HEPATOPROTECTANT ACETAM NOPHEN MUTUAL PRODRUGS CRGCSS
REFERENCE TO RELATED APPLI CATI ONS [ 0001] This

wappbitgrpd on clainms priority benefit of UnitedPC/HSWE9/044749
Provi sional Application No. 61/054,777, entitled

" HHFPATOPROTE ATANT ACHTA MINGOPHEN MUF'UATL ed
May 20, 2008, the content of which is hereby

i ncorporated by referecPRODRUGSentirety as if it was

set forth in full bel ow. BACKGROUND OF THE | NVENTI ON
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liver transplants in the United States are caused by
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therapeutic agents, such as opioids) are manufactured, prescribed, and distributed
throughout the world. With increasing concerns about the cardiovascular and
gastrointestinal safety of conventional NSAIDs (such as ibuprofen and naproxen) and
selective cyclooxygenase-2 inhibitors (such as Vioxx®), patients and physicians have

turned to acetaminophen for its seemingly lower safety risks.

[0003] However, it is well known that under certain conditions acetaminophen
may be toxic to the liver (known as hepatotoxicity). It is estimated that most liver
transplants in the United States are caused by acetaminophen toxicity, and 49% of all
acute liver failure cases in 2004 were the result of acetaminophen overdose. Each
year, overdoses of acetaminophen (sold as Tylenol® and other brands) account for

more than 56,000 emergency room visits and an estimated 458 deaths from acute liver
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[0006] It is known that after administration, about 90% of acetaminophen is
conjugated with glucuronide and sulphate, and less than 5% remains unmetabolized.
The remaining ~ 5% of acetaminophen is metabolized in the liver by cytochrome
P450 mixed-function oxygenase system (mainly by CYP2E1), and is converted to V-
acetyl-p-benzquinone imine (NAPQI) (JT DiPiro, RL Talbert, GC Yee, GR Matzke,
BG Wells, LM Posey (eds) Pharmacotherapy: A Physiological Approach 6" ed
McGraw Hill (New York 2005) pp. 133). NAPQI is capable of damaging proteins by
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GSH levels when supplied in adequate amounts. GSH can also be a transport and
storage form of cysteine (Journal of Nutrition, 127: 2135-2141, 1997). Extracellular
methionine has found to be as strong an antioxidant as cysteine against intracellular
reactive oxygen species (Metabolic Bases of Inherited Disease 5™ Ed, New York:
McGraw-Hill; 1982, 522-559). Oral administration of methionine has been used to
treat acetaminophen overdoses, as 30 patients at risk of hepatic damage from
acetaminophen ingestion were given 2-5 g oral methionine every four hours up to a
total dose of 10 g; where the first dose was given within ten hours of the overdose.

There were no deaths and no reports of hepatic encephalopathy or other complications
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[0010] Sone patients (e.g., those wth chronic pain)

progayessd eetapatoRhthwpiséraddress the important problem of hepatotoxicity

while maintaining its therapeutic properties and/or which could alter the
physicochemical properties of the acetaminophen to allow the development of

alternative dosage forms.

[0012] The disclosures of all publications, patents, patent applications and other
references referred to herein are hereby incorporated herein by reference in their

entireties.
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[0018] In some embodiments, the invention embraces a compound comprising an
acetaminophen moiety and a hepatoprotectant moiety, wherein the hepatoprotectant

moiety is capable of stimulating glutathione synthesis.

[0019] In another aspect, the present invention provides a compound of formula

D:
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[0021] In some embodiments, the compound of formula (II) is 4-acetamidophenyl
2-amino-4-(methylthio)butanoate; 2-acetamido-3-((2-acetamido-3-(4-
acetamidophenoxy)-3-oxopropyl)disulfanyl)propanoic acid; 3-((2-acetamido-3-(4-
acetamidophenoxy)-3-oxopropyl)disulfanyl)-2-aminopropanoic acid; 2-acetamido-3-
((3-(4-acetamidophenoxy)-2-amino-3-oxopropyl)disulfanyl)propanoic acid; 3-((3-(4-
acetamidophenoxy)-2-amino-3-oxopropyl)disulfanyl)-2-aminopropanoic acid; 5-(1-
(2-(4-acetamidophenoxy)-2-oxoethylamino)-3-mercapto- 1-oxopropan-2-ylamino)-2-
amino-5-oxopentanoic acid; 4-acetamidophenyl 2-oxothiazolidine-4-carboxylate; 4-
acetamidophenyl 2-acetamido-3-(phosphonooxymethylthio)propanoate; (4-(4-
acetamidophenoxy)-3-amino-4-oxobutyl)((5-(6-amino-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl)(methyl)sulfonium; 4-acetamidophenyl 2-

acetamido-4-(methylthio)butanoate; 4-acetamidophenyl 2-acetamido-3-
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compound of any one of formulas I, II, or III, or a pharmaceutically acceptable salt

thereof or solvate of the foregoing, and a carrier. In some embodiments, the
formulation comprises an effective amount of a compound of any one of formulas I,
I1, or I1I, or a pharmaceutically acceptable salt thereof or solvate of the foregoing, and
a carrier. In some embodiments, the carrier is a pharmaceutically acceptable carrier. In
some embodiments, the invention embraces a substantially pure form of a compound
of any one of formulas I, II or III, or a pharmaceutically acceptable salt thereof or

solvate of the foregoing.
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adm nistration of the conmpound is reduced rel ative
stimulates glutathione synthesis.

[0027] In some embodiments of the methods, the compound of any one of
formulas I, II or III is administered orally. In some embodiments, the compound is
administered parenterally (e.g., intravenously or intramuscularly). In some
embodiments, the compound is administered in a dosage of about 300 mg to about 3.6
g, or about 750 mg to about 3.6 g. In some embodiments, the compound is
administered in a dosage of about 1 pmol to about 10 mmol. In some embodiments,

the compound is administered in a dosage of about 10 pmol/kg to about 100 umol/kg.
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for(r:r?urireﬁirolnsilngzgds a formulation comprising a carrier and prodrug where a given
volume of carrier contains a higher molar concentration of prodrug than is available
or obtainable using acetaminophen. Taking the compound of formula (II-A) as an
example, a low volume/high concentration of such prodrug intends a formulation
comprising a carrier and the prodrug wherein the formulation contains a higher molar
concentration of prodrug in a given volume of carrier than is available or obtainable

using acetaminophen. Methods of providing low volume/high concentrations of

acetaminophen are also provided comprising administering to an individual a low
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acet am nophen. | n another aspect is provided the use
In éq;mge@b%g)@ﬁﬁ thefinstructions relate to the use of a compound of any one of
formulas I, IT or III for the treatment or prevention of a disease or condition that is
responsive to acetaminophen (e.g., pain, fever, inflammation, ischemic injury (such as

myocardial and/or cerebral), or neuronal injury).
BRIEF DESCRIPTION OF THE FIGURES

[0034] Figure 1 shows the formation of acetaminophen from 15 pg/mL of

compound (II-A) in human plasma.

[0035] Figure 2 shows the formation of acetaminophen from 0.3 pg/mL if
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[0040] Accordingly, the present invention in one aspect provides a compound
comprising an acetaminophen moiety and a hepatoprotectant moiety, or a

pharmaceutically acceptable salt thereof or solvate of the foregoing.

[0041] In another aspect, the present invention provides methods of treating a
disease or condition that is responsive to acetaminophen (e.g., pain, fever,
inflammation, ischemic injury (such as myocardial and/or cerebral), or neuronal
injury, etc.) using the hepatoprotectant acetaminophen mutual prodrugs described

herein.

[0042] Also provided are kits, formulations and unit dosage forms of the

hepatoprotectant acetaminophen mutual prodrugs.
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treating hepatotoxicity in an individual, which may include decreasing the onset
and/or severity of one or more symptoms known or believed to be associated with
hepatotoxicity. A hepatoprotectant may be a compound, or capable of forming a
compound in situ, which stimulates glutathione synthesis and/or is capable of
inactivating N-acetyl-p-benzoquinone imine (NAPQI) under physiological conditions.
Non-limiting examples of hepatoprotectants include glutathione and N-acetyl-

cysteine. A "hepatoprotectant moiety" is a radical of a hepatoprotectant compound.

[0047] The term "prodrug"” refers to a compound which provides an active
compound following administration to the individual in which it is used, by a

chemical and/or biological process in vivo (e.g., by hydrolysis and/or an enzymatic
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hysi ol
acmmh@pg m@mredte@mosrqtmrm decqynpared 19 aginanigiation of the molar

eqlll\{-V%l% (%/fJ a%?t?lrtél?% g)g 'gt‘bdr/g t@@"@%ﬁ%&)%t&%@&;‘aﬁgfl 8%%67 Jﬂ%ﬁ)%nod

thro@glmhe e Fege of &fngihBtratod Susfadieddelvdiict Fef@k @Ntdﬂfe@e afthe
active conpound follow ng admnistration to th
acety@inePBIRING/qf afisipateprategtant, i @ date sychathatiBerplog camfpaaﬂon

of Eleoicgtghﬁl% heA 919(9§Ishé Bto }ﬁfo\f%hénec 5 etgyolﬂé( ﬂfe?éo\f)sl'nsanqgﬂ/vﬂﬁlal

an enzynm i'cconver siron odrug I1tse
is maintaiéed ior wWithitethe eerapelieie range Ye. £.natstvie Ve, mirhmnm effective
nore .a conpoun |nvﬁpt|on

f d
S ERCLELTSA 0L, B mone eatire  comound, The. L

exfoglaf ARLRERURY E@mte?t%néﬁ&cz[ﬂyQQﬁie EI%B@Y fhan HROA8E th%t% tHSRSar
herein, "del aying the onset del ayed onset" refers

eqm@alehfeof corresponding acetaminophen and/or a hepatoprotectant, administered
through the same route, results in an acetaminophen and/or a hepatoprotectant (or

metabolite thereof) blood concentration within the therapeutic range.

[0050] The term "alkyl," by itself or as part of another substituent, means, unless
otherwise stated, a fully saturated straight-chain (linear; unbranched) or branched
chain, or combination thereof, having the number of carbon atoms specified, if
designated (i.e. C;-C;p means one to ten carbons). Examples include, but are not

limited to, groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl,
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increased tinme to onset of action provided by a

hepat opr ot ect ant acet am nophen nutual prodrug as
wW@ovpasred t o adm ni strati on of the nolar equi vRCEOS2009/044749

acet am nophen and/ or a hepatoprotectant within the
sesBiR], hon®ldge ﬁh@@ohi&fmfgfbrbhﬁnﬁlamﬁpélﬁyl a-hekyl, n-heptyl, n-octyl,

adm ni stration, For exan&p%lk t he del ayed rel ease of

ang therliiei Abpmeiae nlgrignated bkﬁreﬂecrﬂ%mtonﬁﬁi Beretnrfentain 1-20
cax?ﬁggk;ﬁ%f ﬁrlpgiéggqni(ﬂ@a?ml)mg A §Csrffon atoms dr 1-6 carbon atoms,

tanoate may result 1n delayed systemc
or éxjpashuneatdas.atettem Pudkyiere"anby aself drein kemainapoo tvithtoshd:

as conpared to adm nistratiaon of the nol ar ui val ent
tergis. LERESEH: fopRist ?HEPE&“W?Q?W%%}% 6‘% Yoreetemplite i g yff not
linkifdi vy MCHZ@Q@L— s&1REEmPEdiGichts, th@raﬁiy@é?ﬂ' d8up is

activity" or “"prol onged activity" refers to'the
meshydensi arethydatei on provi ded by a hepat opr ot ect ant

acet am nophen nutual prodrug by virtue of the tine
[00Mddui r Bk teom ' éte@sgcloalkdt"Hariie Kor grecamlsingtion with other terms,

acet am no hen and/ or a hepa rotectant fromthe
repa?%?awgsaﬂﬁ%t? e&e?fmate%ewflﬁﬁ@ﬁ%ﬁﬁ 8h r%ﬁscatl RENBINYE Y Gt least
oné #arbdk SlofARIOR MeRYbneZmaliaP Retérob ¥Rt Y4y 2R ianeas e

may result in sustained rel ease of acetam nophen
commgingrof ), e Fatoprdt.eot aviteras thf;mﬂn@geecanti@ulfur atoms may
dm ni.stra |va ent
Opg

SRR st Mo TR Al SR BAY B be aewized

Thts lhﬁﬁrd%@drh@ﬂot Rr pug Bnd Bﬁmﬁ@ﬁ@ plaéét & a@l§ nﬂémwo‘éitfoﬁw%
"Sustai ned rel ease" refers to rel ease of th

he@malm%bgrenp aha/the pesitiipritvdpelothe él@@mcycmlkal LIRUP IS
att?éﬁ%;i E% ?1%d91] 90, & [%%1‘(? fat E)@dﬂ%ﬁg ﬁ?ff }%eiié}%?/%foea ?‘&?&féeﬂ‘ut

opro ect an ereo I'n ah

ard mtdulvmcwab thidzemedimdrail,ned 124 5,64tetitdht diopyitidye), tiRg pafdugli 2-
range (e.g., above the m ni rum effective anal gesic

PiReSHEW A BiPS NPl f-Rip Bolinybyd- o Rbpling) teprahydipfuiiy 2wled
tetfjalﬂ El'ltoﬁﬂrgn 3- Jheteﬁﬁﬁﬁl&ﬁ%n—%ilg a{e'tlgﬂ%drgthﬁéﬂ' ¥ ?’]ﬁ tpﬁﬁ:‘iraz m;il

time-greater ant e tinme
plmqamn)}é,laeldtthmﬁkccorrespondl ng acet am nophen and/or a
hepat oprot ect ant, adm ni stered through the same route,

[00323 ul t'Shd terraNadietaaid" Re phehaadit refersao hep af hp hotfuedlyant
(or. netabolite thereof) bl ood concentration within the
OCEHERGPBIRY Acidsatgec]] poDmYetiTaBalpgy (68 dPRipreoisomers plstae f

naRﬁrahgls c@ﬁlrrfn 9@9&@56 fs ﬁ‘j&% 'n&éﬂﬁ@hme%@nvﬁﬂe@%ﬁewof

rw se tated y saturated straight-chain
Anfinb neis pomphxeammbnoh) atom th maridhie toadiali am, antino gomipi madrboxyl

orb R ERLie RN 10, L1 UTEeY o catbon atoms specll ol .
chEN@BPhRSrall P 6LHI8ng BHinoBRISRAL well known in the art and include, for
example, hydrogen (e.g., as in glycine), alkyl (e.g., as in alanine, valine, leucine,
isoleucine, proline), substituted alkyl (e.g., as in threonine, serine, methionine,
cysteine, aspartic acid, asparagine, glutamic acid, glutamine, arginine, and lysine),
arylalkyl (e.g., as in phenylalanine and tryptophan), substituted arylalkyl (e.g., as in
tyrosine), and heteroarylalkyl (e.g., as in histidine). Unnatural amino acids are also
known in the art, as set forth in, for example, Williams (ed.), Synthesis of Optically
Active a-Amino Acids, Pergamon Press (1989); Evans et al., J. Amer. Chem. Soc.,
112:4011-4030 (1990); Pu et al., J. Amer. Chem. Soc., 56:1280-1283 (1991);
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limted to, groups such as nethyl, ethyl, n-propyl,
i sopropyl, n-butyl, t-butyl, isobutyl, sec-butyl,
whoriies and i somers of, for exanpl e, n-pentyPCT/US2009/044749
n- hexyl, n-heptyl, n-octyl, and the like. If no size
WilBarfleaiagnatader. Chemabdy) 1 19(921158)28”6 ntaaneddhdreferences cited
contain 1-20 carbon atons pically 1-10 carhon
theseigrhhe Ripsep! BVveRiiBoRc Heehe 8161? chaigs %fawawr%ltaaﬁgo agigls as
ol 4 carbon atons. The term "al kylene" is by itself or
I'n conbination with other terns, represents a divalent
08, B B L A RS I T B i B
pudh&yt @ﬁﬁm@[ﬂéuﬂsé Sr ﬂaﬁhyﬂve fteereut, Bilkdey e neibof) Aeddyribbe,
_term_"heterocycl oal kyl ," by itself or in conbination
didgor yrikaseett st WOI?%N@%?&@S&H@&@%@%fdhf'olilaturaﬂy occurring

nugltgé b 3LedaG¥lne Rﬂﬁéﬂ{eoﬁﬁ‘&l 9%uaﬁ9§1§eﬂ|t B! e{h|drlﬂe fike), as

east “one car at om an e ann
welllets ayoh et méd s cTiedprtseaminvheti@r iacipdedrsh Btdndd. efan@ymbis.
P, Si and S, and wherein the nitrogen and sul fur atons
[0084y OptRrotailgysbep ol Badctridcd] Reoupi thitRERIbI ﬂteeﬂbnamigl
may optionally be quaternized. The heteroaton(s)
chpaCtyigics i ismiaplate th Aoisgtedireansipns fr evhid Pisisstion l§r${eélred

2) %sﬂgnﬁ%ﬁé ROHLC t:hQ gk(ﬁé&%wcggu%gtﬁ)atg to gEldttﬂﬁd Ii%gtﬁt'uﬁ:guoﬁ‘&htwlin‘&@)

eterocyclo rou ttac
is rearoaabid @y redgenty eomphtaﬂu vaeth thex atipt #ctddnal group(s) present or
het erocyc| oal kyl include, put are not limted t

ZeRHRIEY &1 Fush peRigEted feactionsy Ssﬁsﬂ%?fr%lﬁ%ip@w?thlg)foups for use

in %e%&ﬁ&ds%e%bed%ere% RE&Tikdh Ml ordiRaRi RAI {edéNY the art. Examples
4-nor phol i nyl, 3-norpholinyl, tetrahydrofuran-2-yl,

of p@tablehyrdieofing gnous gdn betfetlmctlimy@meomdqq:teth (2044), PROTECTIVE

GReRlS PYRS Sl SR Heds 4 PPt Al Safs. o BEGTeRY. A
"h&tﬁrﬁ? ﬁro&&ﬁlﬁg r%rdu@" @Qﬁse@ﬁleﬁéﬂed&ﬁ)‘téﬂaaérbﬁ(p @éiﬁblrerdf @got@dﬁn@%
aci ds, as we as synthetic analo s (e.qg.

frephy dkere graprie rggnmtetah erqiedted bydrgxydc el ichi ﬁ@smvﬁﬁtdo the
rea 910% Por wslﬂ(gjlg p%?ecpbﬁsté?ﬁ \éergib)na9% rgﬁ d\?\\'%ﬂlltﬁq%? dlSH\D{)I%g ﬂ}f

conpri se on-a

rerB4in &1 off theQdoDdidund. E;aani;ﬂa«y Ihy@ifoay rprotecthlgdgr@gﬁnncaﬁdﬁ:rbutaa}d
a distinctive group referred to as a "side chain". The

notfigted ipapihgrsde-enatlyly Hirhgnyetetivg (tHgyl omlkb él@ﬁyaso are
t

i e N e T
(l\/ﬁ)Mwaqmethmdyemexyrhethy]l (MEE M) steﬂrzﬂlydrdpgranm (51THP1)e¢t,hoxy ethyl

ubstlt t ed as | thr .ne,, serine,
ERb eribianeEySEniE P aisgier Eoicey BVOED 2 2g1 ne.
trnﬁil:ﬂﬁgfﬁﬂ&féﬂ"@i&ﬁethg USEAM) N&ter@{ b NbdI0atB 8| ¥iBj1R&bonate, 2,2,2-
trichloroethyl carbonate (Troc), 2- trimethylsilylethyl carbonate), silyl ethers (e.g.,
trimethylsilyl (TMS), triethylsilyl (TES), triisopropylsilyl (TI PS), triphenylsilyl
(TPS), tert-butyldimethylsilyl (TBDMS), tert-butyldiphenylsilyt (TBDPS) and the
like.

[0055] As used herein, "treatment”, "treating", or "treat" is an approach for
obtaining beneficial or desired results, including clinical results. For purposes of this
invention, beneficial or desired results include, but are not limited to, one or more of

the following: decreasing one or more symptoms of hepatotoxicity and/or a disease or
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arylal kyl (e.g., as in phenylal anine and tryptophan),

substituted arylal kyl (e.g., as in tyrosine), and
whedoenegreyl al kyl (e.g., as in histidine). Unnal@r/Eb2009/044749

amino acids are also known in the art, as set forth
cohdition that Bxaspohsive W ddetadtiBophe. Jimiytih$ ariestedt of

Optically Active a-Am no Acids, Perganon Press (.1989);
hepajatqzicyy agqi/or thg disepageei copghiEay tlgébs res§pppsixg iq_acg@gr@nophen

sta%i}% %he‘y\%ﬁ | a a!(:gltd)‘]oar1 l“che'/'\gf?éas%%?dﬁ‘d éﬁ‘ﬂ‘%hatzglée%&ﬁgwjeggs

acdtiRirRpRE @%&@ré%ﬁﬂlg or delayiag ther\écﬁreerr&mg:e:fsheqa;atoqucuy and/or
t%greln The. de& i nvent.ion includes the sid

the¢35a8% OltongHies YIRER P VEER HYE RSN O @gtgjoxm@ and/or

thd &5¥ke BUInARARNARat i8R spRANE ﬁé‘étﬁ}nfn%f)ﬁ‘éns aln@lidrafifgrPound

corrprl Si ng a purl ne or pyrim di ne ase or derivative
hepdtetorigity ahd/nkthd dusaa@ cmclg@@gon del@w’pm@@slge to acetammophen

di deoxyri.bos or_siml noi, et Nucl.eqsi des
celrg i M HER TP B Py B PRAG i BT gL TFE PpPSolRiny
an@QeesdifRase ¢ )ohditibe thad id rdipisive danRsnliBopHeRydHddh@asing the

and the like), as well as synthetic anal ogs. The

quiplits & hfe ofrandpdivisiial ko herckech ot b sDSpastedLof AL heprsptexicity
an%ﬁp ? é se 095:81%{ {’]&g%hg (sullgs oﬁs% {03 acg Qs ?&gﬁn ’i’ﬁ‘%sh%a%g By
IbItS arac erl I CS.:

codieibmh ﬁla§/ e tohe tHak B @ a4 Bé:hel‘v&atbt becxﬁ§poﬁ1@1rve hhchunginopeat(k.n a
is desired; 2) is renovable fromthe protected
dl%%ﬁrﬁa@@ﬂ%ﬂw B13gCemRAndRsShy 2 VLAY GraE) i TR diggige gy
co#cﬁtl&?ﬁﬂx AR Ecdipd Eu?e)% hafiRARAEE. e Qlidthd r,claﬁdlﬂBnﬂ Hay be
unctio gro resent or generated in suc
ischemjoaiajueyl Tﬂeahieaw cofdities magrbeaf nesiinabinfjery pinaine chriatgon
grouyps for use in the escri be ereinis
th%%“ﬁﬁwntlhgo% rsHﬁgﬂ%l h18 L?Fr{&}lor eé%ﬁ“ PHE ﬁ‘@g% ipenig, hen) es
h tekBRt feRnAhSiHeh Mot an/BefolAlRHoA Borfh @8R h
epiw%%.e D B A AR & LS GaReEhe
prafirhg r—ggluce(sjbm ﬂekuyeqf e Spnwre $ymptomNgwoM@te|d)w1thAhepatotox101ty

anta:ag% dx %ﬁge{ﬁortcgg IUB‘? g?aré osulg?go%gwl?'l f e%ceﬂ%ﬁ%é}v g)ggal’a Eeaft about

angenerat B0, 3096 01086, 1 500, lmpdr, gryd, 805 DGH, 93Hbseentorh I%red
the reaction for which protection is enplo ed, may

to therpguieh ol g SHMPEINS truthp iS#ge sHbeqt eras Wdéqatrmnt ©h éompared to

he RS Jh‘?h O{s@ﬁ{ﬂ%rﬁ i o {E&d{u%x%téor{oﬁ?i&_%}g\{l@%l? ;hgll';*a?épﬂo{%% lae.

ut a
acétﬁrlnph)@hgﬁ ﬂm&tulayj)roﬂtlrgl dnylor dermhilgtionbERespbnsi v tdoecsyirepayih”
- nmet hoxyphenyl (PMP)), acetals

as e&d&er%f%aﬁﬁ%éwﬁsemdlt@n aﬁ%@ﬁ&@@?ﬁb@ffr@f% or
coér@mw% 9& fn%? ¥ l'h%%’%{i ih acétﬂﬂ?ﬁot?hgﬁ mSﬂlg%k/?l(lﬁgg mgns of

I ome oxy- 2- propy|
hepatotox101ty include, for example elevated blood levels of hepatic enzymes alamne

aminotransferase (ALT), aspartate aminotransferase (AST) and gamma-
glutamyltransferase (GGT) as determined in liver function tests (LFTs) by those
skilled in art. Other signs include hepatic necrosis, hepatic inflammation (hepatitis)
and hepatic steatosis and hepatomegaly. Exemplary symptoms of hepatotoxicity

include anorexia, diarrhea, lethargy, jaundice, abdominal pain, nausea, and vomiting.

[0056] As used herein, "delaying" means to defer, hinder, slow, retard, stabilize,

and/or postpone development of, and/or one or more symptoms of, hepatotoxicity
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trimethylsilylethoxynmethyl (SEM), esters (e.g.,
benzoate (Bz), allyl carbonate, 2,2,2- trichloroethyl
W@ 20000#R29%€ (Troc), 2- trinmethylsilylethyl carbRCEUS009/044749
silyl ethers (e.g., trimethylsilyl (TMS),
and/of edhlydssior ybndlt'ﬁﬁﬁ)hat s rrd':s'pSﬁ)sp{/@@ydcsﬂahmhop(h&'ﬁ TS delay can be
triphenyl sil (TPS), .te/t-butyldinmethylsilyl (TBDMVS),
of yayingdgRgthyplyt %ﬂegmdytg ‘(W@Bﬂig)toré(r?é therflisqapgand/rgpdisidual
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he%?toé%céy (o) °¥ f PdsFaega of Son‘g‘ﬁ%}l GAtINESRORT V] Recegm!
m&l?&f tﬁgts‘d@HyQ %V@fOpﬁi@ﬁ@OﬁﬁéﬂPtb%l fanBRPalURELRXI &chﬂdltlon that
/or a disease orcondition th IS responsive t
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responsive to acetam nophen (e.g., preventing or
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o 0PRE A1 R s OB P PR Wingngy. sue

comPmiiohk it tipiahlly BasedsponsicMsnidesacsiankaogiany significant
anelloratlng hepat ot oxi city and/or the disease or

nupbRGPtSUBICthat i s responsive to acetam nophen,
decreasi ng the dose of one or nore other medications

[00Fdui r &8iused heradtaniepagkotionyiduelis améyddvided evheiis etk or
de&quéﬂl% &tét{)%%lt% ﬁnc{/ 81[5 L8N ?as? S{; Eond?t‘fo%t tﬁgg il pe%Pg ‘featn d

an 1 ndiv

aciaRindPBEh @lg. i [Hirg USRe, Qhﬂain@lﬁtlblﬁ\ﬂdhgmhﬁﬁﬁir?(smxh @$ fyocardial
and/or a disease or condition that is responsive to
ané{eét:e&ﬁbrﬁap%éwumﬁbm&% addngdividughdit tislonmangT Hay sethave

de{egﬁﬁle'h% o'xﬁ:lt?%lnhf%yg(ae%&apﬁ cﬁs‘%ﬁ&o&%‘og&itﬁ)ﬁ that i hs responswe to

acetam h I sease or condition
acaammmphasn anld byiya;r frely enot Bt/ dsplped sy mpibine aﬂhc&eﬂ&bwﬁh
condj tion ma C ani i nflanmmat i
P @Bl nePHP R et oS AR B Bt TGP it yfesponsive to
acé’chﬁﬁf'&?ﬁerpﬁn&% Hel QBN SRR R REHLRAREreid) WF Msk | d2nRE that
variation the condition is post-surgical pain and/or

anfigdreiduallhas soerer matsodiaabed g5k faawrheyhachope oteastralble parameters

cet ani naph t ua rodrug.and/ ar fornul ati
G R e Bt o PalaliidB o o PRian ghat s
respBASvSHHREQ@IEN AHERCA RIS idMal Ra V18P ahOboxMbe df YhedB ik Factors
the di sease or condition that is responsive to

hage bichei propHulitytsy davelpring hepasoxicingn@er 4 disgase gogongigogn
tha% QSO/IQCSEOQI{?VC %) a/&:t n%ﬁ%pl?e% than 81/ ﬁldl%?d(?al %thg'&q}{gsg AR ?z{c%:ir(s)

[0058] As used herein, "pharmaceutically acceptable" refers to a material that is
not biologically or otherwise undesirable, e.g., the material may be incorporated (e.g.,
at the time of manufacturing or administration) into a pharmaceutical composition
administered to an individual without causing any significant undesirable biological
effects or interacting in a deleterious manner with any of the other components of the
composition in which it is contained. As used herein, the term "pharmaceutically

acceptable carrier," refers to, for example, solvents, stabilizers, pH-modifiers, tonicity
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to the correspondi ng synptomin the same subject prior
to treatnent or conpared to the correspondi ng synptom

WO p00ot1#s209 subj ect s not receiving the hepat opr OREUS2I/044749
acet am nophen nutual prodrug and/or fornmulation.
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acalpabianeriaen 1) ahd ams fiddtiheral (Fhiinenas paddsafted herein, should be

am nqtransferase T) and magl ut anyl t ransf er as
COQ’&% e Ry ”d%frb&ﬁil é@%ﬁ’iow wE ?3%11%%8% %s?@ﬂ (PREERLY 'ﬁb@r a
paftfeQRe dskiok k&h. 1 Such Fshitalltgi@%_u%%m Reb %hiqs )dh)%zﬁﬁé biGlled |
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toxi6olbsies] ahe heinDfactueidkaydting and/BARNS ihQudtdf R the MaBHeS Ingredient
slow, retard, stabilize, and/or postpone devel opnent
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hepat ot oxi ci tyand/ or a di sease or condition that is
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significant delay can, in effect, enconpass
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~condition that is responsive to acetam nophen is a
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attf;lﬁﬁgﬁiﬂg RERLdi {h Y3, RBRHRBH Eeggh ?Qn)’%‘ NG/ Oferéhcd ?o}’%h@@ﬂ@ gt of

I sease or condition t S responsive
coadigbmdesanpdtelrerein (aggipwi@n aniefiiectiveaameovan diagcompdsic @&sarhent
xtent of hepatotoxicity and/or a disease or condition
S“ﬁﬁéﬁm f% A28 Bﬁ@’f &Soreé%%et HOPHR 19 SOBE GrgRPe ofaore of

the yMRomVRKBCIGRIRAMEAJitQsO8E cotRiita thitgs FRpHAH . tsuch
conparisons are typically based on clinical studies,

acetginmyphersteat. i pin, deperyinBammiafiog aschemimippry ofuck abjngotadial

057 used herein n "at risk: indiyiduyal.is an .
and RERFPAT: RGPl ey BressPlndebBrimenty Hegtfiisintiey s
sufREnOto Fre tint @RS @ntiof ORAh bERAR atiRddistbedt€ 8P MASTiNEalt O

acet am nophen (e.g., pain, fever, inflammtion,
prophiyheticadlyr diftaciive amewntarclvdes ¢l epdiration or amelioration of the

underlying condition being treated and/or eradication or amelioration of one or more
of the symptoms associated with the underlying condition such that the individual
reports an improvement in feeling or condition (e.g., decreased pain intensity and/or
duration), notwithstanding that the individual may still be afflicted with the
underlying disease or condition. Effective amount also includes halting or slowing
the progression of the disease or condition, regardless of whether improvement or the

disease or condition is realized.
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and/ or cerebral), or neuronal injury). An individual
"at risk" may or may not have detectable
whepateRexi city and/ or a detectabl e di sease orPCT/US2009/044749
condition that is responsive to acetam nophen, and nay
[0660] My Tho'teffeatre thelt'ayed vayehaidin@ss teicaingdsivibi being
det ect abl e hepatotoxicity and/or a detectabl e di sease

adginiggige; the §pn¢iHeR biag Fr@%tﬁya@w%eé - ache éyﬁerﬂﬁ [PREW B i or

& t
solfid PEbE ARk BT beELBACS ofREHI A heor bty st wEleRK gua
relnfiwkhehitb bbthe, indikidohl, dreaonteasd fabl wmlmls‘eate:ms thehjadgment of

correlate with devel opnent .of hepat ot and/or a
thegtieadig midica) Ayt g R@EU&IW&@MW@% b et

ap?‘é@ hRuhaRh ﬁﬁ}ledoﬁ}tl'sﬂlqh\(f'léw 8f thBRUCHE %P@v@erd HBP(!IE B effective
hese risk factors has a higher pro%abl lity of

arr@svem@pbmgssh@p@tfot WFTIPIIQ,)bY alﬁnil,g@iataér@n Qeasemore clinical,
ondi t t h
RN ot A ?@71”3 O At

evMegtbnier ei n, "pharnaceut i caI |y acceptable" refers to a
material that is not biol ogi cally or otherw se

[oos1gesi ARl rdeRiddd in tHeearfTBh CLftRkivEBM RS 'rr{lﬁ/q{eriﬁ’ LAt 88more
(e.g., at the time of manuf acturing or adm nistration)

doisem e @hac ﬂamﬂm@lapled@may boreqaed i sshieve thetdssiagd

ey bitiRine bt BB E AR SR be Rl dhe fRIERE X ©

adABN&Eingbidorafidre Qﬁdﬁtlﬁﬁal%ﬁﬁﬁac‘é@tﬁ%@ AgMHS afd a hg‘;ﬁhtoprotectant
conposition in which it is contained. As used herein

acqtpainophen mphlalr pradegtnanabd sonsidewgttabe aiveain preeffectivepmoynt

if, ﬁ.n ¢on&19r{ct18ﬁ( gﬁ@ otie of %{o¥§ Q&cﬁfl?ﬂsa"i ﬁge%ﬂﬁlgégfu%al da%l nt@%l fdr%ﬁdc're

lers, uvan

deéﬁfub‘l&fbﬁhénéfﬁtﬁalsrkmlﬂ(@dna’pyﬂid &aife idhadvedr e suitable for
adm nistration to an individual (e.g., a human).

[0662)0i NAthieR ‘ﬂ§ecpsf11tﬁ YWRp&t tdTREhod bl &SR @R $Revention and the
contenplated in the present invention. The

useph%thﬁheleaﬁ@pr@@mayt wetapheitiice nyryal lpé?d(r@,g thergofadnpcribed herein,
an 1 {Hd%l.'.% ﬁl n&d TRQAG" E“I%a’y l% nqﬁ 1Vf yalw lrlg E{sgéeg? d?a@g(yseg V\l/olﬁl,

or USG n-t

pr@ﬁicmsfy tsdatat o ranf@r @uspeaédibf hm{gi‘tlhb disahge dr@bndition to be
particul ar dosage form Such suitability wl]l

treét§§1 Wiith geRsghioREvENiopHBe didiyifea] Han%quthﬁeofgaax alg‘a bappy
1nc]r_1’ﬂld}{411%oolfs a H% fo£3QNRG rCBM&HSﬁi( re faﬁlm history of the

arnmaceutically acceptable carriets or exci pient s
cofiditien mfe{seziteaﬁabty)rsrmdlcaﬂn\ea sfeglifoedic sbatidan, asc. pindividuals at a

t | | d t ti d/
PR 3 EETsh e SR BB ORI JHERH BRI ENED BB 08 by
exhfifle YhSse FRRHe@dicht RiHANRAB IS E g’t 'a%hol[lcgoéz% en&sBith AIDS,

term "effective afount," as used herein refers to an
anaiepiamertosatnd welnutrisiong and thesd predugpharalatoelydygkallevels of

Nﬁﬂgf Qe B Q:}{ﬁ'én%leg g(':t?v?tly o(:f‘f[’félgg t0X1I ntl\{fjlenenlz?/rq{e\gg/gem (pz\ﬁ‘@lcularly those
isozymes involved in the metabolism of acetaminophen, i.e. cyp2E1l, cyplA2 and
cyp3A4). These aforementioned enzymes may be induced in patients taking drugs
such as isoniazid, aspirin, chlorzoxazone, clofibrate, ciprofibrate, omeprazole,
tobacco, modafinil, nafcillin, phenytoin, carbamazepine, phenobarbital, rifampin,

erythromycin, lovastatin, and/or prednisone.
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has or is suspected of having (e.g., based on synptons
and/ or an individual's perceptions/feelings) a disease
W@r000043299 i on or who di spl ays one or nore of iRPGI/US2009/044749
synptons. An effective amount may conpletely or
[0063]t | alnl spnfervaviefidnst the i0diCiduleAS Bed@l ideRfivdr8maein@font be
di sease or condition or synptomthereof and/or may be

marg disgiet OF eondHiong g/ Oéﬁmpwafrstth%mofd}eser&?ﬂh@feén clﬂeetlﬁa%ﬁﬂon
o R R aE i TR E B R BRIRY £ Bl ihician fs rgutine
in the arteket, eieteetld)mobalhﬂrgeﬁseldoco@hnﬂu tpaon etzbe)samdnﬁmchlso be
her ei e.g.,.pajn),. an ffectlve anount conpri se
S“?ﬁ“ﬁﬂ%&ﬁi‘% lg‘ﬂlfvf‘ﬁ]é %%?th?ré fg’é\ﬁ’fﬂﬁf& otdigo PﬂPnfga &, ?téduce
and/or_relieve to sone extent one or nore _of th

[008ipt obfssomssarbodimaentinithingivifusbhasdesp ideaHbPd awsm&ble to
onk §¥ ﬁalseo&ntﬁé YRedsBs tnﬂmoﬂg RO&LcfifedhereiR2iTHe s&sg(l\ﬁgrmhty of an

mmat1 on, 1schemc 1 njury (such as nyocar
mchwdhﬂrngehseeltnrsadl on amy omesdrmcma@lof b mubyl) of Iisk fa@otsaintd/or

enbodi nents, the effetl e nt.is.s icient to
diggnasficPPIENSS GRBIEL I, bY; Hﬂgfﬁﬁrﬁl@ara&?##%& Srbgettlgnigd o,
geh&fé'ﬁfbiqlﬂ?é fﬁﬁi‘?}jﬂﬁéioﬁztﬂl&ﬁéall Yistdel (BET hyiRaAABUS rejaiGl Udes

the ‘eradiCation or amelioration of the underlying
condihadis)i ldnstpleiondabitseat ed and/ or eradi cati on or

anel i orati on of one or nore of the synptons associ ated
[0065] h  t mesourecbetogdimentc oimdintlividuab ischmamatal tlﬂiteudmgiibuit dotal

reports an jnprovenent in feeling or condition
limjiedteoutnepBetne-ien B3P Y- caRHICoTOdARy at PyRyte. In so e
entbBlhdnlS tRNHL AL R aty riniRe | W odiFYNtS tthd ﬂ)rngﬁte isa

afflictéed wth the underl yi ng di sease or conditi on.
hufdfafie &t $onee embediments stbe indeviderd $s Inachan, ng:lmngdlmsr@ﬂﬂm

ogressi on of the dise r con ardl es
inf QS e Sy ans e CaTog e QR Amiar &
som8 &hii s [ tHO BRInatte a nehhashah \pﬁnﬁlﬁ?@éﬂéh as Bl‘ﬂﬁlp‘éﬁie)és and other
dependi ng on the conposition being adm nistered, the

apesondimonday Isedairg- tin semeamppdimsnisethe meangmal ip héarnwiém@¥ such
).t he Y, f t di;tio & d or
as g%gg,eh&rseea,’ sh?%)é %a%tté,’ n@ 058’#] 8‘8 guéh és rnyg?s H% L da%af
lateeabtymnahalt hehidiel roides] suck bﬁraltso l:ﬁl&: andl gﬁlﬁéaﬂpﬂgﬁ and the like.
adm ni stration, the judgnment of t he at t endi ng medi cal
In gpme; emBedipgpts, ﬁélﬁal&wlfi}leméa npp-magypl; wabiding, batet e to.
I reci o f
i S L AR e 8P Qn g, R R B ct?%%%%oé%?*”ﬁ%y
[O(H’)%I] ass ?ﬁ?’eec 1 efre(%r%r;‘ggrl%o ngg cl’)r%: ?ﬂ%ralf)%:' g%ﬁr(ljsae} PII‘SF 0 %mpg)/r‘gﬁat Mcludes
a Hepabpxlo&gt@ahcet@hmspﬁdﬁpﬂmaalqir@@ug al cor@mfn@ﬁ vaghasecondl

eval uati ons. o ) )
therapy (e.g., surgery and/or an additional pharmaceutical agent) useful for treating,

stabilizing, preventing, and/or delaying the disease or condition. Administration in
"conjunction with" another compound includes administration in the same or different
composition(s), either sequentially, simultaneously, or continuously, through the same
or different routes. In one variation, the combination therapy may include a
hepatoprotectant acetaminophen mutual prodrug and acetaminophen. In one another
variation, the combination therapy may include a hepatoprotectant acetaminophen
mutual prodrug and a hepatoprotectant. In some embodiments, the combination

therapy optionally includes one or more pharmaceutically acceptable carriers or
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[0061] As is understood in the art, an "effective
anount” may be in one or nore doses, i.e., a single
waelo®e/143299ul ti pl e doses nmay be required to achPEwES1008044749
desired treatnent endpoint. An effective anmobunt may be
ex€ipRatsgesephdrmatdigicglOnicivt compaghts Nl @rihdtgsudv@neds. nor e
addi tional pharmaceutical agents, and a
[066TPat ORE QiR eI, (AE REAMAGRGRN pRAHtbbutRAPENHE" FEdts BEan
consi dered to be given in an ePfectlve anmount if, in
aC@@rﬂg@nmth@rthw thiy heméompteﬁ@nbacaéﬁmm@malmtﬁhd prediegitipe al
ts,.one benef.i ci Hesul.t
R At o SR SR T

phﬁl@ld@éﬁti’diﬁ@geﬁf(s)trh@ﬁbmlﬂéctai’\td/acthelﬁp@\tﬁI’d:‘fﬂe@tl’lre&wdl th i diS@se
of the he&@toprotectant acet am nophen nut ual pr.odrugs

or £prfitgRs thaethe heradepraeF@ncemineriey inigal Prodiugsdatended to
a
b iTEXon (U3, [ 2hd b W AR RSP b AOHES hrea
or baa\wenitgl styl’rqmdn o€ &ﬁ‘&lnderljmogl dotditon diotolreduce elat egheardideor
respe{ greve i.on, i.ndi vidual in need thereof
SCYRANY § %e Frebes o lwtauag PRigpLofectnd pegtypingphgnautyal
pngﬁugondltlon (e.g., afamly history of the condition,
life-style factors indicative of risk for the
dit \VA |
[OGRTE! (A0 seiticfeinn REhVhAMBL S Bhocth BRI LU oroth AR
activar agexesthérghart the ShEpa/tb}thtedaht aneafmn@;bheh athogd Ip@odi’tlg) (es,

al cohol i ients with Al DS, anor
anﬁ@?&f&% a&ﬁ@“ﬂ%@%‘ﬁ? rtgﬁf Ry/onthg heRyeRropCHALES which is
adGli@bicM &b ¥h<ﬁi IeFapb @yl iecof TINARI i e ﬁa‘i’m%@ﬁ@&lea%ent(s)
activity of P450 SX|dat|ve enzyne sys?en1( particularly
mayﬁmscbrepwdm fiBs: therapduriegtiient mh@dﬁenmsqasmmondmon that the

negien ReRel Bt anTynat iy ofE hanelly B Pl ERS,

paﬁqa@pgearoy gfevemGsyafhidh QP tRaInder ABP chhdltion, (3) reduce the
chl orzoxazone, clofibrate, ciprofibrate, onmepr azol e,

appesinse 61 savetiaf ofrside, effegtscoif |admmlstpm@qshf: depatoprotectant
epi fa 0
i3 ROPREPRLOS) pPIRRCRRL S SEh ekl APl Pect VLRI OMURER: or
colvditib@tHabRSot teRporishdi tw Ihépkﬁbprb&ﬁtabﬁzﬁﬂtahdﬁ@iheﬁ infAuA$rodrug or
) havjng one or nore diseases or conditions, and/or
IESSURPOBYTE Heibe PIOSERE (fet-nFPmiNaciiety. d5piestiomf

| d/ tons thereof b
AT AL, o 7 BT
ieCtR f'gfence o) 'Iag 19[" ?lua of yaraﬁleyeglﬂ e1n1 Clu gs ahd ﬁscrl)oes)

e susp ec

vaﬁgﬁon@ xmafeedlredtea td thap aalbe of puBieteEp&:. se[ m&%hmbl& sone

enmbodi ments, the individual has been identified as
de%@g@%qugqu@gtt@ ‘about X" includes the description of "X".

n
CXB. §1

[0070] As used herein and in the appended claims, the singular forms "a," "or,
and "the" include plural referents unless the context clearly dictates otherwise. It is
understood that aspect and variations of the invention described herein include

"consisting" and/or "consisting essentially of" aspects and variations.

[0071] Unless defined otherwise or clearly indicated by context, all technical and
scientific terms and abbreviations used herein have the same meaning as commonly

understood by one of ordinary skill in the art to which this invention belongs.
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one or nore of the diseases or conditions as descri bed

herein. The susceptibility of an individual may be
wha®ed4ae any one or nore of a nunber of risk PEUS089/044749

and/ or di agnosti c approaches appreci ated by the
Hepliopk@elcrantA e aimindpteh Waliig, Prodiuggot limted to,

genetic profiling, famly history, nedical history

[0072] 9. . TRPRO& RN tRhcek ﬁl:l?ﬁ;@foﬁ:@ﬁﬂi dde@Rfhopheh Rl lpfoddiigs
(0]

habits. [0065] In sonme e di ments, the individual is

whachayrie usafldh gl treptmpnftof gelisepseraricendition thagis ragponsive to

orse feg%ne abbit, .canin rodent. .0 r.i te.. ln
e i ehmbdh A bR nc 8 el W Bifgel tase

thectdpatbicsRed tyse ffdc e filfi k- émiasetaminophen (d §, &ef®ninophen induced
enbodi nents, the individual is human, including
toxdgity IOreas fugh @m thejliyeridneyafadisr Betes. 1 n sone
enbodi ments, the individual is a non-manmal. |In sone
(0073 i at Inveme enphodpnénimttee hepawprasectininestapinopheremyveh as
r(g:ci1 i NEEES aff ndeté)r}nrr]l%rh IP53ie ndndrgol{]ekg% & gc(f‘z;n%s'oiflztn TRETE
PrEo i RS 2" fRe ™ aRal” 18'°d 5 m &Rni Ral “SUch AsY”
ac@afidoghe@bReSma$ be epval@vigtihke@ irthe hefRoproR@t @ncmMoRnA& any
rabbits, dogs, and cats; l|aboratory animals includingk
n

porigige ftigblesfil Foniyzatians Thapredrusa may ganiaien Hngs aceipminop
S Souh 4P, SR FROY kP AL Yooy

mdiétg cbhjugated emiuipia Hdpathipwitelualt ' madees, moltiptteqvetamiaophen
particul ar e or sex. [0066] As used herein, )

méﬂ%tefﬁﬁpwawtsﬁ % %@Pélﬁjwpﬁ%%rﬁgec nf MPEEY- R SRERJC pfpminophen

mdiffs UdR e dtel %ﬁﬁ@g%ﬁ%@%w&&ﬁtﬁﬁhﬁ PREBT R iments, the

prodrug in conjun with a second therapy (e.g.,
acgamgepleraard) fepamprogehting impnetles preacomprgetediac arategent ). In some

seful faor treating, .stabilizing, preventin and/ or
emiTiAnty teratis L buniBoPhen e ShnTORHAS K BSPRIGPTOR N
moi&tQ N} srR&iet MAn W It i s RROENBSdiHORROMB FatioSH HePRSprotectant moiety

adim nistration in the same or different
corjgaped ia dcsEnophen magty segfgatar than llid. si mul t aneousl vy,

or continuously, through the sanme or different routes.
[0074] onelnsanieambmdimé¢tie tioolmdpatvgtateriart heetapinopbsn mpntlalide

a, hepat.qopr ot ect ant acet am nophen nutual prodrug and
p“ﬁk%%&ﬁ#ﬁ@ﬁﬂéﬁ&&ln one anot her variation, the

conbi nation therapy may i nclude a hepat oprotect ant

acet am nophen nutual(groﬁon and a hepat oprot ect ant .

In some enbodi nents, the cy nation therapy

optionally includes on€ or \qpre pharnmaceutically

acceptable carriers orexcipient@, non- phar maceutical ly

active conpounds, and/or inBrt substances. [0067] As
used herein, the term"additional pharmaceutica

wIREEAR, is ahBpRESrote@taBNmoiety. In some embodiments, the hepatoprotectant

acetaminophen mutual prodrug is other than any one, two, or all of 4-
acetamidophenyl 2-acetamido-4-(methylthio)butanoate; 4-acetamidophenyl 2-
acetamido-3-mercaptopropanoate; and 4-acetamidophenyl 2-amino-3-

mercaptopropanoate.

[0075] In some embodiments, following administration of the hepatoprotectant

acetaminophen mutual prodrug to an individual, the acetaminophen moiety is
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active agent other than the hepatoprotectant

acet am nophen nutual prodrug, for exanple, a drug,
woRi0eh43289 adm ni stered to elicit a therapeuti CPEF/US2D9/044749

The additi onal pharnmaceutical agent(s) may be directed
sefia@ated frogr thp Beddtsprekt @at moetyatadtit ©int dtetadiis@hse and a

condition that the hepatoprotectant acetam nophen
hepafprateciIpberRPUnd: i nt ended to treat or prevent (e.g.,

ai n), and/or the pharnmaceutical agent nmay be intended

[0478]t r elaxarepleppidiepptopeptepiany componds meluged byt aj¢ pef limited to,
cofPATldslBMoRLinb O dSHHES, LB ABRS A ANCE, Ao SENELLLN Of

SPde @ Peet'e s adnt i Brer ng T e 1H)épact opr ot &t ant
compdtiapintogtes bf Metansiho peiagleyigtind O0GS&hioAneUsed aehpotnd with

the term "additional pharmaceutical agent," refers to

a cypfemepnd/er Bgenenies reicabneiirvitalle depvatops Beesof dintamples of
i ' .. t .
o acﬁ%ﬂggﬁgﬁldfgﬁ%ﬁb ? ngcg‘%pgl rgeé ‘ﬁoe ré%‘%]% 6‘?‘%% %1%{ ntfeme’ for

exahple] 4 Jipaftidehsucls aaGiyGyis st aipegtidoswehias igtutathioherlapemei ¢
ffect. The adlaqi hi onal pharnmaceutical agent(s). may he
© Pii’é‘&etnésd t}ieéu(ti f’“ ?E*ﬁ%ﬂrﬁtﬁ‘é@{lﬁ OIHOMBLT CHRATRE dd ¥ e
cyHESERSE, lacCON st N-AREy1 &R RRb QR L 6F BMEr suitable thiol
acet ani nopheh rutual pr odyr ug is intended to treat or
depvahpndruge ofycysteped) nr,a [fep)ide eanpring pdevenive af systyind in

of the underlyin ondi tion 3) reduce the appear.ance
sofff U B LRuBE B P oab e S s P RGeH e of
melEPAIO P&, 81 BEh A stehte b tRRRIR NoMBthdiabiti1© PFddeugsmd/ or

(4) a therapeutic effect related to a di sease or

megljAaing ). oha PRitdeicompoising agisoinali weeoftracthiepiie opiitsblecdesinetives
of s%lﬁlgln?cpﬁtc]&l?o r%et iH@lludQ [h%gé gr%ic(ﬂreithg'r Jo%llrﬁfsle,vo%la}/e J:ag)?ﬁle of
responsive to the prodrug (e.g., Insomia, anxieéety,
foitkipg 65108 cydteihllasrmmdthionyl Maidse BaspedtideRl ovaNNtsubgtuted
[ 0069] Reference to "about" a val ue or paraneter
cyeingl ¢f Naebsiged paHdonyd s1xGtpaspegiyslat i ons that are
directed to that value or paraneter per se. For
[0@%7Anp| I, somegazhodiments waghedrainpianig in ghe' apeipprotectinicl udes
- i pLi P 70. u er ej 1N
o B EAG R EPoRhve (hope B ot B L BT R MELR e Gy

eaCl &1giholabiel (deedehyligin theDer@nt. $n lsthesmbbdimeasNthe Xnino acids
clearly dictates otherwse. It is understood that )
areyigsiBer Aner hrafermt fus met infragamaic o AR PR gBBedimsaly, the amino

hergiin gy "consisting” and/or "consisting
cedsent ira(ﬁ;i} 0 aspects and variations. [0071] Unless

[0(?7(;%& kﬂ?@aﬁ%tmgeﬁer V%o%i?mgnrts gtl t%g E)lrééerlltqulfe% 1tor?,d[heb Mep%?orf)trgt)éct:tantal |

acetaminophen mutual prodrug is of formula (II):

H R
OYN \©\(H3c);ns )
O/A\nﬁ\N,B
5 H
(ID

wherein A is a bond or a substituted or unsubstituted amino acid moiety; B is -H,
acetyl, or a substituted or unsubstituted amino acid moiety; R; is -H, -CHs, an

alkylene-phosphate moiety, a substituted or unsubstituted amino acid moiety, or a
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scientific terns and abbrevi ati ons used herein have

t he sane neani ng as comonly understood by one of
wW@e@one2y skill in the art to which this i nvene@DOS2009/044749

bel ongs. Hepat opr ot ect ant Acet am nophen Mitual Prodrugs
subpdBitnted orfiBubstiesd hadle@ideracies ; bepater Bicakantogether with R,

acet am nophen nutual, prodrugs which may be useful in

to {q5en & YUk tistor gpsubsiiuisddsiereny clashanlts 6 THapnd gis Oor 1
(wﬁ&%ﬁ%ﬁénvlﬁ il P ACQHAMRAPISA ¢ eTf&‘?m%g QQEH%u&QEﬁ)? bfla @

epat oprotectant nol ety which may decrease the
phvepatwically acdeptabicf sattttsereafsulsdlivag df tlenfoaspeimnimapitest these

e.g., acetam nophen i.nduced toxicity in organs, such
e“’%gd‘?ﬁ*é‘“l’ PRy aﬂéwletgﬁwﬂ&he %e'l@Fli“) % ?Wﬂ%oﬂﬁn%wa‘:h
anfihedl iventhe [ folkg. hepat opr ot ect ant acet am nophen nut ual

prodrug conprises an acet am nophen noiety and a
at onr S . . '
O ol QAR TRl oS B SRR FRhG bt Wy
is seyctqaidsorhi on sui tabl e for conjugation. The prodrugs

may contain a single acetam nophen noi ety conj ugated
to a single hepatoprotectant nmoi ey, a spngle

cet ani nop Rbli ety coty BﬂtedeinR%}%Je
\\Eep protectlant noiegi es, mul ti'pl e acgt afrhophen
“\nbi'et Pescon] uyated to a sNhgl e hepat oot ect ant

noi ety, or nultiple acetam nophen noieti es conjugated

0 qyﬂtipl hepat opr ot ect enoi et es. _$wme sone
b dineng;;Tgﬁé acetfpam nophen andj hepat opr ot ect ant
e

\
\
N\

eties & onj ugaf e at a rati 1:1. In sone
diments, (the rationpf acetam noghen noiety
T2 C 2 . N

conj'ugated to hépatoprotectant noiety I's greater than

1:1. SO embodi nents, the ratio of
In B b e St b (B g Dyl o 81 thed? S dpieeve
erf¥RlRSAtS, heHnGad 8¢ididANNd L¥orrh 0074] I n sone

enbodi nents, the hepatoprotectant acetam nophen nutua

[0(?19'0? dr ug, sjoﬁlecéfmﬂzogﬁﬂéﬂt?oi( the F%&E%mfﬁgﬁélﬁangﬁ), hen hAeis a bond,

epat oprot ectant noi ety. e e nts, t
x ihépad Gpiotbd ant acstbstitntop be nnswbstitaled prmody agd nicy.Her

t han,any one, .twg,. or all of 4- acetam dophen
SOmC SRBPANTSE: HDERBL A FIPRE-GY) Bur A ST 4B KRB WIS ny |
unsrbsAREIEITIAS 1Sd TRSiEFPIORHRRANRAL Bent@Rhen A is a bond, x is 2 and
4- acet am dophenyl 2-ami no-3- nercaptopropanoate .

R [i0028iyl, Fhiss by aswbgsitiied ot snsubstithigdiamgnaaing mosaty dnisome
em%]z)dltnllﬂ]e%tslj %%rtl %pirs %tb%%gi,axnlts 2 and R, is methyl, B is or a substituted or
unsubstituted amino acid moiety. In some embodiments, when A is a bond, and R; is
methyl or -H, B is -H or a substituted or unsubstituted amino acid moiety. In some
embodiments, when A is a bond, and R, is methyl or -H, B is a substituted or
unsubstituted amino acid moiety. In some embodiments, the compound is not 4-
acetamidophenyl 2-acetamido-4-(methylthio)butanoate, 4-acetamidophenyl 2-
acetamido-3-mercaptopropanoate, or 4-acetamidophenyl 2-amino-3-
mercaptopropanoate. In some embodiments, the compound is not 4-acetamidophenyl
2-acetamido-4-(methylthio)butanoate. In some embodiments, the compound is not 4-

acetamidophenyl 2-acetamido-3-mercaptopropanoate. In some embodiments, the

compound is not 4-acetamidophenyl 2-amino-3-mercaptopropanoate.
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acet am nophen nutual prodrug to an individual, the
acet am nophen noiety isseparated fromthe
whepatepsot ect ant noi ety resulting in acetam neEES0890H4749
a hepatoprotectant conpound. [0076] Exanples of
[0081pat oprohRGhiivdimanPoiihe sompehidds, fofitila alle ANdta bond. In
limted to, conmpounds conprising a thiol group or
somp eERPRiEtensy Aup 2 subititited ocyitEbiiieted aniracd melehbileeorag
enfBbafnta AN 8 AL 3ENRAHRS 408 D! BUORR difbolimert, A s
conpound W th a cystel ne and/or met hioni he radi ca 3
an ansubyiitusdal @ydes imeatty.ves t hereof . Exanpl es of such
compounds include cysteine and peptides conprising at
[00823st BN@nR)HiRdieent of thexampbend of feinPERTIIG® iS Udlbrasetyl.
A yCys or tripeptide such as glutathione. In sone
In sorpoEMheditents; Rds aqsttl ol semg gpratedt antl- Boigpsunds
enfbBHREdNEE BAs A8 LYty 6 Hsnbo Rl BfidCact mo%c))a.(fﬁg%ﬂle
cystei né, Rl-acety cystei ne, procystelne, or other
entotinadnkse Btik b ahbdieuted edupnbditutgs ghfantats trwiidie)In soime a
n@eg%li&ﬁde onpri si ng.a geri vative of cysteine. In sone
emrDOBINANGe B 18 20 PARIDS Ll ARA ARYpot ect ant  conpounds
conprise a derivative of nethionine (e.g. ,
[00%3ho ¢yt seMsemboglapenthoiohs sempendifermyaiiaplig . In some

enfBOAPHHAS x 2.'1?1%8411% :ghﬁ]).%zii’me?lgso ?tinJ%isgl%e COMBLTnAg ]g(qs 4,

erivatrve of methionine. abl e derivatives 0

N N L

enm®y8in®iny kn @r1. met hi onyl noi ety, respectively, or an
N-substituted cysteinyl or N-substituted nethionyl

[008%] €t Yin JofRR@MUIdUBEMs of @O E8hpbihSHTErRITR O, REN 1, -€8G or
am no acid in the hepatoprotectant acetam nophen

a splttisiated pr wehubgfitited aprrosaond noiety.iln seme embodigrents, Rnissblner

CEARNOTR Cbha R BT ot 37 it CRREREN Beharkh fme

enBoli@tddR| & a fubsfi@tdd orRdtubiBtutddaniiiaé @idendiefyne.gl A sonme
enbodi nents, the amno acids are in racenmic form

subsiorted o ynsybiidutedBYER PR MOt In eenqneledimentiforit Ron,
b %R0 R0 % 5517 MARAEB TR g ol
embuobsiidnty Re ik 0 Nukstykgtteing nedetafe. 0O aaiN-atemitBtame Moiesy
.-H acetyl, or a substituted or unsubstijtuted_ am no
linkeq by pisuttifle brnd) In sqme erappdimants Ry pa Al R SHRMhate
md’fn%’c?%.y’, -@H?—@Pﬁgl%)i%??on@é erHE‘oc'cHQl\%ﬁﬂs,tI_@{ R4 3BiRea6t d

ety, or asub tuted or unsubstituted nucl eosi de
unsbisetuyed miclepkide @ioetB (4. 8., hddnesine,@yendsare, GinhdthRuridine, uridine,

or cytidine). In some embodiments, R, is a substituted or unsubstituted adenosine. In

some embodiments, R; is

NH,
N B
¢ 1 )
. o N N/)
/
HO OH

[0086] In some embodiments of the compound of formula (II), B is taken together

with R; to form a substituted or unsubstituted heterocycloalkyl. In some
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to forma substituted or unsubstituted

heterocycloalkyl; x is 1 or 2; and mis 0 or 1
w@ avengd2oo when mis 1, the sulfur atomis in tPEr/U82009/044749

of a sulfoniumion); or a pharmaceutically acceptable
enbaliimenig iR etc@scysalial & ok atdmettcornen@ﬁier@nbddﬁnsamh@f

t hese enbodi nents, each am no_acid noiety is _in the
hefegreyr lopbkykenmprisah b inéh e s thialiRinghy hda epaeicmbpdingnés, @ is

takeRt8Be P QARIR | B £5:QTEn GARBLEIRA LOfaiRURSL I tuted or
: Sns{?bste?%t améno acﬁgg] n‘DIHEGt ;Sst?lsa se 1ect ed from In
these odinents, the a Q_agi |et i
R o bR RRRE CRbE pab AP Seng-aik PR of i
indelpendenflp ﬁ@hb&f(l@ﬂ&m}r Ui3ubditieé Hilnﬁdi dveningiedf. Ih B&me ofrpound
of formula, (I when Ais a bond, x is 1 and R is

embpdingpnsg Ry i &} GHs Lﬂcsetslubmteted 8F uwéﬁfﬁgteﬁtam%a%ﬁmﬁty In
soﬁglgtandgéyomﬂ@néqgéleﬂgqgl nts, when Ais a bond, x

is a su stltuted or unsubstituted

[0%30 )lélcs:ognermn’llbog}/%nt? %fst%rmrre%r%gguolg OI‘I]IHH% X\kll) onIA one O? A and

B s ulbsbititutt@dr efisubfniuied inind ﬁﬁld Bi5idtp. [aGbfle BBIbOEYnentsNR; is -H,
some enbodi nents, when Ais a bond, x is 2 and R is

-CHpt iy subsityted gF unsubiiuier ireiacey MeisyJ8 spma ot et no
enﬁggﬁﬁﬁﬁi§ﬁyiaﬁ@F19ﬁe enbodi nents, when A is a bond,
an

I's net or -H Bis -Hor a substituted or

OS5 R 5L T g TR P S

is FUBsidetyltIadok ebdURSdnid, B, @0 FNTHQ, @Gl sdbsMuel Yr ubdubstituted
some enbodi nents, the congound i's not Aacet am dophenyl

ampngcid Byvicdn-1 spmechieshembedimsnisat &, | ddamét &mi dopheny|
2- acetam do- 3- mer capt opr opanoate, or

[00204 ¢ et lrsodwpngediments thenepngpound o€ pupy @panefthe forpla:
some enbodi nents, the conpound is not

md phenyl 2- acet am do- 4- (et hyl t hi o) but anoat e.

i odi nents, the conpound is not

9~acet am do- 3- ner capt opr opanoate. In
some enbodi ngnts, the conpound is not
4- acet ami dophéenyl 2-ani no- 3- mer capt opr opanoat e. [ 0081]

(ITFA): Sleavetaatithepthenyglrt- smoio-4-hecthpltpoybnchnofitef ormul a (11), A
is a bond. In sone enbodiments, Ais a substituted or

Ad Rﬁubstltuted am ng ac ~nmoiety. In some enbodi nments,

un ubsti t ut ino acid noiety. In sone
nbagdi nen :i\rA\lsSan nsubstltuted gl yci ne noi ety.

NHAc
NHAc

(II-B): 2-acetamido-3-((2-acetamido-3-(4-acetamidophenoxy)-3-
oxopropyl)disulfanyl)propanoic acid;

ACHN\©\ OxOH
X
BN

NH,
NHAc
(II-C): 3-((2-acetamido-3-(4-acetamidophenoxy)-3-oxopropyl)disulfanyl)-2-

aminopropanoic acid;
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[0082] In sonme enbodi nents of the conpound of fornmula
(I'1), Bis -Hor acetyl. In sone enbodi nents, Bis
W@e@vAtE3299 n sone enbodi nents, B is -H | n sonmePCT/US2009/044749
enbodi nents, B is a substituted or unsubstituted am no
Achitid_nQi ety. In so oHodi nents, B is a substituted
or bst tuted gl utjlanate noiety. In sone
enmbORATEAL'S; 53 QeWbstituted glutamate noiety.
[0083] In sqy enbodi nents of the conpound of fornula
(I'l), x is 1.3 n sone enbodinents, x is 2. In sone
(Henb@ddcﬂf’@.ﬁhﬁo 3X(3-64-3cetdnmidspiivmoyib ainiren3-s, X 1S 4.
0084% In_some enbqdi nents of the conpound of formula
oxpprepyDeisylanghpioganQigacidbodi ments, mis 1. [0085] In
sone enbodlnents of the conpound of formula (1), R
A&@J- , or a bspHt ut ed or unsubstituted am no
aC| |et I'n sone enbodi ments, R is -H or -CH3.
|s -H In sonme enbodi nents, Ri
|s - In enbodln%nts R is a substituted or
unsubstltutéﬁtan1no acid noiety (e.g., a substituted
(IIOE) Q[@f%l@ﬁﬁéetta%ﬁ%lﬂ%%kﬂ NEmi- 8% ) robmcﬁgman 1)-2-
nbodi nent s, IS a substituted or unsubstltuted

annw&tewmewﬁ@ubty limked by a disulfide bond. In some
enbodlnents Ri is an N-acetylcysteine noiety (e.qg.

cetylcyshglne noi ety |inked by a disulfide
bonu odicy nts Ri is an
alk e- -CH-OPGBH ) . In

sone enb@dlnent |s a sub@ﬁltuted or unsubstituted
nucl eosi de nnlepy (e g., adenosine, guanosi ne,
| r 0
2 B o B il h O Rbe eI | dp R Bygpropan-2-
ylantieo)pBiamgno-boxspemeaneidadd;rents, R is [0086] In sone
enbodi ments of the conpound of fornula (I1), Bis
taken together with R to forma substituted or
AdiNsyp |tu©ed het erocycl oal kyl . I n sonmeenbodi nents,
the ero al kyl is not aromatic. In sone
enbod det erocycl oal kyl conprises sul fur
(e.qg., thlaz gdlnonyl) In some enbodi nents, B is
t aken together with R _to form an unsubstituted
(HsGi Hi-2cespidorsayl 2-oxgbezglidipe-dwadosssddi nent s of t he
compound of forrmula (I1), A and B are each
AdRdependent |y a substituted or unsubstituted am no
aci iety. In somne ofenbodinents, R is -H -CH,
or g/ﬁ{‘dhsubstltuted am no acid noiety.
I n

NHAc
(II-H): 4-acetamidophenyl 2-acetamido-3-(phosphonooxymethylthio)propanoate;

(II-I): (4-(4-acetamidophenoxy)-3-amino-4-oxobutyl)((5-(6-amino-9H-purin-9-yl)-
3,4-dihydroxytetrahydrofuran-2-yl)methyl)(methyl)sulfonium;
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sonme of these enbodinments, x is 1 and mis 0. [0088]
I n sone enbodi nents of the conpound of fornula (I1),
wopoy/143209 of A and B is a substituted or unsubBCT/USL002044749
am' no acid noiety. In sonme enbodi nents, R is -H,
or a _substituted or unsubstituted am no acid
\”In some of these enbodinents, x is 1 and mis
8089 Senbodi nents of the conpound of
fornula II) |sabond andBls-Hor acetyl. In
some enbodi MY Ri is -H -CH3, or a substituted or
(HHI)SﬂI-hScEthﬂhiﬂo@ﬂe@mZmetaﬁhdb #gimethylthiopbwsaroatedf t hese
enbodi ments, x is 1 and mis 0. [0090] In sone
ACF{n‘oodlman t he compound of formula (11) is of the
(d)l -A): 4-acet am dophenyl
2-a - 4-flmethyl t hi 0) but anoate; (11-B):
2- acetando-B- ( 6B- acet am do- 3- (4- acet ani dophenoxy) - 3-
oxopr opyl )diNHAcf anyl ) pr opanoi c acid; (11-C:
n do henox

(Ilg{(g %e an§ 5?)&%1?1}/]1% (;Aélsagﬁl 0-3-Ipere pt(DPIiopgoa%e oxopropyl ) dis

Acé acet am do 3- ((3-(4-acetani dophenoxy) - 2- am no- 3-
R

o-- i sul fanyl ) propanoic acid; (DE):
4 a et am dophenoxy) - 2- am no- 3- oxopropyl )di sul fa
nyI ) - &m nppr 6ganoci ¢ acid; (D F):

5 (1 -(2 (4- awet am dophenoxy) - 2- oxoet hyl am no) - 3- mer cap

o- | - oxopr.opan- 2- yI am no) - 2- am no- 5- oxopent anoi ¢

(IIaIe) 4- acel@n@loph@nﬁ Qrg],lﬁoo%mqg:ﬁmopropanoate

2- oxot hi azol i di ne- 4-car boxyl ate; (D D):
ACﬁNace ami dophenyl

m d@- 3- (phosphonooxynet hyl t hi 0) pr opanoat e;

(D

(4-(4- acét a doﬁhenoxy) - 3-am no- 4- oxobut yl ) ((5-(6-amn

0- 9H- puri n- A9 -

3, 4-di hydr oxyt et r ahydr of uran- 2-yl ) net hyl ) (nmet hyl )sul fo

(IIOVIHA-G&dtabhid o fheh§ BL- AR th@RIdENYthethylthio)propanoate;
2-acet am do-4- (net hyl t hi o) but anoate; (l11-K):

or4 Ipﬁ&x%a%@ﬁtﬁ%ﬁ? %Bébta%leas%ﬁtﬂ?é?&&%r 3oIVBle R ROBIQBAOAL €,
. 4-acetam dophenyl

2 am no- 3- ner capt opr opanoate; (I1-M:
(00213 c et hrfothsysiehrpdiments, the hepatoprotectant acetaminophen mutual
roznzi\c%to%r@ld%rm et hyl t hi 0) propanoate; or a
p %a‘% naceut i cal y acceptable salt thereof or solvate of
A he foregoing. [0091] sorre enbodi nents, the

e Dt rot ct ant @cet n mut ual

(II-N): 2-(2-(5-(4-acetamidophenoxy)-4-amino-5-oxopentanamido)-3-

mercaptopropanamido)acetic acid;

or a pharmaceutically acceptable salt thereof or solvate of the foregoing.
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prodrug is of the fornula: (HN):
2-(2-(5-(4-acet am dophenoxy) - 4- am no- 5- oxopent anamn do)
WO 3009e2eapt opr opanani do) acetic acid; or a PCT/US2009/044749
pharmaceutically acceptable salt thereof or solvate of
[0092¢ f oIme@aicrgnod(Rcts bnths praedibagitioRths hgfatdphétectant
present invention, the_ hepatoprotectant acetam nophen
acetpm{ngPhesy Byahpiodrugris phibefoimilda: (111) wherein A and
D are each independently a bond or a substituted or
unsubstitit ed am no aci dBrmi ety; g and C ar eagh

i ndepe Bf @; acetiNl, or aHmGBstit uFéd or\f
unsubsti tut 'rlmja\f%;@gww\x aud’)y are each
i ndependently 1 & 2] or”/a pharyelfeutPcally acceptable
salt thereof or solv&e of the foPegoing. [0093] In
sone enbodi nents of the coqgt))und of formula (1I11),
when A and D are each a bond, x and y are each 1, and
J: tyl . 1t [.S.= u i e -

WSS o0 o Sl SRt o Bon o RRL M S uthonineg

amifesicidnitdy ;B aneCeaactaca ikdupendentland, ycedil coreatibstituted o
Bis H then Cis acetyl, or a substituted or

ungipstiyéd anipe acid By atidx Al v iy, capihingdeprndembolt Pherfrs,
P R bR bl S e AT AR or i s

t am e -
0B ° SRRt e o somaraf By (1P and D ae
ea€DbsHdyRANS y aidh@champ@lBds acetylothen C is -H, or a substituted or
bi s(4- acet am d‘ophe‘nyl? 3, 3" -disul fanedi yl bi s( 2-
unghstiiadrenine peif dariely . In semegmbodimets. reishg an are each a
sofPBUCFaf0l B L AR ANLERRIED bty gt
ansiongcié moddy . mebdme embblienenonpewothpoiind srrouba(4-111) , at

| A D.is.a. bond.. | nmbodi ts,
o OB R i B g b S s REr BT B one of
ac&aﬁﬂ%pﬁ%ﬂyﬁ ﬁ3'Qﬁﬁﬂfaﬁ@&i¥Pom2—Qﬁﬁlﬁfp16Han8‘at§Ean g&_ﬂ.leserﬁboldiments,

substituted or unsubstituted amno acid noiety. In
theseymep omnt) o ot 4-aceiamidepknybrie3' afisul{aperyIDisiZ a

substituted aor. unsubstitute ino acid.noiety, In
e R opiRa R e Tt s B B0 R ed or
acatiiniddphédyllt 8- BHIIAAeAGIbE (TR dprogaRose)Te embodi ment s,
A and D are each independently a bond or a substituted

[0694] UNSHOS et AR St he SbRAGE AR JFromiIReIrgr A%st one of A
consi sting of glycine, cysteine, and nethionine. In

ang Ohie acdhobd.dinrseme $mbAdiments, each of A and D is a bond. In some

embodiments, one of A and D is a bond and the other of A and D is a substituted or
unsubstituted amino acid moiety. In some embodiments, at least one of A and D is a
substituted or unsubstituted amino acid moiety. In some embodiments, each of A and
D is a substituted or unsubstituted amino acid moiety. In some embodiments, A and D
are each independently a bond or a substituted or unsubstituted moiety selected from
the group consisting of glycine, cysteine, and methionine. In some embodiments, A
and D are each independently a substituted or unsubstituted moiety selected from the
group consisting of glycine, cysteine, and methionine. In some embodiments, A and D

are each independently a substituted or unsubstituted glycine.
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and D are each independently a substituted or
unsubstituted noiety selected fromthe group

wa@ongitgdng of gl ycine, cysteine, and nethi oni PE/US2009/044749
some enbodi nents, A and D are each independently a

[0695)st | Inoatd edfbodifets bff the ket peindciferhl0 9%]), dtneSos of B
enbodi nents of the conmpound of fornmula (111), at |east

ang s - I%S%@e@b@@mﬁnm $7ch ohB a@ﬁﬂbﬁufkéﬂtsgme éﬁ@ﬁdla?en@ at
lea ale%f'Bsaﬂ_cﬁ C|1§1ac% nS g%g‘fs%aﬁﬁentsagaéhﬁcﬁ atl@ 19&8 laltﬂd

IS acety I n sone e nts, eac B and
some etmpbdinientss oneofeBrbnd Crie bt sd theethef of B andlCGs acetyH. h]l’Hd)l’ne
one epbodi nents, B

h f d C
crlfigeniy & 945 AL HBRAAF YL HET A 3 P iguted o

un%ﬁﬁﬂtéd‘»ﬂnﬁgo Qéldlfﬁkﬁé’t?%ttle%t@@i ek %%Lﬁ‘)cdo%ﬁ@ﬁ ge&yglutamate
sel ected fromthe group consisting of glutamte,

cy @m@,eandenethlndlnﬁemspml enehodimensto Bearaf ot exeh inslep@idanidy €

e ch in n entl a subst unsubstitu
su e s R ER SRR RO R S b DB RE bt G of
ghimge UWyaiaiee an s thed i, I@Mné@hb(bcﬁﬂlbﬂt@ B hfid Qi€ each
enbodi nents, B and C are each |ndependently a

indggeydently  subssitutedhasubstiteted clyiamaierat e. [ 0096] I n sonme
enbodi nents of the conmpound of formula (111), x and y
[0096¢ ealmrsome anrbodonentenfitbd icompowid of famaluly (A ex awth a2 each

n sone enpodi rrents one qf and is..l and the. oth
SQRESTPIALIS X §t0%F el 2 O BREBIPHEIAL- 87¢ Ripind Y is
1@@3}5{9&%&&& dm@ryidba (111), each amno acid noiety is
in the Dform In some enbodi nents, each amno acid is

[0497]t hepyls oﬁfé@ﬁibohﬂnéﬁﬁ@f tﬁ@’@%g&?rﬂit & £8fm 1R 6 O R YRGh Phcid
formula (I11), at |least one amno acid nmetylsm

mai¢tg iDnftbe m fam:l latsoheastbodmecrdgricadh axind acig if m thhé. form. In

009 h d .
soing PP 5. FerS TR B 2P bt QUG e 1P 1R GBI groiety
is MURs Dl ﬂbicfh%ﬁ'd af 1eh SHO athiroHcRDis &MHRQ. Azind noi ety. In

sone of these enbodinents, A and D are each

[06898?’ epefdgie! &nt%dﬁﬁ@ﬁé bt tHE %QmPBur{dirb?LfE?ﬁﬁﬁlﬁ k‘l‘lﬁ dA”B' €hL¥d D are

ected fromthe group consisting of glycin
eadyistiependgnthyresutreti tated wir mesubattuteB aando @1drrmaleac}m some of these

[ d tl bstit ut ed tjtut ' .
erib T o1 S R AeR T BHCERY i b g T moiey
selgétbd BOBR Be fd@tc%hﬁ@tmgadf@y@ﬁ& lcysnélﬁ@ anh @n&ﬁlﬁﬁm@farﬁih?% C

enbodlnents X and y are each 1. In sone

aree@ﬂ@b dndependsngy a@h@t@n@@mubﬁlmt@; ﬁmm@ acid mpietyssedgetedrom
n re ach i de en tlLy a
the %rBuQ C?ns%s%ag OF gl‘ut Suage clyfat %nenan% tﬁlon%:nle df] q”% ese
embodiments, x and y are each 1.
[0099] In some embodiments of the compound of formula (III), A and D are each
a bond, and B and C are each independently a substituted or unsubstituted amino acid
moiety. In some embodiments, A and D are each independently a substituted or
unsubstituted amino acid moiety, and B and C are each independently -H or acetyl. In
some embodiments, A is a bond, D is a substituted or unsubstituted amino acid

moiety, B is a substituted or unsubstituted amino acid moiety, and C is -H or acetyl.

In some of these embodiments, x and y are each 1.
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noi ety. In sonme enbodi nents, A and D are each
i ndependently a substituted or unsubstituted am no
wa@etod/1e2pety, and B and C are each i ndependent PGT/UE2009/044749
acetyl. In some enbodinents, Ais a bond, Dis a
[06G1003t | Tnt@tle ombodifiehs tof thet @ehpairhd of foeindlanDileyandD iafe dch
substituted or unsubstituted am no acid nnietmﬁﬁand C

a hogd..3q d%a%&ayq each indegprdestly {1 o5 acesripbiiomiefd and y
enﬁ%&Pﬁg, n%?g, Qlcplin some enbodi nents of the conpound
ormi Fa

, A'and D are each a bond, and B and C
i_nde dent | H or ace hes
[0(?1#@]) di rrrle sr? Seen)gio gn ents gl}eecoe X un O%?%T&?l(]lﬁ?ls of?he orna
enbodlnents t he conpound of for Ia (rrr) is of t he

h,é I -A): bls( 3‘4 fenyl )
ul fllanedi yl bij !opanoate) (1U-B):
bIS(‘ acext an1do§heﬁyl

3,3 dlsulfaNHglyIblsNBZacetanldopropanoate) (1rrr-0:
4- acet am dopheny

(113- Aaceﬁ%ﬁca&imedw@nyla SadisyHrrrd prRinGR3MINoPIRRIRRILE:
oxopr opyl ) di sul fanyl ) propanoate; (I11-D):

AN A3, 3' -disul fanedi yl bi s(L<(2xf#; acet am dophenoxy) -
2-0 h i no) - | oxopr pan
-~ 5

m no- 5- oxopent anoi ¢

har eutlcaPIy accept abl e salt thereof
or sol vate o Héfie for BE6F ng. [00102] In sone
Okl 200) C .ua
(Iﬁ d?lugel Clmi H&ﬁleﬁflg? o H{asﬁff%.*‘ﬁ:iiﬂﬁt;l;s@oa%%%mlm%ﬁiﬁoﬁ@é},
pharnaceutlcally acceptabl e salt thereof or solvate of

egoing. [00103] In so.. eNBAdi nents, the
hep rot ctant aceta nop nmutual prodrug (e.qg.,
any o» and/or Il1) is in

substantlaIINprre fo Unless ot herw se stated,
‘substantially pure” |n ends a preparation of t he
(I O9 A Y8 th Ao p ROV 2l R28taRRddTBY( &- 1Rtk d IPHABMN L X ¥mino-3-
wherein the inpurity intends conpounds ot her than the
oxgpreppldindfshghppodratey, but does not incl ude ot her
fornms of the prodrug (e.g., different salt or non-salt
versigns of the-prodrug), acetam nophen, and/or the

hepat ﬁ?otquan | n ope variation, a preparation of
§ anti y u @/qu : S prOV|ded wherein the
pregaratio t ailns ono KE than 25 % npurity, or no

nmor e than 20 Qﬁﬁpurlty, or noNH6¢e than 10 % i npurity,

mmm re t han urity no nore than 3
% mp orkn r t han @6npur|ty, or no nore
than N
H

(III-D): 5,5'-(3,3'-disulfanediylbis(1-(2- (4—acetam1dophenoxy)—2—oxoethylamino)— 1-

oxopropane-3,2-diyl))bis(azanediyl)bis(2-amino-5-oxopentanoic acid);

or a pharmaceutically acceptable salt thereof or solvate of the foregoing.
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inmpurity. [00104] The invention also enbraces all of
the solvate, hydrate and/or salt (e.g.
web@eme2euti cal |y acceptable salt) fornms of theCT/US2009/044749
hepat opr ot ect ant acet am nophen nut ual prodrug
[00H02T 1 | Inednieametodiracds, nied kpd ®pedtedisitAgetheopAeemutual
sone. enbodi nent s, t he hepat opr ot ect ant acet am nophen
P“ﬁﬁ?&aﬂf§WU@Pﬁﬁaof the present invention can exist in
unsol vated forns as well as solvated fornms (i.e.,
sol vat es) . rodg ugs 2al so i nclude hydrated
fornms (HO g 6 i nventi on enbraces
all salts ep t opr ot cttﬁfji;etaninophen nmut ua
prodrugs d scrlbe ein (€.4g. nyngadgpound of
and/ [11), as well as nethods of

a
u3| hOsaIts f the Wprofrugs. The invention al so
any salt of a prodrug
descrlbeg her ei n, Hher salts of any salt

of a prodrud'traned her@|n In some enbodi nents, the
q?ts of the prodrugs arepharmaceutically acceptable
sa "Pharnmaceutical ly acceptable salts are those

or g?h%%a\é@ut?cgg{/ %C%B{%b ehsgltk?llle% gg) %gllv Iftoyeélg n the free

be a S or

t l.s t di
W@@ﬁi e e tl'ﬁe”‘beé?toero ?Cé%?&ﬂ?w%@?ﬁ Abisebn
prdﬂ#ﬁgl?el g Pzﬁ@/cﬁoﬂﬁﬁ)uﬁd Bf foPMAta 1011, SHAPSHIS iid uts@Bstitiadl lpatd form.
metal or alkaline earth netals. In sonme enmbodi nent s,

Unl¢se ofhspuitse piatsde cubstentindls trard nofghérm prapuatioeiotie pg)dr@ that
cogtgféllg Eﬁgr{foglelé %hf‘) ?1%1912% g(lﬁl%ln d e ngurr%)/ el’?(?sdcloﬁ{gounds other
thdmanah@mmhepﬁearﬁrocaﬁgtmuﬁm chmwetmlhermbmw éfghé prodrug

- al kal i ne phosphate salt (e.g., disodium phosphate
(e. gaﬁtfﬁererrrﬁ@lt BleRq T Y VeRYIQnSY the Il?f8§i’“é)’faﬁﬁémiﬂt9@ £n, @Pé’@b thet

hefly SAIREHAE 1BYe PEIaRGERRD Efu oSt BUSI! SoliRBae
prcaddiadl wHdreindisprepalragal tontdinamo moiadihen 2bificimmpmay, qgmoupore
a_conpqund can be ed by net hods kno to .
srasCs SR P16 RogeraBaTD HooR e 6 Te (B guguriy:or
no%hd:B t}?an@%elmpgﬁsﬁgf £SnRte !hﬁﬁ’ﬁ%'ﬁhﬁul%?l 6131100&101%th1 0.5%
conpounds inclu but are not limted to, al
impetityl and al kaline earth salts, such as sodlun1salts,

pot assium salts, magnesiumsalts, bisnmuth salts, and
[0@IUT i uThesialesionasvoamhraees alltof theasotl azd, hpdmtenangdadrisslt (e.g.,

T TR T
mut¥al %?M? BRLFibl R8einia¥d rlethoddioPBRAY hiRtAMeenadham ne,

trinmet hyl am ne,
embodlments the hepatoprotectant acetaminophen mutual prodrug of the present

invention can exist in unsolvated forms as well as solvated forms (i.e., solvates). The

prodrugs may also include hydrated forms (i.e., hydrates).

[00105] The invention embraces all salts of the hepatoprotectant acetaminophen

mutual prodrugs described herein (e.g., any compound of formula I, II, and/or III), as
well as methods of using such salts of the prodrugs. The invention also embraces all
non-salt forms of any salt of a prodrug described herein, as well as other salts of any

salt of a prodrug named herein. In some embodiments, the salts of the prodrugs are
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and triethylamne salts. Exanples of inorganic salts

of base conpounds include, but are not limted to,
whyweoetbori de and hydrobrom de salts. Exanpl eBCD1S2009/044749

organi c salts of base conpounds include, but are not
phhini¥ct@gtatlp acde@t’ab[easfaﬁs ‘PHarrAi@ntic@Alyeat &ptatfléipasate, thesedalts

succi nat e. 06] .In sone enbodi nents, the

lﬁ@bréf%lbl;hﬁtbé@t)&lﬁel agtiwitad the bise Rrodiegrand privelt ¢as Yee. g. |
ad AN stEREROY s%fr ﬁﬁﬂ%ﬁch td hn j Rqé@drl ((Ja %I Ah@ﬁgﬂ)orlnggﬁe

epat oprote Cant ar e capa Ie stlnu I ng synthesis
errﬂ»bdgﬂlamtsat}h:l Impetopmxacoﬁnz e@btainidbphienrrﬁdma]qn‘))dmgdm mono- or di-

Si nd| ions. |n so enbodi e
subtited by DER me B P st ol SPRE BRIt e
hebﬁ%rﬁ’te@ﬁéﬁ{ ade%nhﬂ&ﬂlﬁﬁ?ﬁguél‘fbr@d}ugl%t)n(g LR Ry pHo te salt

about 2% or about % or about 10% or about % or

(e.gbowno zo@mmhoamm sabokp some ghdbadinBmos tlmrheaaiogltot@s%

gor _about 40% . or .abaut 45%..or .ab 50% or..about
a“‘é&‘%}moé?ﬁe“a%wﬁl Pegiusdy ag%]g%h%%os at%Bag‘uQe SR gb%ar ed
phbsphbleGar). ght UadiRHARR of £Y¥&iS funbtibhie giougiof h@mpowhd Maybe

treatment of the hepat oprotectant acetan1nopﬁen mut ua

prepaesdriygmethoddrneanele thase of siiltimthsrast heveatiog flt Gammaygd with
an %glgl p[‘h?deﬁ}éd Wit %ff aff a{m gﬁfgncq%ﬁhlv%})ﬁ? % %gﬁﬁngdqna%&{? g%gg/epared

the same condi eve

by beethds ktnobvalto tHogt af §kild irethk avtdly tidatian thertxabmpodnkabvuh ra base.
glutathlone bl ood | evel .[00107] I n sone enbodi men

Exprigles @p Hossnit w9 ghicid cempeinds pdvdenhit pags n?;trlaalrtftﬁigto Cdlkali
mc‘tﬁ (jl%d alkd{I¥e ﬁaq{ﬁos%ﬂp %u@ﬁ asf sQ)rdinlll @afl%s %cgtbssu.ﬁg geg&r mla%ﬂe)smm salts,

or t epat opr otectant su I ent eCr eases
dr[a}n]asaitsoamcbaaﬂqurhrs@]m tahenomidrabals; ted aluminum salts. Examples of
i V-acetyl-/?-benzo U|n m ne ( NAP in an
OrgAH %?fta Bg?‘”ﬁi EPaP? ‘He?ei"ﬁéﬁf‘afl?}tlﬁ%%i)?ypf??adﬂ? 'NAPQ)
dlﬁeﬁkﬁmrfegzvaédﬁmﬁpéﬁeilﬁ& Lo gﬁbeﬁéﬁe&h fen&flbth MR @ﬂﬁetﬁﬁamme
acet am nop en adm ni St ered under he sane con It1 ons.

an{i @mh»ﬂqtrrum sglémiExembld ofrimer gania fals hepest @pmpoveltsisamlude but

ard 5 L8 e S B0 Y9 ety st Yl i s o

baseScobddabl Linblfudt e hie it lifGtel Yo, a0 ahi¢! cilrdeb@are@Uivnnge,
imne (NAPQ). In sonme enbodi nents, the

anﬁé%é@@%?otectant acet am nophen nutual prodrug and/ or
t he hepat oprotectant sufficiently inactivates

[00 64 ¢ elnyomeZnifedroes tlomles patppnee (ARG minephgn mutual

i dual relati har ival ent . of

prodti ok wopwaraui A Paed” Uninsfh it Snt R eemopigant
ard dhpaBIERf SREE AR BinshestshE cheRbidp( Sligiet@Md/or reduced) under

acet am nophen nut ual
physiological conditions. In some embodiments, the glutathione level (oxidized
and/or reduced) in an individual is increased to an amount greater than about 2%, or
about 5%, or about 10%, or about 15%, or about 20%, or about 25%, or about 30%, or
about 35%, or about 40%, or about 45%, or about 50%, or about 60%, or about 70%,
or about 80%, or about 90% compared to blood glutathione levels in the individual
without treatment of the hepatoprotectant acetaminophen mutual prodrug or compared
to glutathione levels following administration of a molar equivalent acetaminophen

under the same conditions. The glutathione level may be the total glutathione level in

an individual or glutathione blood level.
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prodrug and/or the hepatoprotectant inactivates NAPQ
by at | east about 10% or about 15% or about 20% or
wW@abwat42%9% or about 30% or about 35% or aboPET/HEHN9/044749
or about 45% or about 50% or about 55% or about
[06®7] O sabeWMboAmerds, thditiph toPOSectDit addraminoPBSn mahat i ve
to a nolar equival ent of acetam no?hen adm ni st ered

Profiipg e g naysampouBhal torsnk. 1. Hnandderd e apdfar fhederatopmigctant
suffRel 'dgg"gas%g’ﬂpﬁa!t&%ﬁigit*%acthg %?ab%fite%—%&@cgf—@—?Bfkﬁ)guinloﬂe

some enbodi nent's, t I'S I nactivate
imhepdtdQbirat adividoV edleivelty tei rgatogpxicotyNARQIN ARQIfo]lotving
oA GBI LRS! BONF BGALGFD S RTBEd under the same
coffdihgsi ments, the NAPQ is inactivated without the

hepat oprot ectant covalently binding to NAPQ (e.g., by

enhanci ng gl utat hione |evels and/or |evels of
[0G1H81 anminrrepteembpidimenthitionieepe op) aiegiad peetpioOLphgn Mmptugbe

' { th t tect ant tam h [, .

o SPRRL 0l or R EAL B, B R AT BRRARp e
capdlddH idadtivatihg NaiefyDp-Behtdquirdme imier( eyl ) iateme

solubility relative to acetam nophen. For exag})l ?h’ t he

or the

embogdimgents, tk@fhepgpproqe%lé@%@gﬁﬁl@@yputual prodrug an

negafioBRedr AR B0 T LAy PR
antiedipiduagtrelagvofo amokr tdamldt of aeesminbahenodfdministered under the

sar?lggt a ttl(glg%gﬂ;%(])m(q_q:r%g}%‘l@ {t%]&%%@ﬁ}%?@%é%g}ﬁ'agetg%én%hen mutual

prda@6RY&thE RePrdfrdret dn A &liATIed 1528 18%, or

oxopr opyl ) di sul fanyl ) propanoic acid) "and 1ts sodi um
abgu| 1t> %wer ebdus 2Ach, poaltivary 85 havreabosobAfbi ¢ri abpuiais % cwmbout 40%,

or R dade et S0 TEAPTt 5 hed) PR R EOBY ML g5 Ve

808 bt aklue 9D R reRAYE RS £dlar BGUTY Nk S It AL QR AP HeBImidlsied
permt a higher blood |Ievel concentration, if desired,

undgidhosanzg ¢apditepnk dnspmd sy@gaingenttd thercoaditioneeorgpysse a toxic
ir f . | i o
Aoy TR ol 27 BRI, B RP ALl ThA ik By e

hepasfateetnt evaratlabinddEheNAPQI &OfEoerhadicnBiicstamitvphen-
prodrugs conprise a charged noiety (e.g., a phosphate
meghignige apd ontretHE)inophenyREINE FHBIYRAEN: B SONKeephadipeRys the
I . , , . ,
NG SRR G ! FAom e et Bredkh cogmen@Phindilo Rotbr
(e.ac by anhamomlaexhutathtber 1¢veds sdhe loeisdftacenmindpBOdglikathione
sonme aspects, the hepatoprotectant acetam nophen

copiedfal prodr ugs

[00109] In some embodiments, the hepatoprotectant acetaminophen mutual
prodrugs of the invention (e.g., any compound of formula I, II, and/or IIT) have
increased water solubility relative to acetaminophen. For example, the HCI salt of (S)-
4-acetamidophenyl 2-amino-4-(methylthio)butanoate (S-enantiomer and HCl salt of
compound (II-A)) has a water solubility at room temperature of more than 30 times
that of acetaminophen ( =500 mg/mL and about 14.3 mg/mL, respectively). Likewise,
compound II-D (2-acetamido-3-((3-(4-acetamidophenoxy)-2-amino-3-
oxopropyl)disulfanyl)propanoic acid) and its sodium salt were found to have water

solubility at room temperature of 47 mg/mL and 52 mg/mL, respectively. Increased

34



descri bed herein (e.g., any conpound of formula I, I,
and/or I11) release acetam nophen and the

wohepatiggaeot ect ant fol | owi ng adm ni stration to BEI/US2009/044749
individual. In certain enbodi ments, rel ease of

wakd 8bRIBI LY phgnelied tHehgodapaimop wiitakble dnt padatetSadninBtration
in the post - oeratlve settln I n_ certain aspects,

angh g a&@m@@mt @élﬂgl‘tﬁ’ﬁ blogd A%Mebwrksﬁ%tra(t@n if de?lﬁﬁdnﬁFdé‘?ﬁ Blowor
lo@errﬂog% 3%(#8} a R)fﬁep \H)guthgl QE Q¥éeV oq’ Hllgﬁ er@t&rmulation) to

provi | ow ng adm ni st atlon I'n some
ObahbmdnﬁhnbbodmamlUmmhmﬂhmnhﬁmﬁﬁoanEhvoagﬁhnghphalInsmne

centration fornulatloqilFl gpld rel ease o
“&8@%% HERATMESEARRIISe R FhREd JRBEH - ﬁoﬁﬁ@ﬂspéé@é’gd/c)éﬁ‘a
anfy| l\ﬁasl BRtenRRALARE AEsHbaRks Ql%sg‘%&)teﬂ tRarf2 S8 §0,1i51M8S 50,

peri od. Exposure to high acetani nophen doses al one nay
loﬁelﬂ@l, 50 or {90dwIasatoh eplablstioxiagdrttyan arhaglinapthen under the
rotectant noiety is particularly beneficial in
SmPﬁ (ggﬁgct by provi di ng protection form

OFTRT ltire sacs Coisponp Guer g SRRy AR UP GUPRE)
deRemed h&refnr@@ i cbﬁﬁéﬁ&p&cﬁ)ﬁﬁﬁlﬁmtl]l AAIAMIPRRGGD nut val

prodrugs descri erein
acettelpmoq;mroareidhahcpaanotaﬂtamtdeewmgmduamstpatmm g8 1nd1v1dua1 In

escri bed h rein ., any .co nd of for
celR ORI S5t Of Sie RO R aRa i h Rhaarocil obeurs. g
in GRMHILL bRAGiveReing. e thig a§% EQERhIBELDraRb e RAMalaieRs id.,
a saline solution), while being converted to

formdation of adhgameidof pradeee idovigm vobrge)(ase grovided! | owi ng

introduction into an in vitro or in vivo system such
[0Qid 1hdnFollstingadromisdtration.an spmd embddiaients (bartisalady those

inv%?%()dh%%m S%engtrgﬁo%f at %g#)er%]%}a%'e%%% g&:]ltgrg hen%%fq sin
hlg'ht acefaﬁﬁn@h@ﬂﬁb%s (ﬂﬁpédfm@le%t R&Yaidproecaidses) tn AGRIF-tinB

pl asma, bet ween about 0.3 ng/nL or about 15 ng/niL
peyipd. rﬁxa?gaamsr tq kigh awﬁnmgheng@éa& pNG WAy reﬁg%m virdesged or

heé&g({%Bﬁ/Ry L?.;S@w hgﬁ rg{ect%g{ ot 1:% a?tic% f?glalslg) %ﬁs

HSI6hH n1no &t ‘apout

as@dybyaf)rolzlcﬁihg’lproﬁacffbﬂﬂ forﬁﬂldii)'aﬁbtoxlﬁty@ﬁst @@raﬁlvél pat&fnts’ﬁ’& other
or 45 mn, or 1 hr at 37 OC. I n sone enbodi nents,

Im%lwéﬂ%lwl@mompé@‘fnéﬁé syt pyHeHatybensfit fioadheag
heffiaftotor BnPAREEHAo fep SR pfodt éhung%ﬁe%rhg?éﬁ”"éf about

[Ombﬁeme?heahepanIga%T:ctargfagtt?néb ogge g%{lagnl%d{ugé S%CH%Q@ f rel

(e. §59(n}f3@cmq§thﬁld@lﬂ férenvkC B TR AhdYOPITBmaf betelatibelytstable wider @dme
37 0C. In sone of these enbodinents, the acetam nophen
copgiiensigs- AvEna SorEs AR08 PEPARHPH It d FAMEE SPlgHOR)p While being

converted to acetaminophen under other conditions (e.g., following introduction into
an in vitro or in vivo system, such as administration into an individual). In some
embodiments, the hepatoprotectant acetaminophen mutual prodrug (e.g., a prodrug of
formula I, II, and/or III at, for example, about 0.3 ng/mL or about 15 ng/mL in
plasma, or between about 0.3 ng/mL or about 15 ng/mL in plasma) is capable of
greater than 10%, or 15%, or 20%, or 25%, or 30%, or 35%, or 40%, or 45%, or 50%,
or 60%, or 75% conversion to acetaminophen after about any of 1 min, 5 min, 10 min,

15 min, 20 min, or 30 min, or 45 min, or 1 hr at 37 °C. In some embodiments, the
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acet am nophen in water, propylene glycol and/or saline

at roomtenperature. For exanple, in sonme of these
werisodizent s, the prodrug i s not capabl e of noOPEI/URNI/044749

any of about 5% or 10% or 20% or 25% or 30% or

hepgdd8proctafdibetadiindHén eanie pSddrtg {Og. pap@dtugdsfLigrmadla B0A at,
mn or 60 mn in water or propylene glycol at room

fort EAIeIea tbeu 0.3 pe/Bherr RBY L ip hemge plagipryihisereen about
A %{?ﬁ}@ Bbud l%rd(%‘xlnﬁ ih hutbn pﬂl@?/nffs (cgéa{béﬁgf L@'e%‘c.ergth%ré ?tﬁ({u’t 30%,

oncentration about 15" ng
or abouh &b fewn vaboutto Bcaginohhandteabbaitt 105ningt 31 JC.iln shmaeh

| as at 37 0C is capable of greater th 0%
thﬁg @Pt?ﬁtst Bletaﬁ%taliﬁlglo@ﬁ?n aﬁoﬁglggtarwt ﬁf‘Rﬁb ‘?éa}‘gc%éﬁ?r sion to

ac&@tﬁ%&)ﬁerﬁﬁl \I/ah& 5%916%9 QB@BF Al drQMiddht Ve R Fcerﬁ‘%erﬁtﬁl%m: or
tenperature of noré than 30% conversion at 10 mn. In

exgiople, wrsbodioigess embb@tﬂﬁ:epath@ ppmﬂregtsm capbleafiomop tlem any

of Bt ave-Pr 1% 8 1sdisiag o B0 @ oo eoting D7t <ngop ©
padPru6 QY30 AiYor §OHin B w26 e p’i@lﬁﬁé\ﬁ?ﬂy&ﬂ AVRYos ®MpkAture. In

acet am nophen in human pl asma at 0C conpared to

ongamepdigient, dynaceBpeerien Pé)déi‘ﬂg eﬁforrnelaéaﬂeartd/wélw a
T
cor?%@&%%n of, a%%ﬂtt Pje yé/gld\{g)} Ql?oql‘? 0 H‘AE] or, &?w%ggl%%ﬁpg §n§9InL

nvention nma rep are

andebdeds nlgani. ) indfuntaa p(lmma(hfc 33RClid capﬁblhh)é ghdater thEAES0%
di scussion below is offered to illustrate certain
copesHeR Lo e ArreabiEe fbH0 Mdk and 19 SARALIG Y themesapetiHson

in foate} Q@ro Hlvtgﬂltplsﬂﬂlrégpmlo?e (AL 30‘%%%99&%05 Qt 10 fﬁ'lﬁ Ih 'é]

scope of the reactions or reaction sequences and or
embodidhenitsy s Hepabpatetans efatdminnplpmepetualingodogpognds wbddrug

of Foigutt b o sl Wb Ve hisar 2oty 0t 2D RGeS0kl
70%V @o%agf SO RGN EANR R AStoSROMMIRPhENin maéma at 37 °C
l'ustrates the preparation of a noiety (such as

Comeamd@wvﬁ@) apopr tompetatugp algdr thheanpr lima oy exposwe. with a
sui tabl e protecting group (e.g., Boc protection, using

SyBee2OVierkdes basi c conditions). The am ne can
alternatively be acetyl ated under conditions known in

[00118] ar Thd eongenadabthadsieytiovamay aa pﬁep@fedtulamgianﬂm{ﬁeir on.
The car boxyl ate of the nethionine can the

meglefs hyatlisn ta et sknin dpren hastissysseahealew é%]@,ffearﬁ@j to illustrate
B AOSIER: (90 KIS, LRl o SHER B s
not xtemaéd teolirab dreadcepd diBht)yeantidvis @ redctidn Iseqilencﬁee agd/or
cols UGB ORYE ST REDLEER ) nd Spbseavent
[O(H??l\] Some target compounds of the invention may be synthesized by starting
with readily available acetaminophen as shown below. Scheme I illustrates the
preparation of a moiety (such as methionine) by protection of the primary amine with
a suitable protecting group (e.g., Boc protection, using Boc,O under basic conditions).
The amine can alternatively be acetylated under conditions known in the art to
generate acetyl variants of the invention. The carboxylate of the methionine can then
be conjugated to acetaminophen using conditions and coupling agents readily known
in the art, such as O-(Benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium

tetrafluoroborate (TBTU) with a mild base (e.g., N,N'-Diisopropylethylamine
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Schene | . [00115] Thiols (e.g., fromcysteine

noi eties) can be coupled to create disulfide Iinkages
waiging4rm oxi dati on agent (e.g., N Chlorosucci PCTUS09/044749

(NCS)) as shown below in Schene Il. As shown, the
(DR A tah @ Butdadued ¢ deprb@dctedwinder @aliptondtiaifs, Qich yis Hell e TFA.

resi due to acetam nophen, or prior to coupling of the

acet©m nophen noi s . shown | m Schenme |11
00116]« As Z/Begééc nﬁyﬁ Ei)h onR tarA)ﬁrECet é@%ﬁ%ﬁ
cU@po ds~07 t b yHCbe Fynthesr z t

oxi di NHpg cystei ne dHFcyst ei ne der N#&be ves t o QeMer at e
the desired dinmer, then conjugating to acetam rfophen

uUsicng _coudi tions and coupling agents known in the art,
such a\“ zotriazol -1-yl)- L,fchN o

, LT- te L Sun t Blorael by oborTB U) 'tg a
ml d base( V|V' D||§9propylethya mM/
(DI PEA) ) . The oAt of coupling may vary depeRdimg on

the nunber of available free carboxylate noieties or
stoichinmetric ratio of at@awil nophen used, as readily
deternmi ned by one of skill in the art. Pr oduct

[0Q1R1 ur Ekiolsdm gh érogaey skynsmpietiat)@dn be hewpled warende divaléide

infie GpE QPR BREnT e MaifioateeBhal foBE] SR betow

in Bepatconr A &k theas@da@idh REP B&ur Faltosdhg %L?lﬁhgl Of a cysteme
descri bed herein (e.g., any conpound of rmul a |

resiig/te nacqtilm)noehﬁv BEPIioF tP GPHiling qf dhrsaceiaminerlich gnoiety (as

sh&t)f?[ﬂ%% conpositions) with additives such as
exciprents %Z , One or nore excipients),

anti oxi d@m\]s g , one or nore apl]'mom dant s),
sflabi | i Zer s cone or RREet abl ) fo NHAc
¥gtive W or—nore Press )MQEE\ H
Hadj A ng and bufferl ng>dgen®@ (e.g., one EM

adj usting and/or buf¥ ts), tonicity ¥ CUStI ng ©
agents (e.g., one or rmr%%?@%(rﬁ;lty adj usting agents),

t hi ckeni ng agent s (eéa one or nore thlckenlng

[0%@]“ Sz)\s s nﬁﬁhﬁ]@e esr%@ t@gebcom}aﬂp@ opf theigvention may be
s ﬁﬁéﬂféaqﬂy'}ﬁs@&&&%ﬁ’% 'C pd:fﬂg P8y ﬁ&ﬁ@&él\faﬁv& to g@ﬂ&a@rthé@ésﬁed

bi ndi ng agents, visctosity- |ncrea3|ng agents (e.g., one
diroer, then eonjugaom th ye¢tmomoabemygpiagemidgions andl cmdpémg lagents

Ko A Btk T AR O 371 A SO TRt ProGRAY.
tetrafluoroborate (TBTU) with a mild base (e.g., N,N'-Diisopropylethylamine
(DIPEA)). The amount of coupling may vary depending on the number of available
free carboxylate moieties or stoichimetric ratio of acetaminophen used, as readily
determined by one of skill in the art. Product mixtures can be easily separated, then

treated under acidic conditions (e.g., HCl or TFA) to provide the desired salt.
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be adni ni stef ed, the condl tion of the fndivi dual, and NHAc
other variables that wi PFh§8aHl1y be apparent to one

of ordinary skill in the art in view of the teachings
Foppalgfided herein. [00119] In some enbodi ments, the
formulation (e.g., fornulations anenable to parenteral
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I nt act or
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(e G PIGOT B VRGeS e R 6 el%qﬁregﬁlaeoﬁfrtagﬂth%r
with HeQf ndtte 8ddiliynd? Puatefac@Rtal NRnfOpIWIRY PR teSadditional
components are pharmaceutically acceptable for the particular disease or condition to
be treated. In some embodiments, the formulation may include combinations of two
or more of the additional components as described herein (e.g., 2, 3,4, 5, 6,7, 8, or
more additional components). In some embodiments, the additives include processing
agents and drug delivery modifiers and enhancers, such as, for example, calcium
phosphate, magnesium stearate, talc, monosaccharides, disaccharides, starch, gelatin,
cellulose, methyl cellulose, sodium carboxymethyl cellulose, dextrose,
hydroxypropyl-B-cyclodextrin, polyvinylpyrrolidinone, low melting waxes, ion

exchange resins, and the like, as well as combinations of any two or more thereof.
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°r1P8h¥§u958t%F?“6§ f@FWé ¢ such as glass or plastic.

The containers may hold a prodrug or a fornulatlon of
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e contal ne

ard@paidegrintoae hgmtt, a@celtfarmlﬁia@dmmrémttp]ﬁlslomgw pg (ﬁ)ﬂiout md).
fornmulation is used for treating or suppressing. a

Sugly FRIMU{asiong pay br ameadie Hyjtoaes sihRper o R eviththe grodrug
rerﬁ;ﬁhﬂl)g 1nt%8@o lcﬁ"Jgé@ géﬁ&ﬁs@ttlﬁlect'e gleuhﬁg §to§2%{f):) %‘1& aﬁﬁfeﬂt&i to

vivo or Iin vitro us such as those described herein.
acé'fhmairioabei afrempdinimisthagionitoali owlivedyadh &¢. 2.t eagrlodhildy onuyfalhé In

sog gﬁﬁﬁ%ﬁewe&éoﬁﬁgﬁp dored tﬁgaﬁa“g%c&a“@gﬁﬁ&@?&on for
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further note that the prodrug is also a
aspesh Rroprotenuiations oecpcetided, ﬁ@p tiemulaténe @dmprlsmg the molar

equ?lgﬁtogf%)f)lo&tl an of ES)ﬁe %?irr?j ; el LU n%Jr 21%5 puly
maee! ans ﬁigﬂhE,l’brTBﬂ)'OUﬁg/nﬂf dfdicatgﬁmdﬁ)ﬁelﬁ,lvﬂ&ﬁmh eficﬂaﬂ’bq(lﬁfagtnt is
theaz{]n)llount of prodrug that would result in the indicated amount of acetaminophen
upon complete conversion. For any amount (e.g., dosage) of hepatoprotectant
acetaminophen mutual prodrug described herein, also contemplated is the molar
prodrug equivalent for that amount of acetaminophen. Single bolus formulations are

also provided, e.g., up to about any of 5 mL, 10 mL, or 15 mL (at, for example, the

molar prodrug equivalent of about 1450 mg to about 1600 mg of acetaminophen).

Kits
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[00123] In other aspects, the kits may be used for any of the methods described
herein, including, for example, to treat an individual with one or more conditions
responsive to acetaminophen (e.g., pain and/or fever), or to suppress one or more such

conditions.

[00124] In certain embodiments the kits may include a dosage amount of at least
one formulation as disclosed herein. In one aspect, dosage forms correspond to dose
that exceed the molar equivalent of 4 g/day of acetaminophen. Kits may also comprise

a means for the delivery of the formulation thereof.
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matter, videotape, conputer readable disk, optical

disc or directions to internet-based instructions.
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formulation to be administered to the individual.

[00128] Kits may also be provided that contain sufficient dosages of the
compounds described herein (including formulations thereof) to provide effective
treatment for an individual for an extended period, such as 1-3 days, 1-5 days, a week,
2 weeks, 3, weeks, 4 weeks, 6 weeks, 8 weeks, 3 months, 4 months, 5 months, 6

months, 7 months, 8§ months, 9 months or more.

[00129] The kits may include the composition as described herein packaged in
either a unit dosage form or in a multi-use form. The kits may also include multiple

units of the unit dose form.
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present invention (e.g., any conpound
rheumatoid) arthropathies, non- articular rheumatism and per1 artlcular disorders, and
pain associated with cancer (including “break-through pain™ and pain associated with
terminal cancer). Examples of pain with an inflammatory component (in addition to
some of those described above) include rheumatic pain, pain associated with
mucositis, and dysmenorrhea. In some variations, the methods and formulations of the
present invention are used for treatment or prevention of post-surgical pain and cancer

pain. In some variations, the methods and compositions of the present invention are

used for treatment or prevention of pain that is selected from the group consisting of
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hepatoprotectant acetaminophen mutual prodrug (e.g., any compound of formula I, II,
and/or I1I) is reduced relative to administration of acetaminophen under the same

conditions.

[00134] In some variations of the methods, the hepatotoxicity from the metabolite
N-acetyl-p-benzoquinone imine (NAPQI) in an individual following administration of
the hepatoprotectant acetaminophen mutual prodrug (e.g., any compound of formula
L, 11, and/or III) is reduced relative to administration of acetaminophen under the same

conditions.
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[00137] The invention embraces methods of reducing the level of hepatotoxicity of
acetaminophen in an individual, comprising administering to the individual a
hepatoprotectant acetaminophen mutual prodrug (e.g., any compound of formula I, II,
and/or III). The invention also embraces methods of reducing the level of liver
toxicity of acetaminophen in an individual, comprising administering to the individual
a hepatoprotectant acetaminophen mutual prodrug (e.g., any compound of formula I,

II, and/or III). In some of these methods, hepatotoxicity is reduced while concurrently
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(e.g., pain and/or fever). [00138] In sone
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13 denisypit 34 hayraes ¢omiajddgadminstriog of feeiamingpheio bihegine
r.h [ -her .t he t Y
o SRR SHLANE, OB k0T, TELIRA TSI e
an@oPBgatppstedtentaanbn aaapasd roRbamiMdthdahn@botieug (e. g. ,
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m ni stration of the hepatoprotectant acetani nophen
acetamnuphgr advardgepgoprofeceany agomtyow A imsfivifierd nuheediof |1,

nd/or |11 rol ongs activity of acetam nophen and/or .
e fRBRbnen whriepRaD Gy hetabar the AT Al ik flitaSering
to e iddviduRAineSfec@ie dRowHt ¥ h BSpat&¥roRPraii Adta@finofHen hutual
hour, or 2, hours, or 3 hours, or 4 hours, or 6 hours,

prosirug (dagyuany, coprporad bigrmulady 11 anddesidls wherein Betpsedryg pesyvides
pr(glgré%l']egumarc%tgrglﬁ%o%%glﬁ arcgérjr }%el(é%t%gmt@citgntt ragttn;l ynas %fomtpgreed to
acetaminophen and/or the hepatoprotectant. In one variation, administration of the
hepatoprotectant acetaminophen mutual prodrug (e.g., any compound of formula I, II,
and/or III) prolongs activity of acetaminophen and/or the hepatoprotectant by greater
than about 5 minutes, or 10 minutes, or 15 minutes, or 30 minutes, or 1 hour, or 2,
hours, or 3 hours, or 4 hours, or 6 hours, or 8 hours, or 10 hours, or 12 hours, or 18
hours, or 24 hours as compared to administration of the acetaminophen and/or the
hepatoprotectant. In some embodiments, the invention embraces little or no

prolonging of acetaminophen and/or hepatoprotectant activity compared to

administration of acetaminophen and/or the hepatoprotectant.
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[00141] In some embodiments, the invention embraces a method of providing
acetaminophen and a hepatoprotectant to an individual (e.g., an individual in need of
acetaminophen and/or hepatoprotectant therapy), the method comprising
administering to the individual (e.g., intravenously) an effective amount of a
hepatoprotectant acetaminophen mutual prodrug (e.g., any compound of formula I, II,
and/or III) wherein the resulting concentration of acetaminophen (e.g., at about any of
10 min, or 20 min, or 30 min, or 45 min, or lhr, or 2 hr, or 3 hr following

administration) is within less than about any of 50%, or 40%, or 30%, or 25%, or
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administered in conjunction with one or more additional pharmaceutical agents, as
described herein and as known in the art, including one or more additional
pharmaceutical agents to further reduce the occurrence and/or severity of symptoms
and/or clinical manifestations thereof, as well as additional pharmaceutical agents that
treat or prevent the underlying conditions, or in conjunction with (e.g., prior to,
concurrently with, or after) additional treatment modalities. The hepatoprotectant
acetaminophen mutual prodrugs as described herein may be administered before,
concurrently with, or after the administration of one or more of the additional

pharmaceutical agents. The prodrugs described herein may also be administered in
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[00146] Additional pharmaceutical agents (e.g., analgesic drugs) administered with
one or more of the hepatoprotectant acetaminophen mutual prodrugs of the present
invention (e.g., any compound of formula I, II, and/or III) can be administered at the
recommended maximum clinical dosage or at lower doses. Dosage levels of the
additional pharmaceutical agents in the formulations of the invention may be varied
so as to obtain a desired therapeutic response depending on the route of
administration, severity of the disease and the characteristics and response of the

patient. The combination can be administered as separate formulations or as a single
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useful in dental surgeries (e.g., nole extraction).
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acet am nophen and/ or the hepat oprotectan | owed by
cogjuoigicayeith Gangl/ miorpe Gllooageimtlpamdn or difiterg othet mvdetsyofawdimﬂnts

h {o t t ant th d . h . .
(e-fopairar eorganny i hansiohal s sl Eal Baersifhse i ey with
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acet am nophen nutual prodrug (e.g. | ow vol une,
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admlm%t%r‘uo%l(e?p AL )ﬁldc?? Xl%a? gre'tltmenP n\Al%galgy oar(%:mm%lmsa 1[)r?st %to He ?oregone)
For example, in combination with one or more add1t10na1 pharmaceut1cal agents as
described herein and known to those of skill in the art and/or currently available
treatment modalities, including, for example, surgery or radiotherapy. As used herein,
the term “additional treatment modality” refers to treatment/prevention of the
conditions described herein without the use of a pharmaceutical agent (e.g., surgery,
radiotherapy, etc.). Where combinations of pharmaceutical agent(s) and/or additional
treatment modality(ies) are used, they may be, independently, administered prior to,

concurrently with, or after administration of one or more of the hepatoprotectant

acetaminophen mutual prodrugs (or formulation(s) thereof) as described herein.
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foll owed by adm nistration of a hepatoprotectant
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wGUB PRLLACE L PURRABECHI L oIncARestnt 8 wBRibdte o
fommlatidmdaelpr&mdemd 1;1 ordeal d mirﬁinmtﬁdmmfﬁeeulvet amouno Ml dent lupon
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2 VREpL i bt E Cé?rédP%\lH nac SRTARIBHER PRAGCHAT Cofidyipn Rydng tgrated. the
fre Qéﬂwlﬁtaﬂﬁﬁﬁs?t)atﬁ)ﬂ &he Bgr)acﬁ‘lﬁr fAes6lakiBg @ellﬁg ra@fn'ihlgtglggl Sk
he opti mal conbination of one or nore~additi onal
setargavibatcombden being seand At thadg¢,twa3gialanfi lsamaraldealth ofithe

) nt.s.in.con ion with t

indiEEHT e PR el SagtisPa s BeaiMdhl il edied ety an

Deadrh@fidion &f BR¥FE&ivaRiofMgeMEHahinaE tadbRAREf MBsd H&lled in the
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artf partiglarhefif dewiof ghet thechpies trrevidesrhereiai Piogaess mayrdsoldi ng

estkg%t?% u% gr\:ngoﬁ g 1@%&@@6@%@ I n% @fj t}g/béorg? € 1ts%reater than that

rec@@@heidied GRNBO mdLhr léqhw@léﬂtdd’ﬂag&amﬁndphal L £ s|btirugresdpei on

{e. %ﬂﬂ any conpound of fornula I, and/or Il1) and
greag mAnhe Bipdargasivprienerf he/dey af:ewrmm@@ﬁé Fr pyampRle.jg oge

as;%elat Rinl m;llgmts ?éafteff‘iﬂ Vifie hf@)lﬂ%g{lﬁ/\cﬁ%n{ &y, sk endeg. | 0e /Hlé;i
or exanpfe in "an e ective anount to fre€at or
acé¢thminoahdr.cul ar condition being treated or pr event ed
{e.g., pain and/or fever). The anpunt of the prodrug
[06521 or T &héd @i ofBEPardpBbdectant deBtafifipheit eruAdiMpridsig of dhie

effective amount will depend upon ) )
present invention that may be combined with the carrier materials to produce a single

dosage form may vary depending upon the host to which the prodrug is administered
and the particular mode of administration, in addition to one or more of the variety of
factors described above. A pharmaceutical unit dosage chosen may be fabricated and
administered to provide a defined final concentration of drug in the blood, tissues,
organs, or other targeted region of the body. The effective amount for a given
situation can be readily determined by routine experimentation and is within the skill

and judgment of the ordinary clinician.
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particul ar condition being treated, the frequency of
W@won#edy ati on, the particular fornulation bePELUS2009/044749
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1softlisth ' 1B digper Bel e BBabBis0e. *h phar maceut s cal
s e chaosen may be fabri cat ed and adm ni st er ed
[0(5113”5@ oﬁ% 85 PR rICa AeSHEBAPRSA Mok Odug Gopages
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e bod The efféctive amount for a given

ad@lrubmfdtph@nma;autldaéageaa)dvﬂuyh dat By ysededt Eblyeffe@uw argount within
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Ver s eve t he hepat®opr ot ect an

weldR! @ ifap Besut Mo M@fkg EH ﬂﬁiuugo (/1 bod@ﬁ’yelgllﬁmﬁk)iﬁlﬁn about
formula I, Il, and/or I11) may be hi gher than the

10Aetke ephovil emeg/kedody wiighge vofhingbaw rhOﬂ oighkarto abeut 10

me R0 WEh BN Tig aBu’ P g 5 o el ifrt S0

withi i ESould il g Rk oot NEOMRL/ARE bb@X ivei O BAGEthAT about 50 mg/kg to
acet am nophen [00154] I n sone enbodi nents, the dosage

abeyt I5Aengflephedipeiehic Pawithacrdoa opeiks torakawa 20 mgﬂfgﬂgady
of Y a5 OTRSY W BLLSRIPER sk byaf Ol oh i s

2063ng&16§t0amoﬂomﬂﬁﬁg/1k§ boaywekight@r twathinhebdun 25 @ mead to about 300
mg/kg body weight. Other dosages which can be used are about 0.01 mg/kg body

weight, about 0.1 mg/kg body weight, about 1 mg/kg body weight, about 10 mg/kg
body weight, about 20 mg/kg body weight, about 30 mg/kg body weight, about 40
mg/kg body weight, about 50 mg/kg body weight, about 75 mg/kg body weight, about
100 mg/kg body weight, about 125 mg/kg body weight, about 150 mg/kg body
weight, about 175 mg/kg body weight, about 200 mg/kg body weight, about 225
mg/kg body weight, about 250 mg/kg body weight, about 275 mg/kg body weight, or
about 300 mg/kg body weight. Compounds of the present invention may be

administered, alone or in combination, in a single daily dose, or the total daily dosage
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solubility of the prodrug. In sone enbodi nents, the
requi red dosage of the prodrug to obtain the sane
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[00157 g ht Thﬂd]ﬁtopdﬂ&ﬁg&&c@lﬂhﬂnﬁi@phﬁﬂmh&mhpr@dn@s ef dledntenfiod1

G i5es HGgh (eoiehy T0°Rg) R PUGHY N G b aBBtlion

(su%ﬁ AT tkGeRALY, d‘}@htgzﬁﬁuscéﬁﬂw 0B By MHak@ioR %j{ W@ or sprays)),
about 40 ng/ Kg body wei gh about 50 ng/kg body

or mucglﬂiv, maismge UI]E fngmhdgtlcbmdynmm@tqnvaml n@ﬂoxtg/ kg
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1ntﬂﬂ§uscular, intrasternal injection, or infusion techniques. The prodrugs may be
mixed with pharmaceutically acceptable carriers, adjuvants, and vehicles appropriate
for the desired route of administration. The route of administration may vary
according to the condition to be treated. Additional methods of administration are

known in the art.

[00158] In some embodiments of the methods, the route of administration for
hepatoprotectant acetaminophen mutual prodrugs of the invention (e.g., any
compound of formula I, II, and/or III) is oral. In some embodiments, formulations are

suitable for oral administration. The prodrugs described for use herein can be
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formul ati on may be adm nistered to the individual, for
exanpl e, nore than, equal to, or |less than once a day,
WQ2000/eR9% day, 3 tinmes a day, or nore than 3 PCTES2089/044749
day; or 1- 6 tinmes a day, 2-6 tines a day, or 4-6
adiniirif&ered i6lglid fohe, halquid @kmEin adByobfos®, Hieinakkioninsif edteets,
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r T .
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adﬁlasaallyrhmslw)red withdoteak costexgsal , gastroi ntesti nal , and
the like, and directly to a speci fic or affected organ
[0@I607 i sBmlmd desngedielmy &oryral adinivésteaiohmady inelude pharsiysdugionlly

n and epi dural adm ni.stration, or._.adm nistration
it B senp AR é%spela%wbévragseam? qbpiscgntaining inert

dilgein E‘érﬁﬁﬁ)ﬁfy' RBd BYe @HSQich Y Qe & tosRuRfiony 1Ay glgs mal

adm ni stration such as transdernal patches or
comprisophovaess, sucien iveesng ageatst @nuﬂslﬁﬁng phé pwperabngisguts,

hler ein inc ude subglé%,aneous ]JéeCII ons,, i ntravenous,
cY§IRSFLTR & TN RT WPISALEYS- i nf usi on

chni ques. The prodrugs may be m x

Wfﬂﬁél makeeeEa o imete ;S‘i‘f‘alkﬂpé%@é‘?t?‘it@}@cet%}wg‘?ﬁ gutughq
prd’cﬁﬁ%scéﬁﬁe ﬁﬂg@ﬁt%r('_r%l %n§r QmeQﬁlcpﬁsfbﬁﬁQa I qyta%df?)fr III) are

adnmi ni stration Re route of adm nistration may vary
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hods fof ad n| St. kat I OP?P re knovvnr?ielrg1 the art. .

P“‘[Pﬁfi’i@%i P8 PR PELROGES SPRE VG BYY
be FornAfibdh&borBhd fbnthé Rho W RALORE AL RMI Ak pa6iRE 3 VBRRIBABents

mut ual prodrugs of the invention (e.g., any conpoun
an@ﬁusmemdmg agants. | The sgaid¢ tyeatablly piegargtien may plsg b sterile
1nJec mclﬁ S(I)S'ﬁe ﬁ% Pro su%f)enfﬁlo%tllno &PB%%IC ggentter%é\ﬂa(fceptagfe cil ueerrlteor
sol&aift, tie @ plie Siser swhtidn if @kdpgidnergifcol. NThd Qetild idjedtanle i n

pre%iga%%g lmgyoz{lsrg beoar sté:rrllletplg\?vd];rotrorlr)]eorgcotngttl)tlu‘(caetdsus1ng acceptable vehicles
prior to administration. Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution, and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be employed including synthetic

mono- or diglycerides. In addition, fatty acids such as oleic acid may be used in the

preparation of injectables.
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pills, powder m xtures, capsules, granules,

i nj ectabl es, creans, solutions, suppositories, enenas,
wW@ion#x299 rrigati ons, enul sions, dispersions, PCDUS2009/044749

prem xes, and in other suitable forns. [00159] Solid
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aCf‘sta@Hm@Bm 16‘“6"613%@@“%6? ﬁéOWtVﬁ@nﬁ‘cﬁei&/’én @é% d@h@%ﬁﬁab@
No"ﬁdl%ff g Wf)ﬁlEleng lu?@i%ctlggg oﬁﬁltg"e 'fglgﬁi?éntégpﬁhnﬁﬁlstratlon,

sucr os tose, or st arch age forns may
sudl sancogpLuSE iatﬂatnusooha) nmlmktthmpmﬂmgtdu ardosigarrarhg@ejftfrom

di [ uents, [ catl n ent nesi um
abaytglmag ger qeaﬁq? H‘?—: gé@ Rt %32;% 081:,3 E(F rrrg%ﬁtopaﬁo}l%w
g, Blhi%ﬁ%@&ezdo%%’f?eﬂ’@y té‘h@&lt%"gpf)ﬂ ﬁ@m%f)ﬁt‘%’fo'oﬁﬂg ﬁﬂﬁi&h& 6¢g

ablets and piTls can additionally be prepared wt

peedityepi Fomadpinys). mg 01)@1@@} 3 Ligpsir dagod élgven abnunr§5 ¢ o to rbout

dmi ni stra ude phar ceut| cceptabl e
3Gl Sp SheRbadalTo s Mt G RERRES Rl ¥ an aTER R
intERRs@h1H) %@nﬁﬂﬁ@t&a{tm@l' it !1' 8BdcSraf at b{f #2660.0 0 uh{d® t@fout 100

such as water. Such fornulations may al so conpri se
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suspendi ng_ agents, cyclodextrins, and sweetening
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parenterally (e.g., int ravenous| y or intramuscularly).

0.1 me ée plabit 80 gr epzhoat §. 6rmsg torabpubmwr@bogtlemg teabout 15 g, or

abp e S a LB &g, ST RAA PP R b PRpRdo e
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The sterile injectable preparation may al so be a
abayter . 106 abeyjt 6P a1 te abeyiust 8.1 abPut 8 i abAu he.pr about 1 g to

ab?\.g § %a]BS‘ﬁtelnf‘, SE@LIS 39 O%Bhé‘ﬁla pdiatiHE e Ehr??tk‘ﬁ'itmL to

sol uti I'n propylene g yCco
absitei0DO0 enli, i abdmhlrﬁLmﬂmltaﬂ(bm pRyboak $ enlbe #ost 30 e, or
powder to be reconstituted usi ngjﬂaccept abl e vehic| es
t

abeﬁt. IgnLite abetdHingl- e ohmLAgghgut énlac%é‘BtD‘éttﬂl Blyapbeytes
m@"b‘ij aﬁ&dt\SerHLSto Blljlﬁft 2U%¥L t?)? aﬁ&@lSqMqu?llgc%é ' or Boﬂgﬁf . to

solution, and i1sotoniC sodiumc uti on.
abauidﬁtmbmr abbetry g, tofabaxed Oonl sinapme @Utboémuam did qffectlve

R BBUEG B S AR P T e R B S RB I\ NG
rarRé¥FrAB6t®. 1 pmol/kg to about 1000 pmol/kg, or about 5 pmol/kg to about 750
pmol/kg, or about 7.5 pmol/kg to about 500 pmol/kg, or about 10 pmol/kg to about
100 pmol/kg, or about 25 pmol/kg to about 75 umol/kg. In some of these
embodiments, the prodrug (e.g., any compound of formula I, II, and/or III) is
administered in a solution at a concentration of about 10 mg/mL to about 1000
mg/mL, or about 25 mg/mL to about 750 mg/mL, or about 50 mg/mL to about 500
mg/mL, or about 75 mg/mL to about 400 mg/mL., or about 100 mg/mL to about 300
mg/mL, or about 150 mg/mL to about 250 mg/mL.

[00163] The invention also includes formulations of hepatoprotectant

acetaminophen mutual prodrugs administered in the form of suppositories for rectal
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nono- or diglycerides. In addition, fatty acids such

as oleic acid may be used in the preparation of
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RIS TS BB R P B Py S e Any
noH]f@Jhc ﬁ?lrys@p)%igall am{abl&n@m%et%hmé thc‘lrcaﬁQcﬁé‘Bf fiogmmg
mol to” about , or about 10 to about 10
lippyamhes raay lafb@@d B&Q)rmmt formukbount mﬂlmmme fam Gibgantat, O

b bout 0.1 t b
aaffigho §p&dns o Pid FYS s AHBIREIRY 16 R5gNeoTs
enfbod@fiendd GﬂéthPstnﬁe 3173 ;ﬂ{é@p}blﬂaﬂis And/RF pRhGHAtid1 BEblines about
10 g, or about 10 to about 10 g, or about 50 ng to

(legitiyng), rraterafandder Sé(b&l@tlc Methagp todorm bmsomeg ags, knownalp gl art.

Seégg{l %Txga.?‘&)g %’?gsl&tt q?bcg Il/lgz%ogs’ z?zggr’ellg zol uﬁ'ﬁ:%]:y %c%%ergfc
Préps, Néw&hﬁk{tNW3pg53t@s@@(l@U6)l. 9 g, and rray be

adm ni stered in about 1nlL to about 1000 ni, or about
001%5] t oTRRG t R8s, aR@ubhdhi: t&@ngal%'dio 108 thde, or
[ abobt 1L tél about S%anl about 1Sm_ to about 30 nmL, or
acespiinophen mpmahpiodrugs Seseribed hergingnmase fhantope Agoue. 20 an

IVr%tml?lgtI%lbo%q}l aschmtglt se tﬁ%%n{ éd En‘m% @ﬁ%'i”tragig m‘a Itlon clinical

set@iipodi nents, the effective armunt for parenteral
(e.g., intravenous or intramuscular) admnistration is
Examggg}e range of about 0.1 mmol/ kg to about 1000
mol / kg, or about 5 nmol/kg to about 750 mmol / kg, or

[O(ﬁlrk?rigr; kfhesplgggﬁlt {K8ndh @ﬁpﬁg AR S0 Geadd! ryﬁ%@fé}en%g to the

to about 100 mmol / kg, or about 25
folabaug eizfmpi“ﬂ‘u IwHich ark previdesl Inf wizhefsidugntiod iang atesyot ilhelded to

be’lf Ollrrlgggftgl pgesentmyenﬁgnpound of formula I, 11, andfor

Example 1: Synthesis of (S8)-4-acetamidophenyl 2-amino-4-(methvlthio)butanoate
ACHN\©\ o
O)j\./\/s\
NH,,

(S-enantiomer of II-A)

[00167] A white color milky suspension of L-methionine (3 g, 20 mmol) in THF
(30 mL) and 10% NaOH solution (10 mL) was stirred for 30 min before turning into a
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adm nistered in a solution at a concentration of about

10 nmg/ mL to about 1000 ng/nL, or about 25 ng/nL to
wW@Rwat432%0 ng/ nl, or about 50 ng/nL to about SPOI/LEI0A()44749

or about 75 ng/nL to about 400 ng/nL, or about 100

cleﬁgécﬂbﬂés@ saludoi. TBOMisBadnhy Ofideal®ist g, BSA mmloniwdsadabdsibwly
[00163] The invention also includes

OV?ro'c}h?gF LY mihat BF. Thesiaas pelatlewstsahition vas atired Brdar kb aaRT-
ThR' Qa%f)ﬁd %a@ﬂi&nﬁbx%ﬁ%gelﬁtcrp)éﬂﬁ M&ﬁﬂg‘(@fi 5 Mgp?gbtsﬂfdagél 5@F,s,
ese can

rectaladm ni strati e prepare
(Meha) adpesetionwtith Minbydriredolleiond 6 ini Nlethamg):; eszalpesa lptoduhal() 7,
[.iquid at

LSRRV 0 hd JHOF ERBH 0TS “relies M kied Bebreyn

cofo? Leagen. g 1‘?@4 groﬁp&hoﬂ'%mﬁfdn‘%l/a?s dv rh‘t@@ uﬁ@&%eﬁﬁﬁ L Llght
beeswax and pol yet hyl ene gl ycols. [00164]

brévepet] opgwnmy tzattricd Cdickmiin opl @htamwmhclpwama&gs ingd ethinle

ac%t?t\é%ﬂalﬁ&tegﬁé%%&e IQ &ﬁ-{)n?gp gk&beoso 1{%1051%@@”% q#egfto 6’by usmg%o%

cithit OIS QBWSon A5 nB.) KIMRWEht Brokxlhelafértof ethly PR&QABH aREcarated and
general ly derived from phospholipids or other |ipid

drigdy pueradias sulphass ene §11b/reé/ap@fm¢é@0 pigldwhght bgewn colored
gug%lu 1'11'21@ l \!vﬁ h %g R&%tsﬁe% \lllt}ggt!hg n§2r oA 1%'[2, }}e?%e (?r €15 mL) and
persed 1n an aqueous nedi Any non-toxi ¢,
peﬁxbye;(loi Jui) Fﬂ?hd) ger&me at\xabdeer@MHM soﬂﬁﬁtoﬁ%bipl@tbd:ted Lipid
e of form sent

M%&Oﬁiﬂeéfﬁ>e?ngertﬁuthrzs%‘gwl%r@mﬁ% ééﬁw%ﬁhwwtan% %é@. 17 &n’0

%gfgdcg' pr odrug stabilizers, pr eservati ves, gxm pi ents,
the like. In sone enbodlnents the lipids are t he

[O(Fjl%gi PFE‘!) glgﬁll%atfoq/ l%%%gér@%e%? ﬂd?t%l J)frtl\/gi t%o(das to form

bu’tdx@&&‘@diﬂ%&arﬁlﬁl@) Kr(me/rhyﬂtmot)mmraﬁd aci®eRS of 01.0 exastpleDCM (60
Prescott, Met hods in Cell Biol og%/ Vol une Xl V.
mk&eya%ﬁﬁ@,e raﬁ%té@mqnbw W&hyﬂovvphesy%@ aé"tl des e 2.976) mmol)

an%epat P % PiE&B reRl (G %es uh&? i ogﬂ%ﬂt gélﬁ{v\'z B8or

ect ant cet am nophen nut ua
afteleEmirh adwh&hqxomt ithe sraxhrts)ntmmmm trfeanemmm ]gIPEAas% @hg,l V

ration in a clinical tin L weg I

230 el 2eSn PR i BT Baloroet hab R ERd paered by
Tﬂ@@\l@(ﬁﬂ{ DR L85 8MIC dif%e 1'69 'Fz%/\"(Mlerclk?, défk@%ﬂxx@tﬁ‘i TRl

readi Iy by reference to I'owi ng exanpl es, which
UNared pnbydreesbligioniage mfrn@thzmoé); Ravaloes, Bnd-peatecterbl.-Methionine:
Oj, gct:e%]n(%%%p}tle%: 0.5, product: 0.6). Water (80 mL) was added into the reaction
mass and a light yellow layer of dichloromethane was separated and washed with
20% citric acid solution (2 x 20 mL). The dichloromethane layer was washed with
10% NaHCO:s solution (1 x 30 mL) and dried over sodium sulphate. A light yellow
gummy material was obtained following evaporation. The gummy material was
purified by column chromatogram (silica gel) using 5% methanol in dichloromethane

as an eluent to generate a white crystalline solid as (S)-4-acetamidophenyl 2-(tert-

butoxycarbonylamino)-4-(methylthio)butanoate (3 g; 56% yield).

[00169] To a stirred colorless solution of (S)-4-acetamidophenyl 2-(tert-
butoxycarbonylamino)-4-(methylthio)butanoate (0.5g, 1.3 mmol) in dioxane (10 mL)

was added 40 mL of HCI in dioxane (4M). The reaction mixture turned into a milky
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be limting of the present invention. Exanple 1:
Synthesis of (S)-4-acetam dophenyl
WQ2@ai148299 - (et hyl t hi 0) but anoat e NH2 ( S- enant | BEEUS29D9/044749
H A) [00167] A white color mlky suspension of
solutibBtWhiohivae st(rBecEf,or 3(1% AR, The readtitn 1(113@; \ﬂis) fﬂaemeki ﬂ:l@&(@gh
NaOH sol uti on was stirred for
Whaimap fider papsr %&4 %mhlt% evsiflmssolidpagd Wéwedmtht eﬁh%r <%efc15 mlL)

o BRHHE YERolcbred Prilyperl AP Ruh B8R ESEL R Y on was

(msthiytth@tbutanohtee B0 21gh8 Bl le:Td) *IIH@J MRE200 Msz@MﬂOrﬂa)oBed
by TLC ( DCM I\/EO—|7(95:5 TLC silica gel

100K ), 8 Gatesed For @mzﬁ., R, Lot stww 34 (m.

IH!XB%@@ lj}i{w) fohze2 2.{ qoﬁllf)ggsmgzd leII)I on was {Umeé

DMBOR6) 03 IH8B4AC 06821 5 slahms; D37.60Th2$.488,9h®.89r S1V01,C91 38, 28. 41
sol ution was eﬁgporat ed under vacuum a light brown

23831 B 25 My A PRI RS0 (Mt Ve ingReinsorai Fead CaRplbRlity in

d’%}ﬁﬁ t ate and water (60 nL: 10 ni);
Wa\f@ﬁ“# {én?gfagltlrlgognbdwa E‘%J usted to 6 by u5| ng 20%
ci ti‘lé}

(I:l d SO%E aceta n gdl = )acet-le_lpnei‘do 5%4 ace a V%phe oxv
M urrccu uUvcel S UUT UITTI
oxSptoptiadisulfaapdpifoghhdic gMaporated to yield a |light brown
col ored gumry material which was washed with ether (2

AGKIN 5), hexane (?oj(:d;ﬁ m.) and pentane ( 1 x 25 nl)

to drat® a white drystalline solid of Boc-protected

((S) 2- (pert }Squtsoxycar%onyl am no) - 4- (et hyl t hi 0) but ano
ic acid; 3.5V 70 %yield). [00168] To a stirring
ar ]féor 15 m nutes) colorless solution of
2-(tertbut oxycarbonyl am no) -

[Wi‘flg&ﬁmt fg E&E%l%d%@n%éqngﬁn?% é\iéﬁetgl cy]éf‘é'ir(l)e M é)l iﬁp mDCIl\él i
D(§M_Ig$ %@yﬂ 00’@\9&3&@&&& aeeh AL droudt AdicBhic 42d follRRHbyaNd

1 nol).” The col orless sol ution
chkomsne@nmnﬂ@((} l?gg;tl %mnmh) chile orilkyfsugpengion was stieed @) €Hor

[ I d | P 3.
30§fihale dnjfrep s bR BRI ey 2
acétb)rhld’(beJ mérdap@ipréphnadie (01@51 tpwﬁmm ThUSCMB@HN P TEA

TLC silica gel 254 ( Mer ck detection with

(0. és m’z Aol s mquaram Cg@ir:@tq B9 (b Fhisrmitet suspoIsion was
R S i R T R
turaeldl&dmi milky $ispersémctbiaaitear light orange solution within 15 min of 2.5
hours of stirring at 0 °C. The reaction mixture was then evaporated under vacuum at
40 °C to yield light orange syrup, which was washed with diethyl ether (2 x 20 mL)
and finally purified by preparative HPLC to generate a white crystalline solid of 2-
acetamido-3-((2-acetamido-3-(4-acetamidophenoxy)-3-
oxopropyl)disulfanyl)propanoic acid (20 mg; 10% yield). 'H NMR (400 MHz,
DMSO-d6): 6 12.89 (bs, 1H), 9.99 (s, 1H), 8.60 (d, 1H, /=7.2Hz), 8.29 (d, 1H, J =
8Hz), 7.59 (d, 2H, J = 9.2Hz), 7.05 (dd, 2H, J = 1.2 Hz, 1,2Hz), 4.69 (m, 1H), 4.48
(m, 1H), 3.09(m, 4H), 2.50 (s, 3H), 2.500 (s, 3H), 2.49 (s, 3H). MS m/z (APCI): 458
(M+H)", Melting Range: 95-99 °C; R value, product: 0, N-Acetyl cysteine: 0, 4-
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mass and a light yellow | ayer of dichloronmethane was
separated and washed with 20%citric acid solution (2
wo2@9/1442y9 The di chl oronet hane | ayer was washeRCT$1909/044749
10% NaHCO solution ( 1 x 30 nL) and dried over sodium
ac&hinpidahényl A-dek @hiid oy Blnhedvd pgapropanortt £0.5 aMevagolo bt ai ned
follow ng evaporation. The gumy material was purified
Digliloxomatiiane cH PPt defr ahict ¢l Q%C%S@MG)W@SDF\@C%% yeth Aadinm
U\i,n di chl oronet hane as an eluent to generate a white
c)r'yst alline solid as (S)-4-acetam dophenyl

4- thyl t hi p) but anoat e
DK O DY BINCHIR OHY-ULr Gn TP e B  or | ess
ox 8oV Ih @8Iy () D aitimd 6 Rpatid @88 Yiidrochloride.
2- (tertbut oxycarbonyl am no)- 4-(nethylthi o) butanoate
AR5 1.3 mol) i pdigxane (10 nL) was added 40 niL of
Hd\@gi oYane (4M. j!he reaction mxture turned into
am i -9k stirred for 3 h at RT. The
reacti ongmas was fil t@pgic't hrough Whatman filter
paper and a NieCe crystalline solid and washed with
ether (2 x 15 nL) to generate deprotected product
(hydreghlonidecsatt ohilkiBphenyl 2- ami no- 4-
(et hyl t hi o) butanoate; 300 ng; 81%yield). 1U NVR (400
[0Hl] DMsosdsing calorBsOgspensionkf digligR-1iked cystpine 13.84

. 2H..J +~ 8. 8Hz f. 14 v BHond = 8.8 A4 (
cin B g gl Sgh 3 s Atso g PR o il
adddd) 1094 BOMVR1GtidH0 2. ) JNGEE6 Yor 161hfHhts3A RTLGFtel 35 minutes,

144. 76, 137.60, 121.488, 119.89, 51.01, 29.30, 28.41

colpgleguspepsipg turngtong glegaplyriess sariqmvmiich waggopledgo 0 °C and
e 5 oce RS
BB ITE O 0 Y Braied DB HoRbe b Y vamea o

R TarsiCegitiaung ((‘thﬂl-tiaidéc( Rrdeabani The Radtionaesd monidephendky) - 3-

[ P ' [ ii-B) [00170] T
<m§o€1(1i3$$1?5a§yﬁ1ﬁf' ;wu L@lanfﬁaﬁrﬁgﬁg@%o?iﬁ% &?g' é&ﬁmé%[ @a%cw(c@] o5 “St,h
A 3523 T0! &, &a‘i‘ue@@(&&ﬁ% %ﬁrﬁ% (P§ 39%%%%9&8% n&%ﬂ:&.b‘?

anount of acetic aci or osugm nim
Af(ed tHeBregatioh. vab complieted, Tieerendtlokymistsp eas expovas] stdrymessl
at QC for 30 mn. |In another round bottom flask, a
Tth'CFLW cgg@ag@%wés‘ntag?n Hljcoo@éfvgpﬁr &%{bw@,}l ﬁpd y_ashed with ethyl acetate
E 1 - . AP
R O BN SRSy g LA
pHathbly 20%l cétdictacidasol@io@ €30 i) sndrek tkactesiusiple athiy bavetats Cadded

mﬁ)ggb%;q%g%ﬁ@é%q@%ﬁ te%t!r%gg%gutér%idrr]i%d S PER O RilphatSand
concentrated under vacuum to yield a light orange viscous mass, which was purified
by washing with hexane (3 x 50 mL), and diethyl ether (100 mL) to generate 3,3'-
disulfanediylbis(2-(tert-butoxycarbonylamino)propanoic acid) as a white solid, (9 g;

98.3% yield).

[00172] A colorless suspension of 3,3'-disulfanediylbis(2-(tert-
butoxycarbonylamino)propanoic acid) (5 g; 11.36 mmol) in dry DCM (120 mL) was
treated with acetaminophen (3.4 g; 22.72 mmol) and TBTU (7.29 g; 22.72 mmol)
followed by addition of DIPEA (2.9 g; 22.72 mmol) after one hour. The colorless
suspension turned into a light yellow clear solution, which was stirred for further 3

hours at RT. The reaction was monitored by TLC (methanol: dichloromethane
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turned fromm|l ky suspension to a clear |ight orange

solution within 15 mn of 2.5 hours of stirring at 0O
wWQO@09/T299 eacti on mi xture was then evaporat ed BCER2009/044749

vacuum at 40 OC to yield light orange syrup, which was

(10veehednilida g 60 By, (eeRRy; defeckior Qithip) 2Nt Uwna hilues: 3,3'-

purified by preparative HPLC to generate a white
dlsellfy@qd@ylbis (tertibhpxpearbonylaeing pirepngic-ac{d- héeacawindieephen:

bire
0. 43 d co cfl?rald%cg] (P %il%ie)co al%% rc(:)dg%tl %) bﬁtgr complf‘agy of the
reay:h@lh d)I Weitbir Mﬁc{dé@‘ib MaEtlonDNﬁ@tld @nd the olcgan‘i@la@blswad dﬂ))arated,
i]l J =7.2Hz), 8.29 (d, IH, =
Wash% Wlﬂ‘r 2@‘@7 qigic agﬂ soltieg @mb) a;ndoisleei@aer Smlunm sulplftauz

EVEB%&?%{H% %Véntga?fgg%@d d l@)gxﬁ)%oﬂ)g ngblzsjsllﬁg%l-g&hgﬁ/g&g mp?d‘_l}led by
KuAFfﬁdh)romdﬁgra()w H)l-tca geMalstrignd) Raregmnol9in-dahl@iGneRane as an
val ue, pro

T P R R
u amt n hane C 1do IyhJ rgel 60
b %iﬂ?@lck%%éﬁgg%an Wi t (%((%degt%ﬂlnc}nl—)ﬁ%@yggﬁeplgg 3:
bu@y&mtdﬂb@;&ammom(%(Bpmopyla@emlﬁambebhemroxy) 2- ami no- 3-

b PSP s AR 6 Eh B POEEER B B e SY-AHSP To

HELCS10 dffdrd 9. 5Ol 705 hRES of usRensbOB- (G (4dicetinfill sffreh bk e tert-
cysteine (3,3 - disulfanediyl bIQ?%Z am nopr opanoi c

bu@@w@erborwlgmngb3%omwyl)>dlismifanmb ogtrnL) was added 10%

bu%?(?qc_&rﬁcg@lﬂml%n p(répsanle otff Iilﬁ(g s&?c[ 15 mnts at RT.

m nu ess suspenS| on turned to a

ol o | ess ti on C s .cool ed t 0 0C
OB S iR e R e Sl 4 ahReqma 2
foRe€&drb ARisS gstienkh-angitstirrin contlnued
buf o? {2&{1ycl)urs )?ﬁ%‘)if‘%ﬁ?, cs)n1 vr\lgisIS rrg[nlttor ed b§ TLC

buzqamfaﬁbwlammpmﬁ@mmtda@@ 2@ Bopmoplig digt yl@éheg €10 D),
was a %c{e'YEercﬁill so(iilﬁfo%c(g n%g)oc E If]eaI ‘uo2 5r£11'1 snsrr\}vz%v 1rred a%/ﬁtl‘%xs 6

starting nmate protecte sta ngrmer a

and redftiofpiogrest Bas mearbicoby WA Gastpirdl:alichiblometieae (i (D@O)
m xture was evaporated to dryness. The crude conpound

T lieaaged 0 Fats §Morclkedesactiop ovitht) 2 sthem Xt alwes thtating |

ma ergltl a(§1an apgrgdlmf )9)I I:l‘—I']l?ow1f/\g¥f:ac§t SE E?antl}gla &Y l%bﬁf\,@s‘%lreerm ed
mlﬁtuﬁrd’ Wwas @@Ipdra%ﬂﬂ daidi a(ﬁm)ﬂ( RRiterkglidawsk ehedined tidgk suilitl Rvagtwighed
with dlgt?lgfleetl(ler (2 x7155 mL), methanol (5SmL) and diethyl ether (15 mL) to afford 3-
((3-(4-acetamidophenoxy)-2-amino-3-oxopropyl)disulfanyl)-2-aminopropanoic acid
dihydrochloride (5 mg, 33% yield) as an off-white solid. "H NMR (400 MHz, DMSO-
ds): 0 10.13(s, 1H), 8.75 (bs, 4H), 7.6 (d, 2H, J = 8.8 Hz), 7.15 (d, 2H, J = 8.8 Hz),
4.63 (t,3H),4.22 (t, 1H),3.40 — 3.16 (m, 4H), 2.05 (s, 3H). MS m/z (APCI): 373
(M+H)"; Melting Range: 230 to 237 °C.
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m.). Conbined ethyl acetate extracts were dried over
sodi um sul phat e and concentrated under vacuumto yield
W@2000g¥1290r ange vi scous mass, which was puri f i BOI/B§2009/044749
washi ng with hexane (3 x 50 nL), and diethyl ether
Exd@@ 41iSynthesigenbisat &etnddophenyl) 3.3'-disulfanediylbis(2-
di sul fanedl | bi s(2- (t ert - but oxycar bonyl am no) pr opanoi c
dRqnyopaneats) Qigtriflyocogeetyfe) (9 g: 98.3% yiel d). [00172] A
colorless suspensi on of

ACB‘N o sul fanedi yI bi s H&‘%ar bonyl ami no)
pro CI d 1 36 in dry DCM (120 nl)
was ea - et gm noph (3 4 g; 22.72 mmol) and
TBTU (7. 29 gNng%MZ mNBLpFaf ol | owed by addition of
DI PEA (2.9 g; 22.72 mmol) after one hour. The

(TER!sQ bepg-puspensi on turned into a light yellow clear
sol ution, which was stirred for further 3 hours at RT.

O P e Bl T of P B sy 5.3
dls(ul\fbmaﬂg)lbisdbttaﬂoutmywrbdmyﬂarﬂlﬁé)pmafpahlb’ate):{fo gl uebmn®]3" -
iR B e e e AT el el
0.0mP, TISA Q@32 g,CPSwhl%S’olP od lt'@ictlolmmxtﬁfet Whs $RRBlLERTABr PF hours

the reaction, DI water was added to reaction m xture
andmctnbrepmggahwas mapieredds Tdépanethag]: digdmethettiany (XD9%)

B LR Y R
ma@é}ia@ 0¥ p?G&li&% d}aﬁalomﬁg 65&%51%01{3% iTf e theR¥actiGh WRs was

chromat'ography (silica gel) using 10% nethanol in
evafiacittd toorhgaih an effaghignsadiduehich ves prehdddeith diethyl sther @ xof 5

i3, et s R Tt sther 4 ek dine 5098 Wik %ho)

acRhNRRPEEYE) 3, @ftﬂsulfanedlylbls@ aminopropanoate) di(trifluoroacetate) (50%
3-((3-(4-acetam d<1) phenoxy) - 2- (tert but oxycar bonyl ani no)

yield)asanopi-whitt yaids utl Nl HORMHz DNEOaky: Salk bty 1&hi REF(d,

by AR TRl B Eodiopy) "o PHL 2AGE Bt wis

m@(AE@b(%@wwﬁbMﬁa Pbm2‘>(3t)@'°CbUt oxycar bonyl ani no)

3- oxopr opy sul fanyl ) -2-(tertbutoxycar bonyl anm no)
ExBMPRAN G Atttk O £S-Licebihid¥hieh§l 58kdHiazbiR8A<L 3]catRx fate
stirring off-white suspensi on of
Acﬁ (3 (4 acet am dophenoxy) - 2- (t ert but oxycar bonyl ani no)
yI )fi sul fanyl )-2-(tertbutoxycarbonyl am no)
-».J ErN(ZOrrg 0.03 mmol) in diethyl ether (10
r

was add (her-HCI solution (3 nL). The reaction
mass was stirred at RT for 6 hr

(S-enantiomer of II-G)

[00175] To a stirring colorless solution of L-Cysteine (10 g; 82.5 mmol) in 10%
NaOH (15 g in 150 mL of deionized water) at 0°C, was slowly added a colorless
solution of triphosgene (24 g; §0.9 mmol) in dioxane (170 mL) over about 1hr.
Addition resulted in the reaction mixture turning a milky suspension, which was
stirred at RT for an additional 3 hr. After 2 hr, this suspension turned to a clear light
brown solution. The light brown colored reaction mass was concentrated by rotary

evaporator to provide an orange color viscous liquid, which was treated with hot
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and reaction progress was nonitored by TLC (et hanol:
di chl or onet hane (10:90) TLC silica gel 60 F 4 (Merck);
waledessizen with | 254 nm UV, Rf val ues: startiPQr/US2009/044749
material: O and product: 9). Follow ng reaction
ac&ompiletd @0 byL)TThe addichifr@akiytioNaddeptdted anasoscapMeauader
and an off-white solid was obtained. This solid was

vagah a8y 19 affjosd hwhltétsw& whichwaswathed wigh anzasstong:sthes
thyl
miBEl O T 0B Thecorflihed GreBht Ufbrewere sopmraiad and ¢y
cohdeniat@tita olplamnsD}@mo(oﬂnaz@lld]nhwdcranbd}dydlb laclid ag 2 paty, yeB8%bsolid
&I %‘ ?fj) n off white solid. 1H NVR (400 MHz, DVMBOC
m§ oyt 83( IH, 8.75 (bs, 4H), 7.6 (d, 2H, J =8.8

[0({1’7)61 H) T(g a gé;rmgg)alp@/eélgyv%@%e;%l)@h @g (§ )22 gg(}:@iagg%iﬂ;‘ 4- 2(:221rb(oxylic

oA 3.6 HiAqf Mtk ol iAgFRasiai ) 30+ Qudfoco

acagﬁinophau(af @arnsédi rylfrioi)sﬁla THA (fogyr Dpamoatl efollowed by DIPEA
g bt PR e e by e 2 e
wa@'sﬁﬁréd aaet a1 BBRNERY IThe Roadtion was monitored by TLC

di sul f anedi yl bi s(2-(tert-but oxycarbonyl am no) pr opanoat
(dlel}lo(cmnelhagre ethanoit@): 10)obt Qisiled get oht isHdquelo pdatedtioorwith

Ex 3) i dded 0.2
PR e gl s s T o B r R e i
u§ﬁdhEH e\qtha;at 2 9L L1 A0 oF AL O va% QG551 1B the

noni t ored by (‘'met hanol : di chl or onet hane (10: 90)
aqido@s $ayker. d“elnlsgﬂjue@@ 1RG4V as Ivgtr@dtgd; wdhtetzhyl amtntwtit k50 n154nd

nm : tart 0
oo e s Bire B AR Rater i Po B et iEls L.
dried P& s@ﬂﬁ% §1i(1;p}ihl%8 zﬁidrboﬂﬂelﬂlfated\/’l!ﬁ latfBrdOis€budbr&bin Wg$id. The

washed with di ethyl ether X 15 WLEJ) net hanol

(5
reSﬂﬂ_t)n,g ligrer! Wiaféwmhed étlﬁle(iletbﬂfﬁth@)G &fXoond) #gl Betomirils @ (x4L0

§ a 8Ir S&ﬁr é ziiliol §Beld %f (a8314nzbc§}a(r)nﬁgorp P%l 2-oxothiazolidine-4-
calcd)bkylatefals U wts%hd(“ipﬂ(m (ﬂ(ﬂi))MH% Bmm HeWBilh®2 (s, 1H),
sol1d. 1UN (400 MHz, DVsQd 6 10.05(s, IH,

8.75. (3, 7DHd. ZJH,-J 8842H4.)7. 037(d12H(%1 824HZ)J4 & (8, 4HMB)84 @n.5

k72 b g YT o foo 8 RO Lt e 5
de)2BMNt7BAs] 570062, 16824 Rret3ansslophasyll, 137.31, 121.54, 120.75, 119.88

2- oxot hi azol i di ne- 4- car boxyl at e (S—enantl omer of H-G)
,114.93, 55.48,31.47, 23.87, 23.68. MS m/z (APCI): 281 (M+H)".

Example 6: In vitro conversion of Acetaminophen Prodrug Compound (II-A) to

Acetaminophen

[00177] A known amount of Compound (II-A) was incubated with human plasma
samples maintained at physiological temperature. Small aliquots were drawn at
predefined time points (0, 5, 10, 15, 20, 25, 30, 40, 60 and 120 minutes) and analyzed
for acetaminophen content. The experiment was performed with two different
concentrations of prodrug (15 pg/mL and 0.3 pg/mL) in pooled human plasma at 37
°C to determine kinetics of metabolic reaction and whether or not saturation of

enzymatic system involved in conversion of prodrug to acetaminophen drug takes
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[00175] To a stirring colorless solution of L-Cysteine
(10 g; 82.5 mol) in 10% NaOH (15 g in 150 nL of
waelzionized water) at 00C, was slowy added a cedDUBR8%044749
solution of triphosgene (24 g; 80.9 nmol) in di oxane
pldcd. 710 wak Youmdehiat ab&bihidobhen figpahited 0apidie Dyl thedme f file sample
reaction mxture turning a mlky suspension, which was
colfgGHioR @MINRT) frouta Sn T BriAgirss hAhd Af t or 2 hr, this
suspension turned to a clear |ight brown sol ution. The
Expinglet 7: iy ¢ilin conventier of AgetamimnephersBrodare Competnd (Bt Altohy
Aq@ptar(yp eyaporator to provide an orange col or viscous
S#hi ch was treated vvlth hotacetonltrlle (3 x 40
The aceto trile S arated an
Wﬁ&ﬁ&en PRERT Pl Saorti B SCREBTURPR hiowh ¢ o
me‘%é-ﬂo'hgm iV O d\Ya/Pa s WRLRINEI n Whhs mlﬁfﬂaﬁ%%xﬁﬁﬁmgﬁtﬁpdes@nﬂeb’d’rﬁ)ed
1:4; 3 X 100 nL). The conbi ned or?anl c layers were
ab@‘@pf@f i wtio atdiesoihie @ﬁmpamréidoftforr@lﬂ@ ailm\) was mtravenously

adl)%l?r? ftgrvf\:/gé% fhlggg 0| 1ol nyl e fogd r%%x%/ agfrﬁéifg\g?sﬁpe omts The

bloldi wdsi anglyped ﬁ)r&i@éthrﬁiﬂoph@ﬂﬁ)ﬁhﬁdw nin@fhe half-life of prodrug was
(S)-2-oxothiazolidine-4-carboxylic acid (2 g; 13.6
detefdingdi n dry di chl or omet hane (50 nL) at 0 0C, was
added acet am nophen (2 g; 13.2 mmol) and TBTU (7 g;
[0(21ﬂ 98 niest I)haﬁmek\mf@leyf DeREIN¢IheS and jhe Hlesadtipg p@mnmvund

ot ARG o Pl ft e M 4P e R e e lad
resiRigt P seh d¥tatlifopheh cbhd@h@RikanestimIndpR& and2Re HO) salt of
TLC silica gel 60 F254(Merck); detection with | 254 nm
the spmppung &}l ybisvers desesAnrspigainoler brsisgp gerréde the smye leppleof
t
xRS SRR RS B8, o ppeana 01
coavpuE ol &1 \h&y&racet'ﬁmnso;mqm eﬁwstedtayenialy\aSreemle and &anai Sprague

te 50 ni) dth mj d
Dai“ﬁ?%@a&\/\éqgg) %ﬁéﬁ@aﬂ% Rwew%grat%ﬁ%%%gw% \@?@tlﬁs .%% agf‘g :“g?lghz@
mm 2708/, ?Neefatsss%?&h %aﬁw m&aste; AMhSRRHEM 118t ﬁgg]ihgnes

ford a viscous brown [rquid. The resulting
andvéts4 el lwutShpcett éoiwywlwﬂdwblpocq &mpl%(%{))ul)awde collected

tr|Ie x,.10 m.).to a 6% yi el d)
frofly T S Bt Ry hick g R st R 2R PR oasa by
cel@tﬁf%ﬁ?ﬂl aﬁ@p@m@wa@ht@re)aeﬂrdz@waﬁoﬂopo umh M&Bzé&l Q&st!z@f

; 10.02 (s, IH), 8.75 (s, |IH), d, 2H,
plagma agalngs)for qce%m(l@{pheg lqontgntarg slzqqzl) in Elgge(jna'nm le B. 84
(m IH, 375 (m IH, 2.02 (s, 3H. 13C NVR (100 M-z,
TamvSOSiunﬁ)ary oficdl@iBate¢@ phdridcQdnetbG8udtetert ®F adk3amib6ghddfter
intldbnaik,adii3ristBdtionlo LTobdpouh@ QLI-7H), to 1dt9. 88

PK Acetaminophen Compound (II-A)
Parameter Mean % CV Mean % CV
Dose (mg/kg) 25 N.A. 25% N.A.
Half life (hr) 2.65 437 1.87 53.2
Thax (hr) 0.139 62.2 0.083 0.00%*
Chax (ng/mL) 26467 22.8 26367 232
é}r{ggfmu 24300 33.6 19250 25.8

62



, 114.93, 55.48, 31.47, 23.87, 23.68. M5 mz (APCl):
281 (M+H) + Exanple 6: In vitro conversion of
woe@vasm2oophen Prodrug Conpound (11-A) to AcetRCi/Ospheou4749
[00177] A known ampunt of Conpound (I1-A) was
gqgal& ted with human plasmae sanp|es maintained at
EFX‘ZIO ical telpkrature.4&vmall | ali gddts were di7a8wn
ined tine points (0O, 5,110, 15, 20, 25, 30,

4P, 190xand 1P0 nj pyit es) angs @nal yzed (g acet amyophen
ggni en% |he_@x_p_gr_|_ngn_ orhed with two
* giol¥ sAwnlepiofcerme/ke |a6¢1§m51pp§$rbér il Yaluesihg fAmeand 0. 3

in pooI ed hurran pI asrra at 37 0OC to determ ne
€1 9 grepafopras clan g waet her or not
sat ur atl on of enzymatl c syst eminvol ved in conversion
[0QIf80pr obtudigs hwereawekcenkanap kealuge ulge pcakrﬂﬂbhamenpwtbct!m)s

found t etan1n hen appear ed i.dl the t
Pregfai osthe Lot an B TGOS BRCTPAGHH G oY i limadsietsd Sraly
to FRQWA i dp pFdpBidfe@Roukse 3iFin dvasEXRBRYE @nd thel tind/EdRse of acute

conversion of Acetam nophen Prodrug Conpound (II1-A) to
aceﬁ\@@tr@nhmpﬁewd[lmamaXl@UW@r@n‘t%ml@ﬁ H@Ezttatnmdm@ﬁ evaluated

prodru hen..t tab sm.in th

oy PR AT EPARR L B R TR Sph Pl (T ana
Asg@ﬁeat@ RaflRBGdsbedSTRf givEOdanidgevi tro studies, the

compound of formula (11-A) was |ntravenously
[O(Fﬂﬂ] ni 'Fltleeﬁl%gstteﬁwtabﬁ) 1H@1§t§f_\{_%r}h&ﬁl: sl v@hélpglo'w% c@ﬁﬁ%n@‘igns

predefined tinme points was anal yzed for
of agude hmaﬁum@n%ﬂowtr@rﬂral aaindnnsm@thmaqffactmm@lqpherprﬁmh Syiss

AR Rk E s e MR EGTRE RS EE NS i et he

tinfeQdolteddf Gbite é&etmrn@pﬁaminuaéeadlegﬁtb@ﬁ1d1@tw3@\@fwm&eﬁIby)dosmg
admnistration to determne resulting plasma

acefpainepheibpRef newhe art eallerGrsplagpesamn %ﬁ@eﬁ andi24 heurs. A
cle'_ﬁnclse%é 1nOAL’i’ fod %%qﬂgwggget%b%rvg\@{n a[lfjl%§ %%t ®%our time

basi's rovi € Sane | evel Of exposure

po(nZle‘gédfi@)ltly ahﬁamﬁeapsmmmtsamwndan snb@h;uantmtﬁdias ewf, ial e
of conpound (11-A) conversjon in vi

mla%%ﬂarﬁfﬁawﬁe%etaﬁﬁm@g@Omeﬁ%h‘gasv;}@lfémw&ﬁecé?%m Widtg gice
we’?@fa@&ﬁ%v%ﬂh@ﬁnc{ @g(eﬁ)or@uﬁ Qée%angl%ﬁﬁeln%% d&e"l@&zels of 170 and

Laboratori es) age, wei ghi ng
362 nQe/kg md;blod‘chwax adlEctedri@ hoersi dtet gdodmhge dhsatotly dade ltvelhse

prfictd Sisudt clmaian a0 St AP L el Pt e gt ivber aas

selected for subsequent studies.

[00182] In order to provide evidence that equimolar doses of /-methionine (167
mg/kg) prevent acetaminophen-induced hepatotoxicity, co-administration of
equimolar doses of /-methionine and acetaminophen were administered. It was
observed that oral /-methionine did not affect serum AST and ALT levels, however,
co-administration of equimolar doses of /-methionine significantly reduced AST and

ALT increases in acetaminophen-treated animals.

[00183] Finally, the hepatotoxic effects of equimolar dose levels of acetaminophen
and Compound (II-A) were compared. In this study, 170 mg/kg acetaminophen was

found to be hepatotoxic, as AST levels increased in all treated mice and ALT levels
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fromthe tail

vein in lithiumheparin m crocontainers,

processed to plasma by centrifugation and pl asna was

WG L@wpaes20Y ozen at

-7Q0

Cuntil anal yzed.

Resul t BCD11S2009/044749

pl asma anal yses for acetam nophen content are shown in

weﬁi: glumecBmaaw Takberdst, ofdbldgidistrélomraieyuiafol alostlleatie df
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shdee papbicoihenFiPoedr ugs [00180] Studi es were undert aken

to eval uate the potenti al

hepat opr ot ecti on provi ded by

[00184] / - niRdrB¢radicogfimethans s tnily efpvmﬁuﬂ dedthhim®phathilowing

adm nistered orally gq}
Cognoang, (MY adgyigistrastpnanas qompafqb%ﬁawé

%Ql'@db@%i%r}nicv\gy & PEARLY

aloﬁe

t
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e(fvetdyor
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partate_tr nsa

erapdiepay 0 Higurey prg thg €

in Wkhieh shows consistent signs of acute hepatoxicity

foll ow ng oral
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AnRlcBin

Q nop

éﬁga%ﬁ%& dP(i‘c‘&a Wi
an a%etammo fich | 8 HH

AST))_ of li

uljisd

adm ni stration of acetam nophen.

o%ha‘LH)‘fillo

.—1

11T

ver damage

g QWF?@P%%%%M%PFM@

Bot h

gl zicfllﬁms];ration

OUF se O

épatotoxicity was

det erm ned by dosi ng

acet am nophen at

4

250 ng/ kg and

col l ecting plasma sanples at 8, 12 and|24 hours. A
ol ear PRdPavameter n ALT| andca@minephens wer €oopgand ¢d-An
al | mce at the 12-hour tinme point. Compsequently, this
-re—poi-nt—was—used-iin—all -subsequent studies. Next,—a
m ni mal | yDeéd ective acet armm)ﬁigﬁ{g dose I 6\365,6V\/a§g/kg*
determned—C57BL6—matemce—were fasted—overni ght atrd

Hosed or'Bhk (hrii th ace

t am nophéd’ at dose

b | evelOsl&gf 170

nd 365 Mg/ kg _and b o
Hosi ngCmadngBHR dose

00 Was coi f ect ed

| evel 99Ptedticed di

T2 hours after

sti ngf050.51

1

el evat | ALT and AST | eye 170 my/ kg

acet am ﬁlﬁb(ﬂgﬁ) was sellected f é6subseque=nt st ub%s
00182] Ln der to provide gy,dence that eq | ar
Hoses nflt ﬁl&t hi onine (167 rrgl kg) prevent %5‘?
acet am nopegn; i nduced hepat ot oxi ci ty,

Co- adm |str i on of |equi nol6Al6.ddses of /- md0FU&dh ne
and ace en werle a_drri nistered. I{ was observed
hat or R‘f( t hionine did n%F48affect serum ﬁﬂb and

ver

*: molar equivalent dose
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co-adm ni stration of equinolar doses of /-nethionine
significantly reduced AST and ALT increases in
waewvasm2aophen-treated ani mals. [00183] Fi nal | RCT/UBZ909/044749
hepat ot oxi ¢ effects of equinol ar dose | evel s of
acet am nophen _and Conpound (I1-A) were conpared. In
thiis study, 170 ng/ kg acetam nophen was found to be
pat 61%3)%111?: as AST levels increased in all treated
m ce and ALT | evel swere elevated in 83% In contrast,
otal adrbmipstncef formulp (Hgui nol ar dose | evel s of
Conpound (I11-A) (357 07 ng/ kg) di sp ayed aver age AST

and ALT | evel s si gnl camntly le@%

acet am nophen-treate %Fw 9 These data
are shown graphically i 4710 ﬁsg] In order to
confirmthat system c exposure Oo a et nophen

fol l owi ng Conpound (I1-A) administrati on was

conparabl e to that provided by acetam nophen al one,

mal e C57BL6 mice (8 to 12 wee )ol d) received oral

equi nol ar doses of Conpound (IT-"A) (357 ng/kg) or

acet am nophen (170 ng/kg). These data are plotted
graphieh¢eyn in Figure 5 and the cal cul ated

har macoki C paraneters a resent.ed i.n Table 2.
e e bR DR TE G R AP S Pur R oG alll e oo
fol I owgng. H)ra@.l:ttyﬁ@frh BhsskitAatd Snubib Eanp@tholdeld rﬁblean

acet am nophen o mce : nolar equival ent doseWat
cl ai mel issH, 1CHAan@H<r3tﬂmnd>h©$phfa@rmme@ @ Isubstityted) Olwher e| n

Q‘C: (Sj rar%rllbsgg gltgtréd gm%nl’(l)t'filsc‘id }nl()lie ysf orré su ?1%%%8?} lfr}sggsé%ﬁ]e@
unsubsﬁuchasﬂem@o aci d noi ety, R is -H -CH3, an
al kyl ene- phosphate npoiety, a substituted or

unsubst i PhPBErCHBAbtaken @gﬁ@%wh Roto fpraymhsbptityied ®ror
unsubsﬁﬂs{lygtﬁﬁt %H&Jex%%?élgﬁkgp' ety; or wherein B is taken

together w substituted or

unsubsi ist uéred] aheét er ocycl oal kyl; x is 1 or 2; and
m is 0 or 1; wherein
when A is a bond, x is 1 and R; is -H, B is a substituted or unsubstituted
amino acid moiety; and
when A is a bond, x is 2 and R; is methyl, B is -H or a substituted or
unsubstituted amino acid moiety;

or a pharmaceutically acceptable salt thereof or solvate of the foregoing.

2. The compound of claim 1, provided that when A is a bond, and R; is

methyl or -H, B is a substituted or unsubstituted amino acid moiety.
3. The compound of claim 1 or 2, wherein A is a bond.

4. The compound of claim 1 or 2, wherein A is a substituted or unsubstituted

amino acid moiety.

5. The compound of claim 4, wherein A is an unsubstituted amino acid

moiety.
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mis O or 1; wherein when Ais a bond, x is 1 and Ri
is -H Bis a substituted or unsubstituted am no acid
worpioet1y329and when A is a bond, x is 2 and R i RCTHESIN9/044749
Bis -Hor a substituted or unsubstituted am no acid
n®i et yThed¢onfpduhdoiraaghl 5 whtiein Accapimbbaitsad klychemesiéty.
or solvate of the foregoing. 2. The conpound of claim
1, proyjded that en Ais a bond, and Ri. is methyl or
“H, B e cprapyat of areencgt %%Bsﬁqi“fhﬁ‘feé’aBdﬁfﬁ&réﬁtﬂ'
noi ety. 3. The conmpound of claiml or 2, wherein Ais
ag bondrhdeonlRing QFPAHAYG, Rhei6lB W keI, 2, Wherein Ais
a substituted or unsubstituted am no acid noiety. 5.
The conpound of claim4, wherein Ais an unsubstituted
a%i no ‘Bed ebmapsived pf elaimTHewherindBiirdtEbf ¢l ai m 5, wherein
A is an unsubstituted glycine noiety. 7. The conpound
of , any [ -6 rei ' I -
a10- TraTBESesionl 3 By dacors MIGRT Gy b Fp Bt o
The compabiniuted aslimi aidmodnerein B is -H 10. The
conpound of any one of clains 1-6, wherein Bis a

supstituted or ynsubstituted amno acid iety. 11.
Tﬂﬁ CO%WO&PCL{ 8?8'3‘1%1 ié’, wWhHene: 1y aé‘ﬁ%?“ﬁ@%&%?“@étﬂt@@d
or unszaiqgfsd}ﬂaw&ggt}gl utamate noiety. 12. The conpound of
claim10, wherein B is an unsubstituted gl utamate

noi ety. 13. The conpound of any one of clainms 1-12,
wher ei ‘Bhecdngpopnd dhiclairhd 0 cohgyonriisah wsybsgifgebglu@naiars
1-12, r\ﬁh% ein x is 2. 15. The conmpound of any one of
clai ms 1-14, wherein mis 0. 16. The conpound of any
one of clainms 1-14, wherein mis 1. 17. The conpound
of 3. anyTlenendfoudd af oy dneld,claMneriei ) wRerdisx idH. - CH3, or
a substituted or unsubstituted am no acid noiety.

14. The compound of any one of claims 1-12, wherein x is 2.
15. The compound of any one of claims 1-14, wherein m is 0.
16. The compound of any one of claims 1-14, wherein m is 1.
17. The compound of any one of claims 1-16, wherein R; is -H, -CH3, or a

substituted or unsubstituted amino acid moiety.
18. The compound of claim 17, wherein R; is -H, or -CHs.
19. The compound of claim 18, wherein R; is -H.
20. The compound of claim 18, wherein R; -CHs.

21. The compound of claim 17, wherein R, is a substituted or unsubstituted

amino acid moiety.

22. The compound of claim 21, wherein R; is a substituted or unsubstituted

cysteine moiety.
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18. The compound of claim 17, wherein R is -H or
-CH3. 19. The conpound of claim 18, wherein R is -H
WQ@09/T¥29conpound of claim18, wherein R - CH3PCRUS200$1¢44749
conpound of claim 17, wherein R is a substituted or
UPEs UbSThd ¢drgsbuadionolags 2d, wikdreinR ; i2dn uddi@strordeyneinef
claim?2l, wherein R is a substituted or unsubstituted
cyst ei H8Hbi et y. 23. The conpound of claim 22, wherein
Ri is an unsubstituted cysteine noiety. 24. The
coppoupgt Qfmduftl B 2Rim ‘Q@ e\?/ﬁér&nlﬂl it g sﬁ‘bs%ﬂgé& i‘s%tu?éjmmet
cystelne noiety. 25. The conpound of clalm wher ei’n
Ri is an N-acetylcysteine noiety. 26. The conpound of
aﬁh@z onéEhafongpaaindef ¢laig 24 wmbkgreinR 1Rp an N-zngtylcysteine moiety.
al kyl enephosphat e noi ety. 27. The conpound of any one

|n1 6, wherein.R IS The ¢ ound
o# ‘any %en%omogounfi of AR in (gccll_%\}ﬁle rleqér;%r—lilerem Rélssalﬁl b ilfnﬁ Ut ed
or unspbﬁph&@hﬁdnﬁucle05|de moi ety. 29. The conpound
of claim28, wherein R is 30 The conpound of any one
clainms_1-6 or 13-16, wherein i.s taken t%gether W th
R7to Torshmpasndef pryewscelem %é’mﬁ’gﬂ? Ruied
het erocycl oal kyl . 31. The conpound of clai m 31,
Wher i fip e drSp Judh 8P akPORT M ails tlhl dQlWthéll{ RI ¥ aas'ﬂlbstltuted or
unsubstituted 5-thidazolidinonyl. . A conpound of
cl ai m unsubsiguted nutlpesideonpiotnd i s: or a
pharmaceutical |y acceptable salt thereof or solvate of
t f o] n ound of cla|n11 wherein the
cgﬁpogﬁﬁ T orggfgﬁg?gg ﬂrpga y acceptabl e salt
t her eof or solvate of the foregowwg 34. A conpound of
claim1, wherein the conpoundisAor a
pharmaceutically acceptable tNereof or solvate of
the foregoing. 35. A conpoungq aiml, wherein the
conpound is: or a phary i/cal 'y acceptable salt
t hereof or solvate of the egoi ng. 36. A conpound of
claim1, wherein the copgppundys:

30. The compound of any one claims 1-6 or 13-16, wherein B is taken together

with R; to form a substituted or unsubstituted heterocycloalkyl.

31. The compound of claim 31, wherein B is taken together with R; to form an

unsubstituted 5-thiazolidinonyl.

32. A compound of claim 1, wherein the compound is:

AcHN
G
O)J\(\/S\

NH,

or a pharmaceutically acceptable salt thereof or solvate of the foregoing.
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or a pharmaceutically acceptable salt thereof or

sol vate of the foregoing. 37. A conmpound of claiml,
Wab@paia29e he conpound is: or a pharnmaceuti cal | BCT/US2009/044749

acceptabl e salt thereof or solvate of the

f 33. egoARGMPBundotmpOLiRcheddin headompbuntviyer ei n t he

compound is: or a pharmaceutically acce table sal t

t hereof or sol vAt&N u e regO|ng H A conpound of

claim 11, wherein thd ypodlnd J S: gor

phar maceutical ly acceptalfe ¥al 5t her edfHAor sol vat e of

t he foregoing. 40. A conpoundHat claim 1, wherein the

compound is: or a pharnaceutically acceptable salt

thereof o[ | va [

of for %hafn%?(ie)ujﬁga(lﬁil a)cgqvﬁzé‘t}lg saﬁgt eraen Lot oél’leaée o5 t%%?orggomg.

i ndependently a bond or a substituted or unsubstituted

atd.no Acbthpoonddfclaid Brnchetziatie @agouhddependently - H,

acetyl, or a subs tuted or unsubsti t ut d amno acid

noi ety; and X arftf |ndepe 1 or 2;
wher ei nwhen A and D eac and y are each
1, and B is acetyl, then Cis -FE or a Nldbstituted or
unsubstituted am no acid noi ei4sc or a pharnmaceutically
acceptable salt thereof or solvate of the foregoing.
42. The. c I

A ond @EP&%&‘EI&QJ%Jc@%tﬁJSaM@g{] § Q)&Yaéffe?nfsthfé?&gg(ggg.

wherein each of A and Dis a bond 44. The conpound of
cdaim Azpmpbemdad)fmlainel ofhefeiamie: dommuad iond and t he

ot her of A and a substltuted 05 un%rbstituted
am no acid noie ound aim41
wherein at |east on ubstltut ed or
unsubstituted amno a |d ty5346 ThlAconpound of

cl ai m 45, wherein each of A BHg D is a substituted or
unsubstituted am no acid noiety. 47. The conpound of
claim4l, wherei ch tnde

E oo ot g e R e SRR gl BRREREE e YorBeqing

fromthe group consisting of glycine, cysteine, and
neg.hi ORicBpound of claim 1, wherein the compound is:

ACHN\©\ Oa-OH
Oj\(\S NH,
NH,

or a pharmaceutically acceptable salt thereof or solvate of the foregoing.

37. A compound of claim 1, wherein the compound is:

or a pharmaceutically acceptable salt thereof or solvate of the foregoing.
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48. The conpound of claim47, wherein A and D are each
i ndependently a substituted or unsubstituted noiety
waetoessee f rom t he group consi sting of gl yci nePCT/US2009/044749
cystei ne, and nethionine. 49. The conpound of claim
488. WhArempodndsitInar evieadh theweppadei: |y a
substituted or unsubstituted glycine. 50. The conpound
of any one of clai B¢ M~49y wherein at |east one of B
and Cis H 51. The co .@. of| clthi m 50, wherein each
of Band Cis H 52. The onmoun any one of clains
41-49, wherein at |east one of Btagd Cis acetyl. 53.
The conpound of claim 52, wherein each of B and Cis
acetyl.54. The conmpound of claimb50 or 52, wherein one
of B atid: Rharmagquaerlivtasecnseiie salpthemofpis oty ate olthe fgpgoing.
55. The conpound of any one of clains 41-49, wherein B

ﬁ’gstltut e‘g@ﬁﬁh%@% ﬁ?ﬂ% Y i coRgho ténl%:ﬂuiolS i gty

selected fromthe group consisting of glutamate,
5

cystei ne, and netdiNgine. ~The conpound of claim
55, wherein B and C @ OHy a
substituted or unsubst 26T & moi ety

sel ected fromthe group consigypng of glutamate,
cysteine, and nethionine. 57. The conpound of claim
56, wherein B and C are each i ndependently

a
subst i ¢l RBrceyHstystererizbe syt @F@ﬁﬁ?resolw offthg foregoing.
conmpound of any one of clains 41-57, wherein x and y

aE eaﬁil?:mlﬁpog‘@d of I18Inf PRRYAF t&fco%iﬁ()uﬁ@?s of clains
41-57, wherein x and y are each 60. The conmpound of

any one of clainms 41-57, mhereln one of x yisl
and the other of x and y is 2. 61. A ¢ge nd of claim
41, wherein the conpound is: or a pha |caIIy

accept abl e sq{ Nt hereof or solvate of N regoing
62. A conpoun FI:EiLn:ﬁirffﬁfrfLﬁzzgg_conpound i S:

or a pharmaceutically acceptable salt thereof or solvate of the foregoing.

41. A compound of formula (III):

H B C H @)
OY \©\ HN HN /@/ \f
A — D
0 \[])\MS SH)\W ~0

X y
O O

(TID)

wherein A and D are each independently a bond or a substituted or
unsubstituted amino acid moiety;

B and C are each independently -H, acetyl, or a substituted or
unsubstituted amino acid moiety; and

x and y are each independently 1 or 2; wherein
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or a pharmaceutically acceptable salt thereof or

sol vate of the foregoing.63. A conpound of any one of
w0 b@pereedi ng cl ai ms, wherein the conmpound i SPCHPaINB044749

of sufficiently inactivating iV-acetyl-/?-benzoqui none

I m ne yANAP&Iahd iDar@Ra¢alboridlWahd felaédctd, hod B ismdedy], then C

equi val ent of acetam nophen adm ni stered under the

sane ciénbi o4 %ﬂ%’snf@i?d oA UaRRsBLwRg g peid @Sty wher ei n

t he Comﬁﬂ

| east 10% 1 n an [ %ﬁ wcg?}g{iblé Q%]gt:h}:%\{/ggF %ﬂ;&ﬁ@%@ thp¥0@§01ng

equi val ent of acetam nophen adm ni stered under the

séhe cmdédmmmnsd o68laindA4¢ owipareincit GfastainaionA681d Wes boml.

the conpound i s capable of inactivating NAPQ by at

%ﬁl v aﬁ%én&fﬁgg :? ? gl:#h g'gh‘@]ﬁgr gllé%gﬁ\fl gﬁ %@8@ IRed unider nfl he

same conditions. 66. A conpound of any one of clains

684,65, Th&ngpdunt be cRieuamvhapeme io$ Aadha st BsrRichndtth@
toxic dose. 67. A conmpound of any one of the preceding

cl ai me0thgidrdeppf Prga ﬁ@tﬁaf%i vtwEksuiEpbIBin dod mafshbl e

of covalently binding to N acety\-pbenzoqui none i m ne

(MPQ' The &npdind %EPQEE% Afh 3B PG5 Uneldf 9 A5 §dL ng

cl ai s, erein t pat oprotectant noiety is capable
of sti smblstauted@rghmbant}utedrwmw atilesiisty. 69. A
formulation conprising a conpound of any one of clains

iect Hraiibunt SErtal a3 rhie o o oBR e br P or

1- 68 affhuBstkd@ed b@ino acld mblegy.f or nul ation of claim69 or
70, wherein the carrier is a pharmaceutically

acceptable carrier. 72. A formulation of conprisin
chhpouhie ermpawd of elai 441 wharginiA el Daieleachripdapgadently 2
sel ect f [

non- s tlgéglg,i %'Puf)ﬁ ?t_gla %J#F S%BH grr%g gse(‘lgés\{? B")oﬁ‘f tﬂe group
benzoduﬂmepngefggndmhambntumEMﬁahiﬁnmA formul ati on
conprising a conmpound of any one of clains 1-68, and a

C d select d fromthe grou Si st
CHer e Gavmrnd of HoBP denaeien gt st piehdedEpendently o
| evor pﬁ%@@tlutedﬁﬁ AR RRERAEM0iBE Rl Rd from the group consisting of

glycine, cysteine, and methionine.

49. The compound of claim 48, wherein A and D are each independently a

substituted or unsubstituted glycine.

50. The compound of any one of claims 41-49, wherein at least one of B and C

is H.

51. The compound of claim 50, wherein each of B and C is H.

52. The compound of any one of claims 41-49, wherein at least one of B and C
is acetyl.
53. The compound of claim 52, wherein each of B and C is acetyl.
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ket orol ac, ibuprofen, ketoprofen, flurbiprofen,
et odol ac, dicl ofenac, m soprostol, nel oxicam

W@Lroon#xam naproxen, caffeine, doxyl am ne, paP@lD820P9I/044749

t ramadol , dextropropoxyphene, nethyl hexital,

csY.i sophoc@hpoundioatiaimh a0 or 62 aziepeimont of Bz@g&@s IDtind the
m dazolam 74. A substantially pure formof a conpound
of anyoB#efdt ard Gilhacetyleg. 75. A nethod of treating a
di sease or condition that is responsive to

acet amrORRebuNE QFRAY S\ RAMs il SIoHhBid B 2R C are each

i ndi vi dual an effective anbunt of a conpound of any
one of indéindently- 6 Scefb,. or Blvebstetthd dr mcswbstditied atndnacdcad m

75, wherein disease or condition i lected fromthe
g oup. BBISY SeRG B  F150 BUAPIng R EHRRAT- G pieine an

I schenminethidhigd. Yy, and neuronal injury. 77. The nethod
according to claim75 or 76, wherein the

h%ﬁ.lat otoxicity of acetam nophen follow ng

adfi ni S eamprsindof elaim eonysbriria i and € dircegh indeaendeatly a
adm ni sgratj '

oo LSBT O ST IRRO RS L08R b e
cl ai mecofSisitilg ofdlatadiare, theiagomd imaiionhinact i vat ed

i V-acetyl -/ ?-benzoqui none imne (NAPQ ) in an

i ndi vidual follow.ng. adm njstration_of the c ound is
i ﬂﬁ r eaf%f'd@%ﬂ%wg\?édgsn 3@%%@1@%@?@@9 ag5 cagh éli“ggfp‘?fgﬁﬁ%ﬁ
under éd%@tit%ﬁzﬁ%r%ﬁﬁﬂ)‘sﬁﬂu%&sglutz&ate-.rhe met hod according to
claim 78, wherein the anmount of inactivated NAPQ is

i ncreased by at |east 10% 80. The nethod according to
c&i m Vg campnued of ameormafisitime 1 iawhereat eand\APG catls 1.

i ncreased by at |east 25% 81. The nethod according to
cl@aim erej t. of,idact i vat PA i
3 el YR R AR BT i SRl Sl SRR eat T 2o
any one of clainms 78-81, wherein the acetam nophen is
aelm ni Shies@tbaind af boxore dadaml 3l -SThehaeihat dacorddi ing and
to any one of clainms 75-82, wherein the

hepat off SHEEPERENYBitty of the conpound stimul at es

gl ut at hi one synthesis. 84. The nethod according to any

ope of AGhRipEEnd of Gdm MR & HRHTRAYR

or a pharmaceutically acceptable salt thereof or solvate of the foregoing.

62. A compound of claim 41, wherein the compound is:

or a pharmaceutically acceptable salt thereof or solvate of the foregoing.
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is adm nistered orally. 85. The nmethod according to

any one of clains 75-83, wherein the conpound is
w@eowpnirdered parenterally. 86. The met hod accRCHUSZP0YGI4749

any one of clainms 75-85, wherein the dosage of the

CE3TPOUAdohoaldolt anye 199 tHe(prédeditle Faifhs gwhééin thd€ompound is

nmet hod according to claima86, wherein the dosage of

the cotApabls@! puTisatly inAspvatigehacasyutbenzgaynorspiming e

met hod

the. dobgeaangh HRuk@aamt (AR5 i T Rufrnfie o AAE Oy

mol . @Bninikleeedmaideotheaamorcdndigotso any one of cl ai ns

75-75, wherein the dosage of the compound is about 0.1

|/ kg to about. 100 ./ 90. A coppound.of .any. .
o ofgepgtpﬁﬁn&f g 3 e sarTRetng b ABOUppLBRvating
sal t ?Qil\bgtaeleﬁgt ltOb@mf AN RGRINE] fePitive$€a B1# equivalent of
nmedi cament 1. Use of one or nore conpounds of any
one of acglaaiingphen @dmyristered waderdbe sameednditionscept abl e
salt thereof or solvate of the foregoing for the

uf agt t
@er K c%ih%o&ﬁd {i‘f dRd @gﬁ{%}elﬁ fle coﬁﬁsohﬁc??s unr o8f inB&1ting
i njur yNAPQI bgdaeleattza%mrmnumdldmfal @hyivenea afoldleguivalent of
1-68 or a pharmaceutically acceptable salt or solvate
of t he?FBrEgRRey afi@tmttﬁ@dﬂlpé%&th%?ﬂmf‘o«fon&gms fever,

i nflammation, ischemc injury, or neuronal injury. 93.
A6é<' t )S\Q()mtpeﬁnct 5%%@& Cfairk¥ &Y- @Sndvﬁé?elﬁfthé)é’de'fbmlfl@ﬁﬂ%ﬁ s
 ammat i on, 1schémc injury, or neuronal injury,
corrprlzginmglswr@bmdumddoﬁe any one of clains 1- 68; and
|nstruct| ons for use |n the treat ment or prevention of

ever f nj

Bl onaco PO Rl s PR e, Whspinghe
pr evenltdp@fa)pﬂftecnsmtrﬂnmét@\i@&apablefdf 2oV tBindifg REMaCetyl-p-
i njury, or neuronal conprising a fornul ation
of anybf‘élﬁ@qléﬁo@llﬁtﬂﬁﬁs(]\é‘g]? é and instructions for use
in the treatnment or prevent| on of pain, fever,

| a ry. 95.
08k 0und SCISTE o otidecaly AGH: P Th
Conpou]lrﬁlbato@r(ﬂecpablnttbwty is capable of stimulating glutathione synthesis.

69. A formulation comprising a compound of any one of claims 1-68 and a
carrier.
70. A formulation comprising an effective amount of a compound of any one

of claims 1-68 and a carrier.

71. The formulation of claim 69 or 70, wherein the carrier is a

pharmaceutically acceptable carrier.

72. A formulation of comprising a compound of any one of claims 1-68, and
compound selected from the group consisting of an opioid, non-steroidal

anti-inflammatory drug (NSAID), benzodiazepine, and barbiturate.

73. A formulation comprising a compound of any one of claims 1-68, and a

compound selected from the group consisting of codeine, morphine,
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of sufficiently decreasing |iver damage in an

i ndividual relative to a nolar equival ent of
wae@vasm2oophen adm ni st ered under the sane conBUCT/USI089/044749

96. A conpound of any one of clains 1-68, wherein the

conpoulndirbcodoaRapti®nirpisdnef leebphiddl, plepdgphenegadpitiney
damage in an individual relative to a nmolar equival ent

of ac ek%%o}?spmﬁrowmogmé%@umm@feq Rledglagdiclofenac,
condi tﬁl%gros&i méibﬁgﬁrﬁgﬁ (9% catl, AhPlokdn, c\m%ﬁg'd?)xg?ﬁ%uﬁeé

hepato to icity conpr andge to the [iver
i ndi vi phmdbrorﬁ&rarﬁadm,tdmdoprbpmt}@hme? hethwhierx@al) cardiseprodol,

hepat ot og Clt ses dana 1%11 t he ki dneys of the
i ndi vi gtigpitalg aZCR S5Peie? tifff WMcentration

formul ati on conprising a conpound of any one of clains

1748 an%ﬁstﬁhﬁﬂg@ﬁ%hﬁ a h)éofﬁ?&ﬁm @h® ohabf t1gfms 169.
The | ow vol une/ high concentration formulation of claim

99 conprising a conpound of claim32 and a
phar mag éuethehel teating a ikpicor candifigp that is responsive to

acetaminophen, comprising administering to an individual an effective

amount of a compound of any one of claims 1-68.

76. The method according to claim 75, wherein disease or condition is selected
from the group consisting of pain, fever, inflammation, ischemic injury,

and neuronal injury.

7. The method according to claim 75 or 76, wherein the hepatotoxicity of
acetaminophen following administration of the compound is reduced

relative administration of acetaminophen under the same conditions.

78. The method according to any one of claims 75-77, wherein the amount of
inactivated N-acetyl-p-benzoquinone imine (NAPQI) in an individual
following administration of the compound is increased relative to

administration of acetaminophen under the same conditions.

79. The method according to claim 78, wherein the amount of inactivated

NAPQI is increased by at least 10%.

80. The method according to claim 78, wherein the amount of inactivated

NAPQI is increased by at least 25%.

81. The method according to claim 78, wherein the amount of inactivated

NAPQI is increased by at least 50%.

82. The method according to any one of claims 78-81, wherein the

acetaminophen is administered at a toxic dose.
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83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

The method according to any one of claims 75-82, wherein the

hepatoprotectant moiety of the compound stimulates glutathione synthesis.

The method according to any one of claims 75-83, wherein the compound

is administered orally.

The method according to any one of claims 75-83, wherein the compound

is administered parenterally.

The method according to any one of claims 75-85, wherein the dosage of

the compound is about 300 mg to about 3.6 g.

The method according to claim 86, wherein the dosage of the compound is

about 750 mg to about 3.6 g.

The method according to any one of claims 75-85, wherein the dosage of

the compound is about 1 pmol to about 10 mmol.

The method according to any one of claims 75-75, wherein the dosage of

the compound is about 0.1 pmol/kg to about 100 pmol/kg.

A compound of any one of claims 1-68 or a pharmaceutically acceptable

salt or solvate of the foregoing for use as a medicament.

Use of one or more compounds of any one of claims 1-68 or a
pharmaceutically acceptable salt thereof or solvate of the foregoing for the
manufacture of a medicament for the treatment of pain, fever,

inflammation, ischemic injury, or neuronal injury.

Use of a compound of any one of claims 1-68 or a pharmaceutically
acceptable salt or solvate of the foregoing for the treatment of pain, fever,

inflammation, ischemic injury, or neuronal injury.

A kit for the treatment or prevention of pain, fever, inflammation, ischemic
injury, or neuronal injury, comprising a compound of any one of claims 1-
68; and instructions for use in the treatment or prevention of pain, fever,

inflammation, ischemic injury, or neuronal injury.
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94.

95.

96.

97.

98.

99.

100.

A kit for the treatment or prevention of pain, fever, inflammation, ischemic
injury, or neuronal injury, comprising a formulation of any one of claims
69-72; and instructions for use in the treatment or prevention of pain,

fever, inflammation, ischemic injury, or neuronal injury.

A compound of any one of claims 1-68, wherein the compound is capable
of sufficiently decreasing liver damage in an individual relative to a molar

equivalent of acetaminophen administered under the same conditions.

A compound of any one of claims 1-68, wherein the compound is capable
of sufficiently decreasing kidney damage in an individual relative to a
molar equivalent of acetaminophen administered under the same

conditions.

A method of claim 77, wherein the hepatotoxicity comprises damage to the

liver of the individual.

A method of claim 77, wherein the hepatotoxicity comprises damage to the

kidneys of the individual.

A low volume/high concentration formulation comprising a compound of

any one of claims 1-68 and a pharmaceutically acceptable carrier.

The low volume/high concentration formulation of claim 99 comprising a

compound of claim 32 and a pharmaceutically acceptable carrier.
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