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inhibit both lipid peroxidation and superoxide anion generation, resulting in retained
structural integrity of the rat hippocampus insulted with quinolinic acid in a cerebral
ischemia model (See Metabolic Brain Disease 21 (2-3): 180-190, 2006). As with its
analgesic applications, an important element of the treatment of ischemic diseases
with acetaminophen is the speed at which therapeutic intervention and peak

therapeutic blood concentration occurs.

[0003] Opioids have gained widespread use in the clinical setting (for example, to
control post-operative pain) due to their excellent analgesic properties and onset of
action. However, the use of certain opioids is often accompanied by significant

adverse side-effects (e.g., respiratory depression, biliary spasm, constipation,
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chemical and/or enzymatic hydrolysis (and thus not amenable to clinical use) as it
requires alkaline phosphatase and about 15 hours in vitro to yield the desired
acetaminophen drug from the derivative (see Chemical and Pharmaceutical Bulletin
29 (2): 577-580, 1981). Other phosphate-containing prodrugs have been disclosed in,
for example, U.S. Patents 4,322,410; 5,985,856; 6,204,257; 6,451,776; 6,872,838; and
7,244,718; and U.S. Patent Application No. 11/999,660 (US2008/0318905), filed

December 5, 2007.
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or a pharmaceutically acceptable salt thereof or solvate of the foregoing. In some

embodiments, the compound is in the form of a disodium salt or solvate thereof.

[0010] In some embodiments, the invention embraces a formulation comprising
the compound of formula (I) and a carrier. In some embodiments, the formulation
comprises an effective amount of the compound of formula (I) and a carrier. In some
of these embodiments, the carrier is a pharmaceutically acceptable carrier, such as a

carrier that is amenable to parenteral administration.

[0011] In some embodiments, the invention embraces a formulation comprising

the compound of formula (I) and an opioid, a non-steroidal anti-inflammatory drug



carrier that is anenable to parenteral adm nistration.
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[0015] In another aspect, the present invention provides methods of delaying the
onset of acetaminophen action in an individual, the methods comprising administering
to the individual an effective amount of an effective amount of the compound of
formula (I) or a pharmaceutically acceptable salt thereof or solvate of the foregoing,
wherein the compound provides a slower onset of acetaminophen action as compared

to acetaminophen.

[0016] In another aspect, the present invention provides methods of prolonging
acetaminophen activity in an individual, the methods comprising administering to the

individual an effective amount of the compound of formula (I) or a pharmaceutically



wherei n the conpound provides a sl ower onset of
acet am nophen action as conpared to acetam nophen.
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volume/high concentration formulation of a prodrug as detailed herein (e.g., a prodrug
of formula (I) or a salt thereof or solvate of the foregoing). In one aspect, the
methods entail administering a prodrug that results in rapid release of acetaminophen
when administered to an individual (e.g., by enzymatic cleavage or hydrolysis). Also
provided are methods of providing a single dose of acetaminophen in an amount that

exceeds currently available doses by administering a prodrug as detailed herein.

[0019] In another aspect is provided the use of a compound of formula (I) or a

pharmaceutically acceptable salt thereof or solvate of the foregoing for the
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[0022] Figure 1 shows the formation of acetanmno
infhmgran pfasmg/ nl. prodrug in hunman plasma. [0023] Figure 2
shows the formation of acetam nophen from 0.3 ng/ nL
[0p24]dr ufFigune Bun@wrs the @Rmmacokinetic profile of acetaminophen in rats with

time-dependent plasma concentration of the compound of formula (I) compared to the

parent drug acetaminophen.
DETAILED DESCRIPTION OF THE INVENTION

[0025] The present invention provides acetaminophen prodrugs which have one
or more improved properties (such as increased water solubility and/or onset of
action) over existing therapies, which make them potentially useful in low-
volume/high-concentration parenteral administration, e.g., intravenous injections.
These compounds may be particularly suitable for rapid treatment of a disease or

condition that is responsive to acetaminophen, such as pain, fever, inflammation,
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[0P2R £ o dtporAYided prsrts. formulaEetie AnduyEdesage framg b derrodrug.

I nvention provides nmethods of treating a disease or
Alfpaditiersant f¥dfinjtons esponsi ve to acet am nophen (e.g.,

pai n, fever, inflammtion, ischemc injury (such as
[0fc ar dNoalenalatiropf seredymaloundodespebaddreatin inmjyheyidersified)

usi t he e 1 NO ro descri he Qrein.
wteS T e ORoTraaR 180 Matabt Bt T gt and uni t
osage _forns of the prodrug. Abbreviations and
[0Be9i ni tThe R GElye NEHER D BEURROUSE WdshePrebidpbimive
cdifRehd ?&%vﬁﬁ% A Din AP 1d @E 'i‘ﬁdi%i'dﬁ&i i ShG, {ERGREN 3Y a
U'tra Version 10.0, avail able from Canbri dgeSoft "(r).
che 6000 hndFbiebivkogimal prooeks urg Vive é4. gr by hpdralyssrpdiondn widyointic

rovi des.an actiyve co und. fol l.owi ng adm.ni.stratio
PRI R RS e AR e AL it Haade TS Hafsaphen
trARFYrREd RitOh Qe 8bti RIREHDEnd. MhéIiN@n(in SmbradYs prodrak ¥si s
and/ or an enzymatic conversion). The prodrug itself
acpaynipephgo vb described hareinmy be rel atively inactive, then
transfornmed into a nore active conpound. The invention
[083Hr ac és wedbkreigs "dlayatethamhseophieidehgedeset”irbieds to the

. herei,n. [0031] As used herejn, "del ayi t he,onset" or
inOasei iy vttt AerSror God hi op adeTuRbanfn Moot og fuapired
to ggnn%ggtgééﬁnﬂ)"f% 168 ByuiflleRGELATANPBPRM WHIRH HIsa@R time

period through the same route of administration. For example, the delayed release of

acetaminophen from the prodrug (4-acetamidophenoxy)methyl dihydrogen phosphate
may result in delayed systemic exposure to acetaminophen as compared to

administration of the molar equivalent of acetaminophen to an individual.

[0032] As used herein, "prolonging activity" or "prolonged activity" refers to the
sustained action provided by an acetaminophen prodrug by virtue of the time required
to release or otherwise generate acetaminophen from the prodrug. For example,
administration of the acetaminophen prodrug (4-acetamidophenoxy)methyl
dihydrogen phosphate may result in sustained release of acetaminophen as compared
to administration of the molar equivalent of acetaminophen over the same time period

through the same route of administration. "Sustained release" refers to release of the
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to adm nistration of the nolar equival ent of

acet am nophen within the sanme tine period through the
wa2000/143208 e of adm nistration. For exanple, theCHER2YBOH4743

rel ease of acetam nophen fromthe prodrug

(4- acet am dophenoxy) net hyl di hydrogen phosphat e, may
acPREUNIPhER, ity éEFhs%?étt t@ﬁ%‘é)oé%%%e@?éﬂ‘ffb‘)fé@%ﬁ%‘?ﬁ‘i%ﬁhléﬁ‘ﬁl (or
Ry Pl R Ol ! T B AR YR e Tee
(elzerabbvg the priolnoung ieffgctavetanelgesi¢ carcehpataindng belowabxkieilewels) for

refers to the stain action provided.b n_ .
R A R S
thhP e @In82H8t @ nNHUGWVERNISNQERL S nAGRLRBT RRRIAEN fadBistered

the prodrug. For exanple, admnistration of the
thepwgh sl Roghrentepresdtsuy a 4ceteminepheroieh aretabplireethérgpf) blood
COdi EI;]IXIdaéiolgeri]t gnhﬁsglpeag% pay, result in sustained rel ease

OFHEEPY S RE NAPERUEHREED t o administration of the
[o0B3Jar e%kééﬁh% Biouf radeet@NcRARRENrOVEthat B@ilsANTEe FJlIMing

period through the sanme route of adm nistration. )
chaggteristigred) Aettele & the Preeeied wagtigns daiewhich protection is desired;

t. ' t, o
2R AR ARy Rl RLA IS DL AR B v >
is tdresebie) byl lRagmtd dvaipatitliealith gedien tdicnionhlioup(s)wirdsehtor

t he t herapeutic range (e'e%l, above the m ni mum
2CBPREEC N YRCTeRTAICG ST eACE BT et THO Gh B PRIP 6 RS RPS for use
inltﬁé’ﬁl:ﬁl))dg @ scAbeEd-ER Q§Qitgiﬂrtﬁé bf?l‘ihar;T fen ?&Ief:‘ﬂldtﬁg art. Examples

duration 1n this context intends any tinme greater thapn
oftshaatile petediiag grdvps wml be fomgdivarene codl. RO06 IR ATING

t ami h dmi ni hrough, t
GRS A e af ThaHENbB AN Siir Bt Nevaptry- the
cople@PEf wRRA BNMESDPbRARA Y REddedcR@etdier APRIILRY pAREEIng group”
[0033] "Protecting group"” refers to a chem cal group

astused hesgini dshetes  lgeouplapdug pigproteating & &t Sy dresy gmoupitg generate

stable to.the.projected reactions {.]or vvhici}} rotection
» Hagey gy NG UECAIFES b RSN o drich aefish

erSplBpdd; aag be @entbRlddvitiait dB&irbiad thiRetindsabt thy borﬂE@’uIﬁD
is renovabl e by reagents conpatible with the other

Exemlay dydroxypeRipgtane presdneluds. byesie nat gaitehitos sidars (e-8-

I [ . i Ol ' tecting

o T e s o S BB
methbxypheh Vg POIR]), nadtyls $& bl ihethexsghethyl (M@Mar3-. Exanpl es

of suitable prot in roups c found in ene
mgpoREh uoR PABYECTVE EREORS | s eS| S

NE:AY 18, York), the

mg%lgltﬂgﬁ%neg%p%?%’ ?smléﬁgg}?%grrg% Mlgj}‘g}r,%f erence herein.
trifaethydlybetyoxynetied ( Sl g esens'(e.gs basmdte{Br g iaHydenainets, 3,2,2-

qroup capabl e of protecti a free hydro r t
wigRRuRT R Po RS LB B it B Pt Gl POt B lERer e
tritfeehy1 8BS 1 TMR), ftREthYRI FN TSR Lt8GLp®PyIsBy] (TI PS), triphenylsilyl
(TPS), tert- butyldimethylsilyl (TBDMS), tert-butyldiphenylsilyt (TBDPS) and the
like.

[0034] 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 a disease or condition that is



enpl oyed, may be renoved wi t hout disturbing the

remai nder of the conpound. Exenplary hydroxy
WEe@vaedhg groups include, but are not |im teRCT/US2009/044743

ethers (e.g., allyl, triphenylnmethyt (trityl or Tr),

benzyl, p-net hoxybenzyl (. PI\/B) pmet hoxydohen yl (PMP)),
re%[%p@fnapéo %Cé:taémnﬁg{eﬁo wm }(q\mnt ofgthe’disease or condition,

t VAl
Stée%o %M@#ﬁ%ﬁé’e@%&ﬁhﬂ&%{% : R{eﬁ%@?ﬁ i d?%{\}%qxé w()g_s'éﬁl)ng of the
dismasdhoxgonditipny piylay(ﬂgm?)slo“ﬁng thei megrhgsllcm cbfythfethlswsy wetdngition,
car bonat e,

rée%%'\% rfgttﬁ?s é]rsﬁ:aép @{eh%ﬂcoe I’IIBga ® fll?—% aclos of one or more other

mdib RO Yd@irkd bbby heCatonat &)}1d1t§)h| Mld lﬁ&ﬂesmg {18 fality of
trimethylsilyl (TM5), triethylsi S),

life 1of pe oyiogydl sihioyas pgan @Sy suspesteth e%lyqung %/ﬁlSQaTFPQy o rtdetrctrL that
is ?elljstg l d\;ent‘é:]ag tlflﬁllgll%il’ﬁé-rﬁfu\%%%ft er<t30n l di }Pb en1¥e tﬁ or is

belitveBlormREsponsilé RAlceAginopden (4.5. eathseasa o@Boﬁﬁ@dSrDﬂ;@fhsf or
obt ai ni ng benefl cial or desired results, including
¥

acgpmpnied by @ ayet and/egraipy Fhpdisepse pr ¢HIdEiqnpenbe eigompanied

bﬁﬁ%ﬁ{n&enghé‘h e H&3L &%oﬁ&&#&h%ﬁ g‘ q;%‘%% Afic B aﬂ?e Aase or

one or nore o OWI ng ecreaS| ng
condiioqmayttieen saumpiad Mgugf Ineordivaeiasen e condidod isqrst-hagical
i, sresponsi ve to acetam nophen, dinm nishing the extent

Pagt andjer %V%re%g@n@rer%@ﬁ*ap?% he %qeéa@inrl?%eﬁ@)r?%g gidease
fo%ulﬁﬁ&gbéﬂlﬁlfhn(ithg acet%ﬁl\()ﬁﬁéﬂ ﬁgdﬁfg rg@dc%é/ {H%g;ew}ﬁ% of one or

wor seni ng of di sease or condition), delayinhg or
msﬂecswnpgamMSmnigd esthiaghseafe d)IhL@ndltJS)BaJSE 1s:mespm1mi/|ettq> on,

I t h [ t i1
R bV Al 5 LGRS 51308 Tt 105l RBancogings 0%
9078 W%, &fl 10@%tcroﬁ§)taretd|"t§ 11 &)@F’éﬁ%’o fg%‘?ﬂﬂit&rh@rﬂthe%ﬁﬁﬁe subject
li

i ncreasing the quality of an i ndi vi dual who
privaigo tre:émeot on O@Hmasqﬂé@ ﬁ@jcoailfesmmgsyalpmrg gmgidicpsubjects not
recamgmgéhee ace a(r:n&%o hten (rgreos n%g I ftormlt?]ﬁ olﬂselne olrleeve d

ackQniifophes PG Berleh 1€ MY AiGRREBr &cﬁldglo,n @ncﬂd)ﬁ@ﬁﬁ)@orﬁ lof a
condition that is acconpanied by a fever and/or pain).

disaree o waddionorhighmay br gRatrdy ihacaaporpant-ed by
i nfl ammation. The disease or condition may be ischemc
[0035]ur y AsTised breina Stelaying’ angding tmdﬁfmymlder, alome tetadastabilize,

i.njury. tion I.s .
gl SR LN SbPBpt 8 oEPOR IO CBRLR sommmivcshr
acthgniAspRieANnaeR bas oPMOEY HehAGES 6f a REdtEbatdmNion that is

conpri sing the acetam nophen gr odrug reduces the

TCSROPBIVE tt%/a%faf@ﬁépl&n Hois delay g beral wswine lleneéhs afitine. depending
or A SRy L Y il ERA M3y it
skfl@in !HOi%rt, ﬁ&Wﬁflc"f@ﬁ/qar g@fficant delay can, in effect, encompass prevention,
in that the individual does not develop the disease or condition. A method that
"delays" development of a disease or condition that is responsive to acetaminophen is
a method that reduces the probability of disease or condition development in a given
time frame and/or reduces the extent of the disease or condition in a given time frame,
when compared to not using the method. Such comparisons are typically based on

clinical studies, using a statistically significant number of subjects.



90% 95% or 100% conpared to the correspondi ng
synptomin the sane subject prior to treatnent or
w@orpasees t o the correspondi ng synptom i n ot hePCT/US2009/044743
subj ect s not receiving t he acetam nophen prodrug
nd/or formul atjon. "Responsive to acetam nophen”

[0036lg hévsamed heseiny an 13§ rigk’ dllnglé’é%”é Brandpdiyiduplopho ér?élflélf of

el ed
ASHRAN fleade & RERRR %atqf&%&ﬂa%a*’ﬁ%e?%?@?‘hﬁi g, Al
fenﬂanﬂamm@ﬁaschMm dgury (sdchves nnyecadgh]l asd/abidrétael), or neuronal

) st pone devel opnent of .t he

in e S AL o S5 GuBboP gLt at e AU G dppgition.

an@NBayObr AR fotTHIPERPRY QS sy@nﬁbﬁ? As6cifted GANI &ét&@aﬂl@ fsedss or
responsi ve to acetam nophen. This delay can

conértgwn rpglor enige rsatofent mathodsl é@@nbkrdwlger@n Aterishi dclm’chs' th#t an

m%l\}qddlg aes%gl% Oﬁgld/ or | g%d i1 %céorgf\%/ﬂlg%%rreea?aesgragﬁspaéameters

thet @flefatCRth déﬁ!l@fn@rﬂ Bf a ldReklor cbndiBME MP@ATE/idual having one or
prevention, in that the individual does not devel op

mpigeof dhese sisle fagforg, barch higher prebaviith 66 devedapingidr sssase or
g Rh ARITEN Pglfvmﬁla {Vﬁﬁ&ﬁglﬁ nglg?%lt&ﬁés?n that is

respon3|ve 0 acetam no hod that reduces

babi of .di seasge condi.ti.on deve Q

10h 37, DL AR hirtind o RS o iy RO B S BT nd s
ndl bEREE 1B or @A Isk @RddsiraBlegé. geﬂletmatenilrrﬁdyeoe M@ Porated (e.g.,

conpared to not using the nmethod. Such conparisons are
at tRepfiee f papdeetyriog ocddminsintie) daioaspharsageytigal composition

l. |

adﬂlﬁ%{ écf t%%'ﬁ’léfdl?ffd,%‘l 1'}1??1(&1@“‘%%%& g?gan]lf?éég{ 121?1&6?1%4 99 §2>1 %ﬁ:sal
effdets drsintaltacﬁmgin odeletenialsapinngr witdiase as&le@)thee emjpbmam of the

that is . responsive to acetam nophen
comppsitionimphighihisicgptained chehed hefﬁna rﬂgw tegrac Hhaa‘glaceutlcaﬂy

ac?%ﬁ&lﬁé géu%] I, afb%r? 'Eo ?&r &Qﬁ@ie) s0l9éntk! %Wbﬁ%lrs gﬁbﬁg!ﬂyﬁlersﬁ%mcuy

I vi du risk or may not have tecta
mddiiemss aijmvan@o hdlldblrsodlllueatsd etanynown mathe nbiflethastisan that are
ed .s. tons assqaciated with a ect abl.e
ol R ARG RS R TR TIPS ey mareink; GoRb PRg R Lo or
mERIafidPese RRLRLAte mphted inSke pREANIBntiHAt TRIpHaARhudbaly
has one or nore so-called rlsk factors, which are

acaerishle adtier(peandrmey edditiphalcomppnasita ne devctihedlesreinoghvels be

e loiioFREdn e RGP le B R e BB g dpr
paieedrepkire fbhe. duaeas@bility waNkd édsDi rdddamizénby tm@lskﬂl@u al
wi t hout these risk factor(s). [0037] As used herein,

artiggnaparewatly Huyipy of diedachi serroy ided herein, Pharmacitically
ac‘&:&ﬁ&blé %ﬁrﬁg{%& ({?'é:?!:lgﬁhf‘seﬂakf% gl%?enrgl%lp glge\re“gf rg&?ge%séte[n%g ’oﬁ
tokllcmbgmﬁl mﬁmﬂaﬂmmﬁg;tearngaaﬂﬁrdn lagd ihaludehdn thetldaddive Ingredient

har maceuti cal _conpositian
GElde prepared by the U.S. rp())og and Drug administration.

[0038] The term, "effective amount," as used herein refers to an amount that
results in a desired pharmacological and/or physiological effect in an individual who
has or is suspected of having (e.g., based on symptoms and/or an individual’s
perceptions/feelings) a disease or condition or who displays one or more of its
symptoms. An effective amount may completely or partially prevent the occurrence or

recurrence of the disease or condition or symptom thereof and/or may be therapeutic
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adm ni stered to an individual w thout causing any
significant undesirabl e biological effects or

WO paoeng2p3 ng in a del eterious manner wth any BET/UR09/044743
ot her conponents of the conposition in which it is

, contalned As used herein, the term" pharnaceutlcal

in derEs f Aeial gF fqraplete cugg foF gletdéseafeovr oRditignagn §6Wé=rﬁe§ffect

até%)ﬂgl'b d t%%es%ls@a"% Hpgdnféﬁt ns(e %‘ain§' 1184 re?gﬁcfe t§ I§1§hsease or

juvant's ders uents) etc. nown to
coslitiohelgscaibed hamurt (eedt, e, mff@blve arfnountanizm cmnsprrsatan (amount

an individ i nati ons of
subfeifite i e xicuBe BRTTD LR BaoTh T ke aRte of
thé %ﬁtbhﬁf&sso'm%edpsbﬁlﬁ Hﬁﬁs@%‘e'o@%bﬁdhl&@ﬁﬁp&@@dp%nﬁ% fd er(s)
and any additional conponents, as described herein,

acsmmn@hb@ (conpani v, fnflamusssion niseheanic m]@ryde@hra@ myocadial

an th?rlé’ufa ?to%jggué(g%al ggtrlw? 4 C%]ﬁglar Hib grnfaeln% e1f ec‘%ve amount is

suER&étYo pREG(NHE @&hdlih/ont BeinHeiidd a@ﬂlmafstdr&ata,anpmlwd@am arly
in view of the teaching provided herein.

prppiatesically. | Bipqtiye amoapt iapludescthe pradicatien opatpglipratipneof the
fmg lcgfclcﬁ{lglF {)éﬁngﬁ%a&@ C[/?Iqéfh(ﬁlggt %toq‘réﬂ%ﬁlg él?fl of one or more

ogi cal an nanu uring estln or ar
ofl tmtwmdm@ assobiateldnaiat the anﬂerrgyrnegjcmalﬁtldaﬂudle thax émancﬁdldhyl
the U.S. Food and Drug adm njistration. [0038] The
TEPQIFTAN ImPrewEpeny i fg%mr oondidiopdeg- Aesershd PR drigntly agr/or

dﬁﬂ%@tnd’c ﬁﬁstzE tth§t fhi 1rf'1"11\qg§dl s‘ﬁhq{er@ﬁﬁ{eg%lﬁﬂhe

[ or physi ol odical effect n i1 ndi vi dual who has
urmllerlylslgsiusmcxtredndmomaEffngw@ang)um Hssmdludns kaltimg angowing

thg B%/ég‘?r‘fﬁ]]%fq Iolg %ﬁée\%eg(l)roq opfiy gﬂ:gé gﬁﬁ%&ﬂ%flhp?%y%lmségta g’rethe
di§easPs A PRditon i§fhasdd, ve armunt rmy conpletely or
partially prevent the occurrence or recurrence of the

[Oﬁ% D Eu'n%ﬂnto ma3WAR} &’éfehﬁiﬁg %thh@émﬁe&%ﬁ{gg%]pglg

erapeuticin ternms of a parti or “conpl et
adnfiristtrsk deecondition bdingiteatedpidvented du. g1, she tgpd eftpain), the

attri tabl to.the disease or c itio
sty f editoieg b5 g EaFadT Sr 6Bt OF B dedes Pt dnd
reR@L€ hEhl(hQ)f Ghe inBAkdal, tROroRfd BRItToME oRRRHINstXBYn, Qﬁé&}ﬁﬁg&@nt of
an anount sufficient to, anong other things, reduc

the pad¢nsling mediesl@r tvoteg oy Péaatlélnnerdrfeapphcab&ﬁ)earmlfothdréactors

iated with a l,sease. or d
app}én?é C}/n% g‘f#@ ar%csgl% nyiew og é}he tf:%c ng prBsél clifl?rgm @n etffectlve
anhdifnk ﬁﬁ@f"&kla%s seldsfonerarfiple rl;bymisyng &g ﬁoalsorm@ e@iréRdical,
and/ or cerebral ) or neuronal 1nj urﬁ) In certain

phaiobsi b riechepial dnftelegicole clspwomitysioko 2igat. fand/os hehawipral

the condition, as in being adm nistered to an
eVB[ gﬁgliq%ual prophylactically. Effective amount includes

SV TR R T A
do@B@?h.b.Qﬁ 3tnig RN RE oPARItHle BB may be required to achieve the desired
treatment endpoint. An effective amount may be considered in the context of
administering one or more additional pharmaceutical agents, and an acetaminophen
prodrug may be considered to be given in an effective amount if, in conjunction with
one or more additional pharmaceutical agents, one or more desirable or beneficial

result(s) may be or are achieved.
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of the synptons associated with the underlying
condi tion such that the individual reports an
w0 pgeo¥eeent in feeling or condition (e.g., deRCEHSMAI044743
pain intensity and/or duration), notw thstandi ng that
the individual may still be afflicted with the
[00hHer | YYheg el eabdeprctds mathiqds of teptmeat ardboraupysntion padthe

us'e ¢ ltﬁéda%tgtaﬁﬁ‘lll%ﬁh fH'dr@ésqmrQ ﬁe@&ﬁ%ﬁ?gm tSdh glﬁhl%fduglh h need

di sease or |on regardl ess o
thenepf” owgntendn iodividwal Whe baskeeodiagnnshdt witn previowss ﬁrzae«td for,

039] The "effective anpunt n
oS SBRd of PG LA e Rd Db B4 HeeD i hiTespec to
pro@infigntthe ﬁfd%qa@JI &y ﬁé'ngiﬂeléSf Hay alk&Be by ﬁfe’h\fiaua@ Md)is aft M for
severity of the condition being treated prevent ed,

a dikeasagecondginp (sigz @, famdy @hﬂﬁory @h dlerc@lnélttllomehﬂﬂéé)ﬂ@ factstrs t he
inhﬁdé%hﬁ%%%foﬂﬁechf{o formof adm nistration, the
o[o)] £t e ‘AT ¢RUiny” medi cal or veterinary

ct| i oner I| c bl and ot ctors
[Oﬁﬁ%r eciht Ve at“ﬁ% Lg FHhaschegn i HWE %haver}geone or
mbRaAGRLAY RLOYdided, Q&f/@ﬂ s@,mp%}n@{hfafe%% uys%naé@w&mrr@aen%camn
assessed, for exanp e, by using data fromone or nore

ofghé discres ormwéltmnsgm%@i synipteghewicoaby alkidied pbysiigan is routine

e oph and/ or vi or.al eval at i S
m%ﬂfo bl Rk gL Aty ToAL RS BUR < €Y Futifiy &S ve
Wby tH@Mldb\leha[l 0P Behef] fdﬁé&@mﬁl@séﬁ&a tolpaf, fev@r,_%tdngl e
ose or nultiple doses may be reqU|re£ to achi eve the

[00£3)! T eth {dBREABEHimBRIPAE Mdividial Bhi B&I! iM& ARAYE §u B iHIE©

considered in the context of adm nistering one or nore
orgdulindre phthe plirgasea oe aeidiadnsag datcsibedhdemn Thesusaephibipheef an

. D! b der ed t ff

inBly Bl Ao B pREaSRATH S¢ Sl e of B SRl Sitborsr

di Rk IR g b Achal a;i};@&ﬂzltéd bpfh@ sRIlleBRFtRaf Qﬁ&lﬁaﬂag eb®hot limited to,
benef|C|aI result(s) %édg or are achieve %0041

LOPREHPIgEIHEE vﬁpmﬂyme%@écme rettPiyd s Sofappeasancrehtelaip@/ or
c@ﬁﬁ%ﬁ% lpgtﬁygﬂ{gﬁ%use of the acetaninophen pr odr ugs
f . [ GuEt

crlbe erein, an |nd|V|duaI “in need

OhPEh*° i TP Py el b iRt B Be uREoRA RO

liiAad 13gbd ke, Ao ARBNA raRNBidihd Rodedt, e pFikad a8 soMét h
respect to preventlon the individual in need thereof

emRpdimes themammahii apidmate. WhepneembodimeRrist ibe pemdiesiease
hd C%H%ﬁ% ‘&?Ab@? nfnts, FheliREV Y a fl LGy, ﬁ%m&'ﬂg SARILRA RS,
1i¥e- '8¢ ac I Sk

ors indic at lve
inf@ighiid preemsC I sond@AB}dilnBnts offe mtﬂﬁﬂﬁ?dl iONBon-tfaghmal. In

i ndi vi dual has been identified as having one or
some variations, the primate 1s a non-human primate such as’chimpanzees and other
apes and monkey species. In some embodiments, the mammal is a farm animal such
as cattle, horses, sheep, goats, and swine; pets such as rabbits, dogs, and cats;
laboratory animals including rodents, such as rats, mice, and guinea pigs; and the like.

In some embodiments, the individual is a non-mammal, including, but not limited to,

birds, and the like. The term "individual" does not denote a particular age or sex.

[0045] As used herein, "combination therapy" means a first therapy that includes
an acetaminophen prodrug in conjunction with a second therapy (e.g., surgery and/or

an additional pharmaceutical agent) useful for treating, stabilizing, preventing, and/or
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nore di seases or conditions, and/or synptons thereof
descri bed herein. ldentification of the diseases or
w@oditsizens and/ or synptons thereof by a skil | BCI/US2009/044743
physician is routine in the art (e.g., detection of
aIIer%jes cold, caough, flu, pain, etc.). and nay al so
Rupderey Oéyomﬁgom rﬁﬁmmwa o sppigp&tiontwith' ARSHHST e

ﬁiﬂfn Qi BMEdtrarih §n the QA3 by hifreRONE ﬁg&%’&igﬁ”&ﬁl
euPnJ& cﬁsa has been Edent?% ]'eas sus epti & to
sequantioly rrbmeltafot e odlcemawmlwthmgﬂlsamo ps didfiferah saute¢sh bdone

her.ein. The .suscepti bi f an i ndi vi dya
a6 T oIy TR D RbREY S SRR Rk B
ac@ﬁﬁﬁl%ph@h FeResk 'eﬁlb%ﬁﬁ’ﬁéi‘@sc RRScoaRiRGh Ql‘i&é’p)béc/})t{ogﬁlly includes

l ed artisan, including, but not |imt : '
ongemi emqrc pbfrrafam:utwglly feoaplapletsagicss gr, exgipdintanonipsamrageutically

e.g.. a rance of elated conditions), lifestyle or
acﬁé%ug?ﬂs??‘“ﬁ‘@ J‘?%ﬂert “@W50di nent's, the individual is

I, cl udin but i ted t 9, .bovi
[Oﬁﬁﬁggﬂ?‘ﬁéﬂs?‘ﬂ]éereﬁna jtgrm é’élﬁ}“ﬁ&al fBeutic a%"rqt’né‘%fsrs tpAn
ac%i%fﬁ STBaE} MBAHS ackRfiRGHIER &)rdd%ug%pg I aﬁ%ﬁﬁer dh% A

odlnents the primate is a huma
acenbomphern utself)tvwecln rdiduiinisigreditg eh@ma theramun@dﬁfm The
uIt child nts, and en. e In so
a3t phaf el S bl Pisd e 3B RETD s of ey fglated
to i diddals® BScorfdtfonthitRE@miifopRem PRUANLLTE Mt dedRb BeStUs Prév@nt
chi npanzees and ot her apes and nonkey species. |In sone
(eggripatil) nf@ntrsat of pecveRhmBIMAtemepf the-yndgryimgicordigpn.g4) reduce the

ap?)@%gl!ut% orlg 56?‘%? Og %1 & g ctsg%aad%mnﬁ{é n %ena%eta (ﬁ)h%{ﬂjgg)d?lgg

o S, ora ani mal's i'nc

andtod €Mt eSi;he&péﬁhc&Sffebﬁteiﬂted’ﬂo@&hs@@do@dnﬂﬂﬁ)nphzgﬁs n@mnespohdve to
like. In sone enbaodi nents, the individual is a

aCRIAURRARARP! 15iTHAMYRIY AesS Te5RPNSHS to[aLFRMEPPPEN (a7 riggomBiAg

antx ldehll%s sidh GnfiLhihtidd) Q%L\@eg Ua?h/or dessif9t denote a

ar age or sex use er ei n,

[OII(I)&’@HJOI ﬁ%%ér@ﬂ%ett@ ez{b%ﬂy L?engr p% dafrﬁgtgr he‘fqu rr%rﬁ}/de% ha%td des%ri';]bes)

| udes an acetam n o in conjunc
vagiagemsahiak drd dfrﬂﬂgd t(o&hg V,alLﬁ:ufr @@fa)fhe&lﬁ@éﬂfe aor ad@;ﬂe anal
phar maceut i cal ent) .useful for treating,,
deserapion; reterng 9y é ﬁ@CIU%dh%ii%Fé¥la§/?rh‘@f s%e di sease or
condition. Administration in "conjunction with"
[084%)t he Aseoeplipia anddn theppender slasms.dhe gngulpr fomas saneor.”

angir"th%l" ugcef cﬁ:{}gl}n%ﬂg?@éﬁtts ?fggss t)ne c?rlltg)utecgeraglgzgﬁagtteé 8t|helxxz1se. Itis

t'ane conti nuously sane or
urdiefstoidanit akpadt @5d vdriationeoftae irdehtish ddsbigbeeidiebdin aidale
therapy may | nclude an acetan1nophen(£rodrug and
"copUt g ﬁ%‘HH%rFOHWﬁUWéeU@ﬁ%&f ASAEES AREU@HABY nat i on
therapibmftlonall i ncl udes one or nore

[0B4Ur mabmlask defiinegd clarwpreacleadrimdientes! yr camiatpillepehmical and
sc1e%plf19 Rk %brgx%l élé/ns used herein have the same meaning as commonly

understood by one of ordinary skill in the art to which this invention belongs.
Acetaminophen Prodrugs

[0050] The invention embraces acetaminophen prodrugs which may be useful in
the treatment of a disease or condition that is responsive to acetaminophen. In some
embodiments, the acetaminophen prodrugs contain a phosphate group linked to the

acetaminophen hydroxyl group via a linker. In some embodiments, the linker is an
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active conpounds, and/or inert substances. [0046] As

used herein, the term "additional pharnmaceutica
wag®at43295 efers to an active agent other than PEEUS2009/044743

acet am nophen prodrug (e.g., another drug and/or

acet am nophen |tself? which is admnistered to elicit

aﬂéyl?fr?elﬂ%é -§-cgtykeae) Imppieempedipsals ob Hisrieeatinyengjon. the
0 (1) a therapeutic effect
aCrég'at tgﬁ¥%@§ﬁggg§§%ﬁg?ﬁcondlt|on t hat acet am nophen
prodrug is intended Great or prevent (e.g., pain),
(2) treat or prevengg? synpt om of the underlying
condition, (3) redu .ppegranaﬁ or severity of
side effects of adm nisg gL hgacet am nophen
prodrug, and/or (4) a th raﬁéut@c e fect related to a
di sease or condition that ig not responsive to
acet am nophen or is reIative%y | ess responsive to
acet am nophen (e.g., insommia, anxiety, depression,
[0DHE]l amimsdmnembalisents, thadéaaminophdn prgdrug[iQHE formula:
Reference to "about" a value or paraneter herein
i ncl udes (and descri variations that are directed
to that val ue or par t per s®Na*For exanple, a
description referring t bout(%"olncludes t he
description of "X'. [00 /ugﬁ hereln and in the
appended cl ai ms, the singula a," "or," and
"the" include plural refergn?s unl ess the context
clearly dictates otherw se I s understood that
lﬁasﬁectlmﬂmnwanb@hnmms wéauﬁenumpbmtmndn@éstwmmsmﬁmﬂypmf
her |n | t or onS|st
foB S et o SEh e s ol lsO Bt eSS rgoidn o s
prg@ﬁuﬁmﬁﬂ cOhtARK Wo 918018 khal 1888 InYpdritgli ik @f thRYinGRifkhEddnoteal |
technical and scientific terns and abbreviati ons used
comeogngs %hvéh@m@eslammn@ahﬂh@md@g@@m«rtmmmh@r glpa dubgoes

R Bt S e MR o PB4 Ol o
ndnmaﬁme'rs@cshsemﬂ{eafﬁesrugy; elnadtic hafi bigoh, phHeehiati@ion \oh kb3 tameyllpure

useful in the treatnment of a disease or condition that
PrPQrug dspoMisicd &vherrinm BetParRAFBIPRERN 2 NOgRRrC Aot Fmimpwity, or
i
nd HERAE] 2% RORLTE, B RABURSNGEIND oMl SERT R GAPSR:
inpunike or ndé mosothan 8 mapurigntas notniere thanklgs impuritnadrkpl reore than
%%nker. e.g., nmethylene). In sone enbodi nents of the
eS®Ht'Y nventi on, the acetami nophen prodrug is of the

formula: (D [0051] I n. sonme enbodi nents, the
(0933 amlhe Hﬁ/@ﬁtl?ﬂ- e %bqagescﬁll ofithe sy aiey lg/drate and/or salt (e.g.,

pharmaceutically acceptable salt) forms of the acetaminophen prodrugs described
herein and methods of using the same. In some embodiments, the acetaminophen
prodrugs of the present invention can exist in unsolvated forms as well as solvated
forms (i.e., solvates). The acetaminophen prodrugs may also include hydrated forms

(i.e., hydrates).

[0054] The invention embraces all salts of the compounds described herein, as
well as methods of using such salts of the compounds. The invention also embraces
all non-salt forms of any salt of a compound described herein, as well as other salts of
any salt of a compound named herein. In some embodiments, the salts of the

compounds are pharmaceutically acceptable salts. "Pharmaceutically acceptable
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(1D [0052] In sone enbodi nents, the acetam nophen
prodrug is in substantially pure form Unless
woelenwi2se stated, "substantially pure” intendBCHUS2009/044743
preparati on of the prodrug that contains no nore than
5% i npurit wherein the inpurity denotes conpounds
san & ﬂt%ﬁal{ w@ll%aﬁt%ﬂw&ﬁﬂl@aw& vy ohHg fise sompPrRssHed
wHERBE bOMmHRES N drhg%:gﬁs AR ORAREINA e LLeT
orms or the pr odr ug erent sat or sal t
hungng i hns)nm‘ erblbvelipeintslrthg ycetdminoplenvaodrags am mao- or di-

f b t | d ded
RGP Gy ol Speap Lt a0 U AL HES o S adieaBoe
acbﬁﬁﬁﬁé h¥én pRIdriPisihénd zhﬁaﬂm%q%bbﬂﬁa’eér éaIt)(e £9mdi8 sB&LfA

0% inmpurity, or no nore than 5 % I npurity, or no
thpleatq ) Ia%?/@mﬁpm’opdynen@r thwcmmenqpﬂiam poYugnp @rdua;kahm

POSPRE G AR el PREPOY st d i Al oG sl R R Rt R
gr6ﬁ‘p 6f a cafpduiB Rt beCibpitedbE m@ﬂl@ah R to) thf)gercrfssknr intth€art

acet am nophen prodrugs descri bed herei n and net hods of
by sgatige theecospppnd mathogrpside thsdlepisen it of e agidia fapetirngheiqup
r
of iR Sy A PLER B R O CBB 3 i e are by
treahy deampotihe wathattam nEmmpdequdonggmc RBlys @ﬂ astal aom[qioud&s
hydrated forps e., hydrates) g0054 he i nventi on
m@ﬁﬂ? dubareof h%%.i?@? a%ka%lr%et%}aﬁﬁauﬁ 8¢ gl theycihay wdim
saﬂ§ W?Jsgluﬁ"lssaff?trﬁ%\%sﬁﬂl Sldﬁé 'P)gsnﬁﬂﬁ Qal%agﬁcﬁca?cfluﬁlréglts ammonium
conmpounds. The iTvention al so enbraces all non-salt
saftggramd abfmianmy sgbd. t Exafmpde e mpgama sadie f neil edmhelureis nnclade, but

S e T

dlgﬁfim&}ﬂ@éleafaﬁuﬂ@ A BES A igR hhy tﬂl%ﬁ&hﬁl@sﬁlts? alts.
Pharmaceutical 'y acceptabl esalts™ are those salts

Ch t .
o e " al -G S b ot e et P Sageed
soptalityerdeu tcoophedtto acmarimdplwind tiat 1n@tenc@e theasohibiteppf | n

sone enbodi nents, the acetam nop r-u ar e nono-
aCSPHH’P%qnﬁJgEF} VaEEY r89méF1E‘B?rFt%{S£1 °‘6tr &FéIrlr S(@wé%stﬂﬁ
solidy f (4-BcSAARIFRROR RN hb%a@%ﬂ%ﬁ&hﬁmen pr odr ug

is a nono al kaline phosphate salt (e.g., nmono sodium

acptaosgimiteogamethyl phosglateirewiioditrepingempérature is approx1mately

1RGREAT JRPIEn PR el Rl 3 5 b0 R AREAR ALt A fiobhen

pro@sics e)fhibh@ tddadeal ordfodPacilvit of RIIRENS! ndRffiRiey R QRedepebr

by net hods known to those of skill in the art
wherever applicable, when compared to acetaminophen.

[0056] The acetaminophen prodrugs described herein may be relatively stable
under some conditions (e.g., during storage and/or preparation in a saline solution),
while being converted to their parent drugs 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 prodrug (e.g., a prodrug of formula I or II 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
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by treating the conpound with an acid. The desired

salt of an acidic functional group of a conpound can
wheoopne2es ed by net hods known to those of ski | PCT/HS1008044743

art by treating the conpound with a base. Exanples of

I norgani c salts of acid conpounds include, but are not
43 i OB 4 b 8t 37a|%111 FOHRERPOMAN LI RAPTITEU R & A BIACEug of
foﬁﬂﬁlla 13 thdfdil%k%ﬂ ltesabogPG) @%%krﬂﬂqo? Qi)(hﬁ 115 rﬁ%ﬂﬁ‘l@?ﬂ Hithan plasma,

|snut salt’s, clum sa anmoni um
oréatW@n adnat (BB ug/lmium zﬂmht () nﬂnﬂ.m;nl Immaofpla;sn@am @pstak b

of acid co nds but. are not .
e RO 9% HOEH R PSSR <phEyBpish Sfiengbouc 1 hr at
3dichengothebhnb@netb Rhass, the ARIRYOHEN PRodrB8hre not ca able of

triethyl amne salts. [0055] In sone enbodl ment s,
saaﬂc@mamsmrih @mtvnm@phﬁglslneymrbpmpmhe alyed andlay balllneta; room
temBFrabur o?reygz?mlt)lg elﬁgﬁ%tngrong ﬁp ge erﬁb(\)l\é{%rglrltls nf?lt I%gocdﬁ%‘lg 18 not capable
oftres¥B Qlﬁa@;tdﬂl&%flaﬁoﬁlﬁ%ltor 1899t D%, WTSvR a8 30NEorsaIgs kir 60Uy or

of (4-acetam dophenoxy) net hyl phosphat e and sodi um (4-
7056 epraier doplearissty At iy npiRo% pR atie i walgapepropylepgghyrol at

b HBSERRUES JhSpPRERH TR, Sel by A8, 00 AR or
at proodctamgau@xhﬁ dholut teagladdindiuniaa pbasﬁ&o(br UBtng/malL, asrehétm&d 0.3
no affini t for,_a receptor wherever applicable

ngﬁﬁ%ﬁméééﬁléfréb P 7TaEdP SRR &qeatcfrdb%%o%ﬁgnverswn to the parent
drrﬁ% af %ﬂp BH@ i rRth egﬂa%gksat %&He%QCaﬁfaﬁbﬁ 1ﬂ1@¥tep9c room

['ativel'y stabl e under sone conditions (e.g., during
tempcnawge oimdfeathaipB@fp aoardreinn i amsalln nens onbodiowhts, the
whi | e bei,ng conver to thei ) der
priivae ol Aer BN PLEG POt TG AL AEdh AR o At B2stn
abolit Miytdn@ oBM 0V 284V 905 Y 869 M0 % Ut 8% AR 108 DDA ih&Based
into an individu (D% n some embodi ments, the prodrug
comerglon t@ppﬂe@wrug infurhay prasmaa at r°Cl qoreparedt torwasraatpdan
te ra¥urea rntg S otrlme PX osureng/m‘ in plasma, or
%18%\/\/een a% YIS Pme_p about 15 ng/nL in plasng)
g % of greater than 10% or 15% or 20% or
W4 % or 35% or 40% or 45% or 50% or 60%
r_75% conversion tq acetam nophen after about any of
(0857 n, THe gPmpoungs of Hie iR%entioR mayPerRrepargsh usitE FyMbY 45
mgthgd @it rl% ofid oisslql@gx thk relrts {{Fﬁgh BEIRLSis oﬁgl%d to illustrate
prodrug .g., a prodrug of ormu [ or Il at, for
or&xaﬂhbcbavaalbblﬂtfoﬂlsa imgysainbbng tiecompdbndsgfntie inmerdtioneand is not

. pl as or .bet wee bout .0.3 ng/ nL or about ng/ L

TN T et g S SO e R O SR

th ar@ QUG 1&%/@;1%8@’8&%&&& of desh@miippphen after about 1
hr at 37 0OC. 'In sone of these enbodi ments, the

acet am nophen prodrugs are not capable of
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sai d conversion to acetam nophen in water, propylene
gl ycol and/or saline at roomtenperature. For exanpl e,
WO p00go#r9Df t hese enbodi ments, the prodrug i s PCE/US2009/044743
capabl e of nore than any of about 5% or 10% or 20%
[ 25 or 30% or 40% or 60% or 70% conversion to
[0§%$1em arasgceppand ﬁpﬁghsrm\@@ﬂﬂﬁl ay fewsitBesizsd sHroRg Vihe

regchépewaﬂ%k: Bé)é?zgﬁlﬁlgglgﬁ yS\@n i § }féﬂfe IGJ@CRQ' nent, the

t am nophen pro ¥or mul at a
concentr t| of about 15 ng/m_ ' lguman pl asma (or
ng/ npe yvee 3 ng/rrL fb(ﬁoell | ng/ at 37 0C

pab yl gjﬁ.at e|‘_|N 30% comwﬁpsaten hie. the
i \@\IOS n at salgao, ,0Bn
~~ l“n vvater ature of g~ Ry

t han 30 converS| on at 45 m n n sone enbodi ments

the prodrug (e.g., the acetam nophen prodrug of

formula | or Ilb is capabl e of at |east about, any one
79 40% 50% 60% 70% 80%\161Q 90%

of 10% 20%;‘?
I Nncrea@s)gd, co eri on to parent S&? Ogﬂ hung@. p iasrm at

STWred terHcat or-loorrrt@pera'ture t IN@O, ,ONa
sane tlne of expustrg-~gyPthetic thods [00 o ™o
e prepared using a
Sc(flg er O argﬂ(lort]g'(gpcle }{ﬁﬁ}fﬁhgﬁ] pf[ﬁl\‘u

lar 'to e of skill in the art.

[OE%hdl A% l’él?ingg gli gceli,e%lvg II ?rezﬁInf &l (?fdac%%{ninlho&)&{?% g?tglgﬂ%gﬁlnlggnde

aval efor usein a

follbwedBy chgesmidtoy] nddklylisalfiietgehdrh@r drctotespondinlg thidether, which
scope of the reactions or reaction sequences and/or

m@)oh«a?queﬁed torhe PEptectadsRiTosPhatgWih disaadditipncd b upietscted
phto§@1 é\é&ﬁlt dscﬂqbéngglgﬁ; %l@art@&t dlchﬁ]%‘ﬁ gg ﬁ%fhatrehﬁ‘l. trggﬁ%géﬂcg Ut a

synt hesi z rting wmth re avai
haaxmhamgmhte(rsudsassi‘hm dunciSnidereNIS) be Il\bbtorrﬁcslmecﬁainhide

f h 0059 As
S R T e M R e T R e vy
A el {8e sd@l ds %Vé%gluﬁys a@thfe@ﬁl@srﬁﬁtsmﬁlugnﬁt— Mianﬁ&%ﬂh’eﬁi&y)mgthyl

generates the correspondl ng thio
pho@piweer tAend sugallperqieating grag qmld@smaelngtdmndimgnaﬂm tion
4 tﬂg te ctel ef%?osphate such as di benzyl

CBE%E%}?B Dot GIR'PE t - butyl phosphate, in the presence

h d ‘
[OBRNE) " RGBT CEPHER TG PR P s 61 BTG described
hed18 6 InB AN prORGEd 4 Pideess Fal provRe ggyco%ﬁ%\dﬁ& Sf AmbiR ()

the desired salt, such as a sodiumSalt, results in
sodi um ( 4- acetan1do hegoxy) met hyl phosphate. Any
suitabl e protecting oup and acconpanyi ng condi tions
for HN

HO, ,OH

O/\ o” P\\O
@D
comprising

(a) reacting a compound of formula SI-A:
\I¢0
R
OH

(SI-A)
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deprotection may be enpl oyed. [0060] The invention

al so enbraces net hods of preparing the prodrugs
waele®enszexl herein. In one aspect is provi ded aPQr/USMEH044743

for preparing a conmpound of fornula (l): conprising

(a), reactin aconpound of formula SI-A: (SI-A)or, _a

orgPArFRsUtc R acrepiiie il HBes okl %Ol\taff'e?féb? qus%g%g vathed of

haidlEethOr S8UHNE 2 Witikie golt;ﬂ]torret hyl sulfide in a suitable
sol vent ; ) reacting the conpound formed from step

(b{ epctimg tha cp]hnaomablbuhéct abnystepc@e pir alphernsakbttidalg neptabte salt
sol ate 0 oi n w,.th a 0

ok BHata o e ir e oG Yap oS Ao Hap p Spiels vent

el the di - protect ed phosphate of the conpound forned
fromstep (bL@ [0061] In sonme enbodi nents of step (a)

(cf deprothetiqr Jabe éi-profrecisdapasihaty o tooeqapaverd sernfedrnam atep (b).
the hal onethyl sulfide is chloronethyl nethyl sulfide.

[00611]s o min smboelnbetimsnis fof step a)(fay) the tphasessufiot phsh)erilsg):h vanpound

is HVPA. In so I Jre of ste reaction
° ffawﬁpf tl%%ﬁia‘ n@ﬁi@ﬁ? g ioa%et@ma%ﬁh%ﬁ%%%& %‘%f%f‘p (b)
enfl‘&fdlﬁlaﬁs Bf Q6g6sS, he gul%m¢&glsmmmw%@émﬁw1%h@ of step
e di -protected phosphate is di-tertbutyl phosphate

(ab ﬂhweb@myhph@wmees NaH slorseme rebddidimeant sofosfte pstibe: por(thy |,

th i tabl. i.ments of..
prbisp 4 o e TP e e AR roERR R SRl R B
butyl @@%aﬁi’@Qﬂbdﬁ@%ﬁo%a&t Bisofe)ent Kddirhéifts B 96L&, th@kuitable

reparing a conpound of formula I, the deprotection
S0 \@ﬁbqu Tn seme emgodigrsalstal sie. (b), thesisprsionriadlnr peppsisesfNIS

orsi\t1§§ Igl %2)1’1’16 tel:}lg)og%é’n?st oqcstég)?(g) ﬁ)? ﬁ;érﬂrﬁﬁe%s Ebﬁ‘ 6):1] a Bq% %m’f)lotmd of

ts of
foﬁ:ﬁﬁﬂ]aﬂj &eﬂemteducn canpliidel etsicing RosdifienEe mibgtdnenaﬁb@dlmfsnts of
step (c), the_ deprotection conprises treatnent wth
step-&p-ithe dehretectian compsisenbg REGHY/Ek- WisepeEab Odtfﬁ"é“s of step
\Yi | 4
(R ke SRRl B SAFUOR, Kot SibgimBR BARES o,
thel dsmpoicbech ¢t&n1msas trartmiest with hcaticwlcat Irosend ¢mioddingemg of step

r mac ositions) with additives such as
(BB R soFaS STBE hefbfeet REnHLht o)
anti oxidants (e.g., one or nore anti oxi dants),

fiofsers (e.g., one or nore stabili zers),

reservatives (e. g , one or nore preservatives),
[0862]1ust iThe aegigminophen prodrugs described herein can be in formulatlons

(including pharmaceutical compositions) with additives such as excipients (e.g., one
or more excipients), antioxidants (e.g., one or more antioxidants), stabilizers (e.g., one
or more stabilizers), preservatives (e.g., one or more preservatives), pH adjusting and
buffering agents (e.g., one or more pH adjusting and/or buffering agents), tonicity
adjusting agents (e.g., one or more tonicity adjusting agents), thickening agents (e.g.,
one or more thickening agents), suspending agents (e.g., one or more suspending
agents), binding agents (e.g., one or more binding agents, viscosity-increasing agents
(e.g., one or more viscosity-increasing agents), and the like, either alone or together
with one or more additional pharmaceutical agents, provided that the additional
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
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buffering agents (e.g., one or nore pH adjusting
and/ or buffering agents), tonicity adjusting agents
W@ 2009/143206he or nore tonicity adjusting agents)PCT/US2009/044743
t hi ckeni ng agents (e.g., one or nore thickening
agents), suspendi ng agents (e.g., one
mew&émnﬂgcoag)@ﬁm) Ipisrar A a@ewe&s ths. a&dltwswéwblﬁe REfcessing

aghfiqhd Qn%)%mépy NHoAHOAS ahY eAGEERS a?@‘&rﬁxﬁﬁéﬁel, igilguﬁp €

or nore Viscosity-lncreasing agents), and t
phekphiwg, nazoeguro rstaamg@tta'iermwdskcchmedemr diracharatid] staromaglelatin,

SRR ST A Wttty 02
h;Ri% g@%@?-é}’cﬁﬁ@ﬁﬁnm t | ggﬁ@ﬁkhh&ebﬁw& heffd %&yaxlegl isPMme

the foi may 1 n¢l ude coffbi nat’i ons
exohartgmesmms ad thediket dyeved ki dondizdtion © oforyemtosor asore thereof.
escrj ped herein. (e.qg., 2,.3, 4, 5 6, 7,.8, .ornore ,
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t i apl hat  wi |
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formulation (e.g., fornmul ati ons anenable to parenteral

(08647 Ni FBfrﬁﬁth(ms c'oﬁlpﬁgl ?%gﬁ@dﬂ‘ﬁg P [H@fbﬁﬁﬂllg'? OWF zthdasaﬁﬁe are

from about 3.5 to abou from about 4.
prablded I8 oB¢ amectf suin fabowlatidsGure o mnbsutogQ:aDpHcﬁabOfut 6#1) Such

5.5t b f bout 6.0
rofpigR bl SR F ARG BB PBA BB 7. o
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conprising a prodrug of the fornu and saline
acgtagipenhen dtier. adlrrnmétﬁetl@stp@etmdlglgiehl (Mr,mtnlaétlht ohddagrénfant). In

soﬁ{éye%b(%)ldﬁ)rgén%glthé) Hogl%%oggtoZedA'a)s a d%y %owder and the formulation is
generated by dissolving the dry powder in saline prior to administration. In one
aspect, prodrug formulations are provided, e.g., formulations comprising the molar
equivalent of about any of 50 mg/mL, 75 mg/mL, 100 mg/mL, 125 mg/mL., 150
mg/mL, 175 mg/mL, or 200 mg/mL of acetaminophen, wherein molar equivalent is
the amount of prodrug that would result in the indicated amount of acetaminophen
upon complete conversion. For any amount (e.g., dosage) of 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
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formul ati ons may be anenabl e to storage and subsequent
use with the prodrug remaining intact for prol onged
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helli, Tor e of the acetam nophen prodrugs of the
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OBRYier BEBoE RS s BB B Pl FRUbT BB eub
hebrd18, GO Rk NRE eABSHIE] toeatloMaivanid]l #ith @66 BAmeRNtAUNRhs
responsive to acetaminophen (e.g., pain and/or fever), or to suppress one or more such

conditions.

[0069] 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.

[0070] The kits may include additional pharmaceutical agents for use in

conjunction with the formulation described herein. In some variations, the additional
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conprising a buffer. It may further include other
materials desirable froma comercial and user

war@adpdit , i ncluding other buffers, dil uentsPCT/US2009/044743
filters, needles, syringes, and package inserts with
instructions for perform ng any nethods descri bed
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digho wpedl Pise ondirpctions ta wipreetdasednstiicsioration. Simlarly
the kits may include additional agents for adjunctive
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havent ion,  Kit o) r ' i.nei Vi Igg{w ffers
P oS e ARt SEF LS Bl gt B
coigundhédchigddiereif €ingludingdommelniting thdresf@ to) pravide effective

provi ded, conprising a first container conprising a
tredagg%éoraq,polgmwdual foran 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.

[0074] 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.
Methods of Treatment
[0075] The acetaminophen prodrugs of the present invention may be used to treat

a disease or condition that is responsive to acetaminophen (e.g., pain and/or fever). In
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of a conposition as disclosed herein, and instructions
for use. The container nmay be any of those known in

w0 b@as29aand appropriate for storage and del i vRCT/UST009/044743
i ntravenous formulation. In certain enbodi nents the
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to an individual an effective anount of
acawetisephaophen prodrug (e.g.,
(4- acet am dophenoxy) net hyl phosphate or sodi um
[0076]ac eTagideptienexyhost hytho@hafspathepain oh asoekology,
enbodi nents, the individual is at_ risk of devel oping. a
inglndigg sguts rané ER@Nici RHH ARG ANY BAIP dsWBIFRjag@tamgophen analgesic is
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sodi um (4-acet am dophenoxy) net hyl phosphate) are
negradgicdedin asspcged WHh natscldn-skclh@l dinerideisdsfeing, sprains,
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paRERafitig 1ﬂfﬁinﬁﬂzﬁbfyl isdved] @tbe e Oty Aol spahd Witk Oero-negative (non-

post-operative pain. In one variation, the individual

thlsm@fe ) aftBieapthiest eproprseulabibe At ya aRdbperprticular disorders, and

pa"ﬂ? %%8‘&15@8 Wfﬁlrl:ancer (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/or
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 pain associated with surgery, trauma, osteoarthritis, rheumatoid arthritis,

22



[0076] The invention enbraces nethods of treating pain

of any etiology, including acute and chronic pain, and
wW@reo9pad2es i n whi ch acet am nophen anal gesi ¢ i s PCT/US2009/044743
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acata%%qnhenw% Flk%%}tl ﬁbosghﬁwé SOHP R (étﬁcﬁté@ﬂ%éﬁwy&ﬁﬁhyl
]ISﬂlalte%)éré @&Hq eaﬁﬁ Iﬁ ?}5%@% oﬂf@@e@ﬂ chiflir 5‘1§d/or infants. In

at'i ons, s and conpositions o
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presert 1 nventli acet enoxy
acplaas pdphes aet[orsascboumn(ed ta aadtanindpidre o) vaetakiyh, administration

of the acetaminophen prodrug (e.g., (4-acetamidophenoxy)methyl phosphate or
sodium (4-acetamidophenoxy)methyl phosphate) delays the onset of parent drug
action 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 acetaminophen. In
some embodiments, the invention embraces little or no delay in the onset of the parent

drug.
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phosphate) are used for treatnent or prevention of
fever, such as endotoxin-induced fever (e.g.,
wepaotgsd - i nduced fever in adults, children, BETUS2009/044743
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individwiabig need of &etAnmoopsn theraiR0, thic metlecs] comprmlﬂgmglmlmstermg

to the individual an effective amount of an acetaminophen prodrug (e.g., a prodrug of
formula I or II) wherein greater than about any of 10%, or 15%, or 20%, or 25%, or
30%, or 35%, or 40%, or 45%, or 50%, or 60%, or 75% or 85%, or 90%, or 95% of
the prodrug is converted to acetaminophen after less than about any of 1 min, 3 min, 5
min, 10 min, 20 min, or 30 min, or 45 min, or 1 hr following administration. In some
embodiments, the method comprises administering to the individual an effective

amount of an acetaminophen prodrug (e.g., a prodrug of formula I or II) wherein
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to AdimbteriRBeGesIinpphesshmeatodherstne condiéontet hod
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cet am nophen prodrug (e.g., a prodrug of
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depeyibed herran ondidinopa ig the i indlediog gupr mﬁfer?ééﬂloéﬁ
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prodrug of fornula I ). vvherelnthe resultin
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co%guﬂfrérﬁl'y Wikh, or after) additional treatment modalities. The acetammophen
prodrugs as described herein may be administered before, concurrently with, or after
the administration of one or more of the additional pharmaceutical agents. The
acetaminophen prodrugs described herein may also be administered in conjunction
with (e.g., prior to, concurrently with, or after) agents to alleviate the symptoms

associated with either the condition or the treatment regimen.

[0083] In some embodiments of the formulations and methods of the present

invention, the acetaminophen prodrugs are used in combination with one or more
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so as to obtain a des1red 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
dosage form containing both agents. When administered as a combination, the
acetaminophen prodrugs can be formulated as separate formulations, which are given
at the same time or different times, or the acetaminophen prodrugs, can be given as a

single formulation.
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e ev ShCen e ForssareRo AR Bingr RieBRRPEais tvd herein
th%%@@lh%?%l{/lgfm/tﬁﬁtn%@ oG rdrERaS BRIl ddibhiceme may
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 acetaminophen

prodrugs (or formulation(s) thereof) as described herein.

[0090] The optimal combination of one or more additional treatment modalities
and/or additional pharmaceutical agents in conjunction with administration of the
formulations described herein, can be determined by an attending physician or

veterinarian based on the individual and taking into consideration the various factors
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obtiy shecjage tdeod level concentration as acetaminophen is lower due to the

increased solubility of the prodrug. In some embodiments, the required dosage of the

prodrug to obtain the same blood level concentration as the acetaminophen is 1.2, 2,

5,7.5, 10, 15, 20, 50, or 100 times lower than acetaminophen.

[0094] Examples of acetaminophen prodrug dosages (alone or in combination)
which can be used are an effective amount within the dosage range of about 0.1 pg/kg
to about 300 mg/kg, or within about 1.0 pg/kg to about 40 mg/kg body weight, or
within about 1.0 pg/kg to about 20 mg/kg body weight, or within about 1.0 pg/kg to

28



veterinarian based on the individual and taking into

consideration the various factorseffecting the
w@a009i1¢2bar i ndi vi dual, including those descriPedUs2009/044743

herei n. Dosing and Methods of Adm nistration [0091]

The acet am nophen prodrugs and fornul ati ons descri bed

abeet H medie hody eveeghal eryvidun gead 100 wedkateoabeut HY madeibhedy

t. hi eve the jntend lLe in .an
whBpEEY 1 TR A0 e BES3H  dnely@ne Y AR e poout 1.0
mg&gd& hbaR 10 @M bsBak&E8hObr RitRanbed (8 glke to BB&UR 100 mg/kg

and/or fever). The anount of the acetam nophen prodrug

bagly veaghtudravition aberionimg/keg evatiogt by Hewe/kedods nyonghdt @rwidihn
f ' i | epend n [i
5L bYRRATIMN 0 Wap RN LMBR BB, 1) e

aboon2B( in@fk g bed N § eigheadr @dthin bigouk LeOILRMGYto@bout 300 mg/kg body
adm ni strati on, theé)\?karti cular formul ati on bein

weight Af witkingdoutThd melre 9 1hrusPOQ me/kedingy tedehtp flthey dosages
whEGRAPEk BRE ol o 01 WU/ Ao R el SRk O1GLA oBfy bRt
abond] wigduathodyeraightt steat €dlmgdtechoderaght sttt 2hmefk grody

wieh ! SR TR b ittt AP g REBR et Shput 36 e
bdggtae@éﬁfgmga?oom ?S/Iéfé;ﬁ% ﬁb%&%é?ght%}l%ﬁgﬁﬁ) ﬁg)ikg?%)gg E{é@glhﬁ,eabout 125

imated using i n vivo ani mal nodel s.
mafvebody sfighe ebant IHOphgkg peddweight, hboutntdy nk g bodyi weight,

Wi he,carrier. materi to oduce. a single,dos
st S 2oy FeislRaPhl i ne iR ES 6 ey MR o FRRE Boay
wéekt ahaun OPh iR/ V@ Ugeibis, &diFoli S3(eheatgdady teeht. Compounds

articular node of admnistration, In addition to one
ofdhe prspant giventien way pe pgmipistergdtabone s epnpimgtieib oy @ single

ti j S . [

BTG SF ol Gl do RS BRALE MR T PO UL RRE B
thesenfoantfivet oiasix afnesldaity.i n t he bl ood, tissues, organs,

or other targeted region of the body. The effective
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period of days, weeks, or months.

[0096] The acetaminophen prodrugs of the invention may be administered
enterally (e.g., orally or rectally), parenterally (e.g., by injection (such as
intravenously or intramuscularly), or by inhalation (e.g., as mists or sprays), or
topically, in dosage unit formulations containing conventional nontoxic
pharmaceutically acceptable carriers, adjuvants, and vehicles as desired. For

example, suitable modes of administration include oral, subcutaneous, transdermal,
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admnlsteredtothe i ndi vi dual , for exanple, nore
Piflh pevdeguand granulgy Inguch %qlﬂéﬁi%%ﬁ?efoanwgﬁ acsive popagoupd may

bedé%lllmxgﬁ&f Hﬁtslegstgﬁé{ ine diltBAS uEl@Q{]s&r(gsbnﬁéto?e 913 arcﬁr ?&cl@

times a ay, times a day, or tines a
ddsagenfiolat g atsay:oajpﬂee hxkhmfmi mtfstaecefscbth@ tllEhElnert dlluents e.g.,

gdl vi dual r exa | ess t aﬂ once.a d qr
luficating égengw@ aétnhaéP Sd‘&}} Steaipdt y‘-hntt § rAe QL§GAPSBR b lGisetnd
pift§. thedabd RS RiayYalso g R BUM@ Ik eARY TaBlets and pills can

adm ni stered ovef a period of days, weeks, or nonths.
additionally be prepared with enteric coatings.

[0099] Liquid dosage forms for oral administration may include pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert
diluents commonly used in the art, such as water. Such formulations may also
comprise adjuvants, such as wetting agents, emulsifying and suspending agents,

cyclodextrins, and sweetening, flavoring, and perfuming agents.

[00100] In some embodiments, the acetaminophen prodrug is administered

parenterally (e.g., intravenously or intramuscularly). Injectable preparations, for
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[ 0096] The acetam nophen prodrugs of the invention nmay
be adm nistered enterally (e.g., orally or rectally),
w@arenseeal ly (e.g., by injection (such as PCT/US2009/044743
intravenously or intramuscularly), or by inhalation
, as msts or spraysi or topically, in dosage
e ﬁ@ﬁ}?um&ﬁab%aqewaﬁirﬁ CAGINEBhHSATI KA MAH R E%Elinelated
ac%ﬁf ST LR EGRERLAB SRR oAl A B Sinaine
agaoisi fhe steatd iofeciablel prefmraranl maysalbe b¢ aseolesipjectable solutlon or
transdermal , t ransnucos oretic, intraven

SUSPRIFIRAAR & PPRIOXIC R c%ﬂcﬁPtaﬁlFﬁif P r iy iaior EXampla. as a

soluttohal deplylene - ggfcol VTH‘E é’t‘éﬁ@hnjé&'@&§ BlepaaHbsl Hfa?lalsorb%%t drile
gastrointéstinal, and e, and directly to a

posysise i becreoenstififtestusdiey @ncglatnblg rvehlp;k;s euor eodndeisirateny Appng

the ¢ erv S epi dur aJ. '
Rl B oS Rk B B b Rineers
sovgidhl ared ieStonieapding dsaste sbapioaalln adtition, Stefidd, fiRBd BAYare
al so involve the use of transdermal adm nistration

cogyerHionslly paployed aad sQivand ﬁé@lsaendnaﬁwmééiﬁm d&ir ghig gyipeasany
blﬂlﬁfn‘&e%%ﬁ R ngﬁgﬁ)bre@ﬁlcﬂﬁﬁ%[ [h%'tl@ n{di]l((‘j H]?c?lglr}/ﬁend S. In
N

cutaneo I Nj I ons avenous,
addittonagittgrangls sueh aatléioncidanay el wssd anthe @cdpatagjive Sf m]hﬁables.
acet am nophen prodrugs may be m xed with

[0p1eY] B e ErhEahbydimes® REARbeIdE@high@IoSes cFdbétvdiiopherdpiddrug
vehi cl es agproprlate for the desired route of
€]

ingdaivriiostmeta onh athw viogupeoichalisgdnNandinribng erpnmlss efzany
' I
efﬁe%ﬁg% %{g&%}tg( t !?(% r gétr!ll' a%ﬂufl@tr%?og%&{%ﬁa%?ﬁcré%gﬁj(%&s na

dm nits I'on are e ar 0097]
intrams g idxdeiertea hee tahinb prenmeddrogat a tdvage cinge obfrom about

adm nistration is oral In some enbodi nents,
20 e REY Y teﬁéoearriieg Bei dbpdTeB Rbes S0 myRFHay e Abquh R L. %fgom

ab%‘é?ﬁ(ﬁml | ® Sglft%gg A BRG] éﬂ%%PS(ﬁ(Pﬁlgl{? Gl e Q

mnls ‘form in liqui orm in erogo
fréro rahput(ﬁ()Olnng tohebofio? ppef dayabl eins embddlmﬁntp,dhd efifective amount

m xture sul es, granul es, ct abl es, ns,
foE BiGRIPGL e C< hpustbs P BBi G A BIRIE 3 Faar P of
ab%ﬁvi(f() 8% alstiu® B%f St 0dait S6PRA g & hSdt A4S or st 750 ﬁltgbz@ hbout 3
suitabl e forns. [0098] Solid dosage forms for oral

g, @dﬁbwétgt@ta«bow g, @rmfc)bu@]e3 cdpsbiudd 9 g.abheew,| mi-it¢ shout 30

o Gt b o ROy B hBYCh R bl FRHE SO 3 o

ab@ui LtemlL GUBbutAY BLES Qs 15 adt,@$@bowArs 1BL.86 Ghbut $OGL. In some
dosage forns may al so conprise additional substances

of shepe embraimante e agptaménaphen progrug is ggminiseieddn agelgtian ata
cogw rafign %chg)%%' h@‘@g&@% ahSut 1080 %nE?‘ér b%L fs%@)fﬁﬁ% about
a and pi ) s

ets, he dosage onpri se
730uhi§/aili, g abge 30 sng/hd b absuteidd npg/hls oc ﬂn)ut 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.

[00102] The invention also includes formulations of acetaminophen prodrugs
administered in the form of suppositories for rectal administration. These can be
prepared by mixing the agent with a suitable non-irritating excipient that is solid at
room temperature but liquid at rectal temperature and therefore will melt in the

rectum to release the drug. Such materials include cocoa butter, beeswax and
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additionally be prepared with enteric coatings. [0099]
Li qui d dosage forns for oral adm nistration may
WO p@baeIphar maceuti cal ly accept abl e enul si onsPCT/US2009/044743
sol utions, suspensions, syrups, and elixirs containing
i nert dlluents commonly used in the art, such as
pahgtleyrlenesgl¥¢pls-or nul ati ons may al so conprise adj uvants,
such as wetting agents, emul sifying and suspendi ng
[OQyé?ﬂt s The pedteadephamrodmag okihe srespntigyention veswiahy, beand
adihi sfé%dn g ¢ f%%lsof &&)QQOJHQC%] AL L GOV if qu‘:ogjt 'T@B%Gcines 4}1@ generally
acet an1nop en prodrug Is Adm ni stere pdar erally
defi@ed from IBHdspMﬂipiﬂsderybtm hprait Judsmisesll [pbyomes lary ehadbe
reparatlons f orexa nf sterile injectabl e agqueous

meliw or suilapgd s iBHd Cryms that Iy Aiperateid BWAgBFWng

h t ng
kbR AN BE DR SHL e ORI SRR L

capaldpat Girmarg lmmsomlesmap be asagt @he pesemjfeniddions solipdsoor
or susgen3|on i.n. a nont oxi c. parenteral | cceptabl e

fogP (AR AYntER- WAGRRR o A ACEITIREPREN RIQ r&gs%‘ftﬁ 4%6h Pqyervatives,

exrafp%xi aRE 13 14&Oln someen%o%qmérﬁs iR ﬁﬁh@@ﬂe%@pﬁ&?ﬁﬁiﬁlmnwor
may al'so be a sterile powder to be reconstituted using

P@@l@l@pﬂaml@lm@sr\(ﬂ@htbmsp mi@ral tod/ad sinthesicr Merhods tqafmmgiplownes
acce e ve es_and Ivent
orE FESTATEIE oty SseFr B8P se Pis NG B P R
VélaherXioe Axalidthicess! NewOdirk 1 10W ., B1 8 érlsey (fo7spd oi l's
are conventlonally enployed as a solvent or suspendi ng
jsm  For this purpose any bland fixed oil may be
enployed i ncl udi ng synthetic nono- or diglycerides. In
feHt | ks
(0BF41 TR iAo AREE w60 uRTE FoBElrRy Py REs bR o he
foﬁmmrgl elxmmpkes awvkichaeyirdededbygvag (oﬁ ﬂhlsmﬁtmmtdam naphtended to
prodrug.in a | ow volune (e.g., in a |ow vol une of
“%@?Fﬁéffﬂﬁéﬁaﬁphmfﬁﬁﬁmexanples of an effective anount
(e.q. for par%nteral adn1n|strat|%h such as
AR V4 3 by )

acetan1nophen prodrug at a dosage range of from about
N2&( Wgthp@klomw]wx)dpmgtww'gldper day, or from about 60
ng per day to about 6 g, or from about 200 ng per day
Oabout 4 g, or fromabout 300 ng to about 2.6 g per
:gﬁy, or from about 500 ng to about 2 g per day. In
nmbodi nents, the effective anount for parenteral
(el i ntrayenous or intramuscular) admnistration is
a dose Qol Ure of about 200 ng to about 5 g, or about
500 nmg to about g, or about 750 ng to about 3 g, or
(08Nt Tog Sﬁl@reé@siupolgreg sgSPe@sloa@fa srdium dygdride(labgutd-40 wmol)

ingefepHSoch e ARIER 2utDsoShe B RIE. 8IS G°F
acetaminophen (10 g; 66.22 mmol in 35 mL of HMPA) was added slowly in about 15
minutes. The ash-colored suspension changed to a light-brown clear solution after 15
minutes of stirring. The reaction mixture was stirred for an additional 20 minutes at 0
°C. Then chloromethyl methyl sulfide (7.67 g; 79.47 mmol) was slowly added to the
reaction mixture over about 10 minutes. There was no color change in reaction
mixture. The reaction mixture was slowly warmed to room temperature and stirring
continued for 3 hr. Ry values of starting material and product, in a

methanol:dichloromethane solvent system (3:97) on TLC silica gel 60 Fas4 (Merck)
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about 15 nL or about 10 nL to about 15 ni, or about 5
mL to about 10 nL. In sone of these enbodi nents, the
wae@vasm2aophen prodrug is admnistered in a soPCE/USIVON044743
a concentration of about 10 ng/nL to about 1000 ng/ i,
or about 25 ng/nL to about 750 ng/ni, or about 50
defggtad at A2 S4Bt B0 0-4nanhi.O. 1spPesbivtly- T8 sggtion naigtuae vig

T L ST
aceawe2tx Thmal) she ligietbrdes of @hidihadrisopaatedl, dizdtoast sudplhen

r odr u%s adm nistered in the form of suppositories for
sujphateAnd canseRtrater Andenyacya s BhecHdplie i rhapp s9mBound %isng

1 . Ce : cCin
P e P B LBl (19 2B kher (100
mi.gnpénathieasohd V- (dh@nahdrheomethbxyyghtnylactthmidegoddunt ias

rel ease tg_)g ru Such materials include cocoa butter,
Ob&%%‘aéxs%’ ggm‘?g%w ene glycols. [00103] The

acet am nophen prodr u,gs of the present invention may
(4csgBorsignaxy)ae By «@bsgy iohasigfén of |i posomes. As is
known in the art, |iposones are generally derived from
\ﬁhgspholipids or other |ipid substances. Liposones are
Hiher ned by nono- or multilamellar hydrated liquid

cr I's ghat e di spersed in an aqueous nedium Any

no i c~ pIsi ol ogical |y acceptabl e and/ or

net abol Pzaff e Pi pid capable of form ng |iposones nay

be used. The present formulations in |iposonme form can
(0880 ]ai Ao a4 shrmgd gplorlsss sobitign cAdet4ani nophen prodr ug,

- <G D e
e S LRI E 1 5 B2 P E0h B TR Yl g o
acamgiedd Aphosphhat sidyds foh o) mimsgey)) ead ddded g prowratalo@i
and/ or thetic. .Methads t orm| i posones ar.e knpown
suiperol N lodaseckinBrociing 07 PrElyslonoEn s3fifeh ghe
dibéh\%\?eﬂ)ﬂosﬁ'leﬁé eOY g; MOl AR of) Mss ANRRAR BEVIPIRS Rsul IEWor R K
N.W, p. 33 et seq (1976). Exanples [00104] The

copered eqactiommeviticoraswiilted berogmdemgenbde hr2ehquesadis vylupyof
reference . tg the foll.ow ng, ex l.es, .whi re

g8 PR st PR R A Freao e R Fonstbng

so‘lx‘%npﬁ‘ysté:nﬂ;(i@ﬂg)nolfLG E‘l‘ﬁc:ﬁ’ g&%rﬁz54i (M&Eﬁ)idéfbcte@ﬁ@mgﬂ nii were
Synt hesi s of (4-acetam dophenoxy) net hyl di hydrogen

0.6HbZ pind 065, Kespctivelst Ak tdactommirswig) e ieradae ¥h Arhiagiwan filter
pahgrcd)?lq gtée gl%vgl fglftria g&%gv"&‘%ﬁéﬁ ?vlitgrvx?a(iiers(aé %ir}?fi:xqpac{%fd \%ﬁldi um
dichloromethane (50 mL), the organic layer separated, washed with 20 % sodium
thiosulphate (2 x 50 mL) and 10 % sodium bicarbonate (30 mL), dried with sodium
sulphate, and evaporated to yield the product (1.9 g, 60% yield) as a brown color
viscous liquid which was purified by column chromatography (silica gel), using 5 %

methanol in dichloromethane as an eluent.
(4-acetamidophenoxy)methyl dihydrogen phosphate
YO
HN
HO, OH

0 o o

[00107] To a stirred brown colored solution of (4-acetamidophenoxy)methyl

33



i n hexanet hyl phosphoram de (HWPA; 25 nlL) cooled to O

0C, a solution of acetam nophen (10 g; 66.22 mmol in
w@0at432p5 HVPA) was added slowly in about 15 nPCIUS2909/044743

The ash-col ored suspensi on changed to a |ight-brown

clear solution after 15 mnutes of stirri

] ] ng. The
le"é%%&]f phosphats (st & Oihiamel) inregthgngt by disel uglﬁapf $g(OH) (0.2
Mﬁ%oﬁgo%@%ag Bd Cfﬂe%%hli%gt ET?IVQA/ akﬁr\“ nftég lass vessel
was sl o ed to the reaCtion
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C ge.n reaction n ;ur . The reaction m xt
R e e i R anS Siers ty et 60 SPrie
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ca(zﬂy@ Was cﬁlﬂtefEtl(ﬂnS)ugh caltg elhd ﬁ@sﬂéd Mth(rh@tha:lh@l dekeahkd Tat filtrate
nm were The react,j.on
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Wi S aRE Vion B o iueh f BRSTLR it sHisy BRrG Higwas
th§19£n§’1‘iﬂ1é21rb3( @Qshm%wul@ péitact @k 5@ o) ghddietr3e @t‘héﬁt @»0 (nZL)Xto 4eld

rown organic |ayer separated, dried
5(bm31(3%%d‘f1@|]|¢1) stibioHaqtes andffodiitewlid dmeling maree: VR ULNC). 'H

N O AT PR g8 5 T et B T AP b BB R -

8.§m92r5.431§21021311—): 1AL, ol e 3ol 1 d

hyl t hi orret hoxy) phenyl )acet am de product was

Tooa stlrred col orl ess solution of N-(4
t hyl t hi onet hoxy) phenyl )acetanmide (1.5 g; 7.1 mol)
HN i: (stirred with 5 g of activated 4 A nol ecul ar

Si ¢ f oNa@5 ONanut es), was added a brown col ored
suspe m’v\ﬂ’ i odo succinimde (2.6 g; 10.7 mmol)
foll owed by addition of dibenzyl phosphate (3.1 g;
(0010814 ool Sfirdiswdky eebpensi@OM (4ﬂ¢etané@nhﬁnmg)m¢ﬂmh

R a o2 L R BB S A (AR ggotuton of

soﬁﬁﬁ@me@}hyl hekieaey s prosNBahinol) anehpr Rdtied (2 MLRhHael. The
di chl or onet hane sol vent TéSt em (3:97) on TLC silica
t

reg@iongesERSAn (e Fékgd e Bde g rrakkw sugmmﬁmt%%tom white solid

af&; ﬁ{l er@% \Q/hl?ﬁ V{Rﬁ?ﬁt%‘r‘ed' %%ng Ehapeﬁaa%éég%rt%% @‘M\I\Eﬂ@&her 3

x 20 hil ) &b @ieRR) M@m@% ;Amlﬂ)lbf\/pamrct @szmwmma solanfedbi geeinyé: 0 6-
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200 6hedl WViR (459 ola % Bidessl Pkt (g 2sb= HP Bidd-96

10 ,% bi t th sod
etphane s Bl R Eor R Sl Rl I ot (1 o,

Exa%%)lé/ 5 eéoqglbl?fc’v oaf &ce?ammoghen Analogs

[00109] Solubility of (4-acetamidophenoxy)methyl dihydrogen phosphate and its

disodium salt is listed in Table. 1.

Table 1: Solubility of Acetaminophen Prodrugs

Solubility
(mg/mL)

Solute Solvent
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vi scous liquid which was purified by colum

chromat ography (silica gel), using 5 % nethanol in
waelr@bhgnesret hane as an el uent. PCT/US2009/044743

(4- acet am dophenoxy) net hyl di hydrogen phosphate

[00107] To a -stirred brown colored solution of

oot

(4 acetaﬁ4dophenoxy)nethyldibenzyl phosphate (0.4 ¢

%8g?gﬁebﬁmk& anol (15 njl, @ solution O Pgg

al
(10 nmL) was added| The reaction
m dihydregenashdsplken i fto a gl ass vessel

kept at 60 psi
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filtrate was concentrated under vacuumto produce a
bromn‘cologed gunny nass whj ch was the? purlfled by
3 CcY hQ YOPHLE ) RINA RE

[ to yield 50 ngy 30 @6y|eld) of product as an off
[ Q]e Soknagvn arpdunt afagesangeophe0Pradrag G@y mcybatmltbAmman

plf.%nsla saglwggjr?a&}ltagﬁg ?péys 1 1ﬁ&ll_grh% %1?&‘( g%iaﬁlﬁlﬂql.}gts Wf{)e %rawn
at fidecb@mé $oindHD, 5.B0aNP) 2, 25 oy a0 esdng 100 nSadieshand

acetan1dophenoxy)neth I phosphate [00108] To a
anglyizgq fqﬁ@ccﬁpqnmpp PRIt ohegcperiment was performed with two

dl%reﬁg%@t%%gpf 31?%%2&{6%{? ¥l)olgé1 HM&BQ’ gﬁrglr{l? QP?P‘*@ edch%ane

acetate utlon of
kis@ibis loﬁ‘fn%t&bl’ig/ leabeoanaiat ke thé or moyt saﬁlrdﬁonwftdn)zymmtlcews;elm
. acet 2 nL) was added. The reaction suspensjon was
inggived tcropgirgnio! PRAE LB DS ABAE BkFRATe 15 was found
thMcEt%nﬁl%ﬂhgn apJeFedMI&nd Qe of Mét%!ﬁnﬁﬁ%oﬁéétfoﬁrﬁ g@mi’iﬁ? b ed

h ethyl acetate (3 x 15 ni) ether (3

mtrmte,%x @lddhd Conmmgntf BOWig¢redsdyl ogér tpc d@luauon a§6(hrmmlt¢se a:ssﬂomh in
Fé gl ngzr ange 206- 209 00). 1U NWMR (400 MHz, DWVBO)
1“@5 741(d 2H, J = 10.8 He), 696(d 2H,

9 C _ > o .} S XeTe 1 {hTeA P
Solublllty of (4 acetan1dophenoxy)nethy| dlhydrogen
[0BhbK ph &icaverpign iof acesrraivaphm Radiug fe aqetaiagplion tngyele. 1.

m&gﬁ%lf‘sn}m 2R Wb fudld ﬁf&kﬁ n'ﬁ?a?*&?%ﬁf hﬁ%&%@f@f@&@nbed

tro conversion o am no prodrug
dﬁmeﬂﬁnnmophﬁmhé@ﬂﬁﬂﬁkmﬁumHmmmpanmm@Wa@mua@ﬁmaﬁymdmmﬁnmed

prodr ug. [ ubated with hu pl asma . sanpl es
toyths R g W BgiRal Prﬁg?amﬁémwlntgﬁ}q blood was

an%iy'zgéi‘ Fgrsdc%ﬁlo‘gﬁéﬁ’\@bntent or acetaminophen content alone, and the half-life

of prodrug was determined.

[00112] The pharmacokinetics of acetaminophen and the compound of formula I
were evaluated after intravenous (IV) administration in order to determine resulting
plasma acetaminophen concentrations. Acetaminophen and compound I were dosed
on an equimolar basis to provide the same level of exposure (25 mg/kg) to
acetaminophen and to obtain the profile of compound of formula I conversion in vivo
to acetaminophen. The test animals were male and female Sprague Dawley (CD®

IGS) rats (Charles River Laboratories), 7 to 8 weeks of age, weighing 220 to 270
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at predefined tine points (0, 5, 10, 15, 20, 25, 30,

40, 60 and 120 m nutes) and anal yzed for acetam nophen
W@ vwa#295 The experiment was perforned with tweCT/US2009/044743

di fferent concentrations of prodrug in pool ed human
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1. A conpound of fornula (1): (D or a pharmaceutically
acceptable salt thereof or solvate of the foregoing.
wQ@200%1¢20pound of claim 1, wherein the conmpouneCT/ESH09/044743
di sodiumsalt of formula (I11): (H 3. A fornulation
cg rising a conpound of claim1l or 2, and a carrier.
CLAIMS or mul at i on conprising an effective anount of a
conmpound of claim1l or 2, and a pharnaceutically
acceptable carrier. 5. The formulation of claim3 or
4 1. wheretampduad oafarinata (5 saline. 6. A fornulation
conprising a conpound oQ)cIain11 or 2, and conpound
selected fromthe grdhf?consisting of an opioid,
non-steroidal anti infganpatory drug (NSAID),
benzodi azepi ne, and barBEziifte}KXVOH formul ati on
conprising a conpound of '&W$09R%f, and a conpound
sel ected fromthe group consisting of codeine,
nmor phi ne, hydrocodone, hydroffor phone, | evor phanol,
aspirin, ketorolac, ibuprofen, napraoxen, caffei .
£ r a8l @ PRREPR R, AT ERGHE el RRGA e E o fied5tssaine
| grazepam m dazgl am propoxyphene, ket opr.ofen,
f Pur bi pr sTeRPung ebegind; Wa?remotg% RABPOYHdd S p Aisetligm salt of
el oxi ¢amyPirHoxi cam doxyl ami ne, panmabrom
cari soprodol, "and butalbital. 8. A substantially pure
form of the conmpound @Qlaim1 or 2.9. A nethod of
treating a disease or c¢ondition thgi.is responsive to
acet ani nophen, conpri 8N mini s{efjng to an
i ndividual an effective nt _of “gOmpound of claim1l
or 2. 10. A nethod of treafing aall 3@ase or condition
that is responsive to aceta&iﬁophen, conpri sing
adm nistering to an individ ) a formul ation of any
one of clains 3-7. 11. The nethod according to claim?9
on 10, AMdenBIaNodltSBAEEnPh c6APSidd R1diS 1S&! 2ah&d chiRm
the group consisting of pain, fever, inflammation,

i schem c injury, and neuronal injury. '
4. A formulation comprising an effective amount of a compound of claim 1

or 2, and a pharmaceutically acceptable carrier.
5. The formulation of claim 3 or 4, wherein the carrier is saline.

6. A formulation comprising a compound of claim 1 or 2, and compound
selected from the group consisting of an opioid, non-steroidal anti-

inflammatory drug (NSAID), benzodiazepine, and barbiturate.

7. A formulation comprising a compound of claim 1 or 2, and a compound
selected from the group consisting of codeine, morphine, hydrocodone,
hydromorphone, levorphanol, aspirin, ketorolac, ibuprofen, naproxen,
caffeine, tramadol, dextropropoxyphene, methylhexital, diazepam,
lorazepam, midazolam, propoxyphene, ketoprofen, flurbiprofen, etodolac,
diclofenac, misoprostol, meloxicam, piroxicam, doxylamine, pamabrom,

carisoprodol, and butalbital.

8. A substantially pure form of the compound of claim 1 or 2.
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12. The nmethod according to any one of clainms 9 or 11,
wherein the conpound is adm nistered parenterally. 13.
wab@omebod according to claim 12, wherein thePCOORHONOH4743

is adm ni stered intravenously. 14. The met hod

according to claim12, wherein the conpound is

adnmi ni ¢t @Fded Phtrpyingscdibears 9r copgitionibat dpteRpRPSHEdDr di ng

to Cl a' . i . i 1. N .
Subout anceaofeh Eb il IR SATRAAhe S g Pusl s ehiective

cl ai nms adoont df totppumhefraiim t he2.dosage of the conpound

is about 300 ng to about 2.6 g. 17. The nethod

acgordi,n o.claim16, wherein the sage of th
cSfipoutiirSd Bh Rtnes: P G Buonghy 0 keonsiyE et noo
accor dufarhPophdd, BdhPrifhg AdmindAe1R t6 ah hiediViahs B ofhulbfiéh of
dosage is about 1nL to about 25 nmL. 19. The net hod

accor dipyoreofcdlaimm3t8, wherein the vol ume of the

dosage is about 10 nL to about 20 ni. 20. The net hod

ageor di lalmq18, j h u e
d0Lage e ol &Mt o AEHS) G Jor g fRestt of Wbgicon i
accor di¢lgettdfromahergdBp cohgstmgroftphin, okt ieflafmitie, ischemic
dosage.i.s about 5 nli to about 10 nL. 22. The net hod

accor diigYt SNERRIIYRE Y el ai ns 16- 21, wherein the

dosage is adm ni stered nore than once a day. 23. The

e hod Tae RIHING EQiRNY aRPEnObf QhidlsBorl; Shere@E@bMpound
t he dosage is adm ni Stered once every other day or

| ess. Madmfinistnpopmentetllyl aim 1 or 2 or a

phar maceutical ly acceptable salt or solvate of the
f%'egmﬁ%g n{e%{ dUfodtheto %%Cljrlncﬁn\%ﬂgr'einztﬁ' C(%Jr%eognf 1908 MNistered
nor'e conpounds o cl&i 0 “2VoF  a pﬁar ceuti Ca fy
accept abtfesalsty. t hereof or solvate of the foregoing

for the manufacture of a nedi canent for the treatnent

of pain, fever, inflammtion, ischemc injury, or .
nefir ondine mﬁt}mdya_ccordmg to claim 12, wherein the compourd is administered

intramuscularly.

15. The method according to claim 12, wherein the compound is administered
subcutaneously.

16. The method according to any one of claims 9 or 11-15, wherein the dosage

of the compound is about 300 mg to about 2.6 g.

17. The method according to claim 16, wherein the dosage of the compound is

about 1.3 g to about 1.9 g.

18. The method according to claim 16 or 17, wherein the volume of the dosage

is about 1 mL to about 25 mL.

19. The method according to claim 18, wherein the volume of the dosage is

about 10 mL to about 20 mL.

20. The method according to claim 18, wherein the volume of the dosage is

about 1 mL to about 10 mL.

38



26. Use of a conmpound of claiml1l or 2 or a
phar maceutically acceptable salt or solvate of the
wo oroegei2egy for the treatnment of pain, fever, PCT/US2009/044743
i nflammation, ischemc injury, or neuronal injury. 27,
A kit for the treatment or prevention of pain, fever

i A1 amte MsHodi aseprdinedo ichiimrly; whereHete aﬂlé;rneu ofjthe Josage is
conmpri A4 sanC R doafr. claim1 or 27 and

instructions for use In the treatnment or prevention of
pain, fever, inflanmmation, ischemc injury, or

nédr ondhe mtjthqdyacc@@ing&o kiny ohoef ¢lignst i6ealt, mwteimthe dosage is
preventaon of galn f ever hnflannatlon i schem ¢

i nj ury J9BPIHEY BHsF BARCAFY2 S¥onpri sing a fornul ati on

of any one of clains 3-7; and instructions for use in

t he. tr gat ARoddccPriaeen tahp Bn®bf Qginty, 162N herein the dosage is
i nflammation, ischemc injury, or neur onal injury. 29.

A | ow HMINEPE gRccdisBeptheddysn [9ser mul ati on conpri si ng
a conpound of claim1 or 2 and a pharmaceutically

aggept %b(l:o%llﬁﬁlha loBllaim 1 or 2 or a pharmaceutically acceptable salt or

solvate of the foregoing for use as a medicament.

25. Use of one or more compounds of claim 1 or 2 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.

26. Use of a compound of claim 1 or 2 or a pharmaceutically acceptable salt or
solvate of the foregoing for the treatment of pain, fever, inflammation,

ischemic injury, or neuronal injury.

27. A kit for the treatment or prevention of pain, fever, inflammation, ischemic
injury, or neuronal injury, comprising a compound of claim 1 or 2; and
instructions for use in the treatment or prevention of pain, fever,

inflammation, ischemic injury, or neuronal injury.

28. A kit for the treatment or prevention of pain, fever, inflammation, ischemic
injury, or neuronal injury, comprising a formulation of any one of claims
3-7; and instructions for use in the treatment or prevention of pain, fever,

inflammation, ischemic injury, or neuronal injury.

29. A low volume/high concentration formulation comprising a compound of

claim 1 or 2 and a pharmaceutically acceptable carrier.
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