WO 2009/143295PCT/US2009/044743 WATER-SOLUBLE ACETAMINOPHEN ANALOGS CROSS
REFERENCE TO RELATED APPLICATIONS [0001]This application claims priority benefit of United

States Provigj n%‘(l)g'?‘ﬁ Iigqgation No. 61/054,774, entitled "Water-Soluble Aggt 0 i9%9ﬁ§4g4§\nalogs" filed
May 20, 200‘@, the content of which is hereby incorporated by reference in its en |re?y as'if it was set

forth in full below. BACKGROUND OF THE INVENTION [0001]Acetaminophen (USAN) or
paracetamol (INN) (cheaildaRy- 3O BE Bl A CRIAMANMEBDHCAMN).{9E% antipyretic and

analgesic commonly used to manage fever of any etiology, minor and severe pains (including

post-operative pain) a”%ﬁb%‘%%%%ﬁ&ﬁﬁ-ﬁ%@ﬁmfi‘%%ﬂ ﬁ,wﬂl I%ﬁgﬁ% and lacks many of the
n oida

undesired effects of other analgesics, such as non-ster anti-inflammatory drugs (NSAIDs) or types

of cyclooxygemsg (COk InfHRLATSH @ dmSIPMRAGHIRIRY Sritatien sdverssifects on platelets and

renal function, fetal ductus arterious closure complications and Reye's syndrome).

[0002]AcetarfitRySREPES 4B sRBtAT toYrecemaliile MrpromEiarigtisdaiae frdiiftschemic damage
(i.e. damageaysedioydsehamieasonelias kapeshisitndthatial owe-sehrmialtd erguénea pigs, |
acetaminophen was receér]t%}gou%%a%o decrease apoptosis in myocytes, which were subjected to
low-flow globSI S SIAPILHER 3P %0 minutes followed by 60 minutes of reperfusion (See Am .1-

Physiol Heart Circ Physiol 293:%&@&5@ %%{@Wﬁgﬁiy, acetaminophen was found to

inhibit both lipid peroxidation and superoxi e anion generation, resulting in retained structural integrity

of the rat hippggAmPUSRSAMieE WIth ARl aeidinacenRbis | ischemin MRAR| (S&e Metabolic Brain
Disease 21 (2-3): 180-190, 2006). As with its analgesic applications, an important element of the

treatment of {4chulineraisexbaccimdss b anAREPHEHG 1A SISl SPRTEM XEF4PRutic intervention and
peak therapeauticabéoeeeconeRNbiationyOREHS 2 H0RIIRAIRIRS (TRVeiBRIRes-widRSRESRIMSE in the clinical
setting (for exaénple,,to cofntrol pgst-operative pain) qjui to their (gi%c llent analgesic properties and
onset of actiGA ASHERRL P A Us & SHEBHRRTODIDINE L FHaI hRR MEd by slynificant adverse
side-effects (engdesitespiifatos piapeessityrshiiancspasom-gsendtigativninflammatory drugs

(NSAIDs) or types of cyclooxygenase (COX} inhibitors {e.g., stomach lining

irritation, adverse effects on platelets and renal function, fetal ductus arterious closure

complications and Reye’s syndrome).

[0062]  Acetaminophen has also been shown to be effective in protecting tissues
from ischemic damage (i.e. damage caused by ischemia as well as reperfusion that
follows ischemia). In guinea pigs, acetaminophen was recently found to decrease
apoptosis in myocytes, which were subjected to low-flow global myocardial ischemia
for 30 minutes followed by 60 minutes of reperfusion {(See Am J Physiol Heart Circ
Physiol 293: H3348-H3355, 2007). In another study, acetaminophen was found to
inhibit both lipid peroxidation and superoxide anion generation, resulting in retained
structural integrity of the rat hippocampus insuited with quinoclinic 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,



sedation, addiction and abuse potential and post-operative nausea and vomiting, etc.) which make
them less desirable. The alternative use of NSAIDs, however, impairs blood clotting (in addition to the
side effects grreviously mentioned), which is highly undesirable in post-operative settings which require
active woun R@gﬁ}ﬁ{b ¥ blood clotting. Due to the undesirable qualitiesP&Tégﬁf&ﬂ?’mﬁDs, COX
inhibitors, and opioids, particularly in certain clinical settings, there has been a need to develop
effective formedations:éfiacetaminbpiem 004 Rhpestessalforaulakiensndiacdtagsaphen (e.g.,
intravenous {paiaienalwauld be:pailiepiartyusellin dincal sayings, Gempared.to oral
formulations, an acetaminophen parenteral dosage form, such as infravenous &S or subcutaneous
injection, woblecdaletiegitysdficiapedtic advefitatascHorihsmers@nodrenbeshiinisieidminophen may

have relativelmci@si}%xe@&g&&t@@m@@%@%ﬂf_ INRITRLQR WL SRAINGR a3 Rgst surgical

recovery and trauma. Additionally, as the acetaminophen has a relatively short half-life (about 2 hours;

see GoodmdHCsRE G Ehae tRéS i adiBgied Bl YPriRrapOtiEd Rt eantcGraw-Hill 2001,

p704), parenigraiy; pdrminisiered @sataminpahenay Mer-pravised atalowel-dosage than oral
acetaminoph h, of thg orally-administered acetaminophen is cleared from the body before

, since much, ,
reaching ped 95%188 %6’%?8 A% 8h &S 3EB8 RS & pite a desire for an acetaminophen dosage form
suitable for p@ﬁg& eral lgdggli isdv Otli,gmrilﬂaqeveIccl)ipam(%nt ofefect'gve thetrraeeutic cetaminophen beyond oral

era, 10118 Ce Nopnen (e. g, INIravencus sormuiagon
dosage form been limite Mmajor barrier toaélgvei)opln ) parenteral]1 osage fornt has been

acetaminophepidd bwpaaterl sdjubiity! (alsboica] 3agtipes. 1B0npdryd To @ddiesmhtemninophen's inherent
solubility, U-§cé%ﬁﬁ%%é?&é%%ﬁ%&@é&%&ﬁ?@h%@%@)@ﬁ% BhRSRpB deihtive of

acetaminophen (4-acetamidophenyl dihydrogen phosphate), which has a reported water solubility of
50 g per 100HfiCEwHSH B thidarptaRsiAd NG L efe AvAIRASRCPe pERRIER NOt readily amenable

to chemical apelpniepgNERis, Ndrabsis (aneh ihushet amenablede diniealibsekasitrequires alkaline
phosphatase and about 15 hours in vitro to yield the desired acetaminophen drug from the derivative

(see Chemich! SSHIBhR & ROt BEHHREAE FHuBE0 AP Bthat PRosphate-containing
prodrugs havedweemshielosad irjfovexanplaald T RBaents Kodr? 44 0;::608mm8m0; 6,204.257;
6,451,776; 6,872.838;.and,7,244,718:; and, U.S. Patent Application,No. 11/999, (US2008/0318905),
filed Decemb‘%rzl%{,afogoﬁe%'?%@%ﬁﬂ%ﬁ@ ‘/@?@55’?&‘&%’%%@%%%?%?%& }drug of
acetaminoph@ei4R oqremetalinoldisisicetarhidepemnypia (st iyl arninddd eetdteyavdssdgveloped in
Europe and &Q%Q VE ' i erance profi ] ed to
acetaminopt:ﬁé%ﬁ(g%%vs 520/8%%%56% %%ﬂ%[l %“%ﬁ%ﬁ%ég&%&% J(:g H%%ég;]%{%%%g%%%g 49% vs 0%,

Anesthesia &iriEAaTeESEe Tody 9ofos, roodb)e ApthErodcarameppien product marketed in Europe,
Perfalgan(r),.is %Srlarge-volu.me (%%),O-mL) intravenous formulation of acetaminophen for infusion over a
relatively lon BHod (RSSRHeIB eSS A B CE BRRIGA S SRS T BT itk Car €Bfigons either
because of theinitoleraice qrelilgraeadninisibionesiirmentisilipodl Daysadhgse is still a clear
unmet need fPr |m€pfrovednac tamﬁnoe3 ?R% %rdgg&%y%%h as an acetaminophen godrug, which are

suitable for SMalEvOlUMe 6Sar§%?er%1|1a ministration. cveloping a parenteral dosa
form has been acetaminophen’s low water solubility (about 1.3 g per 100 mL). To
address acetaminophen’s inherent solubility, U.S. Patent 4,322,410 discloses a novel
water soluble phosphate derivative of acetaminophen (4-acetamidophenyl dihydrogen
phosphate), which has a reported water solubility of 50 g per 100 mL of water.
However, this acetaminophen derivative is reportedly not readily amenable to
chemical and/or enzymatic hydrolysts (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.



[0008]The disclosures of all publications, patents, patent applications and other references referred to
herein are hereby incorporated herein by reference in their entireties. BRIEF SUMMARY OF THE
INVENTION OOOE%One aspect of the present invention provides a compound of the formula HO"OH 0
(I) or a phar & ?:‘51?\35acceptable salt thereof or solvate of the foregoir?é?]iﬁ]%ﬂ?@%odiments, the
compound is in the form of a disodium salt or solvate thereof. [0010]In some embodiments, the

invention emiiids a fenratatipsdeanuybrisingriine tem Foomdaf tonh Haabrandiahaisie?- In some
embodimentfn.t I[ormu tion méosri?ses anegtfeﬁtive am%unt olf %he ﬁomlpt%lﬂg of formula (1) and a

: di¢ ygnrunojce atc) W evcﬁ}%a HLEurope and was latetsiqw £ 8 .
carrier. In some 0 ese empodiments, carrier iIs‘a pharmaceutically acceptable carrier, such as a
carrier that isrdenendisie tolganenterdlladivnistmtiensd to acetaminophen (90% vs 52%,
British Journal of Anaesthesia 94 (5): 642-648, 2005; 49% vs 0%, Anesthesia and
Analgesia 101; 90-96, 2005). Another acetaminophen product marketed in Europe,
Perfalgan®, is a large-volame {100-mb.)) intravenous formulation of acetaminophen for
infusion over a relatively long period (about 15 minutes). These products are not
optimal clinical solutions either because of their tolerance profile or administration

requirements.

[0007]  Thus, there is still a clear unmet need for improved acetaminophen type
drugs, such as an acetaminophen prodrug, which are suitable for small-volume

parenteral administration.

[0008]  The disclosures of all publications, patents, patent applications and other
references referred o herein are hereby incorporated herein by reference in their

entireties,
BRIEF SUMMARY OF THE INVENTION

[6009] One aspect of the present invention provides a compound of the formula

(I):
(]

HN
O HO, OH
0/\ P

0”0
@D

or a pharmaceutically acceptable salf thereof or solvate of the foregoing. In some

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

[0016] 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 formela (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



[0011]In some embodiments, the invention embraces a formulation comprising the compound of
formula (1) and an opioid, a non-steroidal anti-inflammatory drug (NSAID), a benzodiazepine, and/or a
barbiturate. In some embodiments, the invention embraces a formulation comprising the compound of
formula (I) and codeine, morphine, hydrocodone, hydromorphone, levorphanol, aspirin, ketorolac,

ibuprofen, HRISbNA adumaitbazeinaculd Ge A spPENEIy phct e prraRbodiENsF, thaZBBEHI Yorazepam,
midazolam,pronoxypRGAG KGRI dHERIRIQiRRy AIRG YAk HiGlaTanasd migepi@stol, meloxicam,

piroxicam, doxylamine, pamabrom, carisoprodol, and/or butalbital. [0012]In some embodiments, the
invention embralvas. ddissedonsi ylirerombese eurAPEEY 8B IS At 1f a further aspect

the present inyention tefars 9. 4he ise RE@SAIRALNE Scarding e e RissgRidvention in the

manufacture of a medicament for treating a disease or condition that is responsive to acetaminophen,

wherein théaigecpampriskagclam; mswpatishbenarkrianritn Brarressanslodpins Hor & compound.
[0013]In angther example HeseHbsERieMehRInafitepling s siscasnqisapdiiandhat is responsive

to acetaminophen (e.g., pain, fever, inflammation, ischemic injury (such as myocardial and/or
cerebral), newipditalinjury, etc.) comprising administering to an individual an effective amount of the
compound of formula (I) or a pharmaceutically acceptable salt thereof or sqlvate of the foregoing. In

some exaniBELbf thémietpEPRIEBAEL RIS SRIHTFSREFACED AR M REME B &hples, the

compound i adipipisicied fokaRNaysly. In some examples, the compound is administered
intramuscularly. In'some examples, the compound is administered subcutaneously. [0013a]In a further

aspect the pggsent invention fefers tedbe: tseppésnt invention refers to the use of a
compound according to the present invention in the manufacture of a medicament for
treating a disease or condition that is responsive to acetaminophen, wherein the use

comprises administration to an individual of an effective amount of said compound.

10013} In another example, described are methods of treating a discase or
condition that is responsive to acetaminophen (e.g., pain, fever, inflammation,
ischemic injury (such as myocardial and/or cerebral), neuronal injury,

etc.) comprising administering to an individual an effective amount of the compound
of formula (I) or a pharmaceutically acceptable salt thereof or solvate of the
foregoing. In some examples of the method, the compound is administered
parenterally. In some examples, the compound is administered intravenously. In some
examples, the compound is administered intramuscularly. In some examples, the

compound is administered subcutaneously.

[0013a] In a further aspect the present invention refers to the use of'a
formulation of the present invention in the manufacture of a medicament for treating
a disease or condition that is responsive to acetaminophen, the use comprises

administration to an individual said formulation.

[6014] In another example, described herein are 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), neuronal injury,

etc.) comprising administering to an individual a formulation of the compound of

formula (T) or a pharmaceutically acceptable salt thereof or solvate of the foregoing.



formulation of the present invention in the manufacture of a medicament for treating a disease or
condition that is responsive to acetaminophen, the use comprises administration to an individual said
formulation. [0014]In another example, described herein are methods of treating a disease or condition
that is responsive to acetaminophen (e.g., pain, fever, inflammation, ischemic injury (such as
myocardialigpgor cefghrahh deuieRAldNULyiBla herRMAISIRE AdaYBIstRIINGOBRA dRgivisual a
formulation of the compound of formula (I) or a pharmaceutically acceptable salt thereof or solvate of
the foregoingetqodBIhsmeritAR b RAMEIX] SHCHEI P ARPTI IR SIS EETREG the onset of

acetaminophen;agtiot, ipraRdndividual: thermatbadscampristiairdainisseing to the individual an

effective amount of an effective amount of the compound of folinula (1) or aﬁgarmac_eutically

acceptablefesmulcfBor oruIa s BReR Foreeraag  aoRk b tRE XoisBiE R Biroiaee P &ower onset of
acetaminophien ACioN As,68MRASRT 192 GatRmincHREN (A0 elmapRihei-axamplengrsesibed herein

are methods of prolonging acetaminophen activity in an individual, the methods comprising
administerityegstaineiifdual an effective amount of the compound of formula (1) or a

harmaceuticall
P 10013{

Tn another example, described herein are 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

da



acceptable salt thereof or solvate of the foregoing, wherein the compound provides prolonged
acetaminophen activity as compared to acetaminophen. [0017]In some examples, the compound of
formula (I) is administered in a dosage of about 300 mg to about 2.6 g. In other examples, the

compound i3 AdRRISIGTeRApARe.ARRULL B 8 d0Aba d-98 o SomR el dsseigxamples, the

volume of the dosage is about 1-25 mL. In some ofthese examples, the volume of the dosage is about
10-20 mL. irelmeeeraptpliBophen/ettinity ¢f HETRIEeH _CalBBtRaIeMML In some examples, the
volume of the dosage is about 5-10 mL In some of these examples, the dosage is administered more

than once 444yl In ofRePBRHBIRCHE SRR Qaﬁ;ﬁﬁ}&%t@ji%f"fé@-’@?&i’i‘?%iﬁ@rdaé%gﬁf”fess. [0018]In

another examples toetbadshadwnisieing inunvokldne/kigheoneeniativnsiesdiations are provided
where the formulations comprise a COﬁnp?und of f rlan adsl?) and where'in the lc%m ound exhibits
Sihg ¢

ul
enhanced SIRASHAPEETG 2\ B0t B ubify ) RECTEHPAER B 9AE SHUISING SP Y SEetgifSdbhen. Low
volume/hightean¢eritratiom fanmutdiions exengiss, phevidiechborfeir, Buapeas foonmulxdnslcomprising a

compound gf flana g, 01,2002 REAIMACEHISRIYAGCRIAPIE fRienolpLexaiiiaiigh concentration”
formulation Thtends a formulation comprising a carrier and prodrug where a given volume of carrier
contains a highee wioksr donge frddohof Hrobrinstmandsthessleisian poithaidetsie ising acetaminophen.

Taking the 88&18%&14}%%&%@%&12@@@a@.qﬁ%@a@}%x%lé@%sy%r@&(zmsﬁgggﬁﬁﬁfa%@gmeé such prodrug

intends a formulation comprising a carrier and the prodrug wherein the formulation contains a higher
molar concéﬁ?fﬁﬁ@?bﬂ@f@ﬁﬁf@in a given volume of carrier than is available or obtainable using

acetaminophen. Methods of providing low volume/hi h_concentrationslof acetaminophen are also
described ciHsing Bdmthet eaﬁlﬁ’iaﬂ%lﬁgfigwt i SR EBKERSfation formulation of a

prodrug as getaies.hereirieuthianRrad g dtifdwulad hetasalitherainmseate of the foregoing). In
one aspect, the methods entail administering a_prodrug that resglts in rapidégl?%sﬁ)of acetaminophen

when admiiepeentb A iRt Res S BB HAme SR R AYBRBRS Mescribed are

methods of previgineradingladoseehasaidminaphgibiligbame dethnestesds.currently available
doses by administering a prodrug as detailed herein. [0019]In another example is provided the use of
a compound YrRFRISE (PPEFY %%?rf%&&ﬂﬁ@ﬁﬂ? %f@@éiﬁé’ﬁ?é”éiﬁfpﬁ?é?gbf%?@ﬁvate of the foregoing for

the manufagiuiglofishieditrmantfesiis ieatnenhoel 2 Epatiiophespersivelly acetaminophen. In

another exaaTcpelgtéisalg rgaYrIr?e%‘(.j g]glgxszvevgit?m%?g;&) ggrgcgr{t];g{{gé{lq’é&%ﬁaﬁon intends 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 (1) 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 described comprising administering to an individual a low
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
described 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 example is provided the use of a compound of formula (I) or a

pharmaceutically acceptable salt thereof or solvate of the foregoing for the



a pharmaceutically acceptable salt thereof or solvate of the foregoing for the treatment of a condition
responsive to acetaminophen. In some variations, the condition is pain, fever, inflammation, ischemic
injury, or neuronal injury. [0019a]In another aspect the present invention refers to a compound of the

present invention:or, 3 Pharmaseuicalbraceeniabin sall on SOl Rt g fassgqing for use as a

medicament or the use of one or more compounds of the present invention or a pharmaceutically
acceptable #fietBrpbtbrsatpiier etameltorareridpdoharies olataensns of rmelicRent for the

treatment of m@d&a&&a&aﬁﬁ%@@gmeﬁ§%Méewga%wmgﬁm%@ammﬁ@mpou nd of
the present invention or a pharmaceutically acceptable salt or solvate of the foregoing for the

treatment oPPAIFPHETIN HSHRPRRERIBhAGSHIEIRMBIGTUAR BIPRTABARPIURE AUERBAHREther example,

described heseip {5 @kibERMPrISNgHS EAMP R RbIAIMIR(!) or a pharmaceutically acceptable salt
thereof or solvate of the foregoing, and instructions for use. In some examples, the instructions relate

to the use ofgine gpmpound phiasmatzed) dar thadreatmenarpraventicidfipadigeaseeor condition that
is responsive to acetaminophen (e.g., pain, fever, inflammatL(t)tn, isT)hemic injury (such as myocardial

and/or cereBF&ISTbHRETHSHATT AR RS SEHGH RAHRiF A sat theo prastt v BrteniBdrefers to a kit

for the treatmenk anpeevantion &f haindevendifiandnalivny isade BHeHpjds0f RerdBaldnjury,
comprising a compound of the present inyention; and instructjons for use in_the treatment or

prevention SRS 6 CHIARARIEBIE JeLHBRFOTUA G HRLIBh ETFEOREIPE 1RE for the treatment or
prevention ef paiticfevessinamimation, ischemiainiviy oObmarenal inlunBenpisitgeaiormulation of
the present invention; and instructions for use jn the treatment or prevention of pain, fever,

inflammatioHy ¥h&hREURR, TBP Rl BKatRR . SOBP YR A EABEHERL PR d herein is a kit

comprising pifgsudatiaalnf Hecpamradndbofoime et (heabet sty clions fecauseninspaeg examples,
the instructigns relate to the use of the compound of foimula (1) for the treatment or prevention of a

disease or cNHiN TP PBs FEASTHE (9T4bEESRARSSAENREY; pain, fever, inflammation, ischemic
injury (such[zaaigf/oca{dial and/or cer brggs, or. nglﬁronal in

n another example, déscribed herem 1s Jaulgl.) comprising the compound of
formula (T) or a pharmaceutically acceptable salt thereof or solvate of the foregoing,
and instructions for use. In some examples, the instructions relate
to the use of the compound of formula (I) 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.

[0020a] In another aspect the present invention thus refers to a kit for the
treatment or prevention of pain, fever, inflammation, ischemic injury, or neuronal
injury, comprising a compound of the present invention; and instructions for use in
the treatment or prevention of pain, fever, inflammation, ischemic injury, or neuronal
injury or a kit for the treatment or prevention of pain, fever, inflammation, ischemic
injury, or neuronal injury, comprising a formulation of the present invention; and
instructions for use in the treatment or prevention of pain, fever, inflammation,

ischemic injury, or neuronal injury.

[6OZ1] In another example, described herein is a kit comprising a formulation of
the compound of formula (I) and instructions for use. In some examples, the
instructions relate to the use of the compound of formula (I) 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 mnjury).



BRIEF DESCRIPTION OF THE FIGURES [0022]Figure 1 shows the formation of acetaminophen from
15 pg/mL prodrug in human plasma. [0023]Figure 2 shows the formation of acetaminophen from 0.3
g/mL prodrug in human plasma. [0024]Figure 3 shows the phannacokinetic profile of acetaminophen in
rats with time-dependent pladdt EGrRESERBAIIQReBpdud@tREAula (I) compared to the parent
drug acetaminophen. DETAILED DESCRIPTION OF THE INVENTION [0025]The present invention
provides act¥dinopHeapeodrhey swhickhrademsmd apdissraimbrededplopiiel psodiiadincreased
water solubjity,ahdior.Qnset of action) over existing therapies, which make them potentially useful in
lowvolume/high-concentration parenteral administration, e.g., intravenous injections. These

compoundsyggayibe particrlary swiiaklerdan g &@e@mﬁﬁh@{)@eqiﬁ%mgrh%%@m tis responsive

to acetaminophen, such as pain, fever, inflammation, ischemic injury (such as myocardial and/or
cerebral), oFHEURGHA AYIAY.

[0024] Figure 3 shows the pharmacokinetic 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,

6a



[0026]Accordingly, the present invention in one aspect provides the acetatninophen prodrug.
(4-acetamidophenoxy)methyl phosphate, or a pharmaceutically acceptable salt thereof or solvate of
the foregoing, [0027]In another aspect, the present invention provides methods of treating a disease or
condition th snggdﬁ)‘ﬁg?ve to acetaminophen (e.g., pain, fever, inflammgﬁgﬁl,f?&ﬁ??é%‘i@f’njury (such as
myocardial and/or cerebral), or neuronal injury, etc.) using the acetaminophen prodrugs described
herein. [00283}Alisoiproyide herke dsitsy foamiidhtodis; andhuit, dosagefdrimsugt the prodrug. Abbreviations
and Definitions [0029]Nomenclature of some compounds described herein may be identified using
CheinDraw U936V ersidacroimehvadiiaprestornGanbridqes 6feey [PO8UEFHeeterm uprodrug” refers to a

compound whighRfQyides Rpeaeive-sampausshiplovingaaminisirationtq the individual in which it is
used, by a chemical and/or biological process in viva (e.g., by hydrolysis and/or an enzymatic

conversion). PPREBSHAE s¥IF TR 62 Hchet 0B P IES bel iBRitRre8p i ctive, then transformed into a

more active ig@;?fun : Theﬂilnvention Embracesgﬁ)rodru s of cetan&i}n phen as described herein.
[0031]As used Kétein, “UEI IR TRe bR P S UL BREZPFErRIE heFERd time to onset of

action providésehse an acgtamirtiop ierprodiugtascompargitto admirisifatian of the molar equivalent
of acetaminoB en wﬁhin tih&g me. im B:e'iipd };Qrgg Ia[@g same.r te.of administration. For example,
the delayed release Ogéé’taml;%ﬁ%plﬁgweﬁofn the |3/ro rulg (4%%%@?%%%6%h%}n%%gfrrﬁ%thyl dihydrogen
phosphate majresit indeddyedesiemphenxpostivgtdeacsbarmbsopihen as compared to administration

of the molar gapiypleni el AGSiAMINARASR, 1 AIRENIIUR unit dosage forms of the prodrug.

Abbreviations and Definitions

[0029] Nomenclature of some compounds described herein may be identified

using ChemDraw Ultra Version 10.0, available from CambridgeSoft®,

[0036] 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 hydroiysis and/or an enzymatic
conversion). The prodrug itself may be active, or it may be relatively inactive, then
transformed into a more active compound. The invention embraces prodrugs of

acetaminophen as described herein.

[0631] As used herein, "delaying the onset” or "delayed onset" refers to the
increased time to onset of action provided by an acetaminophen prodrug as compared
to administration of the molar equivalent of acetaminophen within the same 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-acetamidophenoxyymethyl
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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[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-acetamidgﬁ1%%g%fﬁ%%thyl dihydrogen phosphate may result in sustaiﬁgalpéﬁg}%@“ ?gcetam"inophen
as compared to administration of the molar equivalent of acetaminophen over the same time period
through the saatemootdal adnrinistnatidint'tBublamed reteasedrefats teeeleasplafitiier acetaminophen,
at a rate sucfy, Ihaf e ﬁl'&%%% %%H%%E'&ﬂi% EQ%&&&E@&’A@E&&D&}H&%@%@J@%%&% }Qnﬁgsoﬂ nan

individual is maintained at or within the therapeutic range (e.g., above inimunT effective analgesic
concentratiofetutabelsiiboripiapisfertun makstie sagrateHoThat brlendeddlgiatioridn this context

intends any time.greptenthanthertims dat hamalansanivalsat ehsariesronding Regtaminophen,
administered through the same route, results in an acetaminophen (or metabolite thereof) blood

concentratiofitHin e thid ke Serien st e isob ki RAIRE GRS SHRsIFEAl group that
exhibits the followdihneheRarrctaristiesuly is slableatpitbenaroiectesdaartensdeon wish protection is
desired; 2) is removable from the protected substrate to yield the desired functionality; and 3) is
removable bﬁ%‘?ﬁgﬁ’i@%&’h‘%ﬂﬁ T AR TN SBRER functional group(s) present or generated in such
projected red6la3dls. Sélaotangf swiiablefprote atuhgrgiailipsoigr tiseckhibies metfatids:described herein is

within the ordinary, skill. level in the,art. Examples of sujtable protecting garoups can.be found in Greene
ot al (2006) HH KO L B R R e BB R % Some, 1ne
New York), theieorinentif Whithhie pndorporatbeirbiy tefeirddhdee esoid. iutighedity: protéeting group” as
used herein dengles Bi0FYL,cenRRISRLRISAING.A JiRe IHLIRMIBRIRLY gensiale a "protected

hydroxyl' which, subsequént to the reaction for which protection is employed, ma)y be removed without
disturbing th&SsHT4H R PIPLRES RHBIRICEXSRIBHARR Y AR piSfsesifity gFOUpS Rictikle, but are not
Iimiteﬁl to, e;mﬁfﬁle(ﬁlgh%m&egeml ! fBﬁthy\E(ﬂiﬁﬁyltM &?)(nmm) l E@Qﬁﬁ%&é@i‘%ﬂﬁﬁ%ﬁ)i )
pmethoxyphenyl (PMP)), acetals (e.g., methoxymethyl (MOM), 3- methoxyethoxymethyl (MEM),
tetrahydropy PARYILER ST EHBR BN (L. LI RGBT VM) 2XHBhBY-2-propyl (MOP), 2-
trimethylsilyl€thoxymetbybASEN Y resters (e dbEnzodteid{B L) Sally| barbNeate o2k, hetrichloroethyl
carbonate (Troc), 2- trimethylsilylethyl carbonate), silyl ethers (e.q., trimethylsilyl (TMS), triethylsilyl
(TES), risos ST Th B e LT et By ST (LR AP
tert-butyldipk@m@l#?(@ﬂf@@?aﬂ_am ﬁk@ﬁ@@g@mgu@aﬁgem{@&ngmmw Heeatity”, or "treat” is
an approach fopRlalIRgAeRAtdakel dasiedkesyiz Jarcing clniea Hsulisnior purposes of his

invention, beneficial or désired results include, but are not limited to, one or more of the following:

decreasing ciEPYiSTbrBa bR BEEINECE A B 46duphins HfitTemaHei o frdSseREoE® acetaminophen,
diminishing the.gxtent afdhedli i sngitinnnstabilizing theaidiseass amerndition (e.g., preventing

or delaying the worsening of the disease or condition), delaying or slowing the progression of the

disease or cHYiiBIPPSRERG G b UiToaRereri@ Grtidiat e s g the dose of one or more
other medicatiensxeshsiel FTOiRplathediscasaicgndition (smhMncreasing the quality of life of an
individual who has been or is sus d of having a dis r conditio IS responsive to
acetaminoph%lﬁrt.lﬁf‘ﬁ’ée%%%x a%%th Lrié%/f%ﬁi)oﬁetr#g Jﬁ(gp e ¥I!e1§f1§s%rﬁt§%xe‘iiﬁét\f/;é%@) e responsive to
acetaminophesti{glgicanclisdd3ETM cBnditturthat pscppt OMiRNIEd by a fever and/or pain). The disease
or condition ceampanied by | mation.. The diseas candifi ischemic injury.
The disease[&c}iﬁ)ﬁée(?rl1%2}igtlicggrlig [rga%e agné%gm1 ir%u%;(.elﬁ"on%ﬂvgaria?%%\)’téﬁéﬁg%}%ﬁnxfg %6§St-surgical pain

and/or fever MisWernetisiesbmuntd rase dcetasindphdriplonrbgnated e fbetheration.comprising the

acetaminophg,piodsHgr rauee S be AeYRNHIRh QRGO BIRAS Ymtpgﬁ‘,stx%ﬁ%gj@l with a disease or
condition that is re%gongsive to acetar_}f?irgc%en by at f‘e)fgag}t}%ﬁbtl)?ﬂ any of 10% O%%,QBO%, 40%, 50%,

60%, 70%, SO%S) g%, esasigetdly *1’6?@6’6@8@%@%@@%8@%% same subject

prior to treatmuent or compared to the corresponding symptom in other subjects not

[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



receiving the acetaminophen prodrug and/or formulation. "Responsive to acetaminophen” as used
herein refers to a disease or condition, and/or symptom of a disease or condition which may be treated
with acetaminophen. ['0035]As used herein, "delaying" means to defer, hinder, slow, retard, stabilize,
and/or postﬁgﬂé%g’% t’)’ﬁment of the disease or condition that is resp‘onsR/%ngsiggsygﬁfﬁgphen, and/or
one or more symptoms of a disease or condition that is responsive to acetaminophen. This delay can
be of varyingdsmgtiiseah tiores iepehndindiomitiengisio sk @hthe diséasesandiondndiividual being treated.
As is eviden ne skilled in the art, a.sufficient or significant delay can, in effect, encompass
orevention, P e e B N Bt ety
developmentiseastlseesdibp o AsiticAahasievespbasivars e tdrilindphess iy eontbtisnd that reduces
the probability.pfidiseaseobrendiion de vslppmeanidaadivemimedians Adior sgluces the extent of

the disease or condition in a given time frame, when compared to not using the method. Such

comparisons"ERBANGIBHER PR A1Sstie RIS WEiNg™h SidtiBeeany SGRHAHY ffimber of subjects.

WO 200911432 9P RGAARR2A0AMARE43P 080l Aspised Berinnan daliskodnghdriualdsan individual
who is at risk of developing a disease or condition that is responsive to acetaminophen (e.qg., pain,
fever, inflam TSR RERSAE IR RECEN R FYERS RSP SHAISY BaFA&lF. BERSGFahal injury). An
individual "atteiBl et ay terraspynaiot: havecaaciéiegtable. dise dbe ne conshtitivnadhet isay or may not have
displayed syg’é%%ms as cia%gg }Wiﬂéﬁ d%gggt éedg;s%gsc)? or lt?c()jnitlinogl %goar tg thg Er%(%?tment methods
described herein. PAL risk® denotes that an individual has one of more so-called Ak actors, which are
measurable parafiretarsithatidoneiate wittrddvielopmebt otbediseagerorlbontiitiors. oAn individual having
one or more g HeSE sk fRdiaesan Hiehsr Brakanli pifeelaRle AR disgang r condition than
an individual without these risk factor(s). [0037]As used herein, "pharmaceutically acceptable” refers to
a material th&2is H{ BibtsgiclSPBIE StRbedise i despemariaoghanaradaseaiay be incorporated (e.g.,
at the time ofspanuiRstubRg QL ACMINSitation) e RdharMaceLtical compPsitigr administered to an

individual without causing any significant undesirable biglogical effects or interacting in a deleterious

manner with B S¥ RS &FCSHISOREHE BBt BrpsiiBHR N HERPR EdRtained. As used herein,

the term 'jphaﬂmagguijml{}bg@cmhl&)wg@_ﬁf r&%,rs_a%,, Bﬂ%,)ewﬂptﬁ}%pbwa,tso%aml%,ers, .
pH-modlflers9 %lgg%rg?(il ers a%uv ts blnders,éjll(ijents, etc., known to the gkllled artisan that are

. : bodom az:%?dnt e corresponding s fom 1. the sampe subrect .
suitable for a mihistration qo an inaivi uac1 t(é d., a numarrj. %&Blna 10NS OP WO OIr more carriers are

also contemplate thifraienprreserirpeesitionhd haphprndacestiopthyraicocaptalbibicatsier(s) and any
additional coppenents. asdesclibe [ain.shauldhe compatible for use in the intended route of
administration (e.g. ,Qorgl, pearente?agnf%? a pgrsf]%:ular dosage fg'r.m. é‘%&lsuitability will be easily
recognized b3FeEndRaIBaNa RisEsIhsFIBLIBRTE I vidicatake cerdiiing Prévideaperinl Pharmaceutically
acceptable caigrs ' @xainignishaveRrefaranbs meh the ceguisgtbstandards of toxicological and
manufacturing testing and/or are included on the Inactive Ingredient Guide prepared by the U.S. Food
and Drug adpogsstrations [0638FFhie, telanyisifestvesambuiea, haddsadWhereirdrefassike,an amount that
results in a des(ijrgrd gf}agrr?ea gleol%ica!aatncl/ r pzpysiological d(’a‘f.fect intan individua{ who has or is
suspected of’ Havm% fé).g., 55SEGON Ey?np SMSARaroran ?nlaﬁn%ﬁalﬁsmﬁg?ggﬁfﬁo%s/feeIings) a disease
or condition eraidmodigitaysndime orarorecet isngypiams diereffectivelaimotnt may completely or
partially prevent the acgurrense o fegursenseof the disease or.qondition gr.symptom thereof and/or
may be therap%gut[?c. in terms o%é aritql'a or co épllgete cure 130% 1‘[%% d%gase_ or cbn«ﬁ%o[llﬁln%d/or adverse
effect attributblecteisioaydis dasdissproriio @G vidupinipdrirpefedefeds wyieistasee or condition
described he{ﬁlﬁb&ﬁzﬁtb&?ﬁ'ﬂb anHeRtyeBMELH: DAY, COMBRIsERR @ﬁ@&%&é‘-{m&l&m&ﬁ’; among other

things reduce and/or relieve to some extent one or more of the symptoms associated with a disease or
condition thatidAé Ssoleiyitts faseRahsERIoR e GisspmotsoBtitsammethion Hathemic injury (such as
myocardial angeyceiakiahmerguranakdnjplydnieertain i mbadisenisatbaifeghve mmount is
sufficient to prevent the condition, as in being gdministered tq. an individual prophylactically. Effective
amount incl HEETHE SRS OF RIRERBISABITRE GhERIiRg SVCIMOR Bng Hadhed andlor
eradication oiranfedioratioioof@iveconimerecof tfiehsyinpicms assbtiatédagittethémentlarying condition
such that the individual reports an improve ip feeling or.condition (e, ecreased pain intensity
and/or duratigﬁgﬁﬁgt%ﬁﬁgﬁ%éil%%u%ﬁ%p'f‘ﬁ%x?r%\%l?gfgrlncéo)}g &til'be a ?c{t}eédcwnjrfw%t E’éﬂ%(r)%lerlying disease or
condition. Effdetcd stndbtsntsikpantitisies hatiggimesiowineetied pragetsssion of the disease or
condition, regardless of whether improvement or the disease or condition is realized.



[0039]The "effective amount” may vary depending on the composition being administered, the
condition being treated/prevented (e.g., the type of pain), the severity of.the condition being treated or
prevented, the age, body size, weight, and relative health of the individual, the route and form of
administratic%(,) 3%‘6@ ent of the attending medical or veterinary practiﬁgﬁg?sa‘f%ﬁﬁﬁ@gble), and
other factors appreciated by the skilled artisan in view of the teaching provided herein. An effective
amount may 0833 sesgead;stariexampie; dyisisingddadadr cnaroimdieodmd reholinigatisploysiological,

biochemical. fisiplodiealsslactrophysinlegisal endianbebavioral cvaations, [9Q40lAs is understood
in the art, an "effe _uv% amount” may be in one or more doses, 1.€., a Sing! dode or multiple doses
may be requirsdrtardlenievsiehelttbsiredinenttient engponrdiahaefiéetivechrmioumtnaagrise considered in

the context of administering AAe-9f mereagditional Bharmacsulicab RARNIS AR ARG Iaminophen

prodrug may be considered to be given in an effective amount if, in conjunction with one or more

additional ph3fiage ot ey A ey colep by owaraesnaplersiaise et mrésitls dissPberor are

achieved. W&andRQ9/ hA32RREC T MG 2000444 43:10044 Ivhean usedswith-freepegidenmethods of
treatment and/qr preyention and the use fd%t\(e l%\?etamino hen prodrugs thereof described herein, an
ol i

individual in H& VR BE AR AS Ba Bt S LB SRR ABIEGB usly treated for,
and/or suspettedofdayinglikedispasator aafidiievtedeiiteateth Mithidesestiie aievention, the

individual in need thereof Iso be an.individual. who is at risk for a disease or condition (e.g., a
family historyr%)fr ff.hotf| ?:]gﬁe |%?%ﬁ%r-s f/ilseafg1 q(’)?rs%%ll%% f\ilveogf%gﬁf?g%gl %(g%gﬁ?gﬁ}‘ etc.). [0042]In some

variations, theoirtiivid thainasibbeididbniifiedt ds$ravihdaotie(er more diseases or conditions, and/or
symptoms thereof described herein. Identification of the diseases or conditions and/or symptoms
thereof by a 828 physicisid lersigsnehmrecarciyacerateblion drulleyiaatcaldhadtgh, flu, pain,
etc.) and mayAlspibeisuspaciatRydhedadivigual.or athermdanexamilendusionainfever, etc.

[0043]In some embodiments, the individual ha§ been identified as susceptible to one or more of the
diseases or GO AL GBI ABET A 8FEH P SIRUIB AR BRARCHIRAGORPREBe based on any
one or more afraimube tOi iskiiadions:and(arcainagrosicappicachrdappreciabestiyithe skilled

artisan, includ,{if but.not limited to glepetic Sprofilinlgwfiglmaij% QF‘E%%mmedical historgf(t%ég., appearance
i Its '

of related conditions), et Ieeor Rabits 01 manie er components

composition in which it is contained. As used herein, the term "pharmaceutically
acceptable carrier,” refers to, for example, solvents, stabilizers, pH-modifiers, tonicity
modifiers, adjuvants, binders, diluents, etc., known to the skilled artisan that are
suitable for administration to an individual (e.g., a2 human), Combinations of two or
more carriers are also contemplated in the present invention. The pharmaceutically
acceptable carrier(s) and any additional components, as described herein, should be
compatible for use in the intended route of administration (e.g., oral, parenteral) for a
particular dosage form. Such suitability will be easily recognized by the skilled
artisan, particularly in view of the teaching provided herein. Pharmaceutically
acceptable carriers or excipients have preferably met the required standards of
toxicological and manufacturing testing and/or are included on the Inactive Ingredient

Guide prepared by the U.S. Food 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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[0044]In some embodiments, the individual is a mammal, including, but not limited to, bovine, horse,
feline, rabbit, canine, rodent, or primate. In some embodiments, the mammal is a primate. In some

embodiments, theéjrimate is a human. In some embodiments, the individual is human, including
adults, child?’gﬂ,zﬂ? éﬁf‘%?%nd preemies. In some embodiments, the individdi TS EHSH dmmal. In

some variations, the primate is a non-human primate such as chimpanzees and other apes and
monkey spediesrin sdHmeeainodimeidts; the foarhmiibissa tarvnditimadislichads«<cattiéeborses, sheep,

goats, and swing; pets such as rabbits. d nd cats; laporatory animals including rodents, such as
rats, mice, aﬁg%%l’jll%%% E)C}Lé%e ?E%a%ﬁé) Iii%mﬁg gs%?ﬁ'é"é?ﬁglc))dair%é%g? ﬁggql?’l |é}éﬁjl§? i3 a non-mammal,
including, bueensktipnitsderdhadibgsciade 2hedike, atedfterive dndivid omly dovpnrstadenotens particular age

or sex. [0045)A5 USRINGHIRe HREP *ﬁiﬂ@g@?fé&*&@é%&/&?%&@é‘tﬁ@&f&%ﬁ@ﬂ[t tatdpglydessan

acetaminophen prodrug in conjunction with a second therapy (e.g., surgery and/or an additional
pharmaceutié %@iﬂnﬁs@ﬁﬂqéﬁeﬁ'@féﬁ‘r@i%t}ﬁli%iﬁ@{“ﬁi?@\%‘gﬁhﬁ,fﬁmfbﬁ”é‘l’aying the disease or
condition. Adinistriatifenne. sOpNGEB: Withaanpiher cemaaund;inslugdes admyjpiatation in the same or
different compasition(s), either sequentially, simultaneously, or continuqusly, through same or different
routes. In on8 VANAAREH tHe KBt SH RS IpS S SRt S a S A RO EN PR ug and
acetaminophaiifitiesonprevaiianinemnisidche:combingtiomiiierapy optanaldagludes one or more

i i)[/a tivemp ré]pounds, and/or

pharmaceutically. acceptabl Irers or excipien on-pharmaceuticall
inert substan%ré)g.hfg%?ﬁgfﬁ E%?e%'lc Ig?éilr?f) ng%ﬁgﬁr%éésagj i |lg}‘r?éﬁ%ogr%§fzne% ica (glgen . refers to an active
agent other thedeilyénacetarinophen tprodivg deig;@inother dragdndicracétaminapbren itself) which is

administered Qi erapetnales FDe ACHinpab AAERaceiGRLASSINRL ey be directed to

(1) a therapeutic effect related to the disease or condition that acetaminophen prodrug is intended to
treat or prevépRYEsEn Perrvemeneatieripeoerend Sigh prem SERBuherpyYR N Eeheidon, (3) reduce the

appearance @i,3@%giityal sideclirciaaiRiminiaiesng.ha:acrtamiepahemArRdrug, and/or (4) a
therapeutic effect related to a disease or condition that Is not responsive to acetaminophen or is

relatively les& e AR VSR HUAIRTHOPh SR TE0Y e FMasi ko Arstdss BipRe< sl ™Hammation,
nausea, andiae yespitingin 04 [Refsrencedaifiabout adwalue anpakametesket@indngludes (and
describes) vaiéi)ations that are direc deéq that value or parameter per se. For example, a description

referring to "a UL X G Clijl Se the't lezscrlption of "X". [0048]As used herein and in the appended

claims, the siggyia" forsgs igui i Anhihe wiaclude plutalielerente s g coniext clearly dictates

otherwise. It Is understood that aspect and variations of the mvention described herein include
"consisting" aAEVBISteEHsIBEGEnEssehbiing BrRissiuerSHeR (Weidhomgpe of pain), the

severity of the condition being treated or prevented, the age, body size, weight, and
relative health of the individual, the route and form of administration, the judgment of
the attending medical or veterinary practitioner {if applicable), and other factors
appreciated by the skilled artisan in view of the teaching provided herein. An effective
amount may be assessed, for example, by using data from one or more clinical,
physiological, biochemical, histological, electrophysiological, and/or behavioral

evaluations.

[0046] As is understood in the art, an "effective amount” may be in one or more
doses, i.e., a single dose or multiple doses 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.

11



[0049]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 Wh‘i‘(’_:h 2t(r))(i’g igsvz%g]tion belongs. Acetaminophen Prodrugs [0050]The inven(tion embraces
acetaminophe?l proﬂrugs which may be useful in the treatment of a disedse Or28hdiit hat is
responsive to acetaminophen. In some embodiments, the acetaminophen prodrugs contain a
phosphate gtGpllinkettethecdortaminmphentmtbedx gl gratipericaadiokeretensomanéthbodiments, the

inker is.an OISR IDkGR{G g IRRCY, R PG SIASHITENIR QLIDRRAIPSTALA-enion, Ihe
acetaminophen prodrug is of the formula”HN  HO, OH OP*0 ) [0051]In some
embodiment8aiselasrahsing prbvigirdarig s obetredieamred MR Regviously treated for,

and/or suspected of having the disease or condition to be treated. With respect to
prevention, the individual in need thereof may also be an individual who is at risk for
a disease or condition {e.g., a family history of the condition, life-style factors

indicative of risk for the condition, etc.).

[6042] In some variations, the individual has been identified as having one or
more diseases or conditions, and/or symptoms thereof described herein. Identification
of the diseases or conditions and/or symptoms thereof by a skilled physician is routine
in the art (e.g., detection of allergies, cold, cough, fiu, pain, etc.) and may also be

suspected by the individual or others, for example, due to pain, fever, etc.

[0043] In some embodiments, the individual has been identified as susceptible to
one or more of the diseases or conditions as described herein. The susceptibility of an
individual may be based on any one or more of a number of risk factors and/or
diagnostic approaches appreciated by the skilled artisan, includi.fz g, but not limited to,
genetic profiling, family history, medical history (e.g., appearance of related

conditions), lifestyle or habits.

[6044] In some embodiments, the individual is a mammal, including, but not
limited to, bovine, horse, feline, rabbit, canine, rodent, or primate. In some
embodiments, the mammal is a primate. In some embodiments, the primate is a
human. In some embodiments, the individual is human, including adults, children,
infants, and preemies. In some embodiments, the individual is a non-mammal. In
some variations, the primate is 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;
iaboratory 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 inchudes
an acetaminophen prodrug in conjunction with a second therapy (e.g., surgery and/or

an additional pharmaceutical agent) usefuol for treating, stabilizing, preventing, and/or

12



000 (1) [0052]In some embodiments, the acetaminophen prodrug is in
substantially pure form. Unless otherwise stated, "substantially pure" intends a preparation of the
prodrug that contains no more than 15% impurity, wherein the impurity denotes compounds other than
the acetamln%%ﬁ%% b‘ﬁ)zar-’ug and acetaminophen alone, but does not mcltf(fg’géé?%%ofﬁnen and/or
other forms or the prodrug (e.g., different salt or non-salt versions of the prodrug). In one variation, a
preparation aebuytsiahtidlbypeire pusodimgljsxprmmiksieekivnh'erehoﬁhelcprepaﬂaﬂbmometains no more than
25% |mpur|ty el rcl)(L)mmorrC ‘I% Qg{ﬂ’ré %Jor;{t}’n QN9 rg%ret an | 00/ |m0|:S)L%Ir{|)t r.ng more than 5 %
impurity, or no ore 73 |mpur|ty, or no more J;.[‘]’ mpun or no ore fan 0.5% impurity.
[0053]The m%@hﬁéhaémlemmlalmfcm@smm thmem%ﬂgﬁtf(@ erupshaknvaiceutically
acceptable salffpin sy eldin-ataiariepany afiias dseihaddpian g matods of using the
same. In some embodiments, the acetaminophen prodrugs of the resent invention can exist in
unsolvated féﬁ?’f%“ﬁg%@ﬂnaglﬁmét"éﬂbﬁﬁ%rﬂsem%ﬁ%@éﬁti%@%&@f&?ﬁ%ﬁﬂ%ﬁlﬁr&ﬁﬁugs may also
include hydratedofarme prarnfyeliateny. 10Q54TRe NV ieB.RMRIACaR AIbBaISeftheatpmpounds
described herein, as well as methods of using such salts of the compounds. The invention also
embraces alﬁﬁ%ne§gm?8ﬁ%‘§so¥5§n‘§ I PR t0MSound described herein, as well as other salts of any
salt of a co Bf nagged h erQfn otrenmelegagodlm nts, tf the s It%of th Q! otlérglcri}s are
pharmaceutically cceptalbsle salts. "Pharmaceuticall gccep%a% SPare ose salts which retain
the biologicateitthvagenf Qﬁeﬁtb@lobﬁmeﬂandmh@lwmdmgdnbeaadﬁﬁnmwtb@drugs or
pharmacewigals, i AbRANIHSLE G 1 BHIAD:R Ses crakofienep tsdfe ggtaminophen prodrugs

are mono- or di-substituted by alkali metal or alkaline earth metals. In some embodiments, the

acetaminophldiFroaH R IERGF SIS A Prb S sdif(élg 2 hrsppraberifrprdasHate salt). In

some embodimaatssdhe scetaminanhaniadhingdsa sicalicalinmrhasphatesalt fegendisodium
phosphate salt). The desired salt of a basic functional group of a compound may be prepared by

methods kno t8HasE brekitiRTE A BPPERAY e R RnTPIsitH SN Gerg945e Wesired salt of an

acidic fu nctrcup@bgrmto af @eompduni efadieapeepartd:by mathedaknayheophaseof skill in the art by

treating the col 0@1 |tlljaa1li)tese {I;;t(%ed? sof Igé %nd?c%%l %%f %ol? .compounds. include, but are
not limited to £ &tarand alkaline ear Itas assoaium sa s]S 88 Ak ﬁ?ﬁ“é%f?s magnesium
salts, bismuthcstitsinapiceraiciurm saltdy mmmm%ﬂmcamhm.mmumgaltsoﬁmmnples of organic
salts of acid gmﬁ eﬁ?'eknﬁJHqﬁﬂ?&hﬁ%ﬁ%JUEHSGMDP(%EQH}% dlbenzylamlne N-ethylpiperidine,

N,N'- dibenzylethylenediamine, trimethylamine, and triethylamirié salts [0055]In some embodiments,
the acetamingplen prodidgs @RIPILEMNANERE: or parameter herein includes (and describes)

variations that are directed to that value or parameter per se. For example, a

description referring to "about X" includes the description of "X".

"

[0048]  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.

[0049] 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.
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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solubility when compared to acetaminophen. For instance, the solubility of acetaminophen in water at
room temperature is about 13 mg/mL, whereas the solubility of (4-acetamidophenoxy)methyl
phosphate and sodium%%4- acetamidophenoxy)methyl phosphate in water at room temperature is
approximate‘fg(i%}g%@? 1 and 160 mg/mL, respectively. In some embodi?ﬁgﬁ‘fg?‘%s’é“é %f’aminophen
prodrugs exhibit reduced or no bioactivity or reduced or no affinity for a receptor wherever applicable,
when compastymateiamingp hemh{RO56 [hseac etamiiopharn ptiodsugsdéserilied, iisrein may be
relatively stable under some conditio ... during storage and/or preparation in a saline solution),
while being cagﬁ{:?en?%gaptde e Fagrésn?%l%gfég}%u(%r other conditions (e.g., following introduction into an
in vitro or in vivo system, such as admint ion into an individual). In some embodiments, the prodrug
(e.g., a prodrug of formula | or 1l at, for mple, about 0.3 ng/mL or about 15 ng/mL in plasma, or
between about 0.3 ng/mL or about 15 ng/m\@fsmabis,oapable of greater than 10%, or 15%, or
20%, or 25%, or 30%, or 35%, or 40%, or 45%:0r§0%,; Gk§0%, or 75% conversion to acetaminophen
after about any of 1 min, 5 mm, 10 min, 15 min, 2Q min, or 30 min, or 45 min, or 1 hr at 37 C. In some
embodiments, the prodrug (e.g., a prodrug of forria 1 or 11 at, for example, about 0.3 ng/mL or about
15 ng/mL in human plasma, or between about 0.3 ng/mL or about 15 ng/mL in human plasma) is
capable of gl@8fdd thadnatsonst S0vedioreabio the4B%acunvpksivpredragetainofshmamiafter about 1 hr at 37
C. In some of these embodiments, the acetgmninophen prodruas are not capable of said conversion to
acetaminophen in water, propylene glycolfand/or saline at room temperature. For example, in some of
these embodiments, the prodrug is not daldale~qf more fM4p any of about 5%, or 10%, or 20%, or
25%, or 30% or 40%, or 60%, or 70% convetsior topgr%mé%rug at 30 min or 60 mm in water or
propylene glycol at room temperature. In one émbd&dimeént, the acetaminophen prodrug of formula | or
Il at a concentration of about 15 ng/mL in human gjasma (or 0.3 ng/mL, or between 0.3 ng/mL and 15
ng/mL) at 37 C is capable of greater than 30% conversion to the parent drug at 45 mm, and is not

capable at thd&¥the comheeneSTBRdRRIC e desHTiaPRPRraIE Y mbrashs nIob RBRAVersion at 45
min In some RMPACHIREEShRA LIkl (@kkaRBEstamineRREn pradiigsfdprmaula | or 1) is capable
of at least about any one of 10%, 20%, 30%, 40%, 50%, 60%, .70%, 80%, or 90% increased
conversion @ AR TR MAR Praliih gﬁ%?‘@%ﬁ‘éﬁ?&%@@dﬁ?‘gﬂfo‘?ﬁ?ﬁﬁ%perature after the
same time ofcexposude cBynihelcMethacs[G0k7 Jbercempoundsaidhieinientignraaysbe prepared
using a numkﬂ%{ PLmqgéQggsa farrinill%rntg ne of skill in the %rt. Thde di cussci%p belto iis offered to
illustrate one metho aUaiable 1Br Uiss h-ASSem fﬁ%tﬁe & ropgu s%f'the Rvetition and is not
intended to linoit-ad scoparobiitie rwadtigns or veartiveisequprpestmicfonbanitidnpthat are useful in
preparing Comatiade A6 e IR SRR SRMRUNASCHIRE JSVERHRRiY; be syninesized
starting with readily available acetaminophen as shown in Scheme | below.

no more than 20% impurity, or no more than 10% impurity, or no more than 5 %

impurity, or no more than 3% impurity, or no more than 1% impurity, or no more than

(0.5% impurity,

[0053] The invention also embraces all of the solvate, hydrate and/or salt {e.g.,
pharmacentically 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 unsclvated forms as well as solvated
forms (i.e., solvates). The acetaminophen prodrugs may aiso 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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Pd(OH)2/H2HN ).- MeOH Rt. Or'Oe 0 Scheme I. Preparation of acetaminophen prodrugs. [00591As
shown in Scheme I, treatment of acetaminophen with sodium hydride followed. by.chloromethyl methyl
sulfide generates the corresponding thioether, which may be converted to the protected phosphate
with the addi&P8P4 Htotected phosphate, such as dibenzyl phosphat&oFHREHAMEF phosphate, in
the presence of a halogenating agent (such as N-iodo succinimide (NIS) or N-bromo succinimide
(NBS)). Depratiectiaa ahnstefaﬁesdmiﬂgrwndm@hﬁglé@iMMiWyC&nﬁemmdﬁlpberdeaiﬁed salt, such as a

sodium salt, reﬁc,ug[s in god m%s ac ta |dophe aJﬁ‘/k):)lmeth('y 8‘P %%(-;An e(sunable protecting group

CEeut
and accompanying conditi or §epro ion may be emp ‘ifivéntion also embraces

methods of phlepanhg[tk@lppcfdnbg@memsnﬁre@cetanﬁnophen prodrugs are mono- or di-
substituted by alkali metal or alkaline earth metals, In some embodiments, the

acetaminophen prodrug is a mono alkaline phosphate salt (e.g., mono sodium
phosphate salt). In some embodiments, the acetaminophen prodrug is a di-alkaline
phosphate salt (e.g., disodium phosphate salt). The desired salt of a basic functional
group of a compound may be prepared by methods known to those of skill in the art
by treating the compound with an acid. The desired salt of an acidic functional group
of a compound can be prepared by methods known to those of skill in the art by
treating the compound with a base. Examples of inorganic salts of acid compounds
inciude, but are not limited to, alkali metal and alkaline earth salts, such as sodium
salts, potassium salts, magnesium salts, bismuth salts, and calcium salts; ammonium
salts; and aluminum salts. Examples of organic salts of acid compounds include, but
are not limited to, procaine, dibenzylamine, N-ethylpiperidine, N,N'-

dibenzylethylenediamine, trimethylamine, and triethylamine saits,

[0055] In some embodiments, the acetaminophen prodrugs exhibit enhanced
solubility when compared to acetaminophen. For instance, the solubility of
acetaminophen in water at room temperature is about 13 mg/mL, whereas the
solubility of (4-acetamidophenoxy)methyl phosphate and sodium (4-
acetamidophenoxy)methyl phosphate in water at room temperature is approximately
145 mg/mL and 160 mg/mL., respectively. In some embodiments, the acetaminophen
prodrugs exhibit reduced or no bioactivity or reduced or no affinity for a receptor

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 vive 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 (.3
ng/mlk. 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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herein. In one aspect is provided a process for preparing a compound of formula 00: HO"OH 000 (1)
comprising (a) reacting a compound of formula SI-A: HN or a pharmaceutically acceptable salt thereof
or solvate of the fore oing, with a halomethyl sulfide in a suitable solvent; (anreactlng the compound
formed from*Stegy ﬂ ﬁq pharmaceutically acceptable salt thereof or sokf 587y 0ing, with a
di-protected phosphate in a suitable solvent; and

45 min, or 1 hr at 37 °C. In some embodiments, the prodrug (e.g., a prodrug of

formula I or Il at, for example, about 0.3 ng/ml. or about 15 ng/mL in human plasma,
or between about 0.3 ng/mL or about 15 ng/mL in human plasma) is capable of
greater than about 30%, or about 45% conversion to acetaminophen after about 1 hr at
37 °C. In some of these embodiments, the acetaminophen prodrugs are not capable of
said conversion to acetaminophen in water, propylene glycol and/or saline at room
temperature. For example, in some of these embodiments, the prodrug is not capable
of more than any of about 5%, or 10%, or 20%, or 25%, or 30% or 40%, or 60%, or
70% conversion to parent drug at 30 min or 060 min in water or propylene glycol at
room temperature. In one embodiment, the acetaminophen prodrug of formula ¥ or It
at a concentration of about 15 ng/mL in human plasma (or 0.3 ng/mlL., or between 0.3
ng/mL and 15 ng/mL) at 37 °C is capable of greater than 30% conversion to the parent
drug at 45 min, and is not capable at the same concentration in water at room
temperature of more than 30% conversion at 45 min. In some embodiments, the
prodrug {e.g., the acetaminophen prodrog of formula 1 or IT) is capable of at least
about any one of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% increased
conversion to parent drug in hurman plasma at 37 °C compared to water at room

temperature after the same time of exposure.
Synthetic Methods

[0057]  The compounds of the invention may be prepared using a number of
methods familiar to one of skill in the art. The discussion below is offered to illustrate
one method available for use in assembling the compounds of the invention and is not
intended to limit the scope of the reactions or reaction sequences and/or conditions

that are useful in preparing compounds of the invention.
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- (c) deprotection of the di-protected phosphate of the compound formed from step (b). [0061]In some
embodiments of step (a) for the process for preparing a compound of formula I, the halomethyl sulfide
is chloromethyl methyl sulfide. In some embodiments of step (a), the suitable solvent is EIMPA. In
some embo&#é?%lg?zg?ep (a), the reaction further comprises NaH. In sdht WA EHh s of step (b)
for the process for preparing a compound of formula I, the di-protected phosphate is di-tertbutyl
phosphate of(##Rinzylphespbateckmdoniehe nmvedients Glestepiis)ztdatsuitabiatiolvent is THE. In
some embodipenis ol 8P IR eAGIEN fulihar comprisea il or NBS. In some embodiments of
step (c) for the prgcess or preparing a compound 0 formula l, the deprotection comprises reducing
conditions. In some embodiments of ste (cb the deprotggtian comprise% using Pd(011)2/1-12. In some
embodiments\cﬁ'step (c)2 Iaadjapémctic%ﬁomprises aciligteonditionsFn some embodiments of step

(c), the deprotiéstign.compfTséy teBimertivithracetic acid Pt $5ATe eHtbodiments of step (c), the
suitable solvent irotic sonastt (e.g., met ). Eormulatichs [0062] 'cet)ﬂiﬁﬂj 8n prodrugs
described herein can bEin formulations (includingPhafnaceutical composifion8) weh a@ditives such

as excipients (e.g., one or more excipients), antioxidants (e.g., one or more antioxidants), stabilizers
(e.g., one or more stabilizers), pregervatives (e.g., one or more preservatives), pH adjusting and

buffering agents (e.g., one or Me pH adjusting and/qr bufferir lagemﬁ , tonicity adjusting agents
(e.g., one or more ALY adjustingagents), thickening @gm&ge? .0., Wie graore thickening agents),
suspending agents &g, one or sig\é%m@"agents)t,dmmng a.,ﬁiﬁggﬁ‘?‘ﬂ)re binding
agents, viscosity-increasing agents e.g.‘?_on@'or\more viscosity-increasing ageffs),@ndtthe like, either
alone or togetHsTRith SPRBE AR b 24 BidmbIvRP phaFAYEYEutical agents, provided that the additional
components are pharmaceutically acceptable for the particular disease or condjtion, to be treated. In
Some embod e e AR SHrE ISR EbPABATBIC Rt 1 P P Badional
components ad desthipehl dhrerath @ ety 3ndide, Bn#asahe maresaddiiiondlicahaporiants). In some
embOd'me”‘%s}h%ea%%%’f%% 't%céﬂederé’hE%?gedsﬁ%Qgﬁﬁ%%ﬁha&% diyg; delivery. modifiars and enhancers,
such as, for exgmplce, calcium p o%p ate, l%ag eslum stearate, talc, monosaccharides, disaccharides,
starch, gelatiphwsehatosechrstdiicseiildwepsodindidarbbwir@tbsteedhinde, mesmosef a
hydroxypropyf3excinrcain el inupualdingRElw Mebing WaxES.aR ifianoe resins, and the

like, as well as combinations of any two or more thereof. Other suitable pharmaceutically acceptable

excipients aréNFeseribEyaFCiop URHiN CTBRNS Pndifema EEOTRERY SSEYENEES fMarck Pub. Co., New

Jersey 18th ggifien (196 and REMINGIT ONa1kHESGIENEEANR RRAGINEDF PHARMACY,
Lippincott Williams & Wilkins, Philadelphia, 20th edition (2003) and nst editign (2005). [0063]The
formulations Qﬂﬁif’%/%\tf'y OPHE R IR BTG R WEACOMIRMR s Bgnﬁgﬁ%sd%efhe amount of compound
to be administgreccthe: eanditempfdhelindividual, and other variables that will readily be apparent to
one of ordinary skill in the art in view of the teachings provided herein. [0064]In some embodiments,
the formulatit#f¢8lg., fdiminationenarhie naibiades patbnterel prdministthtionds:gndasprdeds formulation

with a pH 1oga ahoW: 3,318,809, 5,85 I9MARONE 4,8 AR TR, AR50 1o about 8.0, or

from about 5.5 to about 8.5, or from about 6.0 to about , or from about 6.5 to about 8.0, or from
about 7.0 to about 8.0, or about 7.4. \T//O

HN

HO, OH
0" o o

Ly

comprising

{a) reacting a compound of formuia SI-A:
\‘[//O
"L
‘OH

(SI-A)
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[0065]Formulations comprising a prodrug of the formula | or 1l and saline are provided. In one aspect,
such formulations are at physiological pH (about 7.4). Such formulations may be amenable to storage
and subsequent use with the prodmg remaining intact for prolonged periods of time (e.g., during
storage) and"EMRtET T acetaminophen after administration to an indiv?&?é'ijfé(’&g{” 4dult, child, or
infant). In some embodiments, the prodrug is stored as a dry powder and the formulation is generated
by dissolvinghtheptisynpewdenliy sediyeaploniotadministysiiare. dn thaéoaspest, piddrug formulations are
provided, e.qg., formulati comprising the malar equivalent of about any of 50 mg/rnL, 75 mg/mL, 100
mg/mL, 125qr1r‘% m%ﬁ%@%/%ﬁ Sflité]tgﬁgsfﬁn”}if%r 200 mg/mL of acetaminophen, wherein molar
equivalent is{thecastioaticofqrpdvad thrasdduid ksuleindhe phaivatedtmalbuncaftatietsattiinophen upon

complete comye(sion. SRR BIRYRL (0. igspaelolaionig deseribed herainalsgcontemplated is

the molar prodrug equivalent for that amount of acetaminophen. Single bolus formulations are also
provided, e.d24ip to about any of 5 mL, 10 mL, or 15 mL (at, for example, the molar prodrug

equivalent of @hQutdidal Mg Reakrb 608 MesphaceiamirerpemdfislQ0R6H hedmyention also

provides kits containing materials useful for the treatment or prevention of a condition that is
responsive tgiaéeiaminophesdetgdipaing dhekits) fuayhegntainsofvanejamigophampiadrug of the
invention and jnstructions for use. The I({ may, comprise. a container with a label. Suitable containers
include, for eg(g%r?{gféabbfﬁeé%?ﬁ%%}l g?n%l %%s% %ﬁg}é?é).r ﬁlﬁ% g&ﬁ%g% t%gr%g)?'tﬁ)% Yormed from a variety of
materials sucmhsdgiassser plesto. Thewortairdremayiékiamacetariboghemprathtag or a

formulation qLAYBSELAMINARNER RAAGING. @81, / AHBHRRIENEL LOMARTIG @oe or more additional

pharmaceutical agents). The label on the container may indicate that t etaminophen prodrug or
the formulatiBfPE§SatSPHERnELBIPSUpPP radsimg it Eonelidopr tastis PEspRIHdivE db'aBetaminophen

(e.g., pain), and, MAYRisR: BHIGRLA AISRHeNSIOMIARN iR VRN c‘!ft%;y&%’, glach @ those described
herein. [0067]The invention also provides kits comprising one or maore of the acetaminophen prodrugs

of the inventtShYIRt EoME e BB TEPRAIIREN BrtAR (hv EMfSACESM BHERE SABRGKEINS: described

above. In othgneBshodigentsatbeaikitaf tiedpyentionicoppuisesdhacontainalagsshaed above and a
second contef\iner folrn%ri ing a btlfffer. It may furéher include. oth materialg desirable from a
commercial ahd user § %n‘a%&ﬁ‘ﬁ ﬁl%ﬁ?(ﬁ%& Sthér bufrers” IS PiftErs S mg?gy?fnges, and
package insetty (eithiinstrpiction®foropenferming @Ry Midihdtsldesarbecbhémeim:{0D68HN other aspects,
Ig, to treat an

the kit f neth ' in,| g, f
e KIS maytﬁg, URCEL 1L AR cgl}tx‘l?gﬁli's%% Q4% JESCHRSE Nar i Qﬁl rg&gl%sn%r n?f’%"%‘g”%%cdr feven, of to

individual with‘'one or'more conditions responsive to acetaminophe .g., pain /
suppress on&eLppE IR reBREito OB Mt acpiin asr bbdiprehesiivaikienihal/skaelude a dosage

amount of at8agfe suitable solvent is a protic solvent (e.g., methanol).
Formulations

[0062]  The acétarm'nophen prodrugs described herein can be in formulations
(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

18



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 formutatiSn d&&eribed herein. In some variations, the additional Bﬁgfr?ﬁé@@{?ﬁ‘%“lsagent(s) may
be one or more analgesic drug(s). These agents may be provided in a separate form, or mixed with
the compoundsrohitidgiprelsent poventp ninravidedigddhamixirig dodis notinetidegibhe effectiveness of
either the ph ceufical agent or formulation described herein and is compatible with the route of
administratio%é%%m%?r@%ﬁqu%ig glf ,néﬁﬂsd%ng& itiona Sésg%grl?tgsfof) a0 JEW tle\:iec%ﬁcé?glpy or other agents
known to thePSRiSd arigneaaffteive.ithihanpeasmeimtisicprévertion dhthtnsbngitsins described

herein. [007 lheldts gy eptignal elideapaioneaie ostndelions fatpreparation and/or

administration of a formulation comprising an acetaminophen prodrug of the invention. Information
detailing posBisiesTaepdtey gpdsatiBrnmalaion IR ity e veRsIEAE nféAhation may also be

enclosed. The MSHYUCHONRS, MAYRS KA UIRDIS AimEbAR DGy B W RRLlimitgdh 0, printed matter,

videotape, computer readable disk, optical disc or directions to internet-based instructions. [0072]In
another aspdet6F tHEAPIGARABRAIGHS TN s fRE MR TRER/IIRARIF6 STHET I TRAVBITE RS ceptible to a
disease or congifiondeseriesthanein, (FgakIRip. &/t ieverearssPravitdad; compiging a first
container cotﬁgﬂg&ngo%_dﬁﬂsﬁage %[ggunt\gj a qqrgfposgion as disclosed h?%gjr?i and jnstructions for use.
The container mabee any o TESSE AR the & a%&f%&% BEfSt s 01} %’Sa d delivery of
intravenous ffitkidatiiilatelpbizadt @ nibdain 6o te Ritfadlien ¢ca00pyises a second container
comprising a pharmaceutically acceptable carrier, diluent, adjuvant, etc. for preparation of the
formulation t&B63hdmikhstérerietipes imdiv idunlbo ralkie wmeyrdinptberpronidisiantiabeontain sufficient

dosages of the gompeundsdescibedies i neding for miwalns thesead iriRiayide effective

treatment for an individual for an extended period, such as 1-3 days, 1-5 days, a week, 2 weeks, 3,
weeks, 4 wedR€ cEifiaakabg i rRalFsAdiNite WRATHINS 355 RIHE Y HgHHSt? #idAths, 8 months, 9
months or merey [H0R4Hhaikits maydachigea the composition as described herein packaged in

{0064 ] In some embodiments, the formulation (e.g., formulations amenable to
parenteral administration) is an aqueous formulation with a pH from about 3.5 to
about 9.5, or from about 4.5 to about 8.5, or from about 5.0 to about 9.0, or from
about 5.5 to about 8.5, or from about 6.0 to about 8.0, or from about 6.5 to about 8.0,

or from about 7.0 to about 8.0, or about 7.4.

[0065]  Formulations comprising a prodrug of the formula I or II and saline are
provided. In one aspect, such formulations are at physiological pH (about 7.4). Such
formulations may be amenable to storage and subsequent use with the prodrug
remaining intact for prolonged periods of time (e.g., during storage) and converted to
acetaminophen after administration to an individual (e.g., an adult, child, or infant). In
some embodiments, the prodrug is stored as a dry powder 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 2060 mg/mL of acetaminophen, wherein molar equivalent is
the amount of prodrug that would result in the indicated amount of acetaminophen
upon compiete 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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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 acetaminophenos;e. ., pain and/or fever). In
one embodiM&* & iR2ntion provides a method of treating a disease Q%Hg?ﬁ%&[‘rﬁ’ﬁs responsive
to acetaminophen comprising administering to an individual an effective amount of an acetaminophen
prodrug (e.g.] {4rhcetafuidepheiRoxy) methypiplkdesphats desadismudrédetagic aphenegg)methyl
phosphate). II% sgpagetgar&lla%diﬁg{e??ts, the individual is at risk of developing a disease or condition that is
responsive to §cetam|noprh ne i some embodiments, methods of treating pain, fever, inflammation,
ischemic injugy.(such as myocardial and/or cerebral), or neuronal injury in an individual, comprising
administering to the individual an effective amount of an acetaminophen prodrug (e.qg.,

(4-acetamidqpbespxy) methwlahesphatereviaedivnirasstamnidenhrnexpiinstimd phosphate) are
provided. In one variation, the individual ig post-oP_erative and has or is believed to have or developed
post-operativVE &I TN E TARARSh2 it S TG & AhRARRYS F8q B IR ARERRAf 2 Pbst-operative
pain. In one Vardtismihedndividnat-isanohaghemablerte of shadminitinaidiatacetasinophen.
(0076]The inyentinp. pmirases meifiods of heatng nain,of any,afoloay, including acute and chronic
pain, and any pain in w%lc%yacgfgmmop en analgesic Is p'rescrellbedp. xampﬁes of pain include
post-surgicalggainplpostitge ratiseapditeindbaslinthd emadi painianigr dimechéadaehveramnd trigeminal
neuralgia, pajp gsseaRaliyL A, WauRd diddngyislong.PalpsPaciatatyifidrauma (including
traumatic head injury), neuropathic pain (e.g., peripheral neuropathy and post-herpetic neuralgia), pain
associated W%@ﬁﬁ%@@@%i&m%ﬁagﬁawg?@pramg coatusioRstEeirEsdSuch as myalgia,
rheumatoid ardaritisi PstaRattnitle, LislibisaRARGRatitisdnflammatew howeh diseaseaiankylosing
spondylitis, sero-negative (ngn-rheumatoid) arthropathies, non-articular rheumatism and peri-articular
disorders, an’@%’diﬁdg%&%g& AReF PR PRSP T SPe SR BHG I aRpddRtt5a 885 ociated with
terminal canceppExaig plessafteaimwith raspiifiara matensmnpenent (inaddisiendta,same of those
described ab%\é«lag include.rhe mattilﬁ ?ain,.pain associated with mtgggesi is, aﬁ;dd%rgsmenonthea. In some
R(o)s

. ‘ections for e1 1 VYo OF 11 Vifro use. such as esc r .
variations, the meat oas an& ormu a(?.IOHS of’t%e present invention are use eﬁWﬁent or prevention

of post-surgicfabg)ﬂin arﬁ{g{ng%&{ B%’%rmﬁﬁglﬁti’%iﬂ%@ﬁwtg erggm&%%m compositions of the

present inverition are used for treatment or prevention of paf that is selected from the group
consisting of {F&lAesspbiaEWiASSUrGempy antifha lbstes ke thadoidoabiritis, lower back pain,

~ fibromyalgia,;pestherraticneuralgiddisketicoaurensty, M\Rssosidahagurepathyand complex

regional pain syndrome. [0077]In some variations, the methods and compositions of the present
invention theé invention comprises the container described above and a second container

comprising a buffer. It may further include other materials desirable from a
commercial and user standpoint, including other buffers, diluents, filters, needies,
syringes, and package inserts with instructions for performing any methods described

herein.

[0068] In other aspects, the kits may be vsed 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.

[G069] In certain embodiments the kits may inclnde 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.

[6G70] 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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(e.g., (4-acetamidophenoxy)methyl phosphate or sodium (4- acetamidophenoxy)methyl phosphate)
are used for treatment or prevention of pain and/or fever (e.g-, in adults, children and/or infants). In
some embodiments, the methods and compositions of the present invention (e.g. 24-
acetamidopﬁ%%&?(%fr]ﬁé%ﬂi/l phosphate or sodium (4-acetamidophenoxy)n?&ﬁé‘%@ %ﬁ%ﬁ%) are used for
treatment of pain, such as acute pain (e.g., acute pain following surgery, such as orthopedic surgery of
adults, childreimrandéorimiagta)dnnsgnbe embodiments]thendethGus Brdecapmpositions of the present
invention (€., (daaeRtaisiopnangoamaiy| RARSRBLE,BrSpdim Ceaseiamidaphnoy)methy!
phosphate) dre used for freatment or prevention of fever, such as endotoxin-induced fever (e.g.,
endotoxin-indteddetbsethimixdrdtdoshilirmdueh o elifde)cinod sifeciThddimentstitie methods and

compositions, of,ihe. RRReRLINVERLAREGr itz RCRIAMIfARTS MR LMY phosphate or sodium

(4-acetamidophenoxy)meth%I phosphate) are used for treatment or prevention of fever in children

ancUor infant€miisgaien e Hte kfetay drqlidefddisarrbiaasiiarageteiss, moderate fever,

high-grade fexernpnd-yparpsexisntavets samnr embadiments:theifeyeris.saleeigd from Pel-Ebstein
fever, continuous fever, intermittent feﬁ%{:’ﬁi%% remittent fever. [0078]In some embodiments, the

invention emBrac8E MEHBHE B HERY A& acetaminophen action in an individual in need of

acetaminop rapy, the, method comprisi dministering to the individual an effective amount of
mﬁf z‘heq(l(g .raﬁy(ﬂgmn%m%&%%% %%pé(rg?na{%?ﬂsp ctio Sf

. O 81'6 araron
an acetamin prodrug acetamidophe met osphate orsodium (4-

acetamidop oy ereittiyipiosphaieiwimieire trepprodrag geevmidesphesi oweiensethef acetaminophen
action as compared (o ACERMIRARRE R I NG MAALIOR. AU R IS AtRN-QLIhe.RCstamingPphen prodrug

(e.g., (4-acetamidophenoxy)methyl phosphate or sodium (4-acetamidophenoxy)methyl phosphate)
delays the ofskvatipalemAdRIYRRtRFACGF §rekttsdtnhbe dBB T (it dedr 1ONSIRERIS, or 15 minutes,

or 30 minutege@kat, HRWARE 2 AWM RO WSO8 MU %iQHLeROWE:ANE Reuesior 10 hours. or 12
hours, or 18 hours, ar 24 hours as compared to administration of acetaminophen. In some

embodimentS e RiFahGSH BrABPELe IRIEFITE SR R Bt of the parent drug. WO
2009/14329 US2009/044743 [0079]In. some embodiments, the invention embraces methods of
prolonging aLiEZ ot QAT A7 S SR T M o A B HEemy, the methoc
comprising ashfimisferingrtc thechndivicliad dnaffectivendimourdtofibnddoetaninophan prodrug (e.g.,
(4-acetam'd%Ja%}%w,mg}@)ﬁk@ﬂ@é&Q@}sp%rsﬁ%dﬂm;(éaﬁ&ﬁ@mms%%&%%Bmsphate) wherein
the prodrug provides prolonged acetaminophen activity as compared to acetaminophen. In one
variation, adffifistaneH B hEdearfibepie ANs BN tiang lopascetamrapisienadd)frethyl phosphate
or sodium (4acelamidorhenexyineiRvhRRosRiRIR: REPlnasAstviRIRYgaalRFthagRbout 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, of BHAHPE: P FFARBFLRLSIEEHS (Pe Kir3ANGE GPLREES MissRRd &5 YA histration of the
acetaminophermpii somephabacimeals; ibepuigatameaemiilagesaliilea, re:pfalonging of activity
compared to a}gmaiﬂgjas&rlag' fHaoffoacef%nLn]%m(!:er}In[loIg)g(g‘]tlra £9] e.g:-énbgdgpents, the invention embraces a
method of per.ng ace amlnorf)lhuen {0 an Indii ulaT, fie' metho “c”o?lnp‘rising administering an

acetaminophgy PIpAug (e g ARISHILE AL AR, HIRIEIRIYE Acstaninophen prodrug

converts to acetaminophen. provided are methods of providing acetaminophen to an individual by
administerin§aRraEBteATITEl ol finglpsig e Eopratnigpofirasiile Pervide Wi the prodrug

converts to ageiarinaphen;uNNRINFONG asRabdBE-RIAIME 48 93 & profdrig.of fptatya | or I1) results
in conversion to acetaminophen within about 1, 5, 10, 15, or 30 min following administration,

Conversion M&FHE meX&tired Bl tseHhigEs Bnistim ReHis Hharaiht tH88tetiled in the

Experimentahsechary hergin:, Risams, embodinentssthe invention embraces methods of providing
acetaminophen to an individual (e.g., an individual in need of acetaminophen therapy), the method

comprising ati¥Tdisterinesitheriydivitdaltenceffectiteamolmtdiamacsigaihggiden prodrug (e.g., a

prodrug of forpla, | ofdDwherRin areateinan AR ANRNA A%, Eaﬂsﬁ"{ﬂcf?{c@%sﬁez?S%’ or 30%, or
35%, or 40%, or 45%, or 50%, or 60%, or /5% or 85%, or 90%. or 95% of the prod1 g is converted to

acetaminoph@titaréessitiasedbBut 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 M€ &/HREIREYr an acetaminophen prodrug (e.g., a prodrug of formula | or 1) wherein

[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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greater than about 10% or about 20% of the prodrug is converted to acetaminophen after less than
about 1 min or about 3 niM following administration. [0081]In some embodiments, the invention
embraces a method of providing acetaminophen to an individual (e g , an individual in need of
acétaminopl’i‘é?ﬁ%%%ﬁ%? the method comprising administering to the indf)\ﬁaﬂl]aﬁzeg.géeﬁ%ﬁavenoUst) an .
effective amount of an acetaminophen prodrug (e.g., a prodrug of formula | or Il) wherein the resulting
concentrationmsf acktdmimophe mergivapayales anyafdDoinirratn 20 diskrso pBEmirticar 45 mm, or lhr,
or 2 . or 3 B folloudng adminisiiaion) s nibin s dam aRoul A of SRl RlfY6. or 30%. or 25%,

or 20%, or 15%, or 10%, or 5% when compared to the administering acetaminophen alone under the
same conditiBffestive rEean plearnestrienepilss difpdns ( acm etrisaemiderbeiing ae&tdminophen to an

individual in peed,ofacelamNRPPRERLDEIARMAISPIRMES OIS MEegsAAMPrising intravenously
administering to the individual an effective amount of an acetaminophen F rodrug (e.g., a prodrug of
1

formula | or IFRAGREh Ssdedividy bhiditraisls v eriBhtlisenten AfStdBtite thereof (e.g., at
about 30 min@pdihyi felewingrasbRisiRtiomdsmihiniess, hathahost tlhin @haRofiyalo when
compared to.aﬁﬁrpﬂjnisterin# cetamingghen alone und r;h%jsame c§n itions. Cor‘r?bination Therapy
[0082]The adBtiHiRdhHe “&%ﬁﬁlﬁ’éﬁ SHBEG MErSH RGBSRt BRS Administered in
conjunction \idjhre e 2orindorehadditiopaisplhadndosttiogl @gbatisdasdiesanibifeclieeein and as known in
the art, including.ane,af mere,addiienalharmacertical agenisia luhat redhpe g ocourrence
and/or severity of symptoms and/or clinical maniréstations the eoR ad well as'additional
pharmaceutieabedjemséithatianitophpreventcthel phasrhang wonditiches; br dnconjanerchsvith (e.g., prior

to, concurrently:witha 1k plienRdditional igaiment modalities. d hesecataninarheppiadugs as
described herein may be administered before, concurrently with, or after the administration of one or
more of the &déitihelprHitHaB i AP AFE At IrHB HERGA MR HSHBIURIGY HeRGHEF herein may
also be admipistergdin GRRILANCHRN WAt {8:0is RHOAIRnePRAUIERN UMMItR:QF after) agents to alleviate
the symptoms assaqciated with either the condition or the treatment regimen. [0083]In some
embodiment§% lations and methods of the present invention, the acetaminophen prodrugs
are used in inatiop. with one or more addjtional pharmaceutical agents. Representative additional
pharmaceutica aJentcsli?lrll%iﬁa%n%%?o%is r(ﬁ:ae%ur?la&lggﬁn?i@er?tﬁ%%i ?](I)lros%ﬁ' ﬁaét%loc]s)o,gr’l/br‘l-steroidaI
anti-inflammanohydira gsuNSW B iserzodind epinesn ariiohates aridoptverweiapduitds, such as
caffeine. Exagpplcs:of GHRRpHOU RRTERRIAISS (oL AmAMnAIRn KL Rt g pf current invention

r

include, but are not limited to, codéine, morphine, hydrocodone, hydromorphone, levorphanol, aspirin,
ketorolac, ibupiefsinmdgiaketn bIMEIBCHEHETSE dkiissroBalkypHalsE. RidtMmesatet diazepam,

lorazepam, myiglazelamyArapexyRiepsidselppioiet, dudiiprefef siadplacddicleienagicmisoprostol,
meloxicam, piroxicam, doxylamine, pamabrom, carispprodol, and butalbital. [0084]One potential

advantage of S28dMBinAABH TBARINA0N o5 thRFRRCTBHATERa AL 08 Briigesia beyond the
ceiling effect pfuadetanpaaphestiaithcutiapproalchiRg dhe dBxicas nearhy, tepdaddose levels of

acetaminophen. Combipat'{ons of tlgle acet?min hen rg%é.with ber]éo.giaze ines such as
. contusions, raa ures, such as myatgia, rheumatol 1118, Osteo rif1s a tltis,
diazepam, lorazépam, midazolam or amyofher enzodiazepines, may be uséd-for treatment of pre-

and postopenatinve:adietyimadditiorptovthditreatmekyofagspandiytsiacSusigadmbination may be
particularly “ﬁ?é&ﬂaﬁ%o‘?@)%%%%@?,%&%—%&ﬂﬂ? rﬁmiﬁﬂ)and peri-articular 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/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,
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[0085]The above additional pharmaceutical agents to be employed in combination with the
acetaminophen prodrugs of the invention may be used in therapeutic amounts, such as those
indicated in the PHYSICIANS' DESK REFERENCE (PDR) 53rd Edition (199%? or such therapeutically
useful amouf AW be known to one of ordinary skill in the art. [008961}5\ §ﬁ?8?{3145ﬁ%rmaceutical
agents (e.g., analgesic drugs) administered with one or more of the acetaminophen prodrugs of the
invention camobeddwlinisie rBoratihésieqariegrdiecienakgiaudiabinicadhdosatye, 618t lower doses.
gég{@ulations of the invention may be

D | 1 i fica) I
2o e B B S ot o1 scemistration,

varied so as to obtain a ire erapeutic respon n

severity of thaghiseasegachibe chatmctenisticand sesponse-afdhedpatientihefrmipation can be
administered as separate formulations or as a single dosage form containing both agents. When
administered a8 d taRHRHRRRC IS RS PRASAEH DR TR 4N be formulated as separate
formulationsawéhighdarn givenat the sammimeendiferantdimes: of tieasesaminaphen prodrugs, can
be given as a SAFQ'F for ulationa\{vo %q 9/143 95P?T/§%2009/O44Z4 1%)087 s will be well
appreciated %[3)/ Re'Skiled &risah, f(S)*rcpér TUAICEn it  diffErerit A %rgf’p Brmaceutical agent(s)
and/or additior#dlddeatmhentpsdality (iESkpaydoeiemployed. {0088]In some embodiments, an
acetaminophen, prodr fth rrent invention m formulated and/ar. inistered with
acetaminophagﬁtﬁ%%%ggﬁ%#%%r%%m? k)or?p[ ée%a%f ﬁ}g{ﬁ p %%ﬁ%%%%ﬁ%ﬁﬁ%}r%g{eﬁggc amount of the
parent drug, folieRbed tayeussldgedeannror Proibhgedhparemntieipay soctvisgdfomiihe prodrug. For

example. a coRhRAon gk saseamRpEDaAmen ARy diaen RRBRleYhAcelaminopher

may provide an initial treatment of pain with acetaminophen, followed by prolonged treatment of pain
with the acetihePReMBreHFRE SatRdoAbrLIRNSIHMY BEfRiPETaLRESESGHEsind frequency.

Alternatively sgfdmitiabaass Phriadrygdsprdle(6rdodasnalone MaldmepRigh epnagntration dose to treat
post-operativ% ain and/or fei%r) may be followed bg adBministration of acetaminophen to treat pain

and/or fever ¥ ﬁ?héf?glafﬁéléﬁ ﬁ]ét’f%{??%%%}%‘ﬁﬁ?’gi 4 PhIEAFsSHigs TBO¥eThE i lations and
methods dedieribe@. bereifbrmsy-belusedialene adinsconjldneiicmdbin (Bugs,) Jficoite concurrently with, or

after) other nglon%eﬁ.of trtg?ggent Sﬁ:v,ga'n @géunctive ther with additional %\grng‘?_ceutical agents

.. OQLITICT] me THPOSITIONS OP esent ention.{e.g.
desciibed herein with reference 16 pharmaceu ical formulations of the craiméd ompounds or known to

the skilled artisamdseticiearchprebenhte aondition beitpraaptpreyentdgland/or administration
of an additio@ﬁ&f)%ﬁgﬁ'ﬁ@ @&fj{%lxi%;ﬁﬁfégmE&%@Qﬁ‘@oﬂfo%\@f%g%@reﬁ%&fé?%ﬂlﬁtsiﬁr?ombination with

one or more additional pharmaceutical agents as described herein and known to those of skill in the
art and/or cu?@ﬁmpagﬁ@ré%r@ﬁtfﬁ%ﬂwbamﬁe@?mémwrg%ﬁ‘é%mﬁé{%f@m Bekadiotherapy. As

used herein, dhedeem - apdiioRalreatmant MoskHibefeiaeih i SaIeRY N geBRaTehihe conditions

described herejn without the use, of a pharmaceutical agent (e.qg., surgery, radiotherapy, etc.). Where
combinationd O BARSEHRAN SHERH S Sl RUEl APt QAP MBIy Ges) are used, they may
be, independeoty] administerechipsilimtarCoanclvenibhwithraeatietnadnifistiaiion okone or more of the
acetaminOphoenrgJ% roc%%rc% aS %’E);g?lrerr? lélé%tclr?l%sgnt?r? i%?c&zﬁ%ndgesé io ag:quxggrilgphen therapy, the

method comprising administering to the individual an effective amount of an

acetaminophen prodrug (e.g., (4-acetamidophencxy)methyl phosphate or sodium (4-

acetamidophenoxy)methyl phosphate) wherein the prodrug provides a slower onset of

acetaminophen action as compared to acetaminophen. In one variation, administration

of the acetaminophen prodrug (e.g., (4-acetamidophenoxy)methyl phosphate or

sodium (4-acetamidophenoxy)methy! phosphate) delays the onset of parent drug

action by greater than about 5 minutes, or 10 minutes, or 15 minutes, or 30 minutes,

or } 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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[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
consideratioll the VA3t factors effecting the particular individual, inclu&‘lﬁﬁlmaggl%‘fﬁibed herein.
Dosing and Methods of Administration [0091]The acetaminophen prodrugs and formulations described
herein will gdfi@78lly bdusedkinnsirwdimontn teffa@ctbreito achiaves thetintandeddesaihsfor example in an

effective am urﬁ fo freat or prevent the H‘E‘ﬁ%"‘éﬁﬁ ﬁg@é@}%@é&’gﬂg@” at%(l:i %r(()%r H?r%\)/er?ltqagoge.g., pain

r
and/or fever).QF e amount of the gc%?&%lﬁoﬁhen prodrug or ormutation inistered in order to

administer afcaffaétive amousiewwil tepemeipdrbavafietiivf fatons cfinoludimemiceikample, the
particular codBQngegglg(g[g@g%%&%ﬁggg%%%xh?i 395%%5@;%999&% @articular formulation being
' eing [

administered, the severity of the condition reated and the age, weight and general health of the

individual, th&s@UursahsHerysesBE eRipty tHeTrinihe pardampr dedge @rdaagerbtermination of an
effective dOSMﬂGBﬂ&%{W@@H&M@W&%@M@%}Q@& e RaFeUlarly in view of the teachings

ay also be estimated using in vivo animal models. [0092]The amount of

provided herein. Dosages ,
acetaminophae%mgﬂﬁ%‘lﬁ R AGAE I ABTA RTINS {8 -cAHrsF TR RIE R BIBENEE a single dosage
form may vaphegperdingujpan(thechastitopiibich thecacgtamnipaple proragiugisagdeinistered and the

particular moggag)fr rH"E%H%iP”h ﬁ?e?do?hiiﬁm to one ormore % Sthoer 8riet1¥uofsf%§;tf)fls glescribed above.
A pharmacel:rtrica?unl d%sage chosen may befabricated and saministered 16 prowaer’a defined final

concentrationr(_)?nf, d}mgSimIt_Bélbﬁmmb,rMs, tur@ansgsopdﬁmuta{geﬁ@dlwgimr dfthe:sody. The effective
amount for a,@Y8Shian GAPE-RAALY SelpuMingd iy DG CERRMABIEHPRART IS wihin the

skill and judgment of the ordinary clinician. [0093]In some embodiments, the dosage of acetaminophen
prodrug requifetPtbrebtainhi saensIBoTeydtto Aen atonet st etivibicprmasiitswer due to the

increased soldhilitys@44pg fradiagidBpieme 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 a inophen. [0094]Examples of acetarrtingphen rocg’u dosages (alone orin
combination;fgvéﬁl h caﬂ?l tsx8“1%%%%‘%5@%??%%%&5%63%0&1& cgv%ﬁ i %%e 6’5%%%?%%&@% f about 0.1 jig/kg to
about 300 megkigronapihintaboitdydiid/ Ky oedbsitotipnmgigepdoehiseeightpor within about 1.0 4g/icg

to about 20 mavke, hody welaht @t ithin, Ak 3:QdIHR Lor r), wherein the

acetaminophen prodrug converts to acetaminophen. Also provided are methods of
providing acetalmﬂophen to an individual by administering an acetaminophen
prodrug (e.g., a prodrug of formula ¥ or II), where the prodrug converts to
acetaminophen ir vivo. In one aspect, the prodrug (e.g., a prodrug of formula I or 1)
results in conversion to acetaminophen within about 1, 5, 10, 15, or 30 min following
administration, Conversion may be measured by techniques known in the art,
including those detailed in the Experimental section herein. In some embodiments, the
invention embraces methods of providing acetaminophen to an individual (e.g., an
individual in need of acetaminophen therapy), the method comprising administering
to the individual an effective amount of an acetaminophen prodrug (e.g., a prodrug of
formula I or IT} wherein greater than about any of 10%, or 15%, or 20%, or 25%, or
30%, or 35%, or 40%, or 43%, 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 ! 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 1 or IF) wherein
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about 10 mg/kg body weight, or within about 10.0 pg/kg to about 10 mg/kg body weight, or within
about 100 pig/kg to about 10 mg/kg body weight, or within about 1.0 mg/kg to about 10 mg/kg body
weight, or within about 10 mg/kg to about 100 mg/kg body weight, or within about 50 mg/kg to about
150 mg/kg b‘g&f‘(‘/{\}s’e}i‘éﬁ%?%r within about 100 mg/kg to about 200 mg/kg b88§’6&%ﬁ8ﬁf‘,’%‘? ithin about
150 mg/kg to about 250 mg/kg body weight, or within about 200 mg/kg to about 300 mg/kg body
weight, or with#atabibat 2b&:tri§grtaiabo 20306 thg kg drogys weightteOtherdesagebanhich can be used
are about 0. weight 0. / ody weight, about 1 mg/kg body weight, about 10
mg/kg body %v%%%%ggé%gu%%z%l %%%E%%%’%éug%g Ioﬁ% a%g%' 1St[ba%gg'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 m§ihod W&%?%B@HW‘WR@V%W%%%BW@%%@’?ﬂ‘@‘q&%y weight, about 200
mg/kg body weighfirabreit 225 maitdanbody sveighidahnidl 2beag/kg:-badynagight, about 275 mg/kg
body weight, or abgu 300 mg%)k% bodg/, weight. C{)mgmun s of Ih.%lgresent.invention ay be
administereqt, SIgNE: oS CombMAtion, iif & %I&jf'ee& - 5&?%]?{ a{éfa?’d‘é]ﬁ%%]é’é% &’may be
administerechineffisidee aiosag efoftwetmieepfiou nrfitmgdie 3ix 4ipredrdaily f{0696]Thelifequency and
duration of agministrati the min drug, will. dep he congdition being treated,
the conditiongcl)ﬁ?ét%]?gl i»}}éﬁ%ﬂ%ﬂ};ﬁ%ﬁh’ﬁ&ﬁ% & o{%]uH ion ﬁggy’%gggg&m%%t%gggég%%rindividual one
or more times? foinefaAfoRin 203t 4mE), 10, 116 026, her ndrkr fiphes/imhadfominitatiion may be administered

to the individyal;iorexAmPIBoMNaRe H3BEAabe, ariess hagpnsedday, AHmesaqay, 3 times a

day, or more than 3 times a day; or 1-6 times a day, 2-6 times a day, or 4-6 times a day. The
formulation rify &8G9 GaRITTSEE 16T TR R e Blanseddeh s 488 a day, for example,

every other daydRNeRY Hoirekdapl€VRRbveekboniassilagHentis Ihgdoramgation may be administered
over a period of days, ¥(\/eeks, or months. [0096]The acetaminophen prodrugs of the invention may be

) [
administerec?SHEETHIRPRE S SrANG BFFECIARTS HarRTHAIAMIREY. M5 EKBI (&fh B8 intravenously or
intramusculanyjhatshyiraiaidnt(egnoad misis stspnays theridpizhlly ainstlesage anmitiiormulations

containing copventional.nontoxic é}ar aceutically aceceptable carders, adjuvants, and vehicles as
cesired. Por B R B S A S e cormat
transnaucosabtiemtagiorefiesdturdvepivusdatredrteria, therarhissc ubrtimt dentonedlyintranasal (e.g.,
via nasal mugaga); SURAUIAl.LREIR) ORRKGINESHNAl AN 188 IS A00sdrGRily, 19 A spsgific or affected
organ or tissue. For delivery to the central nervous system, spinal and epidural administration, or
administratiof? fS'BEHSISTAIS BFRIFEIORESA ﬁé’lﬁ%’{ﬂl@]’éﬁié&éﬂ&ﬂﬁ‘ﬁﬁ*ﬁ%ion may also involve the use of
transdermal administration such as transdermal patches or iontophoresis devices. The term parenteral
as used hereifvmighidies Fubetaneous injections, intravenous, intramuscular, intrasternal injection, or

infusion techniques. The acetaminophen prodrugs may be mixed with pharmaceutically acceptable
carriers, adjuP88¥, andhetvelesiapphopridics deecdbeirbersoumeny badenimibtrediond/The route of

administratiofy Ry AGHINGIA ingcorAbaR o ailisalrdh Addiienahmeinods of administration

are known in the art. [0097]In'some embodiments of the methods, the route of administration is oral. In
some embodiRTERRES et AB6AS I UNBRefo M BICHHNSR S AR 2PRE &itétaminophen prodrugs

described fopugsemhesaincanhe administesacinmolidienncinligwddaummyinasasRidorm, or in the
form of tablets,éyills powder r,%ixtur,es, capSl#les, granules, injectables, creams, solutions,

suppositoried dE AL AT AR S S AT 2 B SIBh R 3BBRF FEFANES 5P other suitable
forms. [0098}&alidrdesage tternsiddy brat @ditinisikatior snaydrcludaicapaulestahlets, pills, powders,
and granules, In such solid, dosage forms, the active compound be admixed with at least one inert
Clont such EOERIAL it LSS o, B SR e PR e ona
substances gtiedripass ieseriditdentsirenpy lebadatingagebttost clasmagnesibnostéarate. In the case

of capsules, {ablets; Anch RS- AR AASAYR 11HS MAKAIRC,SRMRLSEbHTRIRY aggnts. Tablets and pills
can additionally be prepared with enteric coatings.
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

mvention, the acetaminophen prodrugs are used in combination with one or more
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[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 gé’eﬁ@“c‘%?gdextrins, and sweetening, flavoring, and perfunﬁ?f&lgéé%%{f"ﬁf 00] In some
embodiments, the acetaminophen prodrug is administered parenterally (e.g., intravenously or
intramusculashiditioyecphbimpreparitionss fdRepxammpléyesidrilédmié ptableequiesiusartoleaginous
suspensions be formulated,according to. the known.art using suitable dispersing or wetting
agents and siégﬂ%gﬁ&%lgl g%kejnr%g%a'l"h%@tg?i’fé%llﬁﬁlg’c%t?@%%gér%?%ﬁ% ﬁ%é%fisnonbe a sterile injectable

solution or susfiunsiaiindugs htdd Pardsrersliyzepoepthivie tikientot ebraemisresample, as a
solution in prapylene.glycol cThe steriednigciahie &f:‘?t%t‘pﬁﬁigﬁ fORYAIER AR A wiRrig.aRYyder to be

reconstituted using acceptable vehicles prior to administration. Among the acceptable Vehicles and
solvents thatFhef Bt EnpEadnsiesy e R Ry e SOl EATERA 18 sBefAcgRIStide solution. In
addition, stemigdixedpilsQievesmaplioRaiherepIped Assstely enbkekishenrsing medium. For this
purpose any blang fixed oil may be employed jncluding synthetic mono- or diglycerides. In addition,
fatty acids SUHTAS SE RERIAY B Usd IS e s SABF b SHERABIERIB6 18 In some
embodimentgrage:prehdte dhighodosdrdfipedtanioopheniplioftiug,imadpmsuslume (e.g., in a low
volume of sa}lfhré?g}.dlc\zlgn-limg%rl(% Heg(&n}g es.of an effective amounééﬁ.gﬁd 1! %Ef?teral administration,

. 1. P araine, Namanrom 081‘13081'% { at.
such as intravenous of intramustular), Include the acétamindphen prodrug at a dosage range of from

about 20 ma@agAeY [RbAK:H: IR s CLIOIANRM AL G ARKARY IR.2BRU 6 0, O from about
200 mg per day to about 4 g, or from about 300 mg to about 2.6 g per day, or from about 500 mg to

about 2 g pefUEYIIHBORY S1ttrsdiritETe2 vy ardeaveiingatifcior pesenBrtie gvititravenous or

intramusculagpadainisirationkis a-deseveikne.ef RROYL2A0-MmA iR HAUESH6iak@aRRWrS00 mg to about
4 g, or about 750 mg to about 3 g, or abqut 1 g to about 2.5 g, or about 1.3 g to about 1.99. in about 1

mL to about 5 AP ASBLT LAY ESBNR DEPAR BFRISIEE s 6B 20 AIEPBF-about 5 mL to about
15 rnL or aberiditbhnh to aouthdSailzokabputs iy te: abatifclGreatmdntsdme-ahthese embodiments,

the acetaminophen prodrug is administered jn a solution at a concentration, of abaut 10 mg/nit to about
1000 mo/nit S SE8 R D SO BBk TEO IR o B GUCE PRt G S08 RgiL, or about
75 mg/inL tombpbt #a0imighty luseinhbodint0Guraghmnt (togaloelt 380amg/mit, or about 150 mg/mL to about
250 mg/mL. [90102] The invention also includes formulations of acetaminophen prodrugs administered

in the form ot @fSpositdhe sHereraddiicnmnhisratericThesa e tsepRpEre by mixing the agent with a

suitable non-igHating exeinent thatdmaelifal srem e DIRREate QU Hiayideattaqtal temperature and
therefore will melt in the rectum to release the,dru% Such materials include cocoa butter, beeswax and

polyethylene BRESLIEABBLT AX-R e ARBIIEIF DB a6 55 ORTESr dak R GERRSTEmay also be
administered(FDRestrdE akibpgsomiesorAsds tkeaeuinine adnlippsamesasganerally derived from
phospholipidﬁ or otheré@o (iiggébstanqgﬁ.irlfit%gsa%mes are formed by mono- or multilamellar hydrated

i
liquid crystals‘I%ﬁ}l\vflat(rje0 |s(|?3ersénam|ﬁ an agueous 'medium. Any non-toxic, physiologically acceptable

and/or metahaliaple IRidarRRshin st aing inssames marhe sed TheARSAR Qg uatons i

liposome form can contain, in addition to an a tamlnorihen odrug, stabilizers, preservatives,
excipients, aRBCtAEMRE. ThikpAselariberRlimdntsuge fiblstayentien spodpHepids@rér phosphatidyl

cholines (lecithingdoRaitkalendiemnayntiatic: Matheds 1o1fRrm HpRsoMEs alekBRWNNA the art. See, for

example, Prescott, Ed., Methods in Cell Biology, Volume X1V, Academic Press, New York. NW., p.33
et seq (197651_dd1t1ona1 pharmaceutical agents in the formulations of the invention may be varied

s0 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
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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Examples [00104] The present invention will be understood more readily by reference to the following
examples, which are provided by way-of illustration and are not intended to be limiting of the present
invention. Exam I((eg]: Synthesis of4-acetmn_c eth 1 dih droaen phosphate e

N-(4-(mefhy?t‘f1(?o%10 fﬁ%ﬁ%phenyl)acetamide HN [00105] To a stirred ash-ggmaﬂg%f)‘gﬁion of sodium
hydride (1.9 g; 75 49 trump in hexamethylphosphoramide (HMPA; 25 mL) cooled to 0 C, a solution of
acetaminophd§1D g; 8622 bunalingbeibiaf biMRA)Nes adoad folovulyidolaboutdittominutes. The
ash-colored st nsiaon.changed to a light-brown clear solution after 15 minut f stirring. The
reaction mixt b e L i
(7.67 g; 79 4m#irkobrpiayalowly 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 continl®Blor 3MREoREFabediBrath A ACRiETERRRISHPTIBHECE the £ HHEHARGEERNIoromethane

solvent systemh{FO7ranidkLtica gehiad Rl edinteiprtad e s34 Jambieren0.4, and 0.6,
respectively. The reaction mixture, vva% uenched with sat$r ted ammoni chLé()IEje solution (80 mL),
ek

extracted Witﬂl%’ﬁ’%?i RREHR S BB ) fﬁ%gﬁ&%?-%\xﬁf 8 W@ﬁ%ﬁ}ﬂ%’ Yiéd over sodium
sulphate anddebiyeéntréteghaaey aarmmirifectnudeftightier owrrcgnipoancnyrs spurified by washing
with hexane gﬁ x50 mL), acetonitril mL), diethyl ether (100 mL), and a white solid
N (- ety o S e e S AR B Vet
(4-acetamidcishenoRyyhes il ditserde/ip frotphiztatie0 ¢fiain with acetaminophen, followed

by prolonged treatment of pain with the acetaminophen prodrug. Such formulations

may permit a decreased dosing frequency. Alternatively, an initial dose of prodrug 1

or Il (e.g., as a low volume, high concentration dose to treat post-operative pain

and/or fever) may be followed by administration of acetaminophen to treat pain

and/or fever {e.g., after discharge from a hospital or surgical setting).

[6089] The formulations and methods described herein may be used alone or in
conjunction with {e.g., prior to, concurrently with, or after) other modes of treatments
(e.g., adjunctive therapy with additional pharmaceutical agents described herein with
reference to pharmaceutical formulations of the claimed compounds or known to the.
skilled artisan) used to treat or prevent the condition being treated/prevented and/or
administration of an additional treatment modality, or combinations of the foregone).
For example, in combination with one or more additional pharmaceutical agents as
described herein and known to those of skill in the art and/or currently available
treatment modalities, including, for example, sergery or radiotherapy. As used herein,
the term "additional freatment 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 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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BnO"OBN 0 0 0 [00106] To a stirred colorless solution of N-(4- (methylthiomethoxy)phenypacetamide
(2.5 g; 7.1 mmol) in THF (stirred with 5 g of activated 4 A molecular sieves for 15 minutes), was added
a brown colgred suspension of N-iodo succinimide (2.6 g; 10.7 mmol) followed by addition of dibenzyl
phosphate (’?’.? @Q,Oi"ﬁi%ﬁnmol) dissolved in DCM. The resulting brown c&ﬁéﬁ%&%ﬁ'ﬁ?ﬁ%ixture was
stirred at room temperature for 2 hours. Rr values of starting material, dibenzyl phosphate, and
product in meffeatiot chehlartgndethatiei dadlantlogsie nh¢S: déjwibekliEsilica gel 60 F254 (Merck)
detected at A, 254 nm were 0.6, 0.2, and 0.5, respectively. The reaction mixture was filtered with
Whatman filtBepaperdiéetheibedhdritiateivas washed with water (20 mL), extracted with
dichloromethane (50 inL), the organic layer separated, washed with 20 % sodium thiosulphate (2 x 50

mL) and 10 $9¢dium BreatstraepierRiytdse anditrrawitinmstmprited Brgiavdorated to yield the
product (1.9 gse0%yyieldeasmahronsnoQigeMisequadigend Which-waa RUtficehbyxeailent
chromatogreg;hg ﬁsili.can%el , using 5 % methanol in di.cmoromethang as an eluent.

(4-acetamid Bhé SWY t & (ffoodé’ﬁeﬁﬁ%ts%ﬁgf’étﬁ aﬁ@“@ﬁ”} o) f’fﬁ’ﬁ ﬂrTo a stirred brown
colored solu_mmveited-amt@aimphm’pofwm)eﬂ’hd adtibenzyf ﬁiacasptaat'euﬁptmgp@oﬁmym_l) in methanol (15
m). & solution,of EHOLIZ(020) N methanal (40 - Livas.added, 1 taaction miyre was taken
into a glass vesse akept at 60 psi In a Parr hydrogenator at room temperature B vallies of starting
material anddpredeistihfaciprstiariotidicHiorexnaplandspivert yetemti@obeDedreaed Bitica gel 60 F254

(Merck) detegied af-X 254 ARWEESD 8. 300:0 B ReReelisbbThe: gaala, wag,fitered through celite

and washed with methanol (3 x 5 mL). The filtrate was concentrated under vacuum to produce a
brown colore® iRy thiLsadirrarboias trerduntidg rva s gigsisedtardtok 8o mL) and diethyl

ether (30 mLhtavyirld, 36k Mg €30 Hradeldy ehRiduthanana white-snlid{malting range: 109-111 C).
1H NMR (40Q MHz, DMSO-d6): 89.82 (s, 1H), 7.48.(d, 2H, J = ,8_.8‘Hzé:€6‘.98 d, 2H, J =- 8.8 Hz), 5.43
(d, 2H. J= 105 E e & aé‘ﬁff‘“é%ﬁéﬁ%a% & HREsRegEatRiltin o Sostaridshidtxy)methyl

phosphate art, particularly in view of the teachings provided herein. Dosages may also be

estimated using in vivo animal moedels.

[06092] The amount of acetaminophen prodrug that may be combined with the
carrier materials to produce a single dosage form may vary depending upon the host
to which the acetaminophen 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.

[6093] In some embodiments, the dosage of acetaminophen prodrig required to
obtain the same blood 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 biood 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
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Na0"ONa 0 0 0 [00108] To a stirring milky suspension of (4-acetamidophenoxy)methyl dihydregen
phosphate (20 mg; 0.076 mmol) in ethyl acetate (5 mL), a solution of sodium-2-ethyl hexanoate (25
mg; 0.15 mmoal) in ethyl acetate (2 nth) was added. The reaction suspension was stirred for 3 h. The
milky suspeﬁ%‘?o‘????frlﬁ Yo a white solid after one hour, which was fiItereB?Wg%@a/%ﬁﬁ%thyi acetate
(3 x 15 mL) and ether (3 x 20 mL) to yield 10 mg (50% yield) of product as a white solid (melting

range: 206- 208u€) () Tid¥dd Bo00eM itz o DMIBD) a BB (50 L)k 414 ht{elt 2 e idk068dyz), 6.96 (d, 2H, J=
11.6 Hz), 5.26 (d, 2H, J=10.4 Hz), 1.97 (s, 3H). Example 3: Solubility of Acetaminophen Analogs

[00109] SoluBTg b bE R HbH etk e i abrut &%%%éé’ﬁ%‘%@éﬁhr‘é‘ A FR2ERGdidm salt is listed
in Table. 1. Taplecks SndubilityngfiAceityinapien Riotkugsut 10 mg/iGakite o MeEnkpaybility (mg/mL)

body weight, or within about 50 mg/kg to about 150 mg/kg body weight, or within
about 100 mg/kg to about 200 mg/kg body weight, or within about 150 mg/kg to
about 250 mg/kg body weight, or within about 200 mg/kg to about 300 mg/kg body
weight, or within about 250 mg/kg 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/ke 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/ke
body weight, about 75 mg/kg body weight, about 100 mg/kg body weight, about 125
meg/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 may be administered in divided dosage of two,

three, four, five, or six times daily.

{00951  The frequency and duration of administration of the acetaminophen
prodrug will depend on the condition being treated, the condition of the individual,
and the like, The formulation may be administered to the individual one or more
times, for example, 2, 3, 4, §, 10, 15, 20, or more times. The formulation may be
administered to the individual, for example, more than, equal to, or less than once a
day, 2 times a day, 3 times a day, or more than 3 times a day; or 1-6 times a day, 2-6
times a day, or 4-6 times a day, The formulation may also be administered to the
individual, for example, less than once a day, for example, every other day, every
third day, every week, or less frequently. The formulation may be administered over a

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
pharmacenutically acceptable carriers, adjuvants, and vehicles as desired. For

example, suitable modes of administration include oral, subcutaneous, transdermal,
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(4- acetamidophenoxy)methyl dihydrogen phosphate Water 145 Sodium (4- acetamidophenoxy)methyl

WO 2009/143295 ' PCTIES2005/044743

transmucosal, iontophoretic, intravenous, intraarterial, intramuscular, intraperitoneal,
intranasal {e.g., via nasal mucosa), subdural, rectal, gastrointestinal, and the like, and
directly to a specific or affected organ or tissue. For delivery to the central nervous
system, spinal and epidural administration, or administration to cerebral ventricles,
can be used. Topical administration may also involve the use of transdermal
administration such as transdermal patches or iontophoresis devices. The term
parenteral as used herein includes subcutaneous injections, intravenous,
intramuscular, intrasternal injection, or infusion techniques. The acetaminophen
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.

[B097] In some embodiments of the methods, the route of administration is oral.
In some embodiments, formulations are suitable for oral administration. The
acetaminophen prodrugs described for use herein can be administered in solid form,
in liquid form, in aerosol form, or in the form of tablets, pills, powder mixtures,
capsules, granules, injectables, creams, solutions, suppositories, enemas, colonic

irrigations, emulstons, dispersions, food premixes, and in other suitable forms.

[0098] Solid dosage forms for oral administration may include capsules, tablets,
pills, powders, and granules. In such solid dosage forms, the active compound may
be admixed with at least one inert diluent such as sucrose, lactose, or starch. Such
dosage forms may also comprise additional substances other than inert diluents, e.g.,
Iubricating agents such as magnesium stearate, In the case of capsules, tablets, and
pills, the dosage forms may also comprise buffering agents. Tablets and pilis can

additionally be prepared with enteric coatings.

[6099]  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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phosphate Water 160 Example 4: In vitro conversion of Acetaminonhen_protug to Acetaminophen
[00110] A known amount of acetaminophen prodrug 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! Afé/g%tféﬁﬁ 120 minutes) and analyzed for acetaminopher?) ggmé?ﬁ(.’gﬁ%'f&periment was
performed with two different concentrations of prodrug in pooled human plasma at 37 C to determine
kinetics of metabmplic, keaitaiandwhgibersar vhtgaivnatiospaissnzy matibesfsteminyolved in
conversion of prodi {0, acetaminopen, g akes place-Jt was found that cciamipophen appeared
by the time ot firet 8 ple collection at rforminal 0 mPnu%eé and thecconcentration increased over the
duration of 66gmitsutEks sistshowecinbRigurpediant® Exahsple Brikniviveddnveltion @f Acetaminophen

prodrug to Acetamingphen 001111 Gonversion of asstaminaphen,RIadriy o agataminophen through

metabolism in the body was studied In rats. Similar to experimental design described above for in vitro

studies, the deBtaRiHOPRER PO 8RR W Saritrale HutRPEdHTPRStEABIYY tRlet B8 e afiHal and blood was
drawn at predgfiaeciiimepeinisuidiabloogd was wRabzer forscRIANNRARRAILE ORISR O

acetaminophen content alone, and the half-life of prodrug was determined, [00112] The
phan-nacokiftidE FAREFRInGED ARh RhETR RO AL B R RN aTs Flerd’d\silted after intravenous
(IV) administsatigiin aepigstenieiediminenesullinguplasma atbiaminephke neandenirations.
Acetaminophen and C%Wapoun Ie\gere dosed on an e%ﬁimolar basi%'gg Blri(s)vide the same level of

0 0

exposure (25c (r)ﬁléﬁr(l&f? cetamm pahseansgr\{an {5 obtain Iggp% e Of Compo ndtor fofmula 1 conversion
in vivo to acéetkaminopden e testnahipedsvbeto grateiand femaleSheageeddawley (CD(r) IGS) rats

(Charles Riveg k;aboralg i§§)ds7s$8h8a¥"&§%653&%%9§§%%%Q%HQQ &%%&%ZQ&%‘P@JJ&&J@S were serially
bled at 7 time points: 5,15, 30 minutes and 1, 4, 8 and 24 hours post-dose. Whole blood samples (300

u.L) were coliggigdfrom thetailyeiminLihiup benalin PramneoBianglh MpeassrRfiPlasma by
centrifugation and plasma was stored frozen at -70 C until analyzed. Results of plasma analyses for

acetaminophBri OFtENE AR efowharPkigaiams sharamidon TARE S SHRARaR! &F calculated
pharmacokingtiecpa¢ametars Of afetpirinephanaiietintcay enaus atdralrisitation of compound Ito rats

intramuscuiar), include the acetaminophen prodrug at a dosage range of from about
20 mg per day to about 8§ g per day, or from about 60 mg per day to about 6 g, or from
about 200 mg per day to about 4 g, or from about 300 mg to about 2.6 g per day, or
from about 500 mg to about 2 g per day. In some embodiments, the effective amount
for parenteral (e.g., intravenous or intramuscular) administration is a dose volume of
about 200 mg to about 3 g, or about 500 mg to about 4 g, or about 750 mg to about 3
g. or about 1 g to about 2.5 g, or about 1.3 g to about 1.9 g, in about 1 mL to about 30
mL, or about 1 mL to about 25 mL, or about 5 mL to about 20 mL., or about 5 mL to
about 15 mL or about 10 mL. to about 15 mL., or about 5 mL to about 10 mkL.. In some
of these embodiments, the acetaminophen prodrug 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.

[060102] 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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PK Parameter Acetaminophen Prodrug (Acetaminophen) Mean %CV Mean %CV Dose (mg/kg) 25
NA. 25* .

WO 2009/143295 PCT/US2009/044743

polyethylene glycols.

[60103] The acetaminophen prodrugs of the present invention may also be
administered in the form of liposomes. As is known in the art, liposomes are generally
derived from phospholipids or other lipid substances. Liposomes are formed by
mono- or multilamellar hydrated liquid crystals that are dispersed in an aqueous
medium. Any non-toxic, physiologically acceptable and/or metabolizable lipid
capable of forming liposomes may be used. The present formulations in liposome
form can contain, in addition to an acetaminophen prodrug, stabilizers, preservatives,
excipients, and the like. In some embodiments, the lipids are the phospholipids and/or
phosphatidyl cholines (lecithins), natural and/or synthetic. Methods to form liposomes
are known in the art. See, for example, Prescott, Ed., Methods in Cell Biology,
Volame XIV, Academic Press, New York, NNW., p. 33 ef seqg (1976).

Examples

[00104] The present invention will be understood more readily by reference to the
following examples, which are provided by way of illustration and are not intended to

be limiting of the present invention.

Example 1: Synthesis of (4-acetamidophenoxy)methyl dikydrogen phosphate

N-(4-{methyithiomethoxy)phenyl jacetamide

YO

HN

[00105] To a stirred ash-colored suspension of sodium hydride (1.9 g; 75.4% mmol)
in hexamethylphosphoramide (HMPA; 25 mL) cooled to 0 °C, a solution of
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 methy! 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 siowly warmed to room temperature and stirring
continued for 3 hr. R values of starting material and product, in a

methanol:dichloromethane solvent system (3:97) on TLC silica gel 60 Fass (Merck)
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N.A. Half life (hr) 2.65 43.7 2.12 48.3 T. (hr) 0.139 62.2 0.083 0.00" C. (ng/mL)
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detected at A 254 nm, were 0.4, and 0.6, respectively. The reaction mixture was
quenched with saturated ammonium chloride solution (80 ml.}, extracted with ethyl
acetate (2 x 75 mL), the light-brown organic layer separated, dried over sodium
sulphate and concentrated under vacuum. The crude light-brown compound was
purified by washing with hexane (3 x 50 mL), acetonitrile (15 ml.), diethyl ether (100
mb), and a white solid N-(4-(methylthiomethoxy) phenyljacetamide product was
obtained (3.5 g, 25% yield).

(4-acetamidophenoxy,methyl dibenzyl phosphate

\fo
HN
BnO, 0OBn

o o o

[00106] To a stirred colorless solution of N-(4-
(methylthiomethoxy)phenylacetamide (1.5 g; 7.1 mmol) in THF (stirred with 5 g of
activated 4 A molecular sieves for 15 minutes), was added a brown colored
suspension of N-iodo succinimide (2.6 g; 10.7 mmol) followed by addition of
dibenzyl phosphate (3.1 g; 11.14 mmol) dissolved in DCM. The resulting brown
colored reaction mixfure was stirred at room temperature for 2 hours, Ry values of
starting material, dibenzyl phosphate, and product in methanol:dichloromethane
solvent system (3:97) on TLC silica gel 60 Fasq (Merck) detected at A 254 nm were
0.6, 0.2, and 0.5, respectively. The reaction mixture was filtered with Whatman filter
paper and the brown filtrate was washed with water (20 mlL), extracted with
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 liguid which was purified by column chromatography (silica gel), using 5 %
methanol in dichloromethane as an eluent.
(4-acetamidophenoxy)methyl dikydrogen phosphate

\[40

HN

HO, ,OH

O/‘\ol PQO

[60107] To a stirred brown colored solution of (4-acetamidophenoxy)methyl
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dibenzyl phosphate (0.4 g 0.9 mmol) in methanol (15 mL), a solution of PA(OH), (0.2
g) in methanol (10 mL) was added, The reaction mixture was taken into a glass vessel
kept at 60 psi in a Parr hydrogenator at room temperature. R: values of starting
material and product in a methanol:dichloromethane solvent system (10:90) on TL.C
silica gel 60 Fas4 (Merck) detected at A 254 nm were 0.0, and 0.5, respectively. The
catalyst was filtered through celite and washed with methanol (3 x 5 mL.). The filtrate
was concentrated under vacuum to produce a brown colored gummy mass which was
then purified by washing with pentane (2 x 50 mL) and diethyl ether (30 mL) to vield
50 mg (30 % yield) of product as an off white solid (melting rangé: 109-111°C). 'H
NMR (400 MHz, DMSO-dg): 8 9.82 (s, 1H), 7.48 (d, 2H, J=8.8 Hz}, 6.98 (d,2H, J =
8.8 Hz), 5.43 (d, 2H, J = 10.0 Hz), 2.50 (s, 3H).

Example 2: Synthesis of Sodium (4-acetamidophenoxyymethvl phosphate

\fo

HN

NaQ, ONa

0 oo

[00108] To a stirring milky suspension of {4-acetamidophenoxy)methyl
dihydrogen phosphate (20 mg; 0:076 mmol) in ethyl acetate (5 mL), a solution of
sodium-2-ethyl hexanoate (25 mg: 0.15 mmol) in ethyl acetate (2 mL) was added. The
reaction suspension was stirred for 3 h. The milky suspension turned to a white solid
after one hour, which was filtered, washed with ethyl acetate (3 x 15 mL) and ether (3
x 20 mL} to yield 10 mg {50% yield) of product as a white solid (melting range: 206-
209 °C). "H NMR (400 MHz, DMSO): 8 9.8 (s, 1H), 7.41 (d, 2H, J = 10.8 Hz), 6.96
(d, 2H, /= 11.6 Hz), 5.26 (d, 2H, J = 10.4 Hz), 1.97 (s, 3H).

Example 3: Solubility of Acetaminophen Analogs

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

disodium sait is listed in Table. 1.

Table 1: Solubility of Acetaminophen Prodrugs

Solubility
(mg/mL)

Soluie Solvent
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20.319.2 V" (L/kg) 1.48 25.0 1.52 23.1 . molar lar equivalent of 25 mg/kg acetaminophen **: all values
the same WO 2009/143295 CLAIMS
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(4-
acetamidophenoxy)methyl Water 145
dihydrogen phosphate
Sodium (4-
acetamidophenoxy)ymethyl Water 160
phosphate

Example 4; In vitro conversion of Acetaminophen prodrug to Acetaminophen

[060110] A known amount of acetaminophen prodrug 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 in pocled 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 place. It was found
that acetaminophen appeared by the time of first sample collection at nominal 0
minutes, and the concentration increased over the duration of 60 minutes, as shown in

Figures 1 and 2.

Example S: In vive conversion of Acetaminophen prodrug to Acetaminophen

[00111] Conversion of acetaminophen prodrug to acetaminophen through
metabelism in the body was studied in rats. Similar to experimental design described
above for in vitro studies, the acetaminophen prodrug was intravenously administered
to the test animal and blood was drawn at predefined time points. The blood was
analyzed for acetaminophen content or acetaminophen content alone, and the half-life

of prodrug was determined.

[60112] 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 [ 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®

1GS) rats (Charles River Laboratories), 7 to § weeks of age, weighing 220 to 270
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1.A compound of formula (I): HN HO"OH 0 0 0 (I) or a pharmaceutically acceptable salt thereof or
solvate of the foregoing. 2.A compound of claim 1, wherein the compound is a disodium salt of formula
(11: 3. A formulation comprising a compound of claim 1 or 2, and a carrier,

WO 2009/143295 PCT/US2009/044743
grams. The rats were serially bled at 7 time points: 5, 15, 30 minutes and 1, 4, 8 and

24 hours post-dose. Whole blood samples (300 ul.) were collected from the tail vein

in lithium heparin microcontainers, processed to plasma by centrifugation and plasma

was stored frozen at -70 °C until analyzed. Results of plasma analyses for

acetaminophen content are shown in Figure 3 and Table 2,

Table 2: Summary of calculated pharmacokinetic parameters of acetaminophen after
intravenous administration of compound I to rats

PK Acetaminophen Prodrug (Acetaminophen)
Parameter Mean %CV Mean %CV
Dose (mg/kg) 25 N.A. 25% N.A.
Half life ¢hr) 2.65 437 2.12 48.3
Twax (hr) 0.139 62.2 0.083 0.00%*
Canax (ng/ml.) 26467 22.8 30917 I1.5
AUC(}-S

(hreng/mL) 24300 33.6 21233 20.7
Clearance

(mL/min/kg) 19.5 40.5 20.3 19.2
Ve (Likg) 1.4%8 25.0 1.52 23.1

*: molar equivalent of 25 mg/kg acetaminophen **: all values the same
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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 I. or 2, and compound selected from the group consisting of an
opioid, non-sterdi gllé%ztgéinflammatory drug (NSAID), benzodiazepine, aﬁgﬁgr%ﬁﬁ?gi‘é?f A
formulation comprising a compound of claim 1 or 2, and a compound selected from the group
consisting of €bddi&, morphine, hydrocodone, hydromorphone, levorphanol, aspirin, ketorolac,
ibuprofen, naproxen, caffeine, tramadol, dextropropoxyphene, methylhexital, diazepam, lorazepam,
midazolam, propoxyphene, ketoprofen, flurbiprofen, etodolac, diclofenac, misoprostol, meloxicam,
piroxicam, doxylamine ApEAEBHMOE¥BEEYOdol, and butalbital. 8. A substantially pure form of the
compound of claim 1 or 2. 9. Use of a co&ggmmd according to any one of claims 1 or 2 in the
manufacture of a medicament for treating a disease or condition that is responsive to acetaminophen,
wherein the use comprises administration%mvid%of&q effective amount of said compound.
10. Use of a formulation of any one of claims the.manufacture of a medicament for treating a
disease or condition that is responsive to acetamino%her?, th@use comprises administration to an
individual said formulation. 11. The use according t@)claim 9 or 10, wherein disease or condition is

selected from the groug,GaRSISHNG. Al RN 5bi@f4%%?émri§gl@§@i§f%%Jfgre%@% euronal injury.

12. The use according to any one of claims 9 or 11, wherein the compound is tobe ddministered

parenterally. 13,The Uﬁecaﬁ&!étﬁi@gfté}éﬂﬁim&ﬁer@ih%@iébmaoﬁﬁm@%%%m ba.agministered
intravenously. 14. The use according to claim 12, wherein the compound is to be administered

intramuscularly. formula (11):
YO
HN _2Na”
070
(1)
3. A formulation comprising a compound of claim 1 or 2, and a carrier.
4. A formulation comprising an effective amount of a compound of claim 1

or 2, and a pharmaceutically acceptabie carrier.
3. 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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15. The use according to claim 12, wherein the compound is to be administered subcutaneously. 16.

The use accorging toany.e0e AfelAImS,2 0115, Wherein the, dasage ofthe.compound is about 300

mg to about 2.6 g. 17. The use according to claim 16, wherein the dosage of he compound is about
1.3 g to about 1.9g. 18aMKeqists atesrditepmoasiain Teong 2 dnvareinTtbrngblomédfithe dosage is

about 1 mL 10 about £ Mk DEHHAFANA MRS 18 WNFIRNENRIMERiSh e dosade is

about 10 mL to about 20 mL 20. The use according to claim 18, wherein the volume of the dosage is
about 1 mL to about 20 mdivigaaitHeansslacewrdinguot claind eoib@rsn the volume of the dosage is
about 5 mL to about 10 mL 22. The use according to any one of claims 16-21, wherein the dosage to

be is administgred merg thanieRae&©a 23y Uhe UEEIAGCOLdING taanvAnsalkelgims 16-21, wherein
the dosage to be is administered once every other day or less. 24. A compound of claim 1 or 2 or a

pharmaceutically accBStipte8akier $EvaRg BriRersdging TorUBat 45 8SREIEent. 25. Use of one

or more compounds gf&laithd kR HARhasmpreslisahAgeaniabicsalidResaaf gigolvate of the
foregoing for the manufacture of a medicament for the treatment of pain, fever, inflammation, ischemic

injury, or neuronal injéfymulation.
11. The use according to claim 9 or 10, wherein disease or condition 1s
selected from the group consisting of pain, fever, inflammation, ischemic

injury, and neuronal injury.

12. The use according to any one of claims 9 or 11, wherein the compound is

to be administered parenterally.

13, The use according to claim 12, wherein the compound is to be

administered intravenously.

14, The use according to claim 12, wherein the compound is to be

administered intramuscularly.

15. The use according to claim 12, wherein the compound is to be

administered subcutaneously.

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

the compound is about 300 mg to about 2.6 ¢.

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

about 1.3 g to about 1.9 g.

18. The use according to ¢laim 16 or 17, wherein the volume of the dosage is

about | mL to about 25 mL..

19, The use according to claim 18, wherein the volume of the dosage is about
10 mL to about 20 mL.
20. The use according to claim 18, wherein the volume of the dosage is about

t mL to about 10 mL.



26. Use of a compound of claim 1 or 2 or a phallzaceutically acceptable salt or solvate of the foregoing
for the treatment of paip, fever.ifiammation iSeheRcinNE OLARWPAR! dBIURE RatBusit for the
treatment or prevention of pain, fever, inflammation, ischemic injury, or neuronal injury, comprising a
compound of claim 10n;iariesttiétibns 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, ischemijg,inju&aRbREREQBALINIMEY oEeMmpKiSING A formidatian abae anseokclaims 3-7;
and instructions for use in the treatment or prevention of pain, fever, inflammation, ischemic injury, or
neuronal injury. 29. ARNSRIGERGH BB C8RtAREH: foimulation comprising a compound of claim 1 or
2 and a pharmaceutically acceptable carrier.

23. The use according to any one of claims 16-21, wherein the dosage to be is

administered once every other day or less.

24, A compound of claim 1 or 2 or a pharmaceutically acceptable salt or

solvate of the foregoing for use as a medicament.

-]
SJa

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 mjury, 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.  Alow volume/high concentration formulation comprising a compound of

claim 1 or 2 and a pharmaceutically acceptable carrier.



