WD 03/ 057153 PCT/ US02/ 41468 AQUEQOUS BASED PHARMACEUTI CAL FORMULATI ONS OF
WATER- SCLUBLE PRODRUGS OF PROPOFOL CROSS REFERENCE TO RELATED APPLI CATI ONS
[ 01] Thi swapgslasessi on cl ai ns benefit under 35 U . S.C.  119(m)T/vm2/d1488
provi sional application 60/342,755, filed Decenber 28, 2001, the
di scl osure of which is incorporated by reference inits entirety. FIELD OF
THE | NVENTI ON [ 02] The present invention is directed to aqueous based
formul ati ons of water-soluble prodrugs of propofol. BACKGROUND OF THE
| NVENTI ON [ 03] The successful delivery of a pharmaceutical to a patient is
of critical inportance in the treatnent of disorders. However, the use of
many clinical drugs_w th known bioacti r rti isJdmted by the
drugs' very | ow é@ﬁ% %ﬁﬁPtP A@MA&@%%@% %EQ%$ E;%sol ubility,
many drugs often are fOYATFRSOFUBLERQRYESO ti cal vehicles,
including surfactants. Such surfactants have been shown to |lead to severe
si de ef f ecCROSS REAFRIAICE RRELARED ARBLIATONS safety of these drugs and
therefore the treatnent of several disorders. [04] Propofol
(2, 6-diisopropyl phenol or DIP) is a | ow nol ecul ar wei ght phenol_  derivative
that is wi @y Usiecippiicationypimat beneht vadedaSi VS -Ggénitldedio {Lhe r erowisiond
adm ni stration in the induction and mai ntenance of anesthesia or sedation
in humans apylicatiom 606342, 75Anflad) Ditembas 2, D0 e digclaspief iwhichds ingprpasaiedt het i ¢
drug are: adm nistration via the WO 03/057153 PCT/ US02/ 41468

by reference in its entirety.

FIELD OF THE INVENTION

[02] The present invention is directed to aqueous based formulations of water-soluble

prodrugs of propofol.
BACKGROUND OF THE INVENTION

[03] The successful delivery of a pharmaceutical to a patient is of critical importance in
the treatment of disorders. However, the use of many clinical drugs with known bioactive
properties is limited by the drugs’ very low water solubility. As a result of low water
solubility, many drugs often are formulated in co-solvent pharmaceutical vehicles,
including surfactants. Such surfactants have been shown to lead to severe side effects in
humans that limit the clinical safety of these drugs and therefore the treatment of several

disorders.

[04] Propofol (2,6-diisopropyiphenol or DIP) is a low molecular weight phenol
derivative that is widely used as a hypnotic or sedative agent for intravenous
administration in the induction and maintenance of anesthesia or sedation in humans and

animals. Among its useful characteristics as an anesthetic drug are: administration via the



i ntravenous route, rapid onset and of fset of anesthesia, rapid clearance,
and a side-effect profile that nakes it preferable to other injectable
anest het iwe,0398mk3 as barbiturates. [05] The use of i nject orasanesthet i c
agents generally, and of propofol specifically, in the induction and

mai nt enance of general anesthesia has gai ned w despread acceptance in
anesthetic care over the last 15 years. Intravenous anesthesia with
propof ol has been described to have several advantages over preexisting
met hods, such as nore readily tolerated induction, since patients need
have no fear of masks, suffocation, or the overpowering snell of volatile

anesthetics; rapid and predictabl e.recovery:.readil adj € pt h of
anest hesi a“Wvﬁ‘gl“ﬁgﬁt%égffl‘ﬁgnsle{/arlbﬁlocgf@eto? %F%%dgﬂ‘ab{a? 4 Cleagnes ai%%tél% gﬁe(g%&of
adverse reactjons as conpared to jnhal ation est hetics; .and decreased
dysphor i a, PrEtie gt makes g P&%?FF‘%FFPgD N erRlo s et’f"P’c?H‘fheﬁ?}é{bﬁ 2% (Padfiel d
N. L., Introduction, H story and Developnent, in: Padfield NL (Ed.) Ed.,

Total Intr no Anest.hesi.a, Butterworih {.heman ford. ).. [061 In
addi ti on tiﬁlﬁ t s@"eﬂ%ﬁ‘? e%fﬁ@e 5‘??8@“6’%?%“’8&&6?@% Fnr%?ﬂ%r%%g?l ﬁ?%%ﬁga%g’a%*ge of

ot her biological, and, nmedi cal applications. For ex e, it has been

epor ted. ¢ daduon i Megisatics of REEH M e e iR MeetdiedPlniER 1 ogs)
239), an anti-epileptic ;Chilvers C's@ﬁ Lauri e E.S.,Tﬁnestﬁggja 45 (1990)
995). and &nesthistie e Vet the lasddgeats: efatrayenous gysatesiioWith PEROIOr day bedo) 510) .
Anti-enmetic and anti-pruritic effects are typicall obigrved at dil

sub- hypnot idgscaibed & hpveeseverpl priyamasssiyer REgrising PGP Spehpts @y roadily
concentrations |ower than those required for sedati on or_anesthesi a.

Anti - epi | epeletstedcimilydtiop, siaee pHEntst pred havame, foag obpasks sy EBeAUP Y O ithfer range
of plasma concentrations (Borgeat et al., Anesthesiology 80 (1994) 642).

I't has furtovepowesne speldifatadalile aestistiey orpiH, andyarofigtaplestecaysty: oserdant

properties in biological systens, may be useful in the treatnent of
adjustable depth of anesthesia by adjusting the IV dose of propofol; a lower incidence of

adverse reactions as compared to inhalation anesthetics; and decreased dysphoria, nausea,
and vomiting upon recovery from anesthesia (Padfield N.L., Introduction, History and
Development, in: Padfield NL (Ed.) Ed., Total Intravenous Anesthesia, Butterworth

Heinemann, Oxford 2000).

[06] In addition to its sedative and anesthetic effects, propofol has a range of other
biological and medical applications. For example, it has been reported to be an anti-
emetic (McCollum JSC et al., Anesthesia 43 (1988) 239), an anti-epileptic (Chilvers C.R.,
Laurie P.S., Anesthesia 45 (1990) 995), and an anti-pruritic (Borgeat et al,
Anesthesiology 76 (1992) 510). Anti-emetic and anti-pruritic effects are typically
observed at sub-hypnotic doses, i.e. at doses that achieve propofol plasma concentrations
lower than those required for sedation or anesthesia. Anti-epileptic activity, on the other
hand, is observed over a wider range of plasma concentrations (Borgeat et al.,
Anesthesiology 80 (1994) 642). It has further been speculated that propofol, due to its

antioxidant properties in biological systems, may be useful in the treatment of
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-2 WD 03/057153 inflammtory conditions, especially inflammtory conditions
wWth a respiratory conponent, and in the treatnent of neuronal danage
rel at ed twomawsadegeneration or trauma. Such conditions &cCa/Uselitweed to be
associated wth the generation of reactive oxygen species and therefore
anenable to treatnment wth antioxidants (see, e.g. U S. Patent 6,254, 853
to Hendler et al.) [071 Propofol typically is fornmulated for clinical use
as a oil-in-water enmulsion. The fornulation has a limted shelf-life and
has been shown to be sensitive to bacterial or fungal contam nation, which
has led to instances of post-surgical infections (Bennett S.N. et al.,

NEng. JMed 333 (1995) 147). Due taq the,dense, white color of th
fornulatioﬁﬂﬁmﬁﬁﬂW@rPﬁth%mfEﬁﬂﬁﬁﬁéoHﬁ%ﬁ?ﬁ%@?oﬁo%%ﬁﬂﬁt“”é 3e€%@§%8m%y
vi sual inspection of the vial in the figat i nstan e.ﬁk08& Not Pnl is
proponol p&emPocRhiaad 18 She, fpamen f peprogpl darpagg e teaaﬁ’ WPIFERRIT Fﬁnegrt i on
site, which nust often be alleviated hy using a | ocal anesthe%ic ‘Dol in
S.J., Drugdtaama Syshaongditiencogy,beligved o boassqoiaied with the ggempon Qf fRGYfous
Anest hesia, Butterworth Heinemann, Oxford 2000). Due to its for gation in
a |ipid emexsgennspesies andhthegpferp spenablelin featfoent WEh apdoxidaals (% G raf{l d with
undesirabl e hypertriglyceridema in patients, especially in patients
recei vi ng Pathomg®e83re Benderet glPul t on B. and Sorkin E.M, Drugs 50
(1995)636). Its fornmulation as a lipid enulsion further makes it difficult
to co-adm nister other 1V drugs. Any physical changes to the forpulation,
such as a' [®Hangeorofol (tynisadly igtogprlated dorsdinicalpse) a8 RP1HE- ety 9, Thie
phar macol ogi cal properties of the drag and cause side effects, such as
| ung enbol ifemmlation has a limited shelf-life and has been shown to be sensitive to bacterial or

fungal contamination, which has led to instances of post-surgical infections (Bennett S.N.

et al., N Eng. J Med 333 (1995) 147). Due to the dense, white color of the formulation,

bacterial or fungal contamination cannot be detected by visual inspection of the vial in the

first instance.

[08] Not only is propofol poorly water soluble, but it also causes pain at the injection
site, which must often be alleviated by using a local anesthetic (Dolin S.J., Drugs and
Pharmacology, in: N. i’adﬁeld, Ed., Total Intravenous Anesthesia, Butterworth
Heinemann, Oxford 2000). Due to its formulation in a lipid emulsion, its intravenous
administration is also associated with undesirable hypertriglyceridemia in patients,
especially in patients receiving prolonged infusions (Fulton B. and ‘Sorkin E.M., Drugs 50
(1995) 636). Its formulation as a lipid emulsion further makes it difficult to co-administer
other IV drugs. Any physical changes to the formulation, such as a change in lipid
droplet size, can lead to changes in the pharmacological properties of the drug and cause

side effects, such as lung embolisms.

[09] It has further been reported that the use of propofol in anesthesia induction is
associated with a significant incidence of apnea, which appears to be dependent on dose,
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[091 It has farther been reported that the use of propofol in anesthesia

i nduction is' associated with a significant incidence of apnea, which
appear s twolg/sapendent on dose, -3 WO 03/057153 PCT/ USOPCAAS684146%t € oOf

i njection, and pre-nedication (Reves, J.G, Gass, P.S A, Lubarsky D. A,
Non- barbiturate Intravenous Anesthetics. In: RD. Mller et al., Eds,
Anesthesia. 5 Ih Ed. Churchill Livingstone, Philadel phia, 2000).
Respiratory consequences of adm nistering anesthetic induction doses of
propofol, including a reduction in tidal volune and apnea, occur in up to
83% of patients (Bryson et al., Drugs 50 (1995) at 520). Induction doses of
propofol are al.so.

nown o hav. ked pot ens fec [ is dose-

and pIasna’a@dﬁegﬁéthWﬁtpﬁgﬁﬁﬁﬁgﬂ$féﬁﬁ%égxe?ﬁgﬁaaggﬁgggfﬁk%ﬁﬁﬁhéggtension
associ ated wifh pe pl as | evel s _af i d bol i nj ecti.on.f. propof ol
somet i mes rl?é’éiéﬁ‘ﬁr%’éa]%ﬁ@"eﬁg’ég f’esg’@fﬂ?ft B #ﬁ% Weﬁsfitdﬁ" ;@ﬁp‘gk%&’eflﬁes br8aki ng- up
of the induction_ bolus dose .into several smaller increnen .doses.
Further, t Hehusehll Livipgstpopobhilsdelniaotfif) RASAEAIYY Sonsearensss Ott)%*‘?}gls’ieﬂ%ct i on
doses renders propofol suitable faor only brief nedical procedures. For al
the above raagbtis ingictomeenes phpropeipl Eciiginehisfeiiiondn fidyahee B BBAst hesi a
must nornmally be adm nistered in an inlgatient sett%gﬁ under the
super vi si orPcelr inHp sn¥3 AEeAtisnts Brason e4pld Drpgs W L8R @by dbrediondeissehpr i at e
for use by non-anesthesiol ogists in an anbulato&y or day case_setting.
[101 I n addiropadel aroalse knaygetoihavd napadked brpoiensivasiipctewhipl is dose- apdalebg| a,
propofol has been used successfully as a sedative to acconpany either
| ocal or rewhomahticmépeintssi Raves etcdnsepods Thatlyentession pssodaterhpith geak
properties have also been exploited in diagnostic procedures that have an
unsettling @ishecteveln aftensapid bslupanjeaionsof puwpdfohsoneinniosanisy the use of

controlled infusion pumps or the breaking-up of the induction bolus dose into several

smaller incremental doses. Further, the short duration of unconsciousness caused by

bolus induction doses renders propofol suitable for only brief medical procedures. For all

the above reasons, propofol for induction and/or maintenance of anesthesia must normally

be administered in an in-patient setting under the supervision of an anesthesiologist, and

is often considered inappropriate for use by non-anesthesiologists in an ambulatory or day

case setting.

[10] In addition to its use in induction and maintenance of anesthesia, propofol has
been used successfully as a sedative to accompany either local or regional anesthesia in
conscious patients. Its sedative properties have also been exploited in diagnostic
procedures that have an unsettling effect on conscious patients, such as colonoscopy or
imaging procedures. Propofol has also been used as a sedative in children undergoing
diagnostic imaging procedures or radiotherapy. A recent development is that of patient-
controlled sedation with propofol. This technique is preferred by patients and is as

effective as anesthesiologist-administered sedation.



i mgi ng procedures. Propofol has al so been used as a sedative in children
under goi ng di agnostic imagi ng procedures or radiotherapy. A recent

devel opmew0D 0B®5tihat of patient- controlled sedation wth pcopshoki46dhi s
technique is preferred by patients and is as effective as

anest hesi ol ogi st-adm ni stered sedation. -4 WO 03/057153 PCT/ US02/ 41468

[111 Conpared with the widely used sedative m dazol am or other such agents,
propofol provided simlar or better sedative effects when the quality of
sedation and/or the anmount of tinme that patients were at adequate |evels
of sedation were neasured (see Fulton B. and Sorkin E.M, Drugs 50 (1995)
636). The f er.recovery.apd siyglar .or .l ess . esi a |, at jth

pr opof ol maﬂit i omparey ﬁtgc{iﬁev‘gldgﬁyt gief ao0gree B oa?mﬁ%rrn e a%lp\%{éés%l, et
particularly for patients .requjring onl hort. sedati on. ver ecause
of the pot e%‘f’?‘gjél gr%‘rde‘ﬂ?ﬁ% g‘p%’?ﬁtgﬁgeéilaté‘é%%%cﬁt‘g&“\?‘ﬁ? ﬂua?%og%\ﬁﬁgﬁltdnpr%pof ol
formul ati on, and the devel opnent of tolerance t i#as. sedative effects, the
usef ul ness ©f BPEBHT GIme Bat naents Fee attég‘ﬂf*?tie ﬁf@}'e}sdﬁﬁ% toR FEH PR (Pess wel |
established. For_ all the reasons qgi ven ahove, there exists . a c¢linical need
for aqueoustuliopdbpad Perkimli- M- [ies %*(13%51)&3 ) nihe desip reeo vy a?%?‘@@?rmréeséedati ve
or hypnotic agents. [121 The devel opnment of water sol uble and stable
prodrugs of apresisosenciateghyvith prapofel aakes Fe #tHaqve altpmpys tOGQt%LﬁF‘g%l‘YGSP 0
Stella et al., has nade it possible to address these heretofore unnet
needs, and pastiesasiyoforpatisats peamitrgcalit shersedptiornHagewr.drecaise ahthe setgntial
propofol -prodrug in the induction and nai ntenance of sedation and

anest hesi a fon hpeerlinidamia assqeiated wirl theeprret pronsfe) fersmationApd e dsielepmenér  f r om
propofol in that the 1-hydroxy-group of propofol is replaced with a
phosphonooxgfteletapte wtitseedative effects, the usefulness of propofol for patients requiring longer

sedation is less well established. For all the reasons given above, there exists a clinical
need for aqueous, stable formulations of safe, injectable, or infusible sedative or hypnotic

agents.

[12] The development of water soluble and stable prodrugs of propofol, which is
described in U.S. Patent 6,204,257 to Stella et al., has made it possible to address these
heretofore unmet needs, and to explore the pharmaceutical advantages of an aqueous
propofol-prodrug in the induction and maintenance of sedation and anesthesia in patients.
The prodrugs of the present invention differ from propofol in that the 1-hydroxy-group of

propofol is replaced with a phosphonooxymethyl ether group:
o

\ O Z*
A
/‘f 0z
OH o
Propofol Prodrug

(Z = Hydrogen, alkali metal ion, or amine)
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O Z+ OH O Propofol Prodrug (Z = Hydrogen, alkali nmetal ion, or amne) -5
WO 03/ 057153 While not wanting to be bound by theory, the prodrug is
bel i eved wo oatnsiasyyo hydrol ysis by endothelial cell _surfaeeTalSkaiisne.
phosphat ases to rel ease propofol. [131 Propofol currently is fornul ated as

an oil-in-water emul sion. For exanple, US. Patent 6,177,477 to George et
al. describes a sterile pharnmaceutical conposition of propofol for
parenteral admnistration conprising an oil-in-water enulsion in which

propofol is dissolved in a water-imm scible solvent and is enulsified with
water containing trometham ne as a preservative. The preservative is said

to be pres L n an anmpunt, sufficient to event -an Lanlf owt h of
m cr oor gani l? gt ‘ﬁ?ntlflgg%?e B%mdﬁ)ggfrleso p ﬁhetl?"{g&g%gsgl?ehg ééetéturg?éﬁéé féﬁﬂ&y%
cont am nation. Becauys ropofol.is fornulated as _an mul sion, it is

df fficult aWoen&%tg‘éﬁTB%E%trég‘? %l?aa\]ﬂﬁplbotsﬁl&’asasﬁﬁé‘geatsf)pmgfo ‘ornul ation, as

physi cal changes to the fornulation, such as an increase in oil droplet
size, can |@ad tRopdfslGurrendyodsifsimladd a3tanalil-inorgpdri caaildi@nsFor[ekddplet Uoul d be
desirable to devel op a room tenperature-stable, aqueous-based fornulation
for wat er - S| €1 174001 tid 0GedRfe BI Bl Abkibese s petilélphytmacduticalldoadpositiort bfit does

not require potentially toxic co-solvents or the use of surfactant. BRI EF
SUMVARY OF dibffo fbINFENDakddéral administration comprising an oil-in-water emulsion in which
propofol is dissolved in a water-immiscible solvent and is emulsified with water
containing tromethamine as a preservative. The preservative is said to be present in an
amount sufficient to prevent any significant growth of microorganism for at least 24
hours in the event of extrinsic contamination. Because propofol is formulated as an
emulsion, it is difficult and questionable to add other drugs to the formulation, as physical

changes to the formulation, such as an increase in oil droplet size, can lead to lung

embolisms or other complications.

[14] It would be desirable to develop a room temperature-stable, aqueous-based
formulation for water-soluble prodrugs of propofol, especially a formulation that does not

require potentially toxic co-solvents or the use of surfactant.
BRIEF SUMMARY OF THE INVENTION

[15] The present invention is directed to aqueous-based pharmaceutical formulations of
water-soluble prodrugs of propofol. The pharmaceutical formulation comprises in an
aqueous medium a therapeutically effective amount of a compound represented by

Formula I: -
A oz

_P

)O 0 z*
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[ 151 The present invention is directed to aqueous-based pharnaceuti cal
formul ati ons of water-soluble prodrugs of propofol. The pharnaceuti cal
formul at iwo 0soAs3 ses in an aqueous nedi um a therapeuti c&Ciryuset/ines i ve
anount of a conpound represented by Formula 1: 0 "\ 0 zZ+ O ~\ - 0) 0 zZ+
-6 WD 03/ 057153 PCT/ US02/ 41468 wherein each Z is independently sel ected
fromthe group consisting of hydrogen, alkali netal ion, and am ne, and an
ef fective anount of an antioxidant. The pharmaceutical formulation may

al so contain other conponents, such as a tonicity nodifier and/or a

buffer. [16] According t o anot her enbodi nent of the present invention, an

aqueous- basgfl.if QLU ééaiﬁ,tagpe%%@@i 3@ B LEBIhY SoMRD or RlardeciolR gynd of

Formul a |, an antT oxXi the

conpound of F mul a | resen the far t 1S . SU Qﬁ%
commoun o 3 ) 0 el A e

hysi ol ogi £1 ui d f d f I
are part ?'cufawlgﬁ‘ciys%% Hels Ph7caRn Ty durt Bne oD PRVRGH Ak

preferably a buffered to a pH suitable for mnimzing degradation of the
prodrug dur 79 é%storage. The formul ati ons can be prepared wthout the use
of harnful co-solvents or surfactants, and are stable at roomtenperature
over extendgd] pedcodgofo #doffRr embodiment of the present invention, an aqueous-based
formulation comprises an effective amount of a compound of Formula I, an antioxidant,
and optionally a buffer. The amount of the compound of Formula I present in the

formulation is such that the tonicity, i.e., osmolality, is essentially the same as normal

physiological fluids.

[17] Preferred formulations of the present invention are particularly useful as
intravenous injections. The formulations preferably are buffered to a pH suitable for
minimizing degradation of the prodrug during storage. The formulations can be prepared
without the use of harmful co-solvents or surfactants, and are stable at room temperature

over extended periods of time.
DETAILED DESCRIPTION OF THE INVENTION

[18] The pharmaceutical formulations of the present invention comprise in aqueous
medium, a therapeutically effective amount of a water-soluble prodrug represented by

Formula I:



DETAI LED DESCRI PT10N OF THE I NVENTI ON [ 181 The pharmaceuti cal fornul ations
of the present invention conprise in aqueous nedium a therapeutically

ef f ect i vewarmmostisdf a wat er-sol ubl e prodrug represented byCTRspMul4e8 L 0 "0
0 Zz+ 0) -7 WD 03/057153 PCT/ US02/ 41468 wherein each Z is independently
selected fromthe group consisting of hydrogen, alkali netal ion, and

am ne, and an effective anount of an antioxidant. The aqueous-based
formul ati ons may al so contai n other conmponents, such as a tonicity nodifier
and/or a buffer. [191 Methods for synthesizing the derivatives of Formula
| are described in U S. Patent 6,204,257 Bl, the disclosure of which

ner oby 15, BRALAYLA! 9, ACLELESRRoR (P UE TR SORRERBILALYe,
structure OIne%gF 5o%h I ar'n%nleugncf a gﬁec{? 91 0u19 (%_ 1 _a._n_tlb}ptdant 'f‘he%eo%g-%as{&ag]e The

rel ative anoun e prodrug in Fofmil ation can vary

r Sgg? it Segfe PW@QBO]}%&%WV I’S(I) 001¥ta1n otlfle?'cc%r%rpgneln SC lSIJll{! gd Q)Ifll}Cllyn%tIOCflflier and/or tao the

buffer.

[19] Methods for synthesizing the derivatives of Formula I are described in U.S. Patent
6,204,257 B1, the disclosure of which hereby is incorporated by reference in its entirety.
A representative example of a compound of Formula I is O-phosphonooxymethyl-

propofol, the structure of which is illustrated below:

[20] The relative amount of the prodrug in the formulation can vary over a wide range
depending on a variety of factors including but not limited to the identity of the prodrug,
the bioactivity of the parent drug for a particular disorder being treated, and the intended
mode of administration. The relative amount of the prodrug in the formulation most often

ranges from about 0.5 to about 20% (w/v), more usually from about 1 to about 10%.

[21] Any pharmaceutically acceptable aqueous medium, such as water of sufficiently

high purity, may be used in the formulations of the present invention.

[22] The antioxidant prevents or reduces oxidative degradation of the prodrug into
poorly water-soluble compounds. The prodrug is believed to be converted to DIP by

aqueous hydrolysis or by enzymatic processes in the blood. DIP in turn is converted to

-8-



the bioactivity of the parent drug for a particular disorder being treated,
and the intended node of adm nistration. The relative anount of the
prodrug iwotohesfiss nul ati on nost often ranges from about ®@C3H/uso2/ataetit 20%
(wv), nore usually fromabout 1 to about 10% [211 Any pharnaceutically
accept abl e aqueous nedium such as water of sufficiently high purity, may
be used in the formulations of the present invention. [221 The anti oxi dant
prevents or reduces oxidative degradation of the prodrug into poorly

wat er - sol ubl e conpounds. The prodrug is believed to be converted to D P by
aqueous hydrolysis or by enzymatic processes in the blood. DIP in turn is

converted tg V0 é&?&&éeé qgs{[%y%ﬁyﬂalg@%ong%y ah QAL EL auge%%aaﬁetﬁmg ggnone

and hydr oqui'none oXi I've proc three of gui none, and
hydr oqui no re oorI wat er - iab he
formation gﬁnﬁ séﬁbglJang%uP am eg@%%éwt?éﬂﬁi ﬁ%ﬁ%’ é#éﬁ?éyﬁﬂﬁéﬁé
aqueous- bas fornulatlon becau e even ow._caoncent r tlons

ﬁﬂﬂ?t{ F & &

conpounds i Ol O, &1 Fs809c 8F OO oV HRES? %ﬁlﬁtﬁoglﬁ oG el™ ¢ |eneaquefoﬁe %S(e) ution
becones haz q ventuaII artlcles for 231 Th ant i oxi dant Fhould be
present in éfm‘ll eéia“r?F ﬁY‘f?ﬁ% %‘?‘rﬁﬂ?ﬁeﬂt{aﬁ’ﬁfls 311?68 Fefaroun oWB’aftéld‘ﬁ PY SR

oxi dative de tion_of fhe wat ubl e, prodr.a ere . partlcular
naxinun1con@ EFPBn Oygyitasmiie sl gﬁ eﬁWp§%W8Wﬁ3Pm@ﬂ§ ﬁﬁPioxidant in

t he aqueous fornul ati on nost often ranges fromabout 0.1 to about 1% (W v) .
During man ct , .th ion ed with n| en to reduce
the 1 evel ol < e sBRHY e BBssre AT KR T GTHEE, FBfint R B i 1o
provi des protectlon agai nst .oxidative egradati o [24@8A V, rlet
DreT ox! dant S SRR S hCPBIR Bhovir sohbleprdmy THUSI 1o, The
particul ar anti oxi dant used can be suitably_sel ected |n:?ﬁcorda%ce mnth
such fact orRarticular maximum concentration contemplated.” The concentration of the antioxidant in
the aqueous formulation most often ranges from about 0.1 to about 1% (w/v). Dunng
manufacturing, the solution may be sparged with nitrogen to reduce the level of dissolved

oxygen present in the formulation, which also provides protection against oxidative

degradation.

[24] A veriety of antioxidants may be used in the formulations of the present invention.
The particular antioxidant used can be suitably selected in accordance with such factors
as the particular prodrug(s) present in the formulation. Non-limiting examples of
antioxidants include monothioglycerol, glutathione, citric acid, ascorbic acid, sodium
metabisulfite, and sodium sulfite. EDTA, a metal chelator, provides protection from

catalytic oxidation of phenols.

[25] Because preferred formulations are intended for parenteral administration, it is
preferable to make up solutions such that the tonicity, i.e., osmolality, is essentially the
same as normal physiological fluids in order to prevent post-administration swelling or
rapid absorption of the composition because of differential ion concentrations between
the composition and physiological fluids. If needed, a tonicity modifier is present in a

9.



as the particular prodrug(s) present in the fornmulation. Non-limting
exanpl es of antioxidants include nonothioglycerol, glutathione, citric
aci d, ascwobsosasd d, sodium netabisulfite, and sodiurn s®Ciuse2/4HETA, a
metal chel ator, provides protection from catalytic oxidation of phenols.
[ 251 Because preferred fornul ations are intended for parenteral
admnistration, it is preferable to nake up solutions such that the
tonicity, i.e., osnolality, is essentially the sane as nornal
physi ol ogical fluids in order to prevent post-admnistration swelling or
rapi d absorption of the conmposition because of differential ion

Condeq. "t SampREkIRGmt O ROIBARI B3 RAGPINRONAGE BRI Bas ) 11 46e

needed, a tonicity nodifier Is present - in

sui tabl e anpypt yblah, GBS ASERhAIES BAPE SANSH bhetl bibgidlpy it Wi th

the aid of no nore uti ne experinen I on. e anount of
tonicity nodifjer used Jost. 0 n_ranges, fr qut 0. Q.about ..1% (W v).
The. parti curise! Sl eres BanreRL DT g B e (BT, AR Rals WP L o

t he present i nventjon. n-limt.in xanpl es. of . suitahl e .tonici

o £ ere i AL dok lical ot aPictie 96 i diReR nfisol NoROShe BRRAor 1 de,
dextrose, and, potassium chl oride. 6] .The of .the.forpulatio ref erably
S i nt ai nateDE BRab S R ipelide st Gtk 6PRS By Rt i eiain GHoBES T com
tenperature.. I n nos caseguﬁmgggtable p~I is fromabout 7 to about 10, and

preferably dextipse, pRdipgtassy The sol ution may be buffered using any
standard buffer effective in the pH range of 7-10, e.g., carbonate,

R DN R S T ERTAL A

TRIS. The a%?%jhrétfor?r{ula %Ilfate{roonme‘%gl%gra{u%. {nhringst cases a suitable pH is from about 7 to
about 10, and preferably is at least about 8.5. The solution may be buffered using any
standard buffer effective in the pH range of 7-10, e.g., carbonate, phosphate, borate, or
glycine.  One preferred buffer is tromethamine (2-amino-2-hydroxymethyl-1,3-
propanediol), also commonly referred to as TRIS. The amount of buffer needed for this

purpose most often ranges from about 10 to about 25 mmol.

[27] Other components may be present in the formulation. For example, in the case of
a multi-dose vial, a preservative may be included, such as benzyl alcohol. The
formulation also may contain co-solvents such as polyethylene glycol (PEG 200, PEG
400), propylene glycol, and/or ethanol. Concentrations of the co-solvents can vary over a

wide range, most often from 0 to about 20%.

[28] The formulations of the present invention may be administered via any suitable
route of administration. Formulations for intravenous injection may be packaged, for
example, in a glass vial, in a pre-filled syringe, or in an ampoule. The formulations may
be administered with standard IV diluent solutions, e.g., DSW, normal saline, or Lactated

Ringer’s solution.
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pur pose nost often ranges from about 10 to about 25 mmol. [271 O her
conponents may be present in the fortnulation. For exanple, in the case of
a nmulti-dwee3mwsab3 a preservative nay be included, such a®Charsayhi4es cohol
The fornulation also may contain co-solvents such as pol yethyl ene glyco
(PEG 200, PEG 400), propylene glycol, and/or ethanol. Concentrations of
the co-solvents can vary over a w de range, nost often fromO to about

20% [28] The formulations of the present invention may be adm nistered via
any suitable route of adm nistration. Formulations for intravenous
injection may be packaged, for exanple, in a glass vial, in a pre-filled

SYoons U, SRR T BLSGE R B MR

standard |V nt s I ons, e. al i ne,

Ringer’s Soh%lguircgc{g%g ]dothe A gé% 81%7d}s%§ e? ei41 U§Qa%éc€' 16(?%@6%[1%:19 nl%&l‘s c;rtegbl ﬁ?,dlg Sages

can be ascert epen on such ractors as y 0 he
xanpl o, 1 nieumgeRayS 8 5 a5uR 100 Fe e ALt B0 OHgRRG: B 0B elght . or
many. £ act or 11 RGPS £yperies skBRTES ey i TR Faoply fhegter a8 account
cond t1 ons. OFRCTIL opERFoAEe STt e fe Cemen e lHBe F B BFadt ug, an
anesthesiol§€ist skilled in the art of anesthesia will be able to

ascertain, ‘et Bemeitient ati on, an appropriate treatnent
protocol for admnistering a formulation of the present invention. The

dosage. ol ang Sahedul ¢ of S Bl SLIAL 07 LGl Yo ot
anesthesia will be able to ascertain, without undue experimentation, an appropriate
treatment protocol for administering a formulation of the present invention. The dosage,
mode and schedule of administration are not particularly restricted, and will vary with the
particular indication. The formulation may be administered parenterally. The dosage
may be, for example, in the range of 0.5 to 10 mg/kg administered according to
procedures for induction of general anesthesia or maintenance of general anesthesia.
Alternatively, the formulation may be administered by parenteral infusion, the dosage
may be, for example, in the range of 2 pg/kg/min to 800 pg/kg/min administered

according to procedures for maintenance of general anesthesia, initiation and maintenance

of MAC sedation or initiation and maintenance of JCU sedation.
EXAMPLES

[31] The following examples are provided to illustrate the present invention and should

not be construed to limit the scope of the present invention as described elsewhere herein.
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particul ar indication. The fornul ati on may be adm ni stered parenterally.
The dosage may be, for exanple, in the range of 0.5 to 10 ny/kg

adm ni st ewed3asuss ding to procedures for induction of gemeraiSoamast hesi a
or mai ntenance of general anesthesia. Alternatively, the fornmulation may
be adm ni stered by parenteral infasion, the dosage may be, for exanple, in
the range of 2 ~tg/kg/mn to 800 [tg/kg/mn adm nistered according to
procedures for mai ntenance of general anesthesia, initiation and

mai nt enance of MAC sedation or initiation and maintenance of |CU sedati on.
EXAMPLES [311 The foll owi ng exanples are provided to illustrate the
present invepihgeiand should not be construed to limt the scope of the
present invention as described el sewhere herein. WO 03/ 057153

PCT/ US02/ 41468 Exanple 1 [321 This exanple illustrates preparing a 2%

sol ution of [0} phnspheAAE YilBitAws pref@RET Ly, JoMBEE or SO PHNBoRb Rk Of

propofol. The aqueous-based fornul ati on has the conposition set torth in

Tabl e | bel g¥pofbBhl Garbr-soRBIPIBER B &b Afueols-pROS ROAN |

propofol 2% (20 ng/nifSOSodiunl Fg?i e 0.4% ‘ﬁo% ¥b§|yce?@?X§%%@¥ TRI' S,

USP_(Tr onet BamidRRibn <9 8h 1Akl #iow,, [331 Sodi um chloride (28 g) was added
il ,

to 7 1 of water and stirred until dissolved.
Table 1

Component Concentration
O-phosphonooxymethyl propofol 2% (20 mg/ml)
Sodium Chloride 0.4%
Monothioglycerol 0.5%
TRIS, USP (Tromethamine) 20 mmol
pH 9+0.5

[33] Sodium chloride (28 g) was added to 7 1 of water and stirred until dissolved.
Next, TRIS (2-amino-2-hydroxymethyl-1,3-propanediol) (20 mmol) was added with
stirring. The solution was then sparged with nitrogen gas. Monothioglycerol (35 g) then
was added with stirring. O-phosphonooxymethyl propofol (140 g) was added, and the

solution was stirred until it dissolved. The solution was filtered and poured into vials.

Example 2

[34] This example illustrates preparing a 4% solution of O-phosphonooxymethyl

propofol. The aqueous-based formulation has the composition set forth in Table 2 below.
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Next, TRI'S (2-am no-2-hydroxynethyl-1, 3-propanediol) (20 M MIl) was added
with stirring. The solution was then sparged with nitrogen gas.
Monot hi ogWwpaensi1s3 35 g) then was added with stirring. O-poddashymaekymet hyl

propofol (140 g) was added, and the solution was stirred until it
di ssol ved. The solution was filtered and poured into vials. Exgnple 2 [341
This exanple illustrates preparing a 4% sol ution of 0O-phosphonooxynet hyl

propofol. The aqueous-based fortnulation has the conposition set forth in
Table 2 below. -12 WO 03/057153 PCT/ US02/ 41468 Tabl e 2 Conponent
Concentration O-phosphonooxynet hyl propofol 4% (40 nmg/ m)
Monot hi ogl ycerol 0.25% TRI'S, USP (Tr gggt ham ne) 20 mmol pH 9+0.5 [351
TRIS (20 mol ) was added to 7 1 of water with stirring. The sol ution was
t hen spar ' M tTogermrgas. Moot ol v TE! 75 g)—tiemwes—pdded
With stirr gg?m%éaghosphonooxynethyI pr po?%?ﬁf 8% g) was added, and]the
solution w t =t t t } and

pour ed i nt pOgTRRonqes sty psopolely i 5 EARSY BRI ust r at es preparingla 2%
solution o { ol —having the conposition sef forth
in Table 3 %_pgpg{?;_ogﬁ%% 3 0.25%

TRIS, USP (Tromethamine) 20 mmol

pH 9+0.5

[35] TRIS (20 mmol) was added to 7 1 of water with stirring. The solution was then
sparged with nitrogen gas. Monothioglycerol (17.5 g) then was added with stirring. O-
phosphonooxymethyl propofol (280 g) was added, and the solution was stirred until it

dissolved. The solution was filtered and poured into vials.

Example 3

[36] This example illustrates preparing a 2% solution of O-phosphonooxymethyl

propofol having the composition set forth in Table 3 below.

Table 3
Component Concentration
O-phosphonooxymethyl propofol 2% (20 mg/ml)
Sodium Chloride 0.4%
Monothioglycerol 0.5%
Carbonate buffer 20 mmol
pH 94+0.5

13-



Conponent Concentration O0-phosphonooxynethyl propofol 2% (20 ng/m)

Sodi um Chl ori de 0. 4% Monot hi ogl ycerol 0.5% Carbonate buffer 20 nmol pH
9+0. 5 - 13W0E30371657153 PCT/ US02/ 41468 [371 Sodi um chl ori eeT(UB82/giM68 s added
to 7 1 of water and stirred until dissolved. Next, carbonate buffer (20
mmol ) was added with stirring. The solution was then sparged with nitrogen
gas. Monot hi ogl ycerol (35 g) then was added with stirring. O-
phosphonooxynet hyl propofol (140 g) was added, and the solution was stirred
until it dissolved. The solution was filtered and poured into vials.
Exanple 4 [381 This exanple illustrates preparing an unbuffered 2% sol ution
of 0- phospEmMoossdweh Bibridd @BQH N adsd td"01 §MLatGOMRAQEEd @il 38bITQN kxtn Tabl e
4 bel ow. Table 4 Conponent Concentration 0-phosphonooxynethyl propofol 2%
(20 my/ m ) conshaBuliR} @0ikGof) wﬁ?‘h&&ﬂ%ﬂ%‘ sgﬂln)é.c g, Eolgtéé{)/{%/asqmengs'f)grr%%? l\xz[itﬁgl

Sodi um chloride (28 g) was added to 7 f water and stirre
di ssol ved. m%gen gas.  Monothioglycerol (35 g) then was added with stirring. O-

phosphonooxymethyl propofol (140 g) was added, and the solution was stirred until it

dissolved. The solution was filtered and poured into vials.

Example 4

[38] This example illustrates preparing an unbuffered 2% solution of O-

phosphonooxymethyl propofol having the composition set forth in Table 4 below.

Table 4
Component Concentration
O-phosphonooxymethyl propofol 2% (20 mg/ml)
Sodium Chloride 0.4%
Monothioglycerol 0.5%
pH 9+0.5

[39] Sodium chloride (28 g) was added to 7 1 of water and stirred until dissolved. The
solution is then sparged with nitrogen gas. Monothioglycerol (35 g) then was added with
stirring.  O-phosphonooxymethyl propofol (140 g) was added, and the solution was

stirred until it dissolved. The solution was filtered and poured into vials.
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solution is then sparged with nitrogen gas. Mnothi oglycerol (35 g) then
was added with stirring. O-phosphonooxynethyl propofol (140 g) was added,
and t he swbuwsiosmswas stirred until it dissolved. The sol mCcirarsomas6s i | t er ed
and poured into vials. -14 WO 03/057153 PCT/ US02/ 41468 Exqnple 5 [401 This
exanple illustrates that a 2% sol uti on of O phosphonooxynet hyl propof ol
can be prepared using 0.1% sodiumsulfite as an antioxidant. The
aqueous-based formnulation has the conposition set forth in Table 5 bel ow.
Table 5 Conmponent Concentration 0-phosphonooxynethyl propofol 2% (20
mg/ M) Sodium Chl oride 0.4% Sodi um Sulfite 0.1% TR'S, USP (Tronet ham ne)
20 =ol pH E;té?m;]ﬁes[ﬂl Sodium chloride (28 g) is added to 7 1 of water and
is stirred until 1t dissolves. Next, TRI'S
(2-am no- 2- hydroxynet hyl -1, 3- propanediol) (20 mmol) is added with
stirring. Tae] SOfhi b@mplsilluftefesSRar 029 Widtidn biF0- oABSx \ fite (7
g) then is rZ‘glzlded vm'thpiti rring. Ophosphonooxyrrgl?ﬁfg/tll prggggglll Bfafégl%hg) i's
added, and ¢daebs Plephre®MisinkS0.$44 5dd@dn Wil ak tandirsSRlaNas - hds@d 1S
filtered and pou?eég into \gi al % [421%\9\%‘%{% gb Sgr%n?lggl:dgrrﬁ e%%gﬂéﬁéé{ﬁ%éésg? t he
pr esent | v ek aY o bERPodRSCLL BAH Tt s WSt Tat ed, it shoul d be

e

understood that the invention is not limted thereto since

Table 5
Component Concentration
O-phosphonooxymethyl propofol 2% (20 mg/ml)
Sodium Chloride 0.4%
Sodium Sulfite 0.1%
TRIS, USP (Tromethamine) 20 mmol
pH 9+0.5

[41] Sodium chloride (28 g) is added to 7 1 of water and is stirred until it dissolves.
Next, TRIS (2-amino-2-hydroxymethyl-1,3-propanediol) (20 mmol) is added with
stirring. The solution is then sparged with nitrogen gas. Sodium sulfite (7 g) then is
added with stirring. O-phosphonooxymethyl propofol (140 g) is added, and the solution

is stirred until it dissolves. The solution is filtered and poured into vials.

[42] While particular embodiments of the present invention have been described and
illustrated, it should be understood that the invention is not limited thereto since
modifications may be made by persons skilled in the art. The present application
contemplates any and all modifications that fall within the spirit and scope of the

underlying invention as disclosed and claimed herein.
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nodi fications may be made by persons skilled in the art. The present
application contenplates any and all nodifications that fall wid-iin the
spirit amdoxsopas»f the wunderlying invention as di scl osegcansozhabsred
herein. -15 WD 03/057153 PCT/ US02/ 41468 WE CLAIM 1. A pharmaceutica
formul ation conprising in an aqueous nmedium (i) a therapeutically

ef fecti ve anount of a conpound represented by the formula 0 \\ ~"o 0 0 Z+
wherein each Z is independently selected fromthe group consisting of
hydrogen, alkali nmetal ion, and amne; and (ii) an effective anount of an
antioxidant. 2. The fornulation of claiml| wherein the antioxidant is

sel ected fremthamgr oup consisting of nonothi oglycerol, glutathione,
citric acid, ascorbic acid, sodium netabisulfite, sodiumsuffite, and
EDTA. 3. The fornmulation of claim2 wherein the concentration of the

antioxi dant 1i s fA@Rrmakatital ®rmhlation 8htsink e Mubdus fedivhipe formul ation of
claiml further conprising a tonicity nodifier. -16 WO 03/057153

PCT/ US02/ 41468 5. The formul ation of claim4 wherein the tonicity nodifier
i s sel ected frongjdtBerapeutically effective amount of a compound represented by the formula

wherein each Z is independently selected from the group consisting of hydrogen,
alkali metal ion, and amine; and

(ii) an effective amount of an antioxidant.
2. The formulation of claim 1 wherein the antioxidant is selected from the group
consisting of monothioglycerol, glutathione, citric acid, ascorbic acid, sodium

metabisulfite, sodium sulfite, and EDTA.

3. The formulation of claim 2 wherein the concentration of the antioxidant is from

about 0.1 to about 1% (w/v).

4. The formulation of claim 1 further comprising a tonicity modifier.
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group consi sting of sodiumchloride, glycerin, boric acid, calcium
chloride, dextrose, and potassiumchloride. 6. The fornulation of claim5
wherein twe gosuentrati on of the tonicity nodifier is frecrasounti46s 1 to
about 1% (wv). 7. The formulation of claiml further conmprising a buffer.
8. The fornulation of claim7 wherein the buffer is

2- am no- 2- hydroxynet hyl -1, 3- propanediol. 9. A pharmaceutical fornul ation
conprising in an aqueous nedium (i) a therapeutically effective anmount of
0- phosphonooxymnet hyl propofol; (ii) fromabout 0.1 to about 1% (wv) of an
anti oxi dant selected fromthe group consisting of nonothioglycerol,

gl utat hi ones. ci t TheCfoRGhIBionASCARR @ dréln ROMNRY HEHEAD! 18 WeIbILE froROMEUM
sulfite, and EDTA;, and (iii) fromabout 0.1 to about 1% (wv) of a tonicity

modi fi er Sehi%ﬁ% @&sfsfi@%bﬁ@&iunﬂéh%&e?@%}ﬁ a2d w&m%ﬂp&% I se,%%cer in,

boric acid, calciumchloride, dextroSe, an pof assium chl Gri
potassium chloride.

6. The formulation of claim 5 wherein the concentration of the tonicity modifier is

from about 0.1 to about 1% (w/v).
7. The formulation of claim 1 further comprising a buffer.

8. The formulation of claim 7 wherein the buffer is 2-amino-2-hydroxymethyl-1,3-

propanediol.

9. A pharmaceutical formulation comprising in an aqueous medium:

(1) a therapeutically effective amount of O-phosphonooxymethyl propofol;

(ii) from about 0.1 to about 1% (w/v) of an antioxidant selected from the group
consisting of monothioglycerol, glutathione, citric acid, ascorbic acid, sodium
metabisulfite, sodium sulfite, and EDTA; and

(iii) from about 0.1 to about 1% (w/v) of a tonicity modifier selected from the
group consisting of sodium chloride, glycerin, boric acid, calcium chloride, dextrose, and

potassium chloride.
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