WO 2608/141097PCT/US2008/063082 THERAPEUTIC COMPOUNDS Back round of the Invention
The present application claims the benefit of United States provisional patent application number
60/928,327 filed on May 9. 2007; United States provisional patent application number 560/928,429
filed on May %@%g/ﬁﬂggpn_i_ted States provisi_onal patent application _numt;,(i,rT ?D%Q&%%{iled on May
9, 2007. Propofol (2,6-diisopropylphenol) is an intravenous sedative/hypnotic’ agent used
extensively for induction and maintenance of general anesthesia, sedation of critically ill patients and
procedural sedation (e.g., endoscopy BB PEAFIOM.S VARG BIEBIS R.C. Drugs, 1988, 35, 10334-372.
Propofol is only sparingly soluble in water; gﬁé:g%t%%%ed in a 10% soybean oil based lipid
emulsion similar to formulations used for-parenterar nutHtiorn.”

S U ) . Propofol is a GABAA agonist that
activates multipfGABAK reeberorralstypabetichiarblisiachdaits srivatitres sptichiplirsgieions

across cellMembyanes;in #ecential venmryS SR Athauohiprapeiekis.AshiralcFagsmNs mixtures

of a number of dialkyl phenols are 15known agonists of the GABAA receptor (James et al., J. Med.
Cherh, 2897380279869 (erkEowskO8Y a0 PotietRiais P Bsensiaiapetitidissem m3gben01). James et
al., repor@indmngopripafeh ibesaperior in its overall profile to other analogues evaluated. Propofol is

preferred by m clinicians_due to its excellent pharmacokinetjc, pharmacodynamic, emergence and
recovery profiI:fs%%gn?Lé%%ﬁr‘f&gE?@ PHEE W R T PO SRS BBRYE 4SBH et syndrome,
injection paimand hemodynamiereffects)piacticegeat at neatihtathedapeutc dasaigredtydimit its utility
in multiple ¢linical settings. Of particular concern are the h d ic effects. Admipistration of
propofol,aggr%}coﬁgiﬁlﬁ}nsgg Eg er'r‘?i,‘(% %jns %)lpc?(}c}cheeée q&e %’ag\wésé)irg %%g%& p%éggu%“\%%ﬁég[@ a?“}’
compensatbr/incheapeoh healy rpinglyanbtyloficlinicakodnditionsidy erintempatiblE%ith the use of

propofol bregiseiphandenied AldiareaianialynamildNemadynamic conseaugngees. Examples of

such conditions include cardiovascular disease such as coronary artery disease, cardiomyopathy,
ischemic heart /68858 ivalAfil et dhdactmasonybintaOrfeaf disespser ©hivis Wpditension,

cerebrovasGularidiseasesRraininierys R asvenpeed a9 Sen Mmakenthe il .ok Rrapipl sifficult or
problematic because of its hemodynamic properties. Patients with acute blood loss, dehydration, or

severe 3TTHBCAORIHEILBIRRPIRb S G h SRR AEreU eI Ok 2HyBRRE ehiite Srb ereprIsaftic shock may
be expodeia excensive hazardwere aiappiolaspiayed. Ihe emadynami progerieseiaropofol

o o S R e R g SEes o i s
to be superior in its overall profile to other analogues evaluated.
Propofol is preferred by many clinicians due to its excellent pharmacokinetic,
pharmacodynamic, emergence and recovery profiles. However, undesired side-effects (e.g.,
20 respiratory depression, ICU syndrome, injection pain and hemodynamic effects) produced at or
near the therapeutic dose greatly limit its utility in multiple clinical settings. Of particular
concern are the hemodynamic effects. Administration of propofol, particularly in bolus form,

often produces decreases in blood pressure without a compensatory increase in heart rate, A

variety of clinical conditions are incompatible with the use of propofol because of undesired and

]
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potentially harmful hemodynamic consequences. Examples of such conditions include
cardiovascular disease such as coronary artery disease, cardiomyopathy. ischemic heart disease,
valvular heart disease, and congenital heart disease. Chronic hypertension. cerebrovascular
disease, brain injury, and advanced age can make the use of propofol difficult or problematic
because of its hemodynamic properties. Patients with acute blood loss, dehydration, or severe
30 infection including those with hemorrhagic shock. hypovolemic shock. or septic shock may be
exposed to excessive hazard were propofol employed. The hemodynamic properties of propofol
may limit its use in patients receiving other medications or treatments such as spinal anesthesia,

epidural anesthesia, or vasoactive medications.



Summary The disclosure provides therapeutic compounds that demonstrate similar or improved
pharmacological activity compared to propofol along with an improved hemodynamic profile.
Accordingly, in one aspect, there is provided a (-)-stereoisomer of formula (1): wherein X is H or F, or
a salt or prodrug thereof In another aspect, there is provided a pharmaceutical composition
comprising a (-)- stereoisomer of formula (1) or a pharmaceutically acceptable salt or prodrug thereof
and a pharmaceutically acceptable carrier. The disclosure also provides a method to treat nausea,
vomiting, migraine, neurodegenerative conditldBE-8EtHe nervous system (e.g.. Friedrich's disease,
Parkinson's diggage, Alzbsigess tisepaaicHuntiogionsadizeaseramyotiophicigeraldsclerosis (ALS),
multiple sclerosis (MS), Pick disease, etc.). trauma.to the.gentral nery t g. fracture
and itsFesTNRE! eFEeM ACREhCHEDBH® gé%%?%%%ég%?ﬁ] %gr%&ér%ﬂérgrl é%‘s%%z’%g’ %@éﬁég Isnl?glg%‘ral and
epidural hemaigmadianr Spinak eepddnjiyd esgravideianicatinjerisduertoicompréssion or flexion of the
spinal cord)), seizures (e.g., epileptic seizures) or a frsgI radical associated disease (e.g.. ischemic
reperilision injury, inflammatory diseases, systemic lugus erythematosis, myocardial infarction, stroke,
traumatic hemorrhage, cataract formation. uvegitis, emphysema, gastric ulcers, neoplasia, radiation
sickness, etc.) in an animal comprising admiinigte fi g a ectiveamount of a (-}-stereoisorner of
formula (I) or a pharmaceutically acceptable salt off prodrag thereof to the animal. The disclosure
also provides a method for inducing or maintaining gengtal anesthesia in an animal comprising
administering an effective amount of a (-)-stereocisomef of formuldXl) or a pharmaceutically acceptable
salt or prodrug thereof to the animal. The disclosuke also provides a method for promoting sedation
in an animal comprising administering an effective.amount of a (-)-stereoisomer of formula (1) or a
pharmaskerséally adteplavieassl 5F prodrtg HHEF8Sf to the animal. The disclosure also provides a
method for tregting.a migraine dn-an apiiad comprisingcadministeripgsaiveftetipeangount-of a
(-)-stereoisomer of formula (I) or a pharmaceuti%ly accept% ée alt or pr dru&ép@e&eg&&o the animal.

|
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arli)lmaf%%mprlsmg acilministering an

effectiv ﬁ%ﬁéﬁéﬁlﬂgﬁi@')&@%m?@f formula (I) or a pharmaceutically acceptable salt or prodrug
thereofto the animal. e disclaosure alsq provides a method for.t[?romoiing. an anxiolytic effect in

an animal comphisiHeraHiASIR ARy Hs SHEEHRLIN SGRt BFR G- LSS mer of tormula (1) or a

pharmaceutically acceptab odrugrthereaftothe apibaalch's disdas: disaidasse'also provides a
method foF &8 ed%éiﬁi%%%‘ﬁ%gfffvm in an aéimzﬂogrﬁ risin adm%lnisltering g%%eg{e&tiyg agmount of

a (-)-stelieismérhofrermaize i o BTREIRS ST L LBPRR ARIF oF 57SaruY thereof to the animal.
The _di_sscclpégggﬁlg% ﬁ&@@ﬁg@g@pmmﬁiwﬁmaﬁﬁm@ﬁgm@maﬁtﬁhﬁﬁ%nﬁérising
administering an effective amount of a (tstereo somer of fogmula (). OF %Q%mag%mﬂmcceptable
salt or FrothhEPEe o RS iRy COTIUSIOn, DIAIN DEMOITRALES, SHEMIRS T, *

epidural hematoma., and spinal cord injury (2.2, mechanical injury due 0 coOmpression or

flexion of the spinal cord)), seizures {(2.g.. epileptic seizures) or & free radical associated disease

(e.g.. ischemic reperfusion injury, inflammatory diseases, systemic tupus ervthematosis,
myocardial infarction. swoke, traumnatic hemorrhage, cataract formation, uveits, emphysema,
gastric ulcers, neoplasia, radiation sickness, etc.) in an animal comprising administering an
effective amount of & (-}-sterecisomer of formula (I) or a pharmaceutically acceptabie salt or
prodrug thereof to the animal.

The disclosure also provides a method for inducing or maintaining general anesthesia in

an animal comprising administering an effective amount of a (-)-stereoisomer of formula (1) or a

pharmaceutically acceptable salt or prodrug thereof to the animal,

The disclosure also provides a method for promoting sedation in an animal comprising

administering an effective amount of a (-)-stereoisomer of formula (1) or a pharmaceutically

acceptable salt or prodrug thereof to the animal.



The disclosure also provides a method for agonizing a GABA receptor comprising contacting the
receptor (in vitro or in vivo) with an effective amount of a (-)-stereoisomer of formula (I) or a
pharmaceutically acceptable salt thereof The disclosure also provides a method for agonizing a
(ABA receptor in an animal comprising administering an effective amount of a (-)-stereoisomer of

foimula (1) or aphaRaeeiticallyaceepiahie salletpiosiugthametiathgianimahprisiny another
aspect, there is provided A (férstereoisom 2" c()f formula (1) or har‘raaz@uticall acceptatbl salt or
procrug HHEMBHRR 4R T FUETCAPHETARY: (- Y SRR oA e Biore & BrBUHH & Wetibound as
defined ahepaits indueipg G distedningigendrabanesthesia in an animal. In yet another aspect,
there is provided a.co our}d as de(gined a ogeffor romotircl)% sedation in an animal. In one

L Ane d!S{EF)) re also proviges a method for freafing s n1a 11 anf‘ 11118 FO!. TISIng
aspect, there is provided'a process 1or preparing a (-) stereoisomer of tormufa (1) or & salt or prodrug
thereof, adhichstomprisesfaydrelysingra cortiansie racidoBadi-sé tsrbutidhernyt ebtemdiasterabisomer of

formula DOOR' in.which R1.represents a chiral amino group, and X is H or F; followed if required
{h 3! %s[(hq}}@ A, GG

acceptahle salt or prodrug thefeo .
by forming the free p erfol or é’sat?suc as a pharmaceutically acceptable salt) or pro-drug thereof
In another aspébt, diselesis provideddscarisamiciacido@rRig-gi-sedobityigfehy! astemtibstereoisomer of
formula I} ipwhich Rt GRIGSES A SN R GIQHR: @D JSi b AEFof formle(Aiggigsure also
provides the use of a (-)-stereoisomer of formula (I) or a pharmaceutically acceptable salt or prodrug
thereof Th{Frapelisaedicamenersr treating HatkeR oy énilihglimigraine, neurodegenerative
conditions of the,NgLvaus SYSIeP8Qs FHadrichs diseasedRarkinaansAigease: Algheimer's disease.
Huntington's disease, amYOt,rophicéateral sclerosis (ALS), multiple scle#osis @ﬁ?ﬁ Pick disease, etc.).
n-auma {0 HHE LR BAM RN REYR (S § 2 BRU G Gr S BT HEYESURING &) ) 8bficussion.
contusigmaptain:hermpyhagesbeaning jesiens (sukdoralibadepigdural hematoma, and spinal cord
injury (e.g., mechanical injury due to compression or flexion of the spinal cord)). seizures (e.qg..
epileptic seizurbi B e TAAEY HESAMAHER dAARR L T REE B EHELBA iy, inftammatory
diseasesosystamiaimpnssentivem atbsis vmyacardial mfarctionostroke off Sormatic (hernarrhage. cataract
formation. uveitis, emphysema, gastric ulcers, neoplasia, radiation sickness, ere.) in an animal. In one
aspect, Prq?g‘lr??‘g e|o‘ir%(\:/gll]cjjg Gt ggbc% 35‘%)@5%?g%fggpn%?oz‘??o{r%uﬁ%Iﬂ)alc')r a pharmaceutically acceptable
salt or prodrugthedeoftouprdpareoaitaedivatnehfofordmdticing ot Biaintamingogemenat anesthesia in an

animal. é%rﬂ@é%mgﬁﬁé%%%tﬂ?% ISRy %Yigze\gv%%ﬁ)faﬂ {eective amount of a (-)-stereoisomer of

formula (I) or a pharmaceutically acceptable salt thereof.

The disclosure also provides a method for agonizing a GABA receptor in an animal
comprising administering an effective amount of a (-)-stereoisomer of formula (I) or a
pharmaceutically acceptable salt or prodrug thereof to the animal.

In another aspect, there is provided a (-)-stereoisomer of formula (I) or a
pharmaceutically acceptable salt or prodrug thereof for use in medical therapy.

In another aspect, there is provided a compound as defined above for inducing or
maintaining general anesthesia in an animal.

In yet another aspect, there is provided a compound as defined above for promoting
sedation in an animal.

in one aspect, there is provided a process for preparing a (-) stereotsomer of

formula (I) or a salt



stereoisomer of formula (I) or a pharmaceutically acceptable salt or prodrug thereof to prepare a
medicament for promoting sedation in an animal. The disclosure also provides the use of a
(-)-stereoisomer of forl rub (I) or a pharmaceutically acceptable salt or prodrug thereof to prepare a
medicament for treating a migraine in an animal. The disclosure also provides the use of a
(-)-stereoisomer of formula (1) or a pharmaceutically acceptable salt or prodrug thereof to prepare a
medicam@nt s telemp insdihicmpancanivdaysinT hedisetosura dlsp provides the use of a
(-)-stereqig E@}fggm%g{&g&mrg@migally acceptable salt or prodrug thereof to prepare a
medicament for promoting an anxiolytic effect in an animal. The disclosure also provides the use of
a (-)-stereoisomer of formula (I) or a pharmaceutizally acceptable salt or prodrug thereof to prepare a
medicament for treating addiction withdrawal injan animal. The disclosure also provides the use of
a (-)-stereoisomer of foirnula (I) o a reall le salt or prodrug thereof to prepare a
medicament for promoting an antiemeti& effbct in an anifal. The disclosure also provides the use
of a (-)-stereoisomer of formula (1) or a pharimaceutically acceptable salt or prodrug thereof to prepare
a medicament for agonizing a GABA receptor ifan animal. The disclosure also provides synthetic
processes and intermediates disclosed herein that are useful for preparing a (-)-stereoisomer of
formula (1) or a salt or prodrug thereof Brief Description of the Diawirms Figure 1 shows the effect
on mean arteria} blaad Rrespr A MAE) IBRIgS égggﬁ\{iggd\kiﬁf%s&g@pf the (-) stereoisomer of formula

() in which X is H in comparison with propofol. Figure 2 shows thé effect on heart rate (beats per
minute) in pigs fORBWAAGIIPIHIRGSY Brtne¢-ihedErsorbsimer easrth(act Enavhich X is H in comparison
with propatehaceubiigiiies3 showe the effestomeardiac@utput (liters per minute. or L/min) in pigs
following IV infusion of the (-) stereoisomer of formula (I) in which X is H in comparison with propofol.
WO 2008/141097PCT/US2008/063082 Detailed Description of the Invention The present invention
provides a (-) SieABSISBRTEPHTISITENE MOvHadsankashiroe At dHerSof-a-dafihuty binhbove. 5The
absolutg;gepliguvration of sieh,f stereoisomer has been determined to be (R,R). In one
embodiment, X is H. When X is H, the stereocisomer may also be referred to by the name
(R.R)-2.6-di-sec-butylphenol. Compared wjth-propofol. (RR)-2.6-di-sec-butylphenol has been
found to demonstrate a surprisingly improved overall propfile of activity as an anesthetic. More
particularly, the 10 compound has b dte.produse a more potent effect on anesthetic activity,
to exhibit a higher therapeutic index an&to etain alcomparable pharmacokinetic profile. e.g., exhibit a
similar clearance rate. The compound also ¢an produce a less potent effect on mean arterial pressure,
heart rate and/or cardiac output. Furthermore,#7s believed that clinical trials will demonstrate that the
compound causes less pain on injection than pxopofol. Injection pain

11
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in which R’ represents a chiral amine group; and X is H or F.

The disclosure also provides the use of a (-)-stereoisomer of formula (I) or a
pharmaceuticaliy acceptable salt or prodrug thereof 10 prepare a medicament for treating nausea,
vomiling, migraine, neurodsgenerative conditions of the nervous system (e. g., Friedrich's
disease. Parkinson's disease, Alzheimer's disease, Huntingion's disease, amvotrophic lateral
sclerosis (ALS), multiple sclerosis (MS), Pick disease, err.), trauma to the central nervous
system (e.g., skull fracture and its resulting edema, concussion. contusion. brain hemorrhages,
shearing lesions, subdural and epidural hematora, and spinal cord injury {¢.g.. mechanical

- imjury due to compression or flexion of the spinal cord)). ssizures (e.g.. epiieptic seizures) or a
free radical associated disease {e.g.. 1schemic reperfusion injury, inflammatory diseases,
systemic fupus erythematesis. myocardial infarction, stroke, waumatic hemorrhage, cataract

formation, uveitis, smphysema, gastric nicers, neoplasia, radiation sickness, erc.) in an animal.

3a



15associated with propofol has been correlated to the concentration of propofol in the aqueous phase
of its lipid emulsion vehicle. When formulated in identical lipid emulsions, the aqueous phase
concentration of (R.R)-2.6-di-sec-butylphenol has been found lobe significantly reduced (by more than
90%) compared to propofol. The other two isomers of 2,6-di-sec-butylphenol, the (5.5) orand (meso)
20stereoisomers have also been found, unexpectedly, to demonstrate improved hemodynamic profiles
along with similar @reinspeovebkpharmacdoyicatactivifies, compared to propofol. However, the
improved overall profile. of activity as an anesthetic of (R.R)-2.6-di-secbutylphenol has been found to
Mgty e gt R b e TR P el e
particulanby disefudfofoinddemge2Fonmamtain rgrgerenal anesthesia emipraimoting sedation in a patient.
They are particularly useful for anesthetizin tients having an elevated susceptibility to
hemodynamic g &¢ éggﬁéﬁeﬁét?%e%rt@sIlsn%i%ieg'ép%:%gﬁ?sog&f\f{é%ng from cardiovascular disease such as
coronarysaftenydiseasdycantidinyo patmrischeimidiheart-disease vaivuladrheart-cisé aseramnc: a
congenital Iaeart di%?ase' %aég%ntsse%dégegqg ,froarﬂ.glharonic hypertension, cerebrovascular disease, or
brain injﬁlf’)?; bcg‘fniegﬁlts %I}%JBan Advanced aged&or leXar'ane over 50. 60, 70 or 80 years old); patients with

acute blood los$hddbytiration) or sevetesififecioniinglydingdnosmayitif fremolzliagie shock,

hypovolemic shock, or septic ck:,and patients recejving spinal anesthesia, epidural anesthesia, or
fhsegen L i S Tt Rl e e e R o i
patient nraigdamenesfoaninen the American Society of Anesthesiologists (ASA) physical status is at
WO 2008/14109PCTHS3008(063082 east 3, The present inention alsg conismplates administering
compounds according to the invention to patients that’have not been pre-meal ted for pain on
injectionpharnfvsaised! heveinptiidt esth dPharmacheticHly accppablecimertintudesdilgents,
adjuvants exciE)ients or vear[\icles. 5The term "Animal" includes mammals such as, for example,
THsOMmia 11 an Animat. . . " . . .
humans, companion animals, zoo animals and livestock. The term "Treating- a disease or disorder
includes 1) améliardtintpthe: diseasevodalisordse (ife. {arsestingomeedddingtie development of the
disease gr disorder. or.at least gne of the clinical symptoms thereof)l,gz ameliorating at least one
sl e R N S e S Y & isorcer
which cambelithetfpbysicalbni(eag., stabilization of a discernible symptom), physiologically, (e.g.,
stabilization of a.physigal par meter)J%r b%th or 4}d 5_ ing the onset.qf the disease or disorder.
Stereoisomericagaerﬁfyl/sccg)i é‘%r%%algar%g and pr%grsﬁé)s %g c;r(l%gcc? Keremn Orkg?/ e E@s@tﬂfs%ed by
conventiphainzaralytiicalynaethpds wedl kerowwndimgibseof skilképatesarted crexanipléraasenf 15chiral

NMR Sh%{ﬁg&%@%@ﬁg&ﬁ@@ﬁ%{ﬁﬂﬁhic analysis using chiral columns, high pressure

The disclosure also provides the use of a (-)-stereoisomer of formula (I) or a

pharmaceutically acceptable salt or prodrug thereof to prepare a medicament for promoting an
antiemetic effect in an animal.

The disclosure also provides the use of a (~}-stereoisomer of formula (I) or a
pharmaceutically acceptable salt or prodrug thereof to prepare a medicament for agonizing a
GABA receptor in an animal.

The disciosure also provides synthetic processes and intermediates disclosed herein that

are useful for preparing a (-}-stereoisomer of formula (I) or a salt or prodrug thereof.

Brief Descrintion of the Drawinss

Figure | shows the effect on mean arterial blood pressure (mm Hg) in pigs following IV
infusion of the (-) stereotsomer of formula (1) in whick X is H in comparison with propofol.

Figure 2 shows the effect on heart rate (beats per minute) in pigs foliowing I'V infusion
of the {-) stereoisomer of formula (I} in which X is H in comparison with propofol.

Figure 2 shows the effect on cardiac output (liters per minute. or L/min) in pigs
following IV infusion of the (-} stereoisomer of formula (I) in which X is H in comparison with

propofol.



liquid chromatographic analysis using chiral columns, polarimetry, isotopic dilution, calorimetry,
enzymatic methods, capillary electrophoresis on chiral gels. formation of diastereomeric derivatives
through reaction with chiral reagents and conventional analysis via established analytical methods
may be usedwaestghliséythe stereochemical purity of a specific 20stereoispmes Alighaatively,
synthesis using starting materials of known stereochemical enrichment may be used to establish the
stereochemical purity of the compounds described herein, Other analytical methods for demonstrating
stereochemical homogeneity are known in the field. The present invention provides a stereoisomer of

formula (I) or a salt or prodrug thergg{ag}@@@eg.g@bw@i&l@.ﬁwg}%ﬁ;ﬁamiomericalIy enriched) form at

the centers marked by "*" in formula{T).. ThUS the MVERTION TNCIUJES a stereoisomer of formula (1) in an
enriched mixture $RaF CERtARTEM HIBRY HraR 480651 BINBERARRIBHIE S bPHRSREaNEFs Sf that
compoungh@tiganpiafbithatis:shewn or its salt or prodrug. The (-)-enantiomer isolated in Example |
beIO\g/ is a speci? st%Sreoisome of the invention. In some embodiments of the invention, an enriched
30mikture contait RS PSR AR URMLR S09Ac BB 613088 PR IR 598 AoRN 1696089 dt): 306, 29, or
1% of other enahtiomensbodigiastekcomersiofka BogHomedefdounula thhorits salk-gsrprodisg. In
another etg}:btga%mgigk jzt'%gdllgsve%_ t{%gl%eg&rlched mixture contains less than about 1% of other
enantiomers or diast

ereomers of a copmpound of formula (1) or its salt or prodrug. WO
2008/141097PCus2e08/06 8G821MetRdtis Yok Rrepdring shGaipourdrofieoimutariyGenerally,

compounz af faemulahme e, preRaied b atfeasthies diferen approachies, In,gne approach, a

racemic and/or diastereomeric mixture Is prepared using conventional methods of ‘organic synthesis or

puréRasetP bRV AtmIdPsBt icay ahgthanvir s reedhre drusingmetiotisikhowertdbihese of skill in
the art suabias der.xampiacirastenalary stalization SeRarlion AR SHiBEFONS RGe,Example |

below), formation of derivatives and separation or kinetic resolution théreof, etc: to provide

substantisiiy Bt FeSIEOTEEmeracHrORMIIE tFOPatevesIssrAdte AR ah AEREPMItAPeE B dompounds

of formula:gysuidtarrativelyarasynmeticsypihasisraydhe Hseddo:-nranasesomparnds.ef formula (1').
10Known,chiral ﬁrec?}rsors can be lgsed to ?ﬁrepar,e substantially pure stereoisomers of formula (1) or

TRGIICANS B HCHRCHTALIES SHESHBOURS BY HURTHAA B LEHERAOWHSTHARSAS Other

stereoisomerically en
methiods drciudedregaratiorfodfekitabinterriediates iesibge dor-examplg:oppantioselectiveus

hydroge 'ggbgn pti%sele tive reduction,.enantioselective. carbon-carbon bond farmation, enzymatic
cleavage o%racemgllclglcgetglttggi,ogtg? 8? Owgeyéeg?/t%%%@g[res%ﬁ oegn(‘:cg}r%b%(é)ﬁ%“(}?fs 1St eaaiglﬁ?lhssing
conventidhashsetiorisasborfadRid syhthdisis.-buttipomemestodn dosrel eotsosi fdoimuskuéBdcan be

prepared psing;a gﬁg@bﬁg%ﬁ{?ggé%fggg%@fmxture of carbamate diastereomers that can be

separated to yield the desired diastereomer of formula (1) after hydrolysis of the carbamate residue.
According to anbiéiss et sparerevel-thd sredenyiphantiofpravites(d mestassstor 20preparing a (-)
sterspisomesHIAERUaE . RE BSA QRIS INRILOTIVRICH COMPISSSoved hemodynamic
profiles along with similar or improved pharmacological activities, compared to propofol.
However, the improved overall profile of activity as an anesthetic of (R.R)-2.6-di-sec-
butylphenol has been found to be unique to this isomer of this dialkylphenol.
Accordingly, compounds according to the invention are particularly useful for inducing
25 or maintaining general anesthesia or promoting sedation in a patient, They are particularly
useful for anesthetizing patients having an elevated susceptibility to hemodynamic effects. Such
patients include patients suffering from cardiovascular disease such as coronary artery disease.
cardiomyopathy, ischemic heart disease, valvular heart disease, and congenital heart disease;
patients suffering from chronic hypertension, cerebrovascular disease, or brain injury; patients of
30 anadvanced age (for example over 30, 60. 70 or 80 years old); patients with acute blood loss,
dehydration, or severe infection including those with hemorrhagic shock, hypovolemic shock. or
septic shock: and patients receiving spinal anesthesia, epidural anesthesia, or vasoactive
medications; see €.g.. Reich DL et al. 2005, Anesth Analg 101, 622. For example, the patient

may be one for whom the American Society of Anesthesiologists (ASA) physical status is at

h



hydrolysing a carbamic acid (-)-2.6-di-sec-butylphenyl ester diastereocisomer of formula OCO R1 x11
in which R' represents a chiral amino group, followed if required by forming the free phenol or a salt
(such as a pharmaceutically acceptable salt) or pro-drug thereof. The hydrolysis may be effected

by reacting thecarhamate with a base, for example an alkali metal hydroxigle, guehas.patassium or
sodium hydroxide, which affords a salt of the (-) stereocisomer of formula (I), such as an alkali metal

salt. The free phenol may be obtained by treating this salt with an acid, such as hydrochloric acid. The

chiral amiffs GolfF Sy BE TN D00 R AT e S E RIS SO 0eB08 Ex AR BIANg ihiks

1-arylethyhaenendeophvicias exampiean kRh hnatyleihdamine graum syebias.(R)-1-phenylethylamino.
The carbamate starting material may be prepared by reacting a racemjc. mjxt rz% corresponding
2,6-di-sec-butylptiaRed Wit iF%oPW?BQQﬁ?S%%G ﬁr”é?‘%feaiai‘&i’é? ol gﬁ%’comprising the
carbamicagpid(#2, 6xdirsaashutybpiény| ester diastereoiso e and separating the corresponding
carbamic acid (-);2.6-di-sec-butylphenyl ester diastereoisomer of f la (1). The chiral isocyanate
may be, for exa%}ﬁg?%ncr%%wgrgi?éﬂwfﬁs%%?%% e glragxég%%)feargﬁ{%%{%}%il8%nﬁiasnég§anate such as
(R)-()-1-priemyletiryd isneyanatd. liMesioesultant product is a 10mixture of the corresponding

1-arylethylcarbamjg pcid %?&?{Pou%'zﬁ%%?@%?%%%ﬁ%&ﬁ&%@ i%eer}@&ﬁg{g%g.d@%gg;ired

diastereoisomer can be separatéd by chromatography using, for example, silica as the stationary

phase, orlpEi§jstadliZBTRSHNG Or FeRagitebn fsuplapswrprsiyglyisense tredisoadef or at least one of
R-()-1-phepylgtivdisqeyanatednhsaboyedeseiibed mathod providas.an gxeeptionallygood

separation of the sterecisomers of 2,6- 15di-sec-butylphenol, compared with the use of other chiral

acyl&ling B SEHERNM BT e s dCBES RRAPe AHFSRY IR SERISBrEhraran ks sichaerly sicaliprocesses
for preparing asteresirenet afdemmula {dharasaliibereoliareprevided s fuithesrembediments of the
invention. Salts Zogln ases W%e compounds are sufficiently acidic, a salt of a compound of formula
(1) can b tré8HE°k 05%??1‘}9%1 0‘58 For fBSI%‘?ﬁ% ??r%%?#’fiﬁﬁsge Src%mﬁ%nd of formula (I) or an enriched
mixture thereof. SAdditionadky; pdmjndﬁtcaﬁmmfca @@mpodm@mg‘mmutm(dbeasmapharmjabﬁsﬁmﬁlly
acceptable salt mayhs apRreRiale, BxaMeles ol pharmaceuioally agcepiable. salig lncludesalts that
are obtained using Standar procegures well known in'the art, for example by rea%lﬁﬁg a sufficiently
acidié coﬁi]émhm S@iﬁlm%@twiga%hmmb@m@@aﬁ@wiigglfarmgls’i@b@mmsab@émmgrcation. For
example. alkalimetal (ohSXRMAIR, SodiD Ratessikmyor Jihitmlar alkaline gritRimetal (for example

calcium) salts can be made. Pharmaceutical Compositions The pharmaceutical compositions
disclosec"HeFETt EorRprBaA CBIpetn G srmeRephoresis on chiral gels, formation of

diastereomeric derivatives through reaction with chiral reagents and conventional analysis via
established analytical methods may be used to establish the stereochemical purity of a specific

20 stereoisomer. Alternatively, synthesis using starting materials of known stereochemical
enrichment may be used to establish the stereochemical purity of the compounds described
herein. Other analytical methods for demonstrating stereochemical homogeneity are known in
the field.

The present invention provides a stereoisomer of formula (I) or a salt or prodrug thereof

formula (I). Thus the invention includes a stereoisomer of formula (I} in an enriched mixture
that contains no more than 45% of other enantiomers or diastereomers of that compound of
formula (1) that is shown or its salt or prodrug. The (-}-cnantiomer isolated in Example 1 below
is a specific sterecisomer of the invention. In some embodiments of the invention, an enriched

30 mixture contains no more than about 40%, 35%. 30%. 25%. 20%. 15%. 10%. 5%, 4%, 3%. 2%.
or 1% of other enantiomers or diastercomers of a compound of formula (1) or its salt or prodrug.
In another embodiment of the invention an enriched mixture contains less than about 1% of

other enantiomers or diastereomers of a compound of formula (1) or its salt or prodrug.



30disclosed herein with a suitable amount of a pharmaceutically acceptable carrier, so as to provide a
form for proper administration to a patient. The compounds of formula (I) may be formulated as
pharmaceutical compositions and administered to a patient, in a variety of forms adapted to the
chosen routesphagdmivjsteation, e.g.. orally. parenterally, intravenously, intr?,%ﬁggégg? toggically or
subcutaneously. WO 2008/141097PCT/US2008/063082 Thus, the compounds o %rmula (I) can
be systemically administered, in combination with pharmaceutically acceptable carriers such as inert
VEHIB! Hegrenag el omprmsivdhismndalieparations may contain at least 0.1% of active

compound. The @eﬁe@v@%ﬁgmﬁmﬁmmﬁ&%&M@ﬁm@g@ﬁ&meﬁ LS AR yaried and can
0

conveniently be between about 50.1% to about of the weight of a given unit dosage form. The
amount oPRRGPENESMBIS ARRTSaEh BHEFAPAIARAINY GiSsRIFEBIFIHOBIHOAS i Sursmmahesiteffective

dosage lexghissabianadihods $he-eompounes obiormuadl) descibed hergin.are:bmieally formulated

as pharmaceutical composijtions suitable for intravenous administration. The compounds of formula (I)
may Be rdlHiER THEOIHH I TAMEEr 3 Fue b FatkRser st da bt atibristier S3ApdEnds of formula (1)
are 10typicaityotaintateil-inaguesistbedincisina Sne (Mey & xvaipleimpaiseile-salvriatsand one or
more empéigg{{z%%c, or gry({fgct%gés. Ind'vidlilal formléllaticggs can inctlude o,ge or. more gdditional
components such a8 Stabifizares Snitihy PSerHaten BadaY of 4 ts S B e i d WS iubilizers. The
formulaticitgrenayratse Ggtionally Gontstimreaipreservdtivensiied asxfarexdmpheounds of formula
ethylenedigmingtetraacetic aci sodium metahisulfite. Useful oil-in-water emylsions 15that
contain ad(lpl?feservaéve g’c%“a%sglliéD ,;\g ﬁﬁg?ﬁsa?@ebﬁs% %I%O rﬁﬁ? ﬁ%ﬁ%ﬁ%ﬁhﬁ&&(}r\%’%&ﬂn r%%das dl’éscribed
hereifi aré-e¥eribe@iinemite Sends Patbin INemrs S0SB60!5, 714, 520.05;73 11856 famdus; 781.355. A
wide raneg akwalesimipiscibizisaluenizcan be-ysed indherpharmacsutical campositigps,described

herein. The water-immiscible solvent can be a vegétable oil, such as. for 20example, soybean,

safflower ‘EBHOMEERYS Leitde mrrRRRIOmPA i dRlstoR SHashv BSHIE- ANeriamulay cRR RRsige tifemiscible

solvent mayihganesicsahadagdivmn aulaathehain iy asid. ShEhas: /o5 ExamRenamrNo-, di-, or
trielyceride, an ester of a combination of a medium and long-chain fatty acid or a chemically modified

or manufSRTarBa ¥ EfETAPS QLR SRS IS SBHOPY IRy EIAErSISB P FpS P BARMFLEE SargRerol
estel; polyioxpimr hydrogenaltedbagiosfaiteddie sioatey-immiscible solvent can also be a marine oil,
such as, for exam%lge% IrIliv&raost%e%g();gher fis?-fderi e%i_)il. q;[her suit Ie.solve‘[}tslinclude fractionated
oils, such as, for examp e,?réctlona ed coconut oir'Sr 'm &8 ie%p&f/a[)eea?f’lg e AR Rible
solvent migyrineotéutstaicarbethtipidssi¢saen @ ghdtipid BictpehnalagyidliMhddemiand H.W. Gardner
(eds). MascatReKKebRe-MENY ot Nk M0y sucled.ipigs arg available from commercial
suppliers such as Danisco A/S, 30 Copénhagen Denmark and S&J Lipids, Ostrander, OH. The
pharmaceutical A6RMBHEEEnanalse BRI hEref Gantedsuecont Aireati annusifiss. Sunegsefemulsifiers

inclade syrtBatisnonioRie SIS SkeD (%farsmm{?mﬁméyé@f,e@xﬁyﬂ%r&nlgmwated esters,
ne-polyoxyethylene block co-polymers and phospholipids. Naturally-occurring

[ I
Bﬁgﬁéﬁﬁﬁé%yaoﬁgmﬁ LEAT WA PRSSPhsIrRISY Rhen sdife s araRamfy of formula

(l}CO R

X 1
in which R' represents a chiral amino group, followed if required by forming the free

phenol or a salt (such as a pharmaceutically acceptabie salt) or pro-drug thereof.

-2
wn

The hydrolysis may be effected by reacting the carbamate with a base, for example an
alkali metal hydroxide. such as potassium or sodium hydroxide, which affords a salt of the (-}
stereoisomer of formula (1), such as an alkali metal salt. The free phenol may be obtained by

treating this salt with an acid, such as hydrochtoric acid. The chiral amino group may be, for



WO 2008/141097PCT/US2008/063082 manipulated phospholipids or mixtures thereof can also be
used. In some embodiments, emulsifiers are egg phospholipids and soya phospholipids. Egg yolk
phospholipids include phosphatidylcholine, lecithin and phosphatidylethanolamine. The
pharmaceuticghfespaulations described herein can comprise a lipid emulsiqy-Sgomptising,from about
0.1% to about 5% (w/w) of a formula (I) compound, from about 5 to about 25% (w/w) water immiscible
solvent and from about 40% to about 90% (w/w) water. A preferred formulation comprises from about
0.5% to aBGIRP%ARAl dFafsHAE P Brvpo ticxpmeteaariboitnaath d pmamsaeauied] #rmulation
comprisegfronyalu@yd%h fe.about 5% (w/w) of a formula (I) compound and from about 0% to about
50% (w/w) of a water 10immiscible solvent. The pharmaceutical formulations described herein may

also include staBiltsifAJ GBS KRS CEMiR S HERME G oY S5erTipiet BReSihaisIsHE BTamines,
conjugatedmdtbdeaiyethylens glycoliiRES i) abenhpsphaticyiglyerrals na.speciic example of which

is dimyristolphosphatidylgylcerol (DMPG). Additignal stabilizers include, but are pot limited to, 150leic
i St 1P ST LAY Y Sl BN GOV B G G LAE B CSBc i
such as stedsgemitiegahd migytamidiesanth3re[bN' (N1 githethyviamipbathiesseicarbamoyl)cholesterol
(DC'Ch°|&i£Q? Bg&[ﬂr@}acﬁgg%a‘_lﬂg? positions described herein can be made isotonic with blood by the
incorporation of a sultable tonicity modifier. Glycerol is most frequently used as a tonicity 20modifier,
Alternative tonickyembidifyistg wgetitsimdhedxylitolpinaneiiiotladner sisthitatoTrephadmeseutical
compositiangare HAGAINIBHAIRG-Ie.0ea! phvsiglagicallyneulialerl rpieallyi s ange 0. 0-8.5

The pH can by the addition of base, for examplé, NaOH or NaLICO3, or’in some cases

ad
acidl,%ucﬁﬂ&@%@ﬁ%ﬁ@m&%%ﬂmﬁmmm%é forertiatddbwsappstRarseslersally safe

oil-water 2hemulsiQRS:LOMRHING & VBaRIRRIR il A-RRESR M&@Hﬂ%ﬁi@%a@ﬁ%@!W@%,‘%ﬁithin or
soybean lecithin, and a tonicity modifier such as, for example. Liposyn(r) Hand LiposynC) Il (Abbott

LaboratofiE&MRIGriH ERAsIHE S1#Y e ISR BY @EreedinadaRabi AR Uppsala, Sweden) or other
similar oil-water j¢flienScGRIMpestdgssof, fornia (4} eanr alsoibs:faxmuaieddmadiglyaeride
comprising esteys of at 30least one.medium chain length (C6-Cr) fatty acid. In some embadiments, the
gy condrs S S O ot 0 ity BN AOUERGE ST P RATIG EOrmBbcs of
formdla (Hiseitideypiitark aobfimitedith, (Mighyal (GandeaiGhamie Gmbif (Wittenes Genmany)h For

example, 'é/'b%' fg)llg;rgg.)g L %i%s(%? r rlil‘f ;&}Qg{g% kr('k%.(Cs) glyceride) is useful for formulation of
compounds of formula ﬁ
Processes for preparing a stereoisomer of formula (I) or a salt thereof are provided as

further embodiments of the invention.
Salts

20 in cases where compounds are sufficiently acidic, a salt of a compound of formula (I)
can be useful as an intermediate for isolating or purifying a compound of formula (I) or an
enriched mixture thereof. Additionally. administration of a compound of formula (I) as a
pharmaceutically acceptable salt may be appropriate. Examples of pharmaceutically acceptabie

salts include salts that are obtained using standard procedures well known in the art, for example

2
1)

by reacting a sufficiently acidic compound of formula (I} with a suitable base affording 2
physiologically acceptable cation. For example, alkali metal (for example, sodium, potassium or
lithium}) or alkaline earth metal (for example calcium) salts can be made.
Pharmaceutical Compositions

The pharmaceutical compositions disciosed herein comprise a compound of formula (I)
30 disclosed herein with a suitable amount of a pharmaceutically acceptable carrier. so as o
provide a form for proper administration to a patient. The compounds of formula (I) may be
formulated as pharmaceutical compositions and administered 0 a patient, in a variety of forms
adapted to the chosen route of administration. e.g.. orally, parenterally. intravenously,

intramuscularly, topically or subcutaneously,



WO 2008/141097PCT/US2008/063082 Additionally, compounds of formula (1) described herein can be
foiululated analogously to pharmaceutical compositions of propofol as described, for example, in
United States Patent Nos, 4.056.635, 4.452.817 and 4398,846. Still other suitable formulations for

use in the preggnhipNeden can be found, for example in Remington's Phaymagceutisal sgiences,
Philadelphia. Pa., 19th ed. (1995). Therapeutic/Prophylactic Administration And Doses A

compound of formula (1) and/or pharmaceutical compositions thereof may be administered alone or in

combination with Bth&iesramaueairidaragastssuthidrigesrapboeriioe! Y, e N
pharmaceuiisal-camprsitionsdberent:dhecanprEnds cisclesedibrreinidAmayde adpibrisiered or

applied per se or as pharmaceutical compaositions. The specific‘sharmaceutical omposition depends

on the defITERFHTAEDE AefithsRiAhicaE {5 WeriGrWh C AR SkillERs BFtFEARSE O ounds disclosed
herein anghepghanbacepiipal-compas|tionsikereef may hel acministerestiioha stivjeat biysintravenous

bolus. injectipn, cgntinuqus intravenous infusion, oral 15tablet, oral capsule, qral solution, intramuscular
injec%on, és::lj %ﬁ%‘é‘&ﬁ@ ﬁ%@fﬁn‘%@%n‘sﬁ earﬁi‘giFgglsllotrp?lsoaﬁ;e t%%%af%%%%%%ﬁ? %ﬁtﬁgﬁgggpgﬁﬂs}%rption,
inhalationn subtingualbyrintta csrtebrathpoiviray agsinh iyt rect iyt topically | paittisulaidyntd the ears, nose,

eyes. or skin or a1y Qlier comeriEnl T AOd KAONA 10,1056 SLHHh A M AL some. syppodimens,

compounds disclosed herein and/or pharmaceutical compositions-thereof are delivered via sustained

release 20desgeToFMGDIREN iy orelssdstaiedivs| cBsecdopaiguisorfvsmpdrtinisrdtopi et e
systemic prlaaal parigus delivery SYSICHmS A e ARoVRa£60 1S RCARRMIALIOR InliRgsames.

microparticles, microcapsules, capsules, "patient controlled analgesia’ drug delivery systems, etc.)

that'@an BEPiredy foraalivier &b asysRIdE dia iR AR e T a N6 BHaT BB teRSCOMPEShBHE thereof

The amouphaf &ompeuAss-iscioardher eimansierpharmacestisabeompasiionsthergahthat will be
effective can be determined by standard clinical techniques kngwn %iﬁgg?n Th? amount of
i i

compounBSTHRS SFBLRE FRIHC ABT RS IRSE AP S ARSI ROh &t KSHinidkered will, of course,
be depentientticamang Dihephircidis ctheagubjeetbemp d(eatadsiie weightof the subject, the age of

the subject, the condition of the. sub intended effect of C nds, the manner. of
bttt 45 Fn i R am sty s il o bR TG T
(R.RY or yhstevetisonreeoffalirsuach pidipiddieingagerersidinesthiesiasnayi hecinnheindnge of from

about 1 tq about 10.rog/ka. E’J&@%éﬁ%W@%ﬂ@??&%ﬁﬂ%g@%%@b@§%94?§%9%%*§1 KO

Preferred maintenance doses range from about 1 to about 15 mg/kg/hr. Preferred doses to produce a
sedative éfféét¥&hge from about 0.3 to about 6 mg/kg/hr. WO 2008/141097PCT/US2008/063082

A wide range of water-immiscible solvents can be used in the pharmaceutical

compositions described herein. The water-immiscible solvent can be a vegetable oil, such as, for

20 example, sovbean, safflower, cottonseed, com, sunflower, arachis, castor or olive oil,
Alternatively, the water-immiscible solvent may be an ester of a medium or long-chain fatty acid.
such as, for example. a mono-, di-. or triglyceride, an ester of a combination of a medium and
long-chain fatty acid or a chemically modified or manufactured material such as ethyl oleate,
isopropyl myristate. isopropyl palmirate, a glycerol ester, polyoxyl or hydrogenated castor oil. The

25 water-immiscible solvent can also be a marine oil. such as, for example cod liver or another fish-
derived oil. Other suitable solvents include fractionated oils, such as. for example, fractionated
coconut oil or modified soy bean oil. The water-immiscible solvent may include “structured lipids.”
(see, e.g.. Lipid Biotechnology, T.M. Kuo and H.W. Gardner (eds.). Marcel Dekker, Inc. New York,
NY). Many structured lipids are available from commercial suppliers such as Danisco A/S,

30  Copenhagen Denmark and $&17F Lipids. Ostrander, OH.

The pharmaceutical compositions described herein can also contain an emulsifier. Suitable
emulsifiers include synthetic non-tonic emulsifiers, such as, for example, ethoxylated ethers,
ethoxylated esters. polyoxypropylene-polyoxyethylene block co-polymers and phospholipids.
Naturally-occurring phospholipids, such as egg or soya phospholipids, and modified or artificially



Combination Therapy In certain embodiments, compounds disclosed herein and/or
pharmaceutical compositions thereof can be used in combination therapy with at least one other
therapeutic agent. The compounds disclosed herein and/or pharmaceutical compositions thereof and
the therapeu@g@gﬁgﬁlgﬁ,@ﬁct additively or, more_preferably, _s_ynerg|st|callyp&,§§%ggﬁ;&g%jlments,
compounds disclosed herein and/or pharmaceutical compositions thereof are administer

concurrently with the administration of another therapeutic agent such as, for example, other sedative

hypnotic jSRdeighesrbiliaeormispRIRCRRIcas SlmPe desin dB&REfiBmR KB iEy iHESthetic
agents (exgh cdephbiaape vallusansndsoiiumne Hlrayis odsabiang iBerits e hhaniiRapigid such as

remifentap?liti glorphine. meperidine, hydromorphone, methadone, fentanyl, sulfentanil, or alfentanil, or
a non-opitSitl ARG SO AL RE5rEMEE §apapentin, lidocaine, or ketamine), paralytic agents, such
as rocuronium. GikeairantBtioe ConanibimnO B PAnRGY IO biamide;-apt-ametes:(eg:, ondansetron,
dolasetron, droperidol), cardioyascular, age e,d., metoprolol, propranolot. esmolol, clonidine.
S LS e R B e e et
glycopyrrelate, 1inoph;,) mitreg lycer;j o dibvmmisropivss ideud igBxim, shiltingiie)| steloids(esg..
dexamet SR dl} rocortasone, met Iprednisalope), anti-infectiv n 4., gefazolin,
vancomy in),%%ureéé%%%zg.%., 3%3%%?%?%%5 chﬁlg%t%jiagzj%g,ffﬁi(}gﬁg?agﬁ%% %%gg altering
medicatiorseoendfidoxetrertmdbipraz oo onastiniidaliiersudtian ¢outiresor eyt @6korexample.
compoungs.diselpser.heiein Andior pharmacruticalrompasiiensharaeismay hradminisiered
together with other therapeutic agents. In other embodiments, compounds disclosed herein and/or
phatithacdiisrEéniptis®ions thereof are administered prior or subsequent to administration of other

therapeutic agemts: Fiaeibias:RATREARIM R ediMgb-anteed HereRd efersitoaisampoupshihat can be
metabolized. or, corg/_ rted.in vgéo to provide a compound of formula (1). Typic%ly%drue?g include
1

compoundTit S8 e A1y R SR FReSBREHEIGPatN A R e ATEB R S 1SRG 5 B rovide a
correspongding c@BOoRPidahosshheyeteholizecher fonuaridcdinwila fo provide the corresponding
compound.of formula (1). Pr, druos o iC ounds as.well.as methods 30for.their, preparation
loadic s ARGl el e A A A
20060287645 20006026598828060841041¢ 200862395728, arid 20056X0H885!ts the@tifer suitable

prodrug argipzaledlsatpeeddn e alownd ublisheddaiermatons) Patent Applications and
Published US Patent Applications: WO 2005023204;'US 2005107385; WO

2008/14 180Tt rnigobesBedegeicdenso0dB8LhU0 2004092187: WO 2004032971: US

2006100163; WORDPEAA3LIWQ 200403t sbin DR LG % WRRO038884d M2 2004370213
WO 2003057153; US 2001342755; US 2002099013; WO 2002034237; US 2004127397: WO

200201381 9D 6DDILEPE 19-IH0BIBESHITNRSTODGEREH IS BOBEE A5 63BN 9958555:
andgS 5499%:éb 3G6kranidd otherothenfalewisg aublicationss | Grasews ki Mddpiaurrens Opinion in

Investigational Drugs (Thompson Scientific) goog{g&% 90-98; Fechner, J. et al., Anesthesiology,
2004 0TI R ATR C AP BREHLAIVTBENHA 8 PP ORARf 1 Seual BF

typically in the range 6.0-8.5. The pH can be adjusted by the addition of base. for example, NaOH

or NaHCOs, or in some cases acid. such as HC1.

The compounds of formula (I) can be formulated with pharmaceutically safe oil~water

o
A

emulsions comprising a vegetabie oil. a phosphatide emulsifier, typically egg lecithin or soybean
lecithin, and a tonicity modifier such as, for example, Liposyn® II and Liposyn® [I {Abbott
Laboratories, North Chicago, 1L} and Intralipid® (Fresenius Kabi AB. Uppsala, Sweden) or other
similar otl-water emulsions.

Compounds of formula (I) can also be formulated in a triglyceride comprising esters of at
30 least one medium chain length (C¢-Cya) fatiy acid. In some embodiments, the triglyceride is an
ester of a Cyg-Cyp farty acid. Triglycerides suitable for formulating compounds of formula (I)
include. but are not limited to. Miglyol® (Condea Chemie GmbH (Witten, Germany). For
example. Miglyol® 810 or 812 (caprylic (CyoYcapric (Cs) glyeeride) is useful for formulation of

compounds of formula (1),

10



Sciences; 2003, 20,1. 17-26; Sagara. Y. etal., Journal of Neurochemistry; 1999; 73, 6, 2524- 2530.
and Trapani. G., et al., International Journal of Pharmaceuticals, 1998. 175, 2. 195-204. 10As
described hereinabove, the other two isomers of 2,6-di-sec-butylphenol, the (S,S) or (+) and (meso)
isomers of fogpaiiaogli4@ve also been found to demonstrate an improved hgmedynamis psofile along
with a similar or improved pharmacological activity, compared to propofol. Accordingly, the present
invention also provides each of these isomers, their parafiuoro derivatives and pharmaceutically

acceptable salts ¥ pralrGERRAEREL T Aprnuls i Ralerritsdesridaispbaivany aiet aBrloapirs as
1“93thfeti@ﬁama§5%@cé5&h@oﬁtﬂ(ﬁﬂ¢f@@%&b§é§ﬂ@§ﬂ?@éﬂ%@d@%@%%§{%ﬁ$msrﬁét@#&@ﬁ@éﬁﬁodgugs
thereof m " ed follgwi e general methods described for the preparation of the
correspor?éﬁr%{%f?%‘ﬁ%g?‘sg@? d%s%ﬁ%%é: For example, the stereoisomers may be separated from the
racemic compoufidl byhehirdtghirageahramatdgraphin for pxample asidessrinedind 20- Exarpple 2
herein. It : faund that the (S.S) or (+ eoisomer. of,2 6-di-sec-butylphenol may
advargtagggﬁé%‘% %SpngeaE)Tg?ge i%/ﬁé%%%%@%%%ﬁ%ﬁﬁ%&%&d thg)gé fresponding 2.6-di-secbutylphenol
Vicheitzidigftropiaiagile Admimgirtidé st&lvas benzoyl chloride) to afford a mixture of
carbonate diasteregmers tha i : i i rmula (1) after
hydrolysis of the car%l]gﬁate residuégl%\?ﬁ%xgﬁrép?g %ﬁ%&%%ﬂgiégég@%iﬁgg géqé?%rn]g%xample 5a
hereinaftéfminisfiied & Hesr () cambiFreen ) ste rsbis ohtereret foem aizetly elpdirzseomofoiifulated and
be administereadnaatients asdessubesiand exempliiedierein for e R ALk stergpisgmers. For

the g) ,S) or (*E)istere,oi_somers. the dosage level for producing general anesthesia may be in the range
of frofn albiit &° (5 SHUHETES MR PSratE el itcRRABIT toSEa! IHHBRCRERTBbO T21830about 4
mg/kg. Prgfetipd-naiftenapedtoses tangenfiamiahinut ot aAhaut-30:mgkai s ReafRrehdeses to
produce %h%%ﬂﬁ;%\éfagﬁed range from about 0.5 to about 12 mg/kg/hr. For the (meso) stereoisomers.
the dosage’levelfor 6?8%1’ucing general anesthesia may be in the range of from about 1 to about 10
mg/kg. Preferred imtuction dissescrainge framnd/abpiutri iocabionit @oWitions thereof may be
2008/141097PC.T{US2008/063082 ma/kg. Preferred. maintenance doses range from about 1 to about
20 malka b B Ao el B R S B B g
Thelabilitizbich eshfsotiie ofshwintientiotian podidejecsedasiveoaimmpndticaifecteasibandbtermined
using stapgaidihamacelogicalmedalswhichiarewsll known:ta he.ar. Lhe emedypamic profile of a

compound of the invention can be determined using standard pharmacological models which are well
known to fHEN AN e bofORIEHEW BE St hp yate TotR WG AOFIMSLAY Rikenples. WO

2008/14 109G 22R0BI063083 fmyanmiplech iselation of siereeisenienofa compaad of Formula (1)

via HPLC se ar%t on of digsteriomeric carbamates of 2,6-Di-sec-butylphenol. .
disclosed herein and/or pharmaceutical compositions thereof are délivered via sustained release

20 dosage forms. including oral sustained release dosage forms. Administration can be systemic or
local. Various delivery systems are known, (e.g.. encapsulation in liposomes, microparticies,
microcapsules, capsules. “patient controlled analgesia™ drug delivery systems, erc.) that can be
used to deliver compounds disclosed herein and/or pharmaceutical compositions thereof.

The amount of compounds disclosed herein and/or pharmaceutical compeositions thereof

b2
N

that will be effective can be determined by standard clinical techniques known in the art. The
amount of compounds disclosed herein and/or pharmaceutical compositions thereof
administered will, of course, be dependent on, among other factors, the subject being treated, the
weight of the subject, the age of the subject, the condition of the subject, the intended effect of
the compounds, the manner of administration and the judgment of the prescribing physician.

30 For example, the dosage level of a (R,.R) or (-} stereoisomer of formula (I} for producing general
anesthesia may be in the range of from about 1 to about 10 mg/kg. Preferred induction doses
range from about | to about 2.5 mg/kg. Preferred maintenance doses range from about 1 1o

about 15 mg/kg/hr. Preferred doses 10 produce a sedative effect range from about 0.3 1o about 6
mg/kg/hr,

Il



race2.6-di-sec-burylphenol 0 (R)-(Lisncyanatnethyl)benzene Ib. diastereornerically enriched
carbamate NaOH/diox.ane If 2. stereoisomer of Formula (1) (-)-26-d i-sec-buiylpti cool WO
2008/141097PCT/US2008/063082 Synthesis of R-(+)-1-Phenyl-ethyl)-carbamic acid
2,6-di-sec-bugyipharylaster (1): A mixture of 2.6-di-sec-butylphenol (2.06 LJSO m(@é’
I-phenylethylisocyanate (1.47g. 10 mmol). and 4- (dimethylamino)pyridine%‘ 60 mmol) was
heated at 100 C |n 10 mI dry pyridine overnight. The reaction mixture was evaporated, and the
resulting keigivina sty 5 with ethyl acetate (75 ml) and 1M HCI ag (100 ml). The organic layer
was washed tWIﬁeaefﬁM%@& Anf2 XD Riing:(390mh and.dried.Quer aahydrous MgSOA4.

Evaporation of the solvent provided carbamate (1) (3 g. 85%). Separation of diastereomers of

R-(+)-1-PHERPREHAA-Sarerimie heissodardiaseblmigiohenyy ety qidyat proSep Hremerias performed

on HPLC giliga gelcolummidsl:xibbea Ml AA80M0eRL 2100/ 10-mmskradignt-hexangs-ethyl
acetate 0-10% in 72 min; flow rate 50 mI/m|n Ioadmfggﬁé}?é,of (1) in 10 ml hexane. The fraction with the

desirgd is ﬁﬁ%?e@f’fh@@&%ﬁ?ﬁﬁ’i@%ﬁ“ﬁé EcBIEEEY vAPSESHEHCEL81g S7 96 MRALIEEST optical

purity by Chﬂ‘l@bﬂhﬂ@m@wmﬂﬁ‘ieﬂ@wﬁﬁ§@&;%ﬁﬁﬁdpubﬂ%@ﬁﬁlﬁswecﬁ%MM%%|RALCEL

OD-H column (4.6 x 250 mm) jn isocratic mode, mobile phase -
concurréntly W181 the gdmmmtratzon ofo another therapeutic aoem such as, for example, other

sedative hypnotic agents (e.g.. etomidate, thiopental, midazolam, dexmedetomidine, ketamine).
anesthetic agents (e.g., desflurane. sevoflurane, isoflurane. nitrous oxide), analgesics (e.g., an

10 opioid such as remifentanil, morphine, meperidine. hvdromorphone, methadone, fentanyl,
sulfentanil, or alfentanil. or a non-opioid analgesic such as ketorolac. gapapentin, lidocaine, or
ketamine}, paralytic agents, such as rocuronium, cis-atracurium, vecuronium, or pancuronium
bromide, anti-emetics (e.g., ondansetron, dolasetron, droperidol), cardiovascular agents (¢.g..
metoprolol. propranolol, esmolol, clonidine, phenylephrine, ephedrine, epinephrine,

15 norepineprine, dopamine, diltiazem, atropine, glvcopyrrolate, lisinopril, nitroglycerin, sodium
nitroprusside. digoxin. milrinone), steroids (e.g.. dexamethasone, hydrocortosone,
methylprednisolone), anti-infective agents (e.g.. cefazolin. vancomycin), diuretics (e.g.,
furosemide, hydrochlorothiazide, spironolactone}, mood altering medications (e.g., fluoxetine,
aripiprazole), or stimulants such as nicotine or cytisine.

20 For example. compounds disclosed herein and/or pharmaceutical compositions thereof
may be administered together with other therapeutic agents. In other embodiments, compounds
disclosed herein and/or pharmaceutical compositions thereof are administered prior or
subsequent to administration of other therapeutic agents,

Prodrugs

25 The term “prodrug™ as used herein refers 10 a compound that can be metabolized or
converted in vivo to provide a compound of formula (I}, Typically. prodrugs include
compounds that are prepared by modifying the phenol group in a compound of formula (1) to
provide a corresponding compound that can be metabolized or converted in vivo to provide the
corresponding compound of formula (I). Prodrugs of phenolic compounds as well as methods

30 for their preparation have been reported. For example. see U.S. Patent Application Publication
Numbers 20070015716, 20060287525, 20060205969, 20060041011, 20050239725, and
20050107385,

Other suitable prodrug groups are discussed in the following Published International

Patent Applications and Published US Patent Applications: WO 2005023204, US 2005107385;

12
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15hexanes, flow rate 1 ml/min, 20 mm, detection 270 nm. Samples were dissolved in hexanes.
Carbamates were preliminary hydrolyzed to 2.6-di-sec-butylphenols at 100C for 1-2 min. in a 1:1
mixture dioxane :1M NaOH ag. 2,6-Di-sec-butylphenols were extracted with ether. The ether layer was

evaporated, sysldlg/ressiual oil was dissolved in n-hexanes. Synthesis of §+26<dirgaefartylphenol (2):
R-(+)-1-Phenyl-ethyl)-carbamic acid (-)-2.6-di-sec- 10butylphenyl ester (Ib) (4.1 g, 11.6 mmol) was
dissolved. in Q0 ml 1:1 mixture of dioxane: 1M NaOH ag, The reaction mixture was stirred at 70C for
15 mm. VOB A& Fe b el Eret et prsete o U TG 8 TSRl i s stec
to 3-4 withODN) Ha THhe)phenst svasexiraciesh ogta sthes (B0 1); washedsadthi 13NUNCI, brine and
dried ove drous aration yielded.cru I iL( -100%,), Vaguum distillation
oswas potma T B B B S e E SR A R R TS
Example 2¥Direet Sepat ation I6HS{Ene6iSatNeds 1962, 6/di298e nitAph Brol> B€paration '0F the mixture of

terepi 6:dirsec- hieved by chiral 30 .2.6-Di~sec-hutylphenol (1
e B P s B B B B AL G

OD-H 20 jeos6 semng iz Sdparanion waisradhieY bkl P88 cratbngradiehtlusing HPLC grade
n-hexane 45 e mpkile RRasecat & dowsale 20, WE 2008/441097PGT/VIS2008/063087, mifminute

at ambient temperature. Peak detection was at 270 mm. 2,6-Di-séc-butylphenol showed three peaks in
a 1:2:1 ratided6rre d88hdiflgltd émtnfiomer I (gieldesieaswrdeiseniensimesdi® Gidhsecbutylphenol,
arid engmzimeixﬁ- z‘rr:aﬁa'f@p@.teéﬂ Iﬁﬂ@ﬁ%@ﬂ&%ﬁd%ﬂﬂém %YW%@E&%@JN&QA%b%l.—@?@fékd@?ﬂ:m@)ﬁane andh
injected onto a chiral 1-fPLC column (Daicel, Inc., SCHLRALCEL OD-H 4.6 x 250 mm, Sum), run wit
an Aoratic gra&ér%i%?ﬁa‘%?ﬁ%ﬂargaﬁ% ﬁlet?égi%frf-é"%ésﬂ%e’ﬁ%ﬁe&ﬁﬁ B RO o fhuminute
at ambientt-lemparatoidsdeak doteaiian Wasat 210 b fangisbheuedmireteationdimedf 17.1 minutes,

and a purlll%of >%99 of}) Jspmer. | ptical ?tatlon. a20 11.91 Foﬂlowmr%the samea(?nalytlcal

CAYRAMmIC Projil With 8 SImiAar or 3Improve haﬁ.iilaCO obic {IVity., compared 10 .
procedure as F renantiomer 1, antiomer Z'showed a rePen iontimé&’o fﬁh Inutes, and a purity of

>%095 of th@fdéomwm@néw@q)r&ﬁadimembmylmmﬁmmﬁ ﬂ@tmﬁomthm@ofrw!&minute_s,
and a purgy of 534%%918%&@%%}{5}%{&%%%8?a%c%B{éﬂfé'%ﬁh?é‘aﬁ@%@'é?&ﬁ?%&'@%@ﬁr%ﬁs arepresentative

dosage form containing a compound o
15 phammaceutical compositions thereof, for use as anesthetics.

The (S.5) or (+) and (meso) stereoisomers of formula (I), their salts and prodrugs thereof
may each be prepared following the general methods described for the preparation of the
corresponding (R.R) or (-} stereoisomers. For example, the stereoisomers may be separated
from the racemic compound by chiral phase chromatography, for example as described in

20 Example 2 herein. It has been found that the (5.5) or (+) stereoisomer of 2,6-di-sec-butylphenol
may advantageously be prepared by reacting a racemic mixiure of the corresponding 2.6-di-sec-
butylphenol with an acyl halide (for example an aroyl halide such as benzoy! chloride) to afford
a mixture of carbonate diastereomers that can be separated to yield the desired diastereomer of
formuta (I) afier hydrolysis of the carbonate residue. An example of such a process is described

25 in Example 5a heremafter.

The (8.8) or {(+) and (meso) stereoisomers of formula (I) may exist, be formulated and be
administered to patients as described and exemplified herein for the (R.R) or (-} stereoisomers.
For the (5.5) or {+) stereoisomers, the dosage level for producing general anesthesia may be in
the range of from about 1 to about 12 mg/kg. Preferred induction doses range from about 1.2 to

30 about 4 mg/kg. Preferred maintenance doses range from about 1.5 {o about 30 mg/kg/hr.
Preferred doses to produce a sedative effect range from about 0.5 to about 12 mg/kg/hr. For the
(meso) stereoisomers, the dosage level for producing general anesthesia may be in the range of

from about 1 to about 10 mg/kg. Preferred induction doses range from about | to about 3



15(1) for therapeutic use. Ingredient Batch Weight w/ w% Soybean Oil 70g 11.71 Soybean
Phospholipids (Lipid 5-75) 8.4 g 1.41 Compound of formula (1) 3 0.59 Glycerine 15.75 g 2.64
Disodium Edetate 0.035 g 0.01 Sodium Hydroxide (pH adjustment)

WO 2008/141097 PCT/US2008/063082

mg/kg. Preferred maintenance doses range from about 1 to about 20 mg/kg/hr. Preferred doses
to produce a sedative effect range from about 0.3 to about 8 mg/kg/hr,
"The ability of a compound of the invention 1o produce a sedative or hypnotic effect can

be determined using standard pharmacological models which are well known to the art. The

L

hemodynamic profile of a compound of the invention can be determined using standard
pharmacological models which are well known to the art.

The invention will now be illustrated by the following non-limiting Examples.

14



Subtotal 97.685 Sterile Water For Injection 500 ml 83.66 Total 597.685 100 WO
2008/141097PCT/US2008/063082 Example 4. Formulation The following illustrates a

representative dosage form containing a compound of formula (I) for therapeutic use. Ingredient Batch
Weight w/wY%sSoypbeamédl 70g 11.66 Soybean Phospholipids (Lipid S-75) 84 &<bf063082

Example 1.

Isolation of stereoisomer of a compeund of Fermula (I) via HPLC separation of
diasteriomeric carbamates of 2,6-Di-sec-butviphenal.

L

racemeic-Z6-di-sec-butylphene! (R (1 iseevanntoethyiibenzens

pyridine

ib. diastereomerically 1
enriched carbamaie

NaG#H/dioxane

1. steresisomer of Formula (1)
{-}-2,6-di-sec-butviphenot

I5



Compound of formula (1) 6.0 g 1.00 Glycerine 15.75 g 2.62 Disodium Edetate 0.035 g 0.01 Sodium
Hydroxide (pH adjustment) Subtotal 100.185 Sterile Water For injection 500 ml 83.31 Total 600.185
100

WO 2008/141097 PCT/US2008/063082

Synthesis of R-(+)-1-Phenyl-ethyl)-carbamic acid 2,6-di-sec-butylphenyl ester (1): A
mixture of 2.6-di-sec-butylphenol (2.06 g. 10 mmol), R-(+) 1-phenylethylisocyanate (1.47 g, 10
mmol). and 4-(dimethylamino)pyridine (0.06 g, 0.5 mumol) was heated at 100 °C in 10 ml dry
pyridine overnight. The reaction mixture was evaporated, and the resulting residue was treated
5 with ethyl acetate (75 ml) and 1M HCI aq (100 ml). The organic layer was washed twice with
IM HCl ag (2 x 100 mL}), brine (100 ml) and dried over anhydrous MgSQy. Evaporation of the

solvent provided carbamate (1) (3 g, 85%).

Separation of diasteresmers of R-(+)-1-Phenyl-ethy})-carbamic acid 2,6-di-sec-butylphenyl
ester (1b): HPLC separation was performed on HPLC silica gel column (250 x 41.5 mm),

10 sorbent 5i-60A 10 mm. Gradient: hexanes-ethyl acetate 0-10% in 72 min; flow rate 50 ml/min;
loading 1 g of (1) in 10 ml hexane. The fraction with the desired isomer of the carbamate (1b)

were collected and evaporated {0.18 g, 72%).

Analysis of optical purity by chiral chromategraphy: Analyses 2,6-di-sec-butylphenols were
performed on CHIRALCEL GD-H column (4.6 x 250 mm) in isocratic mode, mobile phase — n-

15 hexanes, flow rate 1 ml/min, 20 min, detection 270 nm. Samples were dissolved in hexanes.
Carbamates were preliminary hiydrolyzed to 2.6-di-sec-butylphenols at 100°C for 1-2 min. in a
1:1 mixture dioxane :1M NaOH aqg. 2.6-Di-sec-butylphenols were extracted with ether. The

ether layer was evaporated, and the residual oil was dissolved in n-hexanes.

Synthesis of (-)-2,6~di-sec-butylphenol (2): R-(+)-1-Phenyl-ethyl}-carbamic acid (-)-2.6-di-sec-
20 butylphenyl ester (Ib) (4.1 g, 11.6 mmol} was dissolved in 2 100 ml 1:] mixture of dioxane: IM
NaOH ag. The reaction mixrure was stirred at 70°C for 15 min. Volatiles were removed at
reduced pressure to a volume of -~ 30-70 ml. The pH was adjusted to 3-4 with 1M HCL The
phenol was extracted with ether (3 x 50 ml), washed with 1 M HCL brine and dried over
anhydrous MgSO,. Evaporation yielded crude yellow oil (2.4 g, ~100%). Vacuum distillation

25 was performed (120-125°C/~5mm) (2.1¢. 89%). Optical rotation: asz = -14.11° (¢=~2, pentane).

Exampie 2:
Direct separation of sterecisomers of 2,6-di-sec-butylphenol.

Separation of the mixture of stereoisomers of 2.6-di-sec-butviphenol was achieved by chira}
30 HPLC. Z.6-Di-sec-butylphenol (1 mg/ml in HPLC grade n-hexane) was injected onto a chiral
HPLC column (Daicel, Inc., CHIRALCEL OD-H 20 x 250 mm, Sum). Separation was achieved

using an isocratic gradient using HPLC grade n-hexane as the mobile phase at a flow rate of 10

16



Example 5. Preparation of (R,R)-Di-sec-butylphenol using Chromatography to Separate Carbamate
Diastereoisomers a)(R)-(+)-1-Phenyl-ethyl)-carbamic acid-2,6-di-sec-butylphenyl ester
Di-sec-butylphenol (available from Acros & AK Scientific) (5 grams (g), 21.1 10millimoles (mmol)) was
azeotropicallwdrigaeckamavrotavap (55C, 48 ton) using 5 milliliters (ml or mL}gftoluaresaghthen
charged into a 100-ml three-necked flask equipped with a magnetic stirrer, a reflux condenser, a
thermocouple and a nitrogen (N)) inlet. Toluene (10 ml) and 4- dimethylaminopyridine (0.085 g, 0.7
mmol) WéPg/ Y 2RI SHBRS MY [sekyeieraom g atlgs W-Z%-.@@Hﬁ?fo%l\‘h’&hﬁﬂ%duced last.
The resuliingveleaseiawsmbdure. was:hesirdpbaundar M.a5 806 ysing &heating-aapHeand
continued to séir,}a this temperature while monitoring the progress of the reaction by high pressure
liquid chrERAf @»ﬁb%gﬁ%ﬁrﬁﬁ%‘}?%ﬂ%# e FEARAOA G As iidhEad 818RIG S () R T4 YEY by HPLC,
the reactidnsniixitite WasConernirateshonal iajemap (bR-226#4b1r50 oa)terabipiiaisami-solid (-9.4 g)

which was.diss, in,hot.2-propanol (18.m1). The splution was allowed to.re bient

tompbrat S e e L ERE G LA GAE B S E AP0 b ARy ester,
and placédinna sefiligenatoic @@ ydor 2486 hatfosSlcindrystallizationtioro coupcfrerpiésipitated yellow
WO 2008 / soli filtered nd dried on the filter funnel for 1-2 h.
The first éﬁ)g%g%%%%%%tgweigggd%g%%gg@%ﬁfo%%g{%ne&h gvxcl}gsp#glu?r‘]u ?geg'ega%eaa?eﬁﬁ %V'ugr%l L(é%%?é’ Erea
percent (ASoispuree. bYnPalCosmalysis. T He IméilieFideonngabconte ataedo pracataves for- 2/3 of the
original v istill I - d th led -5C.for 6-8 h..The.,second crop of
product W%%é%%ﬁégﬁgé{ﬁ%? o%)gt%)e@fgi @Fe% ??l%%ieﬁ%néﬁ/%?a%&gé%ﬁggﬁ% %1% %pé‘fy &%%@3)0?)? product
whidf wadfderiacto e (188smed. byl Pt CulyiniRIR] Ry avphenslethyietinpapiits 8 minutes, and 2
acid-2,6-dysecdruy/ipbepylesteher,  To an Agilent HPLC system fitted with a diode array detector and
a 0.46 cm ID x 25 cm long 10 mm ICROMASIL Silica Column was charged 714 mg of racemic
R-()-1-phenyl-ethyl)- 10carbamic acid-2,6-di-sec-butylphenyl ester dissolved in 10 ml of hexane/ethyl
acetate (3&ahineve &ddfilddeed solution. The sample was eluted with hexane/ethyl acetate (98:2)

at 2 ml/min at 25C. Fr ctions. containing (R,R.R)-1-phenylethylcarbamic acid-2,6-di-sec- buty|pheny!
aster were collo i ha U BPARAE HEF RO B T L0 2 B RS AT e
(R,RR)-dtereoisoraprmiaswcollected with a chiral purity of 98.7% 15diastereomeric excess (de) and a
total yield of 53%. c) (R,R)-Di-sec-butylphenol

Ingredient Batch Weight w/iw%

Soybean Oil 70 g 11.71

Soybean Phospholipids 84 ¢ 1.41

(Lipid S-75)

Compound of formula (1) 35¢g 0.59

Glycerine 1575 ¢ 2.64

Disodium Edetate 0.035¢ 0.0t

Sodium Hydroxide

(pH adjustment)

Subtotal 97.685

Sterile Water For Injection | 500 mi 83.66
| Total 597.685 160
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To a 100-ml three-necked flask equipped with a magnetic stirrer, a reflux condenser, a thermocouple
and an N2 inlet, was added tetrahydrofuran (THY) (9 ml), (R,R,R)-1- 20phenylethylcarbamic
acid-2,6-di-sec-butylphenyl ester (1 g, 2.8 mmol), and 1.0 M sodium hydroxide (11.4 ml, 11.4 mmol).
The resulting,gieaimixie was heated under N2 at 55-60C using a heatingpatls,andggntinued to
stir at this temperature while monitoring the progress of the reaction by HPLC. After the reaction was
finished (6-8 h) as judged by HPLC, the reaction mixture was cooled to 15C and filtered to remove
preC|p|tated urea The filtered cake was 25washed with cold TI-IF (5 ml). The filtrate and the wash

were condiiABY l'dlflgﬁr@‘ﬁﬁmm with 3.0 M hydrochloric acid (HCI) (3.5 m1). After stirring for 10
minutes (mm). 0 ml) vgas added and then resulting mixture was vigorously stirr for 15 min
after which layer< e Saparatsi2tha BSITELLyE a8 WAERSEWRHATEC KPR T SBHHE S mi),

dried magha”smmxspﬁam (MgSO4), filtered to remove the drying agent. and then concentrated ona

rotavap te reﬁré’ﬁ’“ semt-solid-yelow: re‘*:""e \r hich-was-stirred w'u nethyl-tertiary-buty-ether (MTBE)
(3 ml) far I5 R Aand then filtered, T ? erétfthke was wash edw(ﬂ MTBE (2 ml). The filtrate and the
wash wersgbeabified, and then con c:‘engrated ona rotavap to give.fise title compound as g yellow WO

200/014 n97bPCT“ OIU 0\18 10- UU 100%crude ylcm\ that-was-found-to-be gre ter than 93
A% purellggryH%Eg.}{ U‘f ﬁMR (D %D -d6) was found to be|consistent with the structute. Example
5a Preraiaﬂbiﬁeﬁs S)-di-sec-buty Ipheno/ using Chromatography to Separate Carbonate

Diaster
AK Scie
(mlor m

ﬁ%ﬁgﬁlﬁg on a rotavap

(55C. 48 ton) using toluene

1 Ll ! + i
I I J;IUI PEITLZ0YTTTSIET DIFoEL-

B erPutyiphe

tytphenot-tavaitabte-frg
and then charged into a 1{

DM Acros &
DO-milliliter

|§kretnnecked flask equip

dédﬁ‘ivi?th a magnetic stirrer,

abGéflux condenser, a ther

mocouple

and a ni benzoyl
inued to stir
id

nixture is
>-butylphenol
11D x 25 cm
issolved in
yl acetate

cted and

HHSAENZI dDie 10 Totuene (%BujL(g-uuneuryldmrnupyn( g gre added-fottowed by
chloride._The resulting mixture is heated uhder N, at 90C using a heating mantle and con

at this terRpéirUry vpiidanonitoring the progress of the reaction by high performance liqu

chromatogiaphyHRLG). After the reaction is finished as Judgﬁd by FIPLC, the reaction
45-50 ton) to obtain a.se -2 6-di-

concenttated on arotavap (50-55C
L J&ehtitted with a diode afray detector and a 0.46 cn

benzoyl e&tBio# an Agilent HPLC $
long 10 ,ny@ﬁﬁgﬁma%}_@g@@o{;oum igicharged 2.6-di-Sec- blggyrgnenol perizoyl ester d
afeed solution..The sample.is.eluted with _hexane/eth

hexane/gthyl-acetate-(98.2)-togive
(98:2) a 388! Fractions contalnlng (@09,)1 $6-di-sec- butylphen Jllﬁgnzoyl 20ester are colle

evapprated under reduced pressure at <65C to give a thin oil.

Example 5. Preparation of (R, R)-Di-sec-butyiphenel using Chromatography to Separate

Carbamate Diasterecisomers

&) (R)~{+)-1-Phenyi-ethyl)-carbamic acid-2,6~di-sec-butviphenyl ester

Di-sec-butylphenol (available from Acros & AK Scientific) (5 grams (g), 21.1
10 mullimoles {mmol}} was azeotropically dried on a rotavap (55°C, 48 torr) using 5 milliliters (ml
or mL) of toluene and then charged into a 100-m] three-necked flask equipped with a magnetic
stirrer, a reflux condenser, a thermocouple and a nitrogen (N») inlet. Toluene (10 m!) and 4-
dimethylaminopyridine (0.085 g, 0.7 mmoli) were added. (R)-(+)-1-phenylethyl tsocyanate (3.3
g, 3.65 ml. 23.63 mmol) was introduced last. The resuliing clear yellow mixture was heated
under N at 90°C using a heating mantle and continued to stir at this temperature while
monitoring the progress of the reaction by high pressure liquid chromatography (HPLC). After
the reaction was finished (18- 24 hours (h)) as judged by HPLC, the reaction mixture was
concentrated on a rotavap (50-55°C/45-50 torr) 10 obtain a semi-solid (~9.4 g) which was
dissolved in hot 2-propanol (18 ml). The solution was allowed to reach ambieni temperature.
seeded with pure (R)-(+)-1-Phenyl-ethyl)-carbamic acid-2.6-di-sec-butylphenyi ester, and placed

in a refrigerator (4°C) for 24-36 h for siow crystallization to occur. The precipitated yellow
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c)(S,S)-Di-sec-butylphenol To a 100-ml three-necked flask equipped with a magnetic stirrer, a reflux
condenser, a thermocouple and an N2 inlet, is added tetrahydrofuran (THF),
(S,S)-2.6-di-sec-butylphenol 25benzoyl ester, and 1.0 M sodium hydroxide. The resulting mixture is
heated under2:ais07$AC using a heating mantle and continued to stir af this terperafure while
monitoring the progress of the reaction by HPLC. After the reaction is finished as judged by HPLC, the
reaction mixture is cooled to 15C and filtered to remove precipitated urea. The filtered cake is washed
with cold Tolifls Fews filiracd egld 81 drastoariéctibihedelatidifiédd pHigs 3 with 8@okl:80hydrochloric
acid (HCL)A tiring-fas | i r%q resulfi [xture. is_vigar sé irred for 15
i afer WEA Trors e St T e SR
magnesiuif stifata (g Sba ynibsrdis te renicvatiediing agerty ang thet ebHvertatel whumrotavap

to give a residueiwhiohys stirred withimaiByligrian puivl 6thet, Wor The second crop of product
2008/141097PCT/US2008/063082 (MTBE) for 15 min and then filtered. The filtered cake is washed

with MTBE 2T B £t da i tA O aE I e BReD IRy aftpii Heohadrarared 6y is fordaisdscgive the
title competiuth. \BiokogicloTiestszs A°d be mPpOMacological profile of (R,R)-di-sec-butylphenol was
evaluated in comparison with propofol in the tests described in the following Examples. In these

Examples,,(R.Rpdi hu is. referred to.as, Compound. |, Example 6. Rat Hippocampal Brain
Slice Assail 10T e’%%ﬁ?e ogf%g%ggcéﬁ%af] an egp‘?(?ﬁ%o%églq%cpo!fg;if%teeﬁ r%’élggglecrtion of agonists at the g-
aminobutyric acid receptor sub-type A (GABAA receptor) were tested and compared in a rat
hippocampal braifi %ﬁﬁ@@ﬁ?@&?gﬁ‘gﬁyﬁw}é@%‘wh a potnectepytad 48 aedérined MrExample
5, and propefdorereidachitesiedatdivectonaamtationsa0r 1y kB AR IR-MICIomelsi- ). Stock
solutions of 100.millimglar (mM), 15propofol and of 100 mM Compound 1, each in DMSO, were diluted
into fstgliné;at%%%lrghﬁg\f}ieg{ﬁe&%ésﬁ&%/tﬁ% %é’gﬁﬁ%‘ii%ﬁ?}féﬁjt’rf\l/l @aﬁﬂggeé&ﬂ?éqﬁ’é’&%%%(ﬁ%@; solutions
containingiup 40 D484 HMSGthave fbcsignifieanieifectonthadiminsticesasaay(dEC5eand EC20
values w miged Hsing, a procedure similar to that ibed in Casasala,et al, 2002, Epilepsy
Researcr?lrﬁf}/?]%ig]t!%IE ._\)%/I?t ] rﬁlc%} |clg’ti%oﬁlsaia%nﬁﬁir)ﬁrfﬁxbe’l%ti\]ﬁ%%?gag{%af%ﬁr&%\rar?baglﬁsé#%ége\fvére prepared as
follows: Mg Itk azies (Eo0cvHsciiwere enmsthstizaitwitthisofipresserant-détapitated, the brains
Quickly remauarhsalieriad (RckedA0dGul S0 AYNAIANE (ATRNR, Blestion Microscone

Sciences) into 400 micron (pm) transverse sections. Slices were transferred to a warmed (33C),
subfergdrHERRREKORHRY AL arudeld af 5363 miimin with modified artificial cerebrospinal
fluid (120 mM sodium 75chloride. 3.5 mM, potassium chloride, 2.5 mM calcium chloride, 1.3 mM
magnesium chlg dﬁ%é .25 mM sodium phosphate, 26 mM sodium carbonate, 10 mM glucose,
saturatedex)/vith 9é%/0 XY G, WP&% ppocampal slices were equilibrated in the recording chamber
for at least 1 hoili Eléctiaptiysiohegyeteatisigeysspecrmisheaas allews: Amnlassrachelecrode (1-2

pm thermocouple and an N; inlet, was added tetrahydrofuran (THF) (9 ml), (R.R.R})-1-

20 phenylethyicarbamic acid-2,6-di~sec-butylphenyl ester (1 g, 2.8 mmol), and 1.0 M sodium
hydroxide (11.4 ml, 11.4 mmol). The resulting clear mixture was heated under N at 55-60°C
using a heating mantle and continued to stir at this temperature while monitoring the progress of
the reaction by HPLC. After the reaction was finished (6- 8 h) as judged by HPLC, the reaction

mixture was cooled to 15°C and filtered to remove precipitated urea. The filtered cake was

i~
Ay

washed with cold THF (5 ml). The filtrate and the wash were combined, acidified to pH 2-3 with
3.0 M hydrochioric acid (HCI) (3.5 ml). After stirring for 10 minutes (min), ether (10 ml) was
added and then resulting mixture was vigorously stirred for 15 min after which layers were
separated. The organic layer was washed with 3.0 M HCI (3 ml), brine (5 ml), dried magnesium
sulfate (MgSQy), filtered to remove the drying agent. and then concentrated on a rotavap to give
30 asemti solid yellow residue which was stirred with methy] tertiary butyl ether (MTBE) (3 m) for
15 min and then filtered. The filtered cake was washed with MTBE (2 ml). The filtrate and the

wash were combined, and then concentrated on a rotavap to give the title compound as a vellow
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30tip diameter) was filled with 3M sodium chloride (NaC1) and placed in the CAl pyramidal cell layer of
hippocampal slices. A 25 pM concentric bipolar stimulating electrode (SNE-100, Rhodes Medical
Supply) was placed in the stratum radiatum of the CAIl area to stimulate the Schaffer
collateral/congaigssat pathway. Population responses of the CAl pyramidal-gells;wrrgigsorded with
an Axoprobe-I A (Axon Instruments, Molecular Devices, Sunnyvale. CA). WO
2008/141097PCT/US2008/063082 pCLAMP 8.2 (Axon Instruments) was used for acquiring the data,
and Clarpfit (R (Rtemisnis et sas maiaisessrionidh L onereedy 66 hé"s%uare-wave

pulse (0.3umillisecand-(MNses) Muratienfromitha.Grasse di.taulator (Grass Medical Instruments)

and was delivered every 20 sec throughout the experimental period. The stimulus intensity was
adjusted to evolie onse ,80-90%@5#@ msgximum. Peak to peak amplitude of the population
response-f R SHBRTE AL HEASITEG A AV IRBMEtOF BR 8 SIPERERHBHTP B SEHAER T and
propofol, €achdnathdprasendssai&C20 of muscimol (2 MM) were each sequentially perfused, starting
from the lowest to the highest concentration, in the modified artificial cerebrospinal fluid of respective

hippocampal sliggs 41 b Si{RCIRILGRERERVFERKALION 10were measured from 4 to 7 min after
Compound 1 ordg_ropofol g}rgication, re%ﬁ)ective'%/, at which time changes in the response were found

to be stable. IvidgtitioP ORI WaRHpbidacmIbwRTgHE appRBtifien bt shepcurr 2B Bidpofol to
verify thegensiivilinotdhenrepamiiomanlydt (o mpaupsithRERIEPS el dichnel REelicR 30 adequate
inhibition of the ampljtude of the CAIl population spike (<90 % inhibition). GABAA receptor channel
amagonis@‘t%ifgé%?%%ﬁ% BEREVG T SWAE ab ISt SPHETERd DHHERSCHRYIG IS Cornfin hat thsresponse
wasl hedibitbetiny BB A sdseptonopyriDataweRiacauired apd snalyzet vsitg Clampiiliagd Excel
(Microsoft), and reported as, mean and individual values. The degree. of populatign, effect (%) was
Otained B oo A S 1 e A B B e BRENE Aot it after
co-applic&tiopesfivntisdineoh20(ECROhapd Gommpbtndoiqropbigh (thefdifferendguidhs normalized to
control a ipli Y, ' t - T onst t. pound 1
was a po%gllﬁj%}gégg%%gtt%r@? %@é%?#ﬁ%?%%%@igﬁﬁ%?%&%ﬁ%ﬁi@%ﬁi@i@rﬁ%&ﬁ?ﬁ:ﬁgﬁgl brain
slice, witH 9 ECBT 6 25 RN PRPERSEHad A (Boshiophigrmemhaeldompound | behaved similarly
to propofol in the hippocampal brain slice assay and fully potentiated the museimol-mediated response
at the GABAA resspipp-Exsenplen/iphangebapasifisifyStudies The abilities of Compound | and
propofol to interact with a variety of biological targets 30were tested and compared.

Pharmacologic filin r e lbed. . were
perfolined by Citgé? Ié\%g%géc}i%?g%‘%\{/vaghl%% mht ﬁ?&&%ﬁ{g@ﬁ Prglﬁiée%?qg lf'tg\%nc%é?r pgr{?);?ﬁ)eg of 71

receptors'¥88 Hepi&RiOMpeBtideicerristeniyebesesi3crdorretiannishsns! benzoyl ester

dissolved in hexane/ethyl acetate (98:2) to give a feed solution. The sample is eluted with

hexane/ethyl acetate (98:2) at 25°C. Fractions containing (S.8)-2.6-di-sec-butyiphenol benzovl

20 ester are collected and evaporated under reduced pressure at <55°C to give a thin oil.

¢} (S,8)-Bi-sec-butyiphenol
To a 100-mi three-necked flask equipped with a magnetic stirrer, a reflux condenser, a

thermocouple and an N» iniet. is added tetrahydrofuran (THF), (8.8)-2.6-di-sec-butylpheno!

o
h

benzoyl ester, and 1.0 M sodium hydroxide. The resulting mixture is heated under N, at 553-
60°C using a heating mantle and continued to stir at this temperature while monitoring the
progress of the reaction by HPLC. After the reaction is finished as judged by HPLC, the reaction
mixture is cooled to 15°C and filtered to remove precipitated urea. The filtered cake is washed
with cold THF. The filirate and the wash are combined, acidified to pH 2-3 with 3.0 M

30 hydrochloric acid (HCI). After stirring for 10 min, ether is added and the resulting mixture is
vigorously stirred for I3 min after which layers are separated. The organic layer is washed with
3.0 M HCL. brine. dried magnesium sulfate (MgSQ,). filtered io remove the dryving agent, and

then concentrated on a rotavap (o give a residue which is stirred with methyl tertiary butyl ether

20



WO 2008/141097PCT/US2008/063082 amine transporters) and 16 enzymes. Compound 1 and
propofol were each tested at 10M, a therapeutically relevant concentration. The results indicated
that Compound 1 behaved similarly to propofol with respect to the 71 receptors and 16 enzymes
tested. For exasnjelg/i@aerpound 1 and propofol each showed the greatestaffggt{gheaialthan 30%
inhibition of control binding) in the assay measuring picrotoxinin (active compound of picrotoxin)

binding at the chloride channel isolated from rat cerebral cortex. This g-aminobutyric acid (GABA)
ligand gatdBR dRaNR Blis e Shrpdltarert Dreddtindorisy dporshed wﬂg%hf%% Ebnipsakaadand

propofol eactvshaneshgiaatar hamedYoiobikitien of copohpiding ta.omly engRfuthe 16 enzymes
tested: phosphodiesterase 2 (PDE2). 10No significant effects were observed for alpha. NMDA, PCP.

benzodiaée ine og%%gid receptors. Example 8. Pain on Injection - Aqueous Phase Concentration
Injection pél P COMMSN problem of propofol administration, is thought to be caused by 15propofol
present in the aguepusphasie ptthertifiid efiRSiphi(seehegphdiement WeatakdR9bnBrdAnaesth 67,
281). Several stydies ha 8&%&%&%&%&9&'ﬁ%%a{clhg%?r%%s%r'r? hain,on jection VYQ&?’Q&H@%&B&‘?“S
phase concenttrafion o?propo ol'is reduced comparegato e Bmount o propol?ld[f n'theé"aqueous phase
of DIPRI aNp{wse! sselabodnickeCAwbetad, 1.996, Anesth Analg 82, 472; Ueki R et al, 2007, J Anesth
21, 325). 20The concentration of Compound 1 in the aqueous phase (agueous phase concentration)
of a lipid emulsion formulation was determined. This aqueous phase concentration was compared to
that of pré [6dm flaiddinpasespph & rabmBlissohsemid to that of DIPRIVAN(Y) (AstraZeneca.

Wilmington, DE?IMB%&QB?%E@%&%%%@&%MPQ é&%ﬁb‘d@%@‘a&‘f%f@ %lﬁ%@@aﬂk@cﬁ?@rdance
with 25 Example 4, Compound 1 being prepared as described in Example 5, A 1°/gé3.ropofol

formulati SR AL SR ARTEETTPINCSSBIE ma iAS SIPRERPIIN (195 Sroipo midjeeeb e sniulion) was
used as puspbasepkineminAsitaZrRoe6physiolbRe Agueous phase concentrations of Compound 1 and
propofol were determined using the, ultrafiltration method descriped by Teagarden DL at al,, 1988,
Pharmaceutical R&¢ Oaur%% 5P ?t%&@.ﬂér?%ﬁ%{%a%%?ﬁ} Sﬁfrﬁ%é%f)ﬁ?éﬁoi rEoRbNEC S ulation,
four 0.4-mbampiesmsf the 19. pibpefciforinskatitnr, ( aive vEaoBkd sanivple s 0F (D 1R R AN ieid placed in
Ultratrej- iGr if ifters (Millipare, Billeri and the aqueous.phases separated from
the Toid B e S A R e e W e 1
and prop8fatastfrecraspeictienscfovissphateswennetifiite @biSyuichohronratsgraphytandem WO
2008/1419 9SS 2R08063082 MAss-Spssiamelry 4:&/MeiMS)againststandari.eyyes of

Compound 1 and propofol usingI thymol as an internal reference standard éanalys_es performed by
Alturas ATERFIIEAH ESIRI SSESRRCIDS. Similan gt Bot §55Rrbed dBfeasntpAtiohab 06 bBIlRRFYL in the 1%
Compourgskdamuation wias e3840z Y94 fERE mgsieous phase concentration of propofol in the

1% propofol for ulgtion was .%8 0.41 ttg/mL. The a(iueous phase concentration of propofol in DIPRJ
VAN'Was 4.1 u gﬁxﬂ_ ippocampal shices were prepared as follows: Male Wistar rats (100-125 g) were

anesthetized with isoflurane and decapitated. the brains quickly removed, coliected, blocked,

and cut using a vibratome (OTS-4000, Electron Microscope Sciences) into 400 micron (jum)
transverse sections. Slices were transferred to a warmed (33°C), submerged tissue-recording
chamber perfused at 2.5-3 ml/min with modified artificial cerebrospinal fluid (120 mM sodium
25 chioride, 3.5 mM, potassium chloride, 2.5 mM calcium chloride. 1.3 mM magnesium chloride,
1.25 mM sodium phosphate. 26 mM sodium carbonate, 10 mM glucose, saturated with 95%
oxygen, pH 7.4}. Hippocampal slices were equilibrated in the recording chamber for at least 1
hour.
Electrophysiology testing was accomplished as follows: A glass rod electrode (1-2 um
30 tp diameter) was filled with 3M sodium chloride (NaCl) and placed in the CA1 pyramidal cell
layer of hippocampal slices. A 25 gM concentric bipolar stimulating electrode (SNE-100,
Rhodes Medical Supply) was placed in the stratum radiatam of the CAl area 1o stimulate the
Schaffer collateral/commissural pathway. Population responses of the CA1 pyramidal cells

were recorded with an Axoprobe-1A (Axon Instruments, Molecular Devices. Sunnyvale. CA).
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These results demonstrated a 94% reduction in the agueous phase concentration of Compound 1
compared to that of propofol in identical formulations, and a 91% reduction in the 10aqueous phase
concentration of Compound 1 compared to that of propofol in DIPRIVAN. Example 9, Pharmacokinetic
Studies Phangpgcgkingtiso¢PK) studies were conducted in domestic pigs to I%%%é%%m 8
pharmacodynamic effects of Compound | and to compare such effects to those o propo*o%. 15A 1%
Compound 1 formulation, prepared as described in Example 5 and formulated in accordance with
Example 2 wssiBdministerddtougnpigs was ai2d-irsiatrainertbesl{ia pinfigrmnpdit 0880 mg/kg/min (7.6

mo/k totaklgse) adia 68 RI9 Ak ASCAATIN A2 malko tal dose). Blespa aqpeentaions of

Compound | were compared to historical propofol data generated pér a similar protocol in which a 1%

propofol féiHiBfatim fsfmuittadom themsiimemeniaindingl@onpnsnd edivaispimmmateretto 5 pigs
via a 10-rin &éii@&l@&%&%@@%&%&&%@@z%é%ﬁ&ﬁ%%&ﬁiﬁ) The sPatafronn.tRis study indicated

that Compound 1 exhibited a similar pharmacokinetic profile to propofol in the pig model. A

three2corfp Akt Fdithet BrePawselifau thiclsshisdnma 15k Bratrsertiaie fidksnce of Compound
| exceededastinvated hepatiohleashiiawmasigwas i prapefeh icamnRreWIddpiseiedmited a similar
metabolic pathway in pigs fo that of propofql in humans: gluguronidation in the 1-position with the

- postion being T o 1t BITATEnCToHSED BB ohas. 4R TRa o At e
dose-escsdationistytheifudal shoinedrsimilariplasma deridehtrations:at-wiashautfomGdifpound 1 and
propofol indicating similar .cleatance.rates jn that species.as well..30 Example 10. Anesthetic Effects in
s B B S R e A e e oo,
waslStudieer frireasupiCronoBia 4 1es7HE T8 2008106308 2pofol Apalidsied rogerii vrodel whigkneral

anesthesg{(see. filenning G 8t alve iR NEHEORNAIMAGHIONY 371 4 289 LindamanealiR i@l 2001.

Anesthesiology 94, 1050) was used to provide a measure of onset and duration of anesthesia as

demonstikfcPBYRiEL 655 emriRaieREneR Al ORI Bitle svsiisrintial dnaiRrerrissisnmPRi return of
righting reflexdatiithe Sraipyrs abledossinand dih asigsbiirmeand anhulatengrrally). Also

measured was urn dgse to ag)hieve LORR and maximum tolerated dose (MTD). A 1% Compound 1
formulatiGRPPYAI LS ke G CARIBRHEH BN aiipie & diReeRIPRiIARaE ftagonist piciotoxin (50 uM

15 was applied at the end of the recording to confirm that the response was mediated by GABA,
recepior.

Data were acquired and analyzed using Clampfit and Excel (Microsoft), and reported as
mean and individual values. The degree of population effect (%) was obtained by measuring the
amplitude of the CA1 population spike before (conirol) and after co-application of muscimol

20 (EC20) and Compound | or propofol (the difference was normalized to control and multiplied
by 100 to obtain the percent effect.

The data demonstrated that Compound i was a potent potentiator of the action of
agonists at the GABA 4 receptor in the rat hippocampal brain slice, with an EC50 of 2.5 uM,
Propofol had an EC50 of 4.8 uM. Thus Compound 1 behaved similarly to propofol in the

[
¥4

hippocainpal brain slice assay and fully potentiated the muscimol-mediated response at the

GABA , receptor.

Example 7. Target Specificity Studies
The abilities of Compound 1 and propofol to imeract with a variety of biological targets
30 were tested and compared.
Pharmacological profilings of Compound 1, prepared as described in Example 5. and
propofol were performed by Cerep, Inc. (Redmond., WA, USA) in their “Diversity Profile™. a

standard profile of 71 receptors (59 peptide, non-peptide. or nuclear receptors; 7 ion channels; 5

i~
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accordance with Example 4. or DIPRIVAN was administered by bolus IV injection at 2.5 ml/min to 6
male Sprague-Dawley rats (200-300 g) per dose group for the amount of time 10required to administer
the doses described below. The relative potency was assessed by determining the dose required to
cause 50% althesnatsiiostose righting reflex (HD50) and the dose requiredsioipreshsgagsnginutes of
anesthesia (HD7min). The ranges of doses studied were 1.9, 2.3, 3.0, 7.0, 13.7, 14.0 and 15.2 mg/kg
for Compound | and 3.5. 4.0, 7.0 and 14.0 mg/kg for D1IPRIVAN. 15Results indicated that bolus IV

administrTiSK SEESRIFSTI (G eRreRtr absE B BEhbant atrarioh wiasecieded i A Mohsets of

LORR wete:lgasaibar 186 seawbarthetespective drugs were administered at a dose of at least 3.0
mg/kg for Compgund 1 and at a dose of at least 7.0 mg../kg for propofol. Compound | produced no
R at 1.5 mORE B B G eE TOHRPSE bHP R AT MARED PIGUR FDIBAETER b R n 4
of 6 rats tEstectgib & Brmgikgrhut dicktbdprddueek@RR atalbotlier desespetibehchahtertcompares the
HD5Q. H ' nd the ic index (Ti; defined herein as the ratio of MTD to HD7min) results
for G o ok e S SRR I8 S B RPN o ot ciea
when adrﬁﬁ’@@f@@l@@ﬁwQﬂ(gp@ﬁ_@b@ﬁp@mmﬂilﬂémwiﬁf@@mwe@hmiémtm%ﬁimdﬁose except
for high dases.aiCampayRCLwhichalse piprueed rolongecikORR Tahie |. Comparison ol DS0.

HD7min, MID and Tl results for Compound | and propofdl administered by bolus IV to rats. Propofol

Compourdien (pBE s Mg EeTg/ kg Hernein 210 mrgiRe 2. sprligikeywinpeater than 20%

inhibition of contro! binding to only one of the 16 enzymes tested: phosphodiesterase 2 (PDE2).
16 No significant effects were observed for alpha2. NMDA, PCP, benzodiazepine or opioid

receptors.

Exampie 8. Pain on Enjection - Aqueous Phase Concentration
Injection pain, a common problem of propofol administration, is thought to be caused by

15 propofol present in the aquecus phase of the lipid emulsion (see, e.g.. Klement W et al, 1991, Br
I Anaesth 67, 281). Several studies have reported a significant decrease in pain on injection
when the aqueous phase concentration of propofol 1s reduced compared to the amount of
propofol in the agueous phase of DIPRIVAN (see, e.g., Doenicke AW et al, 1996, Anesth Analg
82,472; Ueki R et al, 2007, J Anesth 21, 323).

20 The concentration of Compound 1 in the aqueous phase (agueous phase concentration)
of a lipid emulsion formulation was determined. This aqueocus phase concentration was
compated to that of propofol formulated in the same formulation and to that of DIPRIVAN®
(AstraZeneca. Wilmington, DE, USA).

A one percent (1%) Compound ! formulation was formulated in accordance with

25 Example 4, Compound ! being prepared as described in Example 5. A 1% propofol formulation
was formulated in the same manner. DIPRIVAN (1% propofol injectable emulsion) was used as
purchased from AstraZeneca.

The aqueous phase concentrations of Compound 1 and propofol were determined using
the ultrafiltration method described by Teagarden DL at al., 1988, Pharmaceutical Research 3,

30 482, Briefly, four 0.4-ml samples of the 1% Compound 1 formulation, four 0.4-ml samples of
the 1% propofol formulation, and two 0.4 samples of DIPRIVAN were placed in Ultrafree®-MC
microcentrifuge filters (Millipore, Billerica, MA) and the aqueous phases separated from the
lipid phases by microcentrifugation for 15 min at 5000 rpm. The concentrations of Compound 1

and propofol in the respective agueous phases were quantified by liguid chromaiography tandem

[
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<14 mg/kg 14 meica Tl <2 6.1 WO 2008/141097PCT/US2008/063082 In summary, Compound 1
showed potency at lower doses than propofol and also showed a higher MID and improved Tl
compared to propofol. (S.S)-2,6-di-sec-butylphenol. prepared in accordance with Example 2, was also

evaluated in {his igstAatslpses of 2, 3, 4, 5. 6, 28, 35, 42, 49 and 56 mg/kg.,, z@é%i&%gges I-EDS0,
5HD7min, MTD. and TI results for this compound. One of six rats died when administered 49 m2/kg of

(S.S)-2.6-di-sec-butylphenol. Table la. H.D50, HD7min, MID and TI results for
(S,S)-2.6HrseRastapiendGlhhibEibratiy Hotdsri\ctovatsf Jon(88)HDB0 dropgfkbusiBymin 5.2

mag/kg M-[l%/ﬂgi%’@aﬂ(ﬁuemal reference standard (analyses performed by Aluras Analytics Inc.,
Moscow, [D).
The agueous phase concentration of Compound 1 in the 1% Compound | formulation
5  was 038 £0.02 pg/mL. The aqueous phase concentration of propofol in the 1% propofol
formulation was 6.28 £ 0.41 pg/mL. The agueous phase concentration of propofol in
DIPRIVAN was 4.1 pg/ml..
These results demonstrated a 94% reduction in the aqueous phase concentration of
Compound [ compared to that of propofol in identical formulations, and a 91% reduction in the

10 agueous phase concentration of Compound 1 compared to that of propofol in DIPRIVAN.

Example 9. Pharmacokinetic Studies
Pharmacokinetic (PK) studies were conducted in domestic pigs to evaluate the
pharmacodynamic effects of Compound 1 and to compare such effects to those of propofol.

15 A 1% Compound 1 formulation, prepared as described in Example 5 and formulated in
accordance with Example 4, was administered to 6 pigs via a 20-min intravenous (IV) infusion
at 0.380 mg/kg/min (7.6 mg/kg total dose) and to one pig at 0.456 mg/kg/min (9.12 mg/kg total
dose). Plasma concentrations of Compound 1 were compared to historical propofol data
generated per a similar protocol in which a 1% propofol formulation, formulated in the same

20 manner as Compound 1, was administered to 5 pigs via a 10-min I'V infusion at ¢.750
mg/kg/min (7.5 mg/ke total dose).

Data from this study indicated that Compound 1 exhibited a similar pharmacokinetic
profiie to propofol in the pig model. A three-compartment model best described the Compound
1 and propofol data. Clearance of Compound 1 exceeded estimated hepatic blood flow, similar

25 to propofol. Compound ! also exhibited a similar metabolic pathway in pigs to that of propofol
in humans: glucuronidation in the 1-position with the 4-position being subject to hydroxylation
followed by glucuronide and sulfate conjugation. A dose-escalation study in dog showed
similar plasma concentrations at washout for Compound 1 and propofo! indicating similar

clearance rates in that species as well.

Example 10. Anesthetic Effects in Rats
The anesthetic dose response of bolus IV injection of Compound 1, compared to

propofol, was studied in rats.



T18.1 In a separate study, rats were administered 7 mg/kg of 1% Compound 1 in cremaphor or
propofol, (S,S)-2-6-di-sec-butylphenol or (meso)-2-6-di-sec-butylphenol (prepared in accordance with
Example 2) at the same doses and formulations. The results are shown in Table 15Ib. One of 6 rats
administeredw®d mogikg:0§71% (meso)-2-6-di-sec-butylphenol formulated in gremanhengigs: however,
the remaining 5 rats exhibited 34 min of anesthesia. Table Ib. Comparison of duration of
anesthesia (slee t| r 7. mg/k mlnlstratlons of Compound 1, propof

(S,S)-2-6-di-sec* u?)}fg%ll%%’adﬁ % g‘fg G)-8cheth. asesHishAIeh Nty ?B’&‘@%gﬁy% rht€0: Sleep Time 1
Propofol RdumijrhEompongyd: 1, 23%&@@@&%@&8&630@2&%e%0y 94, 1050) was used

2008/141097PCJ/U823Q8§¢/:00 o%%ztand summ the oten of (S, }%%P\}g‘ ec -butylphenol was
similar to propofol. The potency SF ( mesolﬁmﬁ1 Ssgi;? 5’?9\?5?? 6ved «BinBared to propofol.

Both sterﬁmﬁmﬁ@ﬁwh{b@&ﬁmmged\rﬂ?Eizaa(imheﬂaw&lcﬂnﬁkmmmﬁngmmgaqﬁ@pmﬁaﬁ. the

5 rat was able to grip and climb a steel frame and ambulate normally). Also measured was
minimum dose to achieve LORR and maximum iolerated dose (MTI3).
A 1% Compound 1 formulation, prepared as described in Example 5 and formulated in
accordance with Example 4, or DIPRIVAN was administered by bolus IV injection at 2.5
ml/min to 6 male Sprague-Dawley rats (200-300 g) per dose group for the amount of time
10 required to administer the doses described below. The relative potency was assessed by
determining the dose required to cause 50% of the rats to lose righting reflex (HD50) and the
dose required to produce 7 minutes of anesthesia (HD7min). The ranges of doses studied were
1.9,2.3,3.6,7.0,13.7. 14.0 and 15.2 mg/kg for Compound‘i and 3.5, 4.0. 7.0 and 14.0 mg/kg
for DIPRIVAN,
15 Results indicated that bolus I'V administration of Compound 1 produced dose-dependent
duration of anesthesia in rats. Onsets of LORR were less than 15 sec when the respective drugs
were administered at a dose of at Jeast 3.0 mg/kg for Compound 1 and at a dose of at least 7.0
mg/kg for propofol. Compound 1 produced no LORR at 1.9 mg/kg but did produce LORR at al}
other doses tested. Propofol produced no LORR in 4 of 6 rats tested at 3.5 mg/kg. but did
20 produce LORR at all other doses tested. Table 1 compares the HID30, HD7min, MTD, and
therapeutic index (T1I; defined herein as the ratio of MTD to HD7min) results for Compound 1
and propofol. One rat died when administered 14 mg/kg DIPRIVAN. Two rats died when
administered 15.2 mg/kg of Compound 1. Recovery time showed little relationship to dose

except for high doses of Compound 1. which also produced prolonged LORR.

Table 1. Comparison of HID30, HD7min, MTD and TI results for Compound 1 and propofol

administered by bolus IV to rats.

Propofol | Compound I
HD50 3.8 mg/kg 2.1 mg/kg
HD7min 7.0 mg/kg 2.3 mg/kg
MTD <i4 mg'kg 14 mg/kg
11 <2 6.1
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5Example 11. Anesthetic and Hemodynamic Effects in Beagle Dogs A dose-escalation study was
conducted in dogs to demonstrate the anesthetic and hemodynamic effects of bolus IV administration
of Compound 1 compared to propofol. The endpoints for this study were dose relationship for
induction, dukgtioslegth-and quality of anesthesia and hemodynamic effegts RicbalkissbVg-
administration of Compound 1 or 10 propofol. A 1% Compound 1 formulation, prepared as described
in Example Sand formulated in accordance with Example 4, and a 1% propofol formulation formulated

in the same maHhEFHRIE USEBRPOUNE [ethpSsHosrRab gHAPAIRE fors Shrarprif et alsaabavet

anesthes;i&ﬁ/gas;m@u@dmﬁtﬁ@&spee&gbgﬂ@@@@@bmhich is one of several systems used to
on the brain and to track chan

measure the eff(egcgshqf n.esth%tic iL dru%s \ ées in the level of sedation or
anesthesia. BIS\is 8 m&thaifanbai g‘ﬁ&}l 1R BRSPS SR O B BE & i hecsaiitds a
single numiies feonatkDB:Lallyz coriscipfisz} 100 {isosleettitsbR ) Other-assessmentsincuded sedation
scoregs, clipical .ob tions,,blood pressure, electrgcardiogram (ECG), and oxygen satyration. Beagle
dogsg(ma@%i%yggfg)ﬁ d‘ -aﬁﬂllggs%%‘rﬁeg'l?ncp?lrgﬁf)&él Wi?ﬁn\?ascsd‘ a?g‘ésc%‘é’)gswglgﬁg%%ﬁ{ﬁ% tf?ﬁe of
implant sthgbgofths Hoys Headdweishsheved, marked for EEG electrode placement and injected with
BOTOX(r) (Allergan, Inc., Irvine, CA; borulinum toxin type A purified neurotoxin complex): 40 units total
per dog in 5 intramuscular (IM) injections across the brow were administered. The injections were
intended 8¢ predesmideiammidueniadt drgssisciro ybapHic (Eina) iendbrénunisithdie BIS
signal. 25Fhe stugdy-yas a crossover design. Each dog received 2 to 4 escalating bolus IV doses
(injected over 60 seconds) of Compound 1 or propofol separated by at least 30 min (or until the dog
was awake) until the MTD was achieved. The MTD was defined as the dose that reduced mean
arterial blood pressure (MAP) by 50% O%S%m than 50 millimeters of mercury (mmHg or mm Hg). All
animals received supplemental-oxygen ~f-Reeded, ventilatoiy support after 4 30min of apnea.
Depth of anesthesia Wasig%i’grmined b‘&/’%@i‘igss ng the presence or absence of lash reflex, response to
glabellar tap or auditory ${ibwhiss, tae pmety/edd breathing. Presence of each sign was scored as | and
absence of each as 0, His-allewed{ealeulation-of a Cumulative Sedation Score at multiple time points
over the 30 min between es (5-aw @%5p neic/deep WO 2008/141097PCT/US2008/063082
anesthesia). The quality ©f anesthesia was asseﬁssed by noting the smoothness of induction,
gualitative assessment ef- musele-toneand-presence of involuntary motion. Episodes of involuntary
movements (e.g. during emergence) were scored as present or absent throughout the observation
period for each dosepBiSeandihemodymnandin pifectsiWene /apaly redCuitp2may HANQY A dellowed by
test with, Bonirans porzestion MRS semparipaneal hecliaghaldms.and dise- AAnestheti
accordance with Example 2) at the same doses and formulations. The results are shown in Table

15 Ib. One of 6 rats administered 21 mg/kg of 1% (meso)-2-6-di-sec-butylpheno! formulated in

cremaphor died; however, the remaining 5 rats exhibited 34 min of anesthesia.

Table 1b. Comparison of duration of anesthesia (sleep time) for 7 mg/ke administrations
of Compound 1, propofol, (8.8)-2-6-di-sec-butylphenol and (meso)-2-6-di-sec-butylphenol by

20 bolus IV 0 rats.

Sleep Time
Propofol 7.1 min
Compound 1 23 min
(8.8) 6.3 min
(meso) 12.7 min




The abilities of Compound 1 and propofol administered by bolus 1V to effect dose- 10 related
anesthesia in unpremedicated spontaneously breathing beagles (3.3-30 mu/kg/dose; 1-10 dogs per
dose) are demonstrated in Table 2. Two of 3 dogs administered 15 mg/kg of propofol reached the
MTD at 15 mgfsgodsharebore, only 1 dog was given the 30 mg/kg propofol de§6;ced abigs2-
Dose-related duration of anesthesia (sleep time) for Compound 1 and propofol after 15bolus IV
administration tg dogs. Dose Propofol Compound 1 5 mg/k%l 13 min 24 min 0 mg/kg 28 min 4 min 5
mg/kg 43 min 7 ,ﬂfﬁlg@rﬁrd}}gdﬁggwrpiﬁij %ﬁ%—(ﬁ-di-seabutﬂp enol was similar to propofol. The

potency of (meso)-2-6-di-sec-butylphenol was improved compared to propofol. Both

stereolsomers exhibited improved MTD and therapeutic indices compared to wropofol.

Example 11, Anesthetic and Hemodynamic Effects in Heagte Deogs

A dose-escalation study was conducted in dogs to demonstrate the anesthetic and
hemodynamic effects of bolus IV administration of Compound 1 compared to propofol.

The endpoints for this study were dose relationship for induction, duration, depth and
quality of anesthesia and hemodynamic effects of bolus IV administration of Compeound 1 or

10 propofol. A 1% Compound 1 formulation, prepared as described in Example 5 and formulated
in accordance with Example 4, and a 1% propofol formulation formulated in the same marnner
were used.

Electroencephalographic (EEG) measurement of depth of anesthesia was measured with
Bispectral Index (BIS), which is one of several systems used to measure the effects of anesthetic

15 drugs on the brain and to track changes in the level of sedation or anesthesia. BIS is a
mathematical algorithm that analyzes data from the EEG, and the output is a single number from
100 (fully conscious,) to 0 (isoelectric EEG). Other assessments inciuded sedation scores,
clinical observations, blood pressure, electrocardiogram (ECG), and oxygen saturation.

Beagle dogs (male, 2-4 years old. 8-10 kg) were implanted with vascular access ports.

20 Atthe time of implant surgery, the dogs™ heads were shaved. marked for EEG electrode
placement and injected with BOTOX® (Allergan, Inc.. Irvine, CA: borulinum toxin type A
purified neurotoxin complex): 40 units total per dog in 5 intramuscular {IM) injections across
the brow were administered. The injections were intended 1o suppress muscular movement and
electromyographic (EMG) interference with the BIS signal.

25 The study was a crossover design. Each dog received 2 to 4 escalating bolus IV doses
(injected over 60 seconds) of Compound 1 or propofol separated by at least 30 min (or until the
dog was awake) until the MTD was achieved. The MTI} was defined as the dose that reduced
mean arterial blood pressure (MAP) by 50% or to less than 50 millimeters of mercury (mmHg or
mm Hg). All animals received supplemental oxygen and, if needed, ventilatory support after 4

36 min of apnea.

Depth of anesthesia was determined by assessing the presence or absence of lash reflex,
response to glabeliar tap or auditory stimulus. toe pinch, and breathing. Presence of each sign
was scored as 1 and absence of each as 0, This allowed calculation of a Cumulative Sedation

Score at multipie time points over the 30 min between doses (5=awake. (=apneic/deep
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The data also indicated that anesthesia was induced within 1 min at all doses for Compound 1 and
propofol. Duration of anesthesia, measured by sleep time, was longer with Compound | than propofol
at all doses. Cumulative sedation scores demonstrated approximately 20equipotent anesthetic depth
for both propefolzamdi@ompound 1 above 5 mg/kg. There was no significapicdiffesenss;agiween BIS
values for dogs administered Compound 1 at 10 mg/kg or propofol at 10 mg/lcg or 15 mg/kg.
Compound | groduced a greater effect on BIS at doses of at least 15 mg/kg but these doses are very

high, and®BBiEMiEaHy s miiban ssbesie e sivaiig b AReRgHBsEMRAHEBATREdaBEHitiuction,

qual|tat|vq‘ﬁ$ﬁﬁ$€dra§ﬂts@ﬁmuS@Eﬁd%@tcﬁf@%ﬁﬂ%ﬁe@&%@BYQ&UBI@:%W%@[&NWW | was similar
to propofol {3@(&}% .6-di- se henol and (meso) 2,6-di-sec-butylphenol, produced in
accordan®e i ‘b(fglim\siv e\%‘i‘ﬁé%%cﬁ% P (ST oF 2B IR P UITE ESHRE HEEheNA#EE duration

of anesth@ﬁa"fst&emameb iimeﬁtﬁsﬁm@mﬁwmdﬁaxﬂb@yﬂ&{%é@a&%&@ﬁ@%@@ﬁ&&&% Table 2a.
Dos -rel an of hesia e tlme) for S)-2.6-di-sec-but henol
se?:i%%[yl enf'))lv"rae b% T Sée MiniStration to aoc%ér mumﬁ%ﬁ@ ng{v Fé%ﬂ?n(?lca (@rgte?ﬁ{%

anesthesiﬁlwagdmged within 1 min at all doses for (S,S)- 2.6-di-sec-butylphenol and (rneso)
2.6-di-sec-butylphenol. Duration of anesthesia, measured by sleep time, was similar to propofol for
(S,5)-2.6-di- -sec- butylphenol and longer for (meso) 2,6- di-sec-butylphenol. The quality of anesthesia
of (S,9)- -26-(i-SBBsE jtwas similar to propofol but was inferior for (meso)

2,6-di-sec- butylmﬁ@ragma@s%ﬁi%mggyﬁ@m f%g&%ﬁé@%l?s%wg boluseMPdynaRIc.data, such as

mean arterla ressure (MAP), were recorded at baseline, 1, 2 15, 20 and 30 min. Compound 1
was admifitterégcatission fsrgﬁa@ﬁecwﬁaqweeuwfaaé%@ea&ﬁémé@ b eRSEwkd
administexed ptithdessame HseHiQ:3d & Pa90c 1 dogss 126e5R8ENRI AN hdRE JE6RINEE 130 ma/kg
propofol becau eng wer. ched with 15 mg/kg in two animals. Data were analyzed
with a 2 Wayﬁﬁigl%é;%mowed% Eteﬁ\‘ﬁ%)@oﬂ ro r%f’eé’?{f*é&iéﬁﬂifgﬂﬁrﬁ%mp%gcmﬁgg‘?@ A
comparison of the data indicated that propofol produced a significantly greater effect on MAP than
does Co Rd Lovi an exam le in which mean. arterial press re 20percent (MAP %)
changes T B T S R TR 2 e
comparedsME RAg igHaages ‘@ff@@ed by the same doses of propofol. WO

2 MAP 71 change froniacelne 4 roroR oS SAs  ation of Compound 1.0 propofol 0.
dogs. Dose > mg/kg 13 min 24 min

10 mg/kg 28 min 43 min

15 mgikg 43 min 77 min

30 mg/kg 69 min 105 min

The data also indicated that anesthesia was induced within 1 min at all doses for
Compound 1 and propofol. Duration of anesthesia, measured by sleep time, was longer with
Compound 1 than propofol at all doses. Cumulative sedation scores demonstrated approximately
20 equipotent anesthetic depth for both propofol and Compound 1 above 5 mg/kg. There was no
significant difference between BIS values for dogs administered Compound 1 at 10 mg/kg or
propofol at 10 mg/kg or 15 mg/kg. Compound 1 produced a greater effect on BIS at doses of at
least 15 mg/kg but these doses are very high, and potentially not clinically relevant, The quality

of anesthesia (smoothness of induction, qualitative assessment of muscle tone, presence of

12
Lr

involuntary motion) of Compound 1 was similar to propofol.
(5.8)-2.6-di-sec-butylphenol and (meso) 2,6-di-sec-butylphenol, produced in accordance
with Example 2. were also evaluated in this test. Table 2a shows the dose-related duration of

anesthesia (sleep time) for these compounds.



Propofol Compound 1 10 mg/kg -27% +11% 15 mg/kg -324 -75% 30 mg/kg -66%* -41% 5 *Only 1
dog was tested at 30 mg/kg propofol in view of 2 dogs having reached the MTD cnteria at 15 mg/kg
propofol. (S.S)-2,6-Di-sec-butylphenol and (meso)-2,6-di-sec-butylphenol, produced in accordance
with Examplexz; yesg Alse evaluated in this test. A comparison of the datajipdicataekihakdOpropofol
produced a significantly greater effect on MAP than do (S.S)-2,6-Di-sec-butylphenol or
(meso)-2,6-di-sec-butylphenol. Table 3a provides an example, comparing MAP A changes from
baseline atalniia. Taistersiaiadokeatsiatddumebesarieiad pressimed dhahgeas-medsurhdas MAP 0/0

change fragso) 2,6-di-sec-butylphenol after bolus IV administration to dogs.

Dase ) (meso)
Smglkg 8 min 25 min
10 mg/ke 24 min 36 min
13 mg/kg 50 min 55 min
30 mg/kg 50 mim 58 min

5 The data also indicated that anesthesia was induced within 1 min at all doses for (8.8)-
2.6-di-sec-butylphenol and (meso) 2,6-di-sec-butylphenol. Duration of anesthesia, measured by
sleep time, was similar to propofol for (8.8)-2.6-di-sec-butylpheno! and longer for (meso) 2,6~
di-sec-butylphenol. The quality of anesthesia of (8.8)-2,6-di-sec-butylpheno! was similar to
propofol but was inferior for (meso) 2.6-di-sec-butylphenol.

10

B, Hemodvnamic Effects: Blood Pressure

Hemodynamic data, such as mean arterial pressure (MAP), were recorded at baseline, 1,
2,4, 8,15, 20 and 30 min. Compound 1 was administered at 5. 10, 15 and 30 mg/kg 10 3, 6. 6
and 3 dogs respectively. Propofol was administered at the same doses to 3, 5, 5. and 1 dogs.

15 respectively. Only 1 dog received 30 mg/kg propofol because the MTD criteria were reached
with 15 mg/kg in two animals. Data were analyzed with a 2-way ANOVA followed by t-test
with Bonferroni correction for multiple comparisons.

A comparison of the data indicated that propofol produced a significantly greater effect
on MAP than does Compound 1. Table 3 provides an example in which mean arterial pressure

20 percent (MAP %) changes from baseline 4 min after bolus [V administration of 10, 15 or 30

mg/kg of Compound 1 are compared to MAP % changes effected by the same doses of propofol.



15baseline 4 min after bolus IV administration of (S.S)-2,6-Di-sec-butylphenol and (meso)-2,6-di-
sec-butylphenol to dogs. Dose (S,S) (Meso) 10 mg/kg +7% +5% 5 mg/kg +5% +15% 30 nag/kg 0%
-16% 20 Example 12. Anesthetic and Hemodynamic Effects in Mongrel Dogs This study
compared theygftgesefdatal intravenous anesthesia in chronically instrumegitedmangsel 4ogs
administered Compound 1 or propofol. Assessments included hemodynamic performance parameters
such as blood pressure, heart rate. and cardiac output as well as clinical chemistry parameters and
EEG analysis. WO 2008/141097PCT/US2008/063082

10

Table 3. Dose-related mean arterial pressures changes measured as MAP % change from

baseline 4 min after bolus IV administration of Compound 1 or propofol io dogs.

Dose Propefol | Compound I
10 mg/kg -22% +11%
15 mg/kg -32% -25%
30 mg/kg -66%* A1%

*Only 1 dog was tested at 30 mg/kg propofol in view of 2 dogs having reached the MTI criteria
at 15 mg/kg propofol.

(8,5)-2,6-Di-sec-butylphenol and (meso)-2,6-di-sec-butylphenol, produced in accordance
with Example 2, were also evaluated in this test. A comparison of the data indicated that
propofol produced a significantly greater effect on MAP than do (S,5)-2,6-Di-sec-butyiphenol or
(meso)-2,6-di-sec-butylphenol. Table 3a provides an example, comparing MAP % changes

from baseline at 4 min.

Table 3a. Dose-related mean arterial pressures changes measured as MAP % change from
baseline 4 min after bolus IV administration of (8,5)-2,6-Di-sec-butylpheno! and (meso}-2,6~di-

sec-butyiphenol to dogs.

Daose {5.5) £50
10 mg/kg +7% +5%
15 mg/kg +3% +15%
36 mg/kg 0% -16%

Example 12. Anesthetic and Hemodynamic Effects in Mongrel Dogs

This study compared the effect of total intravenous anesthesia in chronically
mstrumented mongrel dogs administered Compound 1 or propofol. Assessments included
hemodynamic performance parameters such as blood pressure, heart rate. and cardiac output as

well as clinical chemistry parameters and EEG analysis.
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A 1% Compound 1 formulation, prepared as described in Example 5 and formulated in accordance
with Example 4, and DIPRIVAN (1% propofol injectable emulsion) were compared in adult (at least 9
months old; approximately 20-40 kg) mongrel dogs. General anesthesia was induced in the dogs by IV
administratiowofzéoergiegSDIPRIVAN, and the dogs were tracheally intubated,gaddngehanically
ventilated. General anesthesia was maintained using 2.2% end-tidal sevoflurane in oxygen. A
thoracotomy was performed at the fifth left intercostal space, and heparin-filled catheters were placed
in the proximal dedcehamyarstddermuisitposnBsdardeasrdadde s danhfaramicddd in the

right and leficadtiactowntn Hgan M aecassDAFRUARNON L, ansitdime-favipiahes(dd 08 Lranspmnic
10Systems, Ith tc.a, NY{ was placed around the ascending thoracic aorta. A 20 kHz Doppler flow probe

(Model HBPS0- 2514 5ito ettt PRRIROIBYRE 2841 BRJoER) 1S placed around the left anterior
descending coraharyaAretyhSikMElzisonemiaromeser srystalgslitastieyohlotistar/bX) were implanted
in the.su H%Q,a ium.. A high fidelity micromanometer (P.7, Kanigsberg Instruments, Pasadena, CA)
was %se?‘[[%d mtoA'f?\]jé Iéti\}gr%?ﬁ:ﬁgcﬁ ﬁ“yﬁ et \I/Ig‘sic%tfga%} 0%1&%1 (B%rcaﬁy\%f%t Ieert.gic%ﬁis@tgé%ms,
Healdsbuggs@hasiwasspositioned asogt itecthibraieicintdtionve naccayen. | Astrormentatipvsas

exterionzeghisehsshahivas ipaedinavers, Apd e RIBmAbRIAK AR SYadAled e doos

recovered a minimum of 7 efore experimentation ana were acclimate

during th@essve depsensas the ddgeone 8 T8 stedsovemaiyduceonistidus dugs. Wére pladedhin a sling,

and needlg,g0glectiodes werg inseried da.recard kead il EGYS RealImSIesedes ywere pesifigned to
record EEGs (MT'150, Biopac Systems, Goleta, CA) in 3 blﬁolar recording configurations that sampled

frontdl, terFBIaF: Fanetal Bhisatista yeymhdc PR pge IRRBTEceRad A SOBHAINBHUEST normal
saline, followdagwdaiaarplYonfusinmel peimal salingonas-established at g mie phemikathr (60-120
mi/hr per %og%éor the dLération of the experiment. The dogs were allowed to 25stabilize for 30 minutes.
EEG was ' PECoPAtFESh RGOS AR S8 eritheMt ARIIA STSBE oS S I HeFiSHy measures
included pHppoR, BK) pE 2nilhie Carkienate:;rpotassium, soligh T diid haseommeasctand were
measured.immediately following,blood draws using a blood gas and chemistry analyzer (ABL-505.
Radiomer s A e e SR e et LS L ot ACATaA I ihhglopuiin
ratid,ialkm@uphoﬁpﬁ&m&ekmﬁ@s@jﬁi HB0AST(SCO Habmaibionate directbilirotinc Bilhior

oL Niorequpine fatfisaalaimh s id e ahlester ol Gl ereatipic. olab i, lioareyRhosphorus,

potassium, sodium, sodium/potassium ratio, and total protein. Following stabilization, baseline
measureABHE S EECY HefioiAriniEbe BaSraatemdsdaipanverd farsRiSereBITEHBARBIES were

drawn forRK-and Llinieakcheisiynand LIRSS WRINPINNE.IQ0PS, Waks generated and data recorded.
WO 2008/141097PCT/US2008/063082 Immediately following baseline measurements, the dogs

received a 4 mghl FPHYS 6 & 1RGO gE P ICEBIL WS SE 6 Do BLME DS RsGIkg IV bolus
dosemf peppoial(ydegsieves bnitteiiainduceerarabanastbesiavdrobowingiaduesondthe dogs
were trac ly intubated and mechanically ventilated using 50% qxygen in nitrogen throughout the
e A I AT TG00y DAt et HTOFS FAHCEY AN PR cose,
j[he d.ogs ﬁtanaiécemwahea@ewipmm&ﬂ;ipmmsgiem:ziﬁh&aid&ge%aeseﬁeé mﬁﬁﬁim]lﬁlmmm@ﬂv .
infusions alates, A0 A% e AN, 219 malkalnip of Somagund. 4 10 8 HeRRSS, glasspyer fashion,
the same protocc?l was used for dogs receiving the propng% bolus except that propo%o was infused at

the indicatdtedres8riddimksr matogldemioniorsidcohtiruousiynand dosidgewasrte allowed 1o

25 stabilize for 30 minutes. EEG was recorded continuously during the experiment. Arterial blood

gas and chemistry measures included pH, pO,, 8O, pCO,, tCO,, carbonate, potassium, sodium,
and base excess, and were measured immediately following blood draws using a blood gas and
chemistry analyzer (ABL-505. Radiometer, Copenhagen). Blood clinical chemistry
measurements included albumin, albumin/globulin ratio, alkaline phosphatase, ALT (SGPT),
30 AST (8GOT). bicarbonate, direct bilirubin, BUN, BUN/creatinine ratio, calcium, chloride,
cholesterol, CK. creatinine, globulin, glucose, phosphorus, potassium, sodium,
sodium/potassium ratio, and total protein. Following stabilization, baseline measurements of
EEG. hemodynamics, ECG., and blood gases were recorded. Blood samples were drawn for PK

and clinical chemistry. and pressure volume loops were generated and data recorded.
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10discontinued immediately if MAP decreased below 50 mmHg at any time or if the heart rate
increased over 200 beats per minute. Dosing was halted in one dog at the end of the 1.0 mg/kg/min
Compound | infusion period and in two others during the 2.0 mg/kg/min Compound 1 infusion period.
At the end ofgachgkaaniswute infusion, measurements of EEG. hemodyna@ﬁﬂggg@yﬂ%%plood gases
were recorded, blood samples were drawn for PK, and 15pressure volume loops were generated and
data recorded. Following dosing, the dogs were allowed to recover. Ventilation was discontinued, and
the trachea extubtitédiajhcfriapjesthasdhnepremnoncotslihcaroosepiatibnd mgikatédieafficient
recovery 5r@f@ng;(@aagm@sﬂm%&mmﬁm 8%&“‘?%@1&%@%@%@&#&%@8?&?@7 3figrthe end

of the final infusion, measurements of EEG. i;namlcs, 'G. and blood gases were recorded,

blood safipies PoRRET&CdRdT fmeR! adpraasdielivsiimndbitiowde dsaaratedasherdista recorded.

Concentrafigns:af @arﬂmmcazmﬂf@a@dqmg9@@@@@&\4@%@%@%}6%@&@@%@@agg‘éaﬁﬁ@&i{ons of 5
metabolites 1n%jstljative 3 glucuronide-conjugated and 1 sulfate-conjlg(%ate ) were estimated, using

liquid chrom fogra%lﬁ?r& URFLRATAN VAL BIRSES aE ST IHEHEITel S 2%tutas Analytics).
Results indicated thatarehialbiapdugas! ant.clineahohemistyd dakaiaese fstable ik awalysis showed
dose-rel ive-nypnetic effect and.no evidence of seizure or pre-seizure activity. All dogs
recovere%ﬁ?o%?ng%%tﬁlégrtaef’ é%?s"t ’e%%%’t%agﬁ%ﬁ%?n At rogat I%I ?8?%“%&%%%&7“%80’: Eoé)éﬁvgrdministered
Compourgsloprprbpshote @unusolindssmidief dogronide metabolivesfnt bolts thedppibsitioopafid the
4-position, were detected jndhe plas | rations were 30consistent with the drug
administration regimen. In this nﬁ%%aﬁ gﬁ%%ri%%ﬁ}%%ﬁgj ?é?é%igétcggqslg%? S&Ga?éyséﬁ%n ghowed a

gredter aNesoRERRHomRmey aRbeiidE dotapsard buomphred HeptapolomT heretwdram oastatistically

significantgifigeanses Brrwesn MAR and beartsateeawts:fos ompaund &,andprapefol. Cardiac
output WO %gg8/141097PCT/U82008/063082 in propofol-treated does was significantly reduced from

baseline; ¥ COEBRIBIUNE S B AR AARE BxriBitbe o staB Ry SgAistaiR FOaRaBA in
cardiac ouipfitsibxaemole. 18 idnesthatic antsHemad s BifacisdmBigsr Epanesthetic and
hemodynamic effects o m d 1 and propofol were compared in anesthetized ventilated pigs
infused | evnﬁ?ﬁ%?%‘%b{?ngp%*uag@%q% f &?Pﬁféﬁ%“%éié%?‘ﬁ) EFINESHPR Bt itulated in
accbrdanoeswith Examplecss ok PREVAN (hodate paiadinje Gtalilevain disinn) . tkssegsmeats included

EEG megryraments.o! denfl.of anesihesia using B1S, pharmacekinetics, blood presstire, £CG. heart
rate, cardiac outpqt,cbo y tempera?ure, 16and oxygen saturation. Xperiments wete performed on
commerciaETaifibre @ isiinead bhiterises (reneweighti8st BekgyeAnesthesiamiandatinsed with
isoflurane:; MiliaMaseilarapReeS MagRIRINCH Mo, Al ear NI, FachPig AR ivhaigd and

mechanically ventilated. Tissue oxygenation was monitored using continuous pulse oximetry placed on

the tongUB AT SHS W nbritereaerSsiRG Gnand blrsd/ esssisetrtors emdiy slogrhsamelssured

oxygen, earkaninxideiantppieniiRRalptionagant sencepimalipns Yentilasettings were adjusted
as neede&l to maintain sﬁ%%tate. A continugus level of anesthesia was achieved with isoflurane and

an infusiot’ OFPEACLISA FHE/hAEE e WA S RIAS BN STt Sead CAHEREN B0

pressureavasnetabolites (1 oxidative. 3 glucuronide-conjugated, and 1 sulfate-conjugated) were

estimated, using liquid chromatography (L.C) and tandem mass spectrometry (MS/MS)
(performed at Alturas Analytics).

|3
L

Results indicated that arterial blood gas and clinical chemistry data were stable. EEG
analysis showed dose-related sedative-hypnotic effect and no evidence of seizure or pre-seizure
activity. All dogs recovered from general anesthesia at a similar rate regardiess of whether they
had been administered Compound lor propofol. Compound 1 and glucuronide metabolites in
both the 1-position and the 4-position were detected in the plasma. Plasma concentrations were
30 consistent with the drug administration regimen.

In this model, at therapeutically relevant doses, EEG results showed a greater anesthetic
potency effect for Compound 1 compared to propofol. There were no siatistically significant

differences between MAP and heart rate results for Compound 1 and propofol. Cardiac output

2
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70monitored through the cannulated left femoral artery. MAP, systolic and diastolic arterial pressures
and heart rate were collected every 5 seconds. An internal jugular vein was carmulated with a
pulmonary artery catheter for thermodilution estimates of cardiac output and blood temperature. Body
temperature was:matayied at 37C. Instrumentation for EEG monitoring was-2esamplished using an
adhesive electrode array over the fronto-occipital regions (Aspect 75Medical, Norwood, MA, USA).
The experimental design included a 30 min stabilization period, followed by IV infusion of Compound

1(0.384 rivepkepaii -k 2tethiioge mpsoiofol (0178 tehgadyirein beddinemin Thetiessgetipetinfubion was
followed by2:4 %0 minaeiow RerostSiempdRamie aRsHIeTIERIR anghilood samles for
pharmacokinetic analysis were taken at pre-infusion. every 2 min during 30infusion of Compound 1 or
propofol and at frequent intervals during the washout period. The infusion times and rates for

Compoungdnaied propafedwvase Mavinushs deigmingd.ie pregice a maximum reduction of BIS (<10)

during the infusion period. Arterial blood samples for determinln%é)H. p02, pCO2, glucose, potassium,
and factate weréHegstredhrHasdIMEerSFert ShpIRE D! BROFBRAHILERH CemAG Srifusion, and

hourly afterinfiusied, vWea20084L4A804P TS 2008/0623982nd | Mehanali:anddaemadynamic
parameters far each group were compared at multiple time pqints using a ' o-tailed Student
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A continuous level of anesthesia was achieved with isoflurane and an infusion of

pancuronium (10 mg/hr). ECG was monitored throughout the study. Arierial blood pressure was
20 monitored through the cannulated left femoral artery. MAP, systolic and diastolic arterial

pressures and heart rate were collected every 5 seconds. An internal jugular vein was cannulated

with a pulmonary artery catheter for thermodilution estimates of cardiac output and biood

temperature. Body temperature was maintained at 37°C. Instrumentation for EEG monitoring

was accomplished using an adhesive electrode array over the fronto-occipital regions {Aspect
25 Medical, Norwood. MA, USA).

The experimental design included a 30 min stabilization period. foliowed by 1V infusion
of Compound 1 (0.384 mg/kg/min x 20 min) or propofol (0.750 mg/kg/min x 10 min. The
respective infusion was followed by a 180 min washout period. Hemodynamic measurements
and blood samples for pharmacokinetic analysis were taken at pre-infusion, every 2 min during

30 infusion of Compound I or propofol and at frequent intervals during the washout period. The
infusion times and rates for Compound 1 and propofol were previously determined to produce a
maximum reduction of BIS (<10) during the infusion period. Arterial blood samples for
determining pH. pO2, pCO2, glucose, potassium, and lactate were measured at baseline before

Compound 1 or propofol infusion, during infusion, and hourly after infusion.

il
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pH pCO2 p02 ABEc Potassium Glucose Lactate 0 7.4861 38.8 390 5.6 3.80 99.6 1.43 4 7.5027 37.2
4105.8 3.71 102.9

WO 2008/141097 PCT/USZ008/663082

Metabolic and hemodynamic parameters for each group were compared at multiple time
points using an unpaired two-tailed Student t test. To account for multiple comparisons and
maintain the probability of a type [ error below 0.05, P values less than 0.025 were considered

significant.

e

A, Anesthetic Effects

Compound | and propofol produced maximal suppression of BIS (<10) with IV
infusions of 14.7 + 3.8 min of 384 pg Compound 1 per kg per min and 9.4 + 1.9 min of 750 ng
propofol per kg per min, respectively. The effect on EEG was reversible and returned to baseline

10 within 60 min. The area under the curve (AUC) of Compound 1 required to reach maximum
pharmacodynamic effect (Emax) was significantly smaller than that for propofol (51.5 + 15.5
versus 108.7 +24.3 pg-min/mL. respectively). In conclusion, the data indicated that Compound

1 was more potent than propofol,

15 B, Hemodvnamic Effects

Mean arterial pressure and heart rate were measured at intervals throughout IV infusion

and washout with Compound 1 (0.384 mg/kg/min. 5 pigs) and propofol (0.750 mg/kg/min, 6

pigs). Results are shown in Figures 1 and 2 respectively. Figure 3 compares cardiac output
produced by Compound 1 compared to propofol. Arterial blood gas samples from pigs infused

20 with Compound ! were taken and analyzed for blood gas and serum chemistry values; mean

values are reported in Table 4.

Table 4. Arterial blood gas and serum chemistry mean values.

Min pH pCO2 pO2 ARBEc Potassium | Glucose | Lactate
0 7.4861 38.8 390 5.6 3.80 99.6 1.43
4 7.5027 372 410 5.8 3.7 102.9 1.24
20 7.5066 36.8 416 5.7 3.84 162.0 1.20
80 7.4943 37.5 402 54 4.00 99.7 1.01
140 7.4803 37.2 399 4.1 4.10 100.7 0.935
200 7.4641 | 37.6 356 3.2 4.06 102.4 (.96

ABEc refers to acid base excess, corrected.

25 Baseline MAF and HR values were not different between Compound 1 and propofol.
Both compounds reduced MAP, but propofol produced a significantly larger decrease in MAP
(6624) than did Compound 1 (106+3) (p<0.001). The lowest HR measured for propofol (88 + 6
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bpm) was significantly lower than the lowest HR measured for Compound 1 (12946 bpm)
{p<0.5). Both MAP and HR returned to baseline after discontinuation of infusions of
Compound 1 or propofol. There was no significant difference in the reduction of cardiac output
produced by Compound 1 compared to propofol.

Table 4 indicates that all arterial blood gas and serum chemistry values were within
normal limits: Compound 1 did not produce any significant metabolic alterations such as

metabolic acidosis or increased lactate,

Example 14. Anti-emetic Activity

Compound 1 was tested for its anti-emetic potential in ferrets and compared to that of
propofol.

Male descented ferrets weighing 1.0-1.5 kg with vascular access ports in the jugular vein
were housed on a 12/12-hour light/dark cycle under controlled temperature, with food and water
provided ad libitum. On each study day, food was presented to ferrets one hour prior to dosing.
Immediately prior to dosing, food and water were removed. A 1% Compound 1 formulation,
prepared as described in Example 3 and formulated in accordance with Example 4, or
DIPRIVAN was administered by IV infusion to the ferrets; sec Wynn RL et al, 1993, Eur J
Pharmacol 241, 42 re DIPRIVAN administration in ferrets. After administration of Compound
1 or DIPRIVAN, animals were placed in clean, transparent cages (with lids) and left
unrestrained for a 45-min observation period by an observer blinded to the specific treatment
administered.

Emesis in ferrets is characterized by rhythmic abdominal contractions that are associated
either with the oral expulsion of solid or liquid material from the gastrointestinal tract (i.e..
vomiting) or with movements that do not include passage of material (i.¢.. retching). Episodes
of retching and/or vomiting were considered separate episodes when the interval between
reiches and/or vomits exceeded 5 sec,

Pro-emetic activity of Compound 1 or propofol was studied in 6 ferrets per drug as
follows: Ferrets were anesthetized by isoflurane inhalation. Compound 1 or propofol was
administered by an IV infasion for 15 min at 1 mg/kg/min. After termination of the infusion, the
ferrets were observed continuously for 45 min, and the number of vomits and retches were
counted.

Anti-emetic activity of Compound 1 or propofol was studied in 6 ferrets per drug as
follows: Ferrets were anesthetized with isoflurane, administered Compound 1 or propofol by a

15 min IV infusion at | mg/kg/min. After termination of the infusion, 0.5 mg/kg morphine
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4.10 100.7 0.95 200 7.4641 37.6 356 3.2 4.06 102.4 0.96 ABECc refers to acid base excess, corrected.
25Baseline MAP and HR values were not different between Compound | and propofol. Both
compounds reduced MAP. but propofol produced a significantly larger decrease in MAP (664) than did

Compound 1{§68)s(P5Re901). The lowest HR measured for propofol (88 +6-W s /063082
2008/141097PCT/US2008/063082 bpm) was significantly lower than the lowest HR measured for

Compound 1(1296 bpm) (p<0.5). Both MAP and HR returned to baseline after discontinuation of
infusions BYEE Mg ek TgeRsbpstanree Wil tes Sryrticaptedraiesred farhe rdaasderribedrdiac

output preapesd dy GemPALING.-comparash i Rrapoithclable dindisatesidbalalirpesalhlood gas

and serum g_hemistry values were within normal limits: Compound 1 did not produce any significant
metaboli¢®&Hterations such as metabolic acidosis or increased lactate. Example 14. Anti-emetic Activity

10Compound | wasdestec.fondteoantizametieRotentiabiafetrets anteompared 1o ibabefs of
5 vomiting and 157 retches. Compound 1 did not produce any episodes of vomiting or retching
when administered alone or in the presence of morphine. Ferrets that received propofol and
morphine sulfate exhibited 3 vomits and 47 reiches. Therefore, Compound 1 and propofol both

reduced the incidence of vomiting and reiching in the presence of morphine.

10 All publications, patents. and patent documents are incorporated by reference herein, as
though individually incorporated by reference. The invention has been described with reference
to various specific and preferred embodiments and techniques. However, it should be
understood that many variations and modifications may be made while remaining within the

spirit and scope of the invention.
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propofol. Male descented ferrets weighing 1.0-1.5 kg with vascular access ports in the jugular vein
were housed on a 12/12-hour light/dark cycle under controlled temperature, with food and water
provided ad libitum, On each study day, food was presented to ferrets one hour prior to dosing.
15Immediate|¥v%r'&%8t&qg ing, food and water were removed. A 1% Compound 1 formulation, prepared
as described in Example 5 and formulated in accordance with Example 4, S DIPRI% AN as
administered by IV infusion to the ferrets; see Wynn RL et al, 1993, Eur J Pharmacol 241.42 re
DIPRIVAN administration in ferrets. After administratiogief§ompound 1 or DIPR1VAN. animals were
placed in clean, transparent cages (with lids) and left 20unrestrained for a 45-min observation period
by an observer blinded to the specific treatment administered. Emesis in ferrets is characterized by
rhythmic abddiimnal Centratfions that are associated either with the oral expulsion of solid or liquid
material from the gastrointestinal tract (i.e., vomiting) or with movements that do not include passage
of material (i.e., retching). Episodes 250f retching and/or vomiting were considered separate episodes
when thé intérval bétiveelrmetchesapidiormmwn(its exceeded 5 sec. Pro-emetic activity of Compound
| or propofol was studied in 6 ferrets per drug as follows: Ferrets were anesthetized by isoflurane
inhalation. Compound | or propofol was administered by an IV infusion for 15 min at 1 mg/kg/min. After
termination of the infusion, the 30ferrets were obse H
vomits and retches were counted. Anti-emetic activity mpound 1 or propofol was studied in 6
ferrets per drug as follows: Ferrets were anesthefized-yith iSafit 2.administered Compound 1 or
propofol by a 15 min IV infusion at 1 mg/kg/min. Atter tg ton of the infusion, 0.5 mg/kg morphine
wjnistered subcutaneously and the ferrets were
monitored for 45 mm as described above. Six additional féfrets wergradministered subcutaneously 0.5
mg/kg morphine sulfate only. Morphine sulfate (0.5mg/kg),alone was pro-emetic in ferrets, yielding 15
episodes of 5yomjting.and 157 retches. Compound 1 did not produce any episodes of vomiting or
retching whe S}Eﬁﬁi%géfé?léa Eigié splirPiHErugdhie®dt morphine. Ferrets that received propofol and
morphine sulfate exhibited 3 vomits and 47 retches. Therefore, Compound 1 and propofol both

reduced.the incidence of vomijting and retchjng in the presence of morphine.
PU Jf X compoun as%lalnmede 1In clatim 1, w 'cr:)hels a (—)—stereoisoener of formula (I) or a

pharmaceutically acceptable salt or prodrug thereof.

3. A compound as claimed in claim 2, which is a (-)-stereoisomer of formula (I) or a

pharmaceutically acceptable salt thereof,

15
4, A compound as claimed in any one of claims 1 to 3. in which X is H.
5. A pharmaceutical composition comprising a compound as claimed in any one of claims 2
to 4, and a pharmaceutically acceptable carrier.

20
6. The pharmaceutical composition of claim 5 which is formulated for intravenous
administration,
7. The pharmaceutical composition of claim 6 which is formulated as a lipid emulsion.
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10All publications, patents, and patent documents are incorporated by reference herein, as though
individually incorporated by reference. The invention has been described with reference to various
specific and preferred embodiments and techniques. However, it should be understood that many
variations and modifications may be made while remaining within the spirit and scope of the invention.
WO 2008/141097PCOUS2008/063082 CLAIMS What Is Claimed Is: A (-)-stereoisomer of formula (1):
wherein X is H or Fi or a salt or prodrug thereof 102.A compound as claimed in claim 1, which is a
(-)-stereoisomer of formula (I) or a pharmaceutically acceptable salt or prodru2 thereof 3.A compound
as claimed in, claim | -stereo isomer fform ora phar tically acceptable salt
thereof 15 E A corr%pg%nr% %@ c%a%%%le C|[nmaar111y one of callalms%t Orl%SSV iC ’1%5 tEIe }%/A pharmaceutical
composition comprising a compound as claimed in any one of claims 2 to 4, and a pharmaceutically
acceptable carrier. 6. The pharmaceutical composition of claim 5 which is formulated for intravenous
administration. 7. The pharmaceutical composition of claim 6 which is formulated as a lipid emulsion.
8.A compound as claimed in any one of claims 2 to 4 for use in medical therapy. 9. A compound
as claimed in any one of claims 2 to 4 for inducing or maintaining general anesthesia in an animal.
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10. A compound as claimed in any one of claims 2 to 4 for promoting sedation in an animal. H.A
process for preparing a (-) stereoisomer of formula (l) or a salt or prodrug thereof, which comprises
hydrolysing a carbamic acid (-)-2,6-di-secbutylphenyl ester diastereoisomer of formula OCOR1 Il in
which 12' represents a chiral amino group, and X is H or F; followed if required by forming the
free phenol or a salt (such as a pharmaceutically acceptable salt) or pro-drug thereof. 12. A
carbamic acid (-)-2,6-di-see-butylphenyl ester diastereoisomer of formula in which RI represents a
chiral amino group; and X is I-1 or F. 13. A diastereoisomer as claimed in claim 12. which 12’
represents an (R)-1-arylettyiaminodproufpimed il dnise of alepmpounoracsRiding tg claim 2 or 3 in the

preparation,pf:a.medicament ggré ggin Qr maintaining general anesthesia in an animal. 15. Use
according to claim 14, %nwhich %%H?] aﬂfé’.‘ﬂéé according to claim 14, wherein the compound is

H-stereoisomer of formula (1) or a pharmaceutically acceptable salt thereof; and wherein X is H.

17. Use of a compayund acegrding 9 £laim.2.9x 3.in. the _preparation of,a. medicament for promoting
sedation in an animal. %% Use accoréing tlo' c&hgﬁgf?ﬁg%ﬁ%?f)? f{éafpf P mm‘fér.‘wga&%brding to

claim 17, WH@EinH@Icompound is H-stereoisomer of formula (I) or a pharmaceutically acceptable salt
thereof; and wherein X is H. 20. The process according to claim Il, wherein the salt is a

pharmaceutically fﬁceptable salt. )
. A process for preparing a (-) stereoisomer of formula (Il or a salt

or prodrug thereof, which comprises hydrolysing a carbamic acid ()-2,6-di-sec-

butylphenyl ester diastereoisomer of formula

OCOR!

X I
in which R' represents a chiral amino group, and X is H or F;

followed if required by forming the free phenol or a salt (suchas a

pharmaceutically acceptable salt) or pro-drug thereof.

12, A carbamic acid (-)-2,6-di-sec-butylphenyi ester diastereoisomer

of formula

OCOR’

I

in which R' represents a chiral amino group; and X is Hor F.

- . . . . . .
I3. A diastereoisomer as claimed in claim 12, which R! represents an

(R)-1-arytethylamino group.
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14, Use of a compound according to claim 2 or 3 in the preparation of a

medicament for inducing or maintaining general anesthesia in an animal.

15, Use according to claim 14, in which X is H.

16. Use according to claim 14, wherein the compound is (-)-stereoisomer of

formula (I) or a pharmaceutically acceptable salt thereof: and wherein X is H,

17. Use of a compound according to claim 2 or 3 in the preparation of a

medicament for promoting sedation in an animal,

18.  Use according to claim 17, in which X is .

19, Use according to claim 17, wherein the compound is (-)-stereoisomer of

formula (1) or a pharmaceutically acceptable salt thereof: and wherein X is H.

20.  The process according to claim 11, wherein the salt is a pharmaceutically

acceptable salt.
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