transdermal
dosage may provide the equivalent dosage to oral administration of 100 mg bid, 150 mg big,
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R4OR4, 11 ,,,..OH .... -Nn NSR2ZH IINNORROFir R' jf base 25 wherein Fél R2' and R4 are defined respectively as RL. R2 and R4 but nmay or may not be
the sane as Rl, R2 and R4 in the above schene, and R'1, R2, R4, R3 and X are as previously disclosed. Schene 2 is used to produce prodrugs conprising
two or nore am no acids attached to SAPS. Coupling conditions are generally the sane as described for Schene 1. Subsequent ami no acids are added in the sane
manner, with a deprotection of the am ne group between each coupling step. If o;%t her protecting groups are present on heteroatons of 5 the residues, they nmay
be renoved during a | ast chem cal step. In general, after conpletion of the reaction, the product is isolated fromthe reaction mxture according to
standard techni ques. For exanple, the solvent is renoved by evaporation or filtration if the product is solid, optionally under reduced pressure. After the
conpl etion of the reaction, water may be added to the residue to make the aqueous layer 10 acidic or basic and the precipitated conpound filtered, although
care shoutd rhg bk 83k ing e, ®he mghaid disiomgg wiat er 409 ems bit'i Aesicbnpobmdsrmabi m | arly, water nmay be added to the reaction mxture with a hydrophobic solvent to

extract t L icol e e 1 ter, dried over anhydrous magnesium sul fate or sodium sulfate, and the solvent is
Bl & 98ing AP Wlilaienl MosI R lof RN ih_ GO1ARICHG M Nod®

evaporated to k arget conpound. arget conpound S obtai ned 15nay be purified, if necessary, e.g., by recrystallization, reprecipitation,
chr omat ogfdapkstereg o Bypuliem @ ra desijed periog o tag) fer eramalgdion weekafangiiheicd d or base. IV. Alternate routes and vehicles for deliverino 3APS by nininizing or |essen

no hepat i gatdh drplarcRas Bavigtiad edniivint d6¥AGe dshacatifkiedntd: b6 her B¢ mappaspect of the invention concerns new routes of admnistration (e.g. transdernally,
subcut.ane , ipntranasal ly. etc.) and new pharmaceutical vehicles (e.g. patches, inplants, spray, forrmulations (including for oral adm nistration)) for
I essen?ngg#ﬁ'lﬂ)%t%a 'ieg rPgr’ri‘?"rc{s.étg '-reﬁlapss‘b%%t%%l i sm of SAPS.

Also included within the invention is a kit, which may contain a desired supply of

patches, for exampie, a one month supply of transdermal patches. Optionally, a kit may be
organized into a piurality of, e.g., three, differently identified (numbered, colored or the like)
parts, wherein the contents of a first part are initially administered, followed by administration

10 of the contenis of a second part; which are then foliowed by administraiion of the contents of
the third part. Aiternatively, a kit may contain a combination of patches and oral
formuiations.

V. Subjects and Patient Populations

15 The term “subject” includes living organisms in which AB-amyloidesis can occur, or
which are susceptible 1o Ap-amyloid diseases, e.g., Alzheimer's disease, etc. Examples of
subjects include humans, chickens, ducks, Peking ducks, geese, monkeys, deer, cows,
rabbits, sheep, goais, dogs, cats, mice, rats, and transgenic species thereof. The term
"subject” preferably inciudes animals susceptible {0 states characierized by neuronal cell

20  death, &.g. mammals, e.g. humans. The animal can be an animat mode! for a disorder, e.g.,
a trénsgenic mouse with an Alzheimer's-type neuropathology. In preferred embodiments,
the subject is a mammal, more preferably a human subject.

The term “human subject” includes humans susceptible to benefit from 3APS
adminisiration, and more particularly those susceptibie to or diagnosed of having an

25  amyloid-p related disease and/or suffering from a neurodegenerative disease, such as
Alzheimer's disease, Parkinson's disease, eic.

In certain embadiments of the invention, the human subject is in need of treatmeant by
the methods of the invention, and is selected for treatment based on this need. A subject in
need of treaiment is art-recognized, and includes subjects that have been identified as

30 having a disease or disorder related to B-amyioid deposition, has a sympiom of suéh a
disease or disorder, or is at risk of such a disease or disorder, and would be expected,
based on diagnosis, e.g., medical diagnosis, o benefit from treatment (e.g., curing, healing,
preventing, alleviating, relieving, altering, remedying, ameliorating, improving, or affecting
the disease or disorder, the symptom of the disease or disorder, or the risk of the disease or

35  disorder).
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25 Transdermal drug delivery devices

al | owi ng a prol onged, steady input of drug into the blood. Transdermal delivery

hepatic first-pass nmetabolismthat is associated with adm nistration of 3APS, apd t hus 30
and may increase dosage conpliance.

delivery may al so help avoid the pain associated with injections,
invention relate to a nethod for the delivery of a conpound according to the in
treatnent of cognitive disorders.
t he conpound may be administered in a transdermal patch. Transder mal dr ug
t echni ques andocermppietiedumeh suthiemdmay the at fuaag lovér 30 Jears bids bumanTevanstler mal drug d
opti onal Igéabbeor@m&%v&fsoaye%@agrg ﬁﬂnﬁp&bé?éé Gdard 1;!& M ndindl 4By rﬁﬁcﬁgym r,

systemto the skin surface, an adhesive fornulation to atta t he dellvery

drug, thudd ﬁrwaﬂloﬁifagyﬁ%'?é"dr ﬁﬁ’é‘t‘]ﬁ‘%ﬁ’\@r%b‘%ﬁs@ o & EaE NP AYE2T SN Cbpl i cat i on of |

i nvol ve mmmnrwergs(;&usmcashasdummndy be &Gerge@d hurtdn, BoiLdicy ABbduindnop@lisal pressure se

drug- contgj nj.ng, s&rﬁ&nrahgge%gr oy réy? cé,%gﬁg%eag,rys Sekgub}ég’i glong W th a“y

n'% r]rrayl 5
of the carrier t re not " nocon %1 Cover ed by a
cont ai neclaj'fcrrbec%@‘a'@élﬂmﬁ'ér*“ amqﬂtqr@mbﬂ@mprretharsurggct fSrl{Bﬁﬁ!F"rQ&e@'h@idenw ronment and previ

Because hydr atj p.rafeﬂgdb;h@oﬁérﬁtg w;gggreaﬁgghmaﬂgmmtﬁaq,ngana&ﬁ@mgrsaggg)ort of certain drugs across the skin,

relatively |ow, ur e vapor t m. ssion,rate
of the colerBaRPR AE Fressph B R ASERT
have r el altdny eharadigrighic pernerdiabad wek as thequwm Oﬂlﬂktfhmq}frﬁ dascriobe baekiimg is in cont
and exci PhgibS, a irkimbér bf”&%ﬁo@ﬂ:t tés&aﬁasrea%nb Krn%game nélsrar%eartzestﬁg%%w”pone“t S |

and conforna i1t i n. esirab acking not a
pr epar at i YRIaHe @é#ﬁ‘i‘fﬂﬂq E’Q‘éﬁd‘d"ﬂ? P‘Vhf’)}‘ﬁlée f‘ParFé’ﬂ@?‘?F%ﬂ'e d’?“{}ﬁd”@@ﬁ“ﬁ@r")@ BVices, it is

t enper at uklehebroeristdisabfe camcodt diagnoged bethy Cihicalt Teatienpd Ryimgr (CDRS w4, Mabies. Backi ng n
nmetal foi [ I e i i layered pol
constr uct%%ga'gs{a@ ég'qm%‘c}ﬁm@f"&Sét ﬁ&g}rﬁé}%nébsm@%e A%S%xsqﬁeﬁ‘? % é‘%m&%e but are n
COTRANI Tn¥4peeaie (@3/1’@200997@56”3’93?'@% lesy Jpown G7ipe artogpeiscuasag i@erABmfm@?zs menbr ane

art $5 agdrdsnel sudshie bidtrrc@frﬁluﬂi% trlrd mwrsgchrrdqne haﬁsltdmtrmamw bﬁhbr mempercial ly avai

|1 |
Sorume, | R bl Y frof o8 acbiefort B el i B B ek RBH R Rag. 9oy Lo ad

car boxypoﬁ\fmekyﬂe@wé@ﬂlmﬁymwnbierl@mrammetdizmmsm fa rhqwrairltrdmd triteintin adename CARB
5pol YOXypth@QbMe@Q& 8¢ p%mm%re§aramu%g \éh{%rﬁéamgj?ﬁphﬁ&&bg%wlr&sé oP@bYMers, such as

met hyl cel | ul ose, | ul ose and nethyl cellul ose;
ki 1 e i BAIERE S G T D LA faNga6t i7ah 2B G2 5P BeT TeBH PRI Phnd or 10 cd

penet @t | sreepinb doveany sigrel df meghoagiest or otitee drhlcﬁitrémmmq/wrtme-ﬁmuhﬁrﬁ efer to the
EP 1 602 051 2 4 )/ | descri bi ng
absor pt i G LI anaRiL torp o SRR BB Bk Rt M XM ¢ (e T east |
exanpl e, ‘B’@ﬁ‘é‘f‘?‘é%ﬂ%’r}r asnety f%?ﬁﬁ&ﬁaé@%@%@m ﬁ@ertfeatvrﬁéfquwwrdem highvigh er abl y 3APS,
Ther ef or epr Aphdimerzdisease. of t he conpound' s absorption is achieved by use of forn
Addi tional well known tests and 20 assays include perneability rate studies, a
across human é“lb'p mr?prgyeriﬁpm"iqrémggpngmgjdﬂ @ uset o describe the administration of a

25  compound or composition of the invention to a subject who is at risk of (or suscepiible o)

O retaln nolsture at

such a disease or condition. Patients amenabie to treatment for prevention of the disease or
condition include individuals at risk of the disease or condition but not showing symptoms, as
well as patients presently showing symptoms. In the case of Aizheimer's disease, virtually
anyone Is at risk of suifering from Alzheimer's disease if he or she iives long enough.
30  Therefore, the present methods can be adminisiered prophylactically to ihe general
population without any assessment of the risk of the subject patieni. But the present
methods are especially useful for individuals who do have a known risk of Alzheimer's
disease. Such individuals inciude those having relatives who have experienced this disease,
and those whose risk is determined by analysis of geneiic or biochemical markers, including
brain plagues diagnosed by imaging methods, e.g., MA!, PET, SPECT efc..
such imaging methods are discussed in Burgaren et al., Current Topics in Medicinal
Chemistry, vol. 2002, no. 2, pp. 385-393, and Sair et al., Neuroradiology, vol. 46, pp. 83-104

35 Examples of
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The delivery of drugs by the transdernal

The invention further 35relates to a nethod 05 dellverlng a conpound according to the invention,

a mcroporous menbrane that

Y. Sgdtsea?e ‘fr‘anﬁ’érrrefﬁ?g'z?% excess of a

route is an area of increasing interest and offers the advantage of
of SAPS is one preferred enbodi nent of the invention because it could avoid
i ncrease the therapeutic effectiveness of SAPS. Transder mal
Accordingly, certain aspects of the present

to inprove the effectiveness of the conpound in the
preferably SAPS, wherein
g delivery devices according to the invention can be manuf act ur ed usi ng
elivery devices typically involve includes a backing |ayer, which may
5 controls the rate of delivery of the drug fromthe
Systenrto a subject. Optionally, the adhesive fornulation may include the

the patch to a subject. Transdernmal drug delivery devices also typically
%srtive adhesive) into which the drug to be delivered is incorporated. The
adj uvants and excipients, is delivered to the skin. Typically the portions
backlng The backing serves to protect the carrier (and the conponents
ents loss of the ingredients of the drug delivery device to the environnent.
it is sonetinmes desirable that the backing have a
the site covered by the drug delivery device. in order to maintain the health
day) by allowing the skin to breath, it is also desirable that the backing
act with the conponents of the carrier, i ncluding the drug and any adjuvants
n order that the backing retains its structural integrity, tensile strength,
bsorb drug or other excipients fromthe carrier. In connection with the
al so desirable for the backing to be heat sealable at a relatively | ow
aterials that have found use in transdernmal drug delivery devices include
ynmeric films (see U S. Patent 5,264, 219). Menbranes useful in the
ot limted to, CoTranTm nenbranes commercially available from3M such as the
s. Backing useful in the construction of a transdermal patch are known in the
| able from 3M such as COTRANTm and SCOTCHPAKTm backi ngs. Likew se, liners
es. Optionally, a gelling agent nay be optionally added at up to 20% by
id polymers, such as the "carboner” famly of polyners, e.g.
OPOLThi ; hydrophilic polyners, such as pol yethyl ene oxi des, poiyoxyethyl ene-
hydr oxypropyl cellul ose, hydroxycthyl cellul ose, hydroxypropyl

guns such as tragacanth and xanthan gum sodium al gi nate; and gel atin. Those
ncentration of backing |layer, drug reservoir, nenbrane, carrier, backing,
numer ous publications on the subject, including the patent literature such as
transdernmal drug delivery devices and associ ated. For instance, the
ility of transdermal delivery with a particular carrier or vehicle. For
across human epiderm s may be measured in vitro using glass diffusion cells.
ul ati ons di scl osed herein and known in the art as penetration enhancers.
bsorption studies, diffusion assays, tinme-course profiling for penetration

vention, preferably SAPS,




Clinical studies indicate that an oral dose of a 3APS of about 100 and/or 150 m
Since transdermal adm nistration of a conpound according to the invention, pref
t he dosage of a SAPS nay be reduced when adm ni stered transdermally. On the oth
of SAPS by avoi di ng common side effects such as gastrointestinal irritation ass

dosage formincludes inproved subject conpliance, due to 30 the possibility of
may be formul ated so as to provide one, two, three, four, five, six or seven da
medi cati on for about three days, before it is desirable to replace t he patch.
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subj ect i Pemewd Rafing (‘SaRNEALhéisear disdaes agearasht Sasie-Copidndemibsect s that have
deposi ti OPisaklfy A@sé‘&rﬁ@ﬁtofm Q)tanéh'ﬁ:ah “@Agz%‘?%ﬁ I\R-:r(lta(l‘j's?é?é %QEH‘IIH%OHI (%\ﬂl?é g1 sk of such

medi cq % di acﬁ Qs é fromtr nc}; preventi ng
af f ect'f ng®tHE€ Hlag’é%f @%Pn‘m‘k%?‘t(f@?m‘f'H?%nptom of the d| sease or disorder, or t

may be a humarn @rethe3@my@imsntothd , humanesubjevtesxhibls ye asysipiohd, of aalihgireans over 50 year
years ol dd:s@as@“i’ﬁ%oﬁ\é?[emgédt%@rﬂr heQubecids AHTERL AY Jarsg ¢ 4Py 8{?} tts g5 a human ove

5 femal e hunman hornone (estrogen acenent erapy. The subje
years ol dSymptoms of pt‘??eﬁ?eéfs@isﬁ%?f éh%f@iﬂ‘ieﬁ%'ﬁ?@'met% %Dﬂﬂ‘@b’t“bl%t iaaHesAC subj ect havi
Al zhei mer yeargét sgaasd eaibithend @0NES symslomhs smmmﬁeaghséa@tl c denentia, as well as
) 20nart] © | e B haRInERoRORN LhS Y AEHALANE ool REIAE PR Lo ©, 1T
Scal e- CoghPeRlides BiiabigcEs pl%omp@broapma@‘wﬂ (GShEeoulcizy sigmiigantlyi mducke art, as dis

the ADAS #&feivBIE brioMs heamb@crwafeasdum @%am@@ipér@er@v@eb@;&oat 415 @R’ mal  popul at
an at rls%agrou utili protein in the urine; see,

1. Patient® RFtH T hFEh 1?’e?ﬁa28?g{i\layzohggrr§$’eg% %5e8 3$éaﬁ°%ﬂ“§'39'5bén §§F@'&t ed froma p

embodiments, the human subject can have an elevaied level of amyloid APsy and AR

25  peptide in the bicod andfor CSF prior to a treatment according to the present methods, e.g.
ABy; levels of greater than about 10 pg/mL, or greater than about 20 pg/mL, or greater than
abeut 35 pg/mL.

200 pg/mL, or even 1o about 50C pg/mL. Similarly, according to some embodiments, the

, OF even greater than about 40 pg/mL; and AB., levels 30 pg/mL to about

methods and compounds of the present invention help reduce the size and/or number of AR
30 plagues or AB deposits in the brain, from about 10 to about 100 perceht, or even about 50 1o
about 100 percent, e.g., 15, 25, 40, 60, 70, 75, 80, 90, 85 or 99%, when compared 1o levels

prior ic freatment.

Vi, Pharmaceaufical Cornpositions

35 Preferably, the compounds of the invention are formuiated prior to administration into
pharmaceutical compositions using techniques and procedures well known in the art.

Accordingly, in another embodiment, the present invention relates to pharmaceutical

83

ol

) bid may produce a beneficial treatnment for cognitive disorders, such as AD.
erably 3APS, is believed to be 25 subject to reduced first-pass netabolism

er hand, transdernal administration could be hel pful to increase the dosage
pci ated with an oral administration of that drug. A benefit of a transderma
reduced adm ni strations. For exanple, a transdermal patch of the invention
ys of nedication. In an exenplary enbodi nent, the transdermal patch provides
n anot her exenpl ary enbodi nent, the transdernmal patch provi des seven days of

r ansder mal dosage nmay be fornulated with any desirabl e dosage of a conpound
equi val ent dosage to oral admnistration of 100 ng bid, 150 ng bid, 200 ny
pat ch(es) having the equival ent dosage to oral adm nistration of 150 ng bid

' weeks, and then a patch or patches having the equival ent dosage to oral

Al so included within the invention is a kit, which may contain a

es. Optionally, a kit may be organized into a plurality of, e.g., three,

nts of a first part are initially adm nistered, followed by adm nistration

of the contents of the third part. Alternatively, a kit nay contain a

Nns 15The term "subject™ includes living organisns in which Ap-anyl oi dosis can
etc. Exanpl es of subjects include humans, chickens, ducks, Peking ducks,
ransgeni ¢ species thereof. The term "subject"” preferably includes ani mals

g. humans. The animal can be an animal nodel for a disorder, e.g., a

nts, the subject is a mammal, nore preferably a human subject. The term
and nore particularly those susceptible to or diagnosed of having an 25
such as Al zhei mer' s di sease, Parkinson's disease, etc. in certain

met hods of the invention, and is selected for treatnment based on this need. A
been identified as 30 having a disease or disorder related to p-anyioid

a di sease or disorder, and woul d be expected, based on diagnosis, e.g.,

., alleviating, relieving, altering, renmedying, aneliorating, inproving, or

he risk of the disease or 35disorder). For exanpl e, the human subj ect
s old, a human over 60 years old, a human over 70 years old, a human over 80
r 95 years old. The subject may be a fenal e human, including a postnenopausal
ct may also be a mal e human: in another enbodi nent, the subject is under 40
ng an Al zhei nmer' s-type neuropat hol ogy. Individuals presently suffering from

t he presence of risk factors described below In 10 addition, a nunber of
dentifying individual s who have AD. For exanple, individuals suffering from
., Mni-nental State Exami nation (MMSE), Al zheiner's D sease Assessnent

cussed herein. Baseline 15 scores on suitable netrics including the MVBE and
on can be used to find an at risk popul ation. Another method for identifying
e.g., Minzar et al Neur ol ogy and dinical Neurophysiol ogy, Vol. 2002, No.
opul ati on by




20 screening for early signs of menory loss or other difficulties associated with pre-Al zheiner's synptomatoi ogy, a family history of Al zheimer's D sease,
patients with MIld Cognitive Inpairment (MCl), genetic risk factors, age, sex, and other features found to predict high-risk for Alzheiner's Disease. The
term "prevention” or "preventing"” is also used to describe the adm nistration of a 25 compound or conposition of the invention to a subject who is at risk
of (or susceptible to) such a disease or condition. Patients anmenable to treatnent for prevention of the disease or condition include individuals at risk of
t he di sease or condition but not showi ng synptons, as well as patients presently showi ng synptons. In the case of Al zheiner's disease, virtually anyone is
at risk of suffering fromAl zheiner's disease if he or she lives |ong enough. 30 Therefore, the present nethods can be adm ni stered prophylactically to the
general popul ation without any assessnment of the risk of the subject patient. BéJt the present nethods, are especially useful for individuals who do have a
known ri sdyoanosrﬁér%hegrwuumsdsma&%msSuahultnaﬂb)\tbrdpralng eff@tibdigifodntas endiavi ng rel atives who have experi enced this di sease, and those whose risk is determ ned by
anal ysis of n C kegs ud| 35 brain gques di agnoseizl by i magi ng nmethods, e.g., MR, PET, SPECT etc.. Exanples of such imaging
nmet hods aé)e 'l%s'gct ga Q&%&I@nh gny E{a{qe ‘E"'Eh’lae re:nl_aﬂd ph%mf\‘féeapcaiﬁ%al Chem stry; vol. 2002, no. 2, pp. 385- 393 and Sair et al., Neuroradiology, vol. 46,
pp. 93- 10@09F€12@@2?h101%l¥h@$”n%9r "@thgﬁ%efawgpﬂ@mgmé@twggfsam phasmpekeiaal f i ed or proppsed in the scientific Ilterature i ncl ude, anong ot hers, a genotype

pr edi sposbdag,ogi,@gbj ect to Al zhei ner's disease; enV| ronrrent al fact ors predisposing a subject to Al zheiner's disease; past hi story of infection by viral and
bact er age mer' s di sea pd vascular 5 factors predisposing a subject to Al zheiner's disease. Genetic markers of

redis
risk t vvard Al ﬁé"g "g'ic% &BO?'WEFEE? ftOFH]LﬁﬁtF? B’?Pssq'tﬁb'? ﬁ%‘“ﬁﬁﬁtﬁgﬁ%r a¥particul arly nut ations at position 717 and positions 670 and 671 referred to as the Hardy
and Swedi saenteralgt i(0h3Mr deqoaltt, iSleland (cepe Iy dybliegualy, .intrafadiy B0haldidd); 158 (1997) ). Other markers of risk are mutations in the presenilin genes, PS1 and P52,

and ApoE4in;fRddalny th,&Wra( rgémﬁpsmmgr ﬁ%%@&tﬁél@'&%ﬁaﬂ ve]hQiiesaihaﬂ oscl erosis. Tgne subj ect may be shown to be at risk by a diagnostic brain imaging

techni que, for exanple, one at neasures brain activit NF g geposml on, brain atrophy. The human subject may al so be shown to be at risk by a
cogni t i veWinout “'@@81’{‘ é’é’y CPR-FRBU0S R RIFR TECTRAES! ﬁ@”‘?‘"@m’?m suiablgdPn@b s di sease AsSessment Scal e- Cogni ti on ("ADAS-Cog"), Disability Assessment for Dementia
("DAD ) oparddisral, Mashialmubbsd, etrﬁ)eaﬂmmatioﬁlﬁal( inddBiscdl, tvamdineavaesulangivipt her cognition test known in the art. I n anot her enbodi nent, the human subj ect

exhi bllés Hga%%n%t(&nqmpa{m#&%edngﬁgg%% ﬁgo%sé%@)l 208 4:&%&0 r[TBt%gI Al the subject. is at |east 40 years of age and exhl bits no synptons of Al zheiner's disease.

i n anot her ears 0 age and exhi blis one or nore synptons of Alzheimer's disease. 20By using the nmethods and
corrpoundspmpftalfﬁeblﬁiﬂ’a‘é%ﬁ@ (PBRIeNs?.die P@WHW@@OQ 'Q@fUdWCbICG“EOL{ﬂé§)Wh'§@S in a subject's plasma or cerebrospinal fluid (CSF) could be significantly reduced from

| evel s prhae obén tyamtzg@g,sdﬁﬁ,gnmapgypecggst&@e@gqm“ %mu&gmam@;ﬁta@yen about 50 io about 100 percent, e.g., 15, 25, 40, 60, 70, 75, 80, 90, 95 or 99%
Accor di ng can have an el evated | evel of anyloid A640 and A342 95 peptide in the blood and/or CSF prior to a

t r eat ment E{E%%Pa?ﬁ’g ?'B'Hlsﬁ%t'oﬁr%%%H?“%E'%d‘g'tra@“if“‘a%\Mﬁ’ WEECYS Bfeclieat er than about 10 pg/ i, or greater than about 20 pg/mL, or greater than about 35 palni,
or even ghapitietratichamy also bt ind@dggpendr transtkrA842 | evel s 30 pg/ nL to about 200 pg/rrEL or even to about 500 pg/nL. Simlarly, according to sone enbodi nents, the

met hogls and c%g%ﬁqgg cg;, bggeso%ﬁs&;ry!s b@)ﬁ‘ﬁ%édﬂﬂn Q&{tgmﬁdeq&qﬁ hBe, \gététe and/ or number of A6 30 plaques or Ap deposits in the brain, fromabout 10 to about 100
percent, or even 50 t 8 percen % 60, 70, 75, 80 90, 95 or 99% when conpared to levels prior to treatnent. VI.

Phar maceufiel p@éﬁ?ﬂﬁé?élei‘?rbﬂ%’ @@Wéfpé‘i‘péﬁ?ﬂ? QIYP?{ea’@dﬁﬁ‘gt?ﬁblgthﬂ?”et%@OI #0@ntion are formulated prior to administration into pharnmaceutical conpositions using
t echni quetie i)l sprratediaes ki, Kowsgetabie bike Tas bropék@lomtyhangieynammnmot her enbodi ament the present invention relates to pharmaceutical conpositions (e.g

sol utions,, r S e f one or nor conpounds according to any of the Fornulae herein and a pharnaceutlcally
V%%ﬁ‘?)ﬁ'%ng:u& f%aﬂgé?ﬁc% Ga%OIQB{hEn bggne rtng ﬁ‘tgﬁdn\é ofa #] red ;e

accept abl e nmanu such phar maceut i cal conposi tions. 5The pharnaceutical conpositions are fornulated into
sui tabl e Ratiensize ip e e pioisnersjen %ﬁlﬁrbémeelfsﬁquwﬂﬂavts ﬁ’ﬂwef’éi@p@f T'PMCTISE arid depo ,SC) sublingually, intranasally (inhalation), intrathecally, topically, or

rect abty) of @érdo@gh@mgt'@ﬁn@cggmévealﬂyyvaa,eg@@hﬁﬁb@r,g%uc&r@@nggc&ggﬁk@ foM thout |im t@tl on, any non-i nmunogeni ¢ pharnmaceutical carrier or diluent suitable for
oral, parente [.al.nasa nsde ecal , rectal, |nt;ravascul ar (1V), 10 intraarterial (1A), intramuscular (IM, and subcutaneous

p
(SC) adni %xla"rs"torea?"i’r%enrsbﬁql%g Lﬁ%&ﬁn%“so gsiate ﬁé“?'g %W?QF%SFE 55”] é'%f B@g) YAlso, the present invention includes such compounds which have been |yophilized and which
may be r ewsss tisotaniceaent Efrwrrtr:iupﬁarfwra&xempiecad!gays aocdigpchibtice, popalydicatidlons for adm ni stration, as by intravenous, intranuscular, or subcutaneous injection.

Adm ni st r@fch @8 midhité 38 BRibNIT ALLEBbsIRIN. PradhaeebiRiptiod of BR Mehthgt e can be a solvent or dispersion nmediumcontaining, for exanple, water,
compositioﬁs can be brought about by including in the composition an agent which delays
25  absorption, for exampie, aluminum monosiearate or gelatin.

Proforably, the compound{s} of the inveniion can be orally administered.
Formulations of the present invention include those suitable for oral administration. The
formutations may conveniently be presented in unit dosage form and may be prepared by
any mathods well known in the art of pharmacy. Methods of preparing thesa formulations or

30  compesitions inciude the siep of bringing into association & compound of the present
invention with a pharmaceutically acceptable vehicie (e.g. an inert diluent or an assimilable
edible carrierjand, optionally, one or more accessory ingredienis. In general, the
formulations are prepared by uniiormly and intimately bringing into association a compound
of the present invention.with liguid carriers, or fingly divided solid carriers, or both, and then,

3% i necessary, shaping the product. The amount of the therapeutic agent in such
therapeutically useful compuositions is such that a suitable dosage will be obtained.
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et hanol, polyol (for exanple, glycerol, propylene glycol, and |iquid polyethyle
proper fluidity can be maintained, for exanple, by the use of a coating such as
di spersion and by the use of surfactants. Prevention of the action 20 of mcro
exanpl e, parabens, chl orobutanol, phenol, ascorbic acid, thinerosal, and the |

chl oride, or polyal cohols such as mannitol and sorbitol, in the conmposition. Pr
including in the conposition an agent which del ays 25absorption, for exanple, a
invention can be orally adm nistered. Formnul ations of the present invention inc

convggl ently %nﬂﬂﬁﬁﬁ%ﬁﬂe :rn/euﬁuntsuﬁﬁ@ﬂﬁgmra%mﬁatrmyn@eoepm aRafoatl oby any rrefj hog
or co rin i,ation a compound o
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bt d. For t | trat
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such as ggkadtérmireachngiupiCerd bommiung bt theseresentlineardion a} aoecivs ingredigntwashes and t he
I nventl 0“%&3:. o @ﬁr&é eértssén;g/g&&%ﬁ Hay R0 %&%:Q a§ Jlsom;gr & DAry 'oﬂb’a%fét ion may al so

into the ects reover, in ceréﬁln em nts Hﬂg %ﬁ ellets can b
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t ol er &bi | paiipts can be fotmuigied itel (Mozagee foorimgardfor répc dngarieRseni{ieomaey 8 adni ni strat
accept abl g64d b ﬁ%ﬁa LB‘erboé?edSQQ' %r@h&éﬁfr Eus%neé%nﬁ!;l eRbed dlat fiQePRt e, or any o
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et hanol , Bryeasans, Sucfb?r@riwcéf?é d@ﬁ!fﬁ%ﬂﬁﬁ'ﬂgﬁép'}%t%‘;’l‘ ahaoajiagRofalciyy ﬁﬁpﬂ’aé%cr ose,

sor bi

as wel |

conponents of carriers for syrups,

he glycol, and the like), suitable m xtures thereof, and vegetable oils. The
| ecithin, by the maintenance of the required particle size in the case of

pr gani sns can be achi eved by various antibacterial and antifungal agents, for
ke. I n many cases, isotonic agents are included, for exanple, sugars, sodium
Dl onged absorption of the injectable conpositions can be brought about by

um num nonost earate or gel atin. Preferably, the conpound(s) of the
ude those suitable for oral adm nistration. The fornul ati ons may

s well known in the art of pharmacy. Methods of preparing these fornul ations
the present invention with a pharmaceutically acceptable vehicle (e.g. an
essory ingredients. In general, the fornulations are prepared by uniformy
th liquid carriers, or finely divided solid carriers, or both, and then, 35if
rapeutically useful conpositions is such that a suitable dosage will be

may be in the formof capsules (e.g. hard or soft shell gelatin capsule),
pated (e.g., enteric coated) or uncoated, or as a solution or a suspension in
5 ermul sion, or as an elixir or syrup, or as pastilles (using an inert base,

| i ke, each containing a predeterm ned anmount of a conpound of the present

be adm ni stered as a bolus, eiectuary or paste, or incorporated directly

e formulated to (a) provide for instant or rapid drug rel ease (Le., have no
er time; or (c) be coated with an enteric coating for better gastrointestinal
on the active ingredient is mxed with one or nore pharmaceutically

f the followng: fillers or extenders, such as starches, |actose, sucrose,
cel lul ose, alginates, gelatin, polyvinyl pyrrolidone, sucrose or acacia,

) carbonate, potato or tapioca starch, alginic acid, certain silicates, and
cel erators, such as quaternary amoni um conpounds; wetting agents, such as,

n and bentonite clay; lubricants, such as talc, calciumstearate, nmagnesium
of ; and coloring agents. In the case of capsules, tablets and pills, the
itions of a simlar type may al so be enployed as fillers in soft and

as high nol ecul ar wei ght pol yethyl ene glycols and the |iKke.

and the |like. The pharmaceutically acceptable vehicles suitable for
elixirs, emul sions and suspensi ons include

and water. For a suspension, typical suspending agents include nethyl

t ol

cel | ul OSEpotSﬁdmrUﬁpﬁﬁf Bamaighyd aciel tanaos siicataspgac andilm carebnstodselmoal gi nat e;
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flavoring agen and c orants ove maceuti cal conpositio

sol ubl e) 6‘?’“%%%?’@?"85’@99%&”@1%%if‘fré’x?iﬂmﬂéﬁeg" pigrhot #ng %'@ Brosirats prepar at i on

must be stisgordedisanabhmssitachre afid bemdotie didye iubritapist stdiads RRsyalgymistegedid.l ity exi sts.
be preser Yr!asnééﬂﬁd &é&raxfeh&n&aalyémiwésﬁgns%miaw JURE OPE IRRLSEeRdégh as bacteri

typi cal
é&&gkﬂﬁﬁ¥éﬂﬁ% @nygmﬁ@ﬁ@% l'iquid conpositions may also contain one or nore conponents such as sweeteners,

wetting agents include |ecithin and pol ysorbate 80; and typical
ns suitable for injectable use include sterile aqueous solutions (where water
of sterile injectable solutions or dispersion. in all cases, the conposition
It nmust be stable under 5 the conditions of manufacture and storage and nust
a and fungi. Sterile injectable solutions can be prepared by incorporating
or a conbination of ingredients enunerated above, as required, followed by
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sol uti onsgjg} B@ eﬁﬁtobétﬁés mifersmh%s%ﬁ& hQB ﬂﬂécﬁgé@iﬁl&:ﬂﬁélﬁs}usiﬂg sa@dexf:fp%ﬁ%%sdr yi ng which yields a powder of the active ingredient (i.

e therapeutic 10 agent into a sterile vehicle which contains a basic

in the case of sterile powders for the preparatlon of sterile injectable
e., the therapeutic agent) plus
formul ati ons are al so provided which are suitable

hereof 15 Pharnmaceuti cal

ations conprise agsolutlon or suspension of the desired conmpound of any Forrnula herein or a

plurality of s@$b@lgaﬁmB@@§§w@ﬁm§U@Wd@dﬁw@@HdW§§ aW%%“Ee%ﬁP@&“P&ﬁﬁﬁlatlon may be placed in a small chanber and nebul i zed. Nebulization nay be acconplished

by conpreggsefkal Th&bh&)ﬁa&@dﬁ&@@%&@p@ﬂ!@r ggh,d;e@ f_:,,g;,rambargzop;egymroal ot yucdf liquid dr 0sz ets or solid particles conprising the agents or salts.

0.5 to abo
opriate nm

agent i EUPEBPTLFE HRISCPIBAY TRePRee o R PR Y ATl o PSEEng M hppr
parti cl es eonisigno phesispevsidns ejudé @thaaa%agipcteeq , fropyrenalgyce!l, doivetiylene giycol,
liguid sucrose, sorbitol and water. For a suspension, typical suspending agents include
methyl cellulose, sodium carboxymethy! celluiose, tragacanth, and sodium alginate; typical
wetting agents include lecithin and polysorbate 80; and typical preservatives include methyl

35 paraben and sodium benzoate. Peroral liguid compositions may also coniain one or more

coemponents such as sweeteners, flavoring agenis and colorants disclosed above.
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The Iiquid droplets
The solid particles can be obtained by processing the solid
known in the art,

ut 5 mcrons.

nner such as by mcronization. The size of the solid



comrerci al nebulizers are available to ac
may be in the formof a liquid, the fornulation w
in a carrier which conprises water. A surfactant nay be 30 present wh

25 about 2 mcrons. in this respect,
adm ni stration as an aer osol
t her eof ,

the formation of droplets within the desired size range when subjected to nebulj

topically to a subject, ag_, by the direct laying on or spreading of the conpos
via a "patch". Such conpositions include, for exanple, 35 |otions, creans, sol
anount, usually at |east about 0.1% or even from about 1% to about 5%
remai n i n pl aceaeacedibs SagusiEsnsasuiabiei ioudnjectddld npe dotide estdrist adpeiong r enoved by
nature ang rapeutic agej
Iu%gn%?](ll\)wlngreq\fatg}'%Wuglg gﬂdﬁ%%fsﬁ)g:g Mo s(?édﬁeg;gdﬁfﬁ@g f&ﬂﬁ%%tﬂgéc!?&he%h@
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subsequenf’ ° g ponse Ts obt ai ned.
The solid particles can be obtained by processing the solid agent of any rormula described

herein, or a salt thereof, in any appreopriaie mannar known in the ar, such as by

ricronization. The size of the solid particles or dropiets will be, for exampie, from about 1 to
25 about 2 microns. in this respect, commercial nebulizers are available 1o achieve this
purpose.

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

The compositions of this inventicn can also be administered topically to a subject,
&.g., by the direct laying on or spreading of the composition on the epidermal or epitheiial
tissue of the subject, or transdermally via a “paich”. Such compeositions include, for example,
35 lotions, creams, solutions, gels and solids. These topical compositions may comprise an
effective amount, usually at ieast about 0.1%, or even from aboui 1% to about 5%, of an

agent of the invention. Suitable carriers for topical administration typically remain in piace on

Oy
[e))

of an a

hi eve this purpose. A pharmaceutical fornulation suitable for

| conprise a water-sol uble agent of any Fornul a descri bed herein, or a salt
ch lowers the surface tension of the formulation sufficiently to result in
zation. The conpositions of this invention can al so be adm ni stered
tion on the epidermal or epithelial tissue of the subject, or transdermally
utions, gels and solids. These topical conpositions may conprise an effective
gent of the invention. Suitable carriers for topical admnistration typically
perspiration or imrersion in water. Generally, the carrier is organic in

nt. The carrier may include pharnmaceutically acceptable enollients,

ul for attaining systemc delivery of the subject agents include sublingual,

of soluble filler substances such as sucrose, sorbitol and mannitol; and
hydr oxypropyl nethyl cellulose. Gidants, |ubricants, sweeteners, colorants,
conpound(s) of the invention may al so be adm ni stered parenterally,

e conmpound(s) of the invention can be prepared in glycerol, liquid

s of storage and use, these preparations nmay contain a preservative to

t he invention by other than parenteral admi nistration, it may be useful to

prevent its inactivation. For exanple, the compound(s) of the invention may
20 or a diluent. Pharmaceutically acceptable diluents include saline and
as well as conventional |iposones. Phar maceuti cal conpositions

y with pH or tine-dependent coatings, such that the 25 conpound(s) of the

nmes to extend the desired action. Such dosage forns typically include, but
e phthal ate, hydroxypropyl nethyl cellul ose phthal ate, ethyl cellul ose,
a kit, optionally 30 including a container (e.g. packaging, a box, a vial,

n and may include instructions for use in a nethod of the invention.

salts, solvents, antioxidants, preservatives, or netal chelators. The
gani ¢ sol utions that 35incorporate one or nore additional kit conponents. Any
Dosage forms, upon releasing a conpound according to the invention, can

| I's understood that appropriate doses depend upon a nunber of factors within
er (e.g. see Wlls et al; eds., Pharrnacot herapy Handbook, 2"4 Edition,

Phar macopoei a 2000, Del uxe Edition, Tarascon Publishing, Loma Linda, Calif.

, dependi ng upon a variety of factors including the activity of the specific
he subject, the tine of adm nistration, the route of admnistration, the rate

8ppr P&&%’P@”'q%rgé(ftf’éeqm fthi ch the practitioner desires the conpound to have upon the subject and the properties of
Such appropriate doses nmay be determined using the assays described herein.

ngvff‘grnu@oﬁé ered to humans,

When

a physician may for exanple, prescribe a relatively |ow dose at first,




Exenpl ary doses include mlligramor mcrogram anounts of the conpound per kil ogram of subject or sanple weight (e.g., about 50 m crograns per kilogramto
about 500 mlligrans 20 per kilogram about 1 mlligramper kilogramto about 100 mlligrans per kilogram about 1 mlligramper kilogramto about 50
mlligramper kilogram about 1 mlligramper kilogramto about 10 mlligrans per kilogram or about 3 mlligrans per kilogramto about 5 mlligranms per
kil ogram). Additional exenplary doses include doses of about 5 to about 500 ng,: or about 25 to about 300 ng, or about 25 to about 200 ny, preferably about
50 to about 150 25 ng, nore preferably about 50, about 100, about 150 ng, about: 200 ng or about 250 ny, and, preferably, daily or twice daily, or |ower or
hi gher anmounts. For conparison, exenplary doses for SAPS per se include about 2-3 mlligramof SAPS per kilogram of subject (twice daily). See also US
111103, 656, filed on April 12, 2005, which is incorporated herein by reference. 30lt is generally advantageous to fornul ate parenteral conpositions in
dosage untie sfkfmraé bQjon@Rses A, %ﬂdiﬂréths'ittfe%l@ﬁo@a%y%grgpﬂgﬁgnt& itfnefi@sage. The term"unit dosage fornt refers to a physically discrete unit suitable as unitary
dosages forter n snub ects.and oth each unit containing a predetermned quantity of active material calculated to produce the desired therapeutic
effect, in 45soci atto evﬁat”herdssqﬁ?"éfbf" ”?}Hrﬁr?fﬁ’c‘ézt?FP%aqf WWFC‘P‘%’erSPH %n 35 enbodiment, the conpositions according to the invention are formulated in a unit
dosage f ofigsoivedc thegevs diye bempaiitini agent.r Jhe atzmisr &8y Nopidde ahautacafiBalify, nore preferably about 100 ng to about 300 ng of the conpound according to the
inventi onaccggﬁbglegﬁ”,%Jet,{ugsqn’g@%kem@é L&t O%)w%m’sl 'nd?f%hk@OOS which is incorporated herein by reference. The specification for the dosage unit forns of the
|nvent on may %ﬁ% y and are di ct at ed anc'f rect] epéndent on (a) the unique characteristics of the therapeutic agent and the particul ar ther apeutic
effect to be achPedenroslie peaful e al“?‘ﬁi”ﬂa%}"ﬁ*&ﬁ§ ?%Ff%f?é&ﬁtmq SUBiBE a9ePtsof compounding such a therapeutic Sagent for the treatnent of arnyl oid deposition in
subj ect s. include subliAgirl, riusdat abd amabf:toﬁd@e fﬁ:&&pﬂtﬂtﬁk&bn@ﬂdm&@%&%ﬁﬁ b@ﬂ&us@f t he presen& invention to a subject to be treated can be carried out using known

procedur eg mél fective ved a desired purposes (e.g. prevention or treatment of AD, obtaining specific levels of
3APS, tc)"le sagéﬁgﬁlﬁi@n@%rsé@%%n‘g CEJDSF Sogot?.)’ aé“at‘ﬂff? é GBEEmum t her apeutic response. For exanple, several divided doses nay be adm nistered daily or
the dose P&} B® %P@%oWﬁ%h’éﬁaﬂiye r@ﬁd@@d @@Wmﬂwatce@i@? arige hyeskoxyprapyles of t he therapeutl c situation. I n one enbodi ment, the conpound(s) of the

i nventi onmmyadémmg@t@rﬁmsatubacgnhver%@%é@awyra@gfgrgbkig&tg%@g@v&%f| cient to inhibit anyloid deposition in a subject, 15 preferably a human subject. Wen
referging 05|t| on._a. eutic fective" dosage inhibits agryl oi d deposition by, for exanple, at Ieast about 20% or by at |east about
9 " ef s8R T wDinshar B doriiaeh i tvandon oy 27

40% or e ve to untreaft ed subjects. In one enbodi nment, the conpound(s) of the inventi on is
adm ni stebfe@dmmséerei@atehEraiinemratMltdnyalbt fireraepinadly, do siagacefabraly. hBorpsieent i on or treat ment of Al zhei ner's. V\hen referrl ng to Al zheimer's, a "therapeutically
ef f ecti vecorRlsRos, sﬂ;@mo}ﬂpg% Qogfnu,tel meﬁ%ﬂcédnoge %egﬂe‘?ivﬁptg%oé}olf q,q{yger decr ease a n cognitive function (i.e., preventing, slow ng, or stopping disease
progressio T( oun or s Anot her aspect of the |nvent| on pertains to a nethod for inhibiting neuronal

Conp
cel | deat?lq@wi‘“ﬁ“ﬁtwcgkﬁeq@ﬁﬂ“&ﬁséﬁ‘%‘gﬁ”gé‘ %tﬁo‘d'?ﬁer Bringry CSRFiAS ¥ raRe pr esent i nvention. In yet another aspect, the invention pertains to a nethod for
provi di ngamkussptetegireanaibos ansukpaah  Bapestgvaive AS-préaghoitek igedvath el di sease, e. =g Al zhei nmer' s di sease, which includes adm nistering an 30 effective anount
of a W”pﬂlé%rﬁmshﬂe present invention to the subject, such that neuroprotection is provided. As used herein, the term "neuroprotection” includes protection
of neuronal s of a subject fromcell death that may result in initiation ofi processes such as, but not limited to: the destabilization of the
cyt oskel et on; TONASFYHRIRFe HitaCPBASUNG( R actthe dfvesiiprofoy hgitietolthari eammteyates, such as phosphol i pase A2; activation of caspases, calcium 35activated proteases

and/ or caécnmmmr;aﬁhl tza.-h@}d be NEE2AY Gh E&HE Shc ch:'fnb@fﬁHBF WA, @p%%%,@ fkBcrophages; cal ei uminflux int 0 a ceI | ; menbrane pot enti al cha_nges in a cell; the
h' uncti r}%)eased or_absent ceI -cell communication; and the activation of expression of genes involved in cell death.

di sruptio
Accor di ng&)t J%Ln% iterre‘?}er °dﬂ?¥?§'ﬂtts'g?ﬂ'¥at[?8 B EHIP' SR A CORPYHY JPLHE of the present invention are used for one or more of the following: to prevent
Al zhei rrer'“‘eeftilp%@a%bea@“l“fﬁ@fetdﬁeatsumbczth'e&mmptwnateswa&ef,ormanmvehpasoraese synmptons of: Al zheiner's disease, to regulate production of or |levels of anyloid p (Ap)

pept i gles, Pk esiegi, Fhadietucaly heBblbl FmAS! FilEPOSh A8 ddhesusSBRIECt, and to treat or prevent of anyioid-related diseases.

solutions. Liposomes include water-in-oii-in-water CGF emuisions as well as conventional
liposomes.
Pharmaceutical compositions according 1o the invention may also be c¢oated by
conventional methods, typically with pH “or fime-dependent coatings, such that the.
25 compound(s) of the invention is released in the vicinity of the desired location, or at various
times 10 extend the desired action. Such dosage forms typically inciude, but are not limited
1o, one or more of cellulose acetate phthalate, polyvinylacetate phthalate, hydroxypropyl
methy! cellulose phthalate, ethyl celiuiose, waxes, and sheliac.
The compound(s) of the invention may be packaged as part of a kit, optionally
30 including a container (e.g. packaging, a box, a vial, etc). The kit may b2 commercially used
according to the methods described herein and may include instructions for use in a method
of the invention. Additional kit components may include acids, bases, buffering agents,
inorganic salts, solvents, anfioxidants, preservatives, or metal chelators. The additional kit
components are present as pure compesitions, or as aqueous or organic solutions that
35  incorporate one or more additional kit components. Any or all of the kit components
optionally further comprise buffers,




The conpounds and pharmaceuti cal conpositions of the invention nay act to aneliiorate the course of a p-arnyloid related di sease using any of the foll ow ng

mechani snms 10 (this list is neant to be illustrative and not limting): slowing the rate of p-arnyloid fibril formation or deposition; |essening the degree

of p-anyroid deposition; inhibiting, reducing, or preventing anmyloid fibril forimation; inhibiting neurodegeneration or cellular toxicity induced by

framyl oid; inhibiting anyioid induced inflanmation; enhancing the clearance of p-amyloid fromthe brain; enhancing degradation of Ap in the brain; or

favoring cl earance of amyloid 15 protein prior to its organization in fibrils,; and decreasing the ratio of 4142:440 in the CSF or plasma. |In another

enbodi nent, the invention pertains to a nmethod for inproving cogniti onin a sub;] ect suffering fromAD. The nethod includes adm ni stering an effective anount

of a therapeutic conpound of the invention, such that the subject's cognition iis inproved. The subject's cognition can be tested using nethods known in the

art such ¥ DokageCl i nical 20 Denmentia Rating ("CDR'), Mni-Mental State Exam I’lai’[IOI’l ("MVBE"), Disability Assessnent for Denmentia ("DAD'), and the

Al zhei mer' s Di%':bgg% AEE)EE? %%S;F?gglcg @Wédc&amé 1P RARVaRkich; Cd,{mp)@yeerrent in cognition is present within the context of the present invention if there is a
ween t 0

nmeasur abl e dif rmances Of subg ects treat using the nethods of the invention as conpared to nenbers of a placebo group, historical
control, ‘6?C%&%@WQ%PS§B%@W€|@PWF‘§§‘?§°@P@@Hm?'bp%tﬁé H e %@E‘F%&a The inventijon al so pertains to a method for treating, slowing or stopping a p-amyl oid
rel ated déﬁﬁﬁ:ﬁ@teaﬁmmea&@duwnwmm@abt ta¢prd Wia theknbwiedyy chdre ortiséréy i ng to a subé; ect an effective amount of a therapeutic compound of the invention, wherein
t he annual i oratl ely! C .0 0, any of the foregoing nentioned test is inproved. 30It is to be understood that wherever
val ueggna “ggrﬁﬁéﬁé"‘%‘r f%”S{}?’he"a %gg’h r(teec, & %hst étg &%f r@%@ﬁa%@ rlp%%pul ations, dqsages and bl ood levels, all values and ranges enconpassed by these val ues
and r angedandipek, ﬁ%ﬁdwoq d\pb@iﬂerﬂ?érﬁp@@sﬁéﬂ"ﬁﬁﬁh‘?wﬂt W@Q%)c%%"liiﬁm”taﬁ%ooﬁiaesent i nventijon. Mreover, all values in these values and ranges may al so be the upper or
lower | i M 4gsch P@cge@pgﬁmago'},oe,\éldgb@ @MIE@HHO‘]‘E;{&&@;H #Dlishing, Loniarl,u&grtal n enbodi nents, the corrpounds and conposition according to the invention can be used in
conbi nati gn thera o‘iﬁ % as one% ht her ageutl o 5(9‘?r F prodrug corrpounds according to the invention and the at | east one other therapeutic

agent (s) cd 2@000{ Thﬁ SEEY 8] J1eoFOMAoHN é)rf’ % TRYFEEN y‘?@"& stically. in certain embodi ments, the conpounds of the invention can be adninistered
concur r endigpgndiing hpcmraezaaetvmhﬁasmrsamltmmgaﬁeawtwtmnhﬂﬂwewmni%ﬂm@@d,ﬂheI n certain enbodi ments, the corrpounds of the invention can be adm nistered prior or

subsepdjen%%et W %{eﬁ@rgil gmp %thﬁgrd,e}gﬁg@%gd %&Mrad?ﬁhw%tzﬁﬁon' east one other ther apeutic agent can be effective for treating the same or different
di sease di or con t hods of the present Bventl on include administration of one or nore conmpounds or pharmaceutical conpositions of

the preseli oy @mdMBystatRE. Wéat@r"f %F%'W‘)ﬂﬁ‘@la”¥"|’féﬁ? gQseRiRgtian. éfgf@ﬁlﬂcéb'ﬁ’r Vi ded that the conbined administration does not inhibit the therapeutic efficacy of the
one or méfﬁc@mﬁuﬁﬂ%r&ﬁtmbﬁaéﬁ@sené compeuridi pnhaa dipon mh)esb;etmtanprtbeiuce adver se {15conbi nati on effects. In certain enbodi nents, conpositions of the

present invention. gan be a t c t mdylstration of another therapeutic agent, which can be part of the sane pharmaceuti cal
cConposi tl%ﬁp%rées cogpamfgcg t%a%g“%m Lél{arbﬁ& g&e %ﬁcggn%g% ris?hg t he conmpounds of the present invention. In certain enbodi ments, conmpounds of the present
20 i nvent &pniortigie m@esammesd@r@mesrusm i} %W&éﬂﬁéhﬁd F@eiadmhﬁi‘é’f‘?é’fl on of another therapeutic agent. |In certain enbodi nents of conbination therapy, the

conbi E\@t | Ard SRR RPoRRERN df FRSinddnkieN Rab bb GaRRisRa o atiman, %,t;ﬁiymﬂgn magonposi tion of the present invention and a conposition conprising another therapeutic

agent, to mnimze advers ass ciated rticular drug. Wien a conmpound of the present invention is admnistered concurrently 25
wi th anot ﬁ’ére’“t‘"i"@‘?  DpREGHReR Aty f"ﬁ"a‘?c’sﬁcﬁ?gﬁf Sﬁ?ﬁeﬁuec" h’nﬁregﬂrﬂﬁ:mte d&\%eeirggte side effects including, but not linted to, toxicity, the therapeutic agent can
advant ageensppyoriaicacsponsest ebteidedt a dose that falls below the threshold at which the adverse side effect is elicited. In certain enbodi nents, a

phar mceugké}ﬁg;arggggég%{cﬁ,bgﬂ]“ﬁ?&nf ra,ggmgghtggf ﬁg@%g&@,ggeft@o@@mmce nodul ate and/or control release, bioavailability, therapeutic efficacy, 30
therapeutic potency, sta |1 ke. For exa %géob@ﬁnhance t herapeutiic efficacy a conmpound of the present invention, the conpound can be

co- adni ni SYRIFCRA" FAHP ‘G?I%htd?gnﬁp‘é’ta’_’gtm'ﬁi’@gﬁ‘ﬁ’éﬁ%"'{ogmﬁh‘e 'UBLBr ption or diffusion of the conpound fromthe gastrointestinal tract, or to inhibit
degr adat i pér iebgrhmeatbutig mityrah @eskibyem © abbotcel aibigrams per idegrami abehbodi nents, at; | east one conpound of the present invention can be co- 35adm nistered with

active ag%ﬂﬁsq%rpg%/gﬁg%gnqg g[}flgg-lm(ﬂ Fgfﬁ'pe?lt:{oﬁ%l;n 5%&1%%‘%28;@%;3&%@%“ c effi cacy of SAPS. In certain enbodi nents, conpounds or pharnmaceuti cal

conposi ti resen |nven on"rnc or can mnistered to a patijent together with, another therapeutic drug that may be avail abl e
over - t he- glom i @ milligramy Py rde@RMp e AUt @@"ﬁﬂi@’éﬁﬁ’e?eﬁﬂfﬂ’ﬁr&é? Ryt RgNFBES/ 0031651 (i ncorporated herein by reference) provide a [ong but non-exhaustive list 5 of
therapeUFéﬁkrl@@rﬁ%"A&dﬁaﬁa!%ﬂé}nﬁ@ryl&@édlinciuﬁ@dmm ABdUL BNy aBe@Udimg dro t he invention. Preferred therapeutic drugs to be used with the conpounds or

Pl L'S‘?ﬁ; S 2h it A0 OB PO LAY B oA BECE R hendanty , i vasti g ne (Exel onTry. Gal antham ne (Rem nyl it and R oo O
mg, more preferably about 50, about 100, about 150 mg, about 200 mg or about 250 mg, .
and, preferably, daily or twice daily, or lowsr or higher amounts. For comparison, exemplary
doses for 3APS per se include about 2-3 milligram of 3APS per kilogram of subject (iwice
daily). See also US 11/103,656, filed on April 12, 2005, which is incorporated herein by
reference.

30 it is generally advantageous to formulate parenteral composttions in dosage unit form
for ease of administration and uniformity of dosage. The term "unit dosage form” refers o a
physically discrete unit suitable as unitary dosages for human subjects and other mammals,
each unit containing 2 predetermined guarniity of active material calculated to produce the

 desired therapeuiic effect, in association with a suitable pharmaceutical vehicle. In an

35 embodiment, the compositions according to the invention are formulated in a unit dosage
form, each dosage containing from about 50 mg to about 500 mg, more preferably about 100
mg tc about 300 mg of the compound according to the invention. See also US 11/103,656,

68




10f I ur bi profen (FlurizanTm. The conpounds and conpositions according to the iniention could al so be conmbined with vaccines and anti bodi es for the

prevention or treatnent of AD. In a further enbodi nent,
testing the conmoouncis of the invention.
vitro assays, or in vivo assays to confirmtheir safety,
illustrative of the type of biol ogical
Vitro

tract and be cleaved (i.e.,

bi oavai |l abity,

to rel ease the

the conmpounds of the invention can be co-administered with 3APS. 15 | X. Standard Methods for

The conpounds according to the ?nvention can be further analyzed, tested or validated using a variety of in
neur oprot ecti on,
assays that can be conducted to assess the instant 20 conpounds.
For orally adm nistered prodrugs, it is generally desirable that th% prodrug remains intact (i.e.,.
25 parent drug) while in the systen§c circulation. A useful level of stability can at least in part be

their capability to deliver 3APS etc. The follow ng are
O Determ nation of Enzymatic Cl eavage of Prodrugs In
uncl eaved) while in the gastrointestinal

det er m nefilechyn Apxé 1aE2deaNwisich Rrietokdonrdd ieseinby adisendt iToB spécifichnasiods ug by the gastrointestinal tract. A useful level of lability can at least in part be

det er m neg Y, LNERRALTRS RELAGH im%z

and/ or pancSrQ%eat_l n assay and are
adni ni st effetieppigd? ptpraciBtiose tertherepeutie syent atdihe getiaiaritrapguiiceéieerigymat i ¢ cl eav
I'1) Bi oavigd hehved| 3hdqb) tRE DRARMBES inRershivia 190 Bt @FEdHouhdh] sRkh Quhslgpduibi oavai | abi | i
prOV|q§d benﬁﬁrﬁgﬁgnbk?{'dosﬁ'QI t he par%pt drug adm nistered to a patient by t
agents. Broaval PR SRR GEBRRISONHE RS he i nventi on and of rel eased 3APS
known i n the addminigsetiopbett® tremelmispargy catgw siionseafetp lpaasyntnietentieh foozs assessi ng
ani mal  nogel-3: ©38 RSl S8hd Surd hididgciah - ound accor
describedfﬁéor Fxéngle, in uf§g%ﬁg?%*Nbs¥"?&%%@?%g3?E§%%?%F%§%?m§@§g7,742; 5 72
373: 523) . 'PIR% EFPRE 19 agpievedhR ePredoRtPesep HEC: &aPHiop &k HesemRantof &0 cs associ at e
OL t he i nomaiting spéaifict ideist ¢fa0rSRTe Rich. Misage depasisen t{@'eac@jsﬁdpbwdw&sm@n al ter gati v
Adm nigst r atl . i i ctive carrier and via
ther apout R, BerebRGioT AR S e bl VAR Gbad fss o) B UMTFR ) of G 11 er o
par amet er @ 9§ [10R) §0se Ty HeePrapartiqnall feslidcadoas dnsiceteg ryl the exigencins, ofribai t ori ng act i
expr essi ofns@apaliy sinsatiodNA fragnment ati on, changes in the conposition of cellular

receptors or downstream.signal i ng pat ys. (e.q., .caspases), neric stress res
used to assayq’? o‘f'”eaﬁwg{’%@?@’ %’f 63'8'8?‘5%&%&80%@@“8? 'géildf"'%sé%[g‘l’i)ataﬁd 25necr osi s
ef fi cacy Beraphisicaynpibashc sipsammdsiinmmosivt inbibit symybdid tdepositioneint & csubean be det ermi n
ani ms, Ge@rablyl O nEhRdrC MBS "WrehCrelelp (d RfyRRS Beldctititla HReraMtndyy t he popul at i

opulation).. T S :
pop e ect[vehgosage inhibits amyloid depesition by, for example, at least about 20%, or by at

least about 40%, or even by at least about 60%, or by at least about 80% relative io
unfreated subjects. .

In one embodiment, the compound{s) of the inveniion is adminisicred at a
20  therapeutically effective dosage for the preveniion or treatment of Alzheimers. When
referring to Aizheimer's, a “therapsutically effective” dosage stabilizes cognitive function or
prevents a further decrease in cognitive function (ie., preventing, slowing, or stopping
disease progression).

25 VIl Uses of Compounds. Composition. and Dosage Forms

Another aspect of the invention pertains 1o 2 method for inhiblting neuronai cell death
by administering an effective amount of a compound of the present invention. in vet another
aspect, the invention pertains to a method for providing neuroprotection to a subject having
an AB-amyloid related disease, e.g. Aizheimer's disease, which inciudes administering an

30 effective amount of a compound of the present invention o the subject, such that
neurcprotection is provided. As used herein, the term “neuroproteciion” inciudas protection
of neuronal celis of a subject from cell death that may result in initiation of processes such _
as, but not limited to: the destabilization of the cyioskeleton; DNA fragmentation; the
acfivation of hydrolytic enzymes, such as phospholipase A2; activation of caspases, calcium-
35 aclivated proteases and/or calcium-activated endonucleases; inflammation mediated by

macrophages: calcium infiux into a celf; membrane potential changes in a celi; the disruption
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_ L. and parent drug in the systemic circul ation.
rvgrfylaégﬁé;dllg%{%%yé‘n{?g'gec@f %Fé’r?ﬁ?e"gﬂ?ran pl asma, rat liver 59, and/or

b
&ing to the invention.

In general, prodrugs that are nore stable in a Caco-2 59
human |iver 59 preparation can be useful as an orally

age of prodrugs in vitro can be used to select prodrugs for in vivo testing.
ty of the corresponding parent drug that is greater than the bioavailability
he sanme route (e.g., oral admnistration) can be useful as therapeutic

can be neasured in vivo (humans and | aboratory ani mals) using nethods well
ioavailability in mce. 5iii) in Vivo Assays: Animal Mdels Vari ous
For exanple, certain transgenic ani mal nodel s have been
0, 936; 5,850,003; 5,877,015, and 5,811,633, and in Ganes etal., (Nature 1995,
d with the pat hophysi ol ogy of AD. Adm nistration of the conpound inhibitors

e nmethod for denonstrating the inhibitory activity of the conpounds.

an admnistrative route that reaches the target tissue in an appropriate

nt paraneters can be nonitored to assess toxicity. Exanples of such
vation of 20 cellul ar pathways for toxicol ogical responses by gene or
menbr anes, nenbrane perneability, activation of conponents of death-
ponses, NF-kappaB activation and responses to mtogens. Rel ated assays are

, including cak/1P formati on and NO fornmation. Toxicity and therapeutic
ed by standard pharnmaceutical procedures in cell cultures or experinental

on) and the ED50 (the dole therapeutically effective in 50% of the

protein




30 dose ratio between toxic and therapeutic effects is the therapeutic index an
index is nore efficacious. Wiile agents that exhibit toxic side effects may be
agents to the site of affected tissue in order to mnimze potential danage to
The following are illustrative of the type of biological assays that can be con
neuronal injury or disease. 5 a. Mrphol ogi cal Changes Apopt osi s in many
such alterations include, but are not limted to, plasma nenbrane bl ebbing, cel
readily detectable with a |ight mcroscope. Cells undergoing apoptosis can al so
changes cdrelbiandiehciesdth 1 sedrgadet ghsbsghpret-esiogynnamitaiton; BiAhoactighivomit i n specific

under goi n&p%gggr§8fsi ﬁegggom iri {é‘ﬁ%@%ﬁﬁ ngly permeable. 15 This change in nenbrane
and trypan ue) . E.’IS)/es can be used to detect the presence of necrotic cells. Fo
Cyt ot oxi city HWiceording tenaapricigsee ambeiment dbelcampmpghesd cpReoijss speb®fical |y reac
content : ;ﬁgsl?e\ﬁainbamb@aﬁeqxs{é@ﬁﬁbg%mo@ loe Htenéyreuowl@mf;lrr@&uﬂ AldHeg@ne?@ diskfisd; Nt enfse fl !JOL
are avail abl e react with the dye nce, t uorescence i nt ity for via

g s, DRSE MRHRB GRS i P Els BB 8 AR PR R RO 5. Vot b e

M t ochondprbducperowt de iestbis ext tanawicdt iIBN@BT eeptidel ppleegerit.c@bugee gulirdititoamydic di ver se cel |

process i lﬁ@;ﬁégs“% %E%Er%%tggﬁgg"ggf%ﬁ'% ddVdidodseghi ch drives oxidative p
er

tri phosphate . _ rve 30 mtochondria' activity can r
m t ochondri a' pdst 9nct pEHERESUHFR! EYESEiHONg PRI ™RUNEi®ni ng require
Di ssi pat i gfeiiofatd he cHRBDHRAE aRAbiE Péiaied dREQARING alT & 1By Bilidvers) mediadisinius hal ts or

35Congequent L.y,. a variety.of assa igned_to. ess toxi Ci cell death
pot ontd al G, ists Tosedt 1 %%(‘:nﬁﬁtﬁ%ly? Jid ﬁgﬁr@g?@r F’%’%’ng rscgenziflﬁ?_i()‘gﬁa %c.i g%rgr oach is to
Fl uor esc eistma®iop bedepasitbrRiessening ih<CirerdecaliPsamyichoepgsifionpphibEng. spduprgiies, OR, pp. 2

(see, e. gprevd@iB aBilioR fibril(tdPERdn; InhiddiEbictnRieBbdt atiod 8¢ dAABikr dcihomhaRdr i al nmenbran

bi | , €. 9., Quinn (19 he Mbl ecul i ol f Cell Memb ,
et hods. 104 etHRGL A AP Beiepd emgTen datoRE Ber BN Bt POR 0 00116200

pr ogr amreglors ed brei@aédhanntl detvalaua@soft Afe inaibit ipwet; ioo favodngacicpeamet iot apylioigr am when cel

el or YBa POCHPBLE T AEPPAR LD el at e ey e A e Y Tganes. Thes

plasma. In another embodiment, the invention pertains 10 a method for improving cognition
in a subject suffering from AD. The method includes administering an effective amount of a
therapeutic compound of the invention, such that the subject’s cognition is improved. The
subject’'s cognition can be tested using methods known in the art such as the Clinical
Dementia Rating ("CDR"), Mini-Mental State Examination ("MMSE"}, Disability Assessment
for Dementia ("“DAD”}, and the Alzheimer's Disease Assessment Scale-Cognition ("ADAS-

20

Cog™). improvement in cognition is present within the context of the present invention if there

is a measurable difference between the performancas of subjects treated using the methods

of the invention as comparad to members of a placebo group, historical control, or between
25  subsequent tests given to the same subject. The invention alsc periains to a method for
freating, slowing or stopping a B-amyloid related disease associated with cognitive
impairment, by administering 1o a subject an effeciive amount of a therapeutic compound of
the invention, wherein the annual deterioration of the subject’'s cognition as measured by any
of the foregoing menticned test is improved.
30 it is 1o be understood that wherever values and ranges are provided herein, e.g., in
ages of subject populations, desages, and biood levels, all values and ranges encompassed
by these values and ranges, are meant to be encompassed within the scope of the present
invention. Moreover, all values in these values and ranges may also be the upper or lower
fimiis of a range.

35
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] can be expressed as the ratio LD50/ED50, and usually a larger therapeutic
used, care should be taken to design a delivery systemthat targets such
unaf fected cells and, thereby, reduce side effects. 35 v) Neuroprotection
ducted to assess whether a inhibitory agent has a protective effect against
cell types is correlated with altered norphol ogi cal appearances. Exanples of
shape change, |oss of substrate adhesion properties. Such changes are
be detected by fragnmentati on 10and di sintegration of chronpsones. These
dyes. b. Altered Menbrane Perneability Often the nenbranes of cells
properties can be readily detected using vital dyes (e.g., propidiumiodide
r exanple, certain nethods utilize a green-fluorescent LI VEIDEADTM
ts with cellular am ne groups. In necrotic cells, the entire free am ne
escent staining. In contrast, only the cell-surface am nes of viable cells
e cells is reduced significantly relative to necrotic cells (see, e. g.
Mol ecul ar Probes, OR). 25 c. Dysfunction of Mtochondria! Menbrane Potentia
ul ar processes as the nmain energy source in cells of higher organisnms. These
hosphoryl ation to produce netabolic energy in the form of adenosine
esult in mtochondria collapse called the "perneability transition" or
s mai nt enance of the nenbrane potential established across the nenbrane.
restricts the production of a vital biochem cal energy source.
nvol ve nonitoring the effect of a test agent on mtochondria nenbrane
utilize fluorescent indicators (see, e.g., Haugland, 1996 Handbook of
66- 274 and 589- 594). Various non-fluorescent probes can also be utilized
e potentials can also be determned indirectly from m tochondrial nenbrane 5
Uni versity Park Press, Baltinore, M., pp. 200-217). Further guidance on
o Dykens et al. d. Caspase Activation 10Apoptosis is the process of
| s are no | onger needed or have becone seriously danaged. Apoptosis involves
erent genes. One group of genes act as effectors of apoptosis and are
e genes encode a famly of




15 <cysteine proteases whose activity is increased in apoptosis. The ICE fam|y: of proteases is generically referred to as caspase enzynes. The "C' in the
nanme reflects the fact that the enzynes are cysteine proteases, while "Caspase": refers to the ability of these enzynes to cleave after aspartic acid

resi dues. Consequently, sone assays for apoptosis are based upon the observation that 20 caspases are induced during apoptosis. Induction of these enzynes
can be detected by nonitoring the cleavage of specifically-recognized substrates for these enzynmes. A nunber of naturally occurring and synthetic protein
substrates are known (see, e.g., Ellerby et al. (1997) J. Neurosci. 17:6165; Kl uck, et al. (1997) Science 275:1132; Ni chol son etal. (1995) Nature 376: 37,
and Rosen and Casci ol a- Rosen (1997) J. Cell Biochem 64:50). Methods for 25 preparing a nunber of different substrates that can be utilized in these
assays are described in U S. Pat. No. 5,6976,822. This patent al so descri bes assays that can be conducted using whole cells that are anendable to certain of
t he MCroM!qumamgtmimas ﬂescri bed herei n. O her nethods using FRET techniques are discussed in Mahajan, et al. (1999) Chem Biol. 6:401- 9; and Xu, et al.
(1998) Nucl . ?ﬁam god ntsg (%: ochrone C Rel ‘E In healthy cells, the inner mtochondrial nmenbrane is inperneable to macronol ecul es.
Thus, one |nd| ca orTErs %ep?o(ggqogngssar{ ‘@"P@?'téoﬁsa@‘:%?m? 08 ey oyt ochrome C from the nitochondria. Detection of cytochrome C can be perforned using 35
spectrosc@@f@,emmwmgﬁuﬁer@&'vetith@tiaahmremthealﬁmppmhccagemr?ﬁtpremrbdrﬁg of the protein. Thus, one detection option with the present devices is to place the

cells w tmrﬁb@nggoécqb;@g,gq@%qn@é?,qom g.,gr at PRSOSRARGE ﬁﬁgghstl c absorptjon wavel ength for cytochrone C. Alternatively, the protein can be detected
Wt a{n anti body that! specifically binds to cytochronme C (see, e.g., Liu et al. (1996) Cell

usi ng standa rd% ng.II’IO ogl cal net hods % ELI SA assa s
86: 147§ &cty addifvely s, oFeriam ?mE%?"‘gms synergiggally WaFer?t”aa@b?ﬁ'mw |thgeath is typically lysis of the cell. Wen cells die they typically release a m xture of
chem cal s¢omprahadsdoinge rinsehiemt u:aﬂhese aamohistersth coretiyentlf wak hier aswhstanees (e.g., proteins and carbohydrates) into their surroundings. Sone of the substances

rel eased Lpgld t% Al t n cycl ase, Whl ch catalyzes the 10 conversion of ADP to ATP in the presence of excess ADP. Thus,
certain assays%l?envo \I/e prnovr!D %ﬁ%ﬁln@gﬁ?%A %F%g% ){m‘%kt'on Ibm to drive the equilibriumtowards the generation of ATP which can subsequently be

det ect ed W‘B?”’étefﬂﬁ‘rPﬂéFrOf@PbsﬁﬁlﬁqréFoeﬁ‘ﬁm‘rr'f’ét%” afcmthgu@ﬁaaqm@m Thsatlgaﬂiltl lize a luciferin/luciferase systemthat is well known to those of ordinary skill in the
art i n whomdhothbetherpyite dgdai £81 BS Rifsbiive iigrefeafiridPirRNEnehe &sisl'dleBsd Uci ferin to generate 15a photonetrically detectable signal. Further details regarding
certaip cg%rdérygrlc%n&?o%ays that can be perfornmed are set forth in PCT publication WO 00170082. g¢. |schenic Mdel Systems Methods for assayi ng whether a
conpound can confer protective neurol ogi cal effects 20 against ischem a and stroke are discussed by Aarts, et al. (Science 298: 846- 850, 2002). In general,
this assay i nJégtikss of thsj wessnhigveniios include agindiskratiop e et al maretcempowode| usi on (I\/CA@ for a relatively short period of tine (e.g., about 90 m nutes). MCAO can be

i nduced ugﬂ@gmu{@léhﬁydsco%wmofhmrggn@gvgﬁlohgﬁga{wﬂ@éoﬁ;]g,tfﬁé SpdRLhod (see, e. g., Longa, E. Z et al. (1989) Stroke 20: 84, and Bel ayev, L., et at (1996)
Stroke 27:16 osition cont ai ni utative 1 rtor is |ntroduc§ed into the rat using conventional methods (e.g., via intravenous injection).

e
To eval uaf® °Véq§|qﬁ'3?g%ﬁ‘i9ﬁ?‘rﬁp§ﬂﬁ‘w @f“?’bd‘\?‘gf‘%fd'ﬂh‘b“tth%m%‘ﬁ%@leﬁmq s adninistered before perfornming MCAO. If the conpound is to be evaluated for its ability
to mtigate @g a0r Medre anmpsuoite mif che pesstnit ihantitra andidrdvas oo protiideestivedshe conposi ti oin with the conpound is introduced after MCAO has been initiated. The extent
of cefebrgdmdidtigs SddeRN IS 30 then eval uated using various neasures of neurologiical function. Exanples of such nmeasures include the postural reflex test
(Bederson, J. B. et al. (1986) Stroke 17:472) and the forelinb pl aci ng test (De Ryck, NA. et al. (1989) Stroke 20:1383). Methods are also described in Aarts

et al assessi rit CRTRIN @bipants CoRRERLiqNR @ HedPreseat invenbion <antBe adstimgiered vitro assays. 35 h. MIT Cytotoxicity Assay The MIT assay is another assay which
has been windetranty st tHeQuoBRaQSH0K ¥t Qo Gicrapelit RRHE @ARh c&®bd part dh@eCel I ul ar toxicity can assessed using the 3-(4,5-dinethylthiazol-2-yl)- 2,5-diphenyl

tetrazoli m&&%mz&%u&Mcc)mp% |§91¥aé -Ic;xr' I%Vé gi%erbni compos:t:ont?romgthap/tjo alnmgl tlhOWI ng the recpmmendations of the manufacturer. 5
compounds of the present invention. In certain embodiments, compounds of the present |

20  invention can be administered prior or subsequent to administration of another therapeutic
agent. In certain embodiments of combination therapy, the combination therapy comprises
alternating between administering a compositioh of the present invention and a composition
comprising another therapeutic agent, e.g., ic minimize adverse side effects associated wfth
a particular drug. When a compound of the present invention is administered concurrently

25  with another therapeutic agent that potentialiy can produce adverse side effects including,
but not limited 1o, toxicity, the therapeutic agent can advantageously be administered at a
dose that falis below the threshoid at which the adverse side efiect is eiicited.

In centain embodiments, a pharmaceutical composition can further comprise
substances to enhance, modulate and/or coniroi release, bicavaitanility, therapeutic efficacy,

30  therapeutic potency, stability, and the like. For example, to enhance therapeutic efficacy a
compound of the present invention, the compound can be co-administered with one or more
active agents tc increase the absorpiion or diffusion of the compound from the
gastroinigstinal tract, or to inhibit degradation of the drug in the systemic circulation. In
certain embodiments, at least one compound of the present invention can be co-

35 administered with active agents having a pharmacological effect that enhance the
therapeutic efficacy of 3APS.
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|. Ttypan Blue Cell Viability Measurenent Cel |
(2001)). 10 j. Determnation of Cellular ATP Levels Cel lul ar ATP Level s

measured using the ATPLite-MO | um nescence assay (Packard Bi oSci ences Co.). For
Vi ewPl at ee and the ATP concentrations are neasured on a TopCount NXT(r) counter
manuf acturer. vi) Gastrointestinal absorption The conpounds or drugs acc
their ability to be absorbed by the gut and/or intestine if so desired. 20 Int
a variety of in vitro, in situ, as well as in vivo nodels (Balinmane et al. (200
Chem 1: 385- 401y cdrialnl grieeindtts, Katpouhda bdpiBomadeatiel cdhipotili@B5r tHbpr83Eni 09) . For i ns
based sys, . a - - I 0=par. j I cells are th
hydr ophobtbgéﬁﬁ?flﬁcgébehgrtcgrﬁ;ﬁgIaggﬁgstqeer%@{\?\ﬁ%t%ﬁgﬂﬁ‘%‘é%h%ﬁgmg?n #ﬂééi?ﬁ?dﬁl os%hol ipids dis
barrier tHat MAYnPesaveiizdle npvestiierfaintepior hby | Ripscrelpno-U5 cEiens | appikalinn col on aden
and becongo. pobsuidsIssl @bloSratdd kerdieb) ré?éi‘bﬁéé? bakigsl atdrg bt hakéhaives iist esenbl ing in
and th qgs%hextenshveLy %Rﬁra terlﬁﬁd,cel *Q?SEd nqﬁel Ln exam ni ng t he pernea
Al t er nat i YelMPEPREEC Es | DG a8 b q By B PY R HRE ¢ P ofiR "R§8"For m nonol ayer
per f usi onPreteukdthatapeutisairypsrtd be weet with ths serRoLdiIy FhbsEcptic@gcompesiiont ed | nt esti na

It i's congyoRl YordisRinydrio ahS SRR QY BLAOMSHS JRLARY drRilimddd@s Mucosal  si de
whol e ani mal absorption stud ﬂ har nacoki netic stu erformed in para

, study) wll be,
per meabi | MNERPIMETS [jesfse A iSgs d‘i’cﬂﬂdfrl?antd‘obﬂ‘inﬁ?éjlé ‘i’oé‘e%'i(éﬂ'ﬁgaw)o be a good p
conpoundsmemandine g®iamenda™), ngvastgrtihe (ErsientV), oRalasthartiee f(Remingi™ samal Yzed, tested o
a co u i I rel l.ahl i e tation of a
regul a OP@L r%'%getéh ’ﬁﬁ"&gﬁﬁg@?ﬁ? t)n%plt"ﬁg%%ﬁl ﬁ%@ﬁﬁ %%&B‘Iﬂ%% %%@‘%Wé]e used as re
| n Nort h #FA:G eHLIne with ¥3GCHSE 8o atiPodiessieshapraventian pl rapdpY 8§ AL be carried out |
Code of Feder & aRegé akibedimeRarke Stnpora@d ol b Givahidh alva ColaeitirfisigredNon- cl i ni cal
anmendnent s Wthin the context of such a non-clinical assessnent of the t
t hr ough t?ﬂ?%ﬁﬁ%‘toring of body wei ght gain, the gross exam nation of materials
noni toring of food/ water consunption (appetence). Furthernore, upon 20 term nat

of C 44 r agt slahSSHERILEORY [Bfnd BS LomdtRh8LbAtsd intPrbhe slide stage, followed by hi
useful tool, c npl ementary to,_the aforementioned [n-life" observations. 25viii)

(BBB) is a ver®<REPPYIRAFOIHIE: 1% esPeandnn $Bn AfdbTh) #nalyzeel PEeY P4t separ at es

viability can be neasured

cel | s andvalideseusinng trviaiynohoneostaasays, of e vive assaye ndaphighi ter katena conpl ex arr

mol ecul espyio YRk halirdohieddBR teir capability to deliver 3APS eic. The foliowing are

illustrative of the type of biclogical assays that can be conducted io assess the instant

20  compoungs.

i} Determination of Enzymatic Cleavage of Prodrugs In Vifro
For orally administered prodrugs, it is generally desirgble that the prodrug remaing
intact (i.e.,.uncleaved) while in the gastrointestinal tract and be cleaved (i.e., to release the
25  parent drug) while in the systemic circulation. A useful level of stability can at least in part be
determined by the mechanism and kinetics of absomtion of the prodrug by the
gastrointestinat tract. A useful level of lability can at least in pant be determined by the
pharmacokinetics of the prodrug and parent drug in the systemic circulation. In general,
pradrugs that are more stable in 2 Caco-2 83 and/or pancreatin assay and are more lagbile in
3¢ arat plasma, human plasma, rat liver $¢, and/or human liver S% preparation can be useful
as an orally administered prodrug. The results of tests, for determining the enzymatic

cleavage of prodrugs in vitro can be used 1o seiect prodrugs for in vivo tesiing.

i} Bioavailability of Prodrugs in vivo _
35 Prodrugs that provide a bicavaitability of the corresponding pargni drug ithat is
greater than the bicavailability provided by an equimolar dose of the parent drug

administered ic a pafient by the same rouie (e.g., oral administration) can be useful as
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using the trypan bl ue exclusion nethod (Yao et al., Brain Res., 889, 181-190
can be indicative of cell viability. Cellular ATP concentrations can be
exanple, in this assay, cells typically are cultured on black 96-wel |

(Packard Bi oSci ences Co.) 15follow ng the recommendati ons of the

prding to the invention can be further analyzed, tested or validated for

estinal perneability and transport of a drug candi date nay be estimated using

0) J Pharmacol Toxicol Methods 44:385-401; Hi dalgo I. (2001) Curr Top Med

ance, parallel artificial nmenbrane perneability (PAMPA) assay and cell -
nost frequently used in vitro nodels. The PAVMPA nodel consists of a

solved in an inert organic solvent creating an artificial |ipid nenbrane

ocar ci noma, undergo spontaneous enterocytic differentiation in culture 30

testinal epitheliumin humans. Caco-2 cell nodel has been the nost popul ar

bility of drugs in both the pharmaceutical industries and academ a.

s of polarized cells are used. 35An in situ study such as an intestinal
segnents conprise the absorptive cells and the underlying nuscle | ayers.
drug di sappearance is assunmed to be equal to drug absorption. Typically,

lel with the in vitro and/or in situ studies to assess intestinal

redi ctor of absorption in humans. 5 vii) Gastrointestinal toxicity The

r validated for gastrointestinal (@) toxicity. Gastrointestinal toxicity of

standard battery of general 10 toxicol ogical assessnents. Cenerally,

ference material for the preparation of study protocols for such assessnents.

n conpliance with the United States Food and Drug Admnistration Title 21

st udi es i ssued on 15 Decenber 22, 1978, Federal Regi ster plus subsequent

oxicity of a particular conpound, G toxicity may specifically be assessed

emtted by the test subject (specifically vomtus and feces) and the

on of a non-clinical toxicological assessnent, the retention and processing

st opat hol ogi cal exam nation of said tissues by a trained pathologist, is a

" Crossing of the Blood Brain Barrier (BBB) The bl ood-brain barrier

t he blood fromthe underlying brain cells, providing protection to brain

angenent of tight junctions between the cells that restrict the passage of

25

[
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30 perneable to small and hpophilic nolecules, but |arger nolecules are generaliy not transported across unless there is an active transport system

avail able. Thus this is one of the stunbling blocks for drug delivery. An additional problemis the very effective drug efflux systens (P-glycoprotein),

whi ch punp the drug back out of cells. The conpounds according to the inventioni can be further analyzed, tested or 35 validated for their ability to cross
the BBB is so desired. Many in-vitro, in-vivo and in-silica nmethods nay be enplpyed during drug devel opnent to mimc the BBB (Lohmann et al. (2002)
Predicting blood-brain barrier perneability of drugs: evaluation of different i§1 vitro assays. J Drug Target 10:263-276; Nicolazzo et al. (2006) Methods to
assess drug perneability across the blood-brain barrier. J Pharm Pharmaco/ 58: 2?1-293). In-vitro nodels include primary endothelial cell culture and
imortalized cell |lines such as Caco-2, BMEC, MDCK. These cells are useful as a screening nethod and can appropriately rank 5 conpounds in order of BBB

per meabi | theyapelit Ageme. BBAHDHIIBUS IhdSort fRndd b ditlentd Md & r@EdLh¥apENgl € i njection or perfusion, intravenous bolus injection, brain efflux index and
intracerebrallje m cro%i al ysi sgﬁrovi[ge nor e acréatéjrat_e i nformatjon regarding brain uptake, and these can be conpl enented with novel inmaging techniques (such as
magneti c Fesonance dﬁ{f?‘hé‘“ S BELPPIBRYSIRTES &Y BREGFAPRY oS T HBugh such nethods are not suited to high-throughput 10perneability assessment. ix) Brain
and CSF | ew.¢dxample 3 herelihgovides an exauiplary nethebivomspessap biokviidoiftCBicd.evel s of the conpounds or drugs according to the invention can be assessed, measured or
estimated using various nodels 15 net hods, and assays (see Potchoi ba MJ, and Nocerini, MR (2004) DVD 32:1190-1198; Ol owska- Madj ack M (2004) Acta Neur obi ol
Exp 64: 177-188; and Hocht, C, Opezza, JA and Taira, CA (2004) Curr Drug Discovi Technol 1:269-85) One of the nobst conmmon techniques is probably a
br ai n sanf} inngvoaddsays: animaViedsani mal absor ption study (pharmacoki netic). For ins;i ance, pharmacokinetics (PK) profiles of 20 the conpound of the invention
coul d be investl.gat i typical n linical PK studies in mce. Briefly, at|different time-points follow ng intravenous, subcutaneous and oral conpound
adni ni strat i ofl\}s%”g r%nﬁrﬂél%%jsa bﬁl“&%?rgﬁ AaprEs aa?%"%"ﬁﬁ"ﬁ%c?f"e“a.C"%%’”Br ain, CSF and plasma sanples are then analyzed by LG/ M5 to deternine the

concent r aRfcoming iwethgriovantiers o exeepleowptain dransVBAL tapimehtriadels savehbeas brain dial ysis or distribution of a radiol abell ed conmpound with or without

aut or adi OliskEHRRY ePHMmBRU K LAS SBatDRioHS§ 877, Absl KM E ke, XTI 48, %%26‘9?&-53‘19 distribution study to assess the time course elimnation of radioactivity from
' “radiol abel ed conpound, the percentage of the original dose transported in the brain or CSF can

tissues f i.n adm pistration of a known quantity of radio
be deter ng’hége.%slzg@%ﬂ§F}’rﬁ’|r’ge?’séba33a6’t“g'f"é%ﬁ”S? ﬁrﬁ-ﬁh’@’g%?pw56>f§3i§?§/}og@&rﬁeﬁns containing brain tissues with a wide range of radioactivity concentrations can be
readi 1§y gareraninkdl ecbdels toeteahivit mbarbetaiisticd eswekisied fwith tidr peghophysiclogy AlACEr nat i vel vy, crodialysis offers a way to renove drugs fromthe brain. The principle of

m crodi al ¥ghsicl-SicRas 88 Bhobi6 Hhibidis] C : siBkl-di ameter pores of a sem perneable menbrane tubing connected to a probe that is inplanted
into a defi neg rS{Sbrai n area. 'I"ﬂe[&%d#%%e ?@%ﬁgﬁhgcﬁégg?%géggg% usi (?r?dpunp and per%f used with a liquid, which equilibrates with the fluid outside the tube by

di f f usi onN§TRTHIPHIRE AR AtPANYe meligdnor tRrpyEralingn fiey ihibitasy agidy ¢'nthehe fraction-icol |l ected nicrodialysates reflects their concentration in the fluid.
Those ski tdngbuhd. WORinRirktion df khel @eRGMMCESR a Pha@caltAy bRecBSLeIidkiaRd Wei Ng no nore than routine experinentation, nunerous equivalents to the specific

procedure ﬁlim , | ai and .exanpl es described herein. .Such equivalents are considered to be within the scope of this invention and covered by
the cl ai n%n appei%tg‘ie“gg%é?eépg.rgﬁg%grﬁ%rgeﬁttnsssuggpgf TPPIBfIaP SFCEREUY TWBH pat ent's, and! publ i shed patent applications cited throughout this application are hereby
i ncor por adle@iPieeef er ence. The invention is further illustrated by the followi ng exanpl es, which shoul d not be construed as further limting. 10 EXAMPLES
The Exanples set forth herein bel ow provi de exenpl ary syntheses of certain representative conpounds of the invention. Also provided are exenpl ary nethods

for assayivh@osdidie conpounds of the invention for in vitro stability, mcrosones netabolism and

A variety of different parameters can be monitored to assess toxicity. Examples of

such parameters inciude, but are not limited to, cell proliferation, monitoring activation of
20  celiular pathways for toxicological responses by gene or protein expression analysis, DNA

fragmentaiion, changes in the composition of cellular membranes, membrane permeability,

activation of components of death- receptors or downstream signaling pathways (e.g.,

Caspases), generic. stress responses, NF-kappaB activation and responses 10 miiogens.

Related assays are used to assay for apopiosis (a programmed process of cell death) and
25  necrosis, including cGMP formation and NO formaiion.

Toxicity and therapeutic efficacy of the compound({s) and composition(sj of the
invention can be determined by siandard pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the LD50 (the dose lethal to 50% of the
population) and the ED50 (the dose therapeutically effective in 50% of the population). The

30 dose ratio between toxic and therapeuiic effects is the therapeutic index and can be
expressed as the ratio LDS0/EDSQ, and usually a larger therapeutic index is more
efficacious. While agents that exhibit toxic side effects may be used, care shouid be taken to
design a delivery system that targets such agenis to the sité of affected iissue in order to
minimize poiential damage to unaffected celis and, thereby, reduce side effects. '

35
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15nouse bioavailability. Unl ess otherwi se indicated, all numbers expressiing quantities of ingredients, reaction conditions, concentrations,

properties, and so forth used in the specification and clains are to be understood as being nodified in all instances by the term"about." At the very

| east, each nunerical paranmeter should at |east be construed in light of the nunber of reported 90 significant digits and by applying ordinary rounding
techni ques. Accordingly, unless indicated to the contrary, the nunerical parameters set forth in the present specification and attached clainms are

approxi mations that may vary dependi ng upon the properties sought to be obtained. Notw thstanding that the nunerical ranges and paraneters setting forth the
broad scope of the enbodi nents are approxinations, the nunerical values set forth in the specific 25 exanples are reported as precisely as possible. Any
nunerical value, however, inherently contain certain errors resulting fromvariations in experinents, testing neasurenents, statistical analyses and such.
The pr esentnduroproictien al so rel ates to novel conpounds and the synthesis thereof. The follow ng detailed exanples describe how to prepare the various
conpounds and/.r(?]r f[)."‘ﬂc()). erfq[ rqrtthe }/gri ou%fg.rjgcie%ses So[h écge ir&vgc?t{'e 0, and are to be construed as nerely illustrative, and not limtations of the preceding

di scl osure in aﬁy PRt AR ATV EEVE P! e BE S BRPPTRESTHE IR grbfe W glxorrptly recognj ze appropriate variations fromthe procedures both as to reactants and as to
reacti on assagh whethesa inhilitaneagent jeres protegliveafieciagsieg nevrnesl guumpoutistessray be conmercially avail able. Exanple 1-A: Chemical Synthesis of Am no acid prodrugs
Accordingly, the follow ng exanples are presented to illustrate how sone am no acid prodrugs according to the invention conpounds may be prepared NHS,
HBTU NEt 3, H20é2-, 1CO To a stirred solution of a N-Boc-protected am no acid or a carboxylic acid (10 nmol) 10 in CHd 2 (100 nL) was added HBTU

(N, N, V@M‘T’ 9’ -hé’-’qefl—l- benzotriazol -1- y1) urani um hexafl uorophosphate, 4.17 g, 11 mol) followed by addition of triethylarnine (1.53 nL, 11 mmol) and
N- hydr oxysucciApopmske in(hi, cel .@es ds cdiblaterDivin alibleel meakcdiogital appehtanesswas stirred at roomtenperature for 4 h, and then diluted with HC (1 N) and Et0Ac (et hyl

acetate). Eﬂé@_le%{og%%h%hér%% iMRRe | %??‘%ﬁfg’g*{"ﬁ%i‘&?‘a@"’%e ?a%%eﬁg’ﬁéj &pncentrat ed. The residual 15material was purified by flash chromatography on silica gel

usi ng hexan as eluent to a ‘he correspondi ng I oxysucci ni m de ester in good yield (about 70 to 88% . General procedures for the preparation
of ani no &EPE cpange.drss supstaieagangEion PIoPBiah SSEh eRsPes asirerglpPieddRiit es A to D): 20Procedures A to D were used in different combinations, to produce exenplary
conpoundswi a lighe midhcendd. Galis ReRHding deptobib eapsiepss atibaeyd bf frigpmeneiiods A to Y using these procedures are summarized in Table 2 bel ow. Procedure A: 25

10 and disintegraiion of chromosomes. These changes ¢an be detecied using light microscopy
anc/or DNA or chromatin specific dves.

b. Altered Membrane Permeabillly
Often the membranes of cells undergoing apoptosis become increasingly permeable.
15  This change in membrane properiies can be readily detecied using vital dyes (e.g.,
propidium icdide and trypan blue). Dyes can be used o detect the presence of necrotic cells.
For example, certain methods utilize a green-fiuorescent LIVE/DEAD™ Cyiotoxicity Kit #2,
available from Molecular Prebes. The dye specifically reacts with cellular amine groups. In
hecrotic cells, the eniire free amine conient is availabie to react with the dye, thus resulting
20 in inmense fluorescent staining. In contrast, only the celi-surface amines of viable cells are
available ic react with the dye. Hence, the fluorescence intensity for viable celis is reduced
significantly relative 1o necrotic celis {see, e. g., Haugland, 1995 Handbook of Fiuore'scenf
Probes and Research Chemicals, 6th ed., Molecular Probes, OR}.

25 ¢ Dysfunction of Mitochondrial Membrane Potential
Mitochondria provide direct and indirect biochemical regulation of diverse cellular
procasses as the main energy source in celis of higher organisms. These process include
the electron transport chain aclivity, which drives oxidative phosphorylation to produce
metabolic energy in the form of adencsine triphosphate (Le., ATP). Altered or defeciive
3C  mitochondrial activity can result in mitochondrial collapse called the "permeabiiity transition”
or mitochondrial permeability transition. Proper mitochondrial funciioning requires
maintenance of the membrane potential established across the membrane. Dissipation of
the membrane potential prevents ATP synthesis and thus halis or restricts the production of
a vital biochermical energy source.
35 Consequently, a2 variety of assays designed 1o assess {oxicity and cell death involve
monitering the effect of a test agent on mitochondrial membrane potentials or on the
mitochondrial permeability transition. One approach is to utilize fiuorescent indicators (see,
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A sol ution of the N-hydroxysuccinimde ester of a N-Boc-protected am no acid or
added slowy to a solution of SAPS, 3-am no-1-propanesul fonic acid, 40 mmol, -I
stirred at roomtenperature overnight. The m xture was evaporated to dryness.
for 1 h. After the m xture was cooled to roomtenperature, the solid materia
foll owi ng work-up procedures: 10 (i) The solid material was dissolved in water
colum (strongly acidic, 110 g (5 eq), pre-washed). The strong acidic fractions

eg in 2 N NaOH (sodium 5 hydroxi de,
The resi dual
was filtered and dried in vacua, and further purified according to one of the
(25 ni).

a carboxylic acid (48 mmol, 1.2 eq) in acetonitrile or acetone (50 nlL) was

23 mL, 1.2 eq). The reaction m xture was
material was stirred with Et20 (diethyl ether, 150 nlL) at ref |ux
The sol ution was passed through a DowexTM Mar at hon",

were conbi ned and treated with concentrated HCl (10 ni).

C i on-exchange
The m xture was

stirred at 50 C for 30 mnutes, and then was 15 concentrated to dryness. The residual material was co-evaporated with EtOH (ethanol) to conpletely renove
wat er . Et@gl@mﬂ@amLﬁgmasamﬂd@doﬂmuﬁhggﬁesﬁdyemmﬁmgeghwtmgﬁmeSnﬁ@arred at ref lwux for 1 h, and then cooled to roomtenperature. The solid nmaterial was

col | ected i T | i i solved i.n wa (10 m). The solution was added drop wi se to EtOH (100 nL). The product slowy

crystalli MQ%CJ%&%@QESQQ nggso%&mgss Y begjaﬂ?usngo%u?rg??ﬁgtrpé?tﬁfsé;a? 8F°30 minutes. The solid material was col | ected by filtration and it was dried in a vacuum
oven (60 @& utilized)( S%eegolﬁa@mﬁt élh@WQ/)/aé Miembohey ddioli ASWefleMitp@®nedal . The sol ution was passed through a DowexTm Marat honTM C i on exchange col um (strongly
aci di c, 1ﬁ@mgm&5,ﬁﬂ%ua@mgnw@§hggkagmgmgn&gggwa§&guﬁkkﬁ@ﬁ$50ﬂ§mg@5§ conbi ned and evaporated under reduced 25 pressure. The residue was purified using
revers phase fﬂa&p C rog&toggﬁgh¥ ﬁ %% C18, col um For ester-contiaining conpound, the final product was obtained after renoval of the sol vent
from the COPFEEROREF Gt PUEE } Tt Maiegy eB“d?Pyt%%FHAFmbfaﬂ?ﬁ &%si dual naterial fromstep (ii) above was stirred with 4N FICl (3 nL) at 50 C for 30 1 h.

A whi t e sbérk frgseealimdra ths. aqppel-2idh). FAfibeTguidascemnxbeatiiels Warsosmetiretsutio room t enper
vacua, t o fah@vii devkibeinfd bREAGHD o 2868 A ReX et 3P TO @ stirred solution of a
(10/10/10 nL mgsvaddgdCﬁq?o Stlon of SA@% ﬁgeso ?un1salt) (3.3 nmol) in water
The reaction m xture was stirred for 2 h, foIIovved by addition of Et0OAc. The aq
was purifb’ei&hsb.ysesdd‘:irat:angel col umm usi ng CH2012- I\/EOH (80- 20) as eluent to give t

pr odu% was di g Fgcgéy f ?%5‘?%;%”8 cél%' rid m\%lvg})( trva}(%o% okgy addi tion g

h
and t hen conce%%p %Ig% ﬂun erre r éss € T Eesi du terial was s

under ref9§ngic PrEREAMIWIER E&lis\ReE ”@d@fliit»,e(ﬂ Fleédqdo@’nﬁiiwerbpm W@Usfwmmsmd d material was collected by filtration,

vacuum t oAgdptd@fsdnviolV8s & cahdCEHRRHEFica RVA%e 88 iS ufder the regutaT@n bhengihtier f i ed product

2 Cl 0
 Bel 11 e SRty SR Bhe bR0R LSl B A ol apor s e oot B 28 1 L r o .

mat eri al adgrigekinil B doiypring veaype-( (015 samitRL Gor(e8 IBiesoganem endddd B%amaiyet oni tri | e/ wat
| yophigd i Z&Qtelrfeq:r&%\é@s thﬂSsJ adhily ern@Fé:é% d inZBot BQ§Q‘HH (= lety of proteaggy procedure |

acid coupled t IS repeated as necessary to obtaln the d
generic es. The "C" in the name reflects the fact fhat the

enzymes are cysteine proteases, while "Caspase” refers to the ability of these enzymes to
cieave after aspartic acid residues.

a?y referred to as caépase enzy

Conseguenily, some assays for apopiosis are based upon the observation that
caspases are induced during apoptosis. Induction of these enzymes ¢an be detected by
monitoring the cleavage of specificaliy-recognized substrates for these enzymes. A number
of nawrally occurring and synthetic protein substrates are known (see, e.g., Ellerby et al.
{1997) J. Neurosci. 17:6165; Kiuck, et ai. (1997) Sclence 275:1132; Nicholson et al. (1295)
Nature 376:37; and Rosen and Casciola- Rosen (1987) J. Celi Biochem. 64:50). Methods for
preparing a number of different subsirates that can be utiized in these assays are described
in U.S. Pat. No. 5,976,822. This patent also describes assays that can be conducted using
whole cells that are amendabie to certain of the microfiuidic davices deseribed herein. Other
methods using FRET technigues are discussed in Mahajan, et al. (1999) Chem. Bioi. 6:401-
9; and Xu, et al. {1298) Nucl. Acids. Res. 26:2034-5.

20

28

30

e. Cytochrome C Release
the
macromolecules. Thus, one indicator of cell apopiosis is the release or leakage of

in  healthy celis, inner mitochondrial membrane is impermeable 1o

cytochrome C from the mitochondria. Detection of cytochrome C can be performed using
35  spectroscopic methods because of the inherent absorption properties of the protein. Thus,
one detection option with the present devices is 1o place the cells within a holding space and

monitor absorbance at a characterisiic absorption wavelengih for cytochrome C.
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15 m xture was stirred under

t

ature,
N- hydr oxysucci ni mi de ester (3 mmol)

ueous | ayer was isolated and concentrated to a residue.
he correspondi ng N-Boc-protected 5 product.

er).
s used to produce prodrugs of Fornul ae |
esi red compound.

the solid nmaterial was collected by filtration, washed, and dried in
in a mxture of H20/tetrahydrof uran/ CH3CN
(5 nL) followed by addition of 1M solution of potassium carbonate (3 nli).
The residual material

The purified N Boc-protected

f TFA (trifluoroacetic acid, 5 nL). The reaction mxture was stirred for 2 h,

uspended in a m ni num anount of ethanol and the m xture was stirred for 1 h
10 washed with ethanol, and dried under high

cont ai ni ng benzyl ether protection group fromprocedure A or B (3.5 mol) in

hydrogen (1 atn) overnight. The suspension was filtered

he washi ng were conbi ned and evaporated under reduced pressure. The residual
The fractions containing the desired conpound were conbi ned and

to VI having nore than one am no



(I') The product from Procedures A, B, or Cis further reacted with another Nhyd;cxysuccininicie ester followng P ' i

, B, _ : rocedure A(i). 30(i Th
Procedures A, B, or Cwas further reacted with another N hydroxysuccinim de ester follow ng Procedure B. ’ i TN A iher Ui
exenplary am no acid prodrugs according to the invention ID Synthetic Procedure

NVR (D20) 81.55-1.61 (n, 2H), 2.40-2.48 (m 2H), 2.92-3.01 (in, 2H), 3.04-3.14 (n, 2H),
NVR (020) 8 23.76, 37.02, 38.21, 48.36, 54.79, 128.19, 129.33, 129.42, 134.01] 168.94;

7.2 Hz,
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Alternatively, the protein can be detected using standard immunological methods (e.g.,
ELISA assays) with an antibody that specifically binds to cytochrome C {see, e.g., Liu et at.
(1996} Cell 86:147).

f. Assays for Ceff Lysis

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

g. Ischemic Mode! Systems

Methods for assaying whether a compound can confer protective neurological effects
against ischemia and stroke are discussed by Aarts, et al. (Science 208:846-850, 2002). In
general, this assay involves subjecting rats to a middle cerebral artery occlusion {(MCAQ) for
a relatively short period of time (e.g., about 80 minutes). MCAO can be induced using
various methods, including an intraluminal suture method (see, e.g., Longa, E. Z et al
(1989) Stroke 20:84; and Belayev, L., et al. (1996) Stroke 27:1616). A composition
containing the putative inhibitor is introduced into the rat using conventional methods (e.g.,
via intravenous injection}. To evaiuaie the compositions prophylactic efiect, the composition
is administered before performing MCAQ. If the compound is to be evaluated for its ability 1o
mitigate against an ischemic event that has aiready occurred, the composition with the
compound s introduced after MCAO has been initiated. The extent of cerebral infarction is
then evaiuated using various measures of neurciogical function. Examples of such
measures include the postural reflex test (Bederson, J. B. et al. (1986) Stroke 17:472) and
the forelimb placing test (De Ryck, M. et al. (1989) Stroke 20:1383). Methods are also
described in Aarts et al assessing the effects of NMDA-induced excitotoxicity using in vitro

assays.

h. MTT Cytotoxicity Assay
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Table 5. Synthesis and characterization of
130 125 MHz) MS (el ectrospray ionization) Al
7.11 (d, J = 6.8 Hz,
1H NMR (020) 8 0.87-0.90 (n,

NVR (ppm 1H 500 MHz;
3.95-3.98 (m 1H),

mz 285 (M1).
2H), 2.02-2.09 (m A O 1H), 2.79 (t, J = 7.8 Hz, 2H), 3.20-329 (m 2H), 3.60(d, J =6.3 Hz, )

7.197.27 (m 3H);
1.83 (qt,



NVR (D20) 31720, 17.77, 24.11, 30.00, 38.29, 48.63, 58.96, 169.35; miz 237 (M1). 1H NVR (020) 61.82 (qt, J = 7.2 Hz, 2H), 1.90-1.95 (m 3H), 228-2.33
(m  1H), 2.78 (t, J = 7.8 Hz, 2H) 3 22-3 33 (in, 4H), 4.21 (t, J = 7.1 Hz, 2H: 130 AS AO NMR (020) 8 23.95, 24.07, 29.85, 38.49, 46.57, 48.53, 60. 00,
169.64; mz 235 (M1). 1H NVR (D20) 8 1.30 (qt, J = 8.1 Hz, 2H), 1.57 (qt, J = 7.8 Hz, 2H), 1.75- 1.85 (n, 4H), 2.77-280 (n, 2H), 2.87(t, J =7.8 Hz,
2H), 3.17 (qt, J =6.7 Hz,

The MTT assay is another assay which has been widely used 1o assess cytotoxicity
in neuronal cells. The celluiar toxicity can assessed using the 3-(4,5-dimethylihiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) assay (Trevigen, Gaithersburg, Md.) following the
recommengations of the manufacturer.

i. Trypan Blue Cell Viabiiity Measurement
Cell viability can be measured using the trypan blue exclusion method (Yao et al.,
Brain Res., 889, 181-180 (2001)).

10 j Determination of Ceflular ATP Levels
Celiular ATP Levels can be indicative of celi viability. Celiular ATP concentrations
can be measured using the ATPLite-M® luminescence assay (Packard BioSciences Co.).
For example, in this. assay, cells typically are cultured on black 26-well ViewPlaie® and the
ATP concentrations are measured on a TopCount NXT® counter {Packard BioSciences Co.)
15  following the recommendations of the manufacturer.

vi) Gastroimtestinal absorption
The compeunds or drugs accerding to the inveniion can be further analyzed, tested
or validated for their ability to be absorbed by the gut and/or intesting if so desired.

20 Intestinal permeability and transport of a drug candidate may be estimated using a
variety of in vitro, in situ, as well as in vivo models (Balimane et al. (2000) J Pharmacol
Toxicol Methods 44:385-4G1; Hidalgo |. (2001) Curr Top Med Chem 1:385-401, Hiligreen K,
Kato A and Borchardt R. (1995) 15:83-109).

For instance, paraliel artificial membrane permeabliity (PAMPA) assay and cell-

25  based systems such as Caco-2 and Mardin-Darby canine kidney (MDCK]) celis are the most
frequently used in vitro models. The PAMPA mode! consists of a hydrophobic filier material
coated with a mixture of 'iecithinlphospholipids dissolved in an inert organic solvent creating
an artificial lipid membrane barrier that mimics the intestinal epithelium. Caco-2 cells, a
human colon adenocarcinoma, undergo sportaneous enterocytic differentiation in culture

30 and become polarized celis with well-estabiished fight junctions, resembling intestinal
epithelium in humans. Caco-2 cell model has been the most popular and the most
extensively characterized cell-based model in examining the permeability of drugs in both
the pharmaceuticat industries and academia. Alternatively, MDCK cells which also deveiop
tight junctions and form monolayers of polarized cells are used.

35 An in situ study such as an intestinal perfusion could aiso be performed to assess
drug absorpiion. Isolated intestinal segments comprise the absorptive cells and the
underlying muscle layers. As it is commonly used, this technigue only allows sampling from
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ACi i)

1H),3.31 (qt, J =6.8 Hz, 1H), 3.83 (t, J =
NVR (DVSO-d6) 60.81 (d, J = 7.3 Hz. 3H), 7.84 (d, J = 7.3 Hz, 3H),
BJ=7.3Hz, 1H); 130 NVR (DVSO-d6) 8 21.48, 21.78, 24.17, 3842, 40.08,
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the mucosal side; drug disappearance is assumed to be equal to drug absorpiion. Typically,
a whole animal absorption study (pharmacokinetic study) will be performed in parallel with
the in vitro and/or in sifu studies to assess intestinal permeability. in general, drug absorption
in animais is beiieved to be a good predicior of absorption in humans.

vii} Gastrointestinal toxicity

The compounds or drugs according to the invention can be further analyzed, tested
or validated for gastrointestinal (Gl toxicity. Gastrointestinal toxicity of a compound in vive
can be reliably estabiished through the implementation of a standard batiery of general
toxicoiogical assessments. Generally, regulatory test guidelines from the EU, OECD, ICH,
FDA and JMOHW are used as reference material for the preparation of study protocois for
such assessments. In North America, the toxicological assessments wili generally be carried
out in compliance with the United Staies Food and Drug Administration Title 21 Code of
Federal Regulations Part 58, Good Laboratory Practice for Non-clinical studies issued on
December 22, 1978, Federal Register pius subsequent amendments. ‘

Within the context of such a non-clinical assessment of the toxicity of a particular
compound, Gl toxicity may specifically be assessed through the monitoring of body weight
gain, the gross examination of materials emitied by the iest subject (specifically vomitus and
feces) and the monitoring of food/water consumption (appetence). Furthermore, upon
termination of a non-clinical toxicological assessment, the retention and processing of Gl
tract tssues from the test subject(s) to the slide stage, foliowed by histopathological

-examination of said tissues by a trained pathologist, is a ussful too!, complementary 1o the

aforementioned “in-iife” observations.

viif} Crossing of the Blood Brain Barrier (BBB)

The blood-brain barrier (BBB) is a very specialized barrier sysiem of endothelial cells
that separates the blood from the underlying brain celis, providing profection to brain celis
and preserving brain homeosiasis. The brain endothelium has a compiex arrangement of
tight junctions between the cells that restrict the passage of molecules. Typically the BBE is
permeable to small and lipophilic molecules, but larger molecules are generally not
transporied across unless there is an active fransport system available. Thus this is one of

- the stumbling biocks for drug delivery. An additional probiem is the very efiective drug efflux

systems (P-glycoprotein), which pump the drug back out of cells.

The compounds according to the invention can be further analvzed, tested or
validated for their ability to cross the BBB is so desired. Many in-vifro, in-vivo and in-sifico
methods may be employed during drug development to mimic the BBB (Lohmann &t al.
{2002) Predicting blood-brain barrier permeability of drugs: evaiuation of different in vitro
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6.6 Hz, 1H); 130 NMR (020)

(in
4

, 1H), 1.60 (m 2H),
8.66, 52.35, 170.53;

1.82 (m 2H), 280 (n,
mz 251 (M1).

2H),

8 21.47, 24.12, 30.49, 38.30, 39.18, 48.63, 5328, 169.66:

320-3.30 (in,

mz 266 (M1).

2H),

3.82 (t,



1H NVR (020) 6 1.84 (m 2H), 1.99 (s, 3H), 2.04 (m 2H), 2.47 (m 2H), 2.80 AS

(020) 8

3.97 A7 Band C (t, J = 5.0 Hz, 1H); 130 NWR (020) 5 24.10, 38.39, 48.55, 54.85
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14.18, 24.07, 28.44, 30.09, 38.41, 48.61, 52.66, 169.46;

assays. J Drug Target 10:263-276; Nicolazzo et al. {2008) Methods to assess drug
permeability across the blood-brain barrier. J Pharm Pharmacol 58:281-293). In-vitro models
include primary endothedial cell culiure and immortalized cell lines such as Caco-2, BMEC,
MDCK. These cells are useful as a screening method and -can appropriately rank
compounds in order of BBB permeability. In vivo models such as the internal carotid artery
single injection or perfusion, intravenous bolus injection, brain effiux index and intracerebral
microdialysis provide more accurate information regarding brain uptake, and these can be
complemented with novel imaging technigues (such as magnetic resonance imaging and
posiiron emission tomography), although such methods are not suited to high-throughput
permeability assessment. |

ix) Brain and CSF level

The brain and/or cersbrospinal fluid (CSF) leveis of the compounds or drugs
according o the invention can be assessed, measured or estimated using various models
methods, and assays (see Potchoiba MJ, and Nocerini, MR (2004) DMD 32:1190-1198;
Orlowska-Madjack M. (2004) Acta Neurobiol Exp 64: 177-188; and Hocht, C, Opezza, JA
and Taira, CA (2004) Gurr Drug Discov Technol 1:265-85)

One of the mest common technigues is probably a brain sampiing after a whole
arimal absorption study {pharmacokinetic). For instance, pharmacokinetics (PK) prbfiies of
the compound of the invention could be investigated using typical nonciinical PK studies in

"mice. Briefiy, al different time-points foliowing intravenous, subcutaneous and oral

compound adminisirations, brain, GSF and plasma sampies are collecied. The brain, CSF
and plasma sampies are then analyzed by LC/MS to determine the concentration-time
profiles of the compound.

Alternatives such as brain dialysis or distribution of a radiolabelied compound with or
without autoradioluminography couid also be used. A typical example is 2 tissue distribution
study to assess the time course elimination of radicactivity from fissues following the
adminisiration of a known quantity of radiolabeled compound, the percentage of the original
dose transported In the brain or CSF c¢an be determined. Furthermore,
autoradioluminography of cryosections containing brain tissues with a wide range of
radioactivity concentrations can be readily quantified to determine brain levels of a drug.

Alternatively, microd'ialysis offers a way 1o remove drugs from the brain. The principle
of microdialysis is based on the diffusion of molecules through small-diameter pores of 2
semi permeable membrane tubing connected {0 a probe that is implanted into a defined
brain area. The probe is connected to a perfusion pump and perfused with a liquid, which
equilibrates with the fluid outside the tube by diffusion in both directions. A guantitative
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mz 269 (M

1) .

60. 44,

AO (m 2H), 3.24 (t,
1H NVR (D20) 61.81 (m 2H), 2.80 (m 2H),

167. 97,

J=6.6 H, 2H), 3.94 (t,
mz 225 (M1).

J =6.6 Hz, 2H); 13C NMR

3.23 (m 2H),

3.80 (m 2H),



1H NVR (D20) 8 3.90 (g, 1H, J = 7 Hz) 323 (t 2HJ = 7 Hz), 2.78 (m 2H), A8 AO! 1.82 (m 2H), 1.38 (d, 3H, J = 7 Hz); 130 NVR (020) 8 170.90, 49.30, 48.55,
38 28 24.10, 16.65; mz 209 (M1). A9 AO 1H NMR (D20) 5 3.90 (g, 1H, J = 7 Hz), 3.23 (t, 2H, J =7 Hz), 2.78 (m 2H), 1.82 (m 2H), 1.38 (d, 3H, J = 7
Hz); 130 NVR (D20) 8 170.90, 49.30, 48.55, 3828, 24.10, 16.65; mz 209 (M1).  1H NVR (D20) 81.82 (m 2H), 2.80 (m 2H 325 (m2H).3.67 (s, 2H); 13C A10 B
NVR (D20) 8 24.13, 38.26, 40.57, 48.55, 167.08; mz 195 (M1).

analysis of drug in the fraction-collected microdialysates reflects their concentration in the
fluid, ‘
Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimeniation, numerous equivalents to the specific procedures, embodiments,
5 claims, and examples described herein. Such equivalenis are considered to be within the
scope of this invention and covered by the claims appended hereic. The contents of all
references, issued patents, and published paient applications cited throughout this
application are hereby incorporated by reference. The invention is further illustrated by the
following examples, which should not be construed as further limiting.

10
EXAMPLES

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

15 mouse bioavaiiability.

Uniess otherwise indicated, all numbers expressing guantities of ingredients, raaction
conditions, concenirations, properties, and so forth used in the specification and claims are
to be understood as being modified in all instances by the term “about.” At the very least,
each numerical parameter should at least be construed in light of the number of reported

20  significant digits and by applying ordinary rounding techniques. Accordingly, unless indicated
10 the contrary, the numerical parameters set forth in the present specification and atiached
claims are approximations that may vary depending upon the properiies sought to be
obtained. Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the embodiments are approximations, the numerical values set forth in the spegcific

253  examples are reported as precisely as possible. Any numerical value, however, inherently
contain certain errors resulting from variations in experiments, testing measurements,
statistical. analyses and such.

The present invention also relates to novel compounds and the synthesis thereof.
The following detailed examples describe how to prepare the various compounds and/or

30 perform the various processes of the invention and are 1o be construed as merely illustrative,
and not iimiations of the preceding disclosure in any way whatsoever. Those skilled in the
art will promptly recognize appropriate variations from the procedures both as to reactanis
and as o reaction conditions and techniques. tn some cases, the compounds may be
commercially availabie.
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1H NMR (D20) 50.80 (t, 3H, 3 = 7.3 Hz), 0.86 (d, 3H, J = 6.8 Hz), 1.12 (m
Al AO 5.9 Hz ); 130 NMVR (D20) 8 10.59, 14.22, 24.11, 24.37, 3628, 38.29,
3H), 2.04 (m 2H), 2.47 (m 2H), 2.80 Al2 A(i) (m 2H 325 (t J = 7.3 Hz,
38.41, 48.60, 52.66, 169.42;

Exampie 1-A: Chemical Synthesis of Amino acid prodrugs
Accordingly, the foliowing examples are presented to iliustrate how some amino acid
prodrugs according to the invention compounds may be prepared.

Prenaration of N-hvdroxysucciniride ester
R Re R Re

o
X _NHS HBTU 0
BOCNT 7 NEt, GH,CL BOONT ™ N
R* O t¢ 0 )
o
o
Rn-X  _NHS HBTU R O
—_— R T
hid NEt,, CH,Cl, YN
o 0
o

To a stirred solution of a2 N-Boc-protectad amino acid or a carboxyiic acid (10 mmol)

10 in CHCl: (100 mL) was added HBTU (NN N-Tetramethyl-O-1Hbenzotriazoi-1-

yhurcnium hexafluorophosphate, 4.17 g, 11 mmol) followed by addition of triethylamine (1.53

mL, 17 mmol} and A-hydroxysuccinimide (NHS, 1.26 g, 11 mmol). The reaction mixiure was

stirred at room temperature for 4 h, and then diluted with HC! (1 N) and EtOAc (ethyl

acetate). The organic layer was isolated, dried over Na,SO,, and concentrated. The residual

13 material was purified by flash chromatography on silica get using hexanes-EtOAc as eluent
to afford the corresponding N-hydroxysuccinimide ester in good yield (about 70 to 88%).

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

acid (Procedures A to D):

20 Procedures A to D were used in different combinations, to produce exempiary

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

Procedure A:

25
i 2
R 1) M~ -SOH R
SN NaOH ’ N
BOCN N N a - L _ N\\/\\/SOSH
] 2) H+ P/
R¢ O "
5 R O

81

1H)
48. 64
2H), 3

, 1.40 (m 1H),

, 58. 00, 169. 35;

.94 (t,

J

6.6 Hz,

1H);

1.83 (m 3H), 2.79 (m 2H),
mz 251 (M1).

130 NMR (020) 8

3.25 (m 2H), 3.68 (d, 1H J =

1H NVS (020) 5 1.84 (m 2H), 1.99 (s,

14. 18, 24.06, 28.42, 30.07,



mz 269 (M1).

Hz, 1H);

2.77 (m 2H), 3.23 (t, J = 6.6 Hz, Al4 AO 2H): 130 NVR (D20) 8 23.44, 24.08,

10

15

20

.30

A soluiion of the N-hydroxysuccinimide ester of a A-Boc-protected amino acid or a
carboxylic acid (48 mmol, 1.2 eg) in acetonitrile or acetone (50 mL) was added slowly tc a
solution of 3APS, 3-amino-1-propanesuifonic acid, 40 mmol, teg in 2 N NaOH (sodium
hydroxide, 23 mL, 1.2 eq). The reaction mixture was stirred at room temperature overnight.
The mixture was evaporated 1o dryness. The residual material was stirred with Ei,O (diethyl
ether, 150 mL) at refiux for 1 h. After the mixiure was cooled to room temperature, the solid
material was filtered and dried in vacue, and further purified according to one of the foliowing
work-up procedures:

() The solid material was dissoived in water (25 mL). The solution was passed through
a Dowex™ Marathon™ C ion-exchange column (strongly acidic, 110 g (5 eq}, pre-
washed). The strong acidic fractions were combined and treated with concentrated
HCI {10 mL). The mixture was stirred at 50 °C for 30 minutes, and then was
concentrated to dryness. The residual material was co-svaporated with EtOH
{ethanol) to completely remove water. E{OH (100 mL) was added to the residue. The
mixture was stirred at reflux for 1 b, and then cooled 1o room temperature. The solid
material was collected by filtration. The solid material was dissolved in water (10 mL)}.
The solution was added drop wise to EtOH (100 mL). The product slowly crystallized.
The suspension was stirred at room temperature for 30 minutes. The solid material
was collected by filiration and it was dried in a vacuum oven (60 “C}.

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

(i) The residual material from step (ii) above was stirred with 4N HCI (3 mL) at 50 °C for
1 h. A white solid precipitate appeared. After the mixture was cooled to room
temperature, the solid material was-coliected by filiration, washed, and dried in
vacuo, to provide the final product.

Procedure B:

To a stirred solution of a N-hydroxysuccinimide ester (3 mmol) in a mixture of
H,O/tetrahydrofuran/CHLCN (10/10/10 mL) was added & solution of 3APS {as sodium salt)

82

1H NMR (D20) 51.70 (m 2H), 2.64 (m 2H), 3.15 (m 1H), 3.22 (m 3H), 4.06 M5 A(i) (t,
130 NMVR (D20) 5  23.94, 26.27, 38.36, 48.43, 52.59, 118.40, 126.36, 134.60, 167.96;

mz 275 (

J =
M 1)

38. 54, 48.61, 5721, 173.20;

6.3 Hz, 1H), 7.30 (s, 1H),
. 1H NMR (020) 51.46 (s,
mz 223 (M1).

8.55 (d, J = 1.5

6H) ,

1.83 (m 2H),



1H NMR (020) 51.74 (m 2H), 2.59 (m 2H), 3.15 (m 1H), 3.23 (m 1H),

4.95 Al 5

129.87, 130.52, 132.46,168.90; mz 271 (M1). 1H NVR (020) 51.49 (m 2H), 2
Hz), 7.14 (m 2H), 7.39(d, 1H J = 8.3 Hz), 7.47 Al6 AO (m 1H); 130 NVR (D20)

125. 18,

10

15

20

30

126. 63, 136.37, 139.57,

(3.3 mmol) in water (5 mL) foliowed by addition of 1M solution of potassium carbonate (3
mt). The reaction mixiure was stirred for 2 h, followed by addition of EtOAc. The aqueous
layer was isolated and concentraied to a residue. The residual material was purified by silica
gel column using CH.Cl-MeOH (80-20) as eluent to give the corresponding N-Boc-protected
product. The purified N-Boc-protected product was dissolved in dichloromethane (CH.CL,, 10
mL) toliowed by addition of TFA (trifluoroacetic acid, 5 mL). The reaction mixture was stired
for 2 h, and then concentrated under reduced pressure. The residual solid material was
suspended in @ minimum amount of ethanol and the mixture was stirred for 1 h under reflux.
The mixture was cooied to room temperature. The solid material was coliected by filtration,
washed with ethanol, and dried under high vacuum to afford the final compound.

Procedure C:

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

Procedure D:

This procedure is used to produce prodrugs of Formulas | to VI having more than
one amino acid coupled 10 3APS. Step (i} or (ii} is repesated as necessary to obtain the
desired compound.

O
1 2 1) R G- . :
R' R \g/ N o R R
N SO H o H
HN i TN NaGH fona R)LN\ n N~ -S0;H
4 2} H+ |
R O } he 4

(i The product from Procedures A, B, or C is further reacied with another A
nydroxysuccinimide ester following Procedurs A(i).

(i) The product from Procedures A, B, or C was further reacted with another A-
hydroxysuccinimide ester foliowing Procedurs B.
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AO (s, 1H), 7.38 (m 5H); 130 NVR (D20) 524.00, 38. 35, 4838, 56. 84, 128. 05,

34 (m 2H), 2.98 (m 2H), 3.21 (m 2H),
623. 60, 27. 14, 38. 32, 48. 16, 54. 12, 106. 83,

4.01 (m 1H), 7.05(t, 1H, J
112 32118.23, 119.70, 122. 35,

7.3



mz 324 (M1). 1H NVR (020) 81.66 (m 2H), 2.58 (m 2H), 2.92 (m 1H), 3.04 (m 2H), 3.17 A(ifl) and (m 1H), 3.95 (t, 1H 3 = 62 Hz ), 6.77 (d, 2H J
8.8 Hz), 7.02 (d, 2H, J = 8.3 Al7 then C Hz); 130 NMR (020) 8 23.91, 3629, 38.25, 48.42, 54.95 116.07, 125.88,  130.91, 155.29,169.56; mz 301 (M1).
Al18 B 1H NMR (D20) 5 1.77 (m 2H), 2.74 (m 2H), 3.19 (, n2H), 3.75 (m 2H), 4.05 (m 1H), 4.42 & 4.65 (AB, J = 12.2 Hz, 2H), 7.26-7.33 (m 5H); 130 NMR
(D20) 8 24.10, 38.43, 5323, 67.39, 73 28 128.63, 128.67, 128.96, 136. 86,

Table 5. Synthesis and charactierization of exemplary amino acid prodrugs according
to the invention
Synthetic NMR (ppm; 1H 500 KHz; 13C 125 MHz)

Procedure | MS {electrospray ionization)

1H NMR (D20) § 1.55-1.61 (m, 2H), 2.40-2.48 (m, 2H), 2.82-3.01 (m, 2H),
3.04-3.14 (m, 2H), 3.85-3.98 {m, 1H}, 7.11 {(d, J = 8.8 Hz, 2H), 7.187.27 (m,
At | A{) 3H); 13C NMR (D20) 5 23.76, 37.02, 38.21, 48.36, 54.72, 128.19, 129.33,
120.42, 134.01, 168.94;

m/z 285 (M-1). _

14 NMR (D20) 8 0.87-0.90 {m, 6H), 1.83 {qt, J = 7.2 Hz, 2H), 2.02-2.0¢ {m,
1H}, 2.79 (t, J = 7.8 Hz, 2H), 3.20-3.29 (rm, 2H), 3.60 (¢, J = 6.3 Hz, 2H); 13C
NMR (D20) § 17.20, 17.77, 24.11, 30.00, 88.29, 48.63, 58.96, 169.35;

miz 237 {(M-1}.

1H NMR (D20} 8 1.82 (q1, J = 7.2 Hz, 2H), 1.90-1.25 (m, 3H), 2.28-2.33 (M,
1H), 2.78 (4, J = 7.8 Hz, 2H), 3.22-3.33 {m, 4H}, 4.21 {t, J = 7.1 Hz, 2H); 13C
NMR (D20} § 23.95, 24.07, 20.85, 36.49, 48.57, 48.53, 60.00, 169.64;

m/z 235 (M-1).

1H NMR (D20) 8 1.30 (g, J = 8.1 Hz, 2H), 1.57 (ot, J = 7.B Hz, 2K}, 1.75-
1.85 (m, 4H), 2.77-280 (m, 2H}, 2.87 (4, J = 7.8 Hz, 2H), 3.17 (gt J = 6.7 Hz,
Ad | AL 1H), 3.31 (g, J = 6.8 Hz, 1H), 3.83 (, J = 6.8 Hz, 1H); 13C NMR (D20) 5
21.47, 24.12, 30.49, 38.30, 39.18, 48.63, 53.28, 160.66;

miz 266 (M-1).

1H NMR (DMS0-d8) 8 0.81 {d, J = 7.8 Hz, 3H), 7.84 {d, J = 7.3 Hz, 3H)}, 1.5
{m, 1H), 1.60 {m, 2H}, 1.82 (m, 2H), 2.80 {m, 2H), 3.20-3.30 {m, 2H), 3.82 {t,
A5 B J = 7.3 Hz, 1H); 13C NMR {DMSC-d6) b 21 .48, 21.78, 24.17, 38.42, 40.08,
48.66, 52.35, 170.53;

m/z 251 (M-1).

1H NMR (D20) & 1.84 (m, 2H}, 1.99 (s, 3H), 2.04 (m, 2H), 2.47 {m, 2H), 2.80
(m, 2H), 3.24 {t, J = 6.6 Hz, 2H), 3.94 (t, J = 6.6 Hz, 2H); 13C NMR {D20) §

1)

A2 1A

A3 1AL

AB | Al

14.18, 24.07, 28.44, 30.09, 38.41, 48.61, 52.66, 169.46;

m/z 269 (M-1).

1H NMR (D20} 8 1.81 (m, 2H), 2.80 {m, 2H), 3.23 {m, 2H), 3.80 (m, 24}, 3.7
A7 | Bandc (i, d = 5.0 Hz, 1H); 13C NMR (D20) 8 24.10, 38.39, 48.55, 54.85, 60.44,

167.97;

m/z 225 (M-1).

TH NMR (D20} 83.90 (g, 1H,J =7 Hz), 3.23 (t, 24, J = 7 Hz), 2.78 {m, 2H),
re | AG) 1.82 {m, 2H}, 1.38{(d, 3H, J =7 Hz); 13C NMR (D20} & 170.90, 48.30, 48.55,

35.28, 2410, 16.65;
m/z 208 (M-1}.
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167.55; mz 315 (M1). 1H NWR (D20) 5 7.3 - 7.2 (m 5H), 5.05 (s,
1H), 2.78 (t, J = 7.8 Hz, 2H), 2.45(t, J =7 Hz, 2H), 2.05 (q, J
J=7.5Hz, 2H), 2.79 (m 2H), B 2.88 (t, J =7.8 Hz, 2H), 3.18 (t
THNMR (D20) 5 3.80 (4, 1H, J =7 Hz), 3.23 (1, 2H, J = 7 Hz), 2.78 (m, 2H},
g | A 1.82 (m, 2H}, 1.38 (d, 3H, J = 7 Hz); 13C NMR (D20} § 170.90, 49.30, 48 55,
38.28, 24.10, 16.65;
miz 209 (M-1).
tH NMR (D20) § 1.82 (m, 2H), 2.80 {m, 2H), 8.2 (m, 2H).3.67 {s, 2H}; 13C
A10 | B NMR (D20) § 24.13, 38.28, 40.57, 48.55, 167.08;
mfz 195 (M-1).
THNMR (D20) § 0.80 (t, 3H, J = 7.3 Hz), 0.86 (d, M, 4 = 6.8 Hz), 1.12 (m,
1H), 1.40 (m, 1H), 1.83 (m, 3H}, 2.78 {m, 2H), 3.25 (m, 2H}, 3.68 (d, 1H, J =
A1t | A 5.8 Hz); 13C NMR (D20} § 10.58, 14.22, 2411, 24.37, 36.38, 38.29, 48.64,
58.00, 169.35;
mfz 251 (M-1).
1HNMR (D20} § 1.84 (m, 2H), 1.99 (s, 3H), 2.04 (m, 2H), 2.47 (m, 2H), 2.80
A12 | AGY (m, 2H), 3.25 (t, J = 7.3 Hz, 2H), 3.94 (, J = 6.6 Hz, 1H); 13C NMR (D20} &
- 14.18, 24.06, 28.42, 30.07, 38.41, 48.60, 52.66, 169.42;
miz 269 (M-1). ' '
THNMR (D20) 8 1.70 (m, 2H), 2.54 (m, 2H}, 3.15 (m, 1H), 3.22 (m, 3H), 4.06
A3 | AG) {t, J = 6.3 Hz, 1H}, 7.30 (s, TH), 8.55 (¢, J = 1.5 Hz,1H); 13C NMR (D20) &
23.94, 26.27, 38.36, 48.43, 52,59, 118.40, 126.36, 134.560, 167.96:
m/z 275 (M-1).
1H NMR (D20) § 1.46 (s, 6H), 1.83 (m, 2H), 2.77 (m, 2H}, 3.23 (£, J = 6.6 Hz,
A4 § Al 2H}; 13C NMR (D20) & 23.44, 24.08, 38.54, 48,61, 57.21, 173.20;
m/z 223 {(M-1).
1H NMR (D20) 5 1.74 (m, 2H), 2.59 {m, 2H), 3.15 (m, 1H), 3.23 (m, 1H), 4.95
A15 | Al) {s. 1H}, 7.38 (m, 5H}; 13C NMR (D20} 5 24.00, 38.35, 48.38, 56.84, 128.05,
128.87, 130.52, 132.46, 168.90;
m/z 271 (M-1),
1H NMR (D20) & 1.49 (m, 2H), 2.34 (m, 2H), 2.88 (m, 2H), 3.21 (m, 2H}, 4.01
(m, 1H), 7.05 {t, 1H, J = 7.3 Hz), 7.14 (m, 2H), 7.39 (g, 1H, J = 8.3 Hz), 7.47
A16 | Afl) (m, 1H); 13C NMR (D20} & 23.60, 27.14, 38.32, 48.16, 54.12, 106.83,
112.32, 118.23, 119.70, 122.35, 125.18, 126.63, 136.37, 132.57;
m/z 324 (M-1).
1H NMR (D20} & 1.66 (m, 2H), 2.58 {m, 2H), 2.92 {m, 1H}, 3.04 (m, 2H), 3.17
A"(iii) A (m, 1H}, 3.85 (1, 1H, J= 6.3 Hz ), 6.77 (d, 2H, J 8.8 Hz), 7.02 (¢, 2H, J = 8.3
A17 then © Hz); 13C NMR (D20) 8 23.91, 36.29, 38.25, 48.42, 54,95, 1186.07, 125.88,
130.81, 155.29, 168.56;
miz 301 (M-1).
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t

J =

1.78
2H) .

6.7 Hz, 1H), 3.21 A19 A
(m 2H); mz 357 (M1).
13C NWR (D20) 823. 21,

(it) (gn, J =7 Hz, 1H), 3.08 (gn, J = 7 Hz,
C 1H MAR (D20) 51.78-1.85 (m 4H), 2.24 (t,
24.16, 32.70, 38.16, 38.98, 48.65, 175.06;



mz 223 (M1). 1H NVR (D20) 31.84 (gn, 2H, J = 7 Hz), 2.78 (dd, 2H, J = 8.0,
J =55 7.3 Hz); 130 NMR (D20) 8 24.05, 35.42, 38.46, 48.53, 50.04, 169, 171
2H), 2.77 (t, 2H, J =8.0 Hz), 3.20(t, 2H J = 6.6 Hz), 3.73 (d, 1H J = 6.1 A28

24. 21,

29.77, 30.27, 38.08, 48/2, 58.42, 60.66, 169.45, 173.07

1H NMR (D20} § 1.77 (m, 2H), 2.74 (m, 2H), 3.18 {, m2H), 3.75 (m, 2H), 4.05
(m, 1H), 4.42 & 4.85 (AB, J = 12.2 Hz, 2H), 7.26-7.33 (m, 5H); 13C NMR

A1S | B (D20}  24.10, 38.43, 53.23, 67.39, 73.28, 128.63, 126.67, 126.96, 136.86,
167.55;

miz 315 (M-1).

THNMR (D20) 6 7.5 - 7.2 {m, 5H), 5.05 (3, 2H), 3.83 (t, 4 = 6.7 Hz, 1H), 3.21
(Gn,J =7 Hz, 1H), .08 (gn, J = 7 Hz, 1H), 2.78 (§, J = 7.8 Hz, 2H), 2.45 (t, J

A19 | Afii)

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

miz 357 (M-1),

1H NMR (D20) & 1.78-1.85 (m, 4H), 2.24 {t, J = 7.5 Hz, 2H), 2.79 (m, 2H),
a0 | B 2.88 {t, J = 7.8 Hz, 2H}, 3.1B {1, J = 7.0 Hz, 2H). 13C NMR (D20) & 23.21,

24.16, 32.70, 38.16, 38.98, 48.65, 175.06;

miz 223 (M-1).

1H NMR (D20) & 1.84 {gn, 2H, J = 7 Hz), 2.78 {dd, 2H, J = 8.0, 6 Hz), 2.85
A22 (ABX, 2H, J = E.5, 7.3, 16.8 Hz), 3.24 (m, 2H}, 3.81 (dd, 1H, J = 5.5, 7.3 Hz);

13C NMR (D20) 5 24.05, 35.42, 38.46, 48.53, 50.04, 169, 171.

TH NMR (D20) 5 0.8 - C.8 (m, 12H), 1.81 (m, 1H}, 1.88 (m, 1H), 2.09 (m,
nos 2H), 2.77 (4, 2H, J = 8.0 Hz), 3.20 (¢, 2H, J = 6.5 Hz), 3.73(d, 1H, J = 5.1

Hz), 8.87 (d, 1H, J = 8.9 Hz}: 13C NMR (D20} § 18.93, 17.82, 18.35, 24.21,
29.77, 30.27, 38.08, 48.72, 58.42, 60.66, 168.45, 173.07

Exampie 1-B: Chemical Synthesis of Carbamate Prodrugs
Accordingiy, the following examples are presented to illusirate how some carbamate
prodrugs according o the inveniion compounds may be prepared.

General synthetic procedures
Procedure A:

Preparation of Compound C1 sodium salt (3-{(p-acetvioxybenzylioxycarbonylamino-1-
propanesuifonic acid sodium salt)

86

Hz) ,

6 Hz), 2.85 A22

3.87 (d, 1H, J

(ABX, 2H
1H NMR (D20) 8 0.8 -

I o

J
.9
8.

(
9

5.5, 7.3, 16.8 Hz), 324(m 2H), 3.61 (cid, 1H,
12H), 1.81 (m | H), 1.88 (m 1H), 2.09 (m

m
Hz

)

13C NWR (D20) 316.93, 17.82, 18. 36,



Exanpl e 1-B: Chem cal Synthesis of Carbarnai e Prodrugs Accordingly,
according to the invention conpounds nmay be prepared. Ceneral synthetic procedu
(3- (p-acetyl oxybenzyl oxycar bonyhar ni no-1- propanesul foni ¢ acid sodi um salt)

of 4- hydroxybenzyi al cohol (5.3 g, 42 mmol), sodium hydroxide (11 g, 42 mmol, 1
m.). The reaction 5 mxture was stirred at roomtenperature for 4 hours and th
phase was extracted with EtOAp (3 tinmes). Conbi ned organic extracts were washed
(flash chronatography; hexane/ Et 0Ac, gradi ent node) provided the corresponding

eq,) was adde wise to a stirred mxture of p-nitrophenyl
dry tetrahydr chuE 29 m). erecipitate was formed. The reaction

renoved by, —?ﬁmﬂﬁwagh THE The brate and the washing were 1
purified by flash chronatographﬁd%hexanes/ 0620) to provide the correspo
step 2 (2.2 g, 6.7 mvol, 2 eq.) was added to ® dgHat ure of 3-am no-1-propanesul f
mmot, 2 eq.) in dry N,N—dinethyifornanide (DMFNJ0 ). The reaction mxture wa
- The residue was partitioned between Et 0OAc and water. Thejlaqueous phase was wash
(acetonitriIe/mater,/§3/80 to 90/10) of the lyo si due provided the ti

1.98 (s, 3H) 4 3 21 (m 5.01 (3, 2H), 7.03 (d, J= 8.
sodiumsalt ( 7 -neﬁh 1-15- ﬁﬁe&yb:ﬁ%z&&—tﬁmra t hyi e , 14-trioxa-5,9, 13-
3, 3-Tetr are neglutarlc aci d noibenzyf>kest er (4. 26 g; 4 mmol, prepared b

9.22 nmmol) were a

Vin the presence of triethylam ne) and silver oxide (2.137g;
The m xture wa

was heated at 70 V for 3 h, and then cooled to room tenper&ure.

the crude si| vgepqarmlc%ﬁdo(@a & h9a I, wczézmawaa%dg&?od gbicoext st epui tho
5.71 nm)lh romstep 1 arbanmating reagen i 2.95 mol ; for
over ni ght 'Y ZX‘F’G?@ \9&‘1% gf |4Pt"é‘F“@'ét iU Grerexidead 709 i%l“?“l“éTMearicﬁ"ﬂhe filtrate

chr omat Ogtw‘phyylammngurhewamgér’&bﬂﬁ@e (88/ 28)eq. )gnh\dncﬂlné fecdesi raek ieaét%ﬁ nmedi ate prod
step 25 ( Om%&'ﬁe Uras %ﬁrﬁe% fﬂg&ln') 1e] e%i}/re% IQO crjs %r?d %\@PgY\JF%ﬁvap?rﬁgad propanesul fo

t enper at ure_ overni mas renove $fdual materia
conpound [&851pe Wgs d%%ed IrzLWHeNvR theBREHDYS amwaz)ext@@tesgm(\&,t%c Bin®esHz, 3H),
Combined organic exiracts were washed with brine, dried and concentrated 1o give colorless
oil. Purification (flash chromatography; hexane/EiOAc, gradien: mode) provided the
carresponding monoacetate (2.2 g, 32%).
10 Step 2. Anhydrous pyridine (1.1 mL, 13 mmoi, 1 eq,) was added drop wise to a
stirred mixture of p-nitrophenyl chioroformate (4.0 g, 20 mmol, 1.5 eq.} and the monoacetate
(from step 1: 2.2 g, 13 mmiol) in dry tetrahydrofuran (THF, 25 mL). A white precipitate was
formed. The reaction mixture was stirred at room temperature for 1 hour. The soiid material
was removed by filtration, and washed with THF. The filirate and the washing were
15 combined; and the solvent was removed /n vacuo. The residual material was purified by
flash chromatography (hexanes/EtOAc, 80/20) to provide the corresponding carbonate (2.8
g, 62%).
Step 2. The carbonate prepared in the step 2 {2.2 g, 8.7 mmol, 2 eg.) was added 1o
& mixture of 3-amino-1-propanesulfonic acid sodium salt {538 mg, 3.32 mmol) and
triethylamine (0.90 mi, 6.7 mmol, 2 eq.) in dry N,N-dimethylformamide (DMF, 10 mL). The

reaction mixture was stirred at room temperature overnight.

20
Soivent was removed by
evaporation. The residue was partitioned between EtQOAc and water. The agueous phase
was washed twice with E1OAc, and then lyophilized. HPLC purification (acetonitrile/water,
20/80 o 80/10) of the lyophilized residue provided the titte compound (396 mg, 33%). 'H
NMR (500 MHz, D;0) & ppm 1.83-1.89 (m, 2H}, 1.98 (s, 3H), 2.64-2.87 (m, 2H), 3.16-3.2
(m, 2H), 5.01 (s, 2H), 7.03 (d, J = 8.8 Hz, 2H), 7.32 {d, J = 8.3 Hz, 2H)}.
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t hey

chl oroformate (4.

foll ow ng exanples are presented to illustrate how sone carbanmate prodrugs
res Procedure A: Preparation of Conpound O sodium salt
Step 1. Acetyl chloride (3.0 nL, 42 nmol, 1 eq.) was added to a m xture
eq.) and tetrabutyl ammoni um hydrogen sulfate (7 g, 0.5 eq.) in dioxane (100
sol vent was evaporated. The residue was dissolved in water and the aqueous
with brine, dried and concentrated to give colorless oil. Purification

a)

o

monoacetate (2.2 g, 32% . 10Step 2: Anhydrous pyridine (1.1 nL, 13 nmmol, 1
0 g, 20 mol, 1.5 eq.) and the nonoacetate (fromstep 1. 2.2 g, 13 nmol) in
m xture was stirred at roomtenperature for 1 hour. The solid material was
5 conbi ned; and the solvent was renoved in vacua. The residual material was

Step 3: The carbonate prepared in the

onic acid sodiumsalt (538 ng, 3.32 mmol) and 20 triethylamne (0.90 m, 6.
s stirred at roomtenperature overnight. Solvent was renoved by evaporation
ed twice with Et0OAc, and then |yophilized. HPLC purification

tl e compound (396 ngy, 33%: 1H 25NMR (500 MHz, D20) 5 ppm 123-1.89 (m 2H)

8 Hz, 2H), 7.32 (d, J= 8.3 Hz, 2H). Procedure B: Preparation of Conpound C6
[ ri oxo-1- pent adecanesul fonic acid sodium salt) Step 1

vy heating overnight the cyclic anhydride and benzyl al cohol in dioxane at 80

dded to a m xture 10 of acetonitrile (40 nL) and water (20 nmiL). The m xture

s filtered through a pad of Centel. The filtrate was evaporated to provide

ut further purification. Step 2: A mxture of the silver carboxylate (2.19 g,
preparation, see in Procedure E), in dry toluene (100 nL) was heated at 50 C
was evaporated to provide a solid residue, which was purified by flash

uct (0.915 g, 64% . 20Step 3: To a solution of the internediate product from
nic acid sodiumsalt (300 ng; 1.85 mmol ). The m xture was stirred at room

was purified by Prep-HPLC to furnish, after Iyophilization, the title

ndi ng carbonate (2.8 g, 62%
7




25 1.64-1.59 (m 8 H)y, 1.97-1.91 (m 2H), 2.49 (gAB, J= 15.1 Hz, 2H),
(g, J= 5.9 Hz, 1H), 7.38-7.29 (m 5H).
met hanol

nor nal

psi for

sol uti on Regedwyophilized, giving the title conpound (242 ngy, 86%:

10

15

20

25

6,8,14-trioxa-5,9,13-trioxo-1-pentadecanesulfonic acid sodium salt)
O 1) Ag,0, o) 0 o)
MeCN/H,O - L )L
BnC OH  2)toluene, BnO o} 0
0.0
Y
YO NO,, g
| /MF,
HEN/\/\SONa
z
1801 '
BnO o o H/\\/\SO Na

Step 1: 3,3-Tetramethyleneglutaric acid monobenzyl ester (4.26 g; 15.4 mmol,

prepared by heating overnight the cyciic anhvdride and benzyl alcohol in dioxane gt 80 *C in
the presence of tristhylamine) and siiver oxide (2.13 g; 8.22 mmol) were added to a mixiure
of acetoniftrite (40 mL) and water (20 mL}. The mixture was heated at 70 °C for 3 h, and then
cooled to room iemperature. The mixture was filtered through a pad of Celite™. The filtrate
was evaporated o provide the crude silver carboxylate (2,19 g, 37%) which was used in the
next step without further purification.

Step 2: A mixture of the silver carboxylate (2.19 g, 5.71 mmol; from siep 1) and the
carbamating reagent (1.00 g; 2.85 mmol; for preparation, see in Procedure E}, in dry
oluene (100 mL) was heated at 50 °C ovemight. The mixture was filtered through a pad of
Celite™ and the filirate was evaporated to provide a solid residue, which was purified by
flash chromatography using hexane/EtOAc (80/20), giving the desired intermediate pfoduct
{0.915 g, 64%).

Step 3: To a solution of the intermediate product from siep 2 (0.915 g; 1.88 mmol) in
dry DMF (6 mL) was added 3-amino-1-propanesulfonic acid sodium salt (300 mg; 1.85
mmol). The mixture was siirred at room temperaiure overnight. Soivent was removed by
evaporation. The residual material was purifiad by Prep-HPLC to furnish, after lyophilization,
the fitle compound (632 mg, 66%): ' H NMR (CD;0D, 500 MHz) & 1.39 (d, J= 5.9 Hz, 3H),
1.64-1.59 (m, 8 H), 1.97-1.91 (m, 2H), 2.49 (QAB, J = 15.1 Hz, 2H), 2.57 (gAB, J = 15.1 Hz,
2H), 2.82-2.79 (m, 2H)}, 5.10 (s, 2H), 3.28-3.14 (m, 2H), 6.74 (g, J = 5.9 Hz, 1H), 7.38-7.29
{m, BH).
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2.57 (gA
O her conpounds prepared accordin
and ether (protocol (b)), or by preparative HPLC using acetonitrile/wa
phase flash chromat ography (protocol (c)). 5 Procedure C. Preparation of
(4-aza- 12-car boxy- -6, 8-di oxa-5, 9-di oxo- 7-net hyl 11511-t et r anet hyl ene- 1- dodecanes
The correspondi ng benzyiester of the title conmpound (344 ny; 0.678 mol)
1 h. The mixture was filtered (Celitenj and the filtrate was evaporated

1 H NVR (CD3
o oo ot | preaated f ddfpadid o6 Sodiin Gl Hh o7 d8k Snedih 1 1 feddngmidnd 1 o1 50

B, J= 15.1 Hz, 2H), 2.82-2.79 (m 2H), 5.10 (s, 2H), 3.26-3.14 (m 2H), 6.74
g to this procedure (Procedure B) were purified either by precipitation using
ter (10/90 to 90/10) over 40 mnutes at 50 niL/mn (protocol (a)), or by

- Conpound C2 sodi um sal t

ultonic acid sodiumsalt) BnO Pd/ C 10% Methanol, H2, 40-45 psi 10 HO
hanol (5 nL) was hydrogenol yzed in the presence of Pd/C 10% (100 ng) at 40-45
to dryness The 15 residual material was dissolved in water and t he aqueous
DD, 500 MHz) 1.43 (d, J= 5.4 Hz, 3H), 1.66- 1.63 (m 8H), 1.98-1.92 (m 2H)
-3.21(m 2H), 6.77 (q, J= 5.4 Hz, 1H), 7.22 (t, J= 5.4, NH. 20 Procedure D:
decanesul fonic acid sodium salt)




.Step 1: 1-Chloroethylohloroformate (7.8 mM, 72 mmol, 1 eq.) was added to an |ceecold solution of p-nitrophenol (10 g, 72 mml) in chloroform (100 niL),
fol l owed by drop wise 5 addition of pyridine (8.8 m, 108 mol, 1.5 eq.) over @a period of 20 min, The m xture was stirred in the ice-cold bath for 15 nin,
and then at roomtenperature overnight. The reaction M xture was sequential |y mpshed with water, 1 N hydrochloric acid, water, 1 N sodi um hydroxide, water,
and brine. The organi c phase was dried over Na2SO4, and concentrated to give yellow oil which, upon standing, crystallrzed to afford the correspondi ng

chl oroet hyl 10carbonate (15.5 g, 88%. Step 2: To a solution of the chior@ethyl carbonate obtained fromstep 1 (6.2 g, 25 nmol) in acetic acid (150
m.) was added nercuric acetate (9.6 g, 30 mol, 1.2 eq.). The mxture was stirred at roomtenperature overni ght. Solvent was evaporated. The residual
material was transferred into ether and washed with a saturated aqueous solution of 15 NaHCO3. The ether |ayer was dried over MgSO4 and concentrated to

gi ve thick yeKM&M&QMbmHEUbkbh@&@bmwdmﬁKﬁhepmhkmhmphkﬁﬂhe&hmﬁﬂ@pmmﬁﬁphy (hexane/ Et 0Ac, 95/5) gave the correspondi ng acetyl oxyethyl carbonate (6.3 g, 94% as

col orl ess, fromstep 2 (1.2 g, 4.3 mol, 1.1 eq.) was added to a solution of 3-am no-1

- pr opanesuﬁ%r t:r"}lr prec'glta3§ g’%‘" nT%E OP%%} ébj’g%&?&%&n@gl ?ro bgﬁ%gﬁ%ﬁqsﬁqb The yel | ow solution was stirred at room tenperature overnight (color disappeared at
t hi s poi rising aS%‘PWE*ﬁ:’W%*’s1@@8&?@!%@“%“""@@‘#&@ W@'W(PFQ"BW&&@HOSQWeraI times with ether and turned to a solid. The solid material was collected by
f|Itratrqn,n{]@pgagéeragmghrbmb{ogragpfwag,g((%o ng, 74%: 'H NWR (500 MHz, CD20D) 6 1.42 (d, J. 5.4 Hz, 3H), 1.92-1.98 (rn, 2H), 2.02 (s, 3H), 2.80-233 (m 2H),

3.20-3. 24(m 2H), 6.73 (q , J. Hz, 251H) O her conpounds prepared ac-ording to this procedure (Procedure D) were purified either by extraction
from Et OAci wat er foll owed by Iyophr lization of the aqueous phase or reverse-phase HPLC purification using acetonitriie/water (10/90 to 90/10) in 40 m nutes
at 50 nnfmcedare G:rituration/precipitation with ether. Procedure E: 5Preparation of Conmpound 016 sodi um salt

(4- aza- 7-prebditlon & BorbMPCS sShiahl saXQ-BaPB&Abxl 5, s1NERERGbfQAMEmaci d sodium salt) 00 NC2 NC2

11,11 4etramethylene-1-dodecanesulionic acid sodium sak)

1520 1T
e o OJ\H/\/\soama

POrC 10%,
Methano,
H.. 40-45 psi

SRS B
HO 0" o H/\/\803Na

The corresponding benzylesier of the fitle compound (344 mg; 0.678 mmol) in

10

methanol {5 mL) was hydrogenolyzed in the presence of PA/C 10% (100 mg) at 40-45 psi for
1 h. The mixture was filteregd (Celite™ and the filtrate was evaporated to dryness. The
15 residual material was dissoived in water and the agqueous solution was iyophilized, giving the
fitle compound {242 mg, 86%): ' H NMR (CD;0D, 500 MHz) & 1.43 (d, J = 5.4 Hz, 3H), 1.66~
1.63 (m, 8H), 1.98-1.92 (m, 2H), 2.49 (GAB, J = 15.6 Hz, 2H), 2.55 {(gAB, J = 15.1 Hz, 2H),
2.83-2.80 (m, 2H), 3.24-3.21(m, 2H), .77 (g, J= 5.4 Hz, TH), 7.22 (¢, J= 5.4, N-H). ;

20 Procedure D:

Preparation of Compeound C1¢ sodium salt (4-aza-7-methyl-8,8,-dioxa-5,9,-dioxo-1-
decanesulionic acid sodium salt) '

88




N2 ITHN---."------- SO Na 10Step 1: Sodiumiodide (14 g, 92 mol, 3 eq.) was
preparation, see in Procedure D), and grinded calciumchloride (109, 92 mol, 3
4 days, followed by filtration through a Celitempad The filtrate was concentrated to give a red gumy residue.

15 EtOAc/ hexane in a gradient node provided the correspondi ng i odoet hyl
mmol, 2 eq.) was added to a solution of the above-obtained iodoetnyl carbonate
overnight. The reaction m xture was filtered through a Cent?'

above-obt ai ned benzoate (0.98 g, 2.90ommo|, 1.1 eq., fromstep 2) was added to a

25DMF (10 ). The yell ow sol ution w&g irred at roorhteppefature overnight.
sol uti on extracied several tings wPth %t 0Ac. Theaguéo ase was | yophili
(acetoni t /wteﬂLO%,(ﬂQO_aﬁgiﬂQ,D/ Oy i N 40_icput es 50 nt./min), giving the t
1.76-1.82 2H)S” 20762, 798¢ m @ 3. 08-FL0041 (| H, 6.83 (q, J= 5.4 Hz, 1H),
Prepar ati omeof Conpound C26 sodiumtgalt (3-({[(5- | - 2- oxo0- 1, 3-di ox0l-4-y1)
NG, NO,
lHZN/\/\SOSNa

o o
)LOJ\O)J\S/\AsosNa

Step 1: 1-Chlorosthyichloroformate (7.8 ml, 72 mmol, 1 eq.) was added to an ice-

cold solution of p-nitrophenol (10 g, 72 mmol) in chloroform (100 mL), followed by drop wise

3 addition of pyridine (8.8 ml, 108 mmol, 1.5 eq.) over a period of 20 min, The mixture was

stirred in the ice-cold bath for 15 min, and then at room temperature overnight. The reaction

mixture was sequeniially washed with water, 1 N hydrochloric acid, water, 1 N sodium

hydroxide, water, and brine. The organic phaée was dried over Na,3Q,, and concenirated

to give yellow oil which, upon standing, crystaliized to afford the corresponding chioroethyl
carponate (15.5 g, 88%:.

Step 2: To a soluiion of the chioroethyl carbonate obtained from step 1 (6.2 g, 25

10

mmgl) in acetic acid (150 mL) was added mercuric acetate (8.6 g. 30 mmol, 1.2 eq.). The

mixture was stirred at room temperature overnight. Solvent was evaporated. The residual

material was transferred into ether and washed with a saturated agueous solution of
15 NaHCO. The ether ayer was dried over MgSO, and concentrated to give thick yeliow oil.
Purification of the oil by flash chromaiography (hexane/EtOAc, 85/5) gave the corresponding
acetyioxyethyl carbonate (6.3 g, 94%) as coloriess oil. -

Step 3: The acetyloxyethyl carbonate obtained from step 2 (1.2 g, 4.3 mmoi, 1.1 eq.)
was added to a solution of 3-amine-1-propanesulfonic acid sodium salt (0.63 g, 3.9 mmol) in
DMF (10 mL). The yellow solution was stired at room temperature overnight (color
disappeared at this point).

20
Solvent was evaporaied. The residue was friturated several
times with ether and turned to a solid. The solid material was coliected by filiration to give
the title compound {84C mg, 74%): "H NMR (500 MHz, CD:0D) & 1.42 (d, J = 5.4 Hz, 3H},
1.82-1.88 (m, 2H), 2.02 (s, 3H), 2.80-2.83 (m, 2H), 3.20-3.24 (m, 2H}, 6.73 (g , J = 5.4 Hz,

25 1H)
Other compounds prepared according fo this procedure (Procedure D) were purified
either by extraction from EtOActwater followed by lyophilization of the agueous phase, or

20

carbonate (6 g,

(4 g,
pad and 20 washed with toluene.
purifications by flash chronmatography using hexane/ Et 0Ac (90110) provi ded the correspondi ng benzoate (0.98 g,

Sol vent was
zed to give a residue,

10nmet hoxy) car bonyl ) am no) - 1- pr opanesul foni ¢ acid sodi um sal t)

added to a m xture of the chloroethyl carbonate (7.5 g, 31 mol; for
eq.) in acetonitrile (100 nL). The reaction m xture was stirred at 40 00 for
Purification by flash chronat ography using
Step 2: Silver benzoate (5.5 g, 24
in toluene (50 nm.), The reaction mxture was stirred at 55 -QC
The filtrate was concentrated to give brown oil. Two repeated
259 in high purity. Step 3: The
sol ution of 3-am no-1-propanesul fonic acid sodiumsalt (0.43 g, 2.7 mol)
evaporated and the residue was dissolved in water. The aqueous
whi ch was purified by preparative HPLC

1FI NWVR (500 MHz, D20) 31.48 (d, J= 5.4 Hz, 53H),
7.55-7.58 (m 1H), 7.89-7.91 (m 2H). Procedure F:
DMF, R T.

599 as pale yellow oil.
12 mmol)

in

tl e conpound (256 ng):
7.39- 7.42 (m 2H)



H A mxture of the sodiumsalt of 3-am no-1-propanesul fonic acid (532 ny;

480- 486)
f ol | owed

m.) and precipitated with ether (50 ni).
| yophilized solid: H NWVR (CD30D, 500 MHz) 6 1.98-1.92 (m 2H), _
Synt hesi s and characterization of exenplary carbanmate prodrugs according 25to t

in dry DM (10 nL) was stirred at room tenperature overnight.

by the addition of ether (75 ni). _
The solid materi al

M Na)t 01 A (a) 330.0 02 C (d) 394.0 03

10

15

20
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reverse-phase HPLC purification using acetonitriie/water {10/90 to 90/1 0) in 40 minutes at 50
mL/min, or trituration/precipitation with ether.

Procedure E:
Preparation of Compound C16 sodium saft (4-aza-7-methyl-8,8,-dioxa-5,9,-dioxo-8-phenyi-1-

PN
® i©

N, _ NG, NO,

nonanesulfonic acid sodium salt)

o) ©
O/LLO/]\CF oJko/]\z @im@

Na, MeGN S
T

CaCl, Toiuene

HNT" 80 Na

[::]/ﬂ\g/\b/ﬂxﬁf\"»\sawa

Step 1: Seodium iodide (14 g, S2 mmol, 3 eq.) was added to a mixture of the
chioroethyi carbonate (7.5 g, 31 mmel; for preparation, see in Procedure D), and grinded
calsium chloride (10 g, 92 mmol, 3 eq.) in acstonitrile (100 mL). The reaction mixture was
stirred at 40 °C for 4 days, followed by filiration through a Calite™ pad. ‘The filrate was
concentrated to give a red gummy residue. Purification by fiash chromatography using
EtCAc/hexane in a gradient mode providseg the corresponding lodoethyl carbonate (6 g,
52%,) as pale vellow oil.

Step 2. Silver benzoate (5.5 g, 24 mmol, 2 eq.) was added to a soluiion of the
above-obtained iodosthyi carbonate (4 g, 12 mmol) in toiuene (50 mL.). The reaction mixture
was sftirred at 55 °C overnight. The reaction mixture was filtered through a Celite™ pad and
washed with toluens. The filirate was concentrated to give brown oit. Two repeatad
purifications by flash chromatography using hexans/EtQAc (90/10) provided the
corresponding benzoate (0.88 g, 25%) in high purity.

Step 3: The above-obtained benzoate (0.98 g, 2.9 mmol, 1.1 eq., from step 2) was
added to a solution of 3-amino-1-propanesulfonic acid sodium salt {0.43 g, 2.7 mmol) in

DMF (10 mL). The yeliow solution was stirred at room temperature overnight. Solvent was

91

The solid formed was collected by fi
was 20purified by p
2.17 (s,

Sol vent

3H), 2.

3.30 mml) 15 and the carbonate (1.10 g;
To the residual

hMas renmoved in vacuo. .
tration and dried overnight.

00-2.79 ( m 2H), 3.22 ( t,

reparative HPLC to provide the title conpound (260 ng,
J= 6.8 Hz,
he invention ID Synthetic procedure Purifying protocol* mz (ES-) (MI-1,

3.73 mol ; ref., Med. Chem,
mat eri al was added net hanol

Again the solid was dissolved in methanol
25% as a white

2H), 4.86 (s, 2H). Tabl e 6.

1996, 39,
(10 m),

(10

or



3, C(a) 408.5
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evaporated and the residue was dissolved in water. The agueous solution was extracted
several times with EtOAc. The agueous phase was lyophilized to give a residue, which was
purified by preparative HPLC (acetonitrile/water; 10/90 to 90410, in 40 minutes at 50
mi/min), giving the title compound (256 mg): *H NMR (500 MHz, D,O) 5 1.48 (d, J = 5.4 Hz,
3H), 1.76-1.82 {m, 2H), 2.76-2.79 (m, 2H}), 3.08-3.14 (m, 2H), 6.83 (g, J = 5.4 Hz, 1H), 7.39-
7.42 (m, 2H), 7.55-7.58 (m, 1H), 7.89-7.91 (m, 2H).

Procedure £: 7
Preparation of Compound C26 sodium saft (3-({{{5-methyl-2-0x0-1,3-dioxol-4-yf)
methoxyicarbonyfyamino)-1-propanesuifonic acid sodium salt)

| o)
| . O ©
/N\/\/SO:?NB' o Y
H DiviF, R.T. :
AN SN

A mixture of the sodium salt of 3-amino-1-propanesulionic acid (532 mg; 3.30 mmol)
and the carbonate (1.10 g; 3.73 mmol; ref., J. Med. Chem., 1996, 39, 480-486} in dry DMF
(10 mL) was stirred at room temperature overnight. Soivent was removed in vacuc., To the
residual material was added methanol (10 mi), icllowed by the addition of ether (75 mb).
The solid formed was collected by filtration anc dried overnighi. Again the solid was
dissolved in methanol (10 mL} and precipitated with ether (50 ml). The solid malerial was
purified by preparative HPLC to provide the title compound. {260 mg, 25%) as a white
iyophilized solid: ' H NMR (CD,0D, 500 MHz) 5 1.98-1.82 (m, 2H), 2.17 (s, 3H}, 2.90-2.79 {
m, 2H), 3.22 ( t, J = 6.8 Hz, 2H), 4.86 (s, 2H).

Table 8. Synihesis and characterization of exemplary carbamaie prodrugs according
to the inveniion

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

C1 A (@) 330.0

Cz e (d) 394.0

Cs B,C (a) 408.5

g2

C (d) 326.1 CS B (a) 416.0 06 B (a) 484.0 A B (a) 458.3 08 C

(d) 368.5



C9 C (d) 354.0 010 B (a) 444.1 Cl1 C (d) 340.1 012 B (b) and (a) 430.2 013 B (b

10

C4 C (d) 326.1
Cs B (a) 416.0
Cé B (a) 484.0
07 B (a) 458.3
cs C (d) 3685
Cs c (d) 354.0
C10 B (@) 444 1
c11 C (d) 340.1
Ci2 B (b} and (a) 430.2
C13 B (b} and (a) 378.0
Ci4 B {b) and {(a) 372.0
C15 D (a) 310.2
C16 E (a) 330.2
Ct7 D (a) - 3362
Ci8 D (b) 296.2
c1e D (b) 268. 1
C20 D (@) 378.1
c21 D (a) 310.1
c22 D (a) 296.1
C23 D (a) 338.1
C24 D (a) 310.0
c25 E (b) 253.9
28 F {b) and (a) 294.0

" (&), HPLC; {b), precipitation; (¢}, flash chromatography; (d). fitration; (e), extraction, ¥ the
compounds were synthesized as acid form, or as sodium salt form.

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

Procedure A:

Preparation of Compound B3 sodium salt (3.3-dimethyl-5-oxo-5-](3-sutfopropyl)amine]
pentanoic acid sodium salt)

23

and (a) 378.0 014 B (b) and (a) 372.0 015



D (a) 310.2 C16 E (a) 330.2 017 D (a) 336.2 018 D (b) 296.2 019 D (b) 268.1 020

10

15

20

ol c 0
HEN/\/\SOSNa HO H‘\-\//'\_’,/8""):»,}\13
e Yo
DMF © ©

A mixture of the 3,3-dimethyiglutaric anhydride (1.6 g; 7.0 mmol) and 3-amino-1-
propanesulfonic acid sodium salt (0.950 g; 5.86 mmo}) in dry DMF (20 mL) was stirred at 50
«C for 2 days. Solvent was evaporated. To the residual material was added methanol (~10
mL) followed by the addition of ether (~50 mL) to cause precipitation. The precipitate formed
was collected by filiration and then dissolved in water and lyophilized to provide the title
compounds (1.33 g, 75%) as a powder: 'H NMR (D-Q, 500 MHz) & 0.94 (s, 6H), 1.82-1.77
{m, 2H}, 2.14 (s, 3H}, 2.23 (s, 3H), 2.78-2.75 (m, 2H), 3.16 {t, J= 6.8 Hz, 2H).

Other compounds prepared in the above procedure (Procedure A, see Table 7)
were purified either by methanol-ether precipitation (Purification protocol (b)), or using
preparative HPLC (Purification protocol (a)), or by normai-phase flash-chromatography
(Purification protocol (¢)}. Reaction time for Compounds B1 and B2 was 4 days; and for all
ofier compounds, 2 days.

Frocedure B:

Preparation of Compound B7 (3-[3-(2-Hydroxy-((S)-valyl ester)-4,6-dimethyl-phenyl}-3-
methyi-butyrylamino]-1-propanesuifonic acid)

894

‘D (a) 378.1 C21 D



| " I pi ' fl ash chromat ography; (d),
10.1 022 D (a) 296.1 023 D (a) 338.1 024 D (a) 310.0 025 E (b) 253.9 C26 F (b) and (a) 294.0 a preC|p|tat|9n, c), _ ( _ _
1£?I)t?a'?i on; (e), (e;t raction, tht(a Z:orrpounds were synthesized as acid form or as sodiumsalt form 5 Exanple 1-C Chemnical Synthesis of Non-Am no Acid Anm de

Pr odr ugs
TBOMS OTBEDMS OH
Boe- VaI\.. Boe- Vals.
_BCC-Val-OH_ \ CHQGOOH
"EDC, DMAP P

FCC,
i i
Boc-Val, OH Boc-Val o H
NaCiC,
NaH PO,
Haw’v\soewal [E-}?nip
Q o}
BOCVal. N/\/\SOSH Vak. o N T

TFA/CH,CL,
HPLC purification

Step 1: EDC (N—(S-dimethyiaminopropyi)-N-ethylcarbodiimide) (6.4 g, 33 mmol, 3

eq.) was added, at 0 °C, to a 150-mL. dry dichioromsthane solution containing Boc-Val-OH

S (4.8g, 22 mmol, 2 eg.), the silylated pheno! (3.6 g, 11 mmal; ref., /. Med. Chem., 2000, 43,

475-487), and DMAP (4-(dimethyiamino)pyridine, 5.5 g, 45 mmal, 4 eq.). The reaction

mixture was siirred at room temperature overnight, then diluied with dichioromethane, and

washed with a saturated agueous solution of NaHCO,, 1N HCL, and brine subsequentiy.

The organic layer was dried and concentrated to a coloriess oil residue. Purification of the

1C  residual materiat (flash chromatography; using hexane/EtOAc 85/5) gave the corresponding
intermediaie (5.7 g, 99%) as a coierless oil.

-Step 2: The intermediate from step 1 (5.7 g, 11 mmol) was stirred in a mixture of
THF-water-acetic acid (20 mL/20 mL/860 mL) at room temperaiure for 3 hﬁ then the solvent
was removed and the residue dried in vacuo. The residual material (the frze aicohol)

15 obtained was used in the next step without further purification

Step 3: A solution of the alcohol (11 mmol, from step 2} in dichloromethane (125 mL)
was slowiy added to a suspension of PCC (pyridinium chiorochromate, 5.0 g, 23 mmol, 2.1
eq.} in dry dichloromethane (125 mL). The reaction mixiure was stirred at room temperature
overnight. Solvent was evaporated and the residue was dissolved in a minimum amount of

20  dichioromethane. The resuiting dichioromethane solution was passed through 2 silica gel
column using Hexane/EtOAc (50/50}. Evaporation of the solvent gave the corresponding
aldehyde as yellow oil which was directly used in the next step without further purification.

o
wn




Accordingly, the follow ng exanples are presented to illustrate how sone non-an@ no acid am de prodrugs according to the invention conmpounds may be prepared,
Procedure A: 10Preparation of Conpound B3 sodiumsalt (3, 3-dinethyl-5-0x0-5-[(3:sul fopropyham nol pentanoic acid sodiumsalt) A m xture of the

E

3,3-dinmethylglutaric anhydride (1.0 g; 7.0 nmmol) and 3-am no-1- propanesul f oni c§ acid sodiumsalt (0.950 g; 5.86 mml ) in dry DM (20 nL) was stirred at 50
ce for 2 days. Solvent was evaporated. To the residual material was added net hahol (-10 10 nmL) followed by the addition of ether (-50 nL) to cause
precipitation. The precipitate fornmed was collected by filtration and then di ssol ved in water and | yophilized to provide the title conpounds (1.33 g, 75%
as a powder: 1H NWR (D20, 500 MHz) 60.94 (s, 6H), 1.82-1.77 (m 2H), 2.14 (s, 3H), 2.23 (s, 3H), 2.79-2.76 (m 2H), 3.16 (t, J= 6.8 Hz, 2H). Q her conpounds
prepared in the above procedure (Procedure A, see Table 7) 15 were purified elts er by nethanol -ether precipitation (Purification prot ocol (b)), or using

preparative H&@@Pmrsbmilmﬂamgaa.gﬁq;ﬁ@hte(gx)g& 20fni3Y 2B wBAg€ i) ash- chromat ography (Purification protocol (c)). Reaction time for Conpounds Bl and B2 was

4 days; an ot her coppou 20 Procedure B: Preparation of Conpound B7 (3-[3-(2-Hydroxy-((S)-valyl ester)-4,6-dinethyl-phenyl)-3-
met hyl - bu"{vyry?aerf“la Aoy 1053 88‘5%38%‘8#?"%9“8@‘}/2 "B §TRSIEPVR) YEYRC102 NaH2PQ4 EDC H2frr---" SO, Nal pi np Step 1: EDC

( N- ( 3- di ngibydaagnichesphaleyis 18- . dtdwingh Bl6adi)imamenitfié (28 ng.) aB8wamnP) n®) eq. ) was added, at 0 2C, to a 150-nlL dry dichl oromet hane sol ution contai ni ng Boc- Val -

5 (4.9 9 at%acmmem:ﬁu@%smwaez PG AR AInpb e 1 L 1sdIR surfie! . 9. Med. Chem , 2000, 43, 475-487), and DVAP (4-(dimet hyl anino)pyridine, 5.5 g, 45
reacti on mxture was stirre roomten‘gerature overnight, then diluted with clichloronmethane, and washed with a saturated aqueous
¢

eg.).
sol utl%n @f gNzi as PROGIO I5EAPATRS PRECEFRSsLIBMPY Yas adstesiig a Mt INAFSr was dried and concentrated to a colorless oil residue. Purification of the

solution. Reaction mixiure was extracted twice with EtOAc. The organic iayers were
washed with brine, dried, and concentrated. Purification of the residual materal (flash
chromatography; CH:Cl/CHsOH, 100/0 to 95/5) gave the corresponding carboxylic acid (3.4
g, 73%) as a foam.

10 Step 5: EDC (908 mg, 4.75 mmol, 2 eq.) was added to a mixture of the carboxylic
acid (1 g, 2 mmol; from step 4), 3-amine-1-propanesulfonic acid sodium salt {380 mg, 2.34
mmol) and a catalytic amount of DMAP in DMF (10 mL). The reaction mixture was stirred at
room.temperature overnight. Solvent was removed and the residue was dried in vacuo io
provide the corresponding derivative of 3-amin0-1-propanesuifbntc acid which was used in

15 the next step without further purification,

Step 6: Trifluorcacetic acid (5 mL) was added fo 2 solution of the 3-amino-1-
propanesulicnic acid derivative (2.4 mmol, from step 5) in dichloromethane (5 mL) at room
temperaiure. The reaction mixture was stirred for 2 h, followed by evaporation of the
solvent. The resulied residue was purified {preparative HPLC; acetonitrile/water, 5/85 o

20 70/30 in the presence of 0.01% TFA) to yield, after iyophilization, the title compound (0.3 g,
29%) as a white solid: 'H NMR (500 MHz, D,O) 51.04 (¢, J=7Hz, 3H), 1.07 {d, J = 7 Hz,
3H), 1.39 (s, 3H), 1.45 (s, 3H), 1.55-1.58 (m, 2H), 2.11 (s, 3H), 2.43 (s, 3H), 2.45-2.58 (m
5H}, 2.98-3.02 (m, 2H), 4.26 (d, J= 4 Hz, 1H), 6.54 (d, J= 1.5 Hz, 1H), 6.93 (d, J = 1.5 Hz,

1H},
25
Procedure C:
Preparation of Compound B14: 3-{[{3a,58,7¢,12a)-3,7,12-trihydroxy-24-oxo-cholan-24-
yijamino}-1-propanesulionic acid
o
o
N/\,/\S/I;o
" Hd
30 To a mixture of {+)-cholic acid (5.0 g, 12.2 mmoi), 3-amino-1-propanesuifonic acid

sodium salt (1.85 g, 11.5 mmol), 4-dimethylaminopyridine {72 mg, 0.6 mmol) in DMF (30 mL)
was added A-(3-dimethylaminopropyl}-N-ethyicarbediimide hydrochloride (EDC, 4.68 g,

g6




10 residual material (flash chromatography; using hexane/ Et0Ac, 95/5) (Dave the corresponding internediate (5.7 g, 99% as a colorless oil. Step 2:
The internediate fromstep 1 (5.7 g, 11 mmol) was stirred in a mxture of THF-water-acetic acid (20 nL/20 nL/60 nL) at roomtenperature for 3 h; then the
sol vent was renoved and the residue dried in vacua The residual material (the free al cohol) 15o0btained was used in the next step w thout further
purification Step 3: A solution of the alcohol (11 mmol, fromstep 2) in dichloronmethane (125 nL) was slowy added to a suspension of PCO (pyridinium
chiorochromate, 5.0 g, 23 mmot, 2.1 eq.) in dry dichloromethane (125 nlL). The reaction m xture was stirred at room tenperature overnight. Solvent was
evaporated and the residue was dissolved in a mninum anount of 20 dichl oronethane. The resulting dichioronethane sol ution was passed through a silica gel
col um usi ng Hexane/ Et 0AG (50/50). Evaporation of the solvent gave the correspondi ng al dehyde as yellow oil which was directly used in the next step wthout

further pﬂﬂufmrﬁﬁf'%reactlon mixturelviiR ﬁrretf‘atsrglar'ﬂttéﬁ&r&tﬁre%éﬁg;ﬂg %r' te (2.5 9, 28 mol, 2'5. eq.) in mt er (10 m.) was added slowy to a solution OT the
aldehyde(rn sodl um rogen ng, 6.8 mmwol, 0.6 eq.) in acetonitrile (20 nL) and water (20 nL) at 0 C. The m xture

an
was sti rrecf%lire wagtf"tﬂe@r?‘ﬁ’g’rﬁ’ %re?éﬁﬁ?f’%fﬁf?eﬁhétsﬂgg@“f"tﬁs eyawpratgbén W@al fite 5 (1.5 g, 1 eq.) was added to deconpose peroxides, and the pH was adjusted to 2
wi th 1N HErdes sddutddamessRea dihe oiscatisxégitue Wi Siissalvdcan Wathr (301618, Whé oiffoRAC. The organic layers were washed with brine, dried, and concentrated. Purification of

t he residyak t,@%gr«,@l DX h t, rQ?EM 2C /CHZO—J 100/ 0 to 95/5) gave the corresponding car boxylic acid (3.4 g, 73% as a foam 10Step 5= EDC (908
ng, 4.75 muol | wasx agﬁﬂﬁ %malgr?}]x %e%i %imE%SFBSEQ% Sggaé?fed (1 g, 2 mﬂ fromstep 4), 3-am no-1-propanesul fonic acid sodiumsalt (380 ngy, 2.34

mol ) nd "gsheg} aI Wﬁﬁpéﬂ%%wa%ﬁt'm”ﬁ MNFey before fie radve wee sanbdvet bpi Xt ure was s&tl rred at roomtenperature overnight. Solvent was renoved and the residue was
dried in viaeico. tThepiiate das tdofcap@aee $¢ andbRufiBF téeaééw&egurém -4 -propanesul fonic acid which was used in 15the next step without further purification.
Step 6: Triflu ution of the3amno 1- propanesuifonic acid derivative (2.4 nmol, fromstep 5) in dichloronmethane (5
m.) at room Feqrhg?ggéde W&Thgurétg%@t} EM%M ﬁ%ﬁ?gﬂ\[‘?\}g@%tﬁmé‘ahq pPdEt Wast o| | owed by levaporation of the solvent. The resulted residue was purified (preparative
HPLC, acef®AY§9 Pe/ilEgtier and/dysd tin vacuo70/T80 drudet hrodpat esanpaified o). MasA6 TFA) to yiel d, after |yophilization, the title conmpound (0.3 g, 29% as a white solid:

1H NI\/R Sbftomviiagrabid 7. ’ 1.39 3H), 1.45 , 3H), 1.55-1.58 2H), 2.11 , 3H), 2.43 , 3H), 2.45-2.58
( S 5 BlokgGM 9 1:2oo% Hor A1 Cll) i tﬁg%or%ip émwﬁmﬁ)ﬁ% 1I(—I)S 6H)93 (d, J(i 1.|5_DH2, 1H), 25 I(:Pocelc_i?ﬂe C. P§Zpar|e_12i on of grrpotl)nd 814:

m
3 {[( 5%9% oﬁeé:ge)d %’dfy"fgg'ﬁdi ﬁéﬂ?é&%%@e&?@%‘l’i@l @H%é 0. 3% Pl HriMiR [ DL, pr opanesul fonic acid O 30To a mixture of (+)-cholic acid (5.0 g, 12.2 mml),
3- ami no- 15@Mbarﬁemuiﬁmdscsmcudsmdﬂpmosahmml1&5Qm 3, 55 i, s 4145 met hyl ami nopyridine (72 ng, 0.6 mol) in DMF (30 nL) was added

N ( 3-di mar_;gy o‘% ?H qtggy;nc glﬁrl maﬁ&gég(r%gpg ﬂ’ﬁ‘e ’50%%4 68 g, 24.4 mmol). The reaction mxture was stirred at roomtenperature ovem ght. The

cl oudy m xture was hro gh nt was evaporated to dryness under reduced pressure The viscous residue was di ssolved in
wat er (30 Sﬁﬂe(""s@f“btﬁ Bnimad &, t&%’dﬁeﬂ-l wi-D8 (Dot X Vaat(ba) 18MHzps exchange resin (strongly acidic, 30 g, pre-
ppm 12.31, 16.82, 22.83, 23.12, 24.30, 26.48, 27.47, 27.95, 20.37, 31.87, 32.71, 34.06,
15 34.54, 35.09, 85.33, 38.15, 38.49, 39.50, 41.29, 41.64, 46.27, 46.28, 48.73, 68.33, 71.69,
73.14, 177.44; m/z (ES*) 530; [a]p = +25.7° (c = 0.005, water).

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

D Synthetic Purifying miz (E8)
procedure proiocol* {M-H, or M-Na)'

B1 A {a) 320.4
B2 A (a) 308.5
B3 A {b) 280.2
B4 A (©) - 280.3
BS A by | 2380
B6 A (b) . 525.0
B7 B (a) 4413
BS B (a) 491.4
B10 B {a) 457.3

- Bif B* (a) 514.2
B13 B** (a) 548.1

20 *(a). HPLC; (bj, precipitation; {c), flash chromatography; (d), filtration; (), extraction; ** Procedure B,

re;;lacmg 3-APS by N-glycyl-3-APS; T the compounds were synthesized as acic form, or as sodium
salt form
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5 washed). The suspension was stirred for 15 minutes before the resin was rermwed by filtration. The filtrate was concentrated to dryness under reduced
pressure and dried in vacua The residue was triturated with diethyl ether (10003 m.). The solid product was recovered by filtration and dried in vacua. The
crude product was purified by flash chromat ography (Bi otagetm SP1: 20-40% Et OH ?1 n OH2C12) and the corresponding fractions 10 were coll ected and Iyophl lized,
affording the title conmpound (178 ng, 3% ; 11-1 NWR (020, 500 MHz) 8 ppm 0.73 (s 3H), 0.93 (s, 3H), 1.02 (m 4H), 1.31 (m 7H), 1.52(d, 1H, J. 14.5 Hz),
1.65 (m 6H), 1.79 (m 3H), 1.94 (m 3H), 2. 04 (m 3H), 2.23 (m 1H), 231(m ‘1H) 2.92 (m 2H), 3.31 (m 2H), 3.52 (m 1H), 3.92 (s, 1H, 4.08 (s, 1H);
13C NWR (D20, 125 WHz) 5 15 73.14, 177.44; mz (ES). 530; MD>= +25.7 (c = 0.005, \Nater) Table 7. Synthesis and characterization of exenplary non-am no acid
ani de prodrugs according to the invention 20 replacing 3-APS by N-glycyl-3-APS: T the conmpounds were synthesized as acid form or as sodiumsalt form
Exanpl e I.Eﬁm@e.m CﬂémﬁﬁﬂSjﬁﬁﬁéﬁsopreﬁﬁbWﬁI@heeﬁﬁﬁouﬁgﬂ Prodrugs Accordingly, ;he foll ow ng exanples are presented to illustrate how sone

car bohydr at e- ﬁ‘-ﬂ RES %gowqr? ef(%%%%dl n resen%g? %tl on _conpounds may be pr epar ed. 5 Synthesis of Conpound Sl sodiumsalt "OH ONaHOYAO HO HO 10HHO OH OH
A suspension O ’6 g,g TR RO %’gus% TS8TFt  of 3APS (2.24 g, 11.1 nmmol) in MeOH (10 nmL) was refluxed for 30 m n before being cooled down to
room 10 t@ﬁ%v@@@ﬁéfweﬂfw@m@ﬂﬁc@ﬁiﬂ@tqthﬂ! InMeptign conoppundsenqereatreparsd. t he solid was filtrated and washed twice with MeOH (2 x 10 nL). The resulting solid was

dri ed overni ght under high vacuumand afford the sodiumsalt of Compound Si (3.1 g, 9.6 mvol, 86% as a white solid. 1H NWVR (D20) (500MHz) 8 ppm 4.55 (d,
a!gd 3=9.3 Hz, 0.66H, a - anoner), 3.74 (dd, 3=12.2, 1.5 Hz, 0.66H), 3.70 (dd, 3=12.7, 2.4 Hz, 0.33H), 3.61 (dd, 15 3=12.2,
=3 5.4 Hz, O. 66H) 3.53-3.49 (m 1H), 3.33 (t, 3=9.3 Hz, 0.66H), 3.25-3.20 (m 1H), 3.05 (t, 3=8.8 Hz, 0.33H), 2.83 (m

2, 66H) 2.68 (m 1H), 2. 57 (m 0. 33H), 1.78 (m 2H) r'gz (ES) %Q\IO (MH). Synthesis of Conmpound S2

C._ ~OH N
HO ' HN ﬁ ONa HO A o
+ W o
HO\\\ “IIOH HO\\ )’OH

CH OH

Asuspension of glucose (2 g, 11.1 mmol) and the sedium salt of 3APS (2.24 g, 11.1
mmol} in MeOH (10 ml) was refluxed for 30 min before being cooled down o room
10 temperature. After 24h of stirring at room {emperature, the solid was filtraied and wastied
twice with MeOH (2 x 10 mL). The resulting solid was dried overnight under high vacuum
and afford the sodium salt of Compound 81 (3.1 g, .6-mmol, 86%) as a white soiid. "H NMR
{D.0) (500MHZ) & ppbm 4.55 (d, J=4.4 Hz, 0.33H, c-anomer), 3.87 (d, J=8.3 Hz, O.GSH, a-
anomer), 8.74 (dd, J=12.2, 1.5 Hz, 0.66H), 3.70 (dd, J=12.7, 2.4 Hz, 0.33H}, 3.61 (dd,
13 J=12.2, 4.9 Hz, 0.33H), 3.56 (dd, J=12.2, 5.4 Hz, 0.66H), 3.53-3.48 (m, 1H), 3.33 {t, J=9.3
Hz, 0.66H), 3.25-3.20 (m, 1H), 3.05 (1, J=8.8 Hz, 0.33H}, 2.83 (m, 2.66H), 2.68 (m, 1H), 2.57

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

Synithasis of Compound S2

5O O N T N HN OO
_Nahy DMF_ . v, GG H,_
o™ oy 90°C HO OH  WielH HO OH
A OH OH
o "/O
s
e
—_—e——i—
CH,CN, E1OH

reflux

20
Methyl 6-brome-8-deoxy-a-D-glucopyranoside was prepared according to Tefrahedron 1991,
28(47), 5185-5182.

Step 1: A stirred suspension of bromide (1g, 3.89mmol) and sodium azide (278mg,
25 4.28mmol) in DMF (10ml) was stirred at 90°C for 5 days. After being cooied down o room

a8




0 "OHO-n r 20 CH,CN, EtOH ref 1 ux Met hyl 6- br or no- 6- deoxy- a- D- gl ucopyr anosi de was prepared according to Tetrahedron 1991, 28(47),

Step 1. A stirred suspension of bromde (1g, 3.89mmol) and sodi um azi de (278ny,
down to room tenperature, the solution was evaporated under vacuum and the res

25 4.28mmol ) in DMF (10nl) was stirred at 90C for 5 days. Af

5185-5192.
ter being cool ed

due was purify by chromat ography on silica gel (CHC6/ MeOH 95/5 to 70/ 30

| inear gradient) to afford the desired azido (776ng, 3.54mmol, 91% as a white solid. Step 2: A solution of the previously prepared azido de
3.54mmol) in 5 MeOH (10nl) was degazed with N2 for 10 m n before a suspension of 10% Pd/C (50ng) in CHCl a was added. After being stirred 2h
pressure (40PSl), the solution was filtrated over a pad of Center"' (MeOH) and evaporated under vacuum and afforded the desired am ne (628ng, 3.25mml, 92%
purification. 10Step 3: A solution of sultone (285pl, 3.25mml) in CH3CN

crude) as a yellow oil. This conmpound was used in the next step w thout further

(5nt) Wasre@fdﬁﬁixr@lrm@ sWuﬁcﬁu ﬁ@é!%ﬂa;ﬁ)@éfé@hn&é? Vacu®d fea%d”ﬁ’lenﬁsﬁﬁg %é ?.)Unf?f the previous|

resulti ngcﬁrgmgtogr%psy P silics gpl oGAsieatlg af

chr omat ograph

IR L e
t et raa et 9( %é}g@ a%;[aiz mtqlg@ for 10 min before a suspension of 10% Pd/C (50mg) in

CHCl,; was added. After being stirred 2h under H, pressure {40PSl}, the solution was filtrated
over a pad of Celite™ (MeOH) and evaporated under vacuum and affordec the desired
amine (628mg, 3.25mmol, 92% crude) as a yellow oil. This compound was used in the next
step without further purification. )

1C Step 3: A solution of sultone (285, 3.25mmol) in CH,CN (5ml) was added drop
wise (over 30min} to a refluxing solution of the previously prepared amine (628mg,
3.25mmol} in & 2/1 mixture CHsCN/EtOH (10mi). The resuiting sotution'was heated under
reflux for 15h before being cooled down to room temperature and evaporated under vacuum.,
The residue was purified by chromatography on silica gel (F-PrOH/H.0 {0.5%NH.OH) 28/2 10

15 B80/20 linear gradient). After Evaporation, the compound was passed through a C-8 pad
(H20) and lyophilized and afforded Compound S2 (450mg; 1.43mmol, 44% over two steps)
as a white solid. NMR 'H (D,0) (500MHz): 2.06(m, 2H}, 2.92(t, J=7.0Hz, 2H), 3.13 (m, 3H},
3.21 (t, J=8.5Hz, 1H}, 3.34 (s, 3H), 3.36 (dd, 12.5, 3Hz, 1H), 3.48 (dd, J=9.5, 3.BHz, 1H},
3.56 (t, J=8.0H2, 1H), 3.77 (A, J=9.0, 2.5Hz, 1H}, 4.74 (¢, J=38.5Hz, 1H). ES (MS) 314.1 (M-

20 H). [olp = +86.3 {¢ 1.0, H:O)

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

To a siirred solution of the protecied glucose derivative was added enough of a

25 - solution of NaOMe ({sedium methoxide, 0:5M in MeOH) in order to obtain a basic pH (8-9, pH

‘paper). The resulting solution was stirred at room temperature until completion (the reactions

were generally followed by MS) bafore addition of twice the initial volume of CH,CN. The

resulting solid was then filtrated and washed several time with CH.CN, acetone and disthyl

etner. The resulting solid was then passed trough a C8 column (0.5% NH.OH in H:=0} and
30  lyophilized to afford the desired compound.

Svnihesis of Compounds 83 and 84

89

y prepared amne (628ng, 3.25mml) in a 2/1 m xture CH3CN Et

BHE20 | i near gradient). After Evaporation, the conpound was passed through a O-
and Iyophﬁ?ﬂ“@@@%ﬂ"'@tﬁﬁ @r%ednmm)laadv&ﬁeé@lBOng, 1. 43muol, 44% over tvvo steps) as a white solid. NVR 1F1 (D20) (500MHz): 2.06(m 2H), 2.92(t,

3 13 (m 350, S b: Aboukichs Bl Jlbgsw egﬁ‘}ecf%mdo%at@ gz%&ﬂ gzé%rgé T e on)ﬁ;‘ff (dd, 3=9.5, 3.5Hz, 11-1), 3.56 (t, 3=9.0Hz, 1H), 3.77 (oft,

rocedure A: General procedure for the deprotection of 1.2.3.4-

rivative (776ng,
under H2

OH (10ml). The

8 pad (H20)
J=7.0Hz, 2H),
3=9.0, 2.5Hz,
or 2,3,4.6-

heat e W@ﬁﬁyx for i@q}e or e bel nf% Ied down to roomtenperature and evaporated under vacuum The residue was purified by



To a stirred solution of the protected glucose derivative was added enough of a 25 solution of NaOMe (sodi um net hoxide, 0.5Min MeOH) in order to obtain a

basic pH (8-9, pH -paper). The resulting solution was stirred at roomtenperatu
i vol unme of CH3C.N. The resulting solid was then fi
resulting solid was then passed trough a C8 colum (0.5% NRIOH in H20) and 30l y
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Step 1: A suspension of the sodium salt of 3-amino-1-propanesulfonic acid (398 mg, 2.47
mimol} and glucopyranuronic anhydride (398 mg, 2.47 mmal} in DMF (15 mL) was stirred 3
days at room emperature before evaporation of the solvent under vacuum. The residue was
purified by chromatography on silica gel {CHCl/MeQH 100/0 to T0/30 lnear) to afford
compound S3 (719 mg, 1.49 mmol, 60%) as a white foam. *H NMR (CD;0D, 500MHz} &
ppm 1.96(m, 2H), 1.98(s, 3H), 2.01{s, 3H}, 2.02(s, 3H), 2.09(s, 3H)}, 2.83(m, 2H), 3.31(m,
2H), 4.19(d, J = 9.5 Hz, 1H, Hs}, 5.12(1, J = 8 Hz, 1H, Hy), 5.18(1, J = 10 Hz, 1H, H,), 5.38{t, J
= 9 Hz, 1H, Ha), 5.87(d, J = 8.5 Hz, 1H, Hy). m/z (ES) 482.4 (M-H); jals = +6.2 (¢ .93,
MeQH).

Step 2: Compound 33 (190mg, 0.54mmol) was treated according fo Procedure A to
afford Compound S4 (150mg, 0.48mmol, 88%) as a white soiid. 'H NMR (DO, 500 MHz) §
ppm 1.82 (m, 2H), 2.90 {m, 2H), 3.27 (t, J = 8.5 Hz, 0.5H), 3.82 (m, 2H), 3.47-3.50 (m, 1.5H),
3.56 (dd, J = 9.5, 4.0 Hz, 0.5H), 3.68 (t, J = 9.0 Hz, 0.5H), 3.86 (d, J = 7.0 Hz, 0.5H), 4.16 (d,
J = 10.0 Hz, 0.5H), 4..6-4.7 (0.5H, under water peak), 5.25 (d, J = 3.5 Hz, 0.5H}; m/z (ES)
314.4 (M-H).

Synthesis of Compound S5 sadium salt and Compound S6 ammonium sait

160

re until conpletion (the reactions were generally foll owed by MS) before

Itrated and washed several time with CH3CN, acetone and diethyl ether. The
ophilized to afford the desired conpound. Synthesis of Conpounds 53 and S4
nd 84 Step 1: A suspension of the sodiumsalt of 3-am no-I|-propanesulfonic




i
mol ) and gl ucopyranuroni c anhydride (398 ng, 2.47 mml) in DMF (15 nL) was sti§rred 3 5 days at room tenperature before evaporation of the solvent under
vacuum The residue was purified by chromatography on silica gel (CHC12/ MeOH 100/0 to 70/30 linear) to afford conmpound S3 (719 ng, 1.49 mmol, 60% as a

white foam 1H NVR (CD30D, 500MHz) 8 pprn 1.96(m 2H), 1.98(s, 3H), 2.01(s, 3H), 2.02(s, 3H), 2.09(s, 31-1), 223(m 2H), 3.31 (in, 2H), 4.19(d, J = 9.5 Hz,
1H, H5), 5.12(t, J = 8 Hz, 1H, H2), 5.19(t, J = 10 Hz, 1H, H4), 5.38(t, J 10= 9 Hz, 1H, H3), 5.87(d, J = 8.5 Hz, 1H Hl). mz (ES) 482.4 (MH); Fob = +6.2
(c 0.93, MeOH). Step 2: Conpound S3 (190nmy, 0.54mmol) was treated according to Procedure A to afford Conmpound 34 (150ng, 0.48mml, 88% as a white
solid. 1H NWMR (D20, 500 MHz) 5 ppm1.92 (m 2H), 2.90 (m 2H), 3.27 (t, J =8.5 Hz, 0.5H), 3.32 (m 2H), 3.47-3.50 (m 1.5H), 15 3.56 (dd, J = 9.5, 4.0 Hz,

0.5H), 3.69 (t, J =9.0 Hz, 0.5H), 3.86 (d, J =7.0 Hz, 0.5H), 4.16 (d, J = 10.0 Hz, O0.5H), 4..6-4.7 (0.5H, under water peak), 5.25 (d, J = 3.5 Hz, 0.5H);
mz (ES-) 314.4 (MH . Sya{legkg of Conpound S5;sodj umysalt{ and Conpound S6 ammoni um salt OAc NaOMe, MeOH 0 11....ONFL O Conpound 85- NFI 4- OH
2,3,4,6-Tetr . Am Chem Soc. 1993, 115, 2260-2267. 5Step 1: p-nitrophenol chloroformate (638ng, 3.16nmmol) was
added to A%tifred| sol ution of tet‘?eaagetyII%I@ £87Zpmol ) and EI 3N (800pl, 5.74mmol) in CH2Cl12 (20nl) and the reaction was stirred overnight at room
t enper at ur g,oA ous %%k}l’.?lji,@!n of hydréchl ofic id (TOmMYas added and the | ayers were separated. The aqueous |ayer was extracted twi ce with OH2C12
(20nl) and the c ined organi c TAyer were washed 10 subsequently with a saturiated sol ution of sodium carbonate (10nml) and a saturated sol ution of sodium
chloride. The ordahic | ayer was then dry over My304, filtrated and the sol vent was evaporated under vacuum The residue was purified by chromatography on
silica gel (Hex/EtOAc 90/10 to 5050, linear gradient) 40 afford the desired carbonate (1.1089, 2.16mmvl, 75% as colorless solid.

2! s
W o} N AcD \Ir \/\\/ QO
" pyr, DMF AcO™ “OAS  Gompound S5-Ne
OAc
H i ONH,
NaOMe, MeOH Ho/\j/o OTNWS{\O
HO i OH Compaund S6-NH,*

2,3,4,6-Tetra-O-acetyl-D-glucose was prepared according 1o J. Am. Chem. Soc, 1983, 715,
2260-2267.

5 Step 1: p-nitrophenoichlorotormate (838mg, 3.i6mmol) was added to a stirred
solution of tetraacetylglucose (ig, 2.87mmol) and EtsN (800y!, 5.74mmol) in CH.Cl, (20mi)
and the reaction was stirred overnight at room temperature. A 1N agueous solution of
hydrochloric acid (10ml) was added and the iayers were separated. The agueous layer was
extracted twice with CH.Cl: (20ml) and the combined organic layer were washed

10 subsequently with a saturated soiution of sodium carbonate (10ml) and 3 saturated solution

of sodium chioride. The organic layer was then dry over MgSO,, filtrated and the soivent was
evaporated under vacuum. The residue was purified by chromatography on silica gel
(Hex/EtOAc 9010 to 5050, linsar gradient) to afford the desired carbonate {1.108g,
2.16mmol, 75%) as coloriess soiid.

15 Step 2: Pyridine (524ml, 6.48mmol) was added to a suspension of the carbonate

previously prepared (1.108g, 2.16mmol) and the sodium salt of 3APS (522 mg, 2.16 mmol).
After 3 days of stirring at room temperature, the solvent was evaporated under vacuum and
the residue was purified by chromatography on siiica gel (CHClL/MeOH 100/0 to 80/20,
linear gradient} to afford Gompound S5-Sodium salt (1.066 g, 2.07 mmol, 96%) as a white

20 solid. 'H NMR (D0, 500 MHz) & ppm 1.87 (s, 3H), 2.00 (s, 3H), 2.01 (s, 3H), 2.1 (m, 2H,

hide), 2.05 (s, 3H), 2.83 (m, 2H), 3.25 (m, 2H), 3.98 (br d, J = 8.0 Hz, 0.4H, Hz,), 4.09 (t, J =
10.5 Hz, 1H, He), 4.17 (br d, J = 10.2 Hz, 0.6H, Hg), 4.26-4.30 (m, 1H, He), 4.99-5.12 (m,
2H, Maa, Hao, Hap, Haa), 5.32 (1, J = 9.5 Hz, 0.40H, Ha), 5.50 (4, J = 9.9, 0.6H, Ha.), 5.69 (d, J
= 8.4Hz, 0.3H, Hyp), 6.17 (d, J = 3.5 Hz, C.6H, Hia). miz (MS) 512.5 (M-H).

101




15Step 2: Pyridine (524ml, 6.48mml) was added to a suspension of the carbonat eg previously prepared (1.108g, 2.16mmol) and the sodiumsalt of 3APS (522 nm,
2.16 mmol ). After 3 days of stirring at roomtenperature, the solvent was evaporat ed under vacuum and the residue was purified by chromatography on silica
gel (CHC13/ MeOH 10010 to 80/20, linear gradient) to afford Conpound 35-Sodiumsalt (1.066 g, 2.07 nmol, 96% as a white 20 solid. 1h1l NWR (D20, 500 MHz) 5
ppm 1.97 (s, 3H), 2.00 (s, 3H), 2.01 (s, 3H), 2.1 (m 2H, hide), 2.05 (s, 3H), :283(m 2H), 3.25 (m 2H) 3.98 (br d, J = 8.0 Hz, 0.4H, Ha,), 4.09 (t, J =
10.5 Hz, 1H, H6), 4.17 (br d, J = 10.2 Hz, 0.6H Hs.), 4.26-4.30 (m 1H H6). 4.99-5.12 (m 2H, H2a, H2b, H40, Heia), 5. 32 (t, J = 9.5 Hz, 0.40H, 1-13b),
5.50 (t, J =9.9, 0.6H H3,), 5.69 (d, J = 8.4Hz, 0.3H, R b), 6.17 (d, U-35Hz 0.6H, H.). mMz (M5 512.5 (MH). Step 3: Compound S5 sodium salt
(500 ng, 0.97 mmol) was treated according to Procedure A to afford Conpound S6- ammm umsalt (220 ng, 0.64 mMmol, 66% as a white solid. 11-1 NAAR (020 (500
MHz) 8 ppm 1. &ed 8 C@hboun@ S8GpamMAE): (5@ b, §.87 nidid)), weB. 1868, Bgorfing 1. 5H), 3. 41- 3f 43 (m 1H), 3.68-3.53 (m 3H), 3.75 (d, J = 12.2 Hz, 0.5H), 5.26 (d, J 8.2
5Hz, 0.5 : A MH) Synt hesis of the Sodium Salt of Conmpound S7 Hzer CONa AcO/ 14v- OO HHI ONa O

ACCI' "ai (?ng%ﬁ}eﬁ‘% féﬁg%%fndgs%%%ﬁngpﬁmafh? Oagﬁlﬁoé%% %émﬁ"té -tetra-0-acetyl - 16- D- gl ucopyr anosi de was prepared according to Org. Lett. 2000, 2(8),
1093- 109&011& "EONMIR (BAPS08 dtHzl @ | -8Q R EHR-80 (M @Hinel D) (Maast %%% _t'o a stl rring solution of p- 15 nitrophenyl carbamate (643 ng, 1.16 nmol) in DVF (7 ni).

Af ter (?nOQf fﬁtgﬂggy‘g natmlj m@wrﬁ Lﬁ"ﬁg,(dth91§9||-{éem’l§|-;}\l\@§5@/amgt ed under vacuum and the residue was purified by chromatography on silica gel (CHC13/ MeOH
100/ 0 to

/30 i near gr adi ) g’hﬁuf ired sultonate (596 ngy, 1.07 nml, 92% as a white solid. Step 2: The 2,3,4,6-tetra-0-acetyl-D-glucose
previ O?Jsl'ﬁzﬁr%'béﬁ“éc?s(zégé ‘nﬁ% 5%’ Ol&b (35%%‘2@?53 according to Procedure Ato afford Compound 57-sodiumsalt (260ng, 0.67mvl, 63% as a white solid. 1H
NVR (D20, 500 MHz) 8 ppm 1.91 (m 2H, H11) 2.93 (t, 3=7.5Hz, 2H, H12), 2.24(t,: 3=6.0Hz, H10), 3.28 (t, 3=9.0Hz, 1H H2), 3.34 (m 2H, H3), 3.38 (t,
3=9. 5Hz, ] of 12 SRk Bk of cdbbodiB®y 3-49 (cid, J=9, 9Hz, 1H, H3), 3.7- 3.77 (m 2H H6éa, Hra), 3.91 (apparent d, J=11.5Hz, H5, Hrb), 4.46 (d, J=8.0Hz,
H1). mz %@%ﬁ)’% YY) iS of the sodiumsalt of Conpounds S8 and S9
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10
2-{p-nitrophenyl carbamate)-ethyl-2,3.4,6-tetra- O-acetyl- f-D-glucopyranoside was prepared
according to Org. Lett. 2000, 2(8}, 1093-1096.

Step 1: 3APS-sodium salt (223 mg, 1.38 mmol) was added to a stirring solution of p-

15 nitrophenyl carbamate (643 mg, 1.16 mmol) in DMF (7 mL). Afier 24 h of stirring at room

temperature, the solvent was evaporated under vacuum and the residue was purified by

chromatography on siiica gel {CHCl/MeOH 100/0 to 70/30, linear gradient) and afforded the
desired sulfonate (586 mg, 1.07 mmel, 92%,) as a white soiid.

Step 2: The 2,3,4,6-tetra-C-acetyl-D-giucose previously prepared (596 mg,

20  1.07mmol) was ireated according to Procedure A 1o afferd Compound 37-sodium salt

(260mg, 0.67mmol, 63%) as a white solid. 'H NMR (D0, 500 MHz) § ppm 1.81 (m, 2H,

H11), 2.83 (1, J=7.5Hz, 2H, H12), 2.24 (1, J=6.0Hz, H10), 3.28 (t, J=0.0Hz, 1H, B2}, 3.34 (m,

2H, H8), 3.38 (1, J=8.5Hz, 1H, H4), 3.45 (m1, 1H, Héa), 3.48 (dd, J=8, SHz, 1H, H3}, 3.7

162




NaOMe, MeOH NH2 HSt ONa HOO HO'
prepared according to J. Med. Chem 1995, 38; 161-169. 10

pent af | urophenyl ester (1200 ng, 1.45 nmol) in DMF (15 nl).
resi due was purified by chromatography on silica gel
949 as a white solid. Step 2: Piperidine (2.7 nmL, 27 mmol) was added to
1.37 mmol ) in DVF (15 nmL). After stirred for 1 h, solvent was evaporated under
(CHC13/ MeOH 100/0 to 75/25, linear gradient) to afford the 20 desired am ne Co
The 2, 3, 4367 (etara HeapaRs)ys s DiaphEense JRT estious| M?tgr.e@@(cﬁd -4 &0 +7Y
0. 54 nnDkE§$§m%? _Hg white solid. 1H NWR (D20, OMHz) 1.95 (m 21-1; H11), 2.
3H, H4, , 3.42-3.50 (m 2H, H3, H5), 3.73 (dd, J=6.0, 1H, 12.0 FE | -16a),
(t, J=4.5 Hz, 1H, Hra), 4.22 (dd, J=4.5, 11.5 Hz, 1H, H7), 4.47 (d, J=7.5 Hz,
S14 and Skl of the sodium salt of Compounds S8 and S9

5

OH N (9- Fl uor enyl net hoxycar bonyl) - 3-0-(2, 3, 4,
Step 1: 3APS-s

After 24 h of stir

NHFmoc

O
\/\fr [ .ONa
F PN N
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H H
0] 0 A N S~
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“Onc
OAc
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Q

DMF

NaOMe, MeOH HO
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N-{S-Fluorenyimethoxycarbonyl}-3- O-(2,3,4,6-tetra- C-acetyl- #D-glucopyranosyl)-L-serine
Pentaflucrephenyl ester was prepared acecording to J. Med. Chem. 19885, 38, 161-169.
10
Step 1: 3APS-sosium salt (258 mg, 1.60 mmol) was added to a stirring solution of
pentaflurophenyl ester (1200 mg, 1.45 mmol) in DMF (15 mL). After 24 b of siirring at room
temperature, the solvent was evaporated under vacuum and the résidus vs}as purified by
chromatography on silica gel (CHCls/MeOH 100/0 to 80/20, linear gradient) to afford the
desired sulfonate (1070 mg, 1.37 mmol, 94%) as a whiie solid.
Step 2: Piperidine (2.7 mL, 27 mmol) was added to a stirred soiufion of previously

15

prepared Fmoc serine derivative (1070 mg, 1.37 mmol) in DMF (15 mL). After stirred for 1 h,
solvent was evaporated under reduced pressure. The residue was purified by
chromatography on silica gel (CHCIy/MeOH 100/0 to 75/25, linear gradient) to afford the
desired amine Compound S8-sodium salt (350 mg, 0.63 mmol, 46%) as a white soiid.

Step 3: The 2,3,4,6-tetra-O-acetyl-D-glucose previously prepared (350 mg, 0.63
mmol) was treated according to Procedure A to afford Compound S9-sodium salt (210 mg,

0.54 mmol, 86%) as a white soiid. 'H NMR (D,0, 500MHz) 1.85 (m, 2H, H11), 2.84 (t, J=8.0

20

103

(CHA 3/ MeOH 100/ 0 to 80/ 20,

6-tetra-0-acetyl - AD-gl ucopyranosyl)-L-serine Pentafl uorophenyl ester was
osiumsalt (258 ng, 1.60 mml) was added to a stirring solution of

ing at roomtenperature, the solvent was evaporated under vacuum and the

i near gradient) to afford the 15desired sul fonate (1070 ng, 1.37 mmol,

a stirred solution of previously prepared Fnoc serine derivative (1070 ng,
reduced pressure. The residue was purified by chromatography on silica gel
nmpound S8-sodiumsalt (350 ng, 0.63 mMmopL, 46% as a white solid. Step 3:

r

mA. 63 Mol ) was treated according to Procedure A to afford Conpound S9-sodiumsalt (210 ng,

94 (t, J=8.0 Hz, 2H, H12),
3.92 (br d, J=12.0 Hz, 1H Heb),

1H, HL). rniz (ES) 387.25 (MK).

3.35 (dd, J=7.5, 9.0 Hz, 1H H2), 3.36-3.41 (m
3.96 (dd, ..1:4.5, 1H, 11.5 Hz, H8), 4.05
5 Synthesis of the sodiumsalt of Conpounds




00 OHNaO It O,,OHd Conpound S14-Na OH
Am Chem Soc. 2000, 122, 12151-12157. Stepl: p-Ntrophenol chloroformate (3 g, 1
1,2,3,4-tetra-0-acetyl -a-D-glucopyranoside (4.7 g, 13.4 mmol) and triethyl am ne
stirred overnight at 15 roomtenperature. A 1N aqueous sol ution of hydrochloric

1,2,3,4-tetra-0-acetyl -a-D-gl uco

extracted twce with dichioromethane (100 nL) and the conbined organic | ayers were washed subsequently with a saturated sol ution of

m.) and then with a saturated sol ution of sodiumchloride. The organic |ayer wa
vacuum The residue was purified by chromatography on silica gel (hexanes/ethyl
car bonat e 4H7sg12)6@% (deas=a5,000 Bt @5 525,08 .36 4 Sl Y, HEhR1@pslkziessaht of 3APS (2.
(4.7 q, i I )n AL T of stirring a
was puri f‘g‘l%glsb %75 Fr#f\ldl\gg 1’I.Ft1§)r5]|.fs PE’%”& QE &%i} (I;q%[ool_rﬁzd&;é{t ﬁ%tﬁ ?eé/fdﬁanol 100/0 to
as a whi té‘*éof*rld?tad@reﬁﬁhﬁ% {t: Id-‘iﬁéiz,lﬂ'ﬂéﬁab ét2?lfé¢évei4%léﬁl5\)"&‘a‘i*vé'*7()l4‘27l g, 36% as

2.17 (s, (é"!)—?a%ﬁ@f—t(m) g—bi(s h&?@S(MH‘t 3=8.0Hz, 2H, H3), 3.99 (m O0.7H H6B),
H/B), 5.13 (t, H, Hra), 5.34 (t, 3=9.5Hz, 0.7H, HOB), 5.44(t, 3=9.5
n z (EES) 512. 0 (MH) Step3 Corrpound 815 sodi um salt (1.37 g, 2.67 mmol)) was
ng, 1.51 $4 & sard i€ Bk D20, 500MHz) 6 ppm 1.80 (m 2H, H2

336 (m 0.55H H8B): 3.4%. (dd,
1H, H5a), 4.23 g)app@genﬂl/
HO OAc
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1,2,3,4-tetra- Cracetyl- a-D-glucopyrancside was prepared according to Org. Letl. 2006, &,

10 2393-23%6 and J. Am Chem. Soc. 2000, 122, 12151-12157.
Step1: p-Nitrophenoichioroformate (3 g, 14.8 mmol} was added {0 2 stirred selution of
1,2,3 4-tetra- O-acetyl- a-D-glucopyranoside (4.7 g, 13.4 mmol) and triethylamine (3.7 mi,
26.8 mmol} in dichloromethane (100 mL}. The reaction mixture was stirred ovemight at

15  room temperaiure. A 1N agueous solution of hydrochioric acid (30 mL) was added and the

layers were separated. The aqueous layer was extracted twice with dichloromethane (100

mL) and the combined organic layers were washed subseguently with & saturated solution of

104

4. OHz, 0.45H, Hoa): 3.48 (m O.55H, HOB):
25Hz b)O 4.51 (d, 3=8.0Hz, 0.5511, 25HLO

pyranosi de was prepared according to Org. Lett.
4.8 mmol) was added to a stirred solution of
(3.7 mM, 26.8 nmmol ) in dichloronethane (100 nL). The reaction m xture was
acid (30 nL) was added and the | ayers were separated. The aqueous |ayer was
sodi um car bonate (50
s dried over magnesiumsulfate, filtered and the sol vent was evaporated under
acetate 90/10 to 50/50, linear gradient), affording the correspondi ng
22 g, 13.8 mml) was added to a solution of the carbonate previously prepared
t roomtenperature, the solvent was evaporated under vacuum and the 10resi due
70/ 30, linear gradient) and afforded Conpound 515-sodiumsalt (1.95 g, 41%
a white solid: 1H NWVR (D20, 500MHz) 8 ppm 1.91-2.02 (m 11H), 2.07 (s, 2H)
4.10-4.20 (m 2.3H, H5 and H6a), 5.02(m 1H, 15H9), 5.08(t, 3=10.0Hz, 0. 7H,
Hz, 0.3H, H8a), 5.81 (d, 3=8.0Hz, 0.7H, H108), 6.28 (d, 3=3.5Hz, 0.3H, H10a);
treated according to Procedure 20 A to afford Conpound 514-sodiumsalt (520
); 2.81 (m 2H, H1), 3.12 (m 2.55H, 113 and H96); 3.31 (m 1H, H7a and H78);
3.56 (t, 3=9.0Hz, 0.45H, H8a); 3.84 (brd, 3=10.0Hz, 0.45H H6a), 4.10 (m
5.08 (d, 3=4.0Hz, 0.45H, H10a); nmz (ES) 344.0 (MH).

2006, 8, 102393-2396 and J.

B);




Synt hesis of the sodiumsalt of Conpounds 316 and S17 0 0 11"ONaAcO0.",00-..."..--", ,-0- 0 (N =12 .--S., H11,0Na 0 O AcO '"'i'10Ac pyr,
DMFOAcCompound $17 HO NaOMe, MeOH 5 2, 3, 4, 6- Tetra-0-acetyl - D- gl ucose- 1- pr opanol vvas prepared accordl ng to J. Am Chem Soc. 1940, 62, 917- 920. Stepl :

p- Ni trophenol chl oroformate (2.3 g, 11.4 nmol) was added to a stirred solution of 3- 10hydroxy-1-propyl 2,3,4,6-tetra-0- acetyI-S-DgI ucopyranoside (3.1 g,
7.64 mol) and triethylamne (2.12 nL, 11.44 mml) in dichloronethane (60 nL) and the reaction m xture was stirred overnight at roomtenperature. Agueous
hydrochloric acid (1N, 15 nL) was added and the | ayers were separated. The aqueous | ayer was extracted 2 tinmes with dichloronethane (40 nL) and the conbi ned
organi c | ayer were washed subsequently with a 15saturated sol ution of sodium carbonate (15 nL) and then with a saturated sol ution of sodiumchloride. The
organic layer was then dried over nmagnesiumsulfate, filtrated and the sol vent was evaporated under vacuum The residue was purified by chronatography on

si |l i ca gedodlumestsoeais /(=1 M) andciesnadie: agﬁ,mﬁea@onﬁ%ﬁesodlmmwndgrﬁﬁu ent) to afford the corresponding carbonate (3.1 g, 719 as colorless solid. 20 Step2: The

sodi um s 4 07 ) a sol uti of the carbonate previously prepared (1.559, 2.71 nmmol) in N N-dinethylformmnde (50 ni).
Af ter ?éan?c t%-ly%&’wa?dr(e%so%ep;%a%nesmin Sn]?g?dgihﬁrreéan?ﬁ"g Sglv?n\}evﬁ? eﬁggrag aporat ed under ivacuum and the residue was purified by chronmatography on silica gel

(di chl or w@emﬁwnﬁeﬁﬁﬁ@qiu%@mbed by chromatography on silica gel (hexanes/ethyl
acetaie 80/10 1o 50/50, linear gradient), affording the corresponding carbonate (4.7g, 68%)
5 as a coloriess solid.

Step2: The sodium salt of 3APS (2.22 g, 13.8 mmol) was added tc a soiution of the
carbonate previously prepared (4.7 g, 9.16 mmol) in N,N-dimethylformamide (50 mL). After 3
days of stirring at room temperaturs, the solvent was evaporated under vacuum and the

10 residue was purified by chromatography on silica gel (dichtoromethane/methanol 100/0 tc
70/30, linear gradient) and afforded Compound S15-sodium salt {1.85 g, 41%) as a white
solid together with its 1-deactetylated derivative (1.21 g, 36%) as a white solid: 'H NMR
(D-0, 500MHz) & ppm 1.91-2.02 (m, 11H), 2.07 (s, 2H), 2.17 (s, 1H), 2.86 (m, 2H, H1), 3.24
(t, J=8.0Hz, 2H, H3), 3.98 (m, 0.7H, HERB), 4.10-4.20 (m, 2.3H, H5 and H6a), 5.02 {m, 1H,

15 H®), 5.08 (1, J=10.0Hz, 0.7H, H7B), 5.13 {t, J=8.5Hz, 0.3H, H7q), 5.34 (i, J=9.5Hz, 0.7H,
HBB), 5.44 (t, J=8.5Hz, §.3H, HBa), 5.81 (d, J=8.0Hz, 0.7H, H108), 6.28 (d, J=3.5Hz, 0.3H,
H10a); m/z (ES) 512.0 (M-H).

Step3: Compound S15-sodium salt (1.37 g, 2.67 mmol}) was treaied according to Procedure
20 A to afford Compound S14-sodium salt (520 mg, 1.51 mmol, 56%) as a white solid: 'H

NMR(D-0, 500MHz) 8 ppm 1.80 (m, 2H, H2); 2.81 (m, 2H, H1}, 3.12 (m, 2.55H, H3 and

H9B); 3.31 (m, 1H, H7a and H7B); 3.36 (m, 0.55H, HSB); 3.41 (dd, J=10.0, 4.0Hz, 0.45H,

H9a); 3.48 (m, 0.55M, HEB); 3.56 (1, J=9.0Hz, 0.45H, H8a}; 3.84 (brd, J=10.0Hz, 0.45H,

HEa), 4.10 {m, 1H, H5a}, 4.23 {apparent i, J=12.5Hz, tH, Hbb), 4.51 (d, J=B.0Hz, 0.55H,
25  H10Bj; 5.08 (d, J=4.0Hz, 0.45H, H10q); m/z (ES) 344.0 (M-H).




70/ 30, linear gradient) to afford a m xture of Conpound S17 and p-nitrophenol
purification.

(11.33 g) as a white solid, which was used in next step wi thout further

St ep3: The crude Conpound 317 (1.33 g) was treated according to Procedure A to afford 5 Conpound S16-sodiumsalt (850 ng, 49% over two steps)

as a white solid: 11-1NWMR (D20, 500MHz) 8 ppm 1.84-1.91 (in, 4H, H6+H2), 2.88 (m 2H, H1l), 3A8 (in, 2H, H3), 3.21 (t, 3=8.5Hz, 1H, H9), 3.33 (t, 3=9.3Hz,
1H, H11), 3.39 (m 1H H12), 3.44 (t, 3=9.3Hz, 1H H10), 3.67 (dd, 3=12.3, 5.8Hz, 1H H13a), 3.71 (m 1H Hr7a), 3.85 (dd, 3=12.3, 2.0Hz, 1H H13b), 3.94 (m
1H, H7b), 4.10 (m 2H, H5), 4.39 (d, 3=8.0Hz, 1H, H8); !'ilk (ES) 402.1 (MI1-1).: 10 Exanple 1-E: Chem cal Synthesis of |m ne-derived Prodrugs

Accordingly,
Synt hesi s of Conmpound M/ sodiumsalt OH N. --
5-f 1l uoro- 2- hydroxy benzophenone (0.50 g, 2.0 mmol)

in nmethanol (50 nt.).

reduced p @hsgﬁ§spﬂr|f|ed by flash chromatography (silica gel,
(0.51 g, “64° .89 (m 2H), 2.5 (t, 3=7.0 Hz, 2H),
J= 8.0 Hz, 2H) 7. 66(d J= 8.0 Hz 2H) 15 27 (s, 1H). ES-Ms (370 M1).

stirred solutlo of, sodluth5|d§ :
g oomhin

reaction ggpxt rred a

P lmyaber Q2o
ure for 24 t1tﬁgﬂ
stirred at ref u Jor 1 h. Ihe—susgeﬁ5|qg W Bghed to rdom

and dried Offter vaéﬁﬁnl af f oglngh,@f 3-azi do-g.propanesul fonic acid (7.6 g,
OAc
0
0 . L0 o N g, Oha
HN g,ONa AcO \I/ N \ﬂ/ ~TS \‘o
N . o ” o
— AcO OAc
pyr, DMF OAc Compound S17
o
0. LG 0 H g’ONa
\/\/ o
HO TN hil o
OH . s
NaOMe, Me . o' ou
OH Compound S16

2 3 4 6-Tewra-O-acetyl-D-glucose-1-propanol was prepared according to J. Am. Chem. Soc.
1840,82, 917-92C.

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

10 hydroxy-1-propyl 2,3,4,6—tetra—O—acetyl-;?x-D-giuéopyranoside (3.1 g, 7.64 mmoi) and
triethylamine (2.12 mL., 11.44 mmol) in dichioromethane (60 mL) and the reaction mixiure
was stirred overnight at room temperature. Agueous hydrochloric acid (1N, 15 mi) was
added and the iayers were separaied. The agueous fayer was extracted 2 times with
dichioromethane (40 mL) and the combined organic layer were washed subsequently with a

15  saturated soiution of sodium carbonate {15 mL) and then with a saturated soiution of sodium
chioride. The organic layer was then dried over magnesium sulfate, filirated and the solvert
was evaporaied under vacuum. The residue was purified by chromatography on silica gel
(hexanes/ethyl acetate 80/10 to 50/50, linear gradient) to afford the corresponding carbonaie
(3.1 g. 71%) as coloriess solid.

20
Step2: The sodium salt of 3-APS (655 mg, 4.07 mmol} was added to a solufion of the
carbonate previously prepared (1.55 g, 2.71 mmaol) in N,N-dimethylformamide (50 mL). Adfter
3 days of stirring at room temperature, the solvent was evaporated under vacuum and the
residue was purified by chromatography on silica gel {dichioromethane/methanol 95/5 1o

Synthesis of Conpound AV-sul fonam de 0, C SC NaN3 O Tol uene
) was added a
concentrated to dryness The resulting solid was suspended in diethyl
-'ogture and the solid was collected by filtration,
809 .

the followi ng exanples are presented to illustrate how sone irninederived prodrugs according to the invention conpounds may be prepared. 15
Sodi um 3- am no- 1- propanesul fonate (0.649, 4.0 mol) was added to a solution of 4'-chloro- 20
The reaction m xture was stirred under

reflux for 4 h then concentrated under

90: 10 then 80:20) to afford the title conpound
6.95 (m 1H), 6.95 (m 1H, 7.22 25(m 1H), 7.38 (d,
Step 1: To a

in acetone (25 nL). The
ether (100 nL) and
washed with acetone and di et hyl ether,

chl orof orm net hanol

3.36 (t, 7.0 Hz, 2H),

solution of 1,3-propane sultone (6.1 g, 50 mmol)




10 Step 2: PC15(2.61 g, 12.53 mmol) was added to a suspension of 3-azido-1- propanesulfonl c acid (2.07 g, 12.53 mmol) in toluene. The reaction m xture was
stirred under reflux for 3 h. After cooling to roomtenperature, the sol vent Wa§ evaporated, and the resulting material was used in the next step w thout
further purification. 15 Step 3: Ammoni um hydroxi de (28% (10 nL) was added to a solution of 3-azido-1- propanesul fonyl chloride (-2.29 g, 12.53 mmol;
obtained in step 2) in ethanol (10 nL). The reaction m xture was stirred at roomtenperature for 3 h then concentrated. The residual material was passed
through a short silica gel columm using hexanesiethyl acetate as eluent 20to IS{)| ate 3-azi do-1-propanesul fonam de (1.5 g. 86% . Step 4:

3- Azi do- 1- propanesul fonarnide (1.5 g, 10.86 mol; obtained fromstep 3) was di S§0I ved in water/ethanol (10 m _ti O nL), followed by addition of 10% Pd/C
(0.2 g). The resulting suspension was stirred under at nospheric pressure of H2 %for 5 h. The insoluble 25material was renpved by filtration; and the filtrate
was concéntioalined:. gradient) te sifohdal minetea Camporns Fdspepa@drharcHyd#eyeh? The suspension was filtered and the resulting solid was washed with et hanol and di et hyl
et her, drv&h@tgsbg@d@ﬁzcmgﬂus\égmSt@g@moqtmghé-pgmc%hl propanesul f onam de (1. 2g, BO% Step 5: 3-Am no-|-propanesul fonam de (0.55 g, 4 mol; fromstep 4) was
added to a solution of 4'-chloro-5-fluoro- 2- hydr oxy- benzophenone (1g, 4 mmol) in nmethanol (50 mL). The reaction mxture was stirred under reflux for 5 h

t hen concentrated under reduced 5pressure. The residual material was purified by col um chromatography (silica gel, dichloronethane: methanoi 90:10 then

80: 20) . THiep3:ahe espie MahinmgusnDs 1 (1(33f ) evas nened abcondingso | Rrameti)yrevia aflest ystal lized in diethyl ether to afford 3-{[(1E)-(4-chl orophenyl)(5-fl uoro-2-

hydr oxyp p 1H NVR (CDCl 3, 500 MHz) 62.21 (m 2H), 3.24 (t, J=7.0 Hz, 2H), 3.47 (t, J=7.0 H, 2H),
4.63 2% @%@Hﬁ%ﬁ&?@ﬁg&@@%@h@ g%/e q’eﬁwh%%a%%%%&gsz%%%%fo, J= 8.2 Hz, 211), 7.54 (d, J. 8.2 Hz, 2H), 14.71 (s, 1H). ES-M5 (369 M1). Exanple 2: In
vitro st &PMHeYd apm @t hBoKmsAl, H6+H2), 2.88 (. ZH.tHo %isaﬁi‘ H.\#%3-8%Enpl ary prodrugs of the invention was tested in water, in an 15acidic aqueous sol ution (pH:

1.5), in PBSHl K, Memassand- MIZSQHI’H.[Cf a@ggnp,s 1Hapq@bl3‘l4d‘(wm@3laﬂd!—mm@e whol e blood. A Stability in water, at pH: 1.5 and PBS Stability of exenplary conpounds
was determnned |n_water, ?‘?F’ 2f In’(i.‘h?' g&gﬁg 1%% i!) &% and PBS (phosphate buffered saline) solution using ESI-Ms (eiectrospray ionization nmass
spectrorré"t? ()dd %‘1121%55@%(3 ﬁﬁal?l ﬁ 52 5F lﬂro drug solution containing 1 pg/ml IS (internal standard) was prepared and incubated for
60 min. P4 (watier H&i)abis int,\2H HB8), mﬁiel(dbaitsﬁGszaistﬁ))emfszﬁﬁe@Edt(M*fdbmterrperature and for stability in acidic solution and in buffer. The incubation tenperature
was 3i; C. Sanples were 25 analyzed for prodrug content at tinme points O and 60 mn. using M5. The %changes in peak area ratio after 60 minutes for each

t est corrpound tested are cal cul at ed _usi ngﬁjhe average values fromsix replicate runs. The conmpounds tested included Conpounds Al to A19, Conpounds B5 and B6

and ConpoEffFwiey -5 Ghemizal Srdassis pmineden dfHes f ound unstable at pH 1.5 and in PBS, all other conpounds were judged to be stable under all 30conditions
tested wth | egsorihgy teeIbwilbSeaRHpMk: anneestinteatd Distraledngecaé treine-60 ni nutes. B. Metabol i smin nmouse and human mi crosones

derived prodrugs according o the nvention compounds may be prepared.

15  Synthesis of Compound M7 sodium sa

SO Na

(=}
MeOH

Sodium 3-amino-1-propanesulionate (0.64 g, 4.¢ mmol) was added 1o a solution of 4'-chloro-
20  5-lucro-2-hydroxy-benzophenone (0.50 g, 2.0 mmol) in methanol (50 mL). The reaction
mixture was stirred under refiux for 4 h then concentrated under reduced pressure. The
residual material was purified by fiash chromatography {silica gel, chioroform: methanol
90:10 then 80:20) to afford the titie compound (0.51 g, 64%): "H NMR (CDCls, 500 MHz) &
1.89 (m, 2H}, 2.5 (t, J= 7.0 Hz, 2H), 3.36 {1, J= 7.0 Hz, 2H), .95 (m, 1H), 6.95 (m, 1H), 7.22
25  (m, 1H), 7.38 (d, J= 8.0 Hz, 2H), 7.66 (d, J= 8.0 Mz, 2H}, 15.27 {s, 1H). ES-MS (370 M-1).
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M crosomal stability of Conpounds A, A2, A3, 017, Cl18 and 019 was determ ned

60 m nutes at 3537C. Briefly, mcrosones were diluted to achieve a concentration of 1.0 ng/nL in PBS buffer
Conmpounds (10 LIM and mcrosones were pre-incubated for a period of 5 mnutes:

NADPH and 2 nM UDPGA in PBS buffer). After a 1- hour incubation period, the re
sanples, the reaction was stopped with acetonitrile before the addition of the
detection. Several types of HPLC col ums and nobil e phases were used dependi ng
% of conpound renai ning at 60 m nutes (peak response of conpound at 60 m nutes

n duplicate, in presence of pooled nouse or human |iver mcrosones for up to
(pH 7.4) containing 3 M Mgd 2 and 1 nM EDTA
before the enzymatic reaction was started by addition of co-factors (1 niM
action was stopped by the addition of ice cold acetonitrile. For tinme O

co- 5 factors. Analysis of extracted sanples was achieved using HPLC with M5
of the polarity of the conmpound. The conpound stability was determ ned by the

| peak response at O minutes x 100). Four of the conpounds tested (three

R o OemMNund B2 sufishanatd t he carbamate 10 prodrug 019) were found st

of nmouse gr human m crosones (data not shown).

presence of* Ause human m cr osones,

condition ‘j@ nd hg b bi Im solest conmpounds wer
bl ood. Thé_cdnpounds were added at ti me- Pretuake O and sarrpl e ali quots were withdr

extracted using prot ein precipitation. Analysis of extracted sanples was achiev
phase were used de gbn'\ghof the polarity of the conpoun )N]'(hie(mypound stabili
response of conpo nd O mnutes | peak response at 0 (§<§ x 100). Result

| ood stability (/* e cgnpound | Dr enai |n@ after 240 min.) Hu

bl ood OH N
MeOH
: Ci

Siep 1: To a stirred soluiion of sodium azide (3.5 g, 50 mmoel) in water (25 mbL) was added &

Refiux

solution of 1,3-propane sulione (6.1 g, 50 mmol) in acetone (25 mL}. The reaction mixturs
was stirred at room temperature for 24 h then concentrated to dryness. The resuiting solid
was suspended in diethy! ether (100 mL) and stirred at refiux for 1 n. The suspension was
cooled to room temperature and the solid was coltected by filtration, washed with acetone
and diethy! ethat, and dried undervacuum, affording of 3-azido-1-propanesulionic acid {7.6
g, 80%).
10 _
Step 2: PCIs (2.61 g, 12.553 mmol} was added io a suspension of 3-azido-1-propanesulfonic
acid (2.07 g, 12.53 mmol} in toluene. The reaction mixture was stirred unger refiux for 3 h.
-After cooling to room temperature, the solvent was evaporated, and the resuliing material
was used in the next step without further purification.
12
Step 2. Ammeonium hydroxide (28%) (10 mb) was added to a soiution of 3-azido-1-
propanesulfony! chioride (~2.29 g, 12.53 mmot; obtained in step 2) in sthanol (10 mL). The
reaction mixiure was stived at room temperaiure for 3 h then concentrated. The residual
materiai was passed through z short silica gel column using hexanes:ethyt acetate as eluent
20  toisclate 3-azido-1-propanesulionamide (1.5 g, 86%).
Step 4: 3-Azido-1-propanesulfonamide (1.5 g, 10.86 mmol; obtained from step 3) was
dissolved in watar/sthanol {10 rmbL/10 ml), followed by addition of 10% Pd/C (0.2 g). The
resulting suspension was stirred under atmospheric pressurs of Hp for 5 h. The insoluble
25 material was removed by filiration; and the fiitrate was concentrated. The residual material
was suspended in hydrogen. The suspension was filtered and the resulting solid was
washed with ethanct and diethy! ether, dried under high vacuum, affording 3-amino-1-
propanesuifonamide (1.2g, 80%).
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able, with over 90% of the conpounds renaining after 60 m nutes in presence

Conmpound 017 was found |l ess stable with between 20 and 35% of the prodrug remaining after 60 minutes in
whipke carbamate 018 showed noderate stability with between 75 and 80% of the prodrug renaining under the sane

e incubated for a total of 240 m nutes at 37t in whol e nouse and whol e hunman
awn at each tine point (usually 0, 60 and 240 mi nutes). The sanples were 20
ed using HPLC with M5 detection. Several types of HPLC colums and nobile
ty was determned by the A of conpound renaining at 240 m nutes (peak

s are summari zed in Table 8. 25 Table 8. Stability in nouse and human whol e
man Bl oodMbuse Bl ood Al ND APND ABND A4 A5 AS++ A7+++ AS A9+++
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Bl ood stability Wof conpound ID remaining after 240 mn.)

Step 5: 3-Amino-1-propanesulfonamide (0.55 g, 4 mmol; from step 4) was added to a
solution of 4’-chloro-5-fluoro-2-hydroxy-benzophenone (1g, 4 mmaol} in methano! (50 mL).
The reaction mixiure was slirred under refiux for 5 b then concenirated under reduced
pressure. The residual material was purified by column chromatography (silica gel,
dichloromethane:methanot 8G:10 then 80:20). The corrésponding solid (afier removai of
solvent) was recrystallized in diethyi ether to afferd 3-{[{1E)-(4-chiorophenyl}{5-fluoro-2- -
hydroxyphenylimethyienejamino}propane-1-sulfonamide (0.75 g, 51%). 'H NMR (CDCls,
500 MHz) 8 2.21 (m, 2H), .24 (t, J= 7.0 Hz, 2H)}, 3.47 {1, J= 7.0 H, 2H), 4.88 {bs, 2H), 6.83
(m, 1H), 8.95 (m, 1H), 7.04 (m, 1H), 7.13 (d, J= 8.2 Hz, 2H), 7.54 (d,-J= 8.2 Hz, 2H), 14.71
(s, 1H). ES-MS (369 M-1).

Exampie 2: in vitro stablfity and metabolism

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

A Stability in water, at pH: 1.5 and PBS
Stability of exemplary compounds was determined in water, aqueous acidic soiution
(pH 1.5, HCI) and PBS (phosphate buffered saline) sciution using ESIMS (electrospray

ionization mass spectrometry) as the detecting instruments. In general a 2 pg/ml pro-drug '

soluion containing 1 po/mi IS (internal standard) was prepared and incubated for 60 min,
For water stability the incubation was performed at room iemperature and for stability in
acidic solution and in buffer. The incubaiion temperature was 37 °C. Samples were
analyzed for prodrug content at fime points ¢ and 60 min. using MS. The % changes in. peak
arez ratio after 60 minutes for each test compeound tested are calculaied using the averags
vaiues from six replicate runs. The compounds tesied included Compounds Al 1o A1S,
Compounds BS and B6 and Compounds C1 to G268, Except for C26 which was found
unsiable at pH 1.5 and in PBS, all other compounds were judged to be stabie under all
conditions {ested with iess than about 15%-20% concentration change after 60 minutes.

B. Metabolism in mouse and hurnan microsemes

Microsomal stability of Compounds Al, A2, A3, C17, C18 and C18 was deiermined
in duplicate, in presence of pooled mouse or human liver microsomes for up to 80 minutes at
37<C. Briefly, microsomes were diluied o achieve a concentration of 1.0 mg/mL in PBS
buffer (pH 7.4) containing 3 mM MgClh and 1 mM EDTA. Compounds (16 uM) and
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microsomes were pre-incubated for a period of 5 minutes before the enzymatic reaction was
started by addition of co-faciors {1 mM NADPH- and 2 mM UDPGA in PBS buffer). Afier a 1-
hour incubation period, the reaction was stopped by the addition of ice cold acetonitrile. For
time 0 samples, the reaction was stopped with acetonitrile before the addition of the co-
5  factors. Analysis of extracted sampies was achieved using HPLGC with MS detection.
Several types of HPLC columns and mobile phases were used depending of the polarity of
the compound. The compound stability was determined by the % of compound remaining at
60 minutes (peak response of compound at 60 minutes / peak response at 0 minutes x 100j).
Four of the compounds tested (three amino acid prodrugs A1, A2, A3, and the carbamate
10 prodrug C19) were found'stabie, with over 90% of the compounds remaining after 60
minutes in presence of mouse or human microsomes {data not shown). Compound C17 was
found less stable with between 20 and 35% of the prodrug remaining after 60 minuies in
presence of mouse or human microsomes, whiie carbamate C18 showed moderate stability
with between 75 and 80% of the prodrug remaining under the same conditions.
15
C. Mouse and human whoie blocd stability
Test compounds were incubated for a total of 246 minuies at 37 °C in whole mouse
and whole human biood. The compounds were added at time-point 0 and sample aliquots
were withdrawn at each time point (usually 0, 60 and 240 minutes). The samples were
20  extracted using protein precipitation. Analysis of extracted samples was achieved using
HPLC with MS detection. Several types of HPLC columns and mobile phase were used
depending df the polarity of the compound. The compound stability was determined by the %
of compound remaining at 240 minutes (peak response of compound at 240 minutes / peak
response at ¢ minutes x 100). Results are surmmarized in Tabie 8.
25
Tabie 8. Stability in mouse and human whole blood

Biood stability (% of compound

D remaining after 240 min.}
Human Blood Mouse Blood

At ND +
A2 ND ++
A3 ND ++
Ad + o+
A5 + +
AB ++ .
A7 +++ +++
AB + ++
AS 3 bt
A0 s +
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Blood stability (% of compound

D © remaining after 240 min.)
Human Blood NMouse Blood
A1l -+ et
A2 +++ +
Al13 +++ s
A4 At i+
Als bt +
AlB et ++
Aig -+ +
AtS + +
B3 +++ wr
B4 o+ et
BS +++ St
Bo +++ +++
&1 + +
C4 I ++
Cs + +
c7 +4 +
C8 bt et
Ca ++ ++
C10 + +
CH Py N
{12 += +
C13 + +
C14 +4t ++
C1E et +
16 ot +
Ct17 ND +
C18 ND +
Ct1e ND +
C20 ++ +
21 ++ +
22 ++ +
£23 = +
C24 - +

+ <30%, ++ [ 30-75%, +++ ! >7/5%; ND: not determined

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

83}

Exampie 3: Pharmacokinetics In mice

A. Bioavailability of exemplary compounds
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 Selected exemplary compounds were tested for bioavaitability in mice. Bioavailabiiity
estimaies are performed for 3APS afier adminisiration of molar equivalent the selected
compounds. At a specific fime point following drug adminisiration, one blood sampie
(approximately 1 mil) is collected from edch of 3 animals from the inferior vena cava. The
animals are anesthetized with isofiurane before blood coliection (approximately 45 sec).
Samples are collected at 5, 30, 60, 120, 180, 240 and 380 min posi intravencus
administration and at 15, 30, 80, 120, 180, 240 and 360 min post oral administration. One
animal is used to obtain a baseline sample (pre-dose sample). Bicod samples are collected
into Sarstedt™ micro tubes (EDTA KE / 1.3ml), kept on ice unti ceﬁtrifugation at4°Cata
minimum speed of 3000 rpm (1620G) for 10 min. Plasma samples are transfemed inio
Eppendorf™ tubes, immediately placed on dry ice and stored at -80°C. Plasma samples are
stored frozen at -20°C pending analysis.
Compounds in mouse plasma are extracted using protein precipitation. Quantitation
of 3APS in mouse plasma mafrix is achieved using LC-MS detection. Sample concentrafion
is calculated using a calibration curve. Bioavailability resuits are summarized in Table 9.

Table 9. Bioavailability of selected compounds in mice

Bicavailability (F) in mice *

iD (41 <2B5%, 447 25-35%, +4+: > 35%)
A (3APS) +4+
Al e
A2 44+
A3 +
Ad et
AB o+
A7 e
A13 R
Ai8 R
Co +
C13 +
Cid +
-C15 +
C1e -
Ci17 +
G18 +
Cis ++
G2t +
cz2 +
c25 +

* Cafcuiated from the concentration of 3APS, 6 hours after administration of the tested compound.
The calcuiated F value represemis the Ratio (in percentage) of the AUC p.o. of the compound fested
over the AUC i.v. of BAPS, based on the observation of 3APS.
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& As shown in Table 9, all the compounds tested were capable of deiivering
measurable guantities of 3APS. Compounds A2, A4, A7 and A18 were helpful in increasing
the bicavailability of 3APS suggesting that they were more readily absorbed than 3APS or
were able to prevent firsi-pass metabolism of 3APS. Although not shown, Compounds A3,
C13, Ci4, C16, C17, G21, C22 and C25 had a measured T, 4 times to 16 times longer
that 3APS (0.25h), suggesting a significant improvement in the pk profiles of 3APS using
those compounds.

B. PK brain and plasma levels of oral Compound A2 and 3-APS _
Compounds A2 and 3-aminopropanesulfonic acid were tested for pharmacckinetic

parameters in mice. Parmacokinetic parameters (Cmax. Tmax, T1/2, AUC) are svaluated for

3APS after sdministration of 2 molar eguivdlent of each compound. Blood samples

{approximately 1 mi and brain samples are collected from each of 3 gnimals at time poinis

8. 15. 30 miriutes, 1.2 4. 6 12 and 24 hourg. The resulis analyzed from piasma samples
and brain homogenaies are summarized in Table 16. Relative bicavailability {F%) of

Compound A2 and 3-APS were respectively of 51% and 1o 32%. A 2-fold increase in ptasma

concentration (Cmax} of 3-APS was observed when orally administering Compound A2

compared to 3-APS. Brain concentration of 3-APS was observed after oral adminisiration of

0.18 mmolka for Compound A2, whereas the concentration could not be guantified afier oral
administration of the samé molar equivalent of 3-APS.

Table 10. PK data on 3-APS analysis foliowing oral administration of 25 mg/kg
{0.18mmol/kg) and 250 mg/kg (1.80minol/kg) eguivaient of 5-APS

Dose Plasma Brain
ID {(mmol Cmax | Tmax | T1/2 Cmax | Tmax | T1/2
| kgy | AYC Tmgmol o | o | AYC [ mgmb | om | o
3APS | 016 | 647 | 1766 | 05 | 49 | BLLQ | BLLQ | N/A | NIA
AZ | 018 | 10135 | 3435 | 05 | 28 | 657 | 148 | 2.0 | 3.
|
AZ | 180 | 140661 | 35451 | 05 | 26 | 6772 | 1066 | 2.0 | 124

BLLQ: below the lower fimit OF quantification
N/A: not appiicable

Example 4: Pharmacokinefic analvsis of 3APS and associated metabolism

Example 44: Metabolic Profiling of “C-3APS in Mice. Rats and Dogs

Tﬁree single dose studies weare conducted in mice, rats and dogs to determine the
metabolic profiie of “C-3APS in plasma, urine and feces. In the first siudy, twenty-seven
male CD-1 mice received a single dose of 100 mg/kg (20 uClanimal) of ™C-3APS by oral
gavage. Blood samples {3 animals/time point) were coliecied for 12 hr foliowing drug
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administration while urine and feces (3 animals/time point) samples were collected for 96 iir.
In the second study, eight maie Sprague-Dawiley rats received a single dose of 100 mg/kg
(50 pCi/animal) of ™C-3APS by oral gavage while in the third study, three maie Beagle dogs
received a single dose of 100 mg/kg (30 nCifkg) of “C-3APS by oral gavage. For the rat
and dog studies,‘blood samples were collected for 24 hr following drug administration while
urine and feces samples were collected for 72 hr. - All samples were analyzed for iotal
radioactivity using appropriate sample preparation procedures and scintillation counting.
Plasma and urine samples were also analyzed for 3APS and 3APS metabolites
{2-carboxyethanesulfonic  acid, 3-hydroxy-1-propanesutionic acid and 3-acetylamino-t-
propanesulfonic acid) concentrations using qualified HPLC and MS/MS metnods.

Following oral administration of 100 mg/kg **C-3APS 1o mice and rats, mean maximum
plasma coricentrations of fotal radicactivity and 3APS were reached at approximately 30
minutes post-dose (Table 11). Thereafter, plasma concentrafions of total radioactivity and
3APS declined in & multi-phasic manner with apparent terminal half-iives of approximately
2and 6 h for mice and rats, respectively. Mean maximum plasma concentration of
2-carboxyethanesulfonic acid was achieved at 120 to 240 h post-dose. Thereafter, plasma
concentrations declined in a mult-phasic manner with an apparent terminal half-lite of

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

Following oral administration of 100 mg/kg ““C-3APS 1o dogs, maximum plasma
concentration of total radicactivity and 3APS were reached at approximately 30 minutes post-
dose, whereas maximum plasma concentration of 2-carboxyethanesulfonic acid was achieved
at 720 minutes post-dose (Tabie 11). Thereafter, piasma concentrations of total radioactivity
and 3APS declined in & multi-phasic manner. The mean apparent terminal hatf-ives were
approximately 35 h and 5 h for total radioactivity and 3APS, respectively.

For all species, the majority of total radioactivity was associated with 3APS and 2-
carboxyethanesulfonic acid {Table 12). Based oh AUC.. values, 3APS accounted for
approximately 60% of total radioactivity while 2-carboxyethanesuifonic acid accounted for 30%
in mice and rats. in dogs, 3APS accounied for approximately 54% of iotal radioactivity while 2-
carboxyethanesulfonic  acid  accounted for  approximately 67%. 3APS and
o-carboxyethanesulfonic acid AUCs.. constituted approximately 90% {mouse and rat) and
approximately 121% (dog) of the total radioactivity indicating that 2-carboxyethanesulfonic acid
is the major metabeolite of 3APS in the mouse, rat and dog.

For all species, total radioactivity was quantitatively recovered in urine and feces with
approximately 75 to 90% of the administered dose recovered in 72 h {rat and dog) or 96 h
(mouse). The major rouie of excretion of total radioactivity was vig urine.
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30-75% +++ : >75% ND: not determ ned These data illustrate the use of
Exanpl e 3: Pharnacolcinetics in mce A Bioavailability of exenplary conpounds
Bi oavailability estimates are performed for 3APS after admi nistration of nolar
adm ni stration, one bl ood sanple (approximately 1 m) is collected fromeach of
i sofi urane before blood collection (approximtely 45 sec). Sanples are collecte
at 15, 30, 60, 120, 180, 240 and 360 nmm post oral admnistration. One aninmal is
collected into Sarstedt Tm m cro tubes (EDTA KE / 1.3nl), kept on ice until cent

t hese conpounds as prodrugs, as they are converted to SAPS in the bl ood.
Sel ected exenpl ary conpounds were tested for bioavailability in mce.
equi val ent the sel ected conpounds. Al a specific time point follow ng drug
3 animals fromthe inferior vena cava. The 5 aninmals are anesthetized with
d at 5, 30, 60, 120, 180, 240 and 360 nmm post intravenous adm ni stration and
used to obtain a baseline sanple (pre-dose sanple). Blood sanples are
rifugation at 4C at a 10 m ni num speed of 3000 rpm (16200) for 10 nm Pl asma

sanpl es are tabRbE &od Al &P /R Bkddled hURRSas bEIRELALG Y» 1 Regek on dry ice and stored at -80C. Plasma sanples are stored frozen at -20C pending analysis.

Conmpounds_in noyse plasma are extracted using protein precipitation. Quantitati
concent r a&t+6% 1 esmt%a?éntﬂuﬂtt‘gdaqw}'i@y 8""6%’?$119r”§ ¢ GRPTEHPE!Y SR S¥FEBT I ity results
m ce Bi oaasiAP&biHile Bgarpbjyethanerutenic addracca2Bidd fodandther 5% B3%6 iflmdusé.anz 35% A ( SAF

dog. in rats, 3APS and 2-carboxyethanesulionic acid accounted for 59% and 62% of total

%  radioaclivily, respectively. On average the iwo metabolites 3-hydroxy-1-propanesulfonic acid
and 3-acetylamino-1-propanesulfonic acid represented iess than 3% of the total radioactivity in
all species (Table 11). The urinary cumutative amount of 3APS and 2-carboxyethanesulfonic
acid accounted for approximately 90 to 110% of that determined for total radioactivity, once
again suggesting that 2-carboxyethanesulifonic acid is the major metabolite of 3APS in the

10 mouse, raf and dog.
Table 11: Pharmacokinetic Parameters of Total Radioactivity, 3APS and 2-
carboxyethanesulfonic acid Following Singie Oral Administration of 100 mg/kg
%C-3APS in Mice, Rats and Dogs
Paramster Mouse' Rat Dog
Total Radioactivity
Cmax (umol ea/mL) .126 0.228 0.249
Tenax {Mi) 30 30 31
AUC,; (umol egemin/mL) 24.4 43.3 45.4
AUC.. (umel egemin/mL) 250 452 108
Toe (D) 2.14 6.02 35.7
3APS .
Crnax (HMOKML) 0.0877 0.218 0.250
T thax {rmn) 30 30 31
AUGCy ., (umolmin/mL} 155 26.7 24,5
AUC.. {(umotemin/mL) 15.7 276 253
Ty (h) 1.72 6.42 5.04
2-carboxyethanesulfonic acid
Crnax (HMOYML) 0.018 0.0234 0.0212
Trnax (min) 120 240 720
AUGC . (umobmirymL) 7.26 12.7 30.5
AUC,, (umobmin/mL) 7.56 136 NC
Ty, (N) 2.33 3.9¢ NC
'PK parameters were derived Lsing the mean plasma concentration-ime profiles
15 NC: Not calculated
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on of 3APS in nouse plasma matrix is achieved using LC-MS detection. Sanple
are summarized in Table 9. Table 9. Bidavallability of selected conpounds in
S) ++ Al ++ A2+++ A3 Ad+++ A6++ A7+++ Al3-4-4-1- A18 C9 013 014 C15




016 017 018 019++ 021 C22 025 "
represents the Ratio (in percentage) of the AUC p.o.
Table 9, all

Cal cul ated fromthe concentration of SAPS, 6 haurs after admnistration of the tested conmpound. The cal cul ated F val ue
of the conpound tested 20aver the AUGC .v. of SAPS, based on the observation of 3APS.
t he conpounds tested were capabl e of delivering neasurable quantitiies of 3APS. Conpounds A2, A4, A7 and Al 8 were hel pful in increasing the

As shown in

bi oavai l ability of SAPS suggesting that they were nore readily absorbed than SAPS or were able to prevent first-pass netabolismof SAPS. Al though not shown,
Conpounds A3, 5 C13, 014, 016, Cl17, C21, C22 and C25 had a neasured Truax 4 times to 16 tines |onger that SAPS (0.25h), suggesting a significant inprovenent

in the pk profiles of SAPS using those conpounds B. PK brain and plasma | evels
were tested for pharnmacokinetic paranmeters in nice.

eqw val enfapRf12eachpGesmagnds FAPRO S-SR yRhansRomd BBHE Y cetylmingnd brain sanpl
. 4, 6, 12, and 24robanmdistlforibacidesit BwanayRepirneetdiaata i6P@Ees 15 and brai

of oral Conpound 42 and 3- APS 10Conpounds A2 and 3-am nopropanesul fonic acid

Par macoki netic paranmeters (Crax. Tmax, T1/2. AUG) are evaluated for 3APS after admi nistration of a nolar

es are collected fromeach of 3 animals at tine points 5. 15,30 mnutes. 1,
n hommenates are sunmarized in Table 10. Relative bioavailability (F% of

Corrpound A2 and 3- AU PollcRAie Sirigiee Dyal KdnBidReraiah 61010828g/kd\ "2-3ARS1 i ncrease in plasma concentration (Crax) of 3-APS was observed when orally adninisterina

Conmpound A2 corrparmdmt:a r&isﬁﬁﬁbﬂjsal n concentratl on of 3-APS was observed after
concent r-a 5 v
adm ni stration of 25 ng/
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3APS carboxyethangsulfonic

propanesulfonic propanestifonic

acid acid acid

Mouse s % B 3.1 04
Rat e & gg 23 03
Dog Ptlj%isnrg? Sg g; 0.01 03

*Calculated as [AUCO-« 3APS or metabolites / AUC total radioactivity)] {or using AUCO-t if AUCO-—= could not be reliably
estimated)
+ Calculated as [Amount Excreted 3APS or metabolites / AUC total radicactivity})]

Example 48-: Absorpfion. Excretion and Plasma Kinetics of “C-8APS in humans

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

Following oral administraiion of “C-3APS to healthy subjects, maximum plasma
concentration of total radioaciivity and 3APS were reached at approximately 1 to 1.25 hours
post-dose, whereas maximum plasma concentration of 2-carboxyethanesulfonic acid was
achieved at 6.5 hours. In plasma, the majority of total radioactivity was associated with 3APS
and 2-carboxvethanesulfonic acid. Based on AUC.. values, 3APS accounted for
approximately 48% of total radioactivity while 2-carboxyethanesulionic acid accounted for
49%. 3APS and 2-carboxyethanesulfonic acid AUC.. constituied approximately 87% of the
total radicactivity indicating that 2-carboxyethanesulionic acid is the major metabolite of 3APS
in hurmnan plasma.

Based on the total amount of radicaciivity excreted in urine, approximately 153% was
excreted as 3APS while 2-carboxyethanesulfonic acid accounted for another 79%. The
urinary cumulative amount of 3APS and 2Z-carboxyethanesulionic acid accounted for
approximately 94% of thai determined for total radioactivity, once again suggesting that
2-carboxyethanesulfonic acid is the major metabolite of 3APS.
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t he sane nol ar equival ent of 3-APS. Table 10. PK data on 3-APS analysis follow ng oral
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AUCCmax (ng/nmL) Tmax (h) T1/2 (h) AUG Crax (ng/nmL) Tmax (h) T112 (h) 3-APS 0. 18
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Example 4C: Comparative _ Pharmacokinetic __parameters  of 3APS  and

2-carboxysthanesulfonic acid following a singie Oral and IV adminisiraiion of “C-3APS to
fais

The purpose of this sfudy was to investigate the absorpiion, metabolism and
excretion profiles of '*C-3APS following a single intravenous bolus and oral administration to
rats. Thirty-six male Sprague-Dawley rats received a single 100 mg/kg (~ 50 pCl/animai)
dose of “C-2APS by an IV bolus injection (water or isotonic saline solution) and an

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

feces, brain and CSF samples were collected for up to 72 hi foliowing dose administration.
Plasma, urine, brain and CSF concentrations of 3APS and 2-carboxyethanesulfonic acid
(3APS major metabolite) were measured using LC and MS/MS detection method. Plasma,
urine, feces, brain and CSF samples were analyzed for total radioactivity using appropriais
sample preparation procedures and scintillation counting.

Based on AUC.. values, after IV administration, 3APS accounted for 88% of toial
radicactivity and 2-carboxyethanesulfonic acid only about 9%. On the other hand, afier oral
administraion, 3APS accounted for about 68% of total radioactivity and
2-carboxyethanssulfonic acid about 26%. Using those data, it is possible 1o calculate a
metabolite-to-parent ratio of the exposure of about 0.1 following IV administration and a ratio
of 0.38 foliowing oral administration. This higher metabolite-to-parent ratio of the exposure
following oral administration when compared to IV is consistent with an intestinal first-pass
metabolism.
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Table 13 Comparison of Systemic Exposure of 3APS and 2-carboxyethanesulfonic
acid versus Total Radicactivity following a Single IV and Oral
Adminisiration of 14C-3APS in Rats

v
2 o
7 AUCD_E.(rEImol.h/m L) (og,- (3APS and 2-
Anirial ] Total carboxyethane  Carooxyethan
P v
MPS  caboxelaes  padoacwiy  sufoncacd)  SSUIONC
1001 1528 105 18625 8.5 100.5
1002 1420 44 1588 8.1 985
1003 1591 184 1883 8.8 . 84.3
1004 1147 125 1268 2.5 1005
Mean 1422 - 140 - 1881 8.8 98.4
+3D - 196.2 33.7 253.0 1.60 2.88
%GV 13.8. 241 15.9 18.1 2.98
* AUGC,. expressed as nmol eq.h/mi. for total
radicactivity

*Calculated as [(AUG . 2-carboxyethanesulionic acid / AUC tofal radioactivity)* 160}
=*Calculated.as [(AUGs.. 3APS + AUC,... 2-carboxyethanesulionic acid)./ AUC total radgioactivity] *100

PO .
: 3 o Yo
AUCO,@(r;mol.h/mL) . g (3APS ang 2-
Animal - 5 h
3APS carboxyethanes dzogi,l[. i Cafboxyethgn;e C";i?]?iﬁtlcaﬂ
utonic acid oactvity  subionic acid) acid)™
3001 810 232 874 265 86.3
3002 538 153 714 214 96.9
3003 407 177 828 28.2 .83.0
3004 471 229 781 2.3 898
Meah 507 198 748 26.4 94.0
+5D 87.4 38.1 104 3.48 3.37
%CV 17.3 12.8 13.8 13.2 3.58
* AUGy.. expressed as nmoi eq.h/mL for toial
radioactivity

*Calcutated as {{AUC,.. 2-carboxyethanesulfonic acid / AUC total radicactivity}~100]
“Catcutated as {AUCo.. 3APS + AUG,... 2-carpoxyethanesulfonic acid) / AUC totat radioactivity] *100

Example 4D  Comparative _ Pharmacokinetics __parameters  of 3APS  and

2-carboxvethanesulfonic acid Foliowing a Single Oral. intravenous and Portal administration
of 3APS in rats

The purpose of this study was to compare the pharmacokinetic profile of 3APS
following a single dose administration either orally, intravenously or inio the portal vein 1o
male Sprague-Dawley rats. The oral, intravenous and portal routes of administration were
selected to determine the intestinal and hepatic first-pass effects in the rat. Three groups of
4 male Sprague-Dawley rats were assigned to receive a single dose of 250 mg/kg 3APS by
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BLLQ be ow the lower limt of quantification 25N A: not applicable Exanple 4: Phar macoki netic anal ysis of 3APS and associ ated netabolism 30 Exanpi e 44:
Metabolic Profilina of 14C-3,4PS in Mce. Rats and Dods Three single dos@ studi es were conducted in mce, rats and dogs to determ ne the netabolic
profile of 14C-3APS in plasma urine and feces. In the first study, twenty-seven nale CD-1 mice received a Si ngl e dose of 100 ng/kg (20 I.LC/animal) of

14C- SAPS by oral gavage. Blood sanples (3 animals/time point) were collected for 12 hr fol |l ow ng drug admnistration while urine and feces (3 aninals/tine
point) sanples were collected for 96 hr. In the second study, eight nmale Sprague Dawl ey rats received a single dose of 100 ng/ kg (50 pC/animal) of 14C 3APS
by oral gavage while in the third study, three mal e Beagle dogs received a si ngl e dose of 100 ng/kg (30 pei/kg) of 140-3APS by oral gavage. For the rat 5
and dog studi es, blood sanples were collected for 24 hr followi ng drug adm nistration while urine and feces sanples were collected for 72 hr. Al sanples
wer e anal gﬁﬂ@'dntfromei oﬁaimlmaﬂbtsﬁtacohygtojapu&ewgdapma@tma.tBo|smhlmsm|epar ation pr ocedur es and scintillation counting. Plasma and urine sanples were al so

anal yzed {nowatgﬁgﬁscﬂa% ggﬁ&@% g /%Rﬁ Q%é%/ﬁtgﬁng%ld QM i’:lCI d, 3-hydr oxy- 1- propanesul i onic acid and 3-acetyl am no-1- 10propanesul fonic acid)

concentrati Ons usi ng qua OF\JM ng oral adninistration of 100 ng/kg 14C-3APS to mice and rats, nmean naxi mum pl asma
concentraYiiléﬁém"@feft”éﬁ@PD?%V@aé'ﬂl“wee’wQﬁ@mSAF‘Be\ﬁE*rJ@nF ealeﬁé@amlesameom mat el y Sd m nutes post-dose (Table 11). Thereafter, plasma concentrations of total

r adi oact|ydnge,fe@ﬂ,elgsﬁgfﬁs@w;h@@gelaanmgm{[gd -RAG cendRMaRhs W dAvepRatent term nal; hal f-1ives of approximately 15 2 and 6 h for mice and rats, respectively.
Mean naxi mgnax&)%ﬁsrra Igwcj)ncegtgatl an ota% fr?%)%ﬁt hanesul f oni ¢ aﬂ%d was achi eved iat 120 to 240 h post-dose Thereafter, plasna concentrations declined in a
mul ti - pha¥® . n(hgprﬂ? fptabalifes WP qefaing? LR o 8Mat el y 2h ancf 4h for mice and rats, respectively. Follow ng oral admnistration of 100

ng/ kg 140vSARSmetrodogs, naxi mum pl asma 20 concentration of total radioactivity gand SAPS were reached at approximately 30 m nutes post-dose, whereas nmaxi num

pl asma concentg@&w,g@mgfa@niﬁﬁﬁ%%mﬂ@ﬁ%ﬁjgﬁd&e%{%s\/@ "’WEE%Sé/r%?’a it 720 mnutes post-dose (Table 11). Thereafter, plasma concentrations of total

radi oactivity and declined in a nu asi c _manner. nmean” appar ent teriminal hal f-1ives were approxi mately 35 h and 5 h for total radioactivity and
3APS, r esfFaeitac\Einin 1 bose iy 3PP %Béﬂ%‘a‘-’%"ﬁt@“f&‘rg?sﬁ fiop JhehUG.ovas calcueddet i vi ty was associ ated with 3APS and 2- carboxyet hanesul fonic acid (Table 12). Based on
AUCo . vabaigsout 388PS accounted for approxinmately 60% of total radioactivity whi Ife 2- car boxyet hanesul foni ¢ acid accounted for 30%in mce and rats. In dogs,

SAPS agcount edrhfeorr u?tggtrxtglﬁ'c@aﬁ% Fﬁ%)tggr?FE?%W%E‘BW%BW%‘P{'&%‘?{?%%'P%{ - carboxyet hanesu tionic acid accounted for approximtely 67% 3APS and 30

2- car boxyet haneSuFf ORre ae ons Ffrouse and rat) and approxi mately 121% (dog) of the total radioactivity indicating that
2- car boxyertruesigbeserhpra gonpkrisen bétweerniho sysieniabylostres plioveAP®ratopoitye nouse, rat land dog. For all species, total radioactivity was quantitatively

recoveredaﬁd}nw\)en&saéaq,rﬁ%%swngﬁbagw@)ghﬁgtago&a%gMt}qhg&%q,fst bhe yadm ni stered dose recovered in 72 h (rat and dog) or 96 h 35(nouse). The nmajor route of
excretion qof total radi oE%actlwt was via urine aver a 60% of the dose was excreted in urine as total radi oactivity in all species. Based on the

total anofR{3RY PRE Tt tTATATPAESAS RANEEY e greiec eé??ﬁi"(?ﬁlfﬂjﬁf"@?fr%m\/\/as excreted as 3APS while 2-carboxyet hanesul fonic acid accounted for another 63%to 77%
in nouse bapdtogogal ddminisrtiions SAPSbalisth @-JedShexyttdtawiesiniebinal tirsogdsd wvascount ed for 59% and 62% of total 5 radioactivity, respectively. On average the two

met abel i t n‘%hJMQEQéé’%lTrPJQQcﬁJ%LQhE\%Hﬁ ?ﬁé?’ %@ g&g&ca%@% éer?%&opanesul foniic acid represented | ess than 3% of the total radioactivi ty in all species

(Table 11 e urinary cunul’ative anoun anesul foni c aci d accounted for approximately 90 to 110% of that determined for total
radi oact i 'W',“Wén‘@@t%‘éi a8 Ui § dBH3VREPUS hAMIDISTEAPTH WEHCH alf O PiPIET W*ﬂh@Fd is the majior metabolite of 3APS in the 10 nouse, rat and dog. Table

11: Phar map@istimefins6iRaE aidkberssDf Tot al Radi oacti vity, 3APSand2- car boxyet hanesul foniic acid Followng Single Oal Admnistration of 100 ng/ kg 14C-3APS in M ce,
Rat s and Dogs Pararneter Muse'

Exampile 8: in viiro metaboiism of 3APS in primary rat neuron culiure and organotypic
20 hippocampal slice culture

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

The results obtained demonstrated that incubation of 3APS (400 uM} in primary rat

25 neuron culiure media produced 2Z-carboxyethanesulfonic acid as a metabolite. The
conversion of 3APS 1o 2-carboxyethanesulfonic acid was time-dependent and cell
conceniration-dependent. incubation of 3APS (400 uM initial concentration) for six days in
the cell culture media (containing 800,000 cells) produced with 48 uM of 2-
carboxyethanesulionic acid. Under the same experimental conditions, 5.4 ulM succinic acid

30 was detected starting from GABA (400 uM initial concentration).

The conversion of 3APS 1o 2-carboxyethanesulfonic acid in the primary newuren
culture media was significantly inhibited by vigabatrin, the latter a classic GABA
transaminase inhibitor. Nialamide, a mongcamine oxidase inhibitor, also reduced the
formation of 2-carboxyethanesulionic acid (from 3APS) hut {o a lesser extent. In conirast,
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Rat Dog Total Radioactivity C. Onol eq/nL) 0.126 0.228 0.249 Tr,,,, (mn) 30 30 31 AUCc," (jam oi

45.2 108 T1/2 (h) 2.14 6.02 eg-mn/m) 24.4 43.3 45.4 AUC., (unol eg-mninL) 25.0

gabapentin (known to increase GABA concentration in the brain) had no significant effect on
the conversion of 3APS to 2-carboxyethanesulfonic acid. _
in another in vitro model employing organoiypic hippocampal shice culiure, the
conversion of 3APS to 2-carboxyethanesulfonic acid was time-dependent. More than 60%
5  of 3APS was converted to 2-carboxyethanesulfonic acid after 3-day incubation in the culiure
media. 2-carboxyethanesulionic acid was also detected after incubation of 3APS in human
hepatocyte (HepG2) culture media.

10 It iz understood that the exampies and embediments described herein ére for
illustrative purposes only-and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be inciuded within the spirit and purview of
this appilication and scope of the appended claims.
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25.4:7), gAgi Cr,,,, (pmol/nL) 0.0977 0.218 0.250 T,".. (nun) 30 30 31 AUCO_,
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CLAIMS

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

acceptable salt or solvate thereof:

al a) acompound of Formuia i:

B—-L—A n
wherein
B is a pharmacokinetic modulating moiety, which is optionally also bonded to A directly or
indirectly through a further iinking group L;
10 Ais a 3-amino-1-propanesulfonic acid moiety; and

L is a cleavable linkage for covalenily and dissociably coupling B to A via the NH. group,
whereby L can be a direct bond or additional chemical structure providing a cleavgble

linkage;
15 b) acompound of Formuia [-A:
pan OH
R 1\N/\/\Sf
! IZENS
y/L2 O O
R (-A)
wherein,
20 R* and RY are independently selected from hydrogen and a protecting group, wherein

R* and RY are not both hydrogen; and
1' and L2 are each a cleavable linkage; wherein when R* is H, L' is absent, and when
R is H, then L* is absent;

25 ¢) acompound of Formuila i

I/ANS

_OH
AA——ﬁ/\/\S
)

wherein AA is a naiural or unnaturat amino acid residue or a peptide comprising 2, 3 or more

30 natural or unnatural amino acid residues;

d} acompound of Formuda VIi:
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pnolerninink) 15.5 26.7 24.5 AUG_ (unol-mn/nmL) 15.7 27.6 25.3 T1/2 (h) 1.72




2- car boxyet hanesul tonic acid
NC T1/2 (h) 2.33 3.99 NC

Cm" (unol/nL) 0.018 0.0234 0.0312 Tn,," (nin)

WO 2009/019534 PCLNB2007/004704
Re
WP
Y e
© (Vi)
wherein,
5 R® is a substituted or unsubstituted group selected from C4-Cysalkyl, Co-Cosatkenyl,

C,-Coralkynyl, Cs-Cyscycloalkyl, Cs-Cisheterocycloalkyi, Cs-Cysaryl, Cs-Cysheteroaryt, NH(C;-
Csalkyl), N(C1-Cyalkyl),, and C(ONGC;-Coalkyly;
R® is a hydrogen or a substituted or unsubstituted group setected from C(O)NH,,
C{OWH(C,-Cialkyl}, C{OIN(C-Coalkyl)s, and G(O)(C4-Cealiyl); or R® and R® are taken
10 together with the adjacent carbon atom to form a substituted or unsubstituted Cs-
Cizheterocycloalkyt;
M is selected from the group consisting of oxygen, sulfur, nitrogen or absent;

e) acompound of Formuia VIIL:

N
N on
15 © (Vi)
wherein,
R’ is a substituted or unsubstituted group selected from C,-C,.alkyl, C,-Cqzatkenyl,
C,-Calkynyl, C,-Cseycloalkyl, Cs-Cisheterocycloalkyl, Cs-Cysaryl, Cs-Cysheieroaryl, Cr-
Cioarylalkyl, C-Cqhetercarylalkyl, and combinations thereof;

20
f) acompound of Formula IX:
9
i 0 0
R N s
\[r S~ N “~OH
© (1X)
wherein,
25 R? is & substituted or unsubstituted group selected from Cy-Cyalkyl, C,-Cyzalkenyl,

Co-Ciqalkynyl, Co-Cysevcloalkyl, Cs-Cosheterocycioalkyl, Cy-Cysaryl, Cs-Cisheteroaryl; and
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120 240 720 AUCo.., (pmolmninlL) 7.26 12.7 30.5 AUC,. (pnoismn/nL) 7.56 13.6




' PK paraneters were derived using the nean plasma concentration-lime profiles 1
acid, 3-acetylam no-1- propanesul fonic acid and 3-hydroxy- 1-propanesul foni c aci
"C-3APS in Mce, Rats and Dogs % of Total Radioactivity 3-acetylam no- 2-3-hy
aci d Pl asi@bgfredeuse Urine t30623. 10A Pl asma6130- - Rettig0metd9622302 DoPl as
AUG total radioactivity)] (or-using AUCO-t if AUCO co coulo not be reliably est
radi oactivity)] 5 Exanple 48: Absorption, Excretion and Plasma Kinetics of '4C

R® is a hydrogen or a substituted or unsubstituted G{O)(C4-Cealkyl), C(O)NHg,
C(O)NH(C-Cealkyl), or C(O)N(C,-Csalkyl); or R® and R® are taken together with the
adjacent carbon atom to form a substituted or unsubstituied Cs-Czheterocycloalkyl;

5 g) acompound of Formula X:
ae MY
L ~ T ~OH )
wherein,

R" is a residue of a carbohydrate, a carbohydrate derivative or a carbohydrate-
derived polyol, ¢.9., a Cs s saturated or partially or completely unsaturated cycloalkyi group,
10 optionally and preferabiy containing an -O- group, which is substituted by 3 to 5 substituents,
each independently setected from —OH, -OAc, -CH,OH, -OCHs, -CH;0Ac¢ ang =0.
L is a linking moiety or is absent, e.g., an alkyl group, which may be saturaied or
unsaturaied, preferably a lower alkyl group, which is optionally interrupied by one or more -
O- and/or -NH- groups, and is optionally substituted by one or more =0, -OH, and/or —-NH;
15  groups;

h) acompound of Formuia XI:

RN O"\s/’
wherein,
20 R" is a hydrogen or a substituted or unsubstituted group selected from C;-Cialkyl,

C-Cioalkenyl, Co-Coralkynyl, Co-Cyseycloalkyl, Cs-Cisheterocycloalkyl, Cs-Casaryl, Ce-

Cizheteroaryl, CIO)R™, and C(O)OR™; and

R' and R™ are independently selected from substituted or unsubstituted C-Calkyl, Cz-

Cizalkenyl, C.-Calkynyl, Co-Ciscycioalkyl, Cs-Cisheterocycloalikyt, G-Cqsaryl, and Ce-
25  Cishieteroaryl;

i} acompound of Formula XlI:

X ,/O
HN S{\O
(XI)
wherein,
30 D is a carbonyl, an amino acid residue, or a substituted methylene group; and

X is selected from G, NH, and S;
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mated) t Cal cul ated as (Anmount Excreted 3APS or
3, 4PS i n humans

bNC: Not cal cul ated Table 12 Percentage of SAPS, 2-carboxyet hanesul fonic
d in Plasma and Urine Followng Single Oral Adm nistration of 100 ng/ kg

dr oxy-1- 1- 3APScar boxyet hanesul foni ¢ propanesul foni c propanesul foni ¢ addaci d
a5467-- g Urinet29770.010.3 *C al cul ated as (AUCO-..3APS or netabolites /

netabolites / AUG tot al



Following the identification of SAPS netabolites, plasma and urine sanples fromthl s human AME study were reanal yzed for 3APS and SAPS netabolite 10
(2- carboxyet hanesul foni ¢ acid, 3-hydroxy-1-pr opanesul fonic acid and 3-acetyl am ;no 1- propanesul fonic acid) concentrations using qualified HPLC and M5/ MS
met hods to determine the metabolic profile of 140-3APS in hunan. Fol | owiing oral adninistration of 14C 3APS to heal thy subjects, naxinum plasma
concent r aghapRhesspt al radi oactivity and SAPS were readiragatoappr oxi mtely 1 to 1.25 hours 15 post-dose, whereas naxinum plasma concentration of
2- car boxyet hanesul fonic acid was achieved at 6.5 hours. In plasma, the nmajori ty‘_ of total radioactivity was associated with 3APS and 2-carboxyet hanesul foni c
aci d. Based on AUCO, val ues, 3APS accounted for approximtely 48% of total radioactivity while 2-carboxyethanesul tonic acid accounted for 49% 3APS and
2- car boxyet hanesul toni ¢ acid AUCD_, constituted approximtely 97% of the 20total radioactivity indicating that 2-carboxyethanesul fonic acid is the major
rret abolite of 3APS in human pl asna. Based on the total anount of radi OaCf'[IVI ty excreted in urine, approximately 15% was excreted as SAPS while

- car boxyet. hgé‘go%ﬂomd%% acldxpecounted for another 79% The urinary cumul ative anmount of SAPS and 2-car boxyet hanesul toni c acid accounted for 25approxi mately
94% of that' erm necj for total radioactivi ty, once again suggesting that 2- ca,r boxyet hanesul fonic acid is the major netabolite of SAPS. Exanple 4C
Conpar at i ve Phar macoki net i c par amat%r/gJ of 3APS and 2-carboxvet hanesul f oni ¢ aci cﬁ following a single Oal and IV adm nistration of 14C-SAPS to rats The
pur pose of this study Jd_nvest i @abﬁst he absorption, netabolismand 5 excr: etl on profiles of 140-3APS following a single intravenous bolus and oral
admnistration to rats. T i/rty si x mal prague DaV\A ey rats received a single 1100 ng/ kg (- 50 p.C /animal) dose of 14C-3APS by an IV bolus injection (water
or isotonic saline solutigm and an additional Le rats received the sane dose | evel by oral gavage (in water). Blood, urine, feces, brain and CSF
sampl es were collected for up to 72 hr follow ng éos adm nistration. 10 Plasnm, urine, brain and CSF concentrations of SAPS and 2-carboxyet hanesul fonic
aci d ( SARBermj or nmetabolite) were neasured using LC and MS/ M5 detection nethod. Plasma, urine, feces, brain and CSF sanples were analyzed for total
radi OgCtl Vi t yrughd A aRPRAIPEhRy §é€6¥é&r&ﬁ§ﬁﬂﬁ@eheﬂa§mm&ﬁumes and scintillation counting. Based on AUCo.o, values, after |V adninistration, 3APS accounted
for 89% of total 15 radi oac%hw té’&fsggyl c§ %Oxﬁ"% nqélﬁ nic acid only about 9% On the other hand, after oral adm nistration, 3APS accounted for about
68% of t ot AHNSyRsHEd S1UP PEiECly BEREASI Torre VAL about 26% Using those data, it is possible to calculate a metabolite-to-parent ratio of the
exposure OfC@i?dbﬁlkyﬂ.Cl—Cﬁghéﬂemw:r@!HyVCa@rﬁam sm*@i@ﬁfwte«lmlaaﬂdatl o of 0.38 following oral administration. This higher netabolite-to-parent ratio of the exposure
20f ol l owi ng oral adm nistrati on when conpared to IV is consistent with an intestinal first-pass netabolism different routes of adm nistration. One group
recei ved SAPS as an |V bolus adm nistration (in water or isotonic saline solution), one group by oral gavage (in water) and the last group via a catheter
into the pddtarerouAd piFeMUlRdF or i sotonic saline solution). Blood sanples were collected for 24 hours fol l owi ng dose adninistration. Plasna concentrations
of 3A@S and 2- 5 carboxyethanesul fonic acid (the major netabolite of SAPS) were determned using LC and M5/ MS met hod. Fol | owi ng oral adm nistration,
maxi mum pl asma concentratiops ,(Om, Wek e, genergldy reached within 1 hour for 3ARS and its bi availability based on the AUC. was calculated to be about 38%
10The results obtai ned confl r{'re )ﬁat there i gn i'nportant netabolismof 3APS.. More

wherein:

A is 3-amino-1-propanesulfonic acid moiety;
L* is a cleavabie linkage for covalently and dissociably coupling tegether two

16  adijacent 3APS moieties, and
p is 0, or an integer number which may vary from 110 5, e.g. 2,3, 4, o0orbjora

pharmaceutically acceptable salt or soivate thereof.

2. The compound of ciaim 1, wherein saic compound of Formula il is selected

20  from the group consisting of:
a) acompound of Formula fli:
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wherein:
25 aa’ is a natural or unnatural amine acid residue;
aa’® and aa’ are each independently a natural or unnatural aming acid residue or

absent, or a pharmaceuiically acceptable satt or solvate thereof;

by acompound of Formula IV:

aa—ag—N N s

H /y \\
30 00 (V)

124




based on a conparison between the system c exposures follow ng he
with hepatic first-pass was estimated to be 24% By conpari son between the syst
SAPS associated with intestinal first-pass was 15 estimated to be 43% This stu
met abol i t §d Rgdhibirg i ntravenous adm nistration which iscganspieM wWth an inte
primary rat neuron culture and organotypic 20hi ppocanpal slice culture T
cellular nodels. In sone cases, the netabolism of SAPS was conpared with that o
i ncubation of 3APS (400 LIM in primary rat 25 neuron culture nedia produced 2-
2- car boxyet hanesul fonic acid was tinme-dependent and cell concentration-dependen
cel | cul%%%%inedia (contai ning 800,000 cells) produced with 48 pi VI of 2- carbo
succi ni ¢ "aci d 30was det ect ed starting from GABA (400 gl VI initial concentration
primary neur ofaduf tafpal erpeihaiuishamisy g fesidegit | y i nhi bited by vigabatrin, the |at
i nhi bi t 0rag? AlaSArL dUGRE T arfRr IRtk ie Of: i2arkak: beaydbhraasuhifoni c acid (from SAP
concentration had no significant effect on the conversion of 3APS

in the brai
organétyﬁq?qﬁqﬁﬁ%ﬁhﬂﬁﬁk§ﬁ%@8€cuIture, the conversion of SAPS to 2-carboxyet han
2- car boxyet hanesul fonic acid after 3-day incubation in the culture nedia. 2-car
hepat ocyte (Hep3ddolbi kirGuBAi @. 101t is understood that the exanples and enbo
nndificatio%s or changes in light thereof will be suggested to persons skilled
application and scope %ELLD aims. CLAIMS 1. A conmpound selected fro
t hereof: 5a) a conpound of |gornula #yB- L- A(l) wherein B is a pharmacokinetic
indirectly through a further [|inki roup L; 10A (v& a 3-am no-1-propanesul fon

particul arly,

coupling Bto A via the NH2 group, whereby L can be a direct bond or additional
- A _
1C  wherein
aa’ is a natural or unnatural amino acid, or a pharmaceutically acceptabie salt or solvate
thereof; and
d) acompound of Formuia V-A:
OH
an— N/\/\S/
H A\
15 o (V-A)
wherein ag™ is an amino acid residue selected from valine, proline, lysine, leucine,
methionine, D-methioning, serine, alanine, D-alanine, glycine, isoleucine, histidine,
aminoiscbutyric acid, phenylglycine, tryptophan, tyrosine, O-benzyisering, O-
20 benzylglutamine, and y-aminobutyric acid, or a pharmaceuiically acceptable salt of soivate
thereof.
3 The compound of claim 2, wherein said aa’, aa’, and aa’®, are amino acid
residues of Formuia VI:
g
R?’N€7<?P>ﬁ
25 R R? (Vi)
wherein:
R' and R? are each independently selected from the group consisting of H and &
substituted or unsubstituted group selected from C;-Cizalkyl, Go-Cqqalkenyl, Co-Coalkynyl,
30  Cs-Ciscycloalkyl, Cs-Cosheterocycloalkyl, Ca-Cosaryl, Cs-Cysheteroaryl, NMH(G:-Cealkyl), N{Gy-
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pat oportal and intravenous adm ni strations, netabolism of 3APS associ at ed
em ¢ exposures follow ng oral and hepatoportal adm nistrations, netabolism of
dy al so showed that the oral adm nistration of 3APS generated 50% nore
stinal first-pass netabolism Exanple 5: In vitro netabolismof SAPS in
he netabolismof 3APS was also studied in vitro in different types of

f y-amino butyric acid (GABA). The results obtained denonstrated that

car boxyet hanesul fonic acid as a netabolite. The conversion of SAPS to

t. incubation of 3APS (400 pl\A initial concentration) for six days in the
xyet hanesul foni c acid. Under the sanme experinental conditions, 5.4 RM

) . The conversion of SAPS to 2-carboxyethanesulfonic acid in the

ter a classic GABA transam nase inhibitor. N alamde, a nonoam ne oxi dase

S) but to a | esser extent. in contrast, gabapentin (known to increase GABA
t o 2-carboxyet hanesul foni c aci d. in another in vitro nodel enploying
esul fonic acid was time-dependent. More than 60% 5 of 3APS was converted to
boxyet hanesul fonic acid was al so detected after incubation of 3APS in human
di ments described herein are for illustrative purposes only and that various
n the art and are to be included within the spirit and purview of this

m the group consisting of, or a pharmaceutically acceptable salt or solvate
nodul ating noiety, which is optionally al so bonded to A directly or

c acid noiety; and L is a cleavable |inkage for covalently and di ssoci ably
chem cal structure providing a cleavable |inkage; 15b) a conpound of Formul a




RxN, S, 00 R/ L2 wherein,
and L2 are each a cl eavabl e |inkage;
00 wherein AAis a natural or unnatural

conmpound Qfq, kRsiMta VI I
03- Cl5cycl oal kyl , C3-Cl5het erocycl oal kyl , C6-Cl5aryl, CrC sheteroaryl,

substituted or unsubstituted group selected from C(0)NH2,

Csalkyl)z, and C(ONC,-Cealkyl); or R' and R® are taken together with the adjacent carbon
atom to form a substituted or unsubstituted C4-Cheterocycloalkyt;

R*is selected from the group consisting of H and a substituted or unsubstituted group
selected from C,-Calkyl, C.-Cizalkenyt, Co-Cyzalkynyl, Cs-Cyscycloalkyl, Co-

5  Gisheterocycloalkyl, Ge-Csaryl, Cs-Cisheteroaryl, CIOWC-Csalkyl), and C{OHCs-Cioaryl); ar
R? is a bond between fwo 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 unsubstituied group
selected from Ci-Cealkyl, Co-Cealkenyl, Co-Csalkynyl: or R' and R® are taken together with

10 the adjacent carbon and nitrogen aioms to form a Ce-Cqoheterocycloalkyf; and
n is an integer selected from 1 to 10.
4, The compound ciaim 1, wherein said compound of Formula Xl is a compound
of Formula XIi-A:
O F{‘M
>_
HN O\ngo
15 v (X1I-A)
wherein,

R' is a substituted or unsubstituted group selected from C,-C,.alkyl, G,-Cs.alkenyl, C,-
Cealkynyt, Cs-Ciscycloalkyl, Ca-Gyshieterocycicalkyl, Ce-Cosaryl, Cs-Cashetercaryl, or a
pharmaceutically acceptable salt or solvate thereof,

20
5. The compound of claim 1, wherein said compound of Formula I-P is seiected
from the group consisting of:
a) acompound of Formula I-P2:
25 YA {I-P2)
and pharmaceutically acceptable salts, esters, and solvates thereoi, where:
m is an integer from 2 to 5;
A s 3-amino-1-propanesulfonic acid moiety;
LY is a muttivalent carrier moiety for covalently and dissociably coupling from two to
30 five A moieties, either at the amino or sulfonic acid end of A, or a pharmaceutically

acceptabte salt or solvaie thereof;

b) acempound of Formula -C:
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20R2 and RY are independently selected from hydrogen an
wherein when R2 is H 12 is absent,
am no acid residue or a peptide co
R, 00 o OH Rs- 0 wherein, S5Rpci/feaomdblslituted or uns

NH( G Cea

d a protecting group, wherein Fr and RY are not both hydrogen; and
and when RY is H,

LI
then L2 is absent; 25c¢) a conmpound of Fornula Il: "OH AA-N1S \\
hprising 2, 3 or nore 30natural or unnatural am no acid residues; d) a
ubstituted group selected from Cl-Cl2al kyl, C2-Cl2al kenyl, C2-Cl2al kynyl,
kyl), N(Cl-C6al kyl)2, and C(0)(Cl-Cealkyl); R6 is a hydrogen or a




C(0) NH(Cl - Coal kyl ), C(0)N(C1-Co6al kyl)2, and C(0)(Ci-Ceal kyl);
unsubstituted G d 2heterocycloal kyl; Mis selected fromthe group consisting o
R70H 150(VII1) wherein, R7 is a substituted or unsubstituted group sel ect
03- Cl15het g4 sh@adkyl, C6-C saryl, GG sheteroaryl, Gefgmaimbabs Kyl . Cr G 2he
\W/,/ 0 (Ii?ﬁmmherein, 25R8 is a substituted or unsubstituted group selected fr
C3- Cl5het erocycl oal kyl, C6-Cl5aryl, C5-Cl5heteroatyl;

and RO is a hydrog
C(0) NH(01- Ceal kyl ), or C(O)N(Cl-Ceal kyl)2; or RO and RO are taken together with
C3- Cl2het erocycl o

alkyl ;.5g) ta cogqpound of Forrmula X: 0" ,0 \\ /I
HOSSMN/ \N/QR//D\SOSH
H H (1-C)
wherein, L? is bivalent linker which connects two molecules of 3APS at their amino groups

or R5 and 1:18 ar

either using the same or different linkages as defined herein, including, but not imited to,
amide linkage and carbamate linkage, or & pharmaceutically acceptable salt or solvate
thereof;

¢) acompound of Formula |-D:

10 wherein, L' is a bivalent iinker which connects iwo molecules of 3APS at their sulfonic acid
groups either using the same or different linkages as defined herein, including, but not
limited to, ester linkage or anhydride linkage where X is oxygen, or sulfonamide linkage
where X is nitrogen (NH, or NR), or thiosulfonate linkage where X is suliur, P is hydrogen or

a N-protecting group, or a pharmaceutically acceptable salt or soivaie thereof; and

d) acompound of Formula I-E:

L5
N80 H
H (-E)

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

defined herein, or a pharmaceutically acceptable salt or solvate thereoi.

6.

consisting of:

The compound of claim 1, wherein said compound is seiected from the group
25
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2)

o

taken 10together with the adjacent carbon atomto forma substituted or

f oxygen, sulfur, nitrogen or absent; e) a conpound of Fornmula VIII: C 21\’
ed from Cl-d 2al kyl, C2-C1, 2al kenyl, C2-Cl2al kynyl, 03-Cl5cycl oal kyl

t eroaryl al kyl, and conbi nations thereof; 20 f) a conpound of Formula I X; 00
om C1- Cl2al kyl, C2-Cl2al kenyl, C2-Cl2al kynyl, CrC scycl oal kyl,

en or a substituted or unsubstituted C(0)(01-Co6al kyl), C(0)NH2,

t he adj acent carbon atomto forma substituted or unsubstituted




£
Ri KL- NHs- oH wher ei n, R19 is a residue of a carbohydrate, a carbohydrate d%ri vative or a carbohydrate-derived polyol, e.g., a C5-5 saturated or
partially or conpletely unsaturated cycl oal kyl group, 1Ooptionally and pref erabﬁy contai ning an -0- group, which is substltut ed by 3 to 5 substituents, each
i ndependently selected from-0OH, -0Ac, -CH2OH, -OCH3, -CH20Ac and =0. L |% a linking noiety or is absent, e.g., an alkyl group, which may be saturated
or unsat UfaiBehoipdsef erably a | ower al kyl group, which pSrmatsrenabd y i nterrupt ed$ by one or nore - 0- and/or CNH- groups, and is optionally substituted by one
or nore =0, -OH, and/or -NH2 15groups; h) a compound of Fornmula Xl: 00 ,// RR iOO—l wherein, 20R11 is a hydrogen or a substituted or unsubstituted group
sel ected from Cl-Cl2al kyl, 02-Cl2al kenyl, C2-Cl2al kynyl, C2-Cl5cycl oal kyI C3- GlSheterocycI oal kyl, C5-Cl5aryl, C5- Cl5heteroaryl, C(0)R12, and C(0)OR13; and
R12 and R13 are independently sel ected from substituted or unsubstituted Cl- Cl2al kyl, C2- Cl2al kenVil , C2- Cl12al kynyl, C3- ClScycI oal kyI ,
03- Cl5het cycl oal ky},, 96-ClsarylNtand Cr 25Cl12heteroaryl; i) a conpound of Formula Xil: /D-X/ HNO \S. (XII) wherein, 30D is a carbonyl, an amno acid

resi due, r ®W§d met hyl ene_group; and
H C
H NP
N ~82
HN N on
C
s
H O, .0 O. .0
N\/\/Si H 5 ‘-‘:
HZN CH H,N e OH
O C
HO b o, .0
H O\‘ "'O NW '!\
H,N Mo Soon PN OH
g o}
0
H O\‘ "IO
W N
N - \//\/ ~
W Y o
O O
\SK
H o\ "/o g H O\ Io
N - A N p=g
HN NN TN o HQN/\[( ~TN T o
O 0]
/\N H O\ /,O
v N -
N O°s"o ©
HQN \/\\/ \OH
C
H O\“ ’/O HN =
N\/\\/S\ H 0. .0
H,N OH g7
2 5 H2N N\/\\/S\OH
0
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X is selected fromO, NH, and S; ) a conpound of Fornula X I1I:
substituted or unsubstituted group selected fromd -Cval kyl,
C5- Cl5heteroaryl; and k) a conpound of Formula I-P: 10 A-

for covalggblyedass di ssoci ably coupling together two Fearpaoeni7@APS noieti es,

0 inySC)H R16(
C2- C12al kenyl, C2-

(V- Ap- Lx-A(l-P) wherein:

orb; or a pharnaceutically acceptable salt or solvate thereof.

2. The conpound a

Xl 11) wherein, 5R15 and R16 are independently selected froma hydrogen or a

Cl2al kynyl ,

C2- Ciscycl oal kyl
A is 3-am no-|-propanesul fonic acid noiety; Vis a cleavable |inkage

C3- C1l5het er ocycl oal kyl ,

C6- Cl5aryl,

consisting of: a) a conpound of Fornula aa3- aa2- 00 wherein: 25aal is a natura

and

and p is 0, or an integer nunber which may vary trom1 to 5, e.g. 2, 3, 4,
f claim1, wherein said conpound of Fornmula Ills selected 20from the group
| or unnatural am no acid residue;

HO
o] o, .0 : ]
H,N T O o o
© “\//\/\\S/i
H,N OH
O
H \\éf
HQN/\/Y \/\/ \OH
O
O O
H O\\ ,/O
N s
HN TN on
O
HO O OH
© H 0. .0
2
H,N AN NP OH 4
C
Q\ 144 0\\ /P
Ser — Val —HN \\/\/S\OH Ala—Len—HN__~_ -5\ oH
RV Q\ /,9
Ser — Lys —Leu —HN\,/\\/S\OH Lys—Leu “HN\’/\/S\OH
QP 0\\ ,/0
Giy— Pro—Glu —HN\/\/.S\OH Val — Vail —HN \/\/5\ ol
O 0
0\\ /,10 Met— Ala —HN v/
Met— Val _HN\/\/S\OH et—Ala HJ\WS\OH
({\ !’5) Q\ /jo
Ala— Ala —HN\/\/S\OH Gly — Gly _MHN\/\/S\OH
QP Q\SJP
Met — Gly —HN \/\/S'\OH Met —Met —HN___~_~ ~oH
QAP

O-Bn-Ser—Val PHN\/\/S\OH
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aa2 and aa. 2 are each independently a natural or unnatural am no acid residue o%‘_r absent, or a pharmaceutically acceptable salt or solvate thereof; b) a
conpound of Formula IV: 3000(1V) wherein: aal is a natural or unnatural am no acid residue; aa2 is a natural or unnatural amno acid residue, or is
absent, or a pharmaceutically 5acceptable salt or solvate thereof; c) a compound of Fornula V: "OH \\ 00(V) 1lOwherein aal is a natural or unnatural amno
acid, or @oBhRlIRaeutically acceptable salt or sol vat ediseeohsrand d) a conpound of Fornula V-A: aaX NS \\ 1500(V-A) wherein aax is an amino acid residue
sel ected fromvaline, proline, lysine, |eucine, nethionine, D nethionine, seringe, alanine, D alanine, glycine, isoleucine, histidine, amnoisobutyric acid,
phenyl gl yci ne, tryptophan, tyrosine, O0-benzylserine, 0- 20benzyl gl utam ne, and y-am nobutyric acid, or a pharnmaceutically acceptable salt of solvate

t hereof. 3. The conpound of claim 2, wherein said aa3, aa2, and aa3, are am no acid residues of Fornula VI: 25 (V)
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wher ei n: R1 and R2 are each independently selected fromthe group consisting of H and a substituted or unsubstituted group selected from

Cl - Cl2al kyl , C2-Ci2al kenyl, 02-Cl2al kynyl, 30C3-Cl5cycl oal kyl, C3-Cl5heterocycloal kyl, C6-Cl5aryl, 05-Cl5heteroaryl, NH(C -Csal kyl), N(Cl- Ceal kyl)2, and
C(O)(CI-CBaIkyI) or RL and R2 are taken together with the adjacent carbon atomto forma substituted or unsubstituted C3- Cl2het er ocycl oal kyl ; R3 is
sel ect ed {yPiwndf@sQroup consisting of H and a substi t useehrafo7disuost i tut ed group selected from C1- Cl2al kyl, C2-Cl2al kenyl, C2-Cl2al kynyl, C3- C15cyc|oa|ky|,
C3- 5Ct hheterocycl oal kyl, C6-Cl5aryl, C5-Cl5heteroaryl, C(0)(Cl-C6al kyl), and G(0)(C6-ClOaryl); or R3 is a bond between two am no acid residues, when at

| east two am no add residues are present; R4 isselected fromthe group consistiing of Hand a substituted or unsubstituted group sel ected from Cl-Ceal kyl
C2- Ceal kenyl , C2-05al kynyl ; or Rl and R4 are taken together with 10t he adj acent: carbon and nitrogen atons to forma C3-C oheterocycloal kyl; and n is an

i nteger s cted from1 to 4. The conpound claim 1, wherein said conpound of Fornula XII is a conpound of Formula OR14 HN 15(XI |-A) wherein
F114 is a st|t ted group selected from Cl-Cl2al kyl, C2- C12aJkenyI C2- Cl2al kynyl, C3-Cl5cycl oal kyl, C3-Cl5heterocycl oal kyl, C8-Cl5aryl,

C5- C15het

uted or un ubstlt/tH\at
sel ected from the group conS|st|ng oft

wher e:

Nr“\a/bepnable salt or solvate thereof. 20
a) a conpound of Formula kP2: 25L(A),, (I
mis an integer from2 to

NP

N/\/\SO3H

131

5. The conpound of claim1, wherein said conpound of Fornula I-P is
-P2) and pharmaceutically acceptable salts, esters, and sol vates thereof,




A is 3-am no-1-propanesul fonic acid noiety;

Ls' is a nultivalent carr

noi eties, either at the amno or sulfonic acid end of A or a pharnmaceutically

HO3SN- 303H HH(I1-C) wherein, L3 is bivalent
defi ned hW@kd@gmigﬁﬁl udi ng, but not limted
of Formula I-D: 0"0 0"? X X 10wherein, L4 i

| i nker which connects two nol ecul es

er noiety for covalently and dissociably coupling fromtw to 30five A
acceptable salt or solvate thereof; b) a conpound of Formula I-C. L3
of 3APS at their ami no groups either using the sane or different |inkages as

to, am de | palvapeoanshocar bamate | i nkage, or a pharnaceutically acceptable salt or solvate 5thereof; c¢) a conpound

s a bivalent |linker which connects t

wo nol ecul es of 3APS at their sulfonic acid groups either using the sane or

different |inkages as defined herein, including, but not limted to, ester |linkage or anhydride |inkage where X is oxygen, or sul fonam de |inkage where X is

nitrogen (NH, or NR), or t hi osul f onat e | i nkage where X is sul fur

thereof; and 15 d) a

P is hydrogen or a N-protecting group, or a pharnaceutically acceptable salt or solvate
oipound of Formula I-E: 0"0 P-NSL?", NSO3H wherein, 12 is

a bivalent |inker which connects two nol ecul es of 3APS, at am no group in

20one 3APS using a |i ge as defined in Fornula I-C, and at sulfonic acid group in the other 3APS using a |inkage as defined in Fornmula I-D, P is hydrogen

or a N-protecting graup as defined herein,

sel ected fromthe {groufy 25cgnsi sting of:
0

N/\/\SO H

07 N SOH
O:< I 3
0
0 0
HO ﬁ/\/\SOSH
{931
HO H/\/\SO3H
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or a pharmaceutically acceptabl e sal

t or solvate thereof. 6. The conpound of claim1, wherein said conpound is




00 Ser - a 011 00 Ser - Lys -LeuCH 00 // G@y- Pro-Gu 00 Met - Val

O Lys - L euCH

WO 2009/019334
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00 S"OH O Bn- Ser
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0o\".
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LeaCH



O val - val -BEFtL"."."----,&, OH 0O Mt - AlaOH 0 \/.0
ON'---%-9%-'"---SO3H O op, O 00 -71Nts-70"-jiNNO tILOO NSG3 H
WO 2009/019534 PCT/IB2007/004704
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WD 2009/ 019534PCT/ 1132007/ 004704 00 HONsO3H 0 HONSGBH 0 00 HO NH2 0" NH, I1.,04 0 11, . OH

WO 2009/019534 PCT/IB2007/004704




QAc.", QAc NIl OHO OAc QAc 134 HO HO AcO MOHO 0 NSO 11 OH0 OH OH NH, HO 11,0H

WO 2009/019534 PCTAB2GOTAH04704

N g N S
HO™ NN 0oH Bro” 7 "Ny
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0- MO O QAc

WO Z009/019534

O
>‘ O\ /,o
HN\\//SQ.O

EQO
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NH O H1I1,0HO OH OH 135 HeOHO OH OH 7 OH ?0H

PCT/IB2047/004704




000 O HOOH \w BnOOH O O\ HN c>"0 EtO

WO 2009/019534

OH
/N\/\,/S\ OH

)--0"0 HN ce)"0 O Nl 0 o HN HNNH /

PCT/AB2007/004704

OH
/Nv’\/ S\OH

Cl Cl
OMe
OH
Q\ép
N <
Gl 2NN 0
H
H H
Hoﬂgww\ﬂ/mwsogH
.
0 0
cH,)n—L.
Ho57 )J—'{ Al N7 50,4
1 1
HO8” 0 NTT~"TS0H
NH, NH,
0 0 0
HOSSMNJ j/““‘o/LLQ NTT~"T80H
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0\\/5) NSoH 00 \\4/ NSO 00 \\,/ HH H 03S03H 00 HO( CH2) nNS 03H H038 SG3H

WG 2009/019534

4 N
HN SN OH
O
O O
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I TO,
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7. A pharmaceutical composition comprising a compound of claim 1 together with
a pharmaceutically acceptable carrier.

5
8. The pharmaceutical composition of claim 7, wherein said compound is
selecied from the group consisting of:
HO
H O“\ /’O H O\ /O
N 5 | N 3
HN N ~OH HN \/\\/S Ok
O o]
NH,
@]
H 0, 0 N Oo P
N ~ :: RPN
o) C
H
/N s
N e
H o\\ "/O H O\ I/o
NS~ N\/\/S“
H,N OH H,N OH
© , and 0 ,
or a pharmaceutically acceptabie salt or solvate thereof.
10 9. A prodrug of 3-amino-1-propanesulfonic acid, wherein said prodrug is a

compound of claim 1.

10. A method for treating or preventing Alzheimer's disease, miid cagnitive
impairment Down's syndrome, Hereditary Cerebral Hemorrhage with Amyloidesis of the
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HO', S, 0000 NH2 7. A pharmaceutical conposition conprising a conpound of claim1 together with a pharmaceutically acceptable carrier. S 8.
The pharnmaceutical conposition of claim?7, wherein said conmpound is selected fromthe group consisting of: HO 0,, o0 NN7-N-'"SCH , and or a pharmaceutically
acceptabl e salt or solvate thereof. 109. A prodrug of 3-am no-1-propanesul fonic acid, wherein said prodrug is a conpound of claiml1. 10.A nethod for treating
or prevenwiomosdigizei ner' s di sease, mld cognitive inpatGTIRBAWTMAN s syndrome, Hereditary Cerebral Henorrhage with Anyl oidosis of the Dutch-Type, cerebral
anyl oi d angi opat hy, a degenerative denentia, a denmentia of m xed vascul ar and degenerative origin, denentia associated with Parkinson's disease, denentia
associ ated with progressive supranucl ear pal sy, denentia associated with cortical basal degeneration, or diffuse Lewy body type of Al zheiner's disease
conprising adm nistering a 5Stherapeutically effective ampunt of a conpound of claim1 to a human subject in need thereof. 11. A process for
convert i myte-Typrseehe amyieif #ngipreioa degehP R LepraifaR YT TBA T*&Li d conprising contacting said conpound with an enzyne which netabolizes said 10conpound to
3APS i N \abdulr Bfid dedeNdriifve origin, demeniiassddiewioCresiEnsof's dkedsa delnentonpr i si ng contacting said conpound with plasna, blood and/or brain cells.

associated with progressive supranuclear palsy, dementia associated with cortical basal
degeneration, or diffuse Lewy body type of Aizheimer's disease comprising administering a
5  therapeutically effective amount of a compound of claim 1 to a human subject in need

thereof.

11. A process for converiing a compound of claim 1 to 3-amino-1-propanesulfonic
acid comprising contacting said compound with an enzyme which metabolizes said

10 compound to 3APS in vitro or in vive.

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

blood and/or brain cells.

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

administered to a human subject.

14. The method of claim 13, wherein said metabolism is first pass metabolism.
20
15. A method for reducing or preventing gastrointestinal intolerance side effecis of
3APS in 2 human subject, comprising Iessening metabolism of 3APS, which occurs when

3APS is administered to a human subject.

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

subject,

17.  The method of ciaim 16, wherein said prodrug is a prodrug of claim 10.
30
18. The method of claim 13, wherein 3APS is adminisiered through the respiratory
sysiem, intratracheally, intranasally, via or under a mucous membrane, via the ear, rectally,
or vaginally, or by an implant, spray, nasal spray, chewing gum, eye drop, eardrop,

suppoesitory, enema, or vaginai cream or lotion.
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1513. A nethod for increasing the therapeutic bio-distribution of 3APS in a humam subj ect, conprising |essening metabolismof 3APS, which occurs when 3APS is
adm ni stered to a human subj ect. 14. The nmethod of claim 13, wherein sa3 d net abol ismis first pass netabolism 20 15. A nethod for reducing
or preventing gastrointestinal intolerance side effects of SAPS in a human subj ect, conprising | essening netabolismof SAPS, which occurs when SAPS is

adm ni st eweckooxgssiuman subj ect. 2516. The net hod of clBTABIY7/ 04 ei n 3APS is adnministered in the formof a prodrug of 3APS which yields or generates SAPS
after being adm nistered to said human subj ect 17. The method of cl ai m16 wherein said prodrug is a prodrug of claim 10. 30 18. The net hod
of claim13, wherein SAPS is admi nistered through the respiratory system mtra;racheal ly, intranasally, via or under a nucous nenbrane, via the ear,
rectally, or vaginally, or by an inplant ra na ) Wi ng gum eye ﬂrop, eardrop, suppository, enemm, or vaginal creamor lotion. 35 WO

2009/ 019534PCt$- 1130007 hodal At 18 s ngew5%b‘?fﬁf°¥ BP%"aﬁﬁ%i‘ %ﬁ@ﬁﬂf | east one of bioavailability of SAPS, AUC of 3APS, brain |evels of SAPS, CSF |evels of
3APS, Cmaxsmbs Maevérsof@ft\PSAE§=le@sﬂsdiﬂmﬁsmap@ﬂa@ﬁSonMBsPSsar|bwcr eased 520. The ?rret hod of claim 13, wherein Al zheiner's disease is treated or prevented.

21. The meg) dué) @élsx]c?’ %g*n ch increases the level of SAPS in the brain of sa§ d human subject. 1022. The nethod of claim 19, wherein the oral AUC of 3APS
i s incredSeyP Ieasr{ i)

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

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

human subject.

10 22, The method of claim 19, wherein the oral AUC of 3APS is increased by at
least 20%.
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