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CONTROLLED RELEASE OF PHENCLI C OPI O DS The present
application clains the benefit of United States
w@e@viigizenal patent applicati on nunber 60/ 809, PERUSI00EEHI683
on May 26, 2006 and United States provisional patent
appl i cation nunber 60/901, 795 filed on February 16,

Chei 1 Eeﬂte ,cﬁi& FROBLEDEELkAsE Ge M ENGHR. OLiOHS " ' "
co ane ﬁhl@ﬁrﬁgﬁ AinRREBd et QPUQitéHSStaM@ E)R)Vlswnal patent

partl ates to a nethod provi di ng
apphaattloﬁmumbﬁt 6018¢9082 Hled et May é@,éZ@%fanth]altodl Statespirovisignal patent

ol SRR RS, AP BB AR GRS PO

mc (I)Ig{GQ%CWH{tgtegﬁﬁweutl cal conpositions conprising
e prodrugs. Delivery systens are often essential in

s af Bleypresgni miventemi migteado cosrallgd melsass of phenoligopipids. More

partllqlllﬁﬂ.rgrvlg ?%zlg\ésg %tﬁ\g& gfg v S(?;h O éflit{gﬁ.ér%@é ca-jgxiolllg% ? leasg ¥f phenolic

opiSiafih@PRRArdeR having R¥paf R ishkkt iRt 68 tHerp@HIRCHs)drogen atom, to
Solutions to drug delivery and/or bioavailability

proqimgs: eplienolihepinids end icphargesatiopremposiienyemnprising the prodrugs.

t d T
e T
drug"§ | Ofterpdel BT s@BUAN ophﬂmmlﬁvaﬂiblh'@, ﬁﬂﬂnﬁh@’ dosake consistency and
group, etc.) of the active agent is masked

impspvsRsitient,comiagee (esz. .| ygefecing desingReacar vy |S@§}t10n5 to drug delivery

R 5O AT A B B4ty oo s

to ;ﬁ%&hgﬁgf ylgﬁmllyailm&spraaﬂlgmyolaﬂﬁmeﬁmﬁ gmmpl(ag a cleqlrboxyhc acid, an
physi cochem cal properties 1 n conparlson to the

amigp ggouppphgiol grougy %Stuguaml net{fé)??gleéﬁHV%?%e“F égi‘%l@g bya

proﬁ!r ge?%r\M'g{;HlsQLtﬁ?evlﬁﬂePﬁIg{sfb?%% Usndifiofl. YeBEdihAY; prodliu)%s are usually

eavage pronoi ety occurs fapid
trampokteqiﬁrttughdnydmhyblwbtdhoglm bhoiensgtichas ofemiwanes erd may possess

roduct.s t he .hydr ol zed ronD
sup SO EIE B S UL 6 LHBRSOGo FEGRPTen Y e AP OES A sualy

non\ﬂ{o'kn: afafe ARAIELEARLYVQedvet % ﬂ‘E%cdsfof Hﬂ% 4@ibh €PicFerably, cleavage
l ow the directions given by the attending

of tbh pmnmlam octirrf oapidiy ané yantitatively with the formation of non-toxic

by-products (i.e., the hydrolyzed promoiety).

Prodrugs as described above are capable of providing patients with safe and effective
treatment if the patients follow the directions given by the attending physician. Unfortunately
human patients do not always follow the directions that they have been given. They may
accidentally take an overdose of the prodrug, or deliberately abuse it, for example by taking
an overdose, by injecting or inhaling it, or by using readily available household chemicals
(like vinegar or baking soda) to obtain the active drug from the prodrug. Abuse is a particular
concern with prodrugs of opioids, which are properly used for the treatment of pain.

It would be desirable to have a prodrug of an opioid that has built-in control, so that it
is difficult to use the prodrug other than in the way it is intended.

A way has now been found for configuring prodrugs of phenolic opioids that affords

controlled release of the drugs.
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human patients do not always follow the directions

that they have been given. They nmay accidentally take
waeoonenrdnse of the prodrug, or deliberately aPtEES1007/069683

for exanple by taking an overglose, by injecting or

inhaling it or by using readily avail abl e househol d

et O oejorts Somt R gt o] e Aitil® R84 B IhEfagy Frseribed

dmg@}w@rﬁowhbﬁb Rk PEbHMOnE fan@ RiRpKiae. Whi ch are properly
used for the treatnment of pain. It would be desirable

t o heapeding fir engraspecss the presnt dineentipa pravadss bunéthod of providing a
rodru
parfE AP b Al trdld coiflaalat SRrideRUR it whicn
confyeides AdMmiALtIrRG t6 0418 ipBtidrt A oINS cBpBIRINAI Wisich the phenolic
opioids that affords controlled release of the

hydgrreeg atomn batoen sebsitigited withraripaces Idsvgiecipupbearing a nitrogen
nucﬁBBR'léjﬁiat %gotécﬂ&i %ﬂﬁ ahlgﬁzry%ag%l %nyeS%ﬁnﬁé 1%%96 rtHeqéonf' gu{atlon of the

r onor p oxynor phorme
spacen éeaxgegbup drtenipbggemicldoplnbeing sxﬂih&h&td&ﬁor@etﬁ?ﬁ*nbﬁﬁcl@ivage of
prOV|?|ng a patient with post
the glgayablesmpisty. & %EP%WL@&OP@&%W@W%O# forminge @relig urea, carbamate

or tﬂiB@zHQérh&te qlﬂie?ét SRR i ﬁ% s?gg@rv\ge}, Ln%[ 4‘11'819;) %]ooasst 'pgowde the

patient a corre pond conpou e ‘pheno
patlhlycdmdgecmtlaﬂledrrdime béthe pheiusici dpididd Wi th a spacer

v ro beari ng a nitrogen nuc) eophil e that
2‘? BOWE 45P6e R pes THHRYSREIQP PYRVEqes b picdn s laﬁ%ufa%r@ ofa

mecﬁ@di‘xfxéng %r%bﬂﬂmgfa PalBnS ‘aﬁg&s‘[ b & igh QLR AQH cgﬁt}cﬁf%g%‘lease ofa

nucl eophi'l e bei'ng such upon enzynati c ¢l eavage
phepslic ¢nioid] efaerivtesporsiing gompduad i twhinhehe phenobo hhdlbgen aom has been
i C.urea, carba

sub i P re e Vs G R CUpEAPB et i paeted with

an dn@PUAMGA1GICRARAIO ety AhP E&ﬁﬁﬁatfdﬁ%fﬁﬁé aBdr Wiy group and nitrogen
controll ed rel ease of the phenolic opioid. In anothe

nucleeplila beinghauch ﬂ@smonlwmuumiewm oﬁm clehpable moueny,tth@mtrogen

0 nedi canent for
nuclFB P S el 0r Bl SRR e iap Spls B s iRl Fhoratine the
coanouﬁd ﬁbmrthb bfacePievidg gﬂfup%o GOkd ﬁ@)ﬁﬁl&dh@ﬁhﬂéﬁm}i Q6ntkdlled release
whi ch f he phenolic hydrogen atom has been substituted

of thg phengl 1GoRiek | eavi ng group bearing a nitrogen
nu C"ﬂ‘h%%ﬁ"egﬁ)nhﬂl%tcohﬁ)oﬁﬁc? Ep?&ﬁrﬁg ihdBrdance with the present invention)

provides post administration-activated, controlled release of the phenolic opioid, because it
requires enzymatic cleévage to initiate release of the compound, and because the rate of
release of the opioid depends upon both the rate of enzymatic cleavage and the rate of
cyclisation. Accordingly, the prodrug has reduced susceptibility to accidental overdosing or
abuse, whether by deliberate overdosing, administration through an inappropriate route, such
as by injection, or by chemical modification using readily available household chemicals.
The prodrug is configured so that it will not provide excessively high plasma levels of the
active drug if it is administered inappropriately, and cannot readily be decomposed to afford
the active drug other than by enzymatic-cleavage.

The enzyme capable of cleaving the enzymatically-cleavable moiety may be a
peptidase — the enzymatically-cleavable moiety being linked to the nucleophilic nitrogen
through an amide (e.g. a peptide: -NHCO-) bond. In some embodiments, the enzyme is a
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an enzymatical |l y-cl eavabl e noiety, the configuration
of the spacer |eaving group and nitrogen nucl eophile
wheing4eorzh that, upon enzymatic cl eavage of tPEI/US2007/069683
cl eavabl e noiety, the nitrogen nucl eophile is capable
of formng a cyclic urea, carbamate or thiocarbamate,
. | l.berating the conpound fromthe spgcer | eaving. grou
diag e BRI Foad S RETpiE PR PR LN TIUP Bl fipdars Sastase
amifbpepti@ase e elihGpepRife t, d}ﬁéﬁﬁ&ﬁﬁﬁﬁﬁff;@ﬁ@dd@_& ¢ ORBOtfAse or
prodrug in accordance wi'th the présent invention)
entesprepfidess. geserdinghy.nh ong embadimgnt ¢fithe methodothe cotrpspgnding
f. . phenol i.c opi oid, because it requires
€0 é’%lzu%ﬁgsfafi gmél%tgge\%)égp% [ tﬁehpgtfe ‘e rel ease of the"
comewadymeaitabatamseety fifkddab ehohitrbSdeaiteophilé tHough an amide
opi oi d depends upon both the rate of enzymatic
bongd max\bggfor sxempleea residue of ar gminossid @k PeRtideratian ghlpha)tiracyl
: r tihilit i.dent al
derighVe it 8o EQEEEReRTRR L0t N BB SPHE0E RS 861 ng,
phamnbiventilly at ¢cpiabldapbexylia AcidNaRRARe ph Nab @ tyl ddtitativeyCThé@peptide
by injection, or by chem cal nodification using ) )
may; ORI foRcampis, Up th bl aeiing arid Frsiduen Kor expmplss Bdnaygbe asdipeptide
tGRPLitEUESD: hdy v ' ~ami
o FRARELER g U8 sy I QR AT BOSARL B o Laming
acidadmibrdassindr-aainonmpl)r Eaamales by nataraily cacureihg aedth dcrddee alanine,

.deconposed to afford the actjve drug other than by .. ...
afglawfy%ﬁ%riaéma SRYES é?lﬂwteél?ﬁz ¢ lr@aglagaﬂénafglw@mqa% higtidine,
isol RIWTRIuLRR! th¥hfdnBRY i ' 5
50 the enzymati cal Iny- c’:?géalll\%/’ é\ 1 mél%ﬁ%lrdg%’ %giinggt er?%tlg’géfpgol?lﬁg’
tyropine, lzsiphianhd valimet Asgendingly, eugplas ofenaymef(@eayabla moieties include

.pepti.de:. - NHCO- ond.. I n sone enhodi nents, the enzyne
res R o RSP YS ek REASETn Ve i T ABHRE Cepispyon thoreot. and
dipelptid@sSdnd. tripéptiaes formel fronfRYd RaRRe oBHRSE-B88no acids listed hereinabove,
am nopept i dase N, ami nopepti dase A,

and ghedseetyl desivetivgseperedfase |V, tripeptidase or

ent-gr tidase. Accqrdingl i.n_ane, .enhodi nrent of .t

ot s PER k3 Form e SR s enpl RO R B o Bipitalfy
phamiiRbltycallp abdeptaddd, iepdrticul e SHaEMEBuGiL ARV ARESaBIBIc§Elk urea,

i nked to the nitrogen nucleophile through an am de
carbgmmate ordhioparbamafe. ddiihecappreciatesd thatecystic ureanin protielargre generally

verydtatide Qﬁpﬁixg%w%xi@i%h( al pha) N-acyl

In one specific example of the invention, the spacer leaving group bearing a

nucleophile that is protected with a cleavable moiety is a group of formula
-C(O)—N(CHg)—(CH2)2-NH(R4) wherein R* is an enzyme-cleavable moiety linked to the NH
group through an amide bond. When the N-R* amide bond is cleaved enzymatically, a
nitrogen nucleophile (-NH,) is freed, and this cyclises back onto the carbonyl group, forming
a cyclic urea and releasing the phenolic opioid.

Generally, the spacer group may be any group capable of forming a cyclic urea,
carbamate or thiocarbamate when the phenolic opioid is displaced by the nitrogen
nucleophile. Accordingly, the spacer group may be, for example, a group of formula -C(O)-
Y-L-N-(R*)R"; in which:-

Y is -NR>-, -O- or -S-;



10

15

20

25

30

derivative of an am no acid or peptide (for exanple an
N-acyl derivative of a pharnmaceutically acceptable
w@200boxoeli ¢ aci d, such as an N-acetyl deri vatiR€)/USZNT069683
peptide may contain, for example, up to 10 amno acid
resi dues. For exanple, it may be a dipeptide or
tripepti Each. am po. aci d adv eous
B S T A e b B e e B netrocyetc
groty, 3Fh B8mBRAdn oI B fiSre ‘%ﬁclf‘é% % fulﬂéédQSé‘éﬂ‘ierr bggl B1880nd, a spiro
aci ds are al ani ne, argi ni ne, ar agi ne;
linkagd, d smgﬂ@s«brsicmb tg:lngicolr hg,a (g#(]lgt(arﬁ |&Q S@zuC@m}h I‘ﬂdC@ or NH linkage;
hi sti di { euc u0|ne
ohash o 8 ! SEePRaenty A Ricirodth AlshE NSS! or
subdtithted b, a]‘Il(yslne and val i ne. Accordingly, exanples of
enzyme- cl eavabl e noi eties include residues of t
L- dininen aedyeree-¢leastably heiewi linked vethemitrogen qﬂibed@f& group through
derl at ves thereof, and di peptides and tri peptides
romtwo or three of the L-anino acids Iisted
heflﬁloﬂabﬂ%adin@ﬁg R*'hea Broupeff ¥ornfl@s i vati ves thereof. The
cyclic group forned en the phenolic opioidis
rel eased i s conveniently pha maceutically acceptabl e,
in particular a pharmaceuti Ilyw@ﬂceptable cyclic
urea, carbamate or thiocar tw il be
appreci ated that cyclic ureas L@ pa?ﬂ?cular are
generally very stable and have™ ow toxicity. In one
Wm§g50|f|c exanpl e of the invention, the spacer |eaving
group bearing a nucleophile that is protected with a
cl Eb@MﬂRF & 1H@é}féh&eﬂtl§ hd e, hl,pal 101, dubktituted alkyl, aryl, substituted aryl,
g% NH( wherein R4 is an
arylélkzyﬁﬁb i wl@we&ryalkylm Rehgtituged hﬁéermkglr betgroap owgptituted
@ 7
hetegé}azrgl%?t? 03 QkylV\g]@[ﬂ 1@12%%}%1%[]0 i o?)? @E? k %}{cf ﬁ to&ether with
the awothsttd M&jcxhychéy ae$ob@@lkfoﬁﬁ Ta@ytlbﬁet@ﬂfan@m yt substtuped cycloheteroalkyl
. formng a cyclic urea and rel easing the phenolic
MNEHpi oi d. Gbnerally t he spacer group may be any group
ca Iy
h hﬁggg ﬁ%&%n%érp tﬁﬁ{tgill a@ﬁo%lfb%flgl A 1I g{) oxzca&b%nyl
subgtitated alklo&gcanbonyl aryl substltuted aryl arylalkyl or substituted arylalkyl;

an

p is an integer from 1 to 5;

each W is independently -NR?®-, -O- or -S-; and

each R® is independently hydrogen, alkyl, substituted alkyl, aryl or substituted aryl, or
optionally, each R® and R® independently together with the atoms to which they are bonded
form a cycloheteroalkyl or substituted cycloheteroalkyl ring.

It will be appreciated that when W is NH and R’ is H or acyl, then R* is a residue of
an amino acid or peptide, or an N-acyl derivative thereof. When W is NR®, R” is H or acyl
and R® and R® together with the atoms to which they are bonded form a pyrrolidine ring, then
R" is a residue of proline or an N-acyl derivative thereof.

Accordingly, in another embodiment, R* is a residue of a D or L-amino acid (such as
an L-amino acid) selected from alanine, arginine, asparagine, aspartic acid, cysteine, glycine,
glutamine, glutamic acid, histidine, isoleucine, leucine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, lysine and valine; a residue of a dipeptide or tripeptide

composed of two or three D or L amino acid residues (such as L-amino acid residues) selected
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nucl eophil e. Accordingly, the spacer group may be, for
exanple, a group of formula -C(O- Y-L-N-(R3)(R4); in
wakioech4027% is -NR5-, -O or -S-;-A - L is an PCT/US2007/069683
unsubstituted or substitutedsal kyl, al kenyl, alkynyl,
carbocyclic or heterocyclic group, or a conbination of
. . two. 0 re such gr.oups |inked together, by a single .
indepglidptly Hony pIgnRe B, 2Par B BT GEIS EYBOR Shrcitsy elptamine,
gluthmfd acfd, hidtide), isSieBeinCNIdindNHER i ShindNPhehnkiagRe, 185, Qbrine,
R3 and R5 is independently’is hydrogen,” alkyl, T
thregnibe ttryptapbdn.ditoging, lasipk and vaires br 4 tesilde af g N-anyll dRivatie thereof,

an e -cleavabl e noiety linked to the nitrogen of
Sud}%%”ﬁﬁ%£§y5¢QM@ﬁY%rough an ami de bond. In one

ey Ghéebodifféni, $. i8 afl 1RHDs@HutddQf FUbHWEE | Olghen PR grnBﬁp. For
IS |nde8§£dently hydrogen, al kyl, substituted al kyT, )
exargplg| Y -IsONES ttpgathas anagrfprm adly3-disnkipophesylone grogp ediich is unsubstituted

heteroal kyl . substituted heteroal kyl
or st e PRERUAR Tty WA SRS RSBl EEAE Hsgaom o haogen
atons W(DsSHO)aluyleshdiets)gizoyy.al Kyl , or optionally, R6 and R7
together with the atons to which they are bonded form
a oyangthateabodiment, bbis adimalent groepotipemsleet er oal kyl
ring; R7 is hydrogen, alkyl, substituted al kyl, acyl,
substituted acyl, al koxycarbonyl, substituted
al koxycar bonyl , aryl, subst it uRéd aryl, arylal kyl or
substituted arylalkyl; p issanjinteger from1l to 5;
each Wis independently -NR8- or -S-; and each R
i s independently hydrogen, alkyl, substituted al kyl,
aryl or substituted aryl, or optionally, each R6 and
R8 i ndependently together with™the atonms to which they

in wﬁ[cﬂ:—bonded

n is an integer from 1 to 10; and

each of R and R? is independently hydrogen, alkyl, substituted alkyl, aryl or
substituted aryl, or R' and R? together with the carbon to which they are attached form a
cycloalkyl or substituted cycloalkyl group, or two R! or R? groups on adjacent carbon atoms
may, together with the carbon atoms to which they are attached, form a cycloalkyl or
substituted cycloalkyl group.

Accordingly, in one embodiment, the spacer leaving group bearing a nucleophile that
is protected with a cleavable moiety is of formula -C(O)-Y-(C(R)YR?)a-N-R*)R?); the
spacer leaving group corresponding with the group -C(0)-Y-(C(R")(R?)),-, the nucleophilic
nitrogen atom that is protected with a cleavable moiety corresponding with the group -N-
(R*)(R*) and the cleavable moiety corresponding with the group R*; in which:

Y is -NR°-, -O- or -S-;

n is an integer from 1 to 10;

eachR', R?, R* and R’ is independently hydrogen, alkyl, substituted alkyl, aryl or
substituted aryl, or R' and R? together with the carbon to which they are attached form a
cycloalkyl or substituted cycloalkyl group, or two R! or R? groups on adjacent carbon atoms
may, together with the carbon atoms to which they are attached, form a cycloalkyl or

substituted cycloalkyl group;



forma cycl oheteroal kyl or substituted

cycl oheteroal kyl ring. It will be appreciated that
wob@n/1w2rs NH and R7 is H or acyl, then R4 is BCT/ESI0UEGI6S3

of an am no acid or peptide,_gr an N-acyl derivative

t hereof. When Wis NR8, R7 is Hor acyl and R6 and R8

together with the atons to which they are bonded form

a pyrrolidine ring, then R4 is a residue of proline or

an N-acyloderivative thereof. Accordingly, in another

enbodi nepff, R4,is a residue of a D or L-amno acid

(such agf \@ﬁigo7acid) sel ected from al ani ne,

argi ni ne, agpara@ Re, aspartic acid, cysteine,

gl &Qe, gl Ram ne, glutam c acid, histidine,

i sol'etici ne, | eucine,”methionine, phenylalanine,

pr QatHR® 1§1@a¢paﬁderﬁm@afug@ﬁ alk§l¥ﬁﬂ3§ﬁ’ﬂ& allE! 251, Bbstituted aryl,
lﬁ(yl ne and val I ne, a resi due © eptl de or
arylg

bébbsﬁﬁée%tn‘bé@édh%cfm@lm @ubstlmt@ehe@rgalk}il heteroaryd ciudstituted
5 hete&gzﬁ'gfj #@tg g}gpe la§ut{|'s 1?1‘1‘[? L oertﬁaré%xrg e{lk SII o%%)mallr?fé R®and R’ together with

0] n

the aopRagihivh thaspe Ibbh@edat@hﬁ a d?yﬁ)h@tleftﬁlky@ bV §ibsgtuted cycloheteroalkyl
. glutam ne, glutam c acid, histidine, isoleucine,
Hng euci ne, net hi oni ne, phenylalanlne proline, serine,

t hrgqg hggrog%r{,ém%gg%tu%é %ﬁ@g?ﬁ%ﬁ{aﬁh&?ed% 0% okg&rb&{yl

a resi ereof
subdtitatee bikoxgeurboral,iav, substitated agyvibaxgiatien tor SIIlbstlﬁltaharylalkyl
unsubstltuteq or sugstltuted 1, 2- phenyl ene group. For
10 ex dhi5 A8 Intqeqr ] 1{dget her may forma

1, %agﬁﬁﬂkqgaﬁﬁﬂalﬁge BOUg. Yhischyjgs unsubstituted or
substltuted nylene nmoi ety with one or two

sutssth R mnéergadmhyédrdfcrgem aakyiaitmgmmedtarﬂml dr}otGpbitiyted aryl, or

| ot her _ernb
oG it i 1y R PSRRI T BT IR e At Ty hich g e bonded
forrh B @§1dhdtrodlR; 1@&%@%&&%@%@%&5&@ I ndependent ly

hydr ogen, al kyl, substituted al k
15 subBust if ?@Bre@re}sbnts the mndmomdttbge$ taéeasw‘l tlkcntth@correSpondlng

confBF el S RrlsA R & a&é?&?}fu‘f% ' Ri"or R "Gr olps”

on adj acent carbon atons
X Y. N
D
o] R?

@

20 and the cyclic urea, carbamate or thiocarbamate may be presented by the formula

0
//JL\\ //’R3
R1

RZ
In one embodiment, each of R}, R?, R® and R® is independently hydrogen, alkyl,
substituted alkyl, aryl or substituted aryl.
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may, together with the carbon atons to which they are
attached, forma cycloal kyl or substituted cycl oal kyl

w@emap4022-cor di ngly, in one enbodi nent, the SpBCEDS2007/069683
| eavi ng group bearing a nucl.eaphile that is protected
with a cleavable noiety is of formula -C(O-Y-(C(R

AN LGRS SRAR ST o 53 A Brino acid. such as I

(ﬁom@{aml STRICHL GNP, {6 $Cucite? MH@HZCHZNH@(NHI)N% ‘(‘fr&rﬁ arginine),

eavabl e noi ety corresponding with the group -
4-hydrayybrazy! &liem tyresiok e Q&h@mfﬁﬁﬁ@nwmvﬁ e@échEHngQ@OH (from
glut!nﬁiec. c@up R4; in which: Y is -NR5-, -O or -S-; nis
an G nt ger from1l to 10; each R1, R2 R3 and R5 is

I nde peREa inbodiuehtORER a }%iﬂ"dgen aﬁiﬂlbiir lah uhQbsadukad of sﬂbéﬂtuted acyl
or substituted aryI or and R2 together with the

groups f¥ srample (hi6€halkprayl.sueh as acsbh o8 -Peianex:; be;@pﬂanﬁwsuaﬁed or
subs?fﬁﬁé& b% ﬁg’le@éﬁ ogglolr(%gﬁe &rt%%psub%htué seRélctec{ iﬁﬁ%ﬁ Qgﬁg%l (1-

on ad car ons nay, oge er w

4C)ﬂkmoﬁﬂld§&ncﬁch h@belﬁbﬁl @tpipabed; CONRIRACwhich ™, layill Rgfare each
roup; each R is independently

ubstituted cycl oal kyl
ind %Cfea guhydroess,pr ﬂs‘k@éﬂ@? sEeRs Q). gF o hemiagiken hegmigsger. such as
CH2 bO@ﬁ Y)k gh—ﬁ@ﬁ—hC@g%t 'Thé’ hﬁ&b@ﬁﬁﬂeﬂlolf%bstlhﬁédeﬁc?@g@ﬁb

stltute etéro eteroaryl, substit
conﬁmﬁeﬂtlgahqiesldhebﬁa pMI;daeélkmhl,ly satbplfab]te whebdxylic acid.
roa or optionally, R6 and R7 together
Leyé’?B ICFIBIWHP t'hey are bonded forma
for YyCNRhet eroal kyl or substituted cycl oheteroal kyl ring;
Fg i s hydrogen, alkyl, substituted al kyl, acyl,
forEukﬁl;%Ct)lek:ddsmh;als CHhkoxycar bonyl, substituted

rbonyl, aryl, substitut ed aryl, arylal kyl or
for @F‘?éﬂfed aryI al kyI pis an integer froml to 5;

for IQ]aéHdl ¥ ih§diod g@@?ﬂ%l%l sh@gas CHQm&% p'al%cula@l@%y@ﬁfg]@n R3

i s independently ogen, al kyl, substituted
for mir Ylorde substituted aryl, or

for R*: hydrogen or (1-4C)alkyl, such as -CHj;

for W: NH;

for R®: H, -CH,(CH;);NH,, -CH,CH,CH,NHC(NH)NH,, 4-hydroxybenzyl, CH,COOH or
CH,CH,COOH;

for R”: hydrogen, (1-6C)alkanoyl, such as acetyl or t-butanoyl, or optionally substituted
benzoyl, for example benzoyl unsubstituted or substituted by methylenedioxy or one or two
substituents selected from (1-4C)alkyl, (1-4C)alkoxy or halogen, such as benzoyl or
piperonyl; in particular hydrogen or acetyl;

for a cycloheteroalkyl or substituted cycloheteroalkyl ring formed by R® and R® together with
the atoms to which they are bonded: pyrrolidinyl;

forp: lor2;

for R*: arginine, N-acetylarginine, N-t-butanoylarginine, N-benzoylarginine, N-
piperonylarginine, N-glycinylarginine, lysine, glutamic acid, aspartic acid, tyrosine, proline

and N-glycinylproline.
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optionally, each R6 and R8 independently together wth
the atons to which they are bonded forma

weyehokerer oal kyl or substituted cycl ohet er oal RgT/U81007069683
Thus, if XH represents the phenolic opioid that is
released then the correspondi ng conmpound may be

g{ gng g eaﬁs’g]ge %1555 eggce({ljli?llquﬁ [gtglé lpa I gl( 2{5%{9r nlgcet VI;]/lth the invention)
is ad?ﬁi%?s?é?&@graﬁy HaGelQF Mtleftaie trﬁ@?ﬁﬁ gl 1?@15\;1sag@@9{31t ﬁfcould be

R3 and R5 1§ | ndependen ydr ogen,  al kyl,
adm@ubswd&wumdﬂatkvm; aryl or substltuted aryl .1 n anot her

o miEach Brerbot s SurleRindrp St jeli g Roed Bl ifrace of release
OftKefMﬁblkceéﬁbla%peﬁ&@ WWMMe%I&a@E&%Ole is cleaved, and

argi ni ne), 4-hydroxybenzyl (fromtyrosine),
the I(afermrwlaslpﬁmﬂmwowuundyleophlkemmma(xﬁrrtrmmgmwﬂaarwdlzatlon release

| t t
reaciih s R PEPRGODR ObThL: hecrbBaCor G BREReR The method
com%ﬁ@éﬂdﬁuﬁﬂsteﬁﬁ% alpkamaylof c§ﬂr| oRdin@e&hpburds td t}i@lﬁaﬁé‘lﬁ ¢ach

enzoyl unsubstituted or substituted by neth Ienedlox
corrgipop@iag spmpapndshgying & @éﬁqt@t s@ﬂcerche@‘dng grwp @nd/ocy difiigrent ‘leavable

mmétﬁ? SO %QQO%I%Q%&%(W%H{)&\A#; ) dﬁt‘fI %%89%6%01% eage of the phenolic opioid.
I n @@B@ﬁd eRirhplehyfisiegenc epiolds ifthid Mborﬁuﬁb l@&lr@ﬁ]ﬂﬂﬁbns

a hem acid or hem ester, such as CH2CH2
mor@meﬁmtaﬂvq%f@e@ﬁ% Begiculag meation issnpde qftqmw@rﬁ@yp,

t .
hydBR PR FTRKFLEE Dthet SEriTEL il Conigicg amebuprenorphine.
dlhy«if‘oqtm'phme,l,dlplrenw@hmsetafphme efndrleV{irphaINEE for R5:

o The bt may 50 pdinjomed o g2k B oxmadmiistered wid ohe or more

otheP @Eﬁ\}ecééjeﬁtrs.l Yn SR8 Rfiment, they may be co-administered with a peripheral
opioid antagonist, such as (R)-N-methylnaltrexone (N-MTX), or a pro-drug thereof. It will be
appreciated by those skilled in the art that (R)-N-methylnaltrexone antagonizes the actions of
opioids such as hydromorphone, oxymorphone and morphine, but is incapable of crossing the
blood brain barrier. It therefore antagonizes only their peripheral actions, which are
undesirable, not their actions on the central nervous system, such as pain relief, which are
desirable. In one embodiment, the pro-drug of (R)-N-methylnaltrexone is a compound of
formula (I) in which X represents the phenolic residue of (R)-N-methylnaltrexone, Y, Rl, Rz,
n, R? have any of the meanings given hereinabove, and R*is hydrogen or has any of the
meanings given hereinabove. Such a pro-drug may be administered orally. Compounds in
which R* has any of the meanings given above desirably release (R)-N-methylnaltrexone in
the way that the pro-drug of the opioid releases the opioid it is being used to antagonize.

Such compounds may be formulated for co-administration with a pro-drug of an opioid
according to the present invention, for example in a pharmaceutical composition comprising
both compounds and a pharmaceutically acceptable carrier. It will be appreciated that the
parent drug, (R)-N-methylnaltrexone has poor oral bioavailability, and generally needs to be
administered parenterally. Thus, the pro-drugs of (R)-N-methylnaltrexone in accordance with

the present invention are useful whenever oral (R)-N-methylnaltrexone therapy is desired.
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for n: 2 or 3; for R3: hydrogen or (l-4C)al kyl, such

as -CH3; for W NH, for R6: H -CH2(CH2)3NH2, -CH
WQaH2Z/TH2NHC( NH) NH 2, 4- hydr oxybenzyl, CH2COOH PET/US2007/069683

CH2CH2COOH;, for R7: hydrogen,g (I-6C)al kanoyl, such as

acetyl or t-butanoyl, or optionally substituted

g f or eXﬁggle benzog unsupstitu P
su ‘%{“ ‘ttti?reaép‘tf&t TOSFTH RN PVIQES & PP TP%B oxymorphone,
hyd%ﬁh&n@%ﬂrﬁ)rﬁlﬁh@ ﬁfa?fi cfaf)Qﬂé 6f prodhdYdst ac(rhlnfs@aﬁbff-‘al‘%ated
or hal ogen, such benzoyl or pi peronyl; 1In
contpyelfed; relghsgrof wumogﬂnngrhydmwphoﬂm mporpkink o Aetendoml k yhe present

substjtuted c 0 formed by R6 and
H“wﬁé°?86gt §P°®PPH¥WL%P3 ﬁ%§#%¥WH Epthey are bonded:
pyrrolidinyl; for 1 or 2 forFﬁm: ar gi ni ne,
N-acetylarglnlne N-t butanoyl § Qi
N- benzoyl ar gi ni ne, Nplperon A
N—glycinylarginine
acid, tyrosine, prolin and
N-gl yci nyl prol i ne. Generjal | y the 8orrespondi ng conpound
(the prodrug in accordghce w t@2the invention) is
adntnistered oral ly. However )in certai n enbodi nents
envi sa coulg be adm ni stered by

orasﬂ%gwgpm?%up gﬁég E%&?@gbondlng conpound may have a

di £ ﬁrcﬁﬁ}inoftﬂioﬁéﬂgrdﬁfrﬁcﬁﬂph&ae Grhﬁov{pﬁin@ WhereRl tﬁ@ﬁ?dr@éeri £6m of the
phenollc opi oi d ggndlng upon the rate at

phen,q dvdrsrel groppisreplaced by eovaleniBondito ﬁ@éY—EC( &?o)t-NaR JRY;
g{ ﬁ?ﬁnU8|89 hi | e can undergo an |ntrannlecular
zatidn - release reaction thus displacing the
phanohmﬁnq&rﬁbﬂtlﬁﬁgordlngly, one enbodlnent of the

met hod_conprises admnistering a plurality o
cofrdsRoRdi R i I@o‘f‘rﬁ’éme@d?nt hgy H9een ﬁik}’laeﬂa‘éﬁlmted alkyl, aryl or

subs?l%t&? f) AR gn& c%jéﬁlqzr W tﬂgcaﬁ { f\gﬁl‘égtth@%ﬁtached form a

| eavi ng group and feren eava
cycloalkyl or substituted cycloalkyl group, or two R! or R* groups on adjacent carbon atoms

i ne,
t acid, aspartic
C\R“ P

may, together with the carbon atoms to which they are attached, form a cycloalkyl or

substituted cycloalkyl group;

0
N
TN
44q R :

each R® is independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, or optionally, R® and R’ together with
the atoms to which they are bonded form a cycloheteroalkyl or substituted cycloheteroalkyl
ring;

R’ is hydrogen, alkyl, substituted alkyl, acyl, substituted acyl, alkoxycarbonyl,
substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl or substituted arylalkyl;

p 1s an integer from 1 to 10;

each W is independently -NR®-, -O- or -S-; and



noiety so as to provide the patient with a different

controll ed rel ease of the phenolic opioid. Specific
wex@npies32 of phenolic opioids include oxynor phPCEDS2007/069683

hydr onor phone, nor phi ne and _dgr.i vati ves thereof.

Parti cul ar nention I's made of oxynorphone,

g)pl):je%‘ol&l ’ Esi' 1RAeNs a?%ﬁ%ﬁ?#ggﬁ ?&P hg&gﬁ@%ﬁ earyl BheBothi&a aryl, or
optidhillye BHORT AR R¥Ehas d}i&hﬂ&ﬁlyﬁﬁgeth&vﬁﬂpﬂ@ RRms 1bRehiBk B8R UekSbonded

may be adm nistere | oné of may be co-adm ni stered
forrwatcb{cl@h@temalkrybples@smtedmphoh@temg&ﬂ gngln one

entipoqleggrﬂ}gle \tVHerY )é 1%% tregbddlﬁlog ﬁycrﬂgg%q%}ggl% dthe corrﬁpound of formula (I) has

peripherat “opi ol

5 the tR)ctide et hyl nal trexone (N-MIX), or a pro-drug thereof.
It will be appreC|ated by those skilled in the art
that (R)- N—nethyﬁhalgrexone ant agoni zes the actions of
opi oi ds such as q& rphone yqor phone and
nmor phi ne, but g the bl ood brain
barrier. It t ref e/ant gonlz- hei r
peripheral actions, gghi chyare upd ' N pot their
actions on the central ner vous /systi g as pain
relief, which are desirable. 18 on odi nent, the

pro-drug of (R)-N-nethylnaltrex@n-
formula (1) in which X represent-
of (R)-N-nethylnaltrexone, Y, R,
the meani ngs gi ven herelnaboveP 4nd
he ni.n gi v er ei nabqve. Su a .
pr - Jngpt ﬁn’fkﬁﬁé‘“ﬁé‘n%}ﬁ By g%ﬁﬂegor&%qumo Bu ﬁw%nqﬂﬁrr embodiment, X
is bike R4 has any of the neanings given above desirably
rel ease (R)-N-nethylnaltrexone in the way that the
pr dndnofgendspedi¢hopicsing inveheaspevidesa opinpouhd df fosnilel ng
used to antagoni ze. Such conpounds y be fornul at ed
for co-admnistration with a pr? ug of an opioid
according to the present invenRi'on| for exanple in a
phar maceuti cal conp)sition N N nhg both conpounds
and a pharmaceuti cal | cep c&rRMer. It will be
appreci ated that the pajent n .
(R) - N-net hyl nal t rexone thas poot,oral bioavailability,
10 and general |y needs to ‘e adm't stered parenterally.
Thus, the pro-drugs of (R)-N®ethylnaltrexone in
or ag@]@,drydaq{@ ar salyate thereof wherein:

X is (R)-N-methylnaltrexone, wherein the hydrogen atom of the phenolic hydroxyl
group is replaced by a covalent bond to -C(0)-Y-(C(RHR?)),-N-R*)R"; and Y, R', R?, n,

g conpound of 1
bhenol i ¢ resi due
n, R have any of
R4 is hydrogen or

15 R® and R* have any of the meanings given hereinabove.
In another aspect, pharmaceutical compositions are provided which generally
comprise one or more compounds of Formula (1), salts, hydrates or solvates thereof and a
pharmaceutically acceptable vehicle such as a diluent, carrier, excipient or adjuvant. The
choice of diluent, carrier, excipient and adjuvant will depend upon, among other factors, the
20 desired mode of administration.
In still another aspect, methods for treating or preventing various diseases or disorders
are provided. The methods generally involve administering to a patient in need of such
treatment or prevention a therapeutically effective amount of a compound Formula (I) and/or

a pharmaceutical composition thereof.
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the present invention are useful whenever oral

(R) - N-net hyl nal trexone therapy is desired.|n another
w@2eas027t he present invention provides a prodr@myusfoo7/069683

oxynor phone, hydronor phone ofjuoorphine that is capable

of providing post adm nistration-activated controlled

rel ease of oxynorghope, hydro hane or nor phi ne.
Accordingly, the %F‘g@g’ﬁf“i/ V@nn@{tgﬁﬁg?gﬂgﬁes a conpound

of FfurdqisHows tHeQll a8l a2cohtdnitratibh tite duiselof thelProldiattidn OF N-MTX
sol vate thereof wherein: X is oxynorphone,

followiae ora (PROAesing inraisphi ne, wherein the hydrogen atom

f he hyd I i I d b .
o0 PR P BEPRR R R B o
hydidginorpliRire,and ®-MTX f&tawifig PO c&ﬁiﬂgrﬁfgﬂ&truégiﬂffhtl. to 4;
each R1, R2, R3 and R5 1 s independently hydrogen,
al kYA used higrsin, thettean aalkyl” bydisglf opas BATbat anotfce augtérlwept igfers to a

t . ' [
s 88 R/ L DB Bk ARIGR LR o B AR e romoval
of og¢ hyfrogar atdbmdrdil aginghcagbc@aLpom @t agdieac slikhne &l ypidal alkghBroups
together with the carbon atons to which they are

. y . y
mclﬁ?% butasg no ligpiteditog pethy i oilipil. RFPP Y6 gk as prexencly ) gareRan-2-yl; and
; 188, bgah-RAdgPE ! ar. . L 2-
butE R e BEGH- T ah ZPEREAR oo L R mell K bropg 211
substometmbodimenssl kyhlkyhgrbep oahjaydes fioubs to 2Qitabtlon atoms. In other

B Cr S K
embRRI & ah ﬁlky(l?érgﬂp QOBEriEé%QR%nI? Mo Wichiboh Rforf, 96 dsGroMih Qg 4 carbon

t hey are bonde orm a cycl oheteroal kyl or substitute
atongs/cl ohet eroal kyl ring; R7 is hydrogen, alkyl,

SRR, s RN SR  BE b st brance,
straizbeitail bt @ liahikly] radical Hddfﬂél%tgéasﬁ HiRstdrbot-e84beH ddwdlkddnd derived

111) Is an integer from1l to
by the removal of one hydrogen atom from a single carbon atom of a parent alkene. The

group may be in either the cis or trans conformation about the double bond(s). Typical
alkenyl groups include, but are not limited to, ethenyl; propenyls such as prop-1-en-1-yl,
prop-1-en-2-yl, prop-2-en-1-yl (allyl), prop-2-en-2-yl, cycloprop-1-en-1-yl;
cycloprop-2-en-1-yl; butenyls such as but-1-en-1-yl, but-1-en-2-yl, 2-methyl-prop-1 -en-1-yl,
but-2-en-1-yl, but-2-en-1-yl, but-2-en-2-yl, buta-1,3-dien-1-yl, buta-1,3-dien-2-yl,
cyclobut-1-en-1-yl, cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-yl, efc.; and the like.

“Alkynyl” by itself or as part of another substituent refers to an unsaturated branched,
straight-chain or cyclic alkyl radical having at least one carbon-carbon triple bond derived by
the removal of one hydrogen atom from a single carbon atom of a parent alkyne. Typical
alkynyl groups include, but are not limited to, ethynyl; propynyls such as prop-1-yn-1-yl,
prop-2-yn-1-yl, etc.; butynyls such as but-1-yn-1-yl, but-1-yn-3-yl, but-3-yn-1-yl, efc.; and
the like.

“Acyl” by itself or as part of another substituent refers to a radical -C(O)R3 % where
R is hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,

heteroarylalkyl as defined herein. Representative examples include, but are not limited to



10

15

20

25

30

each Wis independently -NR8-, -O or -S-; andeach R8

i s independently hydrogen, alkyl, substituted al kyl,
wa@eoo/1en7substituted aryl, or optionally, eachr@EUs2ud7/069683

R8 i ndependently toget her W §if_the atons to which they

are bonded forma cycl ohet er oal kyl or substituted

R i AN LA A RS )
Plpelf‘&g'ltﬁéﬁzﬁ&{r%ﬁ WhAd b 1gRe embodiment, X is

ronmor phone “or oxynor phone. In anot her enbodi nent, X .
is mblgmxf o its¢lf onanopanest mmecsuhshtuemneﬁmmto 4 radient 10R?! where R’

P TR O T
but ¥Re6ElRittd D, Hié@[d%ge&héﬁyo ‘jﬁd}i‘ox& trlﬁlt&@e B?Albl’fex@l&fy%ﬁ?ﬂ khe like.

group i s replaced by a coval en
C(‘ ‘alkoxycabeuyl{ B jyelf o 4sRBYY(Rapothansiibytitugit refegs tora, radisal
R4 hav 1any._of . the ani i.ven hergi.na
e BBk s BT BT RSB S R ERey Berein.
Repﬁsﬂﬁhﬁ%x\&h?ﬁd@ ISR, Bl e BOIMBHIt&EIOMRIHRIKyFHRbGhy, ethoxycarbonyl,
compounds For mul a éﬁ% salts, hydrates or sol vat es

ProROp¥¢aseANYAQKyS AP C qh@aylpyycacmt asl e ikhi cl e such
as «g ]_@ ’Iggsflglélf 812 %{ 15 rf:“(gf angél%r Eub(gp ‘Euel?t I egé s Vanénova?e%tt aromatic

cho carrrer,
hydmichdbornl eqakieat derivad, byah® f@n(ﬁfahﬁf oﬁe&@id@cfg&n atdh@ ﬁdﬁﬁa si@gle carbon atom
node of administration. In still another aspect

of a pareRLYEMAHF TiNg S¥HsAg T3PicRl BVIHOMRIGNHEAS, émara.n@éh@étgd by, groups

GRS B L L DO, TEMAABTOR T gt

benmne Jjuheysend, icoronand, Hiew egpéiche dlorghechéactriey Bexaphens! hefalane,
ound Fo nd/ or har maceut i cal

as-igg R eft@h@%@éﬁ'f ) s»fnam@e’f%%tqcmﬂaﬁ Oﬂ%ghqaeawtﬂs%e ovalene,
pentﬁlzgﬁuﬂf%né- peRRWehe P@ntﬁl%ﬁes r};?nt% @ é’rﬁul{ r}]’? ?&g 0@%{19 e

he production of N MIX OW Nng Or a
plcenatpj,eladene pyrene, pyranthrene, rubicene, triphenylene, trinaphthalene and the like. In

some embodiments, an aryl group comprises from 6 to 20 carbon atoms. In other
embodiments, an aryl group comprises from 6 to 12 carbon atoms. Examples of an aryl group
are phenyl and naphthyl.

“Arylalkyl” by itself or as part of another substituent refers to an acyclic alkyl radical
in which one of the hydrogen atoms bonded to a carbon atom, typically a terminal or sp3
carbon atom, is replaced with an aryl group. Typical arylalkyl groups include, but are not
limited to, benzyl, 2-phenyleth-1-yl, naphthylmethyl, 2-naphthyleth-1-yl, naphthobenzyl,
2-naphthophenyleth-1-yl and the like. In some embodiments, an arylalkyl group is (C7-Csg)
arylalkyl, e.g., the alkyl moiety of the arylalkyl group is (C1-Cjo) and the aryl moiety is
(C6-Ca0). In other embodiments, an arylalkyl group is (C7-Cyo) arylalkyl, e.g., the alkyl
moiety of the arylalkyl group is (C;-Cg) and the aryl moiety is (Cs-C12).

Compounds may be identified either by their chemical structure and/or chemical
name. The compounds described herein may contain one or more chiral centers and/or
double bonds and therefore, may exist as stereoisomers, such as double-bond isomers (i.e.,
geometric isomers), enantiomers or diastereomers. Accordingly, all possible enantiomers and

stereoisomers of the compounds including the stereoisomerically pure form (e.g.,
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Figure 2 shows the plasma concentration tine course of

t he production of hydronorphone and N-MIX foll owi ng PO
W(dmmﬁmglzm prodrugs in rats. As used herein, tPET/US20NT/069683

"alkyj" by itself or as part,of another substituent

refers to a saturated branched or straight-chain

nmonoval ent hydrocarbon radi cal derived by the renoval
georgetrigally pHray @@@W@%reﬁﬂ ¥ PR o dgstgeenerigaly puee) epgl pangiomeric and
terddNoBfiric ik Y G e
e e RS ard KRN P RSB er i
Enamticopariv- ahd)stermisqme:tmamxﬁnyi ¢angbiecrebulved intcsthein caiponent enantiomers

but an- 1Ey but an- 2- ¥ 2- met hyl - pr opan- I-ﬁgﬂor
OF SISTeISORGT ‘HF%Ep‘&Ha@U% techniques fs cBirploanthesis &echaiquey well known to the
ki 119& QHB £ O & i i
19 R TR 518 o8B A0 80 B ftin e e
form: aheoko &ironand rhixtwes thereof. h&ccoedibplyi therchemicahstalckyrks depicted
roup_conp |ses rom1l to_6 carhon_atons, such rom

FKOmPET blsriettomayig &g of E@F s empgings, fhe

comﬁ&(ﬁ{d@ QescPibbd hish &’tﬁﬂi'ﬁdeﬁ%t@ﬁl%aﬁyolaﬁéledj fyéﬂ’nﬂ% Sl G’l{écd?%re atoms
straight-chain or cyclic alKyl radic havi ng at | east
haVQ)afVeat@latdmﬂSSGh\fftmmt frigu heeatbmimdmessrdowechtiopalihfoune monathre.

e R B AL B G O SPRBR TRl e ntuce
but 4ré abslitRed @ FrCDA @but4d Hay dégble, Q@n%ﬁejpouﬂ_d’ﬂh%aémst in
alken§¥mgroups i nclude, but are not [inite

unsodygied s py vpbay bdvaied fpral§ lpp]@;lmg }gdratecg/formpr Gprialn compounds
may]exies? 1rgm¥it1pléo&gﬁalime Pr amg)fécé:hgéﬁfa It%n\é {}Il llgﬂ{yélﬁél] t?rms are

equlsalellit faﬁthb ultses]coﬁfhﬂpla/tlad héYetrr ahd@ife #itétlded to be within the scope of the
2- nethyl prop-l-en-1-yl, but-2-en-l-yl, but-2-en-I-yl,
presepfdisslasptes-y| | puta-1 ) 3-dien-1-yl, but a- |, 3-di en-2-yl,

CyGFg_% H&lkﬂ”%g dgél)flor fisoééﬁ‘{ gpztﬁtoﬂ-le} &b ?i'l%:ht Iiefci(rs to g, %’nll(rated cyclic alkyl
radlcbljl Tyipiel Eycvallad gpaugs influde ot nsulhﬁitd:d wegtoupeﬂai\&dtffbm

an unsatur%&ed branched, straight-chain or cyclic
cycloprepane, cyglebutang agicippentane.cxsloherme and fsdikeadhspme emppdiments,

the (Qf@l&glkglﬁéf Wb ok (@é—@[}? j&@yﬁl Iﬁ’t)thgpgrr‘lE&ﬁﬁlg ;lth?%gf{bglkﬂrgroup is

a singlé carbon a a parent yne
(C5-C5) cycloalkyl.

“Cycloheteroalkyl” by itself or as part of another substituent, refers to a saturated

here

cyclic alkyl radical in which one or more carbon atoms (and any associated hydrogen atoms)
are independently replaced with the same or different heteroatom. Typical heteroatoms to
replace the carbon atom(s) include, but are not limited to, N, P, O, S, Si, etc. Typical
cycloheteroalkyl groups include, but are not limited to, groups derived from epoxides,
azirines, thiiranes, imidazolidine, morpholine, piperazine, piperidine, pyrazolidine,
pyrrolidine, quinuclidine and the like. |

“Heteroalkyl, Heteroalkenyl and Heteroalkynyl” by themselves or as part of another

substituent refer to alkyl, alkenyl and alkynyl groups, respectively, in which one or more of
the carbon atoms (and any associated hydrogen atoms) are independently replaced with the
same or different heteroatomic groups. Typical heteroatomic groups which can be included in
these groups include, but are not limited to, -O-, -S-, -O-O-, -S-S-, -O-S-, -NR*'R*., =N-N=,
-N=N-, -N=N-NR*R¥, -PR*'-, -P(O),-, -POR*-, -0-P(0),-, -SO-, -SO;-, -SnR¥R*- and the
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al kynyl groups include, but are not limted to,

et hynyl ; propynyls such as prop-1-yn-I|-yl,
w@e@pARRyN-| -yl , etc.; butynyls such as but - 1-BeF/1US2007/069683

but-1-yn-3-yl, but-3-yn-|-yl j4etc.; and the |ike.

"Ach" by itself or as part of another substituent

like E iﬁ 3@ 3& 46 413}?2%(313@118{\2? %%lm(ﬁifz%enﬂ%%gr o %;l'alkyl

subhﬁﬁt@a @Hclykxékyl sﬂl@)&t@tﬁ%raﬂrl; a@raqlsn Os%bythtﬁ{emékylﬁkglld 6§d18ﬁ12y1 substituted
her ei n. Representatlve exanp es incl ude are not

cyclophyt, @Mclp]mt@rpnl}{[yl salestityred cyclcmsrtqmjyyl heteroalkyl substituted

hete?é(ﬁgab e)%%(rl %@F@\éd T%%%/ elrtr%tgg% eﬁl@'l o %8@ ec{]lBegé/roarylalkyl

it S‘@Ieﬁer@dgla’sbyﬂﬂ;élf o®hs %@bf‘ﬁ{oﬂ&k‘ RebdtiuantrefeRf 8aSnévalent
radi cal wher e lre sents an al kyl or

het%%omaﬂlwﬂlcg} dﬁmedéyd@ tenrma rcmemydmpn atoghfram a/sngle atom of a

pare(:r‘ﬂ( ﬁ&@o?l?orﬁﬂ% rH% s’y%tgtﬁ - )yplccay gf%ﬁ%‘?’y fggoduys rhcé&f h ut] a%?(not limited to,

p§| de XY ROMARYHine Pt sinliSIe] darbizoRS Bnﬁfﬂohﬁé ARSHAR! chromene,
substltuent refers to a radical -C(OOR3 1 where R3 1

cinnodipe.dyeant knidarold, kydazole, ingoleomtilye, grdolipingsisehehizofothn,

1socpxeon§e!t UIS{)Q%BOI% Sﬁ%lggéllg\g?? Bs%ﬁ@iggfilgers FFLS’Q?}%;%’?‘% gsr?%%%olea rn%plrl]t%'ridine

oxafia£f1e)0xa2s10qRYimidiae] sheuehR@ny, phefthiolBX Whewdre mﬁmbzme
and the like. "Aryi™ by itself or as part of anot

Pteridies Pl Py Tane PERAZINg.DyZzoknm pyrdazine, ayreﬁa@,unyrlmldme pyrrole

rllaﬁ 'hQC lpd%pllﬁéaghﬁ’l% lné:l gﬁin\ﬁfglngg$%g&aﬁ zogef, ‘gg?(garlﬁole, thiazole,

rog roma on a

‘thlophmatrlaml_e; mtl&yistahﬂlthérhlﬁﬁ cal soﬁlk)eknbg)ﬂﬁnkﬁﬁs itlEH:Hldﬂﬁearybglﬂoup is

zwnot [ hed to, oups derjved from aceant hryl e
ffonaé d}aﬁfl{WP‘é glerogbidp W&Fﬁ yriediments 4he hetaraapd group is from 5-10
z f
me“?géa‘%@?‘é‘ﬁ%f°9‘ﬁ2x§€§#e‘?ﬂi A im G HRER Ryl e, 1808 erived from
thlophamdmm‘]e,,behzmmophenen&ﬁmeﬁlrmmﬁddh@lpgnémep@hmd&mexmldazole,
0 t%ggenep oct al ene, oval ene, penta-2, 4-di ene,
Oxwﬁgﬁ BYf&""pent al ene, pentaphene, peryl ene, phenal ene,

PhepRRbr¢Rfy1’ plb}ﬁﬁé'é?f otk ?hﬁ%@ Qﬁoth&yﬁlgﬂﬁuerﬁ}%?e% fl’)rﬁrh%ychc alkyl
rubicene, triphenyl ene, trinaphthal ene and the

radig] i wihicheamis o ireenidso gearatamsy borgled tpa carhpn poES tsfplcnﬁy@ tepninal or

sp’ czagbcg:naa{tgr%nlsar%&aced w1nh aimeteroaryl group. In some embodiments, the

heteroarylalkyl group is a 6-30 membered heteroarylalkyl, e.g., the alkyl moiety of the
heteroarylalkyl is 1-10 membered and the heteroaryl moiety is a 5-20-membered heteroaryl.
In other embodiments, the heteroarylalkyl group is 6-20 membered heteroarylalkyl, e.g., the
alkyl moiety of the heteroarylalkyl is 1-8 membered and the heteroaryl moiety is a
5-12-membered heteroaryl.

“Opioid” refers to a chemical substance that exerts its pharmacological action by

interaction at opioid receptors, providing patients with relief from pain. “Phenolic opioid”

refers to a subset of the opioids that contains a phenol group. Examples of phenolic opioids
include buprenorphine, dihydroetorphine, diprenorphine, etorphine, hydromorphone,

levorphanol, morphine, and oxymorphone. An “opioid antagonist” is a compound that

antagonizes the pharmacological action of an opioid. The term includes phenolic opioid

antagonists. Examples of phenolic opioid antagonists include naltrexone, naloxone, and (R)-
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enbodi nents, an aryl group conprises from6 to 12

carbon atons. Exanples of an aryl group are phenyl and
woaphtkogr2 " Arylal kyi" by itself or as part ofP@nusiver/069683

substituent refers to an acygkic al kyl radical in

whi ch one of the hydrogen atons bonded to a carbon

|caII‘ya ermnal, or sp. garbon ato .S
N-nftRPhateRE s o SpsRph Gl sMaelBsC s 2 EPpRORR aH opsapable of
penétiiind o blelél/bﬁﬁ@bzﬁﬁEr lahdhéRd 1§ SapabRF Yhta §omzmg the (undesured)

2- phenyl et h-| nap Oht hyl met hyI 2- naphthyl eth

-y
actlmpmm@dms13/ezrhm agritahopvewsy system. |A1y¢xaambrs @ﬁﬁepql’lplhéral phenolic

| al kyl group is (C7-C O
Oploé&yﬁtgg(_g @Q) tﬁ%lng]ltrﬁw “hoi et y of the aryl al kyl
gr O‘GPErehﬁAfcﬁlatm,q Bsteinn Syafsyllf of B Sdry of dholHeb sébdBuent, Pefers to an
ot her enbodi nents, an arylyal Kyl group is (C7-C20)

unsapsafeg dyglic orpajycyclipeing sky¢m havieg v cohjughted arej¢caior system.

spediRafiniuidy Bl ARt TS hY el oy R e Sy R et fused ring

systéihk UCWHICR oAb df BlorE HIERE iabs M@ APomatiteand MR @k RdSe of the rings are
descri bed herein may contain one or nore chiral

satugadert ety unsatveted, sML torigsardpleafhepreins indape.andangy phexplepe, efc.
h .a e- bo
TyofiRL e RO p R APt PO Rl P Bl Stene
acerﬂphmytﬁne,gicyphe&bhthﬁﬂa&l BhtBragerd) b 0ERY, Berdddfle, chrysene, coronene,
stereoi soners_of the_co ounds |nclud|ng the
fluoggntheas; Qunrens, Baracyng hexapherarhexalene, geBidasane caindgesng,igdane,
C d

indFR AN BARRL ckn WefBpflnes bATRAL SOMERL FRbinls PUIEL, Rhfhcene,
pentatent fyeentiphertd, perybeme ofhehhiens; phpintidsnd) picene) pleiadene, pyrene,

Enanti omeric an stere0|so ric mxtures can be
Pyraﬁlglgsnl% IPEe ot IPRERY er@@%@ﬁﬁﬁ leppand ths ses or

st epeRh P ARG MRMIIR R 1fs@fflap 3 égﬁ?f’zfngg{& k@stituent, refers

synthesis techni ques no to t
to a gatensamomaiib eing spgemn il svhimn)ormlos mEX 'carbom mtoss\(anch;hny associated

t aut o cforrrsln udi.n for th
hydioEh AL fiodniBao BRI ARy Tt a9t SiTRectt RET<agm. Typica
hetePddt&ias W &ﬁla@@ﬂie“cta%n@%tﬁé ﬁcﬁtﬁ@%@%&hlhlﬁﬁ%@ | P?O S, Si, etc.
tautoneric forms of the illustrated conpounds.

Spe@l@n@ibumdbldq@mthub@d definition nt1 mj@t ﬂls@tqamm@th lyng syls@méd are fused
d
ring PR B WO GIE R BORT PR -eSe R hwm it i pu e B R gines are

satufiiédibrunsaturated, such as, for example, arsindole, benzodloxan benzofuran, chromane,

chromene, indole, indoline, xanthene, etc. Typical parent heteroaromatic ring systems
include, but are not limited to, arsindole, carbazole, B-carboline, chromane, chromene,
cinnoline, furan, imidazole, indazole, indole, indoline, indolizine, isobenzofuran,
isochromene, isoindole, isoindoline, isoquinoline, isothiazole, isoxazole, naphthyridine,
oxadiazole, oxazole, perimidine, phenanthridine, phenanthroline, phenazine, phthalazine,
pteridine, purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole,
pyrrolizine, quinazoline, quinoline, quinolizine, quinoxaline, tetrazole, thiadiazole, thiazole,
thiophene, triazole, xanthene and the like.

“Pharmaceutical composition” refers to at least one compound and a pharmaceutically

acceptable vehicle, with which the compound is administered to a patient.
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Exanpl es of isotopes that may be incorporated into the
conpounds di scl osed herein include, but are not

wo pewrnet7t o, 2H, 3H, 1 1C, 13C, 14C, 15N, 180 PCI/UL007/069683
etc. Conpounds may exi st in_ggsolvated forns as wel |
as sol vated forns, including hydrated forms. Certain
co und exi st talline or
o PSR bbbl Y berBiio § PGP Comboyffiowhich possesse the

des@éﬂaphaﬁh@dlﬂoélédl at:t'fkﬁtyttﬁ&ﬁe ﬁ&BﬁtQﬂﬁip@hﬁ@ Sedhedalts fiefhder @) acid
Intended to be within the scope of the present
addigion spléss feraned: V@lem@wawl afmd@ysuﬁt asdiyidrashlogie gsih hydobromic acid,
r a,.sat I
sulfﬂlrf% E{ig mt?'ff;kﬁ% Cgﬁ&{:ﬂ 1 ’yqndg}rleo ll}llgeg o?%%fn%g Wi }fb(l)rtggmg agﬂﬂ such as

acetm)zimd Ipﬁd);heiﬁc hoid, wx@ﬂ(ﬁlﬁ aéilﬂf d:y‘l:ﬁfbeﬁfaﬁ@r@y@hﬁﬁfcm) gl}@ohc acid, pyruvic
clobutane cyclopentane cyclohexane and the |]ke,

a°1d|> clipaeid JRplBIcASHE sucCimeacid.analig acyd, taleig geidsfumasic aeﬁ@}artarlc

o RO S RIS pDF SR N 8t
ac1dameﬂmnesudibnmrmid1 ethaseshEbnhit weid! 1,2regtiadeslidudfonicaaidir at ed
clig alk radjc in which one or nore carhb at ons
g‘w Bici astde ewa?sgbfewwdwé)ch&r%bqnﬁd@ﬁ@?% hRqgs

2-nd; Eﬂa?e@l@é;{llf@nfcrhcid"g t%ﬁférﬁes%[foﬁl S Eaﬂﬁ ﬂ?)? BfoARi R

ypi cal heteroatons to replace t carbon aton(s)
4-methylbuge]o[RA2] ace2 rot- ll-qarbdxgﬂc add, dlpcdPeptonicSicidSi3;phenylpropionic

cl ohet er.oal k r.ou i nc but a e not
acid) Wi ciBHafele agib e dlic B, ok iBiic ag, Blubed@acia
glutﬁllﬁid dc@d) %?drok%eﬁfﬁﬁwld sHid) %allé'ﬂli’fcmaﬁll biggric RiPGh@bnReicid, and the like;
i peridine, pyrazolidine, pyrrolidine, qU|nucI|d|ne

or ( Its fpamieq k\élen 'anlgclércqabw;alprebﬂemen@hﬁ p@rcxylcompdund is replaced by a

meta!l_ﬁt ! oaI aé-%%]%e}he?lg%l {Ogleg[l’rs %Il?ﬁc’ q%&tgr@q %grﬁ% %ﬁgg}wllon or coordinates

th}girpcbkgsmc besRach hyeh¥noldminéhdiéhasilanbl, MRfRANShmiReS
carbon atons (and any associ at ed hydrogen atons) are

N-methydgluenraine pyd thedikgced with the same or dlfferent

het“?é%a%@t [’c%ﬁ{é gy&ﬁ%@ﬁp\%hlc e’ rre]Fers t:(])g aCLl en{: %}t i e V\g}lglﬁ or carrier

withl, iofrirt whiich @, comPound ﬁ-adrrrhﬁ)sta-ed S— S, -0 S , -NR37R38-,

“Patient” includes mammal humans. The terms “human” and “patient” are used
interchangeably herein.

“Preventing” or “prevention” refers to a reduction in risk of acquiring a disease or

disorder (i.e., causing at least one of the clinical symptoms of the disease not to develop in a
patient that may be exposed to or predisposed to the disease but does not yet experience or
display symptoms of the disease).

“Prodrug” refers to a derivative of an active agent that requires a transformation
within the body to release the active agent. Prodrugs are frequently, although not necessarily,
pharmacologically inactive until converted to the active agent.

“Promoiety” refers to a form of protecting group that when used to mask a functional
group within an active agent converts the active agent into a prodrug. Typically, the
promoiety will be attached to the drug via bond(s) that are cleaved by enzymatic or

non-enzymatic means in vivo.
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-N=EN-, -N=N-NR39R40, -PR4 1-, -P(O2-, -POR42-,

-0-P(O 2-, -SO, -SM2-, -SnR43R44- and thelike, where
wWOR3007/188%, R39, R40, R4 1, R42, R4A3 and R44 arBCT/US2007/069683

I ndependent |y hydrogen, al kyly_substituted al kyl,

aryl, substituted aryl, arylal kyl, substituted

arylal kyl , cycl,oalkyl, substituted | qal kyl .
o S Py TRl o DR bl O G A aften igihed to a reactive
fundiRnel @olKitl a mo1Ralkirhdtke ‘i'e&ii%%@éxoﬁje{lf%ﬂltskrelﬁ&tﬁfy(}ﬁftﬂé functional group.

substituted heteroaryl, heteroary or “substituted =
Exapmlesrad @ratectingyaroupsidan be feumglint Gygen a7wé] fProtective Groups of Organic

t hefvw,subsShd t refers to a,npnoval ent . )
Cretfby B o A LanS dBiionscr B e PeaRitmer Symtasis Organic
Methyéy, 0YeR. BBQUdHN WileR afd BEAS 191 10MVFY). RepREEAtive amino protecting

heteroaromatic ring system Typical heteroaryl roups

groynsdnglude, bpiare apelimed o, farmell apesyl, gifbugseacgsili keaayls r om

i di S I rbazol e, s carbol i ne. ..chi. ,
ben 3R R Eny B SR - FRRIEA SO GG MRk TS
2-trinfedioy1ellylietidh@edul@dnyl (MBS T)Zirl@, and sabgitaed witdhgroups, allyloxycarbonyl,
i sochronene, isoindole, isoindoline, isoquinaoline, )
9-flpargpimgshaiexycarbend s IMOGTaptirory eiagy oy caskenil 4Y ©C) and the like.
R L USRI LS ARSI DS er e
hydmxyazoupeis ejtherazplated opulkyitaed sieh appenzgi, nad iyt ethedianevell as alkyl

rolsed cpyitingd seh ap ezl ne
ethel et droRan s iy ethess bl ST azol e,
{20l o P AROR N aro Al onk BERRE R 8k D bk,

~ In Sone e I ments e heteroary rom s-20
independeatlz deplated vatr the sarhe ondilfilerene sibstiuentist)s , Typlval substituents include,

het erparyl, . gr is. fromb5-10 ered heterogaryl.. In
bt 881 b afkinei SR at BeBRlprogronny Ao Thoge JOR.
-SRHUCIS vl ARGRLRNIIHCRE, . PXLLOCK, -JERZNG! MBLER,, N, -S(0),0,

benzof uran, indol e, pyridi ne, qui noline, imdaz

-S(Qx@HotH ORI pPSER):08 -OSHRLRI 0 (P oy tP(O)BRTXOB) f o

foi n S bd U ef er n d
o R R Rl AR P Bhe SO PRI RE B0 Toror®,
-NREWONRER Y -KRAATIE)NRORT!, INRCATR Y )R RF NinaalC(RR“SRRER®! where
.carbon agom. is replaced with a heteroaryl group. In
M iskalegeanBod Re Rt sandi e arpaindensadgntiv hydroggnoalkyli substigtegipikyl,

a I K ' f .
b FETRBE RSN o i BRI RS st
cyclokéteroakkyy laryipéubbtytuied adylShA@roamirbesubstitieideieqasatyl, or optionally R
and R® together with the nitrogen atom to which they are bonded form a cycloheteroalkyl or

‘substituted cycloheteroalkyl ring; and R® and R% are independently hydrogen, alkyl,

substituted alkyl, aryl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted
cycloheteroalkyl, aryl, substituted aryl, heteroaryl or substituted heteroaryl, or optionally R%
and R® together with the nitrogen atom to which they are bonded form a cycloheteroalkyl or
substituted cycloheteroalkyl ring. In some embodiments, substituents include -M, -R6°, =Q,
-OR%, -SR¥, -§", =8, -NR*R®!, =NR®, -CF;, -CN, -OCN, -SCN, -NO, -NO3, =Ny, -N,
-S(0),R¥, -0S(0),0", -OS(0),R?, -P(O)(O),, -P(0)(OR®)(O"), -OP(O)(OR**)(OR®),
-C(O)R®, -C(S)RY, -C(0)OR®, -C(O)NR*’R®’ -C(0)0", -NR®2C(O)NR*’R®'. In other
embodiments, substituents include -M, -R60, =0, -OR60, -SR60, -NR6OR61, -CF3;, -CN, -NO»,
-S(0):RY, -P(O)(OR**)(O"), -OP(O)(OR®)(OR®"), -C(O)R®, -C(O)OR®,
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I n other enbodi ments, the heteroarylal kyl group is

6- 20 nenbered heteroarylal kyl, e.g., the alkyl noiety
wo@Roorhe2met er oaryl al kyl is 1-8 nmenbered and t hBCT/US2007/069683

heteroaryl noiety is a 5-12-ngnbered heteroaryl.

"Opioid" refers to a chem cal substance that exerts

alr 0gical ctlLo teractlona _
CORRORE TR0 it s Tsb e RBRBeh, FPhedR iR -0, -or”,
-SR*PheRBRF'G -Opj, octld"-N@; eS(S))HD(’O AOOF@RDB{ORPS, JQ}QO?R%&C(O)OR“
that contajns.a phenol group. Exanples of pheno
~CEPPoivdsrg Rcb Boleand BS7 anscs @nﬁn@ ah@WﬁyE@fo@qampgm iarsubstituted group may

beaxdé er ﬁ&%@%‘&g Sul%ttlﬂfeﬁpglno%e ro? HREJ’ !h%g‘[%’ll?llltg ¥8£<§F&HI8}SIY aahalo gen

oxynmnor

atom,oal@ew)dlktyh gtougmhagqm4@ak@)t3egrpbpr macol ogi cal action
of an op|0|d The termincludes phenolic opjoid

ant abjsaling ©r “treaiments of gny disessIor disgfsies rderninsgmsicstbpdiments, to
amégi% _tﬁlél_g ?rhe{ﬁ%/‘%aﬁg FSP&E@ord&adz ngﬂgstm%rbg red c1n§ [:;[Ih% Id%velopment of the disease

trexone per era
or atilvhstgaon iof tHb ciliﬂlcal CORomE theteh)a‘j ]]nsot]ﬁmtenrbarlmbdms ‘Gfeating” or
enet;a bIood/g!aln rrier, and hen [

e tﬁft?&blfé Bt m igEHmEiah fpast e Nﬂé%llﬂa%'}et%&:wh%ﬁ 1B4Y g be
dlsc@thﬂb By Qi St ﬁt tIH%'eP&HEIr bV S RYBAEL Br “AlaticalMefers to

a perip era phenol ¢ opiold antagonist is
lnhlbm)ng Ither@smt nadisordzn nﬂher@dwﬂnallyA(a)gxastaluhatngl B\astisetnible

. art of..ano ubstituent, .refers
symptont Byl SR J2ks e8GRt S A RSHeD T o gl other
embRAGACH I Gt RHD of HREIhER” $¥R LN de PRSI the &%e{ f thealseaR@r disorder.
within the definition of parent aromatic ring systent

areIh@@aﬂﬂﬂﬂﬁg_ﬁgéLeﬂgxﬁmfMmmnmﬂﬁn@n@nnnﬁaemmpmuw@hm,Whml

fic ne or. 1 ngs, are
admn’l nt%feg?% pg{lergﬁ’ eﬁi? 10¢ & fiseast, }f 01?1*8 I10 &5%5}1% treatment for the
dlseﬁieu ONeneheraptdeodly dfftdaieampienalie K)@ry (ﬁgéindlﬂ_g’ & gRlcompound, the
par ent. aromatic ri ng systens i ncl ude, ut are not

disepseanddts severity and theteyy weisht, ice 0 Bietajieririe be treated.
ac q@f&@%t\pﬂlyﬂo%@ge m%&% le c?e?eg{]ﬁ) Va%%){'f% ?rﬂgcdlg‘l%ﬂléeﬁ]tewﬂl be understood

Chrysene coronene uor an ene uor ene, héexa
thathhb(mphﬁnm is hepdahiedibto these RO IMENtS - Ththeceneary| lﬁ(ikim’l&:nded to cover

ndene, H ht hal ene, octacene, octaphene, .octale
altewan‘én@o %‘@ﬁ&l%%}ﬂ gAUEREnt A B Ecluded withanthe Spirit and scope of

thegﬁﬂﬁgmﬁgﬂg peryl ene, phenal ene, phenant hrene, picene,
pl el adene, pyrene,
Disclosed herein are prodrugs of phenolic opioids. The promoiety of the prodrug

includes a spacer group and a cleavable moiety where the spacer group, infer alia, physically
separates the drug from the cleavable moiety. Accordingly, a prodrug disclosed herein
comprises a phenol attached through the phenolic oxygen to a spacer, which is further
attached to a cleavable moiety. Cleavage of the cleavable moiety reveals a nucleophilic
nitrogen resulting in the “activation” of the prodrug. The controlled release of the parent drug
can now be mediated by the nucleophilic nitrogen undergoing an intramolecular cyclization—
release reaction.

The cleavable moiety may comprise an amide. Generally, the cleavable moiety can be
cleaved under physiological conditions. The cleavable moiety is cleaved enzymatically.

In some embodiments, a compound of structural Formula (I) or salts, solvates or

hydrates thereof is provided
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pyr ant hrene, rubicene, triphenylene, trinaphthal ene
and the |like. "Parent Heteroaromatic Ring Systeni by
wOo e@el1§0202r as part of another substituent, refRPCHUSWOH069683

parent aromatic ring systemjg. which one or nore

carbon atons (and any associ ated hydrogen atons) are

i ndependently replaced with the sa or different

het eroat om Typi cal heteroatons, t§ replace the carbon

atons include, but are not liRte to, NN P, O S, Si,

etc. Specifically iXclude th\nN_he definition of

"parent heteroaromati 'ng enﬁ“\Rne fused ring

systens in which one or| nore\of /f4he rings are aronatic

and one or nore of theings ? saturated or

unsat urated, such as, r exa e arsi ndol e,

benzodi oxan, benzofuran, chrdim chronene, indol e,
wheteiilol i ne, xant hene, etc. Typlcal parent het er oaronati c

ring systems include, but are not limted to,

arsi ndol e, carbazol e, b-carboline, chromane, chronene,

X is@iphB@dlicnspioil Whdteinl tHé BREBb& atbﬂﬁ%’ﬁlﬁﬂ BydrdRd@tdp is replaced by a
i ndol i ne, |ndoI|Z| ,1. S0 zo uran, i sochronene,

covales papbioe C(O3-HI® XRéDf d@hMthllne i sot hi azol e,
i soxazol e, napht hyridi ne, oxadi azol e, oxazol e,
peri m di ne, phenanthridi ne, phenanthroline, phenazine,
Y ispNRhal@zoéms;; pteridine, purine, pyran, pyrazine,
pyrazol e, pyridazine, pyridine, pyrimdine, pyrrole,
pyrrolizine, quinazoline, quinoline, quinolizine,

i ' 9hbHP1tt trazol e, thiadiazole, thiazole,
nis ?rmrﬁo% £

ene, trlézole xant hene and the |ike.
"Phar maceuti cal conposition” refers to at |east one

cacligfy Rovihy 256 1 1@@%@1@ ki At shlitetes 4RV, GnTor substituted

aryl, Rﬁ‘tﬂ eaﬂH R RORIHRGRHH thE @Mbﬁn argaRh R ﬁélltﬁ hed ﬁfrﬁf ScycPoalkyl or

salt of a conpound, possesse esl red
mﬂmphaﬂhawhmﬂgﬂganmactlV|ty of the parent conpound. Such
salts include: (1) acid addition salts, fornmed with
i norgani ¢ acids such as hydrochloric acid, hydrobromc
aci@ sulfuric acid, nitric acid, phosphoric acid, and

|ke r forned wi th organic acids such as acetic
agﬁl aci d, hexanoic acid,
cyc taneﬁkoplonlc aci d, glycollc acid, pyruvic

R>H90|d R ctic acid, malonic acid, succinic acid, malic
acid, nmaleic adld, fumaric acid, tartaric

each R® is independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl,

substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl,
heteroarylalkyl, substituted heteroarylalkyl, or optionally, R and R’ together with the atoms
to which they are bonded form a cycloheteroalkyl or substituted cycloheteroalkyl ring;

R’ is hydrogen, alkyl, substituted alkyl, acyl, substituted acyl, alkoxycarbonyl, substituted
alkoxycarbonyl, aryl, substituted aryl, arylalkyl or substituted arylalkyl;

p is an integer from 1 to 10;

each W is independently -NR®-, -O- or -S-; and
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acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl)

benzoic acid, cinnam c acid, mandelic acid,
woredonasiesul f oni ¢ aci d, et hanesul fonic acid, PCT/US2007/069683

1, 2- et hane-di sul foni ¢ aci d, _3ghydroxyet hanesul fonic

aci d, benzenesul fonic acid, 4-chlorobenzenesul fonic

aci d, 2-naphthal enesul fonic acid, 4-toluenesulfonic

aci d, canphorsul fonic acid,

eacht Rm?st 1Méﬂéh§éiﬁiyq{y%rc?geﬁl alléﬁt Sl%'sﬁt‘ﬂl?e'dl allgA! 5391’(6’11 dubstitted aryl, or

gl ucohep pt oni c qgld - phenyl propi oni'c acid
Optnonalivetehqh Rcad R 1ad¢p¢nd¢mb¢tpgmherbmlytha@mnu&:toafdudl they are bonded

| | f | ut d,
forth 3 oniiontki . i PR EroBiisfrind' ot aar e ac v
MU ClaRbme daibddindéifs, theh dfi R Q¥ e(na)RSSMIId%pérﬁléﬂ@}th}ngn alkyl,

an acidic proton present in the parent conpound I
substtpied abkyl. @yyla)rﬁebséututwbmle g., an alkali netal |on an

al kiﬁlslofﬁ% efiib: Hﬂné % Rh ? Q)nglgp g]%n%gnmol filae c?rrong&%l}rﬂ{oﬂgt fitother

an organi c ase St am ne,
emlﬂjdﬁhélﬁm,(ﬂ mu@&notp”hlﬁ, d&yatROrpkine, &%ﬁhdﬂjﬁh@ﬂe Ustaiphiie oaiélorphanol.
the l'i ke. "Pharmaceytically acce l e vehicle" refers
t o 18 sgme @é}hOdl%It%\Rarﬁ% hydseganpplkilk agyl of alkpxegargnyh Ingther
in which a conmpound is adm;nlstered "Patient"

i ncl udes manp®l gyﬁhng e terns "human" and
emBoirh e R’ 19:%]}‘ug d int Z?‘C hamlwah? ¥s elk@ien.or alkyl and x is an integer
"Preveniin "prevention" yefers to a _reduc
betyeegyl gd 200 ﬁu ip Pﬂ’ﬁf gmBeUBSETS. %f is g coppprarially a}éaﬂatbl?aﬁféjé H@ﬂvaﬂve
sucRbs, IS mNe PRG- Q(BU? PEJ-B0E @'E(ﬁ)/% P%;_ 9350 PEGIRPAPEG-20,000 or

not to develop In & pati ent at” fy be exposed to or
PE@H6di08posed to the dlsease but does not yet experlence

o 12 SR TR S NIyt 36 BFPEra0t Sh eogShbodiments,

is 2tk aNgh Qﬂig?&hgéﬂﬂiehﬁ' 1'1‘ isth elnk%ﬁﬁ%tﬁeﬁ’ efn%b@ﬁ&?e%tst Re RCRPVIE® and R® are
agent. Prodrugs are frequently, although not

lndﬂﬁnégéhﬂnﬁygephaﬂkaboIoglcaIIy i nactive unti

F oP B sPRLTTIG St e endralS St s, HRUATotifudd ato
arylf Byedlk@AN@}cloalkyl, substituted cycloalkyl, substituted arylalkyl or heteroarylalkyl or
optionally, R® and R’ together with the atoms to which they are attached form a
cycloheteroalkyl or substituted cycloheteroalkyl ring. In other embodiments, R®is
independently hydrogen, alkyl, substituted alkyl, aryl, arylalkyl, substituted arylalkyl,
heteroalkyl, heteroarylalkyl, substituted heteroarylalkyl, or optionally, R® and R’ together
with the atoms to which they are bonded form a cycloheteroalkyl or substituted
cycloheteroalkyl ring. In still other embodiments, each R° is independently, hydrogen,
methyl, isopropyl, isobutyl, sec-butyl, #-butyl, cyclopentyl, cyclohexyl, -CH,OH,
-CH(OH)CHj;, -CH,CO,H, -CH,CH,CO,H, -CH,CONH,, -CH,CH,CONH,, -CH,CH,SCH3,
-CH,SH, -CH,(CH;);NH,, -CH,CH,CH,NHC(NH)NH,, phenyl, benzyl, homobenzyl,
4-hydroxybenzyl, 4-bromobenzyl, 4-imidazolylmethyl, 3-indolylmethyl,
3-[5-hydroxyindolyl]-methyl, 9-anthranylmethyl, 3-benzothienylmethyl, cyclohexylmethyl,
diphenylmethyl, 2-furylmethyl, iodomethyl, 1-napthylmethyl, 2-napthylmethyl,
2-pyridylmethyl, 3-pyridylmethyl, 4-pyridylmethyl, 3-styrylmethyl, 2-thienylmethyl,
vinylmethyl, cyclohexyl, acetylenomethyl, 2-trifluoromethylbenzyl, 2-chlorobenzyl,
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group within an active agent converts the active agent

into a prodrug. Typically, the pronoiety will be
w@rdoaake® t o the drug via bond(s) that are cl erEUS1997/069683

enzynatic or non-enzymatic ngans in vivo."Protecting

group” refers to a grouping of atons that when

attached &ﬁ@a reactjve functional, group _in a nolec

ul e
2-cyppeRenzyl, 2eflnosebensylnd-aedntlbenzyh értriflperpmethylbrazyl, 3%chlorobenzyl,
na| r roups can be
o I QU S ABRRer L, HBLEGINANET DOBY ot o
3,5-Gibeome#rlyydtoxybihayy,, 3- ﬁﬁlﬁoﬁdnetﬂﬁgéﬁzyaﬁdclﬂhbbtr&gh 4edyaabbenzyl,

+-NyRRRERY (gl e e tadber D Gy o e e SR b o
2,4- chﬁfo%%ehﬂﬁ Qﬁ‘aﬁ’cﬂﬁorbﬂé’ﬂzypg 4 clﬂﬂh?l%ﬁgnzﬁp% 3 8B doCn} Groxylbenzyl,

, acetyl, trifludroacety
31ubeﬁ1 (bﬂyﬁnnbdnynuwﬁﬁﬁﬂl) tert- butoxycarbonyl

("Boc"), trinethml5|lyl ("TNB"
2-trimet Mt hanes | H(" SES") and
substitu ri CYNH,gr oup: @ car @
9-fl uor enyl met hyl oxycar bony
ni tro-veratryl oxycarbonyl ("NVOC ) and the Iike.
Representati ve, hydroxy protecting groups include, but
are not limted to, those €re the hydroxy group is
ei t her acyl atéedjor al kyl at uch as benzyl, and
trityl ethers. gs wellj as a et hers,
t et rahydropyranyl ethers, trfialkylsilyl ethers and
allyl ethers. §wgst|tuted" RLers to a group in which
one or more hydrogen atons are fndependently replaced
with the same or different substituent(s). Typical

o BV R S eyt o s g s
S, =S, -NR60OR6 1, =NR60, - CF3,
yrrUQchne %end@geﬁgg NO, SN2, =N2, -N3. -S(O 20 ,
- S(I@mmba(@)ea@ﬁw ls-m(‘ @h@E)ch- Rise adzﬁmznﬂfh@)r@mr alkyl,

50XO OP( O) (OR6OXOR6 1), -
arylog%@% c()O)ORGo( )EZ(O) NR60R6 )1 C(C(O))O - (S) OR60,

-N NBSARE
i Nggg(g(ﬁ%%s) Amenbe R g’? Mggq) g gk gepbonsl, |

hallo gdar erRB@ imRats.leacRBS lmde;RﬁiﬂeIal'ye-(]H]gdéHQ)BNHm oty

LRSSy, HOE) A P B Dl -oncrn i o

-CHOYH} O NI CNIINILL N s 811 Qe ¥nbo&iwkaits, EAtheW is -NR®-, each R® is
hydrogen and R’ is hydrogen, acyl, substituted acyl, alkoxycarbonyl or substituted

alkoxycarbonyl.

In some embodiments, each R® is independently phenyl, benzyl, 4-hydroxybenzyl,
4-bromobenzyl, 4-imidazolylmethyl, 3-indolylmethyl, isobutyl, -CH,CH,SCH3,
-CH,CH,CONH,, -CH,CH,CONH, or -CH,CO,H. In still other embodiments, each R is
independently benzyl, 4-hydroxybenzyl, 4-bromobenzyl or 3-indolylmethyl. In still other
embodiments, n is 1 and R® is phenyl, benzyl, 4-hydroxybenzyl, 4-bromobenzyl,
4-imidazolylmethyl, 3-indolylmethyl, isobutyl, -CH,CH,SCHj3, -CH,CH,CONH,,
-CH,CH,CONH; or -CH,CO,H. In still other embodiments, n is 1 and R%is benzyl,
4-hydroxybenzyl, 4-bromobenzyl or 3-indolylmethyl. In some of any of the above
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cycl ohet eroal kyl, aryl, substituted aryl, heteroaryl
or substituted heteroaryl, or optionally R60 and R6 1
wWo ogetiierz with the nitrogen atomto which t heyPEF/®ES2007/069683
bonded form a cycl oheteroal kyy _or substituted
cycl ohet er oal kyl ring; and R64 and R65 are

embglrd &%{; gg qjogfylﬁ %ﬂﬁ Og%:gltﬁ 11§ F%%(og%gq? {;}agy sallblé%( tuted acyl,

alk @Ar@&gn%f% kdtked skBSLhdbbbAd cycl oheteroal kyl, aryl,
ds;(%}jbstltut ed eslryle heteroar fi or substituted

hetlesome ymbodxmemt p mlezhtyr tnaam land Rﬂz@@hydmgmh dn anj/ dhthe above

e nitro t ar e, bonde
embpfindiit PRFCR: RN St pidtate b R P eEr stk o ihRifiuted sy
alkdxpceﬁmlaﬂmﬁnmmtﬁko@%% juents include -M -R, =0,
OR6 1, =NR60, CF3 - CN

@qsomg@mbodlmgnts, N®23 and\& 1s hylgrogeg( iy ch@()emb@p@)tg@agh Wis
NR. ® -PO 0)2, -P(O(OR60O)(O),

%l%%% , (O R60, -C(S)R60, -C(O OR6O,

- CLsNRE BiRBodinrettsY4oh R *-i NRRIRfdrd: W@}%O%G hﬁt}gﬂ N&dpro 871

enbodi nent s, substituents include -
isobutykeige- bumh@@%Oi{ or-GHSH. dmothembod@(e@sgpa@l and RY i hydrogen,

metl:l (18%) - Oé@%ﬁ"[\iﬁg ég)l@@%%b% f\ﬁ{ <7 o{s%gdrogen and R is acyl,

subsgitdred| acrm,mllmxysmbsﬁyltou elﬁﬁsﬁtutmélldd;@cafﬂonyl% 0, =0, -0Re0,
-Sp00, < NFPORS 1, - S(0) 2R60,

- O &y eREhyY lmeSﬁachl%(lb)tﬁsmendc@l xsRegen, m@(lm} @0pr0py1

ot 1, ), AN B A(EcR Ly 108, BIGHRCAL rcoN,
-CHSGHSSGHU e@H, S, phanyl beuxyl, GFh}tdl‘(ﬁ)@!bemyﬂ),Sﬁl-bﬁoHﬁﬁbéﬁzyl or

ng S RS P B on g e oo e ser ol
ISOpmpg@m uBl, SL-BafiebutAf @}rc% cht SO?SBh@:{Sﬁ’%HeHﬁ”B&ng 0

anel’i orating thé di seas€ o arresting
4~ br@mob@nmb Brigdelbnetbyl el optiemdly & andR” dogaé}mes@wdrthaatdnesaetwhlch

e et R T
emb@&iﬁidnﬂf 3ddhny i9tNR Basdch ®ies Hﬁi@g&?& PAbAAIBL &h R‘Mah& RS,

not be discernible by tient. In yet other
mde@?ﬁﬁ@éﬂ}‘rﬁl&eﬁl@r withdbg atogys tcbwhlbhrt areattached fermsart ayetidine,

||
poepRIROLE GPRE ol RRERGH o IR 151 v BYSHR: sdbsired
alkoppashorlybgi cal |y, (e.g., stabilization of a physical

paranmeter), gr both. In still other
In some embodiments, each R°® is independently benzyl, 4-hydroxybenzyl or isobutyl.

In other embodiments, each W is -NR®-, each R® is hydrogen and R’ is acyl, substituted acyl,
alkoxycarbonyl or substituted alkoxycarbonyl.

In some embodiments, each R® is independently -CH,CO,H or -CH,CH,CO,H. In
other embodiments, each W is -NR®-, each R® is hydrogen and R’ is acyl, substituted acyl,
alkoxycarbonyl or substituted alkoxycarbonyl.

In some embodiments, p is 2 and the R® group adjacent to the N-terminal nitrogen
atom 1s independently, hydrogen, methyl, isopropyl, isobutyl, sec-butyl, ¢-butyl, cyclopentyl,
cyclohexyl, -CH,OH, -CH(OH)CH3, -CH,CO,H, -CH,CH,CO,H, -CH,CONH,,
-CH,CH,CONH,, -CH,CH,SCHj3, -CH,SH, -CH,(CH;);NH,, -CH,CH,CH,NHC(NH)NH,,
phenyl, benzyl, homobenzyl (phenethyl), 4-hydroxybenzyl, 4-bromobenzyl,



enbodi nents, "treating" or "treatnment" refers to
del ayi ng the onset of the disease or disorder.

wO Tivenapeuti cal |y effective anount” means t he BODUSL000D669683
a conpound that, when adm nistiered to a patient for
treating a disease, is sufficient to effect such

-imip ROy o g B T4 et R BAT h e mgy .

3- b%&h%?%ﬁyla&ﬂldﬂeﬁ ‘ﬂﬁfl'dl%ﬂ'rléﬁg}ﬁnétﬂﬁ X 5y lﬂ’i@thglhfodomethyl

of the atlen to be eat ed eference w-l |l now
-Habdlyﬂmdtéayl a- r@etlryimethy)l Qa:yrldgahneélmstioﬁ-pyndulmethyd ‘ij’lfldyﬂmdhyl

st e Awe Tl BRI byt Brrdhant BhordrelS cover

-tn@lhbﬁih[h@ﬁgﬂl«!&ﬁzﬁl gl drbbezi 0 asoyaﬁé&nﬁﬁuz Yl%bﬁib%ﬁzﬂsz fmmyb&:nzyl

i ncl ude in the spirit and scope of the al
3- tr@matqwths{ﬁ)wyb%@lqrebwml éfoefamhmzylgM@f)rth@zyé,l S-methylbenzyl

[ ONnD of the 0 des
4- beg%og nzgl y%edl roma 4§1y§5 gB?rgy ‘té&(‘;‘ aﬂrée?@ylﬁ?{gyg glé?robenzyl,
4-cyghrichenzyli mIlebrdHehéyl Phydobeddyl, - ﬁemgrb@hga 4 hﬂrdﬂ,émgjlf rom
t he cl eavabl e noiety. Accor di n prodrug di scl osed

3.4-Hby Ny Pk FeBComRenN, B¢ Cifblnebemry oS obenzys, 3.5
dllo?%ﬁ-ra}g)d}‘o‘;(g n3 Ll 4%9%%%&’[)%\%2 %F; 1# %ngt it her attached

ol et vag éavable
noi ety r s aNMucIeophl ¢ Nj trogen resultlng in
t he "act—‘-w( t he ¢ ».- élcota‘gj\.
rel ease of e p nt' drug-edn no ed DMHS he
nucl eophi li ¢ nitrogen undergoi ng M i ntranol ecul ar

cyclizationrel ease reaction. The cl eavabl e noi ety may
conprise an amirde. General |l ¥ the cl eavabl e noiety can

be cl eaved u physi ol ogj condi tions. The
cl eavabl e no is cleave zymatically. In sone
enbodi nment s, conmpounid of ructural Forrmula (I) or

salts, solvates or hydrates l{thereof is provided(i)
wherein: X is aNphenolic opi oNH; wherein the hydrogen

or oSt"ié’n%h? feacghhls6 ar}}/ddﬁg? )fl}/ciep%{d%gﬁy itosge{h%P Lw%ﬁ%je z?tXm% to which they are
attached form an azetidine, pyrrolidine or piperidine ring and the other R® group is methyl or
R® and R?, independently together with the atoms to which they are attached form a
pyrrolidine ring. In other embodiments, each W is -NR®-, each R® is hydrogen or optionally
each R® and RS, independently together with the atoms to which they are attached form a
pyrrolidine ring and R is acyl, substituted acyl, alkoxycarbonyl or substituted
alkoxycarbonyl.

In some of the above embodiments, p is 1, and R® is hydrogen. In some of the above
embodiments, pis 1, R is hydrogen and W is NH. In some of the above embodiments, p is 1,
R®is hydrogen, W is NH and R’ is hydrogen. In other embodiments, each R® is hydrogen and
W is NH. In still other embodiments, each R® is hydrogen, W is NH and R’ is hydrogen.

In some embodiments, Y is NRS, nis2or3,pislor2, RI, R2, R3, R’ and R’ are
independently hydrogen or alkyl, each R® is independently hydrogen, alkyl, substituted alkyl,
aryl, arylalkyl, substituted arylalkyl, heteroalkyl, heteroarylalkyl, substituted heteroarylalkyl
or optionally, R® and R together with the atoms to which they are bonded form a
cycloheteroalkyl or substituted cycloheteroalkyl ring. In other embodiments, Y is NR’, n is 2,



coval ent bond to -C(O-Y-(C(R 1)(R2))n-N(R3)(R4); Y

is -NR5-, -O or -S; nis an integer from1l to 4;
weaw/1Re72 R2, R3 and R5 is independently hydr oREnUS2007/069683

al kyl, substituted al kyl, aryk_or substituted aryl, or

Rl and R2 together with the carbon to whi ch they are

pis 3 ag haeg a%r% rhggraqggl){,lcl%~| 02 gf&échmeé'glﬁs §&d ag%/i%/ |15 1nl§i}e/:pendently

hydﬁigéﬁtdllbﬂt Sbsiauted alk fa\t& a1 Jd&%ﬁﬂte@rﬂlalwr %&@&dﬁmyl
substituted aryl al k 1 et er oal kyl bst i
heterearglalial. kybstitufed b¢t©®awlalk$1mmnomlbng end&Ro mgyther with the atoms to

whiE R L R, b ftorn RPNl A R St el

5 opubﬁmy Rtie h?@m@@@l TnQgtim cﬁhé})éﬁitfébﬁﬁc&ﬁ@@f KWNR VR ispst drdd i ede
cycloheteraal kyl ring; R7 is l;ydrogen al kyl

hydga@@@tﬂtaaxd asp Rgthyl aelydroganp B ilqlmd@«zgea@ydR is ~CHa(CHa);NH; or

-CHELKUAROAUNGS Bl tsShe Blotg SEBBARME, X Fikimprphone or

hydmm@ph?cmd nt eger from1l to 10; each W| s i ndependently
or -S-; andeach R8 is independently
hy&}hgg:@ﬁlpoglpqgﬂescrgq?gglpmg@p@m bg p]gt)apneda/pog,';he geutes generically illustrated
10 in S8 ituted aryl, or optionally, each R6 and R8
I ndependent |y together wWth the atons to which they
ard Haqm«zkﬁdleflefr dnsmbbﬂdieﬁé’iﬁtrﬁai}obd paepared asdiusdcheditoadtugs containing

pherfgfS bEprooRbTE @ﬂo&ﬁvwéﬁmﬁqﬁﬁvﬁ%@%ﬁ%, Protective
Groﬁpg%tofgyxh@@h%@f}y » (ao(/ ,Qnd ??11“ 541t Hﬁt‘f'ﬁoﬁ%y&l “CBmPeum of

mbodi ment s, S ydr ror phone, I ne
Synﬁmyq@ngmmmbaethquﬁt\ms leSrtotti Nﬁﬂﬁy&and)Soms, Mﬂ)ﬂ@%} (Beilstein

15 Handbohl OAYSRRRR " e e SEOfaBiq Gy, Frankfrt

GermhﬁylEels@f:yzl alQFRB4deAUMEAORARN! S n'tHbth’hWSluﬁl@?@-qwn?\ml@y
R7 is x where RO is hydr ogen or kyl X is an

Intersaieaefdr Ttost statbn“Gomprthos0e. Oltgnnmtﬂ’yetheelﬂi’)’ dﬂcngembs Premy, 1991);
“Thlifhefn&OIERIGR M¥ndYLt BRaSic CrandSihy Y VolihSes 1-45, (Karger, 1991);

March, “Advanced Organic Chemistry,” (Wiley Interscience), 1991; Larock “Comprehensive
20 Organic Transformations,” (VCH Publishers, 1989); Paquette, “Encyclopedia of Reagents for
Organic Synthesis,” (John Wiley & Sons, 1995), Bodanzsky, “Principles of Peptide
Synthesis,” (Springer Verlag, 1984); Bodanzsky, “Practice of Peptide Synthesis,” (Springer
Verlag, 1984). Further, starting materials may be obtained from commercial sources or via

well established synthetic procedures, supra.

P
Acylation ! Deprotection
Y\/\T/H _Acylation YV\T)L[YW]\W -

O
H O ®)
' ek
Y- _— T R’
~oN T )LE/WF R7 * X /U\ M TO]/ T p
re P

25 3 -4 5
Scheme 1



such as, for exanple, PEG 200, PEG 400, PEG 1 550,

PEG 3350, PEG 6000, PEG 20,000 or PEG 40,000. In sone
wepdodszents, Y is NRS and R5 is hydrogen or aP&yiUS2001069683

ot her enbodinents, nis 2 or,3. In other enbodinents,

nis 1. In still other enbodinents, Rl, R2, R3, R5 and

R8 .are independent!y hydroge r al kyl. | one . .
S HOR O™ BCHm | LSRRG hdwiel hey G Bhaive purposes T is -
O-, A JHINRS YOS INR UL @D rab K Wy is RIRY|-0-@F Y Kalnky b, REYE RBAK W drogen, p,
, substituted cycloal kyl’, substituted arylalkyl or
R’, RatRek BAnnd Bf arglas prevamslyodesinkd,, X iR6 phedoiky opioge Phisa pudtedting

t he ms to.which they are_ attached. form . .

arolgy EnEE e ik o0 Siteind a et B b el B ap aparoprigig carboxylic
5 acid 6t @Y€ ARG dGuRALS: to Bovide ¢IMIRRANBOMRILY tHEM #hHAR N deprotected to
alkyl, substituted alkyl, aryl, arylal kyl, substituted
yield comppwad 3. Gempewndd kisItherhusaesed wiith|anlar§yatedsersbariie agid gquivalent 4
. | kyl optionally, R6 and R7 together

o p\?\(ﬁ%ﬁé?ﬁg&gﬁ%m Outng%r\i\hi ch they are bonded forma

cypH.ohet eroal kyl or substi @ngd cypl ohet eroal kyl ring.

I still herAeyiatgsH ment s, each I s iindepenDeptdigction
Ph&d*@m’%et‘hy‘l,*i—svpr qpy'lq\/l/s\oipmﬁ/ Ut yT,
-butyl, cyclopentyl, cyclohexyl, - eH,”P- CH( OH) CH3,

-CH2C2H, - CH2CH2CO2H, - CH2CONHZ2, - CH2 CONH2,

- CH2@H2SCH3, - CH2SH, - CH2( CH2¥3NH2, - CH

2CH2CH2NHC( NH) NH 2, phenyl, benzyl, honobenzyl,

4- hydr oxybenzyl , 4-bronobenzyl, 4-im dazol@Hget hylQ

3-Chdol yl hyl , 3-[5-hydr &yi ndol yl ] et hy! ,
Qﬂrén\?!\any tw\, 3- benzoglhi enylmet hy)lm,a \/\T)L[\(W}\W
cyclBhexy Rfi phenyW nenhyl , 2-fur i net hyl | R6 P

i odomet hyl , genaPthyl nethyl, 2-napthyl et hyl

2-pyrg dyl met hyl, 3-pyridyl ngthyl, 4-pyridyl mgthyl,

3-styrylmethyl, 2-thienyl nethyl, vinylnethyl,

cycl ohexyl, acetyl enonet hy$chegret2 i f| uor onet hyl benzyl ,

2-chl orobenzyl , 2- cyanobenzyl , 2-fl uorobenzyl, . .

2. ?{%quqng SAWIP Scherpe 2 ang g}rgwéq ]q);qqggn\ﬂ)q:rp for illustrative purposes T is -

- X Ghhaso obgnzyl ¢ 3= r 3 6 p7

O-, % %tﬁ/ i E’ggz‘)ﬁ}:& iygéeﬁﬁnzdypbé%z% v ?I i i}{[@ HRGEZHL hydrogen, p, R°,R”, R

and Ksaxdaimeviouﬂy Hyfikeolx Xlie a piknolid-dpidid,| Risragretebyhdognagy,land M is a
4-chl b | - I
leavmgcgrog}g,ocorenrf)%};nd 64115 g%'?art]gcf) vevﬂﬁ %n appropriate carboxylic acid or carboxylic acid

10

equivalent to provide compound 7. Compound 7 is then deprotected and reacted with

15 activated carbonic acid equivalent 4 to provide desired compound 9.

0
PO._~-CHs _Acylation PO~ /U\{YW}\R? -
H 1

CH; R®
10 11
H o) 0
I o) X Y\/\N/U\[j/w}\ 7
Y\/\N)L[\;/W}\FV * T M — \”/ | pR
) D o) CH; R
CH; R®
12 4 13

Scheme 3
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4-f| uorobenzyl, 4-iodobenzyl, 4-nethyl benzyl,
4-ni trobenzyl, 3, 4-di hydroxybenzyl,
wQ20b7dient or obenzyl, 3,4 dichlorobenzyl, 3,4 PCT/US2007/069683
di fl uorobenzyl, 3,5 diiodo-49gydroxyl benzyl,
3 ni tro-4-hydroxybenzyl, ami nomethyl, or optionally R6

7/ 10 ther th th ato to NM t ar e,
o RO eAGIID SrHEBES O AT S aMAEre P LR gimeposes T i
NCHi, g is NR’ S008r SYbwdis Matft so.- CWJSS 1 NP8 RrARH] RAGHR }B'zlrég%n p, R®, RS,
7mdqpendently hydrogen or alkyl’, aryl or arylalk
R’ and R aepriswigiste defnedrX is e phyoolwgeigidal ksyd proa:cyng gltoup, and M is

REN TN R R
acid eduiivaidnit kd protidie coppb@si TEWh&h atet éep%ot@&fbn%d'ﬁincﬂonal group

“CH2( GH2) 3NH2 or - CH 2CH2CHZNHC(NH) NH 2. 1'n sti |
IntreROREPTSIORDID BEGASTATS, 1S eenvirtyd foscomyramd 13a Rigagt®niof compound 12 with
actlbz%‘(%i 93&8&11 di aullvglgﬁ%ﬁ ({1 % 8 1|y &1 8)(283)5?% t ed acyl,

oxycar onyI or In sone
enbodi ts, each R6 is |ndepquently henyl benzylg
4- hydrgiﬁvgn\ bH 4-Aoyat@benzyl N 4- ﬁ%§9 nethyl
3-inblef yl et A1, iSobutyT, CH54F tI)Ké%
- CH2 CH2 CONH2 or -CH2C2H. In still o@hgf@ odi ment s,
each R6 i dl4i ndependent|y benzyl 15 4- hydr oxybenzyl , 4
4-bromobenzyl or 3-indolylnmethyl. hi still other

enbodi nents, nis 1 and R6 is phenyl, benzyl,
4- hydr oxybenzyl , 4- onDb zyI 4- |n1dazolylnethyl

3-i ndol yl net hyl / X SCH3, CHZCHZCC]\IHZ,
- CH2CH2CONH2 or it ot her enbodi ment s,
nis 1 and R6 is enzyl , Wlﬁydroxybenzyl

4- br onobenzyl or 3- |anIyInethyI In sone of any of
t he aboveenbodi nents, each Wis -NR8-, each R8 is
hydrogen and R7 is acyl, sSuhsinet4it ed acyl,

al carbonyl oy substituted alkoxycarbon . I'n sone
rrﬁ%g rﬁlé‘ﬁ@g“ytﬁ Sicigefg? ga’a@ ForgRynl. SuRgAdWRErefer lﬂyﬂfa@gé gurposes T and
Y ate'N@RY, Wfis NRE, BRQ¥ES- nis 2, R' and R? are hydrogen, p, R®, R” and R® are as

previously defined, X is a phenolic opioid, P is a protecting group, and M is a leaving group,

M

compound 14 is acylated with an appropriate carboxylic acid or carboxylic acid equivalent to
provide compound 15. Reaction of compound 15 with activated carbonic acid equivalent 4
provides desired compound 16.

A compound of formula (I) so prepared in which R’ represents a hydrogen atom may
then be further acylated to afford a corresponding compound of formula (I) in which the value
of p has been increased, or in which R’ represents an acyl group.

According to another aspect, therefore, the present invention provides a process for the
preparation of a compound of formula (I) or a pharmaceutically acceptable salt thereof, which

comprises reacting a compound of formula (IIT)

R3
R1
HY N
~ )
n R
RZ
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enbodi nents, each Wis -NR8-, each R8 is hydrogen and

R7 is acyl, substituted acyl, al koxycarbonyl or
wGeaiwstaot ed al koxycarbonyl. I n sonme enbodi meneGT/UR2005069683

3 and R7 is hydrogen. In othey_enbodi nents, each Wis

-NR8- and each R8 is hydrogen. In sone enbodi nents,

h IS _I.ndependent hydr ogen, . net.h i sopropyl,

or atG8eFY bRV RGP P SHER BRI ey

enbodi nents, p is 1 and R6 i hydrogen, nethyl,

I sopropyl, isobutyl or ec-butlyl, each Wis -NR8-, each

R8 is hydrogen and R7 is acyl|] substituted acyl,

al koxycar bonyl or substituted koxycar bonyl. In sone

enbodi ments, each R6 is ifdepend¥ntly hydrogen,

met hyl, isopropyl, iSObUtyEﬁEgﬁ[bUtyl’ - but yl,

, - CH( CH3

cycl opentyl, cycl ohexyl, - ,
in M}émmi%pﬂzgem @}Li.f_as@m)z{,t,l or @RS Hucly h@mﬁ?vb@d ay¥loxycarbonyl group,
1bfé%ﬁﬁ95§ﬁ%9§9%33 g%brgnoben;yl_or 3-indolylnethyl. In
0 r o) |neﬁ9', e%h R6 is i ndependent |y hydrogen
metfbNdwed BRIV any§ROEttlg gro@ss dhdt ¥l desirddy hostlating a compound of

cycl opentyl, .cycl ohexyl,, phenyl, benzgl,
formulp (g pwaishyR  (rsthe gevipyR rastdsfinedhereinabayiearapyesrats adydrgen atom

and%@gﬁhaﬁi%ﬁ%%?ﬁ%aﬁkg%ﬁgﬁmﬁﬁgﬂﬁ5ﬁh they are attached

forma ne, rro I'ne or piperidine ring. In
s or@onyfounticofoavelagiin vhighnX Seprecats Aekidue HRR),N-a@thylnaltrexone

is hydrogen or optionally each R6 and RS, ) . .
can f%%a &p @F%)é%ﬁd%] ff‘%lé‘@ﬁ@% 2 GPEeFPPRANG FIRBOYNS ofpamula flgyn which X is a

resi@tieeoﬁfagﬁ%aﬁa.og%%t@&ﬁg&&hjagjvg erdd¥! Ol 1-di ne or

pi peridine ring and is acyl, substituted acyl,
al Kslegtam bbappromiates plogictihg prtipa | rkapeysant eeuction bonditoms for any of

o SR SR RSO et . O
metBeEToMynthes BB the Iﬁ‘@&lﬂgﬁge%ﬁg@ﬁél'rﬁg%llq{é%ﬁhy'tazgé%ﬂﬂ to the skilled

_substituted acyl,” al koxycarbonyl or substitu
artisgh ok yesibo awsd to synthssinethe rbogpumistdescrimd lheRén.i Accordingly, the

metilcg] $§ reesré%%g tnll Mle_SCc:EIeZmes Férglgl aie%gr_al%%%)zrgherl t?lan comprehensive.

The invention further provides all the novel intermediates described herein.

In general, the prodrugs disclosed herein may be used to treat and/or prevent the same
disease(s) and/or conditions as the parent drug which are well known in the art (see, e.g.,
Physicians Desk Reference, 2000 54™ Edition and the Merck Index, 13 Edition). Phenolic
opioids are useful in the treatment of pain.

For example, a prodrug of a phenolic opioid such as hydromorphone could be used,
inter alia, to treat or prevent pain including, but not limited to include, acute pain, chronic
pain, neuropathic pain, acute traumatic pain, arthritic pain, osteoarthritic pain, rheumatoid
arthritic pain, muscular skeletal pain, post-dental surgical pain, dental pain, myofascial pain,
cancer pain, visceral pain, diabetic pain, muscular pain, post-herpetic neuralgic pain, chronic
pelvic pain, endometriosis pain, pelvic inflammatory pain and child birth related pain. Acute
pain includes, but is not limited to, acute traumatic pain or post-surgical pain. Chronic pain
includes, but is not limited to, neuropathic pain, arthritic pain, osteoarthritic pain, rheumatoid

arthritic pain, muscular skeletal pain, dental pain, myofascial pain, cancer pain, diabetic pain,
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ot her enbodi nents, each Wis -NR8-, each R8 is
hydrogen and R7 is acyl, substituted acyl,

w@bkdonyear bonyl or substituted al koxycar bonyl . PCHIUSIINE069683
enbodi ments, p is 2 and the 4% group adjacent to the
N-term nal nitrogen atomis I ndependently, hydrogen,

sl s SRS b 2 g g
pain [RGB RO RGP IROI D, - ORCIRSTrG,

tof
SHOSH - oo ( CH2CH2NHC( NH) NH 2, phenyl ,
beithy bharmapaitiealzgompositens tisyloyed Herdiy dompyibenpnodrug disclosed

hereé:\?%l?ggg}eag lrﬁélé)it{(}% ? %M&%&gﬁ% h@q%b%ﬁ%o\%%iqig |ts§r)] %ls to provide a
form3foP BRBEE ArSRKIABREMNY a subyct ohexyl met hyl,

di phenyl net hyl, 2-furylmethyl, iodonethyl,
1- Buitabhs pheemhgduticd-vehpidsyincteddepcipintpyuchdy Istaethh glucose, lactose,

sucrcg{et) (?rl!%tﬁ%}/ llnﬁtt, ﬁgﬁlt, ’ﬂo@f,%%]hfg%ﬁhga? équ%P@flg% E‘%géqra}g, ggfth%E monostearate,
talc, 36&itinl ANGTRL d¥dd skdmtohill, | BRIERITBIBYYIBRN EWcol, water, ethanol and the
2- chl orobenzyl, 2-cyanobenzyl,” 2-fluorobenzyl,

like. szmwnbghﬁgmageL@i:ca Jomnesitionstihgdsiredoph also contain minor amounts of

Wettgl;g%r)glte%&?s? Qngal[g'entg,: %{éﬁgg@’&%ﬁﬁzﬁegﬁf II#QCECHE(?IE Za}ﬁ(i’liary, stabilizing,
thic@nﬁ:ggiubﬁemrgdanhwdro@mgkag&ﬁylmaf/%etursécf.I uor onet hyl benzyl ,

4-ch|orobenzy|, 4- cyanobenzy 4-f| uor obenzyl . .
4- Phrrswestipal compesttions By by mangtasiured b megns of conventional mixing,

. - di 4 i r . .
dlssoé}/féiﬁ{j%rrg%tgétﬁ% P?A@é?—?agﬁgr aegég%\gég,ze%:ﬁﬂyég, eﬁcaﬂ;sulatmg, entrapping or
lyophilizingrdechyedr Okyrintaeamical canpusitions 4ndyyb@rioxiyiiesed yh a conventional

am nonet hyl, or optionally each R6 and RS, .
manper PSINE 0e 9F MPre Blysialesicallsi acceniabla camgrs: dilugnts pxeipigyts or

. . r . o, . r r . . .
O B B T R B Lth BRI b Kb Bl Hisplosed herein into
prepamation® which dapendediphyrmagetdadly. Rrdper fdrmubdtionss dependiint apon the

th are attached forma pyrrolidine ring. In other
Toutg, lﬂlém%é?n &*Wis -NR8-, each R8 is hydrogen or

0 p‘l"h@?félsédf tpﬁ%ﬂl_c ic@NEbrRbsitidid RS RUE M frh 9861085nsdsBensions,
the atons to which they are attached forma

emulsiony tablegs, pilsr pellgtsanapsmies, @padsd contaiisg lifuidedoacigts,

sustaz'i‘rlleiagr)é a8 RN iatigrrls, gllljp%sotsf.t(t)rlilets?gmu lsﬁ)%)s(,ya%%sg s,n Q’}:!rays, suspensions or any
other form suitable for use known to the skilled artisan. In some embodiments, the
pharmaceutically acceptable vehicle is a capsule (see e.g., Grosswald ef al., United States
Patent No. 5,698,155). Other examples of suitable pharmaceutical vehicles have been
described in the art (see Remington's Pharmaceutical Sciences, Philadelphia College of
Pharmacy and Science, 19th Edition, 1995).

Pharmaceutical compositions for oral delivery may be in the form of tablets, lozenges,
aqueous or oily suspensions, granules, powders, emulsions, capsules, syrups, slurries,
suspensions or elixirs, for example. Orally administered compositions may contain one or
more optional agents, for example, sweetening agents such as fructose, aspartame or
saccharin, flavoring agents such as peppermint, oil of wintergreen, or cherry coloring agents

and preserving agents, to provide a pharmaceutically palatable preparation. Moreover, when

in tablet or pill form, the compositions may be coated to delay disintegration and absorption
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In some of the above enbodinents, pis 1, and R6 is
hydrogen. In sone of the above enbodinents, pis 1, R6

w0 goongednregen and Wis NH In some of the abovePCT/US2007/069683
enmbodi nents, p is 1, R6 is hydrogen, Wis NH and R7 is
hydrogen. In other enbodi nents, each R6 is hydrogen

in tlpﬁl%alst\?é@??s{}%l t@c ﬁ"l:eléql% ;%t?\rfll élgemnb,%lols%é@ ra]lth?qp gwach ggtehged period of

tim& "@Pcﬂi 'CGi%B ssi‘ﬂoﬂé daft ilVRRie s@aﬂdﬁrdzve@ﬁclgs’ su@h hsc'm%mﬁfol Zlactgéey starch,

5 and R7 are independently hydrogen or
mamelhmmearae,l swdnpesmtehﬂﬂryt, teflitasg.amagrebiyl qarb&rtatd; smcandsorbuol,

A TN TATE TR ST TN —

cellﬁl%ts@ ﬂl?éfok&?ﬂobyﬂme@ﬁyl%ﬁhl%@ |sbd’1um&@rlﬁﬁ9m|gﬁly‘l&ﬁﬁiog@ fanWot h
the atons they are bonded form a

polw@ylbmleiona I(WP) granylatiog ag@tte dingyng @wtsandalhmbgmtm@ agents
sucllk_.zgs f?lte% %?:g% P}O Sk ?lgmo@on& aﬁ,gqrMmlS Fc@d‘flosagihegﬁog such as

sodfdn algmafa;cte@endent |y hydrogen, alkyl, substituted
al kyl', aryl, arylalkyl, substituted arylal kyl,

het!Bseme ebodmesnés, pharyiaseutienl comppsitions arsdn the form of lozenges or
lolllﬁﬁﬁése&?é}re)ﬁ s%llﬁ \/vh grl':l]d %ﬁetalsé) Qfatlhe é%t}]vc? agrfeglerats chl%‘gtll’lp e o\f\ﬂtl cavity,

ey are
genelly diretgr «ha lolal m@bsas Ul tthdst et odiyitdnes) blifferaa! de¢htsmhdyhlso be
@ optlonaII%( R7 is_ hydrogen. ln still other .
used fpyIQYide AR SPtimumsenyisgnmgnti for gelivey efifhe reends & qoyERosiens-

ooty g AR sl S BBsES,
mﬁnkgmhagagnmEhﬁnhamMmﬁnhs e i s oxynor phone or

hone . The cqnpounds de ri bed, herei
oA Sphmests B8 SRS GO DT i adissp ing sublingual

tablSC %%ﬁhésoﬂmtloméﬁd PJIQ&HQ '()?{H St ieREddRadk &%ﬁﬁ'lfﬁdelntﬁé( t&x%ue and the

prepared and attached rugs cont ai ni ng phenol s
comppsitietiuarskoricompounds dlkubwd dieregkark labsarbedbrangh tlicﬁelal mucosa In

thesg?gﬁogﬁeie}l%rl bg{ﬁ%&%@ﬁgﬁ%ﬁéh%g@%ﬁl%&gm, @&?gcg{t]mg}m environment
for déBReBesttabinb Pihe ¥t €A HGitiGh4 2B} oﬁ@”fti"ﬁ‘ﬂj? inclidR! for etarfiple,
(John W ey and Sons, 1971-1996): "Beil stein Handb 00k

sweglena Jhindess. dilapts disintegmeng sgasith efnst i t ute of Or gani ¢
d]elrﬂe%étﬁods t[lgtth’OLiVC oral administration of compounds disclosed herein of can

also be practiced with a number of different dosage forms, which provide sustained release.
In some embodiments, the dosage form is comprised of beads that on dissolution or
diffusion release compositions and/or compounds disclosed herein over an extended period of
hours, preferably, over a period of at least 6 hours, more preferably, over a period of at least 8
hours and even more preferably, over a period of at least 12 hours and most preferably, over a
period of at least 24 hours. The beads may have a central composition or core comprising
compounds disclosed herein and pharmaceutically acceptable vehicles, including optional
lubricants, antioxidants and buffers. The beads may be medical preparations with a diameter
of about 1 to about 2 mm. Individual beads may comprise doses of the compounds disclosed
herein. The beads, in some embodiments, are formed of non-cross-linked materials to
enhance their discharge from the gastrointestinal tract. The beads may be coated with a

release rate-controlling polymer that gives a timed-release profile.
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Germany; Feiser et al, "Reagents for Organic

Synthesis," Volunes 1-17, (Wley Interscience); Trost
w@e00al140272 Conpr ehensi ve Organi ¢ Synt hesi s, " ( PRCTYHRIINT/069683

Press, 1991); "Theil hei mer' s3pynt heti c Met hods of

Organic Chenistry," Vblunes 1- 45, (Karger, 1991);

|t DR FRIENE B o b TRl un v @ gmppically effective

admkhiBASi . el RAGs & (bV%dBli%'rﬁﬁﬁk $abl9 8P NiredraBHBEdsSion of 2
"Encycl fedla of Reagents for ani ¢ Synt hesi s,

pluraljgri bep segﬂa@dsaﬂs foriyemple, md@m & kapin an@rblensieg Math extipients such

TN
(Lu\/ﬁzv |Jaghar14984})4 15@!11’%124 Phafrhd Gt diBEieh@s b flﬁ:)‘nlﬁgﬂton 14" ed, pp
onmerci al sources or via we

162@31153%I(1%7I%<f lg‘ﬁ}’ﬁf’h’ef hermpSet 4868.69, 181 HE3S; Bémdék‘fegmt%swtes
Patent ﬁfc‘)r@ 0 \AE 'HAQ tl{%q%g%‘{u?acﬁfrh %%biet?@% ;I%C%il(?al gqlence§ by

supr a, CURRYES purpose
RermngﬂNﬁ?SUﬂ‘YEd SCINRB PP mo3or625$1985\;v| s NR8, -O or -S-, n
d R2 are hydro , R5,R6, R7 and R8
elné%heﬁ P@gpwgﬁ e PIah B AT S réfeasemmm@ﬁ be yeast (Ganger, supra;

Seft'oﬁ Bsa! @k@fé»zmeg@ &f o d14v\\;&(%llﬁ SFuddkdY LN 91 SHYONP Ergl. J Med

compound an approbrl ate
32lé§|4boxyl ic acid or carboxylic acid equivalent to

2 which th t
1 a0 SRR Gmeel S e S Ml cn P AL e Vil
Ap;ﬁféﬁﬁd&ﬁto?@oﬁﬁfﬁﬂ&f‘kéle%"’i gé‘ﬂ MRl Wik (@dsQOCR@P’ﬂegjse Boca Raton,

desi red conpound 5. ection 8 4 Schene 2
Floniégf @P74)n ngiwlm DBop Bmtmvalldnlﬂtyf”d'r)mgl Brodlyct Depign andRerfermance,

Sm?\lél_%nc{/#%li elqlgé, \X’elef ﬁ?\)\? %%Sk (IRISE)S I_éngeﬁft ﬁ%’roﬁﬁé Nf?/[gcromosl. Sci. Rev.

i T e e T e
Neugglo2ipi 35 gﬁaowdgtgl 1989, J. Neurosurg 71:105). Inpsome embodgnents
polymeric materials are used for oral sustained release delivery. Such polymers include, for
example, sodium carboxymethylcellulose, hydroxypropylcellulose,
hydroxypfopylmethylcellulose and hydroxyethylcellulose (most preferred,
hydroxypropylmethylcellulose). Other cellulose ethers have been described (Alderman, Int.
J. Pharm. Tech. & Prod. Mfi. 1984, 5(3) 1-9). Factors affecting drug release are well known
to the skilled artisan and have been described in the art (Bamba et al., Int. J. Pharm. 1979, 2,
307).

In still other embodiments, enteric-coated preparations can be used for oral sustained
release administration. Coating materials include, for example, polymers with a
pH-dependent solubility (i.e., pH-controlled release), polymers with a slow or pH-dependent
rate of swelling, dissolution or erosion (i.e., time-controlled release), polymers that are
degraded by enzymes (i.e., enzyme-controlled release) and polymers that form firm layers
that are destroyed by an increase in pressure (i.e., pressure-controlled release).

In yet other embodiments, drug-releasing lipid matrices can be used for oral sustained

release administration. For example, solid microparticles of compositions and/or compounds

disclosed herein may be coated with a thin controlled release layer of a lipid (e.g., glyceryl
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| eavi ng group, conmpound 6 is acylated with an
appropriate carboxylic acid or carboxylic acid
weowraaizent to provide conpound 7. Compound 7 PGT/URBNT/069683
deprotected and reacted withspactivated carbonic acid
equi val ent 4 to provide desired conpound 9. PO 10 11
Scheng 3Referring now to Schene 3 and fornmula |,
behals, 4nd/crsbyeary BRI fopigateied e dBcbarpad@sainea. et Stptas Patent No.
; - . - . | . 1 .
3T sulpoibisn gl (i Nl PgnuNp. 5370 700, T lip e ptiles
can dptionaby be ¥Xompreasedhe fiaii & tabjeit.0AdothEr cant@llpd edlesst lipigl-based matrix

mardlal Wi SIS sisEbes et o) R RRateR qmegses polyglycolized
glyceAIRX W dcfosBE irtR @ Kin R LE Nnitdd RERY PAEHARPING 151

€
whi ch after deprotection and functional group
i ntn setortherregibodimants, masessarbg, used far omal enstaided release administration.

coppound . _Reacti gn of conpoun 2 wi.th acti ed
Exaf R g P iebs B e SR olh GedCunilir Palid glob e States
PatedBNo 13144:524b (b@xn@ﬁm,%aﬁédﬁld Wig e%\f{ot&aéﬁﬂ%icwﬁ);

formula I, supra, where for illustrative purposes T
Shtohren ey agy Enitlcsl—gfamﬁ iPatendS0. 4,820,523 (hgdrogandted PegeRrbleapitl beegs wax,

i, SR8 o o280, B AR b U

Stat@y Rutdht Nnd, 4 736 amb@@¢ iof gai@ffiihd aesPuRf 14 is
acXIated wi th an appropriate carboxylic acid or
ca

bl piher erebaslimguisasmatic delivasy eysteres argrmserifed o1 sustained
AR 15 i O o o ;
e 838\ AR Rl Pl 8 LR, 5808 98]y o

embodinfeatsTORDIY JyseehsihaRyeslzh ToftirsfonRKIFuBRIE VRsW, SC & are used for
hydr.ogen_atom may then be further acylated to afford a

oral gsigipadhisirabhdelvempdayings 6Fheevwasiplanl( Upited Statdsdiatent do. 3,845,770;
Theé‘ﬁ?!letéeet al., United States Patent No. 3,916,899).

In yet other embodiments, a controlled-release system can be placed in proximity of
the target of the compositions and/or compounds disclosed herein thus requiring only a
fraction of the systemic dose (See, e.g., Goodson, in “Medical Applications of Controlled
Release,” supra, vol. 2, pp. 115-138 (1984)). Other controlled-release systems are discussed
in Langer, 1990, Science 249:1527-1533 may also be used.

In still other embodiments, the dosage form comprises compounds disclosed herein
coated on a polymer substrate. The polymer can be an erodible or a nonerodible polymer. The
coated substrate may be folded onto itself to provide a bilayer polymer drug dosage form. For
example, compounds disclosed herein can be coated onto a polymer such as a polypeptide,
collagen, gelatin, polyvinyl alcohol, polyorthoester, polyacetyl, or a polyorthocarbonate and the
coated polymer folded onto itself to provide a bilaminated dosage form. In operation, the
bioerodible dosage form erodes at a controlled rate to dispense the compounds over a
sustained release period. Representative biodegradable polymers comprise a member selected
from the group consisting of biodegradable poly(amides), poly (amino acids), poly(esters),
poly(lactic acid), poly(glycolic acid), poly(carbohydrate), poly(orthoester), poly
(orthocarbonate), poly(acetyl), poly(anhydrides), biodegradable poly(dihydropyrans), and
poly(dioxinones) which are known in the art (Rosoff, Controlled Release of Drugs, Chap. 2,
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of p has been increased, or in which R7 represents an
acyl group. According to another aspect, therefore,

W0 b@7pee3ent i nvention provides a process for PEEUS2007/069683
preparation of a conpound ofzjornula (I) or a
pharmaceutically acceptable salt thereof, which

oo SO LB 1Py ROl 1 B gy MR s

PatehPNBLS 861 414 c(aﬁa&zal Un¥bd ShtdYPaeRE E}%eﬂl 086347850018, BAIKA States
or grou such as an activated aryl oxycarbonyl grou

PatenNo A8 B47; 5-hoi e+ @phimios PeaiesRatgdt Not: 41078W068:; 6901 et a? United

tecting groups and, if desired,
S‘at%ssli/%?e‘it&ﬂ’gggﬁég bund of formula (1) in which R7 (in

t hen gthetimb¥didendetht: A6chgb €618 5@@%’(5%); cbBPH @B AsloBed herein loaded
hydr ogen at om and/ or fornin armaceutically

into a@@éﬁwﬁheé relgases ﬂw@cdmmdl srpo thrangh q pylymer. i by Hlux through

pores I%g% lé)rr% eo? a ngiérng er mal ?ﬁyﬁﬁ dl\};%lé &gpg%ry P9 Sy[r:) eexngz cﬁo&ag%nform comprises
a coﬁ@ﬂiﬁﬁlﬂdﬂdo@fo i@ rtdSTES@O fnk)holdgédiely céntatned ih @8 bd§obimer. The
nal trexone, or a protected derivative thereof.

dosagg (fera ¢QIRPIETS AbISAT PRF BXROset Birice phie besinpmg of dagpedplivery. The
non—%ggos%gg&ﬁ c%“vsvﬁia{s“ﬂﬂ\%}e nl? rl\sj‘MC(EahQ @Ftﬁ %fhﬁ%r&}% ét{;c%@ﬁ gggekp'g{%‘?e material

impakiechbledo the gabeaganf the@rings). MHelodsgef form syaytheasamifaftured &y
prodrugs des grlbed hereln wil | ae re d|Iy apparent t )
procefire kRQWL i (F fts AR SXARPIFERS PEQVidE ¢ dosage R cempusqsiplending a

pharn2RPRIAES agc%ﬁﬁﬂe%ﬁ#?qfk@ 'pBlgr @&g&g%’é i ? PO Wit Lend VRl BOLDr

presented I n the Schemnes l'ustrative
compatitiens ankam comppmreiseimlosed hérhim dt aw elevated tdmyperstere, (e.g., 37 °C),

s all the novyel er nedi at es de crlbed her.ei n.
and RARKE T3 a Stasif Dol Biagt S oMo A S STkiRR 5B (G agemple.

octah®até rf@l@éw&f‘lgf &dstikg GVLMbld. hﬁle%@éfﬁi ‘i‘ép%ﬁﬁﬁ?&lséacﬁ Bﬁﬁ@ﬂal successive

conditions as the parent drug which are wel| known in
layer. hBhegystepsisallowed to sePﬁ;raboutalnlso@t@lereﬂeﬂ@rd@eagezfom

Rep%%én athV%LptOIl}(’)I{l]erg (()jr r%lanufac uring the gosage %c?rtrrp co%jpr'ise a Rlember selected

from the group consisting of olefin, and vinyl polymers, addition polymers, condensation
polymers, carbohydrate polymers, and silicone polymers as represented by polyethylene,
polypropylene, polyvinyl acetate, polymethylacrylate, polyisobutylmethacrylate, poly
alginate, polyamide and polysilicone. The polymers and procedures for manufacturing them
have been described in the art (Coleman et al., Polymers 1990, 31, 1187-1231; Roerdink et
al., Drug Carrier Systems 1989, 9, 57-10; Leong et al., Adv. Drug Delivery Rev. 1987, 1,
199-233; Roff et al., Handbook of Common Polymers 1971, CRC Press; Chien et al., United
States Patent No. 3,992,518).

In other embodiments, the dosage form comprises a plurality of tiny pills. The tiny
time-release pills provide a number of individual doses for providing various time doses for
achieving a sustained-release drug delivery profile over an extended period of time up to 24
hours. The matrix comprises a hydrophilic polymer selected from the group consisting of a
polysaccharide, agar, agarose, natural gum, alkali alginate including sodium alginate,
carrageenan, fucoidan, furcellaran, laminaran, hypnea, gum arabic, gum ghatti, gum karaya,

gum tragacanth, locust bean gum, pectin, amylopectin, gelatin, and a hydrophilic colloid. The
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opi oids are useful in the treatnent of pain. For

exanpl e, a prodrug of a phenolic opioid such as
whyaroserphone coul d be used, inter alia, to tPEHUSINTI/069683

prevent pain including, but_get limted to include,

acute pain, chronic pai n, neuropathic pain, acute

traymati ¢ pain, art [A aln osteoarthritic._pain,
hydyop Bt ARaTiY CAmPHIS “fﬁ er 490y rpilds spch tiny m&.cnampnses a dose
popi@§dn Q%rﬁ'loigf Q'Sﬁ@ 1 9@3‘ ri gnf Blpd Q'G"}n% r@é@%‘%?%}calThe tiny pills

pai n, cancer paln, al'n, di abe
compriscaltedgasp edtﬂpomnﬂhngmakb ef 0©0heim ap ¢o €0 pan mickﬂassmoi peovide for the

L S SR R L Pt
seleét@& tddede Rt c'oﬁs@tg{ e gggr gﬂltﬁ&ear%uél?cérglﬁﬂﬁﬁ&t&m@@'gnyceryl

post - sur gi cal pal n c paln Thcl Udes S
dlpaimttatm g‘hf«teesyi laweateegly apgtdidascpetn anchghytﬁrylt trideygmien, Other wall

TG T LT T E—

m1c1%§81‘b@§ oRFing., PRcalgEd for B?dnﬂfa‘étﬁl%rtﬁfy A dre dTSRREA A Urquhart ef al.,
pai n, post-herpetic neural gic pain, chronic pelvic

UmtséustﬂteSeRmmé%q #d3td deﬂmuhm bndlc Unitet Statest Ratgnt pigi. A, 7206 13;

e, AL T RS RRCRA S P RIUA) Sl 8808 96 51

Nevills, Ualib@ SaraPatend Noa3 R BB BROALlth COhitad Stees Phfd Ko, 4,752,470.
vehicle, so as to provide a formfor pr oper

ad Afhst erbodiments, e dosge form exmprissh en prmptmdasagy foam. which
com}ﬁgggs%l S%ﬁll L%H.‘gg W%ﬁ cﬂ:lﬁ IS&lrll&ild% %%HCI' CU%E %Pll%gbmgl)ﬁj g&ﬁﬁnsmg

ctose, ‘sucrose, n, malt,
compolrids @iggkised Bardinu th sbeaithing subledt elﬁaaésn[miaaﬁﬁ@arfahﬁ comprising a
talc, sodium.chloride, dried skimmlk, glycerol,
homgeers EABPOYHigR: dnbibge{luwid, thropgla hs|SemiReeRbIq PRl intdfhs dosage form

in re%&ﬁ@ B thP BHIEREAIbh! r et Q%Q%St'hé E&Hl?&enﬁefabfé%a{l{ ellq}e thédpeutic

so contain mnor Janobunts o ng or yin
comperetndrsin ty dgskzdivihelel cigpaganttie. préssula aﬂmﬁf&remm,l that causes the

ther%%i(lﬁl Lar %&&tﬂatg Iblﬁﬁémﬁgs grggl Cxe nglgqaé(;sgge t%rm over a
prol&B¥RY}bd @f‘ﬁm@ﬁ% 1994 HBIMT thévHﬁ ‘?rgs&ﬁ/e é%@é"@p %130 hours) to provide

conveéentional m Xing, di sso ving, granulating,

contillgd end mr@lmg releasei d‘émea;en@,hvelrmﬂ&lfdrmsm:gn pgmmmsaemuaﬂy zZero
ot B ATRPPRELs YRR AR PR SBhotions.
In other embodlments the dosage form comprises another osmotic dosage form
comprising a wall surrounding a compartment, the wall comprising a semipermeable
polymeric composition permeable to the passage of fluid and substantially impermeable to the
passage of compounds disclosed herein present in the compartment, a drug-containing layer
composition in the compartment, a hydrogel push layer composition in the compartment
comprising an osmotic formulation for imbibing and absorbing fluid for expanding in size for
pushing the drug composition layer from the dosage form, and at least one passageway in the
wall for releasing the composition. The method delivers compounds disclosed herein by
imbibing fluid through the semipermeable wall at a fluid imbibing rate determined by the
permeability of the semipermeable wall and the osmotic pressure across the semipermeable
wall causing the push layer to expand, thereby delivering the compounds disclosed herein

from the dosage form through the exit passageway to a subject over a prolonged period of
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manner using one or nore physiologically acceptable
carriers, diluents, excipients or auxiliaries, which

wo 2074222 e processi ng of conpositions and conpOUOMR07/069683
di scl osed herein into prepargiions which can be used
pharmaceutically. Proper fornulation is dependent upon

. _the route of m nistration chosen. The present
tm BF?T_% %?Weeéﬁ%aﬁoﬁq hyslieeet dpyex cprapasiionmagyriogtprise 10 mg to
1006 ﬁﬂgll-ﬂf lafydrogelstleR s h ﬁféﬁ"lbef g@féc%éooﬁomtﬂ?@%rgflﬁ a%rli%gsilhg of a polyalkylene

_pellets, capsules, capsules containin
oxide ofid £08,008 trs8.6001800 weighaserigermalkatlaromsight which are selected from the

sro BBE e TP Ber e ofay A A0 s s leeHlgwyeight. 2
polyeylche ogide lof 2 08.0bH FRculaR @@gﬁiaﬁﬂgﬁ%ﬁaﬁt&m& 412,000,000

pharnageutlca1lg accept abl e is a capsul e (see
moleculpr we@ght.ssnedy adhyd eneatxidelini 1,600, B0anh elscudart weeightNe polyethylene oxide

155) .. Ot h I f I t.abl t]
or 730800 850 E R TR et O Ltk o
A OB SRR 10 00 O g o

10,008 4 6:HEQ 090 waightoiepassimalemdarfvonights saich desadium garbayyreshylcellulose

or IR B DSBS 1hEREREES SRR IR Phafeligoms o 35
mg, &y pregs mahufabiuRs 0. 1548 REPSU MRS @ hy@bkydikdcel [ulfse X aH00 € 4,500,00

.Orally adnm ni stered conpositions nay contain one or
weighiageragh eleanlanyeigh(e- 8-o by scampr adhyleglutasai ng agent s
S r c
hy AR RPICE IMRRS By ARl BORes Pt S D s NG
hydrokgrentyleetibiosd)rig pagent mamifdcture Slemygito §0age bt sn ob@agent selected
rovide a pharmaceutjcally pal atabl e preparation. .
from\ e wp FO‘E)ﬁﬁ%’rPgi H sodpme ehlgrideipofassigpyghleriie, potassium acid
hospRATR Ot OR%d hfhofl& It | -
P Og.éfl)bsor ptionin’t e gﬁ‘é’? er;HInﬁge ést ngs:uﬂ%{ F lgli?:at%’ @%ﬁggg@{)}%moﬂa& Hred,
inositelowicdisagelacase andsarbitola@ td Hmgei arcomrane xsuenakerrvanxided 0 mg to 30

R e T S N T T e
225,60@ &R -nuBitidt Hme'éal'am@igh ] §‘ei1e&&i fréth ﬂ%egroﬁﬁi&ﬁ\;\sﬁhiég f

carbonate, sucrose, sorbitol, maize starch

hydseayptopylietky ktedhdiese pbydroxspaephpegttlael ylogam
hydrh{;,;g}?%@%%@%cﬁ tl{)‘%ely ?@Qdﬁ{ﬁ‘%g@y&utgﬁ%%%e; 0.00 to 1.5 mg of an
antickiddp0 ¥3le@ENFbmahE BlRPRonAARE QT ascorbic acid, butylated hydroxyanisole,
butylated hydroxyquinone, butylhydroxyanisole, hydroxycoumarin, butylated
hydroxytoluene, cephalm, ethyl gallate, propyl gallate, octyl gallate, lauryl gallate,
propyl-hydroxybenzoate, trihydroxybutyrophenone, dimethylphenol, dibutylphenol,
vitamin E, lecithin and ethanolamine; and 0.0 mg to 7 mg of a lubricant selected from the
group consisting of calcium stearate, magnesium stearate, zinc stearate, magnesium oleate,
calcium palmitate, sodium suberate, potassium laurate, salts of fatty acids, salts of alicyclic
acids, salts of aromatic acids, stearic acid, oleic acid, palmitic acid, a mixture of a salt of a
fatty, alicyclic or aromatic acid and a fatty, alicyclic or aromatic acid.

In the osmotic dosage forms, the semipermeable wall comprises a composition that is
permeable to the passage of fluid and impermeable to the passage of compounds disclosed

herein. The wall is non-toxic and comprises a polymer selected from the group consisting of a
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pol yvi nyl pyrrolidone (PVP), granul ating agents,

bi ndi ng agents and di sintegrating agents such as the
w@e@m3a4d2rnked pol yvi nyl pyrrol i done, agar, or aP@i/nsam07/069683

acid or a salt thereof such fs. sodiumalginate etc. In

sonme enbodi ments, pharmaceutical conpositions are in

he faorm of. | ozenges, or [1i po wh di ssol uti.o .
cellulorg #@P@a%%lui%e BRETiter P oSk RN it sE aF G el s dacetate
and @lRlos€ Bcitte. ARG doYnrRELCHOR S GveRberHGPRAL00RR % of the

t hese enbodi nents, buffering agents may al so be used

cellulgsipwalliforming polymieman thawatlmameompfiser addélanaky 9.0dfwtt?heo 80 wt %

of o P RGBT 25 AL R FRRR S Bl e v
consibtifp BF Bedratypiepydasiicse of H%&r@ﬁﬂr@@lﬁﬁﬁ@élmlos@%ﬁeh ad

still other enbodi nents, the pharmaceutica
hydrexynserilmitiylcelulasedi Breapial wighupirtang abill earbpanentswhmpgsing the

' [ d | f th ' ' d ..
wall  SRAL R PrIhE BTGTE Sinmariend SobirpstsB S Thinipe
comp@itpauidR of irflalas®positemelith &1 &p&%@[eb?fﬁrdg'@f HpbsitidA. The

oral pucosa. In these enbodi nents, buffering agents
expaggablehxdsogsd compesitien irths camepagimenpincreases dh dinrenpign By imbibing the
: - . f it i
L e N L
the aimhpertthent, dhsieby €grditiy 0gmpERINdSIs patied fidhe theaideattsfoihaThe
i nvol ve oral, adm ni stration of conmpounds discl osed
therapepiig HY?}fangébP faipg%d%l@ layes @et togethey dusing the ppsantiqey of the dosage

formAof ﬁﬁ:rr@fé‘ésedﬁsc%r%@o{lﬂr%sr%scl%? %&e%ﬁvdﬁ%ge%yé A8 The dosage form
rel ease. I'n so enbodi nent s, e dosage formis
compusep kipssdgofayhie dltkswalhtiiat aamnelits thel enterionobthe dbfdea $oranwith the

. . release co i tions and/ or, conpqunds di scl osed, herejn
mtef&@éf)fﬂ&ﬂ“@f{?ﬁg@@&sw@iﬁlf Bawered detaes fom eandheBp ,tocsi?gveraimg from

the d@84deFmPlo Ab shiie& lat § 208 Wrder AR rOEHaPA ?eri@d’ &f ufto about 24
period of at |éast 8 hours and even nore preferably,

hoursver a period of at least 12 hours and nost

pr%gegabgs()qyer a‘ﬁeniod of . at. | east. 24 hours.d TQE ds suitabl

bedBE TRIGTHA PXERHRY 45 UeTPTSIGOBIR TS 1B ad methiods suitable
for tROARIred felkacOFPOK REMpinki| BEEANBERIN @A %he compartment of the

pharmaceutical |y acceptabl e vehicles, including
dosag?)fqrmn al he exit means comprises at least one passageway, including orifice, bore,
aperture, pore, porous element, hollow fiber, capillary tube, channel, porous overlay, or
porous element that provides for the osmotic controlled release of the compounds disclosed
herein. The passageway includes a material that erodes or is leached from the wall in a
fluid environment of use to produce at least one controlled-release dimensioned
passageway. Representative materials suitable for forming a passageway, or a multiplicity
of passageways comprise a leachable poly(glycolic) acid or poly(lactic) acid polymer in the
wall, a gelatinous filament, poly(vinyl alcohol), leach-able polysaccharides, salts, and
oxides. A pore passageway, or more than one pore passageway, can be formed by
leaching a leachable compound, such as sorbitol, from the wall. The passageway
possesses controlled-release dimensions, such as round, triangular, square and elliptical, for
the metered release of compositions and/or drugs from the dosage form. The dosage form

can be constructed with one or more passageways in spaced apart relationship on a single

surface or on more than one surface of the wall. The expression "fluid environment"
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| ubricants, antioxidants and buffers. The beads may be

nmedi cal preparations with a dianeter of about 1 to
w@bmati4@27277m | ndi vi dual beads may conpri se dosPGT/U820011@69683

conpounds di scl osed herein. _3Jhe beads, in sone

enbodi nents, are forned of non cross-linked materials

den?tg%%l{] Qqaur‘%ﬁgs § r@a@g%@ﬁﬁgr ge grrrn]\%tl Eﬁu% rsltg{:lgggltg%ﬁé zlgeps?rlointestinal
tract. elia@safg@ Tzspéﬂd' d@;ﬂlﬁ?ﬁény E@rfoﬁﬁ'ﬁ p@ks\ég§w§ystdr@ﬂﬂclb@édeiﬁ%eeuwes et al.,
profil e tinme-rel ease beads ma manuf act ur ed

Umﬁedtstﬁt%s Rasgat dlo. 3.845.7HesrRasewwdscanl. @terde%atneS/Batent No. 3,916,899;

ty.a The e [
sauffil el (B el PRsREVEAFEN A THRGR b & £ TRl Sumgpcpatent No.
4 O%m%ﬂd\mﬂeh et dIQUrRNsa SRt Patdht Nol ¥)811 6, 268:S Pakssagivayk €ndad by
W th exci p| ents such as hydroxypropyl nmet hyl cel | ul ose.

leachyng apgdiselasadip e\ st ebdadiniied Staseclatentdg- 098 andeA v et al.,

P 994, 112, 117-124; Pharnmaceuti cal
Uni ggéaﬁésgéat%’m E%gnt%71 14th ed, pp 1626-1628 (1970):

Fi e beier tdd&fm&dﬁosﬁ’ag freql@08y arthl/augh?abtht 83bvenRewe e the subject and
United States Patent No. 4,083,949) as has the
incregse §ybieqt GPRPHAnce alhe svsiaipeshislense el flesage ézﬁneﬁﬁ%g@gdlewf the specific

L T O R L e

the cmmpmlﬁds dlbdn@drheresmbrme p&adrit'eblodiABér a PEEHA1 dt least about 6 hours,

Ref Eng. .14: 201 ; Saudek et al 9,. JV. l.
morg p fefaﬁgza‘fes? riog ﬂfz @31?4# sz%g#w@i%%‘@m?é @blypavsw%rl@d of at
leastBHoRf | 2hSur &4 RASstUielrab %Verl\@[sjérﬁﬁl of’%?félaét%tﬁogﬂs of
Control | ed Rel ease," Lariger and Wse (eds.),

Pr &ssoral Bowd pRaiamhi,oanlmhlad,afo( ¢ondp)le, suGmmsions, Iebderamgsolutions

oavai |l abi | i ) Pr ct Desi.gn d, Per.f or
sui rlr%?aé-ﬂ gned(cgéefr¥§ e cggl ats i P atﬁk\ﬁpl%& El?(éf]fggglycol{&n%e[?ropylene
lyc8 lyalk8s gl I ly acidic buff
glyc g o ?'a Lgvy ge cd\@@' §“g$1¥et§§|glllee %?gel %& aflﬂaiﬁ%)lsg}%ﬁ}q 6 acélt ic buffers
betvgglen pItIQ‘Bgld whA.Ce. &e@mﬁte @Batssascorlbl@w betaeermpbout §88M tg about 50

M PR Hongf: {hing e R T ERRR BN e BRealTBle Sats
acyl@hitines ¥nd the tike pRlyaRIASed. ncl ude, for exanpl e, sodium

cal tl)é)u)% gfutgh ol’rgElLl‘llgrllsos?lﬁabllg ¥grru%)e( %vetrhon% Llcl:z(:)trlrsI allJrlldol?qeuld spray devices and
EHD aerosol devices will typically include compounds disclosed herein with a
pharmaceutically acceptable carrier such as, for example, a liquid (e.g., alcohol, water,
polyethylene glycol or a perfluorocarbon). Optionally, another material may be added to alter
the aerosol properties of the solution or suspension of compositions and/or compounds
disclosed herein. In some embodiments, this material is liquid such as an alcohol, glycol,
polyglycol or a fatty acid. Other methods of formulating liquid drug solutions or suspension
suitable for use in aerosol devices are known to those of skill in the art (Biesalski, United
States Patent No. 5,112,598; Biesalski, United States Patent No. 5,556,611).

For topical administration a compound disclosed herein may be formulated as

solutions, gels, ointments, creams, suspensions, efc. as are well-known in the art.

For buccal administration, the compounds disclosed herein may take the form of

tablets, lozenges, lollipops, efc. formulated in a conventional manner.
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hydr oxypr opyl nmet hyl cel | ul ose and hydr oxyet hyl cel | ul ose
(nost preferred, hydroxypropyl nethylcellul ose). Oher
w@edornkse et hers have been descri bed (Al der maPCT/US1007/069683
J. Pharm Tech. & Prod. Mr.34984, 5(3) 1-9). Factors
affecting drug rel ease are well known to the skilled

ar tdqsrqanpouralgsd dlgﬂgﬁc}] eegegnl glea§7% so%%?ll’nrl]lflatg rila Hctaigﬁgquma? compositions
suclﬁéﬁ%ﬁb&@t@h& or&BfeBlibif ef@Rs e o PESRA ALY &ﬁ%xﬁﬁﬁaﬁ%pﬁ&?t@ry bases

for oral sustained rel ease adm nistration. Coatin
Suchmt@rcoab@telrﬂcbthldeglycmdeexarrpl e, pol ymer s with a

ol IRFL (reRrgot g die fepieRa AP Mn R aahot vy < -

subddit: g/ iritRReus SmeainaSuldr; BirathbédI®r ﬁﬁﬁbéﬁ’ﬂoh@ﬂ injection, as well as
rel ease pol ymers that are de%r aded by enzynmes (i.e.

thosg dgsj hﬁa@dﬁwlxmmg@sah 0 pylveanary adminfserhon. | $ystemic
rore M08 3 1 S5 b SRRE b BBt

muceaiﬂxa@a mame off bligray elueas bin@dhde infiodaé VisEsity C Thedeacti®E8bents
for oral sustained rel ease adm ni stration. For

nelydes e, nog fmitgd ie sodiwachanel Blogkere.ampbiotics. d¥raceyldysieine,
herein may be coated with a thin
hom%g@@%?%ﬂ%ﬁ%(ggﬁ ‘ayer of a lipid (e.qg.,
gl Yoeinjtdniehpvaipuadddisclogidyjeediy nap defoindsited irigicoassolutions,
di s Ios d in Farah et al, United_States Patent No.

suchga 4 cgpRairiebutiers such 4 Hanks'sohtios. Rieert sogion.
/.
o Tt S8 JEL0 G S

surfaceare)a@einlt]ilqafodmbﬁae emmubsior Qas aetager-iatoildri aihin-watstiérhelsion). Suitable
ust ai ned ral ease Or adm ni strati on conprises

f
Surf?f%?aféf’?/ peAntsnglude- B @pitigh é‘é’ndf’%‘& PEERY SPEP #oussi n et
poly@h%eﬂéylbiﬁ@sbﬂﬁ’tm% @LEST \eé’énen t20'\5{) 6@ 80/ dp @])%nd biheY %rbﬁﬁrﬁﬁ@ g,

ments, waxes can be used for oral sustained
Span’ Zé)aéé @;I 80 oF 85 ). Edmpnsitiona ithessuface-attiadgentsnay edmprise

reI xes are.discl din i n a ni t ed
berigf B33 B Vit e e Senf oo b Andan® wuidearygagent. The
solu¥i@i m, %Bﬁ\thirpf Wil d §ildh Ys Yaspndish) LseIbilVAn@ind@dr. di

Uni t:g St at eg Pataff;bgstzl %ﬁ 4 SZSOM%J 3 1h o?rogena?end rdispersing

agenjp gAltemppiavely.(comperrds disclosed hansibmanas h pravdsr fomm for constitution

mt%l@t@tl'eldehﬁle 9%0 |§{‘=errllle Syré‘é‘é% H.(L,g(wg{e? Soe%ol}g L& of); and

Suitable emulsions may be prepared using commercially available fat emulsions. The
combination (or single components) may be either dissolved in a pre-mixed emulsion
composition or alternatively it may be dissolved in an oil (e.g., soybean oil, safflower oil,
cottonseed oil, sesame oil, corn oil or almond oil) and an emulsion formed upon mixing with
a phospholipid (e.g., egg phospholipids, soybean phospholipids or soybean lecithin) and
water. It will be appreciated that other ingredients may be added, for example glycerol or
glucose, to adjust the tonicity of the emulsion. Suitable emulsions will typically contain up to
20% oil, for example, between 5 and 20%. In some embodiments, EDTA is added as a
preservative.

In addition to the formulations described previously, compounds disclosed herein may
also be formulated as a depot preparation. Such long acting formulations may be

administered by implantation (for example, subcutaneously or intramuscularly) or by
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States Patent No. 4,421,736 (m xture of paraffin and

castor wax). In still other enbodi nents, osnotic
waledoraeny2 systens are used for oral sustai ned PE/ESRE7/069683

adm ni stration (Verma et al,3prugDev. Ind. Pharm

2000, 26: 695- 708) In sone enbodi nents, OROS(r)

Co t \i
e R P o S5 PR Cpiapaindh el e pore g formulated
with sth@Ble\We Syn@dricadr.h BJFU h6bic AlaAdrRs (ot 8AMPN as #n 814151570?1Qn an

Theeuwes et al, ed States Patent . 3,916,
accqpiableeiloirhen e)@hbm 19sins. o1 as spromehoioldde derivatises, @memple asa

I din proximty of the target of the
Spm%%ﬁ%%gl |§%§ and/ or conpounds di scl osed herein thus

r eCWhén igd @@{ryat&nﬂ/fowgfelveﬁ’t d?ffeaMQQh@U&ﬁ}%ﬂnﬁs dR618sddIRLein and/or
Goodson di cal (ﬁql cations of Controll ed
1!

phalpqg}c@étg‘@l corgmtgpns Wagreofmayphe admigistess! {longar)ip combination with other
R O

compbiigonsthibedf. THt @mpodadddisagediterdih R iadmsniSieRd@d apistied per

di scl osed herein coated on a pal ynmer substrate. The
se ope BirENaceaicacompodtiers. bThe Hrcific phaaasettisakeqsepasition depends on

the dd¥fe® %H@ 965#9&55&1%{18 JRYs lerl \812 th @1@*3 ikl ﬁﬁ)ﬁ&}t 0

provid ayer polyner sage orn1
ex mwmdeUM$emls a;hdismhahmn@uncai&bnipesmom thereofiin@y be

a .pol yner such .as a tide, .coll age el atin,
admaa?%ﬁﬁw SUPES S| mtri;&rlg%@qu%se@ieepon (58P la@é‘égl}travswﬁ infusion, oral

tabl&oblﬁpéelprs‘@l‘é a(ﬁxjﬁpﬂﬁﬁtﬁ)naﬁﬂlra §c1,9831gfegt1&9 |s¥l5@%"tanfe91|,lsdiﬁj$cﬁéﬁ Qransdermal

itself 'to provide a bilam nated dosage form
absqypfeqrafouml abdoa)timlnomitradaslal absdgsiageinhadrtions suiniegua}t irgracerebrally,

ontr IIe a S he conpounds over
intrs QR0 el iy Cp B e B BRI Y55 6t Sk g 2By gher
conRinfBIethod XBWNS tidsEBNEEN 11§ﬁfe%§tt qf sbh@ @in'bB&in%%U Bompounds
consi sting of biodegradable poly(am des), poly (anlno

dlscgng:(yhgremg@rlw @h@r@rag?utlogbuyﬁpqgmqng th,e@:epcd}lre @ﬁjivy(eglvycmstamed
h
relefiE e R0l SR Bl Sl ity g 409%’%?8 i 4BBjastration can be

syst&mmdﬁgdicﬂtdaVbﬂoﬁQleM(/éiiyhyﬁiéﬁ@Mfeﬂﬂﬁ))mn |, encapsulation in liposomes,
(di oxi nones) which are known in e art (Rosoff,

mw@aﬁ&ﬂﬁ@ﬂ TBifTaPEHese CASUIRE. @gtler(cﬁalptroliz:d;ﬁpalggsa ¢ foBgyy systems,
etc. )ﬁgtl &Gh b@tus%m t(fgg{/égfcgf@éﬁﬁ@ssmf 2B hel anty/ & prbiriiatbutical

chael's
compositions thereof.

Compounds disclosed herein and/or pharmaceutical compositions thereof may also be
administered directly to the lung by inhalation. For administration by inhalation, the
compounds disclosed herein and/or pharmaceutical compositions thereof may be conveniently
delivered to the lung by a number of different devices. For example, a Metered Dose Inhaler
(“MDTI”) which utilizes canisters that contain a suitable low boiling propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide
or other suitable gas may be used to deliver the compounds disclosed herein and/or
pharmaceutical compositions thereof.

Alternatively, a Dry Powder Inhaler (“DPI”) device may be used to administer
compounds disclosed herein and/or pharmaceutical compositions thereof (See, e.g., Raleigh et

al., Proc. Amer. Assoc. Cancer Research Annual Meeting, 1999, 40, 397). DPI devices
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Patent No. 3,962,414; Capozza, United States Patent
No. 4,066, 747; Schmtt, United States Patent No.

W@ 2®704@47; Choi et al, United States Patent NeCT/US2007/069683
4,079,038, Choi et al, UniteggStates Patent No.
4,093,709). 5 In other enbodi nents, the dosage form

rlses ounds di cl osed hereln I i nto e
typi Gk A MO b Bire Qe Fogroth @ SRR G s dgide 2
cont@m@? |VMHE{ maf fheBYbe 1}11&9&:& W B PBHBR %Spdi)rtllati%aﬁéi%% fheGhulBiple dose
mer matri x. The drugd dellvery pol'ymeri c dosage

DPIf(“ Dﬂinbs'ysm vehichoal bberstfonthe delivdry b0 moge then 260 therapeutic dose.

For PERTE G SebdForrdes o Briabn S oBe i ol PR o poiEt fay be
forn@gted BoritginiHg 2R RIH ik YLIHE co ?@sﬂ@n%ﬁf&’é@ﬁ@@ﬁnds disclosed herein
surface, when present, is coa

and pﬁwﬁqjﬁé‘twdeéévmwsuah eelsctnt er starch forthesespgemeabl e t o

Y S I P TN -

and/explﬁminacaﬁlcﬂrd@m;ﬁ)bﬂﬂl@nﬁﬂﬁﬁb‘éﬂQ;Qt hQidssaypevisesupplied)dbekample, by
pharmaceutically acceptable carrier like

AradigimylcamgTeaa Ty C A Linuid ey semsaise exeanigsimallonazle holes
to a&ggflﬁé i QIARANY gﬂﬁm‘éﬂa‘% b@%?{gmig{h%hg)e%gra% fr ?l\é t ed

tenper at'ure,
s i Dasdhe embddlmhtsgai achailietoddy vers uswdttd delivest esmpbmrrails lafiyor
ent , or exanpl e, octanoate, followed by casting

ph 1|1tH:a elqpépcgqté)&s ttgerq,q; Fglésg{qggd jagpme &\I‘ql?ug%ﬁrﬁ ghsale aerosolls from liquid
drug%éﬁﬁ@ﬁﬁblxseoj Y, forr A gYeS hﬁ@s&gﬁ ¢ Bhdr r%hﬁ i paftRiies that may be

about to p osage~T or
readitg pntedeteat, l\)(mfsqhoylﬁmeaé Bravishiadlaheat 199980t Shupptl @s dgeArmer ef al.,

formc ri r se ted fromthe
United SESR e - 3198 5?9' dieoimdrén Bofly ﬂiﬂl@d Sigten Raregis No.
5 95|9cmr%sder condansat 'I%lte%%tﬁ@i YAEENo. %39”7'@@7M?f ate
ynmers, and silicone polyners as repreSented by

pol
poIIly stilh 9ﬂhengnbcphmym1sm@ﬂlmm@hymﬂymrmy |(“Ei&@1’meeqsol device is used to

o T RET Y S BRI, SPRAINL AR BECRL AL R oy, v

aeropslaieeides a% &%ldﬁ&@h@f@ﬁfd&ﬁ%hk@ﬁﬁﬁlb Vg sﬁﬂiﬁﬂ)ng 85 Sush&Rbns (see
iin the art (Coleman et al, Polyners 1 31,

e.g..N@kes @131, Unifeq Siatds PatensNo. 476 58%Gattee, @ymde$ﬁstei dagnt No.

4 96% 88§7C319ee 500 &lal ﬂlbhéa‘gon NDr %0} @2} lbyg %o@?ee In%‘ S%*rglsazdonal
Pubhca‘uon No. WO 94/14543; Coffee, International Publication No. WO 95/26234; Coffee,
International Publication No. WO 95/26235; Coffee, International Publication No. WO
95/32807). Other methods of intra-pulmonary delivery of a compound disclosed herein
and/or pharmaceutical composition thereof are known to the skilled artisan and are within the
scope of the present disclosure.

Transdermal devices can also be used to deliver the compounds disclosed herein
and/or pharmaceutical compositions thereof. In some embodiments, the transdermal device is
a matrix type transdermal device (Miller ef al., International Publication No. WO
2004/041324). In other embodiments, the transdermal device is a multi-laminate transdermal
device (Miller, United States Patent Application Publication No. 2005/0037059).

The amount of compounds disclosed herein and/or pharmaceutical compositions

thereof that will be effective in the treatment or prevention of diseases in a patient will depend
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30

25 199-233; Roff et al, Handbook of Conmon Pol yners

1971, CRC Press; Chien et al, United States Patent No.
wW@2®924B18) . I n other enbodi nents, the dosage PCI/IS2007/069683

conprises a plurality of tinypills. The tiny

time-release pills provide a nunber of individual

o SR P 55 0 B A0 B
kno®X ieihdaet. MRkiagfbudf ofl doffpolRds BsAdsed BeRMARY or PHErmRehidal

conprises a hydrophilic polyner selected fromthe
Comgﬁmll@lsdbﬁs@fsadu}l{m' giststedawidlo by sawsh he dendengan, amgag otbher, factors, the

. I al kal,i i nat e .ncl udin odi .
subfEE S xR B, o P e S B PR, e maner of
admirigtiation and tHey pA@Rent 88 fRedrédetiBingPupisiaAl t1, gum karaya,

um tragacanth, | ocust bean gum pectin, anylopectin,

g )
gelmeqrinin enbodimeyidr epphidunds distlpssidcherei amd/or plimkgegtical

' Jurality of, 4 to 50 tin il)s .
comIBfot EEHORY a8 P SoBinitalig® inctagychl Y pB plot prapeuti
ageng ThOcafipountis GBclodehdi@n addAr PBarmhedutitll compdsit®ns fefeof and the

The tiny pills conprise a release rate-controlling
thergpeptic ggenbanoaet additiyely 61, moramraferblynsmsraigicalpy Ingenteor
' a4 J |
embp el B e e Bledeh ha o BRLERE Rl S Bions ot are
adminissercd hencyrentby eithshesadnnigisehtig yCaiofter therapean¢ agedt. For example,

I I I | di pal m I I
comg%lﬁ'n?igrg{sgl’orsm Oséis%g}@?ég%g%g%t%alﬁm@qs{&}gg ihee’reo n%/aglebreyadministered
togeftiet ARAQRLE I’&agiée Ay ' e [ -
Ogepol.yvi nyl grctgte%? Ee‘ft p tw;(lggqeda Hl#iﬂ%gpﬂc@tﬁlgﬁ %ggé’ pefipheral opioid
antagémisis |lantasiven domropiodparabgesico hrd thedike Pr incahbktreasbotioments, compounds

. manuf act uri tin ills are disclosed in U.quhart et
dlS"lgﬁ,ﬁlﬁﬁ?lPéa /& a%aé@%ﬁé’\%ﬂtcomoswpa%ﬁl?@ ?re@fiawﬂaﬁefedé}noaﬂr

subsbliliched adhhi8GatiR EthdNohershe(Bd afkfs. Theeuwes, United
States Patent No. 4,853,229; Barry, United States

Paieente guaboddnergsthe PteseMNanvdntion ptniidesc ashasufed eomposition

.3 9. 383, ht a, nited, States Patent e . .
comffaga yBpoY o5 e Tia otk i bU-ER o an A hFHontyin which X i
(R)-Nanghi1aelsreRohe0midnt dotnpdABQBEF draful} (IWYr 6Rak AYAEtS B6svate thereof,

sem _pernmeabl e wal | that surrounds a therapeutic

in whighpoisianhsrolicormeidsiush a8 exynembiened hediomoerhone oemerphine, and a
phaﬂﬁ%&d{}{cgﬁgi &Cgptaﬁgjcgﬁ}er the osnotic dosage form
a

conpri sing onogenous conposition, inbibes fluid
t hitotid] fbetapparsetto piesseekilic e indk lartithdt @n dnfyen sHifi @@nk, Mo to materials

and methods, may be practiced without departing from the scope of this disclosure.

Accordingly, the present embodiments are to be considered as illustrative and not restrictive,
and the invention is not to be limited to the details given herein, but may be modified within
the scope and equivalents of the allowed vclaims.

All publications and patents cited herein are incorporated by reference in their
entirety.

The following examples illustrate the invention.

In the examples, the following abbreviations are used:-
HOBt: 1-Hydroxybenzotriazole; PyBOP: Benzotriazole-1-yl-oxy-tris-pyrrolidino-
phosphonium hexafluorophosphate; DIEA: diisopropylethylamine; and BocGlyOSu:
N-(N-alpha-glycinyloxy)succinimide.
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in response to the concentration gradi ent across the
sem perneabl e wall. The therapeutic conposition in the
waelowage2fnr m devel ops osnotic pressure differePtT/E52007/069683
t hat causes the therapeutic_@?nposition to be
adm ni stered through an exit fromthe dosage form over
a pr.ol gnged period of tinme up to 24 hours (or even in
IH“@%%E“E ses up to 30 hours) to provide controlled and
sustai ned rel ease. These deliveryypdatforns can
provide an essentially zero orggel delivery profile as
opposed to the spi kegdcnof i of NMBREdi at e rel ease
formul ations. In other e di ments, the dosage form
conprises another osnptit dosage form conprising a
wal | surroundi ng a conparfigent, the wall conprising a
sem perneabl e pol yneric donposition perneable to the
passage of fluid and substiantially inperneable to the
passage of conpounds di schNgsed herein present in the

0 t t dr ug-cont ai ni | ayer c Sit] in .
Boc KFl Bl Rachem. 1% d clmmoluts dissphyed db Appathylicgmamide (5 mi
and ifAGPRIPAIOBTRON S GRS n%hDY 4R POSTRL0S J AT UhAbION for
i nbi bi ng and abs6rbing fldid for expanding In size for

Diispprenyladytamane (04 md.chp ownal) was addedrto fhreonixture, thosthgeesulting

.o nd ast one passageway Ln t I ,
i s Atk e € B PR HREY B DNt cmoc: 028
g, 1.¢orpesinHsditieti i aRsn (8 inil). Mhe iba¥i#Y Rds hdjuited bh@UAEN of DIEA
the sem perneable wall at a fluid inbibing rate
(0.4 ge (@A anmel. Bie midurp evagstined fary? heurs and themppuedringp @ ml of 5%
: . ' sure .acr9ss (t he.sem pe I
sandfi R4 BRI Gy PESRILISHER 85y B BhBPLARAR S
(5:1ddhe veganitdaydrevas argshed e ih thake| O@em&ewRh 10 hil @1 Miggueous sodium
dosage formthrough the exit passageway to a subject

carbgRale. Wates B brgerngdhendricsraviermagngsium sulfate The\selyeniy were

hS) . r : 1. conprise 10
‘En“ﬁgaﬁg6X3§g§#gmgﬁ%%ﬁﬁ9§?§gg§ﬁgg@ﬁa%ékgﬁﬁgﬁéér sel ect ed
fromthe group consisting of a pol yal kyl ene oxi de of
p 1,000, Q00 to 8,000,000 wei ght-average nol ecul ar wei ght

TeRMPAEM 4r e sel ected fromthe group consisting of a
pol yet hyl ene oxi de of 1,000,000 wei ght-average
nol ecul ar wei ght, a pol yet hyl ene \ggdcde of 2, 000, 000
mol ecul ar wei ght, a pol yet hyl gpg-loxi de of 4, 000, 000
nol ecul ar wei ght, aBpedyet hyténe YRR of 5,000, 000
nol ecul ar wei ght, a poly yl ene oxi de

0
&H
—NH
The product of Preparation 1 (0.65 g, 0.98 mmol) was dissolved in ethanol (10 ml).

Pearlman’s catalyst (0.32 g) was then added and the mixture was subjected to hydrogenation
(1 atm, 24 h). The resultant mixture was then filtered from the catalyst and the solvent was
removed by evaporation. The residue was further dried under high vacuum for 2 hours to

afford 0.525 g (99%) of the depicted product.

Preparation 3



10

15

of 7,000, 000 nol ecul ar wei ght and a pol ypropyl ene

oxi de of the 1,000,000 to 8, 000,000 wei ght-average
wordogaui2zz wei ght; or 10 ng to 1000 ng of an aP&EIB2007/069683

car boxynet hyl cel | ul ose of 104900 to 6, 000, 000 wei ght

aver age nol ecul ar wei ght, such as sodi um

carboxynethylceluyhose or potassi um

car boxynet hyl cel I'tA 0$€. \They hyd expansi on | ayer

conprises 0.0 ng to 350 gy, L i @% Nvanuf act ur e;

0.1 ng to 250 ng of a Hyd¥Pox¥al

| ose of 7,500
to 4,500, 00 wei ght-average nol ecdrar wei ght (e.g.,
hydr oxynet hyl cel | ul ose, hydroxyet hy¥cel | ul ose,

hydr oxypr opyl cel | ul ose, hydroxybutyl cel |l ul ose or
Hydrnydorphgmpe(@t 21 £@). Tamosd) wasnsuspersled in disiiofanedthane;(3 ljrgp-

.. tg 50 of .an os ent selected fromth rou
N“f%l%}?&.‘/@%ﬁ%ca&oné@éﬁﬁﬁu&@r e ip dichlespmAiPens Grbavas then added
dropRAsASwEE HPHeAGd 8f PRRSRBATRe rd RILAMitufRCh A theh bddiCat@Ciof'2 hours to

raf f nose, magnesi um sul fate, magnesi um chl ori de, urea,
affordpgpelotolutsmarfdbedenidted poductribiatseashisedin tho nexs skpng  of

a colorant, such as ferric oxide; 0 ng to 30 ng, in a

present manufacture, 0.1 ng to 30 ng of a
Preputdtion Mpr opyl al kyl cel | ul ose of 9,000 to 225, 000

aver age- nunber nol ecul ar wei ght, selected fromthe

group consi sting of hydroxypropyl et hyl cel | ul ose,

hydr oxypr opyB Bowl ose,

hydr oxypr opyl nmet hyl cel | ul ose, and

hydr opr opyl but yl ulose; 0.00 to 1.5 ng of an

anti oxi dant sel ected fromthe group consisting of

ascorbic acid, butyhated hydroxyani sol e, butyl ated

hydr oxyqui none, butylfydroxyani sol e, hydroxycoumari n,

but yl at ed hydro Q cephal et hyl gall ate,
propyl gallate, octyl gallatey | @% \N

propyl - hydr oxybenzoat BN XY -%;ﬂu knone,

di met hyl phenol , di butyl phendl, vitag W\l ecithin and
et hanolaniine; and 0.0 ng to 7 ng of aMuwbricant
selected fromthe group consisting of gal cium

stearate, magnesium stearate, zinc stearate, magnesi um

The grodueieof Frgpagatinn Hid) 2 £.4:38 masdl win adpe tathe prosyc el raparation 3
(stoc!kaslég.gfo?l;s ?é f ’ls (S§§ H;nrlcglﬁgﬁfe aICI 3ghe%iz{di&te%fbﬂdd&ch%iiegxy%amine (0.056

acl aric-acl d,
ml, @é ndnolpalhe teacti@cinikture wasxhetr Rirel far & Aburs.0Fheasolvent was then

evaporated under a vacuum, and the residue was dissolved in a diethyl ether-ethyl acetate
mixture (3:1, 10 ml) and washed four times with 5 ml of 1M aqueous sodium carbonate. The
organic layer was then washed three times with water (10 ml) and once with brine (10 ml),
then dried over magnesium sulfate. The solvent was then removed by evaporation to afford

the depicted product 0.28¢g (87.5%).
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fatty, alicyclic or aromatic acid and a fatty,
alicyclic or aromatic acid. In the osnotic dosage
wo eong402the sem permeabl e wal | conpri ses a conpOBUS$100TI069683
that is perneable to the passpge of fluid and
|nperneable to the passage of conpounds discl osed
The wall is non-toxic and conprises a polyner
Exagﬁﬁ%tted fromthe group consisting of acellul ose
acyl ate, cellul ose diacylate, cellulose triacylate,
Hyd¢6mbHpIsifR ﬁﬁ@-ﬁﬁ&ﬁy]—ﬁ-ﬁhlﬂé%ﬁlﬂhﬂggﬁi&rﬁﬁ‘lﬁa&e| l'ul ose
triacetate. The wall conprises (weil ght
percent) to 1M NW of the cellulosic wall-form ng
polymer; or, thelwall can conprise additionally 0.01
w %to 80 w %K pol yethylene glycol, or 1wt %to 25
w % of a cellulosé¢ ether selected fromthe group
consi sting of hydrexypropyl cellul ose or a
hydr oxypr opyl al kyl cQ | ul ose such as
hydr oxypr opyl et hyl| ol ose. The total weight percent
of all conponent 2R o f equal to 100
wt % The internal cbi

p03|t|on wi th an expandabl e hydrog sonposi tion. The

expandabl e hydrogel conposition in th-’conpartnent

i ncreases in dinmension by inbibing the fluid t hr ough
The proslugtcafiRyemranas ol (028 4. 0. Bausiohgvastissoivdd dge ] : 1t MJDEDKIP@Iﬁd

nd O space in. the. c rt.ment,. wher
dich BB H S Froafhuly iR R TR Eattion A Y heh SHd for
hourk "EHeaRBIht Wad YR terRE B} vEFRANCIRIMR: b IAQNunBGhd the residue was
together during the operation of the dosage ‘form for

trituabl widh etk eetbtr (40 mibunprscigitaic|foresd, At diswasfileredibffewashed with

aietf Bk 195 10 BRAE0 BRI E00R S0P PR YU gruce

produktt(0.2619. A pogionalf thosas proanét.(0 Ih ) Q&H@hhﬁecpwl&éﬁﬂ‘se phase
dosage form can be made to deliver drug fromth

preparéga@EIPLGr (ar¢tenitrHe geadigndlde afforduthe depics @emppmde(()dﬁl g, 29%).
Mas§ ShROEEcAURY 1 BRI syl 0 about 24 hours. The
expressi on passa eway" as used herein conprises neans
and nethods suitable for the netered rel ease of the
gds di scl osed herein fromthe conpartnent of the
Prqﬁﬂ? @% form The exit means conprises at |east one
passageway, inghwdi ngqorifice, bore,

HN
o)
BocHN\/U\N 0
0]
H N—
HN\/\NJJ\O
| o
0]

BocGlyOSu (0.037 g, 0.136 mmol) was added to a stirred solution of the product of Example
1 (0.12 g, 0.136 mmol) in dimethylformamide (3 ml). Triethylamine (0.048 ml, 0.272) mmol)
was then added to the reaction mixture and the resulting solution was stirred for 2 hours. The

solvent was then removed by evaporation under a high vacuum, and the residue was triturated

with diethyl ether (3 ml) to afford the depicted compound (0.125 g, 100%).
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aperture, pore, porous elenent, hollow fiber,

capil lary tube, channel, porous overlay, or porous
web@nas271 hat provides for the osnotic control PEHUS2007/069683

rel ease of the conpounds di sg{ osed herein. The

passageway includes a material that erodes or is

| eached fromthe wall in a fluid environnment of use to

produce at | east one controll ed-rel ease di nensi oned
Exaiipis2gevway. Representative materials suitable for

form ng a passageway, or a nmultiplicity of passageways
Hydromorplkened-(Neamedthil-N-(R Y y¢lytipglarginylamind))ethylcarbamate

poly(lactic) acid polyner in the wall, a gelatinous

filament, poly(vinyl alcohol), |each-able

pol ysacchari deg,NSaINHs, and oxi des. A pore passageway,

or nore than one\ﬁ%}e passageway, can be forned by

| eaching a | eachaiN e conpound, such as sorbitol, from

the wall. The passapygeway possesses controll ed-rel ease

di mensi ons, such as(round, triangular, square and

elliptical, for the tered rel ease of conpositions

and/ or drugsyfyonlt hg dogage form The dosage form can

be constructed Wi thNon¥ or npoe pasSsagewyays in spaced
apart relationship onHa siq LB s | m 1 nore than
one surface of the wall. Th% exXpressi o ui d

envi ronnent "denot es an aqueous or bPotqgi¢al fluid as

in a human patient, including the gastrblntestina

tract. Passageways and equi pnent for f®rm ng
The PRSBSOS WY Sar&[d? TaLdpp&ectbd folRKEHYRR nRithéd of B[R 1 to afford a

States Patent No. 3,845,770; Theeuwes et al, United )
crudgpradust, pRidnvaNgIii@ddyee 6o pesupearstivs HRLC toaffowtithe depicted

prodp TR 28R s et e il Ry BFefla Pl o

States Patent No. 4,816,263. Passageways fornmed by

| eaching are disclosed in Ayer et al, United States

;gﬁggt No. 4, 200,098 and Ayer et al, United States
Exa t No. 4,285,987. In order to decrease dosing

frequency and augnent the convenience to the subject
HydxpRor PR AN - PHN- GoViphoeiveginyinming)iothy e amate s

oral dosage form (regardless of the specific form of

the sustained rel ease dosage forn) preferably,

provi des thergpeut g concentrations of the conpounds

di scl osed her€infn the patient's bl ood over a period

of at |east aboyy 6 hours,

HN\/,\N)( N—

Prepared following the method of Preparation 5 and Example 2, but using acetic anhydride
instead of BocGlyOSu. Mass spec: Calculated 583.3. Observed 584.4.

Example 4

Hydromorphone 3-(N-methyl-N-(2-N’-t-butanoylarginylamino))ethylcarbamate
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nore preferably, over a period of at |east about 8
hours, even preferably, over a period of at |east
wa@bwati4@22 hours and nost preferably, over a pepCDUSINT/069683
at least 24 hours. For oral _44quid preparations such
as, for exanple, suspensions, elixirs and solutions,
sui tabl e carriq{F, exci pients or diluents include
water, saline, & enegl ycols {e.g., propyl ene
gl ycol ), polyal kygene glycols (e.g., polyethylene
glycol) oils, alcohols, slightly acidic buffers
bet ween pH 4 and pH (e.g., acetate, citrate,
ascorbate at betweenybout 5 nMMto about 50 mM), etc.
Additionally, f ﬁ' eservati ves,
col ori ng agent s¢ \bi e, N<gRes. and t he
i ke may be added. Li qui u gbns suitable
for use with nebulizers and |iquid devi ces and
EHD aerosol devices will typically i de conpounds
di scl osed herein with a pharmaceutic&l |y acceptabl e
carrier such as, for exanple, a liquid (e.g., alcohol,
wat er, pol yethyl ene glycol or a perfluorocarbon).

Prepaysdi foliewving thexmethied of Reeperatiah Srang Bxemattdd dut using t-butandyé chloride
. r | ~prapetties of ~th | ution..or s sion of
insi 38 o BRORICAR M She? SR S dae i BemBt REFE v " 1

some enbodi ments, this material is liquid such as an

al cohol, glycol, polyglycol or a fatty acid. O her
Exappl$ds of fornulating iquid drug sol utions or

suspensi on suitable for use in aerosol devices are

t b Il . [ ' | 1ed

Hy AP G AP gty 205 gt Oy b ROARRS ear A EC

Pat ent No. 5, 55 Nhi. For topical adm nistration a

conpound di scl osed!herein may be fornul ated as

solutions, gels, 8Nntnents, creans, suspensions, etc.

as are well-known in the art. For bucca

adm ni strati on, th8 spnpounds di scl osed herein may

take the formof tabl ts8 | ozenges, lollipops, etc.

formulated in Fonal @ganpeCo

di scl osed herke Tci/be)f\or m@ N—rectal or

vagi nal conposi adl s@posi tpAes or

retenti on enemas, e.g., containingckoquﬂr [

suppository bases such as cocoa butteB or ot her

gl yceri des.

Prepared following the method of Preparation 5 and Example 2, but using benzoyl chloride

instead of BocGlyOSu. Mass spec: Calculated 645.3. Observed 646.7.

Example 6

Hydromorphone 3-(N-methyl-N-(N’-piperonyl-2-arginylamino))ethylcarbamate



10

System c formul ations include those designed for
adm nistration by injection, e.g., subcutaneous,
WO pioravemnous, intramuscul ar, intrathecal or PCT/US2007/069683
intraperitoneal injection, agwell as those designed
for transdermal, transnucosal, oral or pul nonary
adm ni stration. §y§teq¥ﬁ formul ati ons may be nade in
conbi nation with & Fﬁ? er active agent that inproves
mucoci l i ary cl earangg of airway nucus or reduces
mucous Vi scosity. The§e active agents include but are
not limted to sodi um'channel bl ockers, antibiotics,
N-acetyl cysteine, h yst ei ne and phosphol i pids. For
i nj ection, ConppUhgs [t @sedyherein may be
usHsgNgLLpQQJ Buch ag-eN—
physi ol ogi cal by gonpati bl € bl f & s Suck
sol ution, Ringerbs sol ution, 'physi oPogi ca
buffer or in association with a surfacg-active agent
. . 0O
(or wetting agent or surfactant) or in the formof an
emul sion (as a water-in-oil or oil-in-water enulsion).
Prepgueidtfalbdwing thd method of Prepargion tSsand ixlaoghe, 2,ibut psing pipatoay] chloride

.. nQn-iLonj ents, such as I et hyl e r.bitans

it 0 BOBG e Pl e o2 o8 0 Dby S0 3804 e
sorbitans (e.g., Span(tnm) 20, 40, 60, 80 or 85).

Exafpippsi tions with a surface-active agent may conprise
bet ween 0.05 and 5% surface-active agent or between
0.1 and 2. 5% surface-active agent. The sol ution may

Hy dxemorphonec-NrimatbylyN{gdysinylaminoleshylgarhamnta g
stabilizing and/ or dispersing agents. Alternatively,
conmpounds di scl osed herein nmay be in powder formfor
constitution wiNH, a suitable vehicle, e.g., sterile
pyrogen-free wafer, before use. Suitable enul sions nay
be prepared using conmercially avail able fat
enmul sions. The cqnbi nation (or single conponents) may
be either dissolv in a pre-m xed enul sion
conposition or alt rngtively it may be dissolved in an
oil (e.g., soybeHnh OF", sabf| oweis0l cottonseed oil
sesane oil, corn oidn or_al giond [
formed upon m xing WYh : g%@sp f
phosphol i pi ds, soybean phosphol i @-ds
| ecithin) and

e.g. , egg
or/ soybean

Prepared following the method of Preparations 1 to 4 and Example 1, but using

BocLys(Boc)OH instead of BocArg(diBoc)OH. Mass spec: Calculated 513.3. Observed
514.2.

Example 8

Hydromorphone 3-(N-methyl-N-(2-lysinyl(methyl)amino))ethylcarbamate
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water. It will be appreciated that other ingredients
may be added, for exanple glycerol or glucose, to
w@eajoasso2rhe tonicity of the emul sion. Suitabl ePCT/US2007/069683
emul sions will typically coyain up to 20%ooil, for
exanpl e, between 5 and 20% In sonme enbodi nents, EDTA
i s added as a prggervative. In addition to the
formul ati ons desg¢rfbed previously, conmpounds disclosed
herein may al so by fornul ated as a depot preparation.
Such long acting fpprnmul ati ons may be adm ni stered by
i nplantation (for anpl e, subcutaneously or
i ntranuscul arly) orJbypntramuscul ar injection. Thus,
for exanple, confdun i Edspereiy may be
fornmul ated with suitdble~p * ydr ophobi ¢
materials (for exanple, as an e 3 in an
acceptable oil) or ion exchange resyns, or as
sparingly soluble derivatives, for eexanple, as a

PrepiRRhliite 262,88 S¢ REkampls imat itk HoUC e e g B instead
of Hm@H@HW(td}gﬁtB@.mﬁss&)&é:mlﬂa@d §9f 3 MBBsdifed 528.2.
adm ni stered alone or in combination with other

phar maceuti cal agents including conpounds di scl osed

‘Exaﬁ§kﬁin and/ or pharmaceutical conpositions thereof. The
C

npounds di scl osed herein may be adm ni stered or
appl i ed per se or as pharnmaceutical conpositions. The
Hyds@oaorphicheSA@N-t Byt N Q2| ar gid afethy it o)) ey icabbamhte
desired node of adm nistration, as is well known to
the skilled artgl NH Conpounds di scl osed herei n and/ or
phar maceut i cal csﬁgositions t hereof may be
adm ni stered to a subject by intravenous bol us
i njection, continugus intravenous infusion, ora
tabl et, oral capsul oral solution, intramuscul ar
i njection, subcutanepus _injection, transderna
absor ption, buccalNab Pptiqg, N.anasal absorption,
i nhal ati on, sublinguam\VLthhpemgzg
i ntravaginal ly, rectally, qopﬁtal Y, ¥ icularly to
the ears, nose, eyes, or skin or aylother convenient
met hod known to those of skill in the/art. In sone
enbodi nents, conpounds di scl osed her & n and/ or
Preppied folioeing itieeth ethodpOBicph@tisnd hey £04d Bxfnglell| marethgvi a

sust ai ned
CH;NHCH,CH,;N(CH3)CBz instead of HNCH,CH,N(CH3)CBz. Mass spec: Calculated

555.3. Observed 556.3.

Example 10

Hydromorphone 3-(N-methyl-N-(2-glutamylamino))ethylcarbamate
COOH

O
i N
HN —

' o)

H,N



rel ease dosage forns, including oral sustained rel ease

dosage forns. Adm nistration can be system c or |ocal.
wyanrour7del i very systens are known, (e.g., PCT/US2007/069683

encapsul ation in |iposones, _jggcroparticles,

m crocapsul es, capsules, "patient controlled

sia" drug.deli.yery syst t can, be
Presg iR S e BP0 98 Elinhating £ 18 o Fisdapin Tahii pine
BocGhﬁO%‘)@H in§@hd SPERQQ‘gEdlﬂ&g)dH‘ Ni£Rfs ec%ﬂ%ﬁ'@é!ﬁ 14.2. Observed
di scl osed herein and/ or pharmaceuti conposi tions
5158hereof may al so be adninistered dlrectly to the lung
by inhal ati on. For administration by inhalation, the
conpounds di scl osed herein and/or pharmaceutica
conpositions thereof may be conveniently delivered to
5 Exampde Iling by a nunber of different deV|ces For

R e R R i

propellant, e.g., dlchlorodifluoronethane,

trichl orof | uor onet hane, dichlorotetr?fluoroethane,
carbon di oxi de or other suitable ggs may be used to
del i ver the conpounds di scl osed hefsi n and/ or

phar maceutical conpositions t A&ternatlvely, a

Dry Powder Inhaler ("DPI") dé used to
admi ni ster conpoungs disscl osep=h IR ‘@d/or

phar maceuti cal conp i ons thereof (Sew, e.g.,
Ral ei gh et al., Prdc. . c. Cancer Research
Annual Nbeting, 1999, 97). DPI devicestypically

use a nechani smsygh as a burst of gas to create a
cloud of dry powder inside a container, which may then
al ed Iar variation is the

[ t he patien
1o Prepgiel Pty SatmesBrd BF Risppreiiphis] St BEATRHC 41 POwsEo!
BocAMO@Eﬁ)’()&%ﬁMst@efd W&Atr%(g Ht WSgpﬁédt C&lc{iiﬁfeﬁ 50095, Observed
exanpl €, capsul es and rtri ges of ‘gelatin for use
501L.5n inhaler or insufflator may be 5 fornul at ed
containing a powder m x of the conpositions and/ or
conmpounds di scl osed herein and a suitable powder base
Exaﬁywnzw | actose or starch for these systens. Another
pe of device that may be used to deliver the
15 Hydeempmhm 3o et N 12 tprosinylamioo) jethylcrabamate al
conpositions thereof is a liquid spray device
supplied, for exanple, by

HN ol

HO

20
Prepared following the method of Preparations 1 to 4 and Example 1, but using

BocTyr(OtBu)OH instead of BocArg(diBoc)OH. Mass spec: Calculated 548.26. Observed
549.3



5

10

15

Aradi gm Cor porati on, Hayward, CA. Liquid spray systens
use extrenely small nozzle holes 10 to aerosolize
WO p@aiieb2dr ug fornul ati ons that may then be di rECI/U§2007/069683

i nhal ed. In sone enbodi ment s4g a nebulizer device is
used to deliver conpounds and/or pharnaceutica
conpositions thereof disclosed herein. Nebulizers
create aerosols fromliquid drug fornul ati ons by
using, for exanple, ultrasonic energy to formfine
particles that may be readily inhaled (e.g.,

Reféveneechxarhpledt al, British J. Cancer, 1999, 80, Suppl
2, 96; Arner et al, 15 United States Patent No.
5, 954, 047; vaqiﬂﬁr %%nden et al, United States Patent
No. 5,950, 619; r Linden et al., United States
Pat ent No. 5, 970 74). In still other enbodi nents, an
electrohydrodynani ("EHD") aerosql device is used to
del i ver the conpounds di scl osgd { i Lor
phar maceuti cal conpogiti ntheresfF \EHgaer oso
devi ces use electrichl qnergy to aers }ze liquid
drug sol utions orH8uspgnstons (see 20)e~g., Noakes et
al., United States Patgnt No. 4,765, 539; Coffee,

St ates Patent.. No. 4, 962, 885; ff e .
PrenpRe 07 frat PN Db PERIPARURG: | () S ol | Bitpiine
CBzpipeaaing inseaalof PyRIOH e, Rciip cBYOMa 543;1caef 883.3. Observed

[ nternational Publication WD 95/ 26234; Coff ee,
54.5nternational Publication No. WD 95/26235: Coffee,

I nternational Publication No. WO 95/32807). O her

net hods of intra-pul nonary delivery of a conpound

di scl osed herein 25 and/or pharmaceutical conposition
Prepgdratient are known to the skilled artisan and are

within the scope of the present disclosure.

Transder mal devi ©g8._can also be used to_deliver the

conpounds di scl osed n nd gpiaceut i cal

conposi tions thereof: S C

transdermal device is a matrix t

(Mller et al., International * .

2004/ 041324). I n other enbodi ngnts, ot he transderna

device is a multi-lamnate transdermal device (Mller,

United States Patent Application Publication No.

Oxy2BhoRORY 058)0.5 mmol) was suspended in dichloromethane (3 ml). p-
Nitrophenylchlorocarbonate (0.105 g (0.52 mmol) in dichloromethane (5 ml) was then added

dropwise over a period of 5 minutes. The reaction mixture was then sonicated for 2 hours to

afford a stock solution of the depicted product that was used in the next step.

Preparation 7

BocHN NBoc

he

HN

BocHN
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The amount of conpounds di scl osed herein and/ or

phar maceuti cal conpositions thereof that will be
we@bdoeasi2ve in the treatnent or prevention of JdPGEHESHE7/069683

in a patient will dependon tkg.specific nature of the

condition and can be determ ned by standard clinica

t i Kk in the art. .Th t_ of
The GRENR AR p PR i et e O PEne Do) PRofidded to the
produbesEatpasitné stekadiuioh! 8 mPf0. S fiHAE. TREpHISRS @%’Hﬁjelﬁfbd by

anong other factors, the subject being treated, t
addipgtggihylamine(8. 14ubj, ¢ dtmmphe The venciioy moktutehwasthéh stirrédofor 4 hours.

of adm ni stration and e judgnent ..of . the .
The sl e byt s B Rarnd (R shi A stifon/edn  dithyl
etheg@flpDavRtse Mixgareqs ad 1D &IPAMY RiMhe FolRRARIBRARYS 1l BF 1M aqueous
conpositions thereof can be used in conbination

sodippeaghopatg; The arganic daster viae thenfveashedhdregjunesi witlageter (10mmd and

o TIPS S5 A BTy R TR o pepegmoved o

evapmeationi tv effyrdxthe depited preduer @bd . (o@pner gi stically. In
some enbodi ments, conpounds di scl osed herein and/ or
phar maceuti cal conpositions thereof are adm nistered
concurrently with the adm nistrati on of another
ExaFH%?h%eutic agent. For exanple, conpounds discl osed
herei n and/ or pharnmaceuti cal conpositions thereof may
Oxymorghpne3<Nanetyl-Dg@t anginylamin a)ethearbamateapeut i ¢
agent (e.g. including, but not imted to, periphera
opi oi d antagoni sts, | axatives, non-opioid anal gesics
and the |ike)HNg _adher enbodi ments, conpounds
di scl osed herein land/ or pharmaceuti cal conpositions
t hereof are adnif<stered prior or subsequent to
adm ni stration of ¢ther therapeutic agents. In one
enbodi ment, the predgent inventpon prQVvi desy-a
phar maceuti cal co It Non _confpri g gonpound of
Formula (1), or ﬁggal " hydraf e ast ~soMatleOHner eof , in
which X is (R)-N-neth@lnaltréxone anot:- pound of
Formula (I), or a salt, hydrate of solvate thereof, in
which X is a phenolic opioid, such as é&kynorphone,
The BYALOIBITRERRAIAT7 @OIRNIONR, mARH BasRRALVRE SN i GBhure of
_acceptable carrier. It wll be apparent to those
dichloremethane andttriBuenoacetin atidriamyl). e reactianinginByre Bas then stirred for 6

erd al . .
hourTPHR' doflefit was then removed by evaporation under a vacuum, and the residue was

triturated with ethyl ether (10 ml). A precipitate formed, and this was filtered off, washed with
diethyl ether (10 ml) four times and dried in a stream of dry nitrogen gas to afford a crude
product (0.46 g). A portion of the crude product (0.06 g) was purified by reverse phase
preparative HPLC (acetonitrile gradient) to afford the depicted compound (0.035 g, 90%).
Mass spec: Calculated 557.3. Observed 558.0

Preparation 8



10

15

and net hods, may be practiced w thout departing from
the scope of this disclosure. Accordingly, the present
wepdodsnzent s are to be considered as il ustratP@EUS2U07/069683
not restrictive, and the invgntion is not to be
limted to the details given herein, but may be
nodi fied within e sgope and equi val ents of the
al | oned cl ains. 7 publ i cati ons and patents cited
herein are incorpgnated by reference in their
entirety. The followng exanples illustrate the
invention. In the £X |l es, the foll ow ng
abbrevi ati ops e psed: : :
By 1 BB S Ssed - B
Benzotri azol e-1-yl - dky-gri s-pyrrolidi
hexaf | uor ophosphate; DI EA: dii sopropyl ety
Bocd yQOSu: o
cinyloxy)succinintde.PreParation 1
15’1

| pha- gl
BOC&X%B?(O\%ég & %éa mEBel) oas pddde mstigred solytion ofthpkeidy pireyict of

. I ; . : . : . :
Exaflpg38 (2, 022 R LR A O b S Te R N0 . 0.48)
mmdD) wsoihew pgdedtth yhearhcton(ixdurahnd the Fesubtirg) sohetmnadidestired for 2

t m xture, then the resulting solution was stirre .
hourp. e RN bR e ol o o BPORHGen Wb PP BRETD A pecisidue
was BitBted R Sieh itel i Ak

The basi clty aféi*hi‘ﬁﬁtﬁg?*e‘%‘eﬁgy 9l Wb e ?%%ﬁr%nﬁ)m d
(0.16422,3%%mol ). The ni xture was stirred for 2 hours and

then poured into 40 m of 5% aqueous citric acid. The

product was extracted with a 20 m of ethyl ether and
Exampltyl4 acetate (5:1). The organic |ayer was washed with

water, two times with 10 m of | M aqueous sodi um
Oxymarphene (Nwnethy-Nr@-W-glyciny kardiny kraming) Jethy lepybamate

nagnesiun1su|fg%$. Jae sol vents were renoved by

%‘ﬁ%r

—

evaporation to 0.65 g (98% of depicted
product. PreparatiNgn 2

O o)
H
HzN\/U\\NS\(N\/\NJ\O
H 0 |

The product of Preparation 8 was deprotected following the method of Example 13 to afford a

crude product, which was purified by reverse phase preparative HPLC to afford the depicted
product (0.055 g, 44 %). Mass spec: Calculated 614.3. Observed 615.4.

Example 15

Oxymorphone 3-(N-methyl-N-(2-N’-acetylarginylamino))ethylcarbamate



The product of Preparation 1 (0.65 g, 0.98 nmol) was
di ssolved in ethanol (10 m). Pearlmn's catal yst

W@ 20032402y2 was t hen added and the m xture was sPWj/E8100T069683
to hydrogenation ( 1 atm 2454). The resultant m xture
was then filtered fromthe catal yst and the sol vent
was renoved by vaﬂﬂratlon The residue was further
dri ed under high jﬁacuun1for 2 hours to afford 0.525 ¢
(99% of the depincted product. Preparation 3Hydr onof
hone (0.21 g (0.74}muvol ) was suspended in
di chl or onet hane (3 ) p- Nitrgphenyl chl orocarbonate
(0.16 g (0.79 1) I n dichlor rre M ) was then
added dropwi se oVex Briody
reaction mxture wds then sonlcated
afford a stock solution of the deplcte oduct that
was used in the next step. Preparationg The product
of Preparation 2 (0.21 g, 0.38 nnDI) was added to the

Prep@fe@@hdtpuﬁﬁecf’fcﬂmﬁﬁ’é 1he M ethdBdIGKpaRMidH & S Exdaniple 19; B8 using acetic
The pH was then adj ustedpby addi ng

anh}tdrldé@rrmadmf cGty Q86 Mss sm:czlcnm}a)ed SPRe. r(&s@wedréOO 4.
m xture was then stirred for 6 hours. The sol vent was
then evaporated under a vacuum and the residue was

5 Prqgh§ﬁgﬁyed in a diethyl ether-ethyl acetate m xture

10

15

:1, 10 mM) and washed four tines with 5 m of IM
aqueous sodi um_car bgnat e. The organic Iayer was then

washed three timg h wat er orice With
R D ‘

brine (10 m), t i ed [pver 0 ul fate. The
sol vent was then ? ewvapQraty o afford the
depi ct ed product 0.28g (87. 5@@ Ex3 G dr onor phone
3- (N-net hyl - N- (2- ar gi nyl am no) ) et hgi-ecq at e The

dissolved in a 1:1 m xture of dichlor ;-thane and
trifluoroacetic acid (6 m). TH8 reaction m xture was

The bﬂﬁlﬁctsdﬂ Pré@flationr9 Gadh@mbifesizdd olRNiN dgﬂfe M@Bod HEFrepLEBHET

{ evaporation under a vacuum and the residue was
substipjting mmarplingiferpxgmieyphoae Heafforda soyk sluiirneefi the depieted product that

“msﬁ&hﬁﬁ%nqﬁﬂ%ohﬁb$ was filtered off, washed with

Preparation 10

BocHN

YNBOC

HN

BocHN

The product of Preparation 10 was synthesized following the method of Preparation 12 to
afford the depicted product 0.85 g (92%).

Example 16

MMorphine 3-(N-methyl-N-(2-arginylamino))ethylcarbamate
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15

diethyl ether (10 ml) four tinmes and dried in a stream
of dry nitrogen gas to afford a crude product (0.26
W@007M@0rti on of the crude product (0.14 g) WaST/US2007/069683
purified by reverse phase prgparative HPLC
(acetonitrile gradient) to afford the depicted
conpound (0.031 g, 29% . Mass spec: Calcul ated 541. 3.
bserved 542.4 Preparation 5 H2ZN NH Bocd yOSu (0. 037
g, 0.136 nm|y) was added to a stirred solution of the
product of Exangle 1 (0.12 g, 0.136 mmol) in
di net hyl formamy,de (3 m ). Triethylamne (0.048 m ,
0.272) nmmol) was\then added to the reaction m xture
and the resulting_solution was stirred for 2 hours.
per a |.-WGhder a

hi gh vacuum and the r §%?MS st
fo

di ethyl ether (3*m)7Jto €pirgted conpound
(0.125 g 100% Exanbl e 2 HyHr omor phe ..
3-(N-met hyl - N- (2-N -gl yci nyl ar gi nyl am noy)-et hyl car banma
te HZN NH The product of Preparation 5 was deprotected
e . 0
The Efgdg&vqf@(&kfﬁ?%fge&géj sg'na{efsfpzxc‘? Eﬁiowué%{Gh% nggtfl%d’ gf @(a%{plfg %3 t0

affoqdr padapiodect PRE o) A pbftion &f tﬂé&rd@%r@ﬂlﬁd (RO® @)Jﬁihs f)&;ﬁb’tﬁay

6% . Mdss spec. Cal cul ated 598.3. Chserved 599.
reveg ) ed)rg)amaf,ea-ﬁﬂr% fAsgtonitrile gradlent) to afford the depicted compound

(0.085 & M=Bt MASF |§1%W| Egﬁcu%ge%tﬂlﬁ%gmg%@vgggg@g) et hyl car banat e

Pr8par ed reparation 5 and

Exanpl e 2 but using acetic anhydride instead of

ocC]X . Mass spec: Cal cul ated 583.3. Observed
Prepagatior anpl e 4 Hydr onor phone

3- (N—nethyl -k (2_N -t - but anoyl ar gi nyl am no) ) et hyl car ba

mat eH2N NH Prepgred fol |l owi ng the net hod of

Preparation 5 and Exanple 2, but using t-butanoyl

chl ori de
B°°HN\/Uj)\”/ \/\ /“\ O

The product of Preparation 11 was synthesized following the method of Preparation 13 to
afford the depicted compound (0.18 g, 84%).

Example 17
Morphine 3-(N-methyl-N-(2-N’-glycinylarginylamino))ethylcarbamate

HoN NH




i nstead of Bocd yOSu. Mass spec: Cal cul ated 625. 4.
(bserved 626.8. Exanpl e 5 Hydronorphone
w2 merhyl - N- (2- N - benzoyl ar gi nyl am no) ) et hyPCHURRNH069683
e Prepared follow ng the nmet4qwd of Preparation 5 and
Exan'pl e 2, but using benzoyl chloride instead of
Cal cu

The gr U y%%'\éﬁ]é)né Ress rd(?ﬁ{‘ﬂt %;ﬂ%)ﬁowmg the me%)od of\fg(ample 13 to afford
a crudfe (pN)dﬁ@f RoHicHNvA mﬁleﬂ%y%é’érs@p[}ﬁt%g p&ph@ﬂvmﬁ@t 0 \keRAT ﬁa@ depicted

mat ePrepared foll owi ng the nethod of Preparation 5 and
prodggt{fH3e g240%MtM@s§|5pg: @abwmdﬁ%chl @bse@eﬁd pe2.ead of
Bocd yOSu. Mass spec: Cal cul ated 689. 3. Cbserved
690. 4. Exanple 7 5 Hydronorphone
5 Examp{d\tgret hyl - N- (2-1ysi nyl am no) ) et hyl car bamat e Prepared
foIIovvi ng the nethod of Preparations 1 to 4 and

M ‘et NN BOdhdpihEMILd))dt Eﬁqulnﬁf
° cArg di Beoc ()—Il( Mass gﬂe%:(‘fi %a cmtgg 513. 3. Observed

10 514. 2N EX le 8 Hydr onor phone
3-( N- net hyl (2-1ysinyl (nmet hyl)am no)) et hyl car bamat eP
repared fol|ow ng the method of Exanple 7, but using
CH3NHCH 2CHZ2N(CH 3) CBZ i nst ead O HZNCH2CH2N( CH3) CBz.

Mass spec: Caljcul ated 527.3. Observed 528.2. 5 Exanple
9 Fydronnrpho

3- (N-net hyl§
Prepare%
and Example

i nstead O H2
555. 3. (bserved 55%. 3. Exa :
3- (N-met hyl - N- (2- gl ut anyl am no) ) et hyl car ba pt-ePr epar ed
follow ng the method of Preparations 1 to 4
Exanpl e 1, but using

Prepared and purified following the method of Preparation 8 and Example 14, but using acetic

anhydride instead of BocGlyOSu. Mass spec: Calculated 583.7. Observed 584.5.

10 Preparation 12

Naltrexone free base was prepared according to protocol similar to that described in US
4176186.

(R)-N-methylnaltrexone was synthesized according to a protocol similar to that described in
W02006127899.

15

HCI

Naltrexone (0.34 g (1.0 mmol) was dissolved in dichloromethane (10 ml). p-
Nitrophenylchlorocarbonate (0.212 g (1.1 mmol) in dichloromethane (5 ml) was then added
dropwise over a period of 5 minutes. The reaction mixture was then sonicated for 2 hours to

20 afford a stock solution of the depicted product that was used in the next step.
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Bocd u(OBul ) OH i nstead of BocArg(di Boc) OH Mass spec:
Cal cul ated 514. 2. (Qbserved 515.3. Exanple 11
woRaromrphone PCT/US2007/069683
3- (N-net hyl - N- (2- aspart anyl ag¥ no) ) et hyl car banat e
Prepared follow ng the nethod of Preparations 1 to 4
and Exanple 1, but using BocAsp(Q Bu)OSu i nstead of
BocAr g(di Boc) OH. Mass spec: Cal cul ated 500. 23.
Prep@vstovdd 501. 5. Exanpl e 12 Hydr onor phone
3-(N-nmet hyl - N- (2-tyrosi nyl am no)) et hyl car bamat e
Prepared follow ng the nmethod of Preparafiions 1 to 4
and Exanple 1, but using BocTyr(Q Bu) OH Trst ead of

BocAr g(di Boc) Qk\_Mass spec: Cal cuI at ed 548! 26.
Qobserved 549.‘\ir.§nceHExan'pl NPT epar ed
fol I owi ng t he Svethot~giNRrepgrat] b_énand

Exanpl e 1, but using zpi pefi dine ig)st
Of H2NCH2CH2N( CH3) CBz. "Mass spec: Calcuhate . 3.
bserved 554.5. Preparation 6 ()(yrmrphe (0.15 g, 0.5

mmol ) was suspended i n dichl oronet hane (3 m) p-
The podnesysif é’mtynawﬂoorlédsmbio srutgor(, 05 ml51 Q nfi9oB 2vasradiiad forthe solution of

0263 631 08 570 Ot s Tt i Rl B aE ol o mi of

dimcsRNforRbRet e onhe%mwug theh Qdfbiaby aadﬁg @ﬁ&hﬂ@in&ﬁe’ ©186h1, 2.0 mmol).
the depicted product that” was Used I'n the next step.

The magtierr mixtens WeFileenpstisesd dor Hhouwps. eBa:rsatweohwas then evamm:cyunder a

S 0. 265 s
Vacugglo {?&% r?su}q_.preevr&s%srdé?sog/ﬁd dn ?EI?JO%CI?}A? 2@ 12 ﬁma Fhle% f8u1;5t1mes with 10
m] offel e)queaﬁs%oﬂfdnv\éﬁbéﬂa&ﬂ T8 otshRAdalt was then washed three times with

water (10 ml) and once with brine (10 ml), then dried over magnesium sulfate. The solvent

was then removed by evaporation to afford the depicted product 0.425 g (74%). Mass spec:
Calculated 575.26 Observed 576.4.

Preparation 14

The product of Preparation 13 (0.425 g, 0.74 mmol) was dissolved in 5 ml of dry acetone.
Methyl iodide (1.42 g, 10 mmol) was added and the mixture was heated in a capped tube at
85°C for 3 days. The solvent was then removed by evaporation. The residue was then
dissolved in 10 ml of methanol and loaded onto a column with 4 g of anion-exchange resin,
chloride form (DOWEX 1x2-200). The chloride salt was eluted from the column using 50 ml
of methanol. The solution was then evaporated to 10 ml volume and mixed with 2 g of silica
gel. The remaining solvent was then evaporated and the residual dry powder was loaded onto
a silica gel column. Remaining starting compound was then eluted with dichloromethane/1M

solution of ammonia in methanol (95:5). The product was then eluted with



adding triethylamne (0.14 ml, 1.0 mmol ). The reaction
m xture was then stirred for 4 hours. The sol vent was
w0 b@n/1e2apor at ed under a vacuum and the resi dRET/VER07/069683
di ssolved in a diethyl ethersgethyl acetate m xture
(3:1, 10 m) and washed four tines with 5 nl of IM

aieh (AN A O ST Rl drecBaT TG SR SR es

compéinde®. [260z (B7%%). t hen dried over magnesium sul fate. The
sol vent was then renoved by evaporation to afford the
depi cted product 0.39 g (90% . Exanple 13 Oxynorphone
Exaqu\l%et hyl - N- (2- ar gi nyl anmo) ) et hyl car banat e The
product of Preparation 7 (0.39 g, 0.46 mmol) was
dissolved in a 1:1 mxture of di or gyret hane and
trifluoroacetic acid (6 m). The reaction m xture was
then stirred for 6 hour% The_sol vegt was then renoved
c
S

by evaporation er a u st he resi due was
triturated vvithﬁgf\h)gfl\ g /HL‘[I\ O precipitate
formed, and this was filteredooff, Washed with diethyl
ether (10 m) four tines and driegd-4dn a %Heam of dry
nitrogen gas to afford a crude ppoduct (046 g). A

ortion_of the crude product (0.06 g) was purjified b

5 The progust<d Prepacadioprldpdh i & 8- Hemely weedissavediip éri%li%a%ﬂyycid €
) 4008 Lt B UM Q8 ) st
0-5"@BFbeinBene yEGhe SirkEbog? houR4Thermilyeniass addedkdtio vacuum. 10 ml
ors LG8 3eh o 5 B Btk e PR P i
for 16MogEishKkRFENIBofatiol 86 wiler uldéd)va0umh) th@@ﬁldlE haRuROREdmied by

the reaction mxture and the resulting solution was
10 reverse phase @réparative Iy (acTlovitsls| aradienthvsaffdre ther depivvesticdpypound

0B ERH: MR G B R S, TPl 4P es by 3 ) to
afford the depicted conmpound (0.164 g, 799%.

Preparation 15

NHBoc

BocHN

\/\N/U\O
0 | /\©
15

The product of Preparation 15 was prepared following the method of Preparation 1, but using

BocLys(Boc)OH to afford depicted product with 74% yield.

20 Preparation 16



Exanpl e 14 Oxynor phone

3-(N-net hyl -N-(2-N -gl yci nyl argi nyl ammp) ) et hyl car bamat
we@20bhe4@2roduct of Preparation 8 was depr ot ect ePICT/US2007/069683

followi ng the nethod of Exanpje 13 to afford a crude

product, which was purified by reverse phase

preparative HP%E to afford the depicted product (0.055

8%0 Cal cul ated 614. 3. Observed 615. 4.

r phone
-N -acetyl argi nyl am no) ) et hyl car bamat e
urified follow ng the nethod of
Preparation 8 andl Exgnple 14, but using acetic
anhydride i fSF¥%d §f BocONMiOSu. Mass spec: Cal cul at ed
599. 3. (bserved 600. 4. Préparation 9 The product of
Preparation 9 was synthesized follow ng the nethod of

Pr ratjon 7 stitutin r phi pe far r phon .
The bl G diopcld b itash e e medhefPtlPRRion 2 using the
produbasf PagsaratioRd 5 16 aPfoRPApitePProdfet WAEIEPRL Jidi@n 10 The
product of Preparation 10 was synt hesi zéd fol |l ow ng
the nethod of Preparation 12 to afford the depicted
Preparatior70. 85 g (92% . Exanpl e 16 MVbr phi ne
3-(N—nethy|-N—(2-a&%%nylanino))ethylcarbanateThe
product of Exanpl Cwas synt hesized follow ng the
nmet hod of Exanpl e to afford a crude oduct (0.93
g). A portion of the crude product (0.08 was
purified by reverse ase prepapat i
(acetonitrile gradie ﬂo ffgﬂg :
cormpound (0. 043 ByeHN5o41" MassSNSpaz” ~€aly
Observed 542.6 Prepara® on 11! The pr d2lu
Preparation 11 was synthesized fol | ow ng
Preparation 13 to O

3-(N-net hyl - N-(
H2 Prepared and

e net hod of

10 The product of Preparation 17 was prepared following the method of Preparation 12, but
using the product of Preparation 16 a to afford the depicted product with 66% yield.

Preparation 18

NHBoc

BocHN

15

Prepared following the method of Preparation 14. Yield 16%.



afford the depicted conmpound (0.18 g, 84% . Exanple 17
Mor phi ne
w@2@Ramerhyl - N- (2- N - gl yci nyl ar gi nyl ammo) ) et hyPCHURZOTH069683
eThe product of Preparation.4g-was -deprotected
followi ng the nethod of Exanple 13 to afford a crude
Exalinidygt . which was purified by reverse phase
plpepar ative HPLC to afford the depicted product (0.036
g, 40% . Mass spec: Cal cul ated 598.7. Observed 599. 6.
NH,Exanpl e 18 Mor phi ne
3-(N-net hyl - N-(2-N -acetyl argi nyl am no)) et hyl car bamat e
Prepared and purifi ol | owi ng the nethod of
reparation 8 and Exanp £ €4, but using acetic
g yOSu. Mass spec: Cal cul at ed
feparation 12 Naltrexone free
\di ng to protocol simlar to
~ 6186. (R)-Nnethyl nal trexone
was synt hesi zed according to a protocol simlar to
t hat described in W 2006412¢899. Nal trexone (0.34 g
5 Prep@tﬂedQOmink tﬂ@ﬁxeﬁlﬂoa%@ Ey&dpien 8119 Bhidk %{W&u@@&&s ]lglgrﬁiemb)y Bverse
Ni t r ophenyl chl or ocar bonal & (
phasdipe¢pamtiyadiRgh c¢®niwtile gnahertth&mfﬁ:ddidﬁb dbpaped ©mmoved (33%).

erio ction m xture was then
Masgs%qccg?lgala%gSSQ%hmsgrvteg 55? ord a stock solution of
the depicted product that was used in the next
St ep Prepar at i Brotdcblsioe Waﬁﬂ#ﬁig st Cofippualls on 12
tock solution, 15 m, 1.0 mvol) was added to the
10 1a. sofKﬁchPoTe% 265 g (1. 05 mol ) of benzyl
2- (et hyl am no) et hyl car bamat e hydrochloride in 10 m
of di nethyl formam de. The pH was then adjusted by
The aeblilitgof a {eet doyl pauhd én 1hO p2eide, of Zhreadiby Jvaildble hoagbblduhemicals,
then stirred for 2 hours, The sol vent was
acet st ey

and spdivm dicagbopate (haking pria) may be semgastipied in the

foudii,\l,lﬁg@lldéﬁeﬂﬂrﬁ{ hyl acetate (20 ml) and washed four
times with

15
0.5 mg of a test compound is dissolved in 1 ml of each of the following solutions
corresponding with possible household chemicals: 30% aqueous acetic acid; 50% aqueous
ethanol and saturated aqueous solution of sodium bicarbonate (baking soda). Each solution is
kept at room temperature for 20-24 hours and then heated at 85°C for 20-24 hours.

20 Hydromorphone release and general stability are monitored by analytical HPLC. A compound
is considered as having passed this test if after 20 hours the hydromorphone concentration

does not exceed 10% of the starting material or other product of degradation.

The compounds exemplified herein have passed this test.

25

1b. Demonstration of the controlled release of parent drug from “activated” prodrugs.

IN VITRO DEMONSTRATION
The controlled release of parent drug (e.g. hydromorphone) from the prodrug was

30 demonstrated by the synthesis, and in vitro testing of several compounds depicted in Table 1.
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20

25

m of | M aqueous sodi um carbonate. The organic |ayer

was then washed three tines with water (10 m) and
woee/1¥i2th brine (10 m ), then dried over nagnESI/UN007/069683

sul fate. The solvent was thewy.renoved by evaporation

to afford the depicted product 0.425 (7496 Mass

: | ted 57 76 t
CompRfs A Bt SrBAR: F s vasY (iyodhe: &het?% RS oy el iavable
act1vdt1ﬁ§ o‘ﬁﬁ tha$ Becd drhitted tolmabRG EE@H@ eva¥Ritionl of tQikiderids atteddng the

mmol ) was added and the m xture was heated in a

inragiagyselr eviiation-g3Ges opced Ay oreviislysdisosind. tedniroplecular

vl RTRRY 102 D, B0t 5ol PERS R TRLS o
releaSé ofhic pare@xdgnge resin, chloride form ( DONEX

1x2-200). The chloride salt was eluted fromthe col um
using 50 m of nethanol. The soI ution was then

Thesg?f?\?%s%%glgﬁ({ii‘cg %&gsergonyp%hﬁgfw Eﬁ{llxl%g H‘%cﬁﬂo&s &)h?tgons at glcreasing

remalni ng S en evapor at

pH. Ehellibdrationesti ydedmatpioreaiiap tﬁmu!r@aﬂeﬁbse maxauansswhs @afirmed by
Ig[% col um, Remaining starting conpound was t hen
LC-MB analysigi t¢rmpeundd? smptingrafngessle pohmelecylethaibsars

nuclgﬁiﬁmngﬂﬁk?% 2t ye-rgztflf F\’ﬁ' 9{&8%&(’)&?&@% Iagﬂncﬁelrgc;ﬁ?the intr: ole?ular

w'th romet ha ut'i anmon Hano
cyclig#@ttorB)easoreattior dhetth ¢hedepiainad o mppmikithnd irh Rdsed bﬁ/ WAyclic

e CHAS A%l RSkt o Freser st tov 4E (020 00 o
the lbn%zﬁloéﬂétléc@t%nQEn Hﬁfo%gn frftd E{ 3:@}%%61 &rlS’drPcm tRE O4TBARAR Shoiety). A

mmol ) Was ad C. The mxture was
fllrthen@rangﬂe of‘@d Sfrocrtulzl features. reqinecdsfot thenntramslecwdarnyehization-release
ueous. hydr

hi !
react R Aid o inenl B RS Ring S dR e K e e e form (i

the 188 PUGelechohebn 63N aiyla@éa #ifro %ai z&ém%@&ﬁav@ﬂéltﬂ@ @HAucleophilic
the crude product was purified reverse phase

attacloaplg earbamateipilids (ra@restmu to mpteeth@}rth@l mram)olqculaaﬁﬁdwdu@meelease

reactgogﬁc 8{1 g? élgppﬁgsggcg% lg)wgggxlg%fcggzé?oal oWﬁe nuc'?eophlhc nitrogen atom via

protonation.
These data confirm the functional roles of the spacer and the “activated” nucleophilic

nitrogen in the intramolecular cyclization-release of the parent drug molecule.

Table 1. The liberation of hydromorphone from prodrug in aqueous solutions.



Preparation 15 The product of Preparation 15 was

prepared foll ow ng the nethod of Preparation 1, but
waigtong4BorLys(Boc) OH to af ford depi cted producPCTs1v07/069683
74% vyi el d. Preparation 16Thegproduct of Preparation 16

was prepared follow ng t

e Ag t ho nrnrhmf of

product wi t h 95% vyi el d.

Preparstriéturd 7 was prep
Preparation 12, but usi
16 a to afford the depi

Preparation 18 Prepared

he met hod of Preparation 2
tiaon 15 to afford deplcte

q

Ry, ppstiltibA of hydrbiforphétitled haf

g guhes product of Prepar at4i@n
ith 66%vield

cpd.

foll owi ng the nmethod of

Preparation 14. Yield 1% Exanpl e 20 Prepared

foll owing the nmethod of
was purifTed

(asg
co

dirent)
ound (83%YMass sp¢
&yotOCa for
Hle tche Te$t The st abi
presence of the readily

Exanpl e 1. The crude product
phase preparative HPLC

to afoford the dgpicted 100
bc: Cal cul ated 584. 3. Cbserved

Evgl uati ng Test Conpounds | a.

lity of a test conpound in th
avai | abl e househol d cheni cal s

acetic acid (vinegar) apd sodi um bi carbonat e (baking

soda) nmayo be denonstr at g

est. 0.5{ng
lgﬁch o?N?#é>f ‘ah
70 siaf% housefiokhd

S0% aq
sodiim bi d&bonat e ( baki
kept© at room tenper at ur ¢
heated at 850C for 20- 24

and general stability a

o]

ijcal S:

ed in the follow ng "Kitchen”

Dl ut | ons correspondi ng MAth
30% aquedus acetic®acid
sat urat ed aqueous sol ution of
ng soda). Each solution is

e for 20-24 hours and then

I hours. Hydronorphone rel ease
e noni tored by anal yti cal

20 100

100

fonpound i s dissolved in 1nl of

D

IN VIVO DEMONSTRATION

In order to investigate the formation of parent drug form prodrug in vivo, compounds
depicted in Table 2 were synthesized and administered intravenously to rats. Subsequent to
dosing, plasma levels of hydromorphone were measured as described in the experimental
section. Compounds A, and B are examples of “activated” prodrugs whereby the enzyme-
cleavable activating group has been omitted to enable specific evaluation of the kinetics

attending the intramolecular cyclization-release sequence As previously described, the
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is considered as having passed this test if after 20

hours the hydronor phone concentration does not exceed
waomred2rhe starting material or other productP@f/US2007/069683

degradation. The conpounds ggenplified herein have

passed this test. Ib. Denonstration of the controlled

. rel ease of. pare drug from "activated" prodrugs.
ln“avnh%%sabmm BRE THVCRLSFERDISIR @er@rle%léa%rforanﬂ@ﬂpf a cyclie

urea WilhShé felbhse AV Ak %ﬁﬁ“P e) fromthe prodrug was
enDnstrafgd g{ t he Eﬁﬁthesis, and in vitro testing of
sever al conpounds depicted in Table 1. Cbnpounds A and
tivated:

Wheaﬁ@vﬁﬂﬁé% S Blsetd Wd?ﬁsn@dé?‘gﬂ’ﬁ’ ORI GhT orbRup.C is an
mter@éiﬁ‘i@leﬁaﬁﬁﬁ%ffa' Rol64A¢ Hﬁ% bORs Qﬁuélgkgzhlﬂﬁcnﬁ{rbgél zﬁ&ﬁleﬁa'lﬂg rendered

he i nt ranol ecul ar cyc I zat1 on | ease sequence
1nca1pab1§/(pfomdb13godg§h¢ intathol¢chbar icpelization-ededsareaction due to the

cycli zatiaon-rel ease uence.results in
cont b sisRtiramnet s spred THHRG S reerizin fiog {1 it ot adopt the
confb1MAid8 e fifiret 16 B8 hBEEoHiliDaddliNaSEr the o $hir o BREISS ¥ nitrogen
t hese conpounds were eval uated in agueous solutions at

into thgcabayyigrhsm, of thecarbaeata miasety bW hendhisreompaondisddmiipigtered to

rats, ‘ho% oﬁlr §&88f id h 8‘%?5{ e(?grtghgr]mﬁlt]gazgf %r%lfalplg(%ﬂapqnédr w'\fmsereby the

enzyﬁiél-cﬂé‘diflaBlet Ecthﬁgagrﬁu}ﬁhﬁ%%ﬁ afdtihkd €0 DpipeRERI ndkE¥n. Bis molecule
it is rendered incapabl e of undergoing the

was sthdied fpssessithe p«zsy@rlrtz afp érrert@méa@emeés?é«td loirelyeis phtheigarbamate
mme‘&? I”1fh(3 ARt 1h81%§‘ées {h?f {hrlé I? %)!:e%n %oésrﬁ)oq g&g_lr l?%( %eln git ng{y., when
erazine rin not a He con Ion
Compeond Deédadrinistdred Mts&bcﬂhpdﬂnd Caddbﬁnmrﬂfnotﬂydrdrﬁmhone is
. pair of electrons on nitrogen into the carbonyl car
libergied, ths s BAVIRRE fHBiet Spidense forythe, By ving sarbvatiny” qffilae §iribed
pKﬁﬁ Juctural features required for the intranol ecul ar
clization-rel ease reaction is provided by conpound B
representing a nolecule is in its "unactivated" form
| one of electyrons on the pow a ated. .
Tably ﬁ&@iﬁ%f&n of 5 drpRomphs fEomao mgsdalipyin #dmmjstration
in ra? the carbamate). It is interesting to note that the
i ntranol ecul ar cyclization-rel ease reactions can be
suppressed at | ow pH by deactivation of the
nucl eophilic nitrogen atomvia



protonati on. These data confirmthe functional roles
of the spacer and the "activated" nucl eophilic
woearagemn i n the i ntranol ecul ar cycli zati on-r ePEEHES2001/069683
the parent drug nolecule. Tagle 1. The liberation of
hydr onor phone from prodrug in aqueous sol utions.IN
ATLON In aorder to §investi natp L he
fornatl g arent drug formprodfug in n
conpoun ug lbect ed in Table 2 were} synt heshﬁ é{,
—aduinisteored intravenqusly to ratslt Subsgquent
dosing, plasma |evels of hydronnrp one wgre neasured
in the experinental spction| Conpounds A,

as defcri
and Blar @% §—of "activated" prodruds whereby the
enz mecPeavabjdctivati ng group hps Aeel} onitesg to

g/ml)
dosing

l e speé?f'c eval uation of the Kinetig¢s attending
ph@ |n5ﬁ®nnle,ular cyclization-relfpase sgquence As
preV|ous y descri bed, theintranol ecul ar

cyclization-rel ease sequence resulfs in ghe
concomtant formation of a cyclic prea wjth the
rel ease of the parent drug. Wien these dfjugs are

admﬂ.lst to rats, hydronorphone is |ijberated.
Caj nd a Ni~at er est | ng exanpj e f a nol ‘250‘4‘9
th b&ar K eophilic nitrogen at%m yet it

a

rendered iRcapabl e of under goi ng the i ntqanol ecul ar

G¥cl i zatj on- el ease reaction due tp the ¢onformationa

restrictions inposed by the cyclic| pi pergzine ring

(i.e it cannot adopt the conformatjon required for the

nucl eophilic addition of the |one pair off el ectrons on

nitrogen into the carbonyl carbon pf thejcarbamate

moi ety), Wien this conpound is adnfnistefed to rats,

no hyd @v gy detected. Co und D}is an gxanpl e
fﬂ§5 y the enzyne-clla | ¢ protetting

gﬂ@up has been.(att)ached to a pi perfpazi ne fitrogen. This

nol ecul e was stydied to assess thel possibility of a

di rect én@yne-nRdi ated hydrol ysis pf the|carbanate

noi ety. The data indicates that thfs pro¢ess does not

occur in vivo. Interestingly, when Conpodnd D is

adm nistered to rats Conpound Cis| fornedd and no

hydr onor phone is |liberated, thus al so pr¢viding

ANgt NEs evidence for the in vivo "lctivafi on" of the

dqﬁfribed

0]

HoN N\/)

D 0

In vitro human p-opioid receptor binding assay.
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20

produgs. Table 3. The liberation of hydronorphone from
prodrugs followng IV admnistration in rats.2. In

W@ paora4d2aran m opi oi d receptor bindi ng assay. TPCBHUS®E1/069683
nmeasures the affinity of tesdg3 conpounds for the
mopi oid receptor relative to hydronorphone. General

This e ERAHE 0 A B BS S h b @M ey 3185 o
hydpem hodawki ns, A L., Giffin, CA and Unl, G R _
(1994). FEBS Lett., 338: 217-222. Assay: mopioid
receptor Origin: human reconbi nant (HEK-293 cells)
GenRefler encge _conmpound: [d-Al a2, N- Me- Phe4, d y5
819 PERSEESR% i n (DAMBO) Radi ol i gand: [ 3H] DAM3O (0.5 nM
Non-specific |igand: nal oxone (I QuM Incubation: 120
mn 220C Met hod of detection: scintillation counting

The gengrylgirecedns fellpwethsiporioed] desosibed by Wing, &pRcilotingon, P.S., Perscio,

AMGIUR P PR SRR R HES Rt bt iRy
determ ned in the presence of an excess of unl abelled

Iighas\nd. The results are expressed as a percent of
CoABAY Mafpiggerdepiot bi nding and as a present

inp bition of control LI C,.hi ndi ng obtained in the
prE%@HE&LWV%?{H%M%Q%'F%BI C50 val ues (nol ar
Refeg@ite @binbandd ![u-gz\aa}aﬁme_-ahmm&ﬁ'mh@haiiﬂpbAMG@p of
control specjific bi ndi nﬁg), and Hi Il coefficients (nH)
weRadigigandy] HHBRANGRYR-I 1Mear regression anal ysis of
copetl.Li-Rncurv ' || equation curve
fi ﬁ%?nsggﬁggﬁgﬁd S%lggﬁjéen@pmﬂhe above results are
consiubteit 120 hhin 22°%t ructure activity rel ationships
for opioids ohtained in the literature, obtained from

sc MsdhndRf dstectips seintilpienseavntipg ve nol ecul es,
denonstrate the

Analysis and expression of results: The specific binding to the receptors is defined as the

difference between the total binding and the non-specific binding determined in the presence
of an excess of unlabelled ligand. The results are expressed as a percent of control of specific
binding and as a present inhibition of control specific binding obtained in the presence of test
compounds. The ICs values (molar concentration causing a half-maximal inhibition of
control specific binding), and Hill coefficients (nH) were determined by non-linear regression

analysis of competition curves using Hill equation curve fitting.
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deactivation of opioid potency when the pronoiety is
appended to the phenol residue of hydronorphone. 3.
web@riveeeki netic Data Pl asma timecourse of PCT/US2007/069683
hydr onor phone followi ng I'V ggministration to rat 1V
d03|ng Test conpound is dissolved in saline (2mg/mn)
ted into the tail vein of jugular vein

Rest@ r’?tﬂrlgfgd mal e Sprague-Dawl ey rats. Hydronorphone
(HM at 1 ng/ kg, oxyydronorphone (OM at 0.5 ng/kg,
norphine (MR) at 1 ng/kg, and N nethyl nal trexone

L MI'X) at 2 ng/ kBxamplesed as positive contrdfsg and

N
he test conmpounds are dosed at a parent oplg:g
gui val ent dose (e.g. equal to 1 ng/kg]|, g or

N(D ~t

g/ kg). At specified tinme points, bl ood i ioid
W f hdrawn, quenched into nethanol, centrif gecP

14p00 rpm @O0C, and stored at -800C unti aneéqep'Gor
Sanpl es are quantified via LC M5/ M5 usiing an ABI 3000
tr|ple-quad nass spectroneter. O al dosing: The test
Cco ound IH;’ \h%(ﬁé lﬁ dl(lm \LUIIQI Y
vip oral gavage 1nto jugular vein cannul ated male
Spfague- Daw ey rats. 7 HAM— OV VR and 10 1g7 Ky, oglg7NVIrX
at| 20 ng/ kg are used positive controls|and the test
corpound is dosed at an approxinmate pajent opioid

eq l—to-310 -or 20 rm/ lca) At
specified tine p0|nt% bl ood is mnthdrdmn ﬁugﬁcﬂéd
info nethanol, centrifuged at 14000 rp @EOC and
stpred at -8COC until analysis. Sanples are quantified
vip LC/ MBS/ MBS using aB ABI 3000 triple-ﬂyad ras8-06
spectroneter. Results: Table 5. Maxi nmum concentration
(Grax) of hydronorphone (HM found in bl ood after 1V
doging I n rats. Tablg ©. Naximum concemntr at HoRgalh7
hydr onor phone (HM found in blood afteq oral (PO
dosing in rats. Conpared to hydronorphone , conmpounds
ace Grd ngtci- a ntl AN Q'F'Fnrrla|n nr - Comay

CIre IIIV\,IILIUII AT 1T OUT O A A\ AA 2 | NA TN

The above results are consistent with the structure activity relationships for opioids obtained
in the literature, obtained from screening of these representative molecules, demonstrate the
deactivation of opioid potency when the promoiety is appended to the phenol residue of

hydromorphone.

3. Pharmacokinetic Data
Plasma timecourse of hydromorphone following I'V administration to rat

IV dosing: Test compound is dissolved in saline (2mg/ml) and injected into the tail vein of
jugular vein cannulated male Sprague-Dawley rats. Hydromorphone (HM) at 1 mg/kg,
oxyydromorphone (OM) at 0.5 mg/kg, morphine (MR) at 1 mg/kg, and N-methylnaltrexone
(N-MTX) at 2 mg/kg are used as positive controls, and the test compounds are dosed at a
parent opioid equivalent dose (e.g. equal to 1 mg/kg , 0.5 mg/kg or 2 mg/kg). At specified
time points, blood is withdrawn, quenched into methanol, centrifuged at 14000 rpm @ 4°C,
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of hydronor phone when adm ni stered 1V, but denonstrate

simlar Crax val ues to hydronorphone when adm ni stered
wW@e@P7i1y27Tabl e 7. Maxi mum concentrati on ( Cmax)P@F/US2007/069683

oxynor phone (OM found in blgpd after 1V dosing in

rats. Table 8. l\/axi mum concentration of oxynorphone

ot 5 LSHPE o PRSH SHblseodhaSRELORSRes g sy o1 00

tnplI: aadmu@ﬁpbafb@ét&ord a | ower Cmax of oxynor phone when
mnistered |V, but denonstrate simlar Cnmax val ues

to oxynor phone when adm nistered orally. Table 9.

Oralbl\@gfggu d ? e ?t%%é% dl(s Cr{ae 1§1 sa%@&@%l) %EQ )dﬂ{(f% via ora'P gavage

into fupile Wéﬁl&iahmﬂat@ﬂ nia Sﬁtla@@e DW)eyflﬁtén ¢ININOM, MH agdl 16mg/kg, and N-
oral (PQ) dosing in rats. Conpared to nor phl
MTZX ghfbtngde e EQﬁddpwgtweocomrrela bt fesirpoamoandiisedaseshgtan

appr%ﬁté){gar%aogml@ o er < &#5 gﬁ%ﬁ% Irlly oL ?nbl sﬁ,‘@?@? eﬁgtsﬁ&tlﬁed time

pom(:st aloby is Wﬂbcﬂtﬁwﬂquuelsib}mdﬂhm fieRediN] dedtrifagedodt 14000 rpm @ 4°C, and
% geth%l nal trexone (N-MIX) found in blood afte
storeg 2t -84 pyntiy grglys. | Samplesare RBensificgna ke/MBAMP peipe 8nABI 3000
tripl Qﬁﬂgss%?%rﬁéer whi ch were dosed at equi nol ar
concentrations, these conpounds were dosed at equal
masses (20 ng/kg). The conpound of Exanple 19, which
Restigs: & secondary carbamate prodrug of
es'{??} NMVet hyl nal t exone, describes one aspect of the
i nventi on which enbodies a nethod of providing a
patient with post admi nistration-activated, controlled
Tabledi. Masinpimaopbartvition  max)bfdydagonisionei(HMhfomndds dlood after

15 IV d?)ﬁé)l%r.i ph%r ally active opioid antagoni st. Conpared to

Yl nal trexone, the conpound affords a superior
Cmax val ue conpared to (R)-Nmrethyl nal trexone when
admnistered orally

Example Cmax HM (ng/ml) following IV dosing

hydromorphone 352
7 208
8 17
1 55
3 17
9 231
6 3
2 78
11 33
12 48

Table 6. Maximum concentration of hydromorphone (HM) found in blood after oral

20 (PO) dosing in rats.
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Pl asma concentration tine course of the
production of N-MIX followi ng oral (PO dosing in

WO 2103/1402M2 solid |ine represents the plasma  PCT/US2007/069683
concentration of N-MIX foll ogég nhg PO dosing of N-MIX at
20 ng/ kg. The dashed line represents the plasma

Fi gure 1.

prentTattom of —NNEXproguces Fqhow ral—dostng
Exao l‘JCExarrpI e 19 at 2061?@?%5‘5’113?%?‘%*‘2‘.‘“191“5?&@“‘“%

concentration tinmg course of the production of

hykydomofphofe and N-MIX fol | ow ng PO dgsi ng of

prodrugs in rats (The solid line represents the plasm
concentfation of hydronorphone foll ow#hg PO dosing of
Exanptey 3—at—10nygfkg—The—dashetd—+inerepresents—the
pl asma concentratijon of N MIX follomﬁﬁé oral dosing of

Exanpl e 19 at 20 ng/kg. By exam ning ghe plasma tine
course represented hy figure 1 it is clear that the

utilityoof (R - N-methyl naltrexone may8be |inited by

H Ia anld ~~4+ 1 A 1
ts poqh pharmacoktnret+e—prof+e—{(e—g—ora

bi oavaifability). [This limtation can36e over cone by

the praqdrug represented by the compoung of Exanple 19
whi ch provides an li nproved pharmacokinetic profile

(e.g. increased oral bioavailabilty). Furthernore

figure,2 denonstrates that the prodrug.appr.oac
Compgiedad bRdgm R Re CORRRIRARY §C%f£§<5q+§? sERBighgilerg a lower Cmax
of hyilrbA¥EHhbAE whk® AGhiniAGEd PEIRRRSMERIRd JRMLAE Yrax RARRIR

| evel s of opioid agoni st and antagonist to be obtained
hydramerphene svhey sdmirasterstl omlly. dosed oral ly. Pl asma

ti mecourse of hydronorphone followi ng IV

adm nistration in dog. Fifteen nmale beagle dogs were
TabRel. eVakiind mQeh t&fr fifoit (Fiagt) df%ﬁ;&ﬁﬁ&}mf(ﬁm) FAfid'a \Hood after

ani mal s and placed into five groups of three aninmals
IV dggingdn gats: The aninals were assigned to the study

based on acceptable health as determ ned by a staff

veterinarian followng a pre-study health status

checKxampR ani nel § were (aedx2OM R/l fllowidgIV Hesifgch
dosi ng session and food was returned to the animals

tely 4 h

ur.s pnct-dncp for _each dose _session

Al [ox¥geEheRe es wer

e stored at 225C pr438r to dosing

under q§siCCdte TU

i tTons:

303
14 205
15 4

dosing in rats.

Table 8. Maximum concentration of oxymorphone (OM) found in blood after oral (PO)



whol e . bl ood,
5 whep P3e+n1§t6fe§ agqﬂa(g
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worgiomi42@ 4 ng/ kg fi nal

I ntravenous adm nistration. The test conpounds were
prepared in 0.9% NaCl at a target concentration of 0.4
dose) for intravenous PCT/US2007/069683
adm ni stration. Hydronorphong; was prepared in 0.9%

NaCl at a target concentration of 0.2 and 0.1 ng/m

(0.1 and 0.2 ny/kg final dose) for intravenous

adm ni stration. A dose formulation sanple (0.15 L)

Exa

colTected from ' @, prior
%ﬁfgﬁedom ng, pre- and@%%gtm?[(hMﬁ??%lﬁﬁlﬁrﬁ%gé%ﬂg
- 205C unt

formil ati on sanples were stored at

i
anaﬂxymthﬁest conpounds were adni ni s¥.8red through a
l Cllpor %Vy pCI \.«ut Oll Cuuo \.«ut hbl CI" p! aCC HA upcri‘i}her alr
vein at-a target dose level of 0.4 ng7l§g and a dose

vol ume 1gf I ni L7 Kg-

re Animal's Teceiged a Sl ow
i ntravenous bol us

push over a 1.5 mnute period.

Hydr omdbphone was jadnmi ni stered sinild3ly at a target

gdosetevel—of+0-2-rglkgand-a-dosevolune of 1 i/ kg
The animal s received a sl ow i ntravenous bol us push
Confpufeld 18 ogyl'ﬂb fre p%roin gunds ﬁx? p¥hef 191% N%ford a lqwer Cmax of
H&ntravenous yos i'ng, :bhe S were ush awih 3

oxymbrphbneswhemﬁiqmms&rred b rtﬁﬂ'dMﬁd)nstIBtemildlle&(Dmhﬁ $al(16s © axiymorphone

dosige I ¥4t od via LC/ MS/ MBS using an

- Heparin anticoagul ant) were collected
and at tinmepoints up to 24 hours

foll ow ng intravenous dosing. Al sanples were

coll ected via direct veni puncture of a peripheral

Tableed). iMagimmnhed cénttationtCraas) of merphind (RY faindliad06od piter TV

40C,, and stored at -8Q0C until analysis. Sanples are

ABI 3000 triple-quad

mass spectroneter. Oral adm nistration. The test

canpounds were pr

pared in 0.9% NaCd at a target

concEmampld on of 4
adm ni stration. Hy

my/ mL Cudaxny/K (ng/inbcflollowie) IV desing al

dr onor phone vvas prepared in O 9%

NarCh alg]éa target

fi nal" th %e) for or

UIILCIIL I all UII UI %gl_ \L llgl r\g
al adm nistrati on or al

formul atri ons were
needed to aid in

m xed by swrling ands soni cated as
onpl ete dissolution

18

0

dosing in rats.

Table 10. Maximum concentration of morphine (MR) found in blood after oral (PO)
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A dose formul ation sanple (0.15 nL) was collected from
each oral fornmulation prior to dosing. Al dose

wo ooomk@r: on sanpl es were stored at -205C untiPCT/US2007/069683
anal yzed. Test conpounds werggadm nistered via ora
gavage at a target dose level 4 ng/kg and at a dose
volunme of 1 nl/kg. Hydronorphone was adm ni stered via
oral gavage at a target dose |level 2 ng/kg and at a

Exadiipie vol'ume of T Ti{] xMR"('ﬁglflﬁf)? IYOJJ;IH s 18%,?

dosi ng the gavage tubes were us
water prior to renpval. Blood sanples (0.5 nl, mhole

blooﬁKmMﬁn¢bparin anticoagulant) wer e+lcdl | ect ed prior

l O UUOI 1 \d Clllu Cll tl IIC'JUi ||t [e) U"‘ L 6 24 houtrs fUI —OW ”‘d
oral dd ing. . All| sanples were colle%%zd via direct
venlpquture of a [peripheral vern qu ed Irnto

nmet hanol ., centrifuged at 14000 rpm @40C, and stored

at -800C untiI anal ysi's. Sanpl es are quantified Vi a

L / VB ABl 3000t
Conépﬁe%/its u 3&% "‘t‘aliﬁll“egrtl? gfwe ll?él‘}‘(‘ltlﬁ!i‘rﬁ @)&t e dowsrdemegrof
morﬁﬁﬁ@ ¥vheR Edrmfﬁid'télg@ 'IV hlStﬁ %eﬁl'GMtraft@éiﬂlqlaf onhkafctd ﬁorﬂh}ﬁe when

dosi ng in dogs. Tab . Maxi mum concentration of
adminyjstersdorghone (lma found in blood after oral (PO
dosing in dogs. Conpared to hydronorphone , conpounds
according to the invention afford a | ower Cmax of
Tabl/H1. OVRkRR@RohB& r ATUH Y (ﬁ)w-ﬁﬁtztﬁﬂnaﬂi’@xoﬂ@ (RIMYX9 6und in blood
sim lar Crax val ues to hydronorphone when admi ni stered
aftep ppal|(JO) Ygking in sefst Mote: Unhiss thet previouspraduigrexampleat which were

dosedl'h%te OVI Gag%glqce %C{é%%rsdﬁwget (%,oo E_S)Qlfeldé \r)]v\e/r%ncfolsgcp ataerq%al a’cFl)SSCS &0 mg/kg).

ng pati
adninistration activat ed, controlled rel ease of a
nhnnnllP nninid N nnrtipular the data demonstrate

Example the pro- dr ugs| ¢masaNMIX Gigimiifelowing B dosingd

oraIIy, but resist| rel ease of op|0|d when subJected to

}llﬁ)ﬂs)g lllUﬂI Yy useu Uy lllUbl:‘ WIIUGNI bll to dUUbl:‘
the ruq

:l

71

The compound of Example 19, which is a secondary carbamate prodrug of (R)-N-
Methylnaltexone, describes one aspect of the invention which embodies a method of
providing a patient with post administration-activated, controlled release of a phenolic opioid
antagonist, in this case a peripherally active opioid antagonist. Compared to (R)-N-
methylnaltrexone, the compound affords a superior Cmax value compared to (R)-N-

methylnaltrexone when administered orally.

Figure 1. Plasma concentration time course of the production of N-MTX following oral (PO)
dosing in rats. The solid line represents the plasma concentration of N-MTX following PO
dosing of N-MTX at 20 mg/kg. The dashed line represents the plasma concentration of N-
MTX produced following oral dosing of Example 19 at 20 mg/kg.
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1. A nethod of providing a patient with post

adm ni stration-activated, controlled release of a
WQEb@noki2e2 opi oi d, which conprises adm ni st eri NRCT/OSHAT/h9683

patient a correspondi ng conpgynd in which the phenolic

hydr ogen at om has been substituted with a spacer

. | egvi r ou eari a nitrogen nucl.eophjle that is
FiglF 3y BURTH Aiancanon Ay ianse af iy epBEySE PbhYEPREPhophand N-MTX
foﬂ&@iﬁfg PO ST R drhBEInSRAC The SERY 1iACrePfRtRs BRI S QR8hiration
nucl eophi | € bei ng Such that, upon enzymatic cl eavage

of hydronteephoine Aolkihving ROY dssing afffixampla detel) mptkige dibhidaghed dine
e of formng.a c i r carb te o
reprEARALE i ime SR Rufarot MR iR A6 Pt Shexealedo 1 20
mg/kgavi ng group so as to provide the patient with
controll ed rel ease of the phenolic opioid. 2. A nethod
as clainmed in daiml, in which the configuration is

By Getithg e I bl PGS BFERET b feli® LB g ity of @0

N-mbthyilnaltdsonh nidyebedindiydtetyl i€apdoy pﬁéﬁ&%@lﬁh@tid‘%‘bﬁle}’(ei gSoral
. linked to_the nitrogen nucl eophile through an am de
bioaggilapility). ThipkpHgHOR SahepeRRemabIIha PRBUE rapresrnied by e

. : L 0 ' .
com e & LR e mpny @ LR bATE R
incredfsechnrahhioavaiabilty).oFushdemptd fgure Ardeaivnbiraaeythatthe proaliug/gpproach

of aH1anLno aci d or Eeptide. 6. A nethod as clainmed in
repregeqiem by the compaunds phixamplss, 3 pnd 1 ratiews for bugher, aad gerbaps
comPlifeRfary; pHind %R & HRi¢ gé&ﬁlstfa'h@ ghﬁg&ﬂ%tntg be Db&id¥dWhen prodrugs

asparagi ne, aspartic acid; cysteine; glycine,
therepfiareddsaé orajllyut ami ¢ aci d, hi stidi ne, isol eucine,

| euci ne, nethionine, phenyl al ani ne, proline, serine,

t hreoni ne, tryptophan, tyrosine, lysine and valine; a
PlasufStifiéBoritke 8f BV AR drPRoRd folloWREPTV d8niRRBAAEH iPflog WO

or three D or L-am n0o acid residues sel ected

i ndependently from al ani ne, argini ne, asparagine,

rin SRR et LI ) B PRI REb AR PSR e nima
and pheayingl AV HoupPsthicd QninsAS p&erotip) M B drialstWear® h@RHRA to the

tyrosine, |lysine and valine; or a residue of an N-acyl
studuéﬁeglé{ni ageenitaide Beplth as determined by a staff veterinarian following a pre-study

health status check. The animals were fasted overnight prior to each dosing session and food
was returned to the animals approximately 4 hours post-dose for each dose session. All

substances were stored at 22+5°C prior to dosing under desiccate conditions.

Intravenous administration.

The test compounds were prepared in 0.9% NaCl at a target concentration of 0.4 mg/mL (0.4
mg/kg final dose) for intravenous administration. Hydromorphone was prepared in 0.9%
NaCl at a target concentration of 0.2 and 0.1 mg/m (0.1 and 0.2 mg/kg final dose) for
intravenous administration.

A dose formulation sample (0.15 mL) was collected from each intravenous formulation, prior
to dosing, pre- and post-filtration. All dose formulation samples were stored at -20+5°C until
analyzed.

Test compounds were administered through a temporary percutaneous catheter placed in a
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7. A nmethod as clainmed in Aaim1l, in which the
correspondi ng conpound is admnistered orally to the
w@aao7aa278. A nethod as clainmed in Caim1l, inPehUSN07/069683
t he phenolic opioid is hydropprphone, oxynorphone or
nmorphine. 5 9. Use in the nanufacture of a nmedi canent

vi.di a th
perig ek P CUBT IO BT ™ B 314 e doeaplime ot mike. The
Aniph Releived QI thira@Encus HONIsGuBIP BekrAdl . S AiIRAY ?Qnd)cﬂ H’}‘&k&fi‘orphone
the_ phenaolic hydro gen atom has been substituted with a

was §9@@B$teqeé almitagly gm@u@rgbte@sfs tryehofrfi 2 mggl@arm:d@o plolunge of 1 mL/kg.

I bl e
The taﬁﬂatlé x’%c?&&l % gl%ggaﬁﬂ?\g Iogsn b(ﬁ]l;lsz i{l;f%l ovrglé% g?fmﬁlétg\?)\éﬁad g{,nar&gdlately

folicewidg ivittavogen dosial o8 batheteRReidre flastedd with § Rt of daBA prior to removal.
Bloqdwzyrmtl c cleavage of the cleavable noiety, the

s {Oqusl el |b@quLbHsm;reart§1@0¢gsﬂ4ﬁtmers celleqtedprior to
r
dosﬂi% ﬁlg%%tﬁtgﬁﬁﬁ% ?% gJ 23%%%‘%? ot %ﬁnrak/érpo% %Bélﬂg ‘{dtl" gamples were
collgeteaiviial diredt e/emptlncﬂtmte dﬂatﬂ&npkﬂd‘thlr\fﬂlﬁ Qldelﬁcﬁlle& age mb‘[hdnbE centrifuged at
noI| Yse as claimed in aim9

140 f@&éraérffooﬁ uyngll anpdysis. RiAmRlerearp ﬂﬂ%@"@ﬁ VisLCMS/MS
Y& lA€ ng a cyclic urea. 11.
usin e ;ﬂg@gbg?r & q]ﬁQdP%Q Srgggtr%?é% aim 10, in which the
enzymati cal |l y-cl eavable noiety is |linked to the
i trogen nucl eophile through an am de bond. 20 12. Use
££32§é¥#£$9ﬁ§¥!Ln Caim11, in which the anide bond is a
The &@a@édtﬂﬁ)ﬁﬁ@qzere]ﬁepalé@lrﬂ?9%l bCF(ea"Ei 'tﬁé@t%ngéh@raﬂgn GF 21 L (4

2, in h t he cl eava noi ety 1s a residue 0
mg/l@wﬁmhdnsﬁ) 4o Qiab&dnanptrpmrd &lydoymenphodheaowab pripriedan 0986 dCl at a

e BRI B2 e e ATt s o

form@dat@ndwete ﬂaﬂd&ﬂﬂb@ s@\Giliddg %ﬁh M@ﬁeé 5OMBeab P A1 in @SSt Asolution.
aspar agi ne, Fartl c acid stei ne, glycine,

A doge feramlaiion’ ng@ e 16 mk) was ml tedifreen ea@mreltfom@latlon prior to

eu ni ne hen | ani
dosipd &1 Wse R afiBh SanB Btk BorRl ol Byl cuby Graifidh o
Test/cBfipdtRisGierd adin REREled €idrat édvﬁgepﬁt' adtﬁrg‘épﬂd%@ 3@&@1 @fmé/lé‘g)and ata
or three D or L-amno acid residues sel ected

dose,%gp@ﬁﬁbmu/]yg fhysimerapmphpmeewas administered via oral gavage at a target dose
level 2 mg/kg and at a dose volume of 1 mL/kg. Immediately following oral dosing the

gavage tubes were flushed with 10 mL of water prior to removal. Blood samples (0.5 mL,
whole blood, Li-Heparin anticoagulant) were collected prior to dosing and at timepoints up to
24 hours following oral dosing. . All samples were collected via direct venipuncture of a
peripheral vein. quenched into methanol, centrifuged at 14000 rpm @ 4°C, and stored at
-80°C until analysis. Samples are quantified via LC/MS/MS using an ABI 3000 triple-quad

mass spectrometer.

Results:

Table 12. Maximum concentration (Cmax) of hydromorphone (HM) found in blood
after I'V dosing in dogs.



30 arginine, asparagine, aspartic acid, cysteine,
gl yci ne, glutam ne, glutam c acid, histidine,

w0 sw7aueine, | euci ne, nethionine, phenyl al ani NECT/US2007/069683
proline, serine, threonine, t{yptophan, tyrosine,
| ysine and valine; or a residue of an N-acyl
derivative thereof.15. Use as clained in any one of
Claims 9 to 14, in which the correspondi ng conpound is
for oral admnistration to the patient. 16. Use as
clainmed in any one of Clains 9 to 15, in which the
phendxampdei oi d i s| hydr orimpah &M (ngmiptulloming I'6dosing
nnrphine 17 A conpound of structural Fornula (I)

&’ro 5 i3 ”yd ate—or—solvate—ther

8 ﬁhﬂ%W e, hydronor phone or nor pfi mhereln t he
hydrogem atom of the phenolic hydroxnygroup 'S
replaced by a covalent bond to

C(O) ﬂ(C(Rl)(Rz) nN-(R3)(R4) YisONRS- -O or

. fr 1+ an RA_AanAl
'O', S Al TT1TITy —+-o6m J.LU J.U, €ac \.|., |\L, o aiTu
R5 is |ﬁdependently hydr ogen, al kyl, g7 stituted

al kyl', aryl or substituted aryl, or RIT and RZ together
with the carbon to which they are attached form a
cycl oal kyl or substituted cycl oal kyl group, or two Rl

r roups on adj cent cay bon et it
s Tabfl LN SR STE AR ehroposp ROns EINh depndt g, bipeg after oral
(POQHBhﬁghkubgﬁr substituted cycloal kyl group; R4 is IRR
ch R6 is independently hydrogen, alkyl, substituted

aIkyI aryI substituted aryl, arylal kyl, substituted

fatkyt,—heteroaljkyl-—sibstituted heteroatkyl-
Exaﬁ{eﬁi eroaryl, substi Gy Iilgf@,gggﬁﬁljfowmg?dﬂosﬁg
Hydromorphone _ 580
2 35.8
3 55.9
6 2138

Compared to hydromorphone, compounds according to the invention afford a lower Cmax
10 of hydromorphone when administered IV, but demonstrate similar Cmax values to

hydromorphone when administered orally.

Taken together, these test data demonstrate that compounds according to the invention are
capable of providing patients with post administration-activated, controlled release of a

15 phenolic opioid. In particular, the data demonstrate that the pro-drugs release opioid when
administered orally, but resist release of opioid when subjected to conditions commonly used

by those who wish to abuse the drug.
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het eroaryl al kyl, substituted heteroaryl al kyl, or
optionally, R6 and R7 together with the atons to which
wo bay/1#2e2 bonded form a cycl ohet er oal kyl or subPST/US200%069683
cycl oheteroal kyl ring; 5 R7 .73 _hydrogen, alkyl,
substituted al kyl, acyl, substituted acyl,
CLghiggycar bonyl, substituted al koxycarbonyl, aryl,
ituted aryl, arylal kyl or substituted aryl al kyl;
pis an integer froml to 5; 10 each Wis
|ndependently -NR8-, -O or -S-; and each R8 is
mle@mﬂ pyovidie aoutientavidy post gdmgustta@p&@caw@d, ,com'qlled release

of 15‘18@%‘2% i) Gl binet ot S RBnk fo i Salicher ERswapdine

confoRn® @aRIEh ll% ﬁl@i’lﬂh@hﬁd&@%&m&lﬁ'}ﬁ@\ bken su@étltﬁtébiﬁﬂi élifﬁaer leaving
cycl oheteroal kyl rin he conpound Cam

gromb%qﬁméaicrﬁtr@genﬁmclemhﬂma@ﬁ @rcr@wdswuh@@p@m@afucal}y-cleavable

mo%ﬁg g:t%g{i%vgnjaﬁgﬂ Pf t%g 85%5} Pe%.w%g odlﬁlg?ﬂ?ge nucleo;lhzlle being such

thatChpomenk$miatic tt\lba\@ige ¥f the INRYakie @hdﬁy} the Ritebgeg aticledphile is capable of |
al kyl . 20. The conpound. of C|a|m19 in which R5 is

‘fon{lmg&c)‘/all%wea cacbamate orriiocarpaten Hberpting e wpppoundhirom the spacer

lea\)iigé glg)ugg(i 'aI mbﬂﬂh thezgatlegtt\glrﬂ? g&ﬁ%@l@g {_ﬂgasg ey h Q;J]aalold

nis conpo
any one of Claims 17 to 22 in which each of Rl R2

R3, R5 is. 30 _jndependen hydrogen or aJ ky
2 24 Aﬂ?éh%gq%&iéuwadaf Clap ToovBrh e e zarhips sy At the nitrogen

nucMabkilke Bta %mlegpf ahk hygsogen. 25. The conpound of
uanyk; one of C al r?s acg/bl |5n which R3 is hydrogen or

( 1-4C) al kyl . 26. The conpound of Caim 25 i n which

eA &e%draqo%.z 1T§d lugﬁgi@}é ﬁjgih S C o r}]f(-jcleavagle moiety is

hnldeﬂ denenstesiehucleophile through an amide bond.
4. A method as claimed in Claim 3, in which the amide bond is a peptide bond.

5. A method as claimed in Claim 4, in which the cleavable moiety is a residue of an

amino acid or a peptide, or an N-acyl derivative of an amino acid or peptide.

6. A method as claimed in Claim 5, in which the cleavable moiety is a residue of a D or
L-amino acid selected from alanine, arginine, asparagine, aspartic acid, cysteine, glycine,
glutamine, glutamic acid, histidine, isoleucine, leucine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, lysine and valine; a residue of a dipeptide or tripeptide
composed of two or three D or L-amino acid residues selected independently from alanine,
arginine, asparagine, aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine,
isoleucine, leucine, methionine, phenylalanine, proline, serine, threonine, tryptophan,

tyrosine, lysine and valine; or a residue of an N-acyl derivative thereof.

7. A method as claimed in Claim 1, in which the corresponding compound is

administered orally to the patient.
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hydr ogen, al kyl, substituted al kyl, aryl, arylal kyl,
substituted aryl al kyl, heteroal kyl, heteroaryl al kyl,
waeaipstsor ed heteroaryl al kyl, or optionally, RECEHOS20R7069683
together with the atons to ch they are bonded form
a cycl ohet eroal kyl or substituted cycl ohet er oal kyl
ring. 10 28. The conpound of any one of Clains 17 to
27 in which R7 is hydrogen, alkyl, acyl or
al k The € '
8. al ?gﬁ@?&%w 1meﬁ?n cllah‘ﬁ £ ng&g%ﬂ‘iq%hegg}{c g8 ddofs P%%;ﬂlﬁphone,
oxyoneplofmeOr aiorphidd to 26 in which Y is NR5 nis 2 or 3,
pis1lor 2, Rl R, R3, R5 and R7 are independently
hydrogen or al kyl, each R6 is independently hydrogen,
al I ed
0. 2 o ORI QI eioh o B B
adrmmstrataxm -3dtiahie] comtrobgd febaast bfya pliRoHn dp]la7d pbgedinesponding

are bonde .
confgogipd mﬁlﬁh TR E¢ Do P s DerEr apisdith 2 shapey leaving
gro@ﬁ)béﬂl %ﬁﬁﬂl@fé@pﬁie B’ Bﬂﬁe&éd g hﬂ’éni‘yznétféaﬁy@cleﬂvable

|ch nis 2, pis 1l Rl a are
moigiel t@g@nﬁgm’ﬂ@m df tRS spacer leeving Igrcmp dmyldntuwn napldoplfle being such

that, Gg eenr%?l%fié(f %%&; a%é ﬁgﬁ}n ctlei?tvg%l 3}%}? PH}(}%EF gpggﬁ);?&}lle is capable of

forrhﬁltg%rd;'aﬁé/ hh kdélrbanﬁiﬂ@&t thideh@dmaet ﬁb&ﬁﬁﬂé fhe ¥ pBiind from the spacer
optionally, R6 and R7 t oget her wWith the atons to which

leavipg groyp 80 Boiturravigs theamatical wijle Fertistlied elpasy lof ghe phenolic opioid.
substituted cycl oheteroal kyl ring or optionally Ris
hydrogen. 32. The conpound of any one of Claims 17 to

10. 26 Wse askidimedin S1adRY, inwhish Zhe d3hfigetibR issueh et tHegeogen
Eg and R5 are nmethyl or hydrogen, R7 is hydrogen and

nuc P’i‘%e 18 QNPElg@rCYBh}WE@I—QCI—QNI—C( NH)NH 2 . 30 33.
The conpound of any one of clainms 17 to 26, in which
R4 is a residue of a Dor L-amno acid selected from

11. al dvseras clazimgd m Gjm &spdllaigi DE,in ahicdrthé enseiatically-cleavable moiety

is 11nl¥ dt to tﬂe mtr%gé/n nuc?eophlle through an amide bond.

12. Use as claimed in Claim 11, in which the amide bond is a peptide bond.

13.  Use as claimed in any one of Claims 9 to 12, in which the cleavable moiety is a

residue of an amino acid or a peptide, or an N-acyl derivative of an amino acid or peptide.

14, Use as claimed in Claim 13, in which the cleavable moiety is a residue of a D or L-
amino acid selected from alanine, arginine, asparagine, aspartic acid, cysteine, glycine,
glutamine, glutamic acid, histidine, isoleucine, leucine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, lysine and valine; a residue of a dipeptide or tripeptide
composed of two or three D or L-amino acid residues selected independently from alanine,
arginine, asparagine, aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine,
isoleucine, leucine, methionine, phenylalanine, proline, serine, threonine, tryptophan,

tyrosine, lysine and valine; or a residue of an N-acyl derivative thereof.



10

15

20

25

glutam ne, glutam c acid, histidine, isoleucine,
| euci ne, nethionine, phenylal anine, proline,serine,
w0 boogosizne, tryptophan, tyrosine, |ysine and vBLT/H8200H069683
resi due of a dipeptide or triypepti de conposed of two
or three D or L-amno acid residues sel ected
i ndependently from al ani ne, argini ne, asparagi ne,
aspartic acid, cysteine, glycine, glutamne, glutamc
15. acilse fRicidimell Heany iRl SFUTHIRE, 9 oSUC ilRhicABAd YRRk P¢hding compound is
phenyl al ani ne, proline, serine, threonine, tryptophan,
forgraigg/xggmqﬁr@pom%ﬁhg@am. valine; or a residue of an
N-acyl derivative thereof. 34. The conpound of claim
33, which is a residue of an L-ami no acid. 35. The
16. conpea’@ldiied irfar cné, ofi0aiMyi ol 18, inSwhidR%he fRenblsc opioid is
(1-4C) al kyl; 10 Rl and R2 are each hydrogen; nis 2 or
hydzomegghene, RyWRePEANGPT MPPhiDEal kyl ; Wis NH;, R6 is
hydr ogen, -CH2(CH2)3NH2, -CH 2CH2CH2NHC( NH) NH 2
4- hydr oxybenzyl, CH2COOH or CH2CH2COOH;, R7 is
17. hy dk ogapour(d ofGGhetuka Foythulal)benzoyl unsubstituted or
substituted by nethyl enedi oxy or oni or two
substituents selected from (I-4C) &kyl, (I-4C) al koxy
and hal ogen; and p is 1 or 2. R% 3|5. The conpound of
claim35, in which ¥ is -NRb; iN_(1-40Calkyl; Rl
and R2 are each hydro N or ~84R3 i s hydrogen
or (I-4Qalkyl; Wis NHf R6 Ns )ﬁdroggw,
- CH2( CH2) 3NH2, -CH 2CH2 NHC( NH 2 or CH2CH2COOH;
R7 is hydrogen, (I -GC)a(DkanoyI r benzoyl
unsubstituted or substituted(by nethyl enedi oxy or 20
or agak, lpdratevor st iterseifivesdh:ect ed from (1 -4C) al kyl
(1-4C) al koxy and hal ogen; and p is 1 or 2. 37. The
conpound of claim33, in which R4 is arginine,

X i%)@ﬁﬁﬁ%&ﬁ%%ﬁr&ﬁmp%ﬁ@&t ﬂ?@ﬂ%ﬂ%r GhBieltfthe hydrogen atom of the phenolic

N- benzoyl ar gi ni ne,; N-pI pe argi ni ne,

hydrexyl grounyd mplgiced brea covabin bondytoHCO) - -ECRA)RAR pHF R IR );
acid, tyrosine, proline or N-glycinylproline. 25 38.
The conpound of claim 37, in which R4 is arginine,

Y isNNgCet-yl af g-ni ne, N-tbut anoyl ar gi ni ne,

n is an integer from 1 to 10;

each R', R% R? and R’ is independently hydrogen, alkyl, substituted alkyl, aryl or substituted
aryl, or R’ and R? together with the carbon to which they are attached form a cycloalkyl or
substituted cycloalkyl group, or two R' or R? groups on adjacent carbon atoms, together with

the carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl
group;

0]
WA
R
R1s

s
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N- benzoyl ar gi ni ne, N pi peronyl argini ne,

N-gl yci nyl argi nine, lysine, glutamc acid, proline or
woR@rsei2my | proli ne. 30 39. A process for the PCT/US2007/069683

preparati on of a conmpound of.7karrmula (1) or a

pharmaceutical |y acceptable salt thereof as defined in

R R AP SRt ESRSHEE L3R o,

subsiRuied atyiMRyll haeeafkyl, Wubdlitdte§ REBRING, Qfeteerr?IU k@osﬁiu\t@d l’i_bteroaryl
in which Mrepresents a | eaving atom gr oup

hetq(r@a\pvk?%é/& ypstiteted hetatpaayiglkph or eptmna@y,d% oangl atngieth¢rfw1th the atoms
to v&q&l fhgg areab g?& ngoglglu ac;y% roagléyg [5){ glgt{ {yc OPSP (l)k}inng,

phar maceutl cal conposi t| on, which conprl ses a conpound
as clained in any one_ of Clalrrs 17 to 38 and a

R’ lémﬁirﬁﬂ%lb @lIWéawaaf@é ePhisrl. shstitugnd acah alkexpiearbeyLopbstituted
alkc%(é/sn%ﬁaf)@gé zgg d@uﬁs?it ecpii& %gﬁglalﬁ( A5EBsefiech % nt, which

mnrs ect r've ano f a

conpound as clained in aim17. 15 42. A conpound as
. ¢l ai nmed |n any one of Clains 17 to 38, for use in

P IspRdptgsRf raml ©8e of a conpound as claimed in any one
of Cainms 17 to 38 in the manufacture of a nedi cament
for the treatnent of pain. 20 44. A conpound of

eacls W isdhdepehddaolynRE-, CO) or (3-)amr a salt, hydrate or
sol vate thereof wherein: 25X is
(R) - N-net hyl nal trexone, wherein the hydrogen atom of

cach R&ifih@sRhisthMaReth, AkAURibstuted alkyl, aryl or substituted aryl, or
optionally, each R® and R® independently together with the atoms to which they are bonded
form a cycloheteroalkyl or substituted cycloheteroalkyl ring.

18. The compound of Claim 17 in which each of R, R%, R? and R’ is independently
hydrogen, alkyl, substituted alkyl, aryl or substituted aryl.

19. The compound of Claim 17 or Claim 18 in which Y is NR® and R’ is hydrogen or
alkyl.

20.  The compound of Claim 19, in which R® is (1-4C)alkyl.
21.  The compound of Claim 20, in which R’ is methyl.
22. The compound of one of Claims 17 to 21 in which n is 2 or 3.

23. The compound of any one of Claims 17 to 22 in which each of Rl, R? , R3, R>and R%is
independently hydrogen or alkyl.

24, The compound of any one of Claims 17 to 23, in which R' and R? are each hydrogen.
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repl aced by a coval ent bond to -C(O-Y-(C(R
D(R))N-N(R3)(R4); Yis -NR5-, -O or -S; nis an

w0 nioegenr7f rom 1t o 10; each Rl, R2, R3 and R5 iBCT/US2007/069683
I ndependent |y hydrogen, al kylg_substituted al kyl, aryl
or substituted aryl, or Rl and R2 together with the

carbon to which the attach forma_gycl oal kyl
25. ¢ i A GRG0, Viov Rt By o cgpastye U-4Cpatky.
on adj acent carbon atons, together with the carbon
atons to which they are attached, forma cycl oal kyl or
26. sulbBhd compeund pE Clram i3l ingwhich R’ B hysirdgedrasgesthydr  each R6
i s independently hydrogen, al kyl, substituted al kyl,
aryl, substituted aryl, arylal kyl, substituted

27. ar yitad delpouh@ beaaddeydf.C1aRst th w6 e whedhedaeRRR Y independently

heteroaryl, substituted heteroaryl, heteroaryl al kyl

hydsagent alkyl abstietedradleylyaral, kypllalkyls substiiuendeary lkyRéetenehlin,

i h whi ch d f
L Y R -

to whic¢lgthe{R4rel lonbydifopmedcycBihsiehoalis B8 bubsttudsl @lckahketersdiyll ring.
substituted acyl, al koxycarbonyl, substituted
al koxycar bonyl, aryl, substituted aryl, arylal kyl or

28 Zggﬂ; el\/éo;d{?% ﬁﬂ%‘éﬁi‘éﬁj enltq.fyClq e-liklésﬁ,n[o b?f.lggﬁﬁchgm@gﬁér%gg%ﬁﬂ% acyl or

alkaxycarbdeyiendent | y hydrogen, al kyl, substituted al kyl
aryl or substituted aryl, or optionally, each R6 and
R8 independently together with the atons to which they

29. 31 eTRARARAIEREMA GHTIrAALATOh I n AhiGHPRY L Ut ed

cycl ohet I ng. conmpound as clained in
Caim44, in which Y isNRS and R5 is hydrogen or (1-

30308 e TR S A e i g i o
2, RONR%, @ [ IR’ 44 idRpéfientlP hitoeh & dIBy12eRh R is independently
hydrogen, alkyl, substituted alkyl, aryl, arylalkyl, substituted arylalkyl, heteroalkyl,
heteroarylalkyl, substituted heteroarylalkyl or optionally, R® and R’ together with the atoms to
which they are bonded form a cycloheteroalkyl or substituted cycloheteroalkyl ring.

31. The compound of any one of Claims 17 to 26 in which Y is NR®, n is 2, pis1, R' and
R? are hydrogen, R® and R’ are methyl or hydrogen and R° is independently hydrogen, alkyl,
substituted alkyl, aryl, arylalkyl, substituted arylalkyl, heteroalkyl, heteroarylalkyl, substituted
heteroarylalkyl or optionally, R® and R’ together with the atoms to which they are bonded
form a cycloheteroalkyl or substituted cycloheteroalkyl ring or optionally R” is hydrogen.

32. The compound of any one of Claims 17 to 26 in which Y is NR>, nis 2, R' and R? are
hydrogen, R? and R® are methyl or hydrogen, R’ is hydrogen and R® is -CH(CH,);NH, or
-CH,CH,CH,NHC(NH)NH,.

33. The compound of any one of claims 17 to 26, in which R* is a residue of a
D or L-amino acid selected from alanine, arginine, asparagine, aspartic acid, cysteine, glycine,

glutamine, glutamic acid, histidine, isoleucine, leucine, methionine, phenylalanine, proline,
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48. A conpound as clainmed in any one of Clains 44 to

47, in which RL and R are each hydrogen. 49. A
weomwpownd as claimed in any one of Cains 44 tRCHBS200TI069683

which R3 is hydrogen or (1- 4&)alkyl. 50. A conpound

as claimed in any one of Clains 44 to 49, in which R4

drogen or .a resi due of a L-am.no ac
serigg) tE%ﬂP%’al f FEHeRIEA Y RS Inea g iR Vaé.%fparr%ﬁgql%é) aégB%PPtdF gr tripeptide
confdséld oCHRS (f%'tﬂr%e TIbMCRY ‘?xil @1&4&‘%@?56:1&%& 28 fend&G S from alanine,

hi stidi ne, isoleucine, |euclne, hi oni ne,

argmm yspat@men espamooalcndj eystsiae.i g’njﬁqmdz IghEmnlmeglutanypamihlasudme
r.osi,ne, ne .and.valine; a residue of a dip
isolgd B 1 inel HEGAD PbE ARG Tob i s tre g psonind fy highhan.

tyrfledlysRie iadd 981iRe bes tfuk RAGR RNAS I bl yvhive Mealaani ne,
argi ni ne, asparagi ne, aspartic acid, cysteine,

glycine, glutanmine, glutamc acid, histidine,

I
4. ol iy LSRR PACRERB R & ol Rl 2P atte,
| ysi ne and vaI|ne, or a residue of an N acyl

derivative thereof. 51. A conpound as claimed in Caim
35.50, Thfhcqm%lnd Rﬂclnagn é7;1esvludeYos MR giR3iing -4C)alkyl;

R PREE LA M PHERION RBP4t wis
R® Nalysieigay, - @Ha(@Hmﬁ»IHi y@ngeﬂz@{mHameﬁ, 4-B$@roxibenzyl, CH,COOH
acid r osin proline or N-glycinylproline. 52. A
or %%Q%O%s Rl Pyfseeamn IOyl Grrbenrise pnfapsiied or substituted by
metjﬂggflgﬂ é{‘eor wf)@ﬁl%?l?.\eﬁl{)srsefeg d@fo?xpgj X gg{}ll,;(fl -ﬁl)alkoxy and

npou arnmac
hal@meqntcb;bisel @dl.t thereof as defined in any one of
Cains 44 to 52, which conprises (a) reacting a
conpound of formula (I1I)RB RL n R4 R2 (I111) '

36.  The compound of claim 35, in which Y is -NR’; R’ is (1-4C)alkyl;

R' and R? are each hydrogen; n is 2 or 3; R® is hydrogen or (1-4C)alkyl; W is NH;

R®is hydrogen, -CH»(CH;);NH,, -CH,CH,CH,NHC(NH)NH, or CH,CH,COOH;

R’is hydrogen, (1-6C)alkanoyl or benzoyl unsubstituted or substituted by methylenedioxy or
one or two substituents selected from (1-4C)alkyl, (1-4C)alkoxy and halogen; and p is 1 or 2.

37.  The compound of claim 33, in which R* is arginine, N-acetylarginine, N-t-
butanoylarginine, N-benzoylarginine, N-piperonylarginine, N-glycinylarginine, lysine,

glutamic acid, aspartic acid, tyrosine, proline or N-glycinylproline.

38.  The compound of claim 37, in which R* is arginine, N-acetylarginine, N-t-
butanoylarginine, N-benzoylarginine, N-piperonylarginine, N-glycinylarginine, lysine,

glutamic acid, proline or N-glycinylproline.

39. A process for the preparation of a compound of formula (I) or a pharmaceutically
acceptable salt thereof as defined in any one of Claims 17 to 38, which comprises reacting a

compound of formula (III)
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or a protected derivative thereof, wth a conpound of
formula (IV) 5 (1V) in which Mrepresents a | eaving
w@r@mien7yr oup; or (b) nethylating a corresponPCTysS2007/069683
conmpound of forrmula (1) in whigech X is a residue of
nal trexone, or a protected derivative thereof;
fol l oned by renmpving any protectjing groups and, if
desired, acylating a conpound of 10 fornula (1) and/or
form ng a pharmaceutically ceptable salt. 54. A
phar maceuti cal conpositipn, (wWhigh conprises a conpound
as clainmed in any one of ' 424440 53 and a
pharmaceutically acceptable |carrier. 15 55. A
phar maceuti cal conposition clainmed in C ai mb54,
which further conprises a c&pound as claimed in any
one of Clains 17 to 38. 56. of a conpound as
clainmed in any one of clainms 44 to 53 in the
or apiAteeigd darikate therpeldwithmeaempbund aformylagTV} o- drug f or
(R -N-net hyl naltrexone. 0 57.,Use as clainmed in claim

56, in which the nedi canent i for ora
adm ni strati on. //JI\\

X M
av)

in which M represents a leaving atom or group;

followed by removing any protecting groups and, if desired, acylating a compound of

formula (I) and/or forming a pharmaceutically acceptable salt.

40. A pharmaceutical composition, which comprises a compound as claimed in any one of

Claims 17 to 38 and a pharmaceutically acceptable carrier.

41. A method of treating pain in a patient in need of treatment, which comprises

administering an effective amount of a compound as claimed in Claim 17.

42. A compound as claimed in any one of Claims 17 to 38, for use in therapy.

43.  Use of a compound as claimed in any one of Claims 17 to 38 in the manufacture of a

medicament for the treatment of pain.

44. A compound of structural Formula (I):

or a salt, hydrate or solvate thereof wherein:
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X 1s (R)-N-methylnaltrexone, wherein the hydrogen atom of the phenolic hydroxyl group is
replaced by a covalent bond to -C(O)-Y—(C(Rl)(Rz))n-N-(R3)(R4);

Y is -NR°’-, -O- or -S-;

n is an integer from 1 to 10;

each R', R?, R? and R’ is independently hydrogen, alkyl, substituted alkyl, aryl or substituted
aryl, or R' and R? together with the carbon to which they are attached form a cycloalkyl or

substituted cycloalkyl group, or two R! or R? groups on adjacent carbon atoms, together with

the carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl

O
WA
/[U\R’/(3 ]p\R7

each R® is independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl,

group;

R’ is hydrogen or

substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl,
heteroarylalkyl, substituted heteroarylalkyl, or optionally, R® and R’ together with the atoms
to which they are bonded form a cycloheteroalkyl or substituted cycloheteroalkyl ring;

R’ is hydrogen, alkyl, substituted alkyl, acyl, substituted acyl, alkoxycarbonyl, substituted
alkoxycarbonyl, aryl, substituted aryl, arylalkyl or substituted arylalkyl;

p is an integer from 1 to 5;
each W is independently -NR®-, -O- or -S-; and
each R® is independently hydrogen, alkyl, substituted alkyl, aryl or substituted aryl, or

optionally, each R® and R® independently together with the atoms to which they are bonded

form a cycloheteroalkyl or substituted cycloheteroalkyl ring.
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45. A compound as claimed in Claim 44, in which Y is NR® and R® is hydrogen or (1-
4C)alkyl.

46. A compound as claimed in Claim 45, in which R’ is methyl.

47. A compound as claimed in any one of Claims 44 to 46, in which n is 2 or 3.

48. A compound as claimed in any one of Claims 44 to 47, in which R' and R* are each

hydrogen.

49, A compound as claimed in any one of Claims 44 to 48, in which R? is hydrogen or (1-
4C)alkyl.

50. A compound as claimed in any one of Claims 44 to 49, in which R? is hydrogen or a
residue of a D or L-amino acid selected from alanine, arginine, asparagine, aspartic acid,
cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, lysine and valine; a residue of
a dipeptide or tripeptide composed of two or three D or L-amino acid residues selected
independently from alanine, arginine, asparagine, aspartic acid, cysteine, glycine, glutamine,
glutamic acid, histidine, isoleucine, leucine, methionine, phenylalanine, proline, serine,

threonine, tryptophan, tyrosine, lysine and valine; or a residue of an N-acyl derivative thereof.

51. A compound as claimed in Claim 50, in which R* is a residue of arginine, N-
acetylarginine, N-t-butanoylarginine, N-benzoylarginine, N-piperonylarginine, N-

glycinylarginine, lysine, glutamic acid, aspartic acid, tyrosine, proline or N-glycinylproline.
52. A compound as claimed in Claim 50, in which R* is hydrogen.
53. A process for the preparation of a compound of formula (I) or a pharmaceutically

acceptable salt thereof as defined in any one of Claims 44 to 52, which comprises

(a) reacting a compound of formula (IIT)
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(II1)
or a protected derivative thereof, with a compound of formula (IV)
O

av)
in which M represents a leaving atom or group; or
(b)  methylating a corresponding compound of formula (I) in which X is a residue
of naltrexone, or a protected derivative thereof;
followed by removing any protecting groups and, if desired, acylating a compound of

formula (I) and/or forming a pharmaceutically acceptable salt.

54. A pharmaceutical composition, which comprises a compound as claimed in any one of

Claims 44 to 53 and a pharmaceutically acceptable carrier.

55. A pharmaceutical composition as claimed in Claim 54, which further comprises a

compound as claimed in any one of Claims 17 to 38.

56.  Use of a compound as claimed in any one of claims 44 to 53 in the manufacture of a

medicament for use as a pro-drug for (R)-N-methylnaltrexone.

57. Use as claimed in claim 56, in which the medicament is for oral administration.



