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25 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
concemn 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

30 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
confrolled release of the drugs.
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The cyclic group formed when the phenolic opioid is released is conveniently

pharmaceutically acceptable, in particular a pharmaceutically acceptable cyclic urea,
20 carbamate or thiocarbamate. It will be appreciated that cyclic ureas in particular are generally
very stable and have low toxicity.

In one specific example of the invention, the spacer leaving group bearing a
nucleophile that is protected with a cleavable moiety is 2 group of formula
-C(0)-N(CH3)~(CH,),-NH(R*) wherein R* is an enzyme-cleavable moiety linked to the NH

25 group through an amide bond. When the N-R* amide bond is cleaved enzymatically, a
nitrogen nucleophile (-NHy) 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
30 nucleophile. Accordingly, the spacer group may be, for example, a group of formula ~C(0)-
Y-L-N-R)(R?; in which:-
Y is -NR’-, -O- or -S-;



R7 is hydrogen, alkyl, substituted al kyl, acyl, substituted acyl,
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Rl R2 10 1hb attdirisqh which they are bonded form a cycloheteroalkyl or substituted cycloheteroalkyl
15 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

20 each R® is independently hydrogen, alkyl, substituted alkyl, ary! 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
25 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,

30 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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attached, forma cycl oal kyl or substitu d cycloal kyl group; WO
2007/ 140272PCT/ 1JS2007/ 069683 - 6 - R4 is each R6 is

i ndependent |y hydrogen, al kyl, substituted al kyl, aryl, substituted
aryl, arylal kyl, substituted aryl al ky et eroal kyl, substituted
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substituted heteroaryl al kyl, or optionallly, "R6 and R7 together with
the atons to which they are bonded form cycloheteroallcyl or
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substi t ut.ed aIkyI acyl, substituted acyl, al koxycarbonyl,
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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(RH(R))-N-R})RY; the

20 spacer leaving group corresponding with the group -C(0)-Y~-(C(R')(R?)q-, the nucleophilic
nitrogen atom that is protected with a cleavable moiety corresponding with the group -N-
RHRY and the cleavable moiety corresponding with the group R*; in which:

Y is -NR’-, -O- or -§-;
n is an integer from 1 to 10;

25 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;
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1

for R3: hydr og%nlsélb’dlpgem@kdl Rybstitusadikyd.cacylo pu ;acplpalkerycrbony

CH2(0H2) dB e RO or
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as benwyl or eachR®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.
15 Thus, if XH represents the phenolic opioid that is released, then the corresponding
compound may be represented by the general formula (I}

R! |
X Y. N )
R
O R2

)

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

0
)k /Ra-

R1

RZ
In one embodiment, each of R', R?, R® and R’ is independently hydrogen, alkyl,
substituted alkyl, aryl or substituted aryl.



25 piperonyl; in particular hydrogen or acetyl; for a

cycl ohet eroal kyl or substituted cycl oheteroal kyl ring formed by R6
and R8 togenmwe7/moi’h the atons to which they are bondedeCT/us2007/069683
pyrrolidinyl; for p: 1 or 2; for R4: arginine, N acetyl arginine,
N-t - but anoyl ar gi ni ne, N-benzoyl argi nine, N- 30 pi peronyl argi ni ne,

N- gl yci nyl ar gi fi I lgg.am ¢ acid, aspartic acid. tvrosine
br ol 1 e and. N i 8imet ibdiined R%iEHAG, 3 or B0 Budf it 30y 1
Gﬁ ner al | y(frdue glyoine) s(h]@f(@Ha}aNHg(mmulrchiﬁé)Eg HCH CHINHCOSEINH ddrvaearginfite),
the invention) is a ni stere ra . wever, in._certain

enbod nenFLIH gy e gEae b e OB bl RIS R s OREb e
route. Eaghta6f¢ sg@pondi ng conpound nay have a different rel ease

profile, the rate of release s 7o_f the phenolic opioid dependi ng upon
the raté at whin@Rotheerebesimensi R ind hpdrogansatom.corvio ansubsidtuted of subsidtuted acyl

whi ch the_njtr [g%a:: ' o j ' .
cyclizati %ﬁhé’ige eaggc(lrlgdg@%‘#%nﬁygg‘%g %ggg%@fg?'ﬁahﬁé%%%%@%tﬁ%fl8?
Accor di ngsupstitoted bg miztidilenedioxpbr drieer med ddtimentp sdlaes] fechi 46 jatkyl, (- a
plurality,qf . .corr ondi ng, c ounds to the jent, eac

Correspo nﬁ@ﬁﬂ‘oé% ?ﬁfn’rfé\g]il ﬁgb%lﬂiq F BPERRY éﬁg)i\ﬁ#" %Wli"?l}bﬂg% AR §br
a dif fer epteheainayarobth G(L SCYaIR, 5eh bOCNIE), 4P o lbiaB R\ BBiaielel, Budh as
different _controlled release of the phenalic opioid. Specific
exanpl 48 GHOHGRPHer 65:6HfO0RE | Theamasbsiimiadins sebstimyedrasworpivise,

mor phi ne apdedefdy Al fe¥idse b adRidhg U RbtaBR IRy de Of
oxynor phone, hydronor phone a nor phi ne Ot her exareres of phenolic
opi 0oi ds ar e buptespesoh pargiculdi tajuss pget or phi ne, di pr enor phi ne,

et or phi nef(@@d _ﬁ\spr phanol . 15The prodrugs may be adm ni stered al one
or may be ‘co-adni histered with one or nore other active agents. In
one enbodforBrit(1-4Nskylpayhhe-Ciy admi ni stered with a peripheral opioid
ant agoni s{ , L-Suﬁ% gg (R) - N-net hyl nal trexone (N-MI'X), or a pro-drug

t her eof? 9f wi T *2b€2appreci ated by those skilled in the art that

(R - N- et fay Rhadd R2198R0aNb QT AR, §d_3§a@€H39ﬂ§re%rtféﬁl'aH%ﬁ§d:§ h as
hydr onor phone, oxynor phone and nor phi ne, but is’incapable of crossing
the 20 bl %88 A% barrier. It therefore ant agoni zes only their

peri pher ety i1C i#ghl e, not their actions on the
central ?gFSduH S grtléﬂql ‘g{}?&ﬁég&gggnéqu%l ief, which are desirable. In
one enbodion®htlHt he pro-drug of (R)-N-nethylnaltrexone is a conpound

(R - b iy Rt PR e R CRACHEN R ERNRITE S s, Ehiroge o
gi ven hereHci@0HHand R4 is hydrogen or has any of the 25 neanings
i her gi .S -d be adm ni st d I ly..
Compoundsor R HReRA e gy ofichnB ok oF MGS=ERs bk oRSRIPL) Bl y
rel ease (#2hzd¥i¥6f ¥Rl Ben8y® BSsubstithiB§ oV @bstitiRb by BfettB‘iéhIe&%Hﬂ%mnﬁtotﬂ Bwo

opioid releases the opioid it is being used to antagoni ze.” Suc
conpoundssub#ifudsts lseted amed-4Oalkylo(ladialkosy puhalegenysivchasbeseerl dr ug of

an opi oi d.: di ] jhvention, for exanple in a

phar mgge%?egg&’gg%pgrgrgﬂﬁ%ﬁk%rﬁr%’??% rll’g 30 both conpounds and a

phar mac eubr z aydoheoariinfll absubstitated icgrlohetdroalky] Irinh dorapd e Rt ahé &® tdpathet With
parent dr R) - hyl nal t rexone has poor oral bioavailability,
and genertﬁg?v&ﬁi%%%ﬁ%h%@%@ﬁpﬁgm?@%arenteral ly. Thus, the
pro-drugsfopp: (IRy2N- met hyl nal trexone in accordance with the present
invention arg useful ) - N-net hyl nal trexone therapy is

whenever oral (R ) ){\I ¢
desired. oI ZW%MWUﬁ%mmn@ -benzoylarginine, N-
30 piperonylarginine, N-glycinylarginine, lysine, glutamic acid, aspartic acid, tyrosine, proline
and N-glycinylproline.



- 9 - I n anot her aspect, the present invention provides a
prodrug of oxynorphone, hydronorphone or norphine that is capabl e of
provi di ng poshomcnd7ai stration-activated control |l ed rel esBUSHN07/069683
oxymor phone, hydronmphone or norphine. gccordingly, the present

i nvention provi des a corrpound of structural Formula (1): R3 Rl YN

X8R4 n 50R2 or rat r solv t her eof wherein

oxynor phone, h98ﬂ6 rtb‘hs %m%cﬁmpﬂ‘éﬂ érﬁgfwcmﬁl%g’aﬂl the HWF’EHOH)
the phenolsizampisieed tallgr mpvev@: m%ﬁaﬁ%ﬂbbmn@n@%%@magmwffteoqu b
-NR5-, -0-_0r.-S;. nis anlnteger from1l to 4; each , R2,

and R5 |sa¢mﬂé§3é?ﬂi§?ﬂm§hehwﬁ‘ogen al kyl, substituted allcyl, aryl or
substituted aryly cBﬁeJ?BP%}g?ﬁﬁﬁp%@gﬁ}ag%tﬁl : u{h@fafeglere %Qﬁ{e%@’%& Br feﬂ:?i%’e

are attached form a
two Rl 6r ofRbe ghapolis opinidaidpacieng upoa theaate at WhEh 11& aleayable ngm:rjnfsrclmed; and

e A OO R LAy ORI BICLEL BB ot

i ndepe ndefehd:tionhmrdagmmgah&yﬁanoﬁuaﬁbmt WicEstdidoKy bne @hbYdiménd @S thie tmbitisd

aryl, comprises administering a plurality of corresponding compounds to the patient, each
corresponding compound having a different spacer leaving group and/or a different cleavable

10 moiety so as to provide the patient with a different controlled release of the phenolic opioid.

Specific examples of phenolic opioids include oxymorphone, hydromorphone,
morphine and derivatives thereof. Particular mention is made of oxymorphone,
hydromorphone and morphine. Other examples of phenolic opioids are buprenorphine,
dihydroetorphine, diprenorphine, etorphine and levorphanol.

15 The prodrugs may be administered alone or may be co-administered with one or more .
other active agents. In one embodiment, 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

20 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, R', Rz,
n, R? have any of the meanings given hereinabove, and R* is hydrogen or has any of the

25 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

30 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.



aryl al kyl, substituted arylal kyl, heteroallcyl, substituted

het er oal kyl , heteroaryl, substituted heteroaryl, heteroarylallcyl,
substi t ut evorest eyl al kyl , or optionally, R6 and | e tmgeusrer7/osadsh
the atons to which they are bonded formya cycl oheteroal kyl or
substituted cycl oheteroallcyl ring; 25R7 is hydrogen, alkyl,

substituted alkyl . .acyl bstituted acyl, .al koxycarbon
substi tuted al BeRg BBty e esint myppiomroides aapdrit S Rmqhone
subst i t ut kyliremytphbreydr md@phise that is BARBRIof pfdidihd fosi MdmpReatioN-Adivated

i ndependent |y, - -, -0- or -S-; and WD 2007/ 140272PCT/ US2007/ 069683
- 10 - conﬂ)é%lﬁ%ssq of oxpmembarke AYErpmRTRIPRYRORhIRg Aceqrdiaghy; the prpsent

al kyl | _ar itheionphiedds bubRflodiddrsraiuaPEuafifl 4y, each RS and Pa
i ndependent|ly together with the atons to Ich they are bonded form a

cycl oheteroal kyl or substituted cycl oheterogkyl ring. For
exanpl e, when X is a residue of hydronDrRﬂonP, t he conpound of
formula (1) has 5 the structure O In\ﬁ e ntwdirrent, Xis

¢ :

hydr onor phone or oxynor phone. I othggnt, X is norphine.
I n anot her aspect the present inv@ntio r/gvi de's' a conpound of
formula | R3 R11 XN R4 100R2 (1) eor a saIE, hydrate or sol vate

t her eof 5 wher ei n: ) (I)R

or a salt, hydrate or solvate thereof wherein:
X is oxymorphone, hydromorphone or morphine, wherein the hydrogen atom of the
phenolic hydroxyl group is replaced by a covalent bond to -C(O)-Y-(CRHRH))-N-RHRH:;
10 Y is -NR’-, -O- or -§-;
nis an integer from 1 to 4;
each RY, 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
15 may, together with the carbon atoms to which they are attached, form a cycloalkyl or
substituted cycloalky] group;

0
/[u\(W\]\ 7
4. R® "R
R'is :

20 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;

25 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 -8-; and



X is (R -N-nethyl nal trexone, wherein the hydrogen atom of the
phenolic hydroxyl group is replaced by a covalent bond to

- C(0) - Y- (O8I n¢iAAdI0- N- (R3) (R4); and Y, RI, R2, n, 15 Rcrmostoidbeimye
any of the neanings given hereinabove. _1g. I n anot her aspect,

phar maceut i cal conpositions are provided mhich general ly conprise one

and a phar naceutrdalt PASRREA B aybrdB vk WA R LG Skl o

exci pi ent opmorauy LedetnR” and R iabepetdent toticthLhith tRakdhEh, wIRNCHhSY 28 boadd
adj uvant ?l nd uH(y anong ot her factors, the 20 desired node
of admi ni ‘frP’aat‘?YG heteroa I fr sibsynited peplphetereallpd &g et hods for treati ng

or preventing mréx@ﬁaﬁledwa&@mssa RSiade éf)ﬁﬁ%ﬁmﬁﬁ&ef‘ﬂq@gbﬂ Eﬁﬁrﬂﬁlm
generally involve admnistering to a patient 1 n nee suc

t r eat nedt thstrgeteigent i on a therapeutically effective anount of a
conpound Fornula (1) and/or phar maceuti cal conposition thereof. WO
2007/ 140272PCT/ US2007/ 06968 iLl - Brief Description of the Draw ngs

Figure 1 shows the plasma ccp,n \fatl op_tipE~spurse of the production
of N-MIX following oral (R0 h ra Fi gure 2 shows
the plasma concentration tinme d’rs of th ™ ion of 5

hydr onor phone and N-MIX fol l OV\Rﬁg PO dosi ng=x sinrats

As used herein, the term"alkyl" by itsepf or ¥t of anot her
substituent refers to a saturated branched, op~st p4i ght - chain
nonoval ent hydrocarbon radical derived by # pval of one hydrogen
atomfroma single carbon atom of a parent ¥ e. Typical alkyl
groups i ncl ude, but are not limted to, v et hyl, propyls such
as propan-1 -yl or an- 2)8/1 and 10 b&'yl s such as butan-1-yl,

but an-2-yl, 2- mlhymb igygat X1is fydromogphane drydxyprombane. 2inyanother embodfment, X
sone enbogi i5e. @an al kyl group conprises from1 to 20 carbon atomns.

I n ot her enbodi nents, an al kyl group conprises from1l to 10 carbon
atons. In sti |Ilnaubtlimaspednddipmhﬁnvmﬁoﬁbioyidegaootppmﬁmffcﬁmmaﬂr omlto
6 carbon atons, such as from1l to 4 carbon atpns. 15"Al kenvl" by
itself or as part of another substituent reffffs to an unsaturated
branched, straight-chain or cyclic alkyl F\‘radl cal having at |east one
car bon-car bon doubl e bond deriXed by Yle |repval of one hydrogen atom
froma single carbon atomof a p nt e. TRE group may be in
either the cis or trans confornmatifon aboyt’ot he doubl e bond(s). .

Typi cal_al kenyl groups incl ude b are t limted to, ethenyl;
propenyts such as prop-1-en-|- 20 pr B 1-en-2-yl, prop-2-en-1-yl

1yl  Loen-2-y) p2-en-i -y
E)ﬁt e%yl)s Slle t’zzil?%fﬂﬁ? Sozevﬁ%e%/tﬁ?ffag{%mfl en- 2- §| cyctoprop-a-en-i-y

2- et hyl - pr op-® isqR)-N- ﬂethyhidltreﬁo@"'m‘heﬁéin th@!al}drg% rh‘tém )sz ’she %Héno%c afdrdxyll .
buta-1,3-dien-l-yl, buta-1,3-die U

cycl obut -FOBNISIE ?Cedé’éfélcebﬂ%rﬁbﬁn%mdaé(ﬁﬂ( @ﬁ(R )t Bn'N'%MRthénq YR R,
"All cynyl #3 by Rtigel ﬁnﬁftﬁémgeﬂfu’iggg %mgfeﬂﬁBov%UbSt' tuent refers to an

unsat urated branched,” 25 stral aln or cyclic alkyl radical
havi ng at | eadn awber@apﬁbrphmabmmcalmompesmm@lmomdedi“h;phtglameral@rmval

of one h t b m ,of ent

ot oo M oftt TG o ial 8o RN sl Mo r B8V ER et B
pro Ey?y : qalmmllicetllﬁx:agy ?qmleﬂttabhévlehilyle,suﬂf P130:0 cﬁlu)ﬂlil: - bardér, i:)&ﬁplent ogat%_]%ﬂ)ilt S k| guch
as put-1-yn-1 -Vyl., -l-yn-a-yil, n-|\ - etcC an e like.
30" Acyl " %VICF oL &yent parget, ﬁé?lPPéB‘faﬂgﬁél“H@%t v} Sgﬁﬁanfl Yoo amepg plex feigrs, the
radi cabg -dekiddda6de oMaBdhistration.

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 compoﬁnd Formula (I) and/or

a pharmaceutical composition thereof.



R3 is hydrogen, alkyl, cycloal kyl, cycloheteroal kyl, aryl, arylalkyl,
het er oal kyl , heteroaryl, heteroarylal kyl as defined herein

Repr esent atiovmoemarypl es i ncl ude, but are not |imted topcMEX2007/069683
2007/ 140272PCT/ US2007/ 069683 - 12 - fonnyl, acetyl, t-butanoyl,
cycl ohexyl car bonyl , cycl ohexyl net hyl car bonyl , benzoyl, piperonyl,

benzyl carbonyl and the |iKke. itself or as part of
anot her substituent refers tgnﬁfpﬁfﬁrfﬁbfm %%?ﬂﬂﬁ’é’?% R31 represents an

al kyl or cycl oBighit!1 @oas fhegBaseicon@arieintie cdieerof SR Hiradctien SXRUNITES
i ncl ude, ? t are no limted to, nethoxy, et hoxy, pr opoxy, butoxy,
cycl ohexy P)dpsigginrats. v Al koxycarbonyl " by itself or as

part of anot heF fga@@%bwaﬁt larsﬁ)faecf)ﬁcehﬁ‘at?o tgﬂ% éezgkse ﬁ&ﬁhM@f e R3l

represents an a or ¢ kyl group a ein

Repr eseft bl’droléowhalmﬁndé\l fﬂil@WMO dosingoft prodmgs i ledats 0,

el ohool oy ehs REUACIUC HIIORY | BPRICSTP B bt aniPASANER Mtrs 109
ang_t helr S sdmmeﬂ bﬂunthedefr eﬁaght&h&nmvﬂbﬁﬂiydmm tadichydbrieedbphie removal
radl ca

t he renoval of one hydr en at | mfrorna e
car bon at Ygr )é%ﬁ AR gm asipgle © %ﬁﬁ a@g‘%‘? %M@@PS
i ncl ude, lehdéirtﬁt Aot lifitd M, hethy Y ERYD rogﬁslsualdasfp&%mﬁ%%%ﬂ BR8: and

acenapht h | ene, acephenant hryl eng, antﬁracene azul'ene,” benzene

chryser®, D@yl sudise buﬁpdo}‘labﬁtﬁe%é’l 2fm@tbyld@f@panhlexlaa@n@ethwemapame¥w@1
hexal ene, 15 ag- sbﬂg@ﬁl‘fsﬂ eﬁts' dﬁ%g g cgﬁlngﬂges fg)[&p?g) ©0 HARALRZENG other

oct acene, oct aphene, a ene, I'éne, pent acene,
pent al eneemkmﬂmaﬁhenelkybgloyp easmpnsphﬁnml ]etndO cnﬂbemamhisr émsill gherene,

{1 napht reP ST R RIS b6 St S S f HRE S e fgpip 4 carvon

conpri sesatbhem 6 to 20 carbon atonms. | n other enbodl ment s, an aryl
group conprl ses from6 to 12 carbon atons. Exanples of an ar group
20 ar e phenyl a‘):lge-rﬁg} iffglf or as part of HAPWFraﬁui??}meanﬁf‘Fff%ﬁnf“”éﬁ‘% ﬂ)&%rlchwr

anot her sylsdhtMBRbr é}%ﬁ@ Blityltﬁd@ﬁl HAGINAE bt Bak bl éarlScﬁ‘mdéa.?b'ﬂn doﬂbl\é@bﬁ&‘dé}ﬂf@d

of the hydrogen atons bonded to a carbon atom typically a term nal
or sp3 caPhibnremaeysl of ane ﬁ?ééﬂoamowftcm asinglegarbgr atom. of Bynarestiikeney Theky |

gr (r)lggflt n;&oh&ﬂ&?y B%qn nap E é’%\gpa%&fg&?aggﬁ]ﬁé# tﬂ? Hqé/%%ﬁwylr&pland
the like. alkemyl;gmapsantiuda rbem:rs notdmlmdyb,edtﬂeﬂyl gro@myls snc(x @ipxﬁﬁﬂ}en— -yl,
III yl .Q.,.th k [ f.th [ Cl- G
and ¢ e rop T2l oo b eI arStseraa s AL T ar vt ol kyl
group i s ¢yclbptsp-emi W &Jul‘@yls,suﬁuﬁbut—flféﬁ—lajdkhﬂt-ln@i z“-w 2qﬁeﬁ1ﬁqn@§ yleallkyll
group is (Cé % Bdthe arﬁwénme IS é - rrﬁoun
i denti fi eFteramnkyl Byt-3-psil iyl dnERice - yisbuter t3cFF1@1 éﬁb/bmaa MWC%{YI 30
nane.  TheyeRBROUEHY. ARSI ReoNSI Pl fo TRt § OB 1.80F o B eC ! 1 A

centers and/or doubl’e bonds and may e
st er eoi soner s,“Adknnilzhy itselflot &s faotiad anstbﬂmubst(tuenerefergmamratedchmmqu,

cnan o7t Ay, SHICHRTyu AR HL IRk o BRSPLRL SRR S
pur e f or nth¢ enthval 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, bui-3-yn-1-yl, efc.; and
the like.
30 “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



WO 2007/ 140272PCT/ US2007/ 069683 - 13 - geonetrically pure,
enantionerically pure or diastereonerically pure) and enantioneric

and st er eowsoerria6271 Xt ures are included in the descri pedious2007/068583
conpounds herein. Enantioneric and sterﬁm soneric m xtures can be
r esol ved |nto their conponent enanti oner's or stereoi somers using

separatio hn| ues .or r he chn| es well known to
the 5 ski ?q a?"ﬁ sipptanpyh %@%&%&r@ waycya BXYéwq@f learhonyly hepzgyl,

t aut omer i gipbRhPEbiRGlHBbNY ahd B! form the keto formand m xtures
t hereof . Accordi ngl y, the chem cal structures depicted herein

enconpass al | pﬂﬁ@ﬁblbé 1tsdﬁﬂb¢$mﬂﬁ@fﬁmth@ suipstituent efars fotarradieal -OBApwamel8>!
The Conpoﬂ:g%eﬂ?érpﬁkﬁeog f]éléa(fk)}l H‘Fclupqsdéffn%h%gfe‘f l*ei)rés 1?21#\1%%}; ﬁ%? H][QHI%C

wher e one nmore atons om ¢ mass rent 1rom om’
mass coﬁvbmwmﬂlmneﬂm,mnbthmy,rmliaxy,epmp@cylihmnw egclctiexiylory apbte likat may

be incorporated nto he o ds disc ein include, 3C,
14C, 15N, 1Rnl FW?C'#P éﬁlP%° e%ﬁ‘%sﬁﬁ‘@enfée e 2 rdihounds

may exi st-GO)ORHSMHeveR B degreens a@ﬁ]ky\pérlcyeaa]ﬁﬁl gtadpesd deffidherdifiCl Udi Ng
hydrated fornms. Certain conpounds may exist in nultiple cr%/hstalllne

or anor ph%%eqeé‘iahﬁe exapplss include, bugpre I}@hl@ﬁ‘é‘ém MMY%F@%G Qxycerhonylor
th h th

of the. 15 FSaony ot el e by Bl e BTl ' o ag part
of anotther sub®ik’ tbentself ef asrmarttod amothatsubstitedt e foa méroyhlentadomnatic.
Typi cal l.ud t ited t

deri ved frohs st s BTy B or ShOn Basnelin Fomyoiafispite aom

the |ike. oﬂapMomaﬁoﬂngrmtem Tiiscat yel gahﬂaﬁi)bblu@é ®uiPart Sot(Hasitéd16) groups
cycl oal ky c? ot her enbodi nment s, the cycloal | c group is 20 (C3-C7)
cycl oal kyferived from ac 1% afgapilylencygeephenan ?neaelteavelwfwlmt her

SUbSt i t USdhzerieedHRsend, CoRnSRd HigthRHerfey fhdréned hibedeaRi @ Bhent hehlegd) one
or nore carbon atons (and any associ ated hydrogen at onms) are

i ndepehdiefftingdacerg, sardsgens ndanehindenenpapbthaliing fastasene, h@@léwe@etoetﬂenwmal@aet,

het t {

et or o ol R AL IRt R SRR SRR DAL Fpelbe o hene,

i ncl ude, meﬁtnearleadmb Hyireniet mutaltthrpng m:uq:mgctﬁphatgltné rtrmaphﬁm}endmd the like. In
arne,hre m dazol i di ne erazi he

o pert ai sy R0GR LTt Fiind SR hcp PPARaaRa b o

" Het er oal dmyHodinnigits awadyk gioyp cangtisee fremh @b 10 \casbon atdynst E@mﬁby@ﬁancwylag&oup

part of another ) bStIL ent refer to al kyl, al kenyl and al kynyl
gr oups 20 rAs By} AGigPhthE. whi ch one or nmore of 30 the carbon atoms

(and any assoec ff_\% NREE D APRADY afdfer! sﬂ&%ﬂ%ﬂ%ﬁ% % ah @BV e GfkyMaliltal

the sanme or di eteroatom c groups. Typical heteroatom ¢
groups wHRgRichane 9éthe hyfiggendatpms beruled tcgac capen atpm) ypisalbasterminel arep’

L'RZ']_t ed tc?blzsoggtto’m ﬂ%{ﬁﬁ]ﬁw&' \Q%h ﬁl(%arlggﬂ)up 1dal g%ﬁ( }%%%Eéfél@\gy bwﬁ%ggﬂtd' 0,
WO 2007/ 140gd2eGEhS 20 enBH6B 31, naphthylmethyl 2-naphthyleth-1-yl, naphthobenzyl,
25 2-naphthophenyleth-1-yl and the like. In some embodiments, an arylatkyl group is (C7-C3o)
arylalkyl, e.g., the alkyl moiety of the arylalkyl group is (C;-Cjo) and the aryl moiety is
(Ce-Cao). In other embodiments, an arylalkyl group is (C7-Cao) arylalkyl, e.g., the alkyl
moiety of the arylalkyl group is (C;-Cy) and the aryl moiety is (Cs-C)2).
~ Compounds may be identified either by their chemical structure and/or chemical
30 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.c.,
geometric isomers), enantiomers or diastereomers. Accordingly, all possible enantiomers and

stereoisomers of the compounds including the stereoisomerically pure form (e.g.,



-14- 3R 8, R39, RAU, R41l,, R42 ,-.43 like, where R37,.tc and R44 are
i ndependent |y hydrogen, al kyl, substituted al kyl, aryl, substituted
aryl, arylwiokyb7n4earbstituted arylallcyl, cycloal kyl, susiuszodra6sss
cycl oal kyl', cycl ohet eroal kyl substitqﬁgq‘cycloheteroalkyl,

het eroal | cyl, substituted heteroallcyl, "heteroaryl, substituted

het er oaryl hete{oar | al kyl or substituted hetergarylal kyl. | .
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t hi azol e, i lt;]ﬁtr}g i I i
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subst ance .t a%}exerts its pharmacol ogi cal action by interaction a

opi oi o?% é@é‘%ﬁ yeloalkyloyi di ng pati ent s with relief frompain. "Phenolic
opi oi d” refer QCQQO&téﬁﬁ_t’ bPlisdifi él@Bhr‘? bfiﬁlo%?gul%ﬁﬂﬁeﬁt' &?erﬁt%ﬂﬂéted
group. Exanpl es” of phenolic” opl oi ds"30 I nclude buprehorphine,

di hydr oeteyelistlkyd radifabinemititiptes mare oarbim atems kandraopressphiated hydrogen atoms)
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t he bl ood/ brain bather, and hence is capabl e of  antagoni zi ng f he
(undesi r &dyroliging. gninglidine asgdiths likeout si de the central nervous system
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aromatic_and one or nore of the rings are saturated or unsatutated,
these groups include, but are not limited to, -O-, -S-, -O-0-, -S-8-, -0-S-, -NR*'R™*-, =N-N=,

-N=N-, -N=N-NR¥*R*, -PR¥., -P(0),-, -POR*%-, -O-P(O)-, -SO-, -SO»-, -SnR*R*- and the




15 pyrant hrene, rubicene, triphenylene, trinaphthal ene and the |ike.
"Parent Heteroaromatic Ring System by itself or as part of another
substi t uentvo efRaiZ2t 0 a parent aromatic ring system i neaduszDo0&s9r
nore carbon atons (and any associ ated hydrogen atons) are

i ndependently replaced with the same or different heteroatom Typical

het er oat o tqQ.r ® SHe, 6alhqne alons, i4cl ude, but are . not limted
tor Ny e vlbergR" 38 07 J O T RO heiioardinifnp. alof.
def i ni ti opulgfitniedatigNtarflCéubktaaled BB, Byl Ak Mg s X SlufABTyIAKS, ExsRtkyl isOktituted
systens in which one or npre of the rings are aromati c and one or

more of t Rlealidcyglobeterppllyia sebstiied sivelabeieranlkul, heseronlkyk substifutedx anpl e,
S . . >
Tt e gt gt S ] SR P L

i ndol i ne, xant hene, ‘ al pare
i ncl.udej but afleteroaryl™ibyiitseld ot as pasirafianctbéresnbsitudng zefers, to 2 nonavddaiti ne,

chromane, . chr n 5. cknnokin furan, .i m.dazol e,. indazol e, . indol
Cndol ne. B ROSBERRe riaRafARHR b fie O nt oFUNARRES ot Rt Rt AR of s
i soi ndol i parentihsepardi@dticiing systerth hiTagiehltetckON 22AIp8 indalR Tl wrel bt ifited to,
oxadi azol e, oxazol e, perinidine, enant hri di ne, phenanthroline,
phenazi neZoppt $raIVed rrr@ acridier. aindole, pubazeds, Bprhatine shromanaechrsanaz ol e,
pyri dazi N&nndide! ﬁehniayzrolamlﬁ e, 119&6'1{. ﬂ{d%lineoﬁdoﬂ%%é,'i%%enfﬁwzm I ne,
qui nol i ne, quinolizine, quinoxali’ne, tetrazole, I'adi azol e,

t hi azolle, isgdhrerhénspisemdoleisoindadine, isocmirtoline dsottiazold) ésokadode, naphthyridine,
"Phar maceut i.cal. co siti.on:. refers.tq. at |lea ne conmpound and. a
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"Pharmaceuti cally acceptable salt” refers to a salt of a conmpound,

whi ch po ey qrinagelinG, Geiopiine AHEding: gunosding.Jetazolss thiadiozplatBigole,
conpound: thJshkhes labSle) DAGIHAE and b 1RE] Fh sf%ﬂfi'ehi Rinftd, fhe HeRESTRA g Bs
ydrobrom c¢ aci d,” Sul

i norgani c_aci ds such as hydrochloric acid, : uric
aci d, nf e S0 membavediieroinyl. doiother ambiodiments, thehetenoarfybgronpl isdicnh 5-10
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cycl opent anepr opi oni Cc Irc acid, cticacid,
mal oni ¢ abiophersupwiaie, beamitidoplreat, ibenadiray, inddl€ ipgridiae, duidoling fintlaade,d,
tartaric aci citric acid, benzoic acid, 3-(4-hydroxybenzoyl)

benzoi ¢ a%".aﬁ?eé‘.‘ nPrafft>aci d, mandelic acid, methanesulfonic acid,

et hanesul f oni c‘Heteréaryldlk2t &yREKE oflaspakf T BhGth&GuBstituent, refers to an acyclic alkyl
2- hydroxye&ihéneé@lifom c_acid, benzenesul fonic acid, ) )
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aci d, 3- grtaigarpelspl oairisadi-30 membered hettmenidlicyl acg. dthe alkyt ingiety of the
but yl acety | r furi ci | pconi c. acl | ut am. ¢ _acid,
s oxoneisir By i S H mberl bl B hlero BB A0 bt SR
aﬂd t he |Inloéer embédmenta)l thGlllétﬁbﬂl?ﬁb]Mﬁl group s @421) diembﬁfedmeﬁrqaf}&ﬂhjl’l{(e.%.mhe
t he paren 0 und. i s rep ) a 15 netal, ion, e.g., an alkali
metal 7o r??”""iﬁ@%&&? ‘ihﬁﬁeté%?ﬁ%ﬁfﬁ#; {8 meapbesd ne shriotes Y BROIERd Bi nat es
wth an cg.gp.ﬂieﬁlbb@agetgt&fm‘as et hanol ani ne, di et hanol am ne,

triethanol am ne,  N-methyl gl ucam ne and the |ike.
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t he di sease but does not yet experience or 25 display synptons of the
antagonizes the pharmacological action of an opioid. The term includes phenolic opioid

antagonists. Examples of phenolic opioid antagdnists inclhide naltrexone, naloxone, and (R)-



30 group within an active agent converts the active agent into a
prodrug. Typically, the pronoiety will be attached to the drug via
bond(s) thwo zmemsci7eaved by enzymatic or non-enzynati C MEROR0076H68Y O.
WO 2007/ 140272PCT/ US2007/ 069683 - 17 -_15_. "Protecting group"” refers
to a grouping of atons that when attached to a reactive functional
group in cul e masks, r.educes.or prevent.s reactiwvi .0f the
Puncti onal - BPbiEAE Ry P oA GRid LR 5 “CRRAY et fRbIet,
et at, " Ppaifetrafingtie Blootbfin Parf¥gan enER Bhgdbleyof anfa¥nigiyg thelhdesiced)
1991) and Harrison et al., "Conpendi umof Synthetic Ortgani,c 5 )
Met hods, " 23fon&T an opjoid rutside ke esptrabperas systemy An eggpe ofRdsrishunlrhenalis

am no progﬁgfdiagglgglﬁg{qp@)mgﬁ alg pafre not limted to, fornyl,
acetyl, trifluoroacetyl,” benzyl, benzyl oxycarbonyl ("CBZ"),

t er t - buf oxycar fRarapt AformatieRing Sydterat by ltssifl orlas parTSinpther substituent, refers to an
2-trimethyl sjlyket hanesulfonyl .("SES"), - trityl.and.substituted trityl
or oups. . alt S ERRBERTA SR rits SR RS BRES AR M

ni t r o- ver spdcificalty Baiudedwithin thyV/EXEniticinst “birentlakdifatic kihg3eREMRS Biatradet] viag

hydr oxy protecting, groups include, but are not |imted to, those
wher e t heSYS{paws % yhishong of Bog of s Tingsprearematisy andiaog o1 mesPidbaingggre

benzyl , | : : yranyl

othors, pStrpied bl insGhfce B atfioh ofituc, Sibrefl i, ihdehf HRUNGRY AT

r ef er s 16 oTypiepl panent avomiticotmgoystems invhide, iy dreagelimitedtes aceanthrylene,

i ndepende C W th, the sane or different substituent(s).

i vl ShabnE BB el e S8 i Rhe i SlizeRt BRI hidrthe,
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5R60, 5-, =5, NR6OR61, ,NR60, . S - - -,
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- C(S) R60, penfal&:056 s ; >

0 TR oM b L B e

_0( NR62§ Nrpsaengiighieens (friphgnyleng, topehthaigee anddbe likR62 and R63 are

I ndependent |y . N bos . ' -
substituted al %%%ﬁ%@%t%le lf?bé%%azﬁ @yﬂﬁ?ﬁfﬁ& Subsnmel_ﬂ’ refers
cycl ohet etoagiakept gromabs tihg sitséah Ty whicinetesrroadrt carbon @pmb (and wby tssbeisted
aryl, heteraryl. or.substituted heteropar or opt..ona and. R6
Copet her argiet miet B ARsReBly RoleGh B br sfims PEBRAL Pt BpRL TybRA
cycl ohet elietabitonib toeplactibie carbbestomy dlobldie] it arl oy limfted @, NaRJO G 4i,and
ROS ar %' gp%gi%%&?yeﬁgllugecp %%ig%ﬁendeﬁ%liﬁ%%l of “parent heteroaromatic ring systems” are fused

ring systems in which one or more of the rings are aromatic and one or more of the rings are

saturated or unsaturated, such as, for example, arsindole, benzodioxan, benzofuran, chromane,
chromene, indole, indoline, xanthene, efc. Typical parent heteroaromatic ring systems
include, but are not limited to, arsindole, carbazole, B-carboline, chromane, chromene, -

25 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,

30 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.



25 substituted al kyl, aryl, cycloal kyl, substituted cycloallcyl,

cycl ohet eroal kyl , substituted cycl oheteroal kyl, aryl, substituted
aryl, het ewoeayi140372substi tuted heteroaryl, or optional pgr/GR&o78e688R65
together with the nitrogen atomto whicfgthey are bonded forma

cycl ohet eroal kyl or substituted cycl oheteroallcyl ring. In sone
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above. Foacidxitrphad, nsaibadid.t3ut4eiydgyxytgnzoply blreaic aaidyeinharhie neid) maydelic
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hal ogen SaCé‘g’(f?ﬁtﬁ) e%“ifoﬂlﬁ)aﬁll k%ﬁf‘g@ﬁmaﬁb&’ ;’Lé(e?ﬁ%d;ﬁ”&éﬁ‘ﬁﬂm&r oup.
" Tr eat i ng2-hgdroxjetiembds@iohic a0id, Bityerbd RsCach, 4bhERKEAFenefl @R acid) SOME
enbodi man%s, t o amnel | orat h{lg t he di sease or disorder (i.e., arresting
or redd®i figertiealensions sk *deluencaulinicasice cypphersullonisacidne of the
clinical &)ﬁ&ﬁ%sﬁd}?ﬁ.@?—fohﬁ-kﬁb-P—EQ@B)Q@{EQQQ' B6Rptohic 48! MYheripropionic

I east Ip)) ar artet er,

“treatnment” refers to aneliorating at one physi cal

whi ch mayadibtripethylgcadicgeids isrtisnebusylacdtic apids lawryl sulfunic peid, gluémic acid,

enbodi men '\ [WToly o et .refers to Lnhibiting,th _
di sease oélﬁtgfnsléogrcz‘gh?&gl ? Eélrlﬂl%{??%ldc%hlc{},m & aé?ncs T 2At f“%ﬁ’ of the like;
d |h scer ni b¢re(2}agaitpfan)n):d vqhb%sri adidig ipeoad:d p'rlese(at%irr]lghc peﬁ%ﬂ bompaaidiiofephtedby a
physic r ter oth.. In still other enbodinents, "treatjng"
or "tr ggt ’E%Eatﬁf{g’gfee%eér“sa?‘%%‘ REP PTG ailwignq)??g@tlo%pr% s R Wrcoordma?es :
di sor der . witll hes:pEY bhkahiasehiRchinye, aeBddlamiRahsthhaaaBUNt of a
conpound that, when 15 adm nistered to a patient for treating a

di sease, Namethylglueguape andghefikact such treatment for the di sease. The
"t her apeut i cal«py..gf gagfcglyfg RERIIL verihibt dj -
conmpound, the |se§se an ? S sevveﬁl%]%/ Ia"ﬁ%ﬁ?@é@jA%agﬂf%aﬁf%t.",”%?er
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cover 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

25 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

30 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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substi t ut ek &bdron irs eﬂqer%E‘{/i 1%% éﬁ %Z"gﬂ @l.gcll}\t’)gg iblgrfzh/pglag i Oegi(;ﬁtriyslvw&lfsﬂ alkyl

they are attached orma cC group;
15 R4 i s ethers, tetrahydropyranyl ethers, tnalkylsﬂyl ethers and allyl ethcrs.

“Substituted” refers to a group in which one or more hydrogen atoms are
independently replaced with the same or different substituent(s). Typical substituents include,

15 but are not limited to, alkylenediqu (such as methylenedioxy), -M, -R6°, -0, =0, -OR6°,
-SR¥, .57, =5, ;NR¥R®', =NR®, -CF3, -CN, -OCN, -8CN, -NO, -NO2, =Ny, -N, -8(0),0,
-S(0)20H, -S(0)R™, -08(0),0", -OS(0}2R%, -P(0)(O"), -P(OYOR*X0),
-OP(O)(OR*)(OR®, -C(O)RY, -C(S)R®, -C(0)OR®, -C(OINRPR®,-C(0)O', -C(S)OR®,
NRZC(O)NR¥RE, NRZC(S)NRRS! NRECINRHINRPRY and -CNRNRPRS! where

20 M is halogen; R®’, R®, R®? and R® are independently hydrogen, alkyl, substitﬁted alkyl,
alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted
cycloheteroatkyl, 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; and R%* and R®* are independently hydrogen, alkyl,

25 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, -RGO, =0,
-OR®, -8R, -§", =S, NR*R®!, =NR®, -CF3, -CN, -OCN, -SCN, -NO, -NO;, =Ny, -Ns,

30 -S(O)R%, -0S8(0),0, -08(0),R%, -P(0)(0"),, -P(O)OR®YO), -OP(O)OR®YOR®Y,
-C(O)R™, -C(S)RY, -C(O)ORY, -C(OYNR®R®' -C(0)0", -NRZC(ONR®R®'. In other
embodiments, substituents include -M, -R®, =0, -OR¥, -SR®, -NR**R®, -CF;, -CN, -NO,,
-S(0)2R®, -P(OXOR*Y0"), -OP(O)OR®)(OR®), -C(O)RY, -C(O)OR®,



W1 J N 7 PR each R6 is independently hydrogen, alkyl, substituted
al kyl, aryl, substituted aryl, arylalkyl, substituted arylal kyl,

het er oal kylwo mubmbize ut ed het eroal kyl, heteroaryl, substpar®de7/069683
heteroaryl, 20 heteroarylal kyl, substifpged heteroaryl al kyl, or
optionally, R6 and R7 together with the atonms to which they are

bonded for 0 03 tit he | ,copl _ ki
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al kyl , substituted al ky or substituted aryl, or optionall
each R65aﬂ’GHR8(1-ﬁGEB@h§@ﬁP wgé@}al:-}qoxy\ewmpt he atoms to which they

are bonded for m[‘ﬁe%ﬁﬂﬁc’l o h&&ﬂlgﬂl’ Ey Jm{yocpﬁez%l:gtcﬁ%&e? geé@ )I’( Gh g&ﬁé EhLB&iHS¥hs, to

ring. 5In sone
i ndepe ndeambl;ortrtyrgrtbgémasabﬂ@tqrdalam,t drtestirgrbratduging the &dvekmpmsmhﬁ‘tﬂnd diteast
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enbodi nents, R7 is hydrogen, ac or al koxycarbonyl. 1n other

9 10 discernibie by the patient. In yet other embo unents, “treating” or “treatment” refers to
inhibiting the disease or disorder, either physically, (e.g., stabilization of a discernible
symptom), physiologically, (e.g., stabilization of a physical paratneter), or both. In still other
embodiments, “treating” or “ireatment” refers to delaying the onset of the disease or disorder.

“Therapeutically effective amount™ means the amount of a compound that, when

15 administered to a patient for treating a disease, is sufficient to effect such treatment for the
disease. The “therapeutically effective amount” will vary depending on the compound, the
disease and its severity and the age, weight, efc., of the patient to be treated.

Reference will now be made in detail to vén'ous embodiments. It will be understood
that the invention is not limited to these embodiments. To the contrary, it is intended to cover

20 alternatives, modifications, and equivalents as may be included within the spirit and scope of |
the allowed claims.

Disclosed herein are prodrugs of phenolic opioids. The promoiety of the prodrug
includes a spacer group and a cleavable moiety where the spacer group, inter alia, physically
separates the drug from the cleavable moiety. Accordingly, a prodrug disclosed herein

25 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 controlied release of the parent drug
can now be mediated by the nucleophilic nitrogen undergoing an intramolecular cyclization—
release reaction.

30 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 () or salts, solvates or

hydrates thereof is provided



10 enbodi nents, R7 isX where RO is hydrogen or alkyl and x is an

i nteger between 1 and 2000. In other enbodinents, R7 is a

commer ci al Wy mvmisbabl e PEG derivative such as, for exanmirus2BE@sR89,
PEG 400, PEG 1550, PEG 3350, PEG 6000, {BEG 20, 000 or PEG 40, 000.

In sone enbodinents, Y is NR8 and R5 is hydrogen or alkyl. In other
enbodi nents, n 15 is 2 or 3. In other enbodipents, nis 1. In still
ot her enbodi nents, RI, R2,123, R8 and R8_ar &1 ndependent!|y hydrogen
or al kyl. In some enbodi nents, eachRR6 | s i ndependently,
hydrogen, al kyl, substituted a&kyl, | | \aNlallcyl, cycloallcyl,
substituted cycl oal kyl, substitu ar yl\bR4heteroaryIaIkyI or
optionally, R6 and 122 together th the|anons to which they are
attached forma 20 cycl ohet eroal or sygbstituted cycl oheteroallcyl
ring. In other enbodinments, R6 is”indepgndently hydrogen, alkyl,
substituted al kyl, aryl, arylal kyl, substituted aryl al kyl,
heteroaJI%'??mheteroarylalkyl, substituted heteroarylal kyl, or
optionally, R6 and 12.2 together with the atons to which they are
bonded faorm a cycl oheteroal Kyl or substituted cycloheteroal kyl ring.

In still dtsfepheaplsormeidnviereid thehydrgen atopoef faniansdney) groyp &y tsplased by

met hyl, | SQREQAhd td T9D tg_f)o SEEH UL YR RA,but I, cycl opentyl,

cycl ohexyl, -CH2OH, §%}¥— éﬁéﬁﬁﬁ%}2¥%ﬁ$%)1(]l 2CH2CO2H, - CH2CONH2,

- CH2CH2CONH2, - CH2CH2SCH3, - CH2SH, - CH2( CH2) 3NH2,

- CH2CH2 h&%&?tﬁ H2, «phenyl, benzyl, honobenzyl, 4-hydroxybenzyl,
4-bronngﬁgzy , 4-$gﬁa§iolylnethyl, 3-indol yl net hyl

3[ 5- hydr oxyi ndol yl knet hyl , 9-ant hranyl net hyl , 3-benzot hi enyl net hyl ,
cycl ohexyl et hyl Qgﬁi henyl met hyl , 2-furyl methyl, iodonethyl,

1- napt ﬁ%l%?ﬂﬁ?geégﬁ ﬁy‘ll’ met hyl, 2-pyridyl nethyl, 3-pyridyl methyl,
4-pyridyhnet hyl, 3-styrylnmethyl, 2-thienylnethyl, vinylnethyl,

cycl ohexyl, agetyl gnongt hyl , 2-trif|uoronethﬁlbenzyl 2- chl or obenzyl

VO 2007/ EagivRa BERR Umsidt s mdemsadently hydrogen, elierh swestisied alloyls arplor shsiiied
2- met hyl ZMR! Bat2ig ] . R
3- cyanobl(;dﬁslé1 S/?&J,R 321;1311Ei ﬁéé°§§§?\zy ?l%éaﬁng)? %Ikwglé%ztgf/ ,ag)él%%gﬁgz&/o% _él r?%?}?alkyl or
3, 5- di br onbstiguted/echicoaldybguopp;, 3-tri fl uor onet hyl benzyl, 4-chl orobenzyl,
4-cyan9£enzyl, 4-f| uor obenzyl, 4-iodobenzyl, 4-nmethyl benzyl,
4-ni trobenzyl, 3, 4-di hydroxybenzyl, 5 2,4-dichlorobenzyl, 3,4
di chl orobenzyl ,03,4 difl uorobenzyl, 3,5 diiodo-4-hydroxyl benzyl,
3-nitro-4-hydr ybeﬂii" am nonethyl, NH2 NI-12 t - nr NH2

- ~

P

RT
6
R*is R ;

each RS is independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl,
substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl,

20 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 arylalkyi;
25

p is an integer from 1 to 10;

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



O or optionally R6 and R7 together with the atons to which they

are attached form an azetidine, 112 pyrrolidine or piperidine ring.

In sone enwedipienbsz Wis -NR8 and each R7 is i ndependepdtiys2oydicagen

or alkyl, aryl or arylalLlcyl . In sonme_gpbodi nents, R7 is hydrogen,

al kyl, acyl or al koxycarbonyl. In other enbodi nents, each It6 is

I ndependently -CH2(CH2) 3NH2 or 15 - CH2CH2CH2NHC( NH) NH2. I n stil

ot her enbodi nents, pis 1 and R6 is -CH2(CH2) 3NH2 or

- CH2CH2 mawﬁqwb&dxépendéml S{yu}dgeﬁtah@i sﬁMedrmﬂsmy?&rshbéﬁﬁtéd a:PP%r ,
yl,

each R8 is hydrogen apnd R7 is hydr dgen, acyl, sub5tituted ac

al koxycar epignallpreagh RS and R indepshdenty yagathsowifh thejatprassaavhichibel are herded

o br onobersri] FERRAEEHA B R et R o T
- CH2CH23CHS, m@adm&m;emmwmmZRbdejﬁ @@Bpendemt]yshyidrdgenitaien,
e”bOd'”E”tQVPE%%_ ﬁﬁfeanntly benzyl, 4-hydroxybenzyl,

4- br omobef n still other enbodi nents, nis 1

and R6 is phen sonﬁ%ﬂ:&:)éhun&tshx% b8 BHYbne, ArobiRRE R hone. In other
4-imidnol yl pethyl, 3-indolyl net h% | g%but CH2CH2S ﬁd—g

- CH2 CH2 CORipbod Hzlsntsaéﬁmmr@r rﬁm@mﬂnw diprgporphingef@phine or levorphanol.
embodi ment s, n'hs?)rﬁla eﬂﬂ)‘adﬁﬁen{sslfibfs%&l et aﬁxggfeﬁ%?ﬁw}cmb%nw 9BReNzYy!

or 3- |ndolylnet I'n sonme O any oF

2007/ 140272PCT/ USZOO?/ Og?gi Prbodl ments, each Wis -NR8-, each
R8 is d d J37 i t|t 0l al ko ar |l 0
subst i pﬁt é‘gg&fﬁlo%f/cfgrlf)onyl I n g’ﬁ ﬁ%ﬁ’&ﬁ%&ﬂ{’gﬁﬁ @g %’/%%nie et

than 1 antetRéed b a:lityli]OOg EMothérenéddingdntd, RE isabhaven@ahlogavigiable PESaiEﬁv:ineS

Al Koxycar Bigh 5 eiiols PEC 28 B Q) B st DEG-5358, REGREb. Et-20.000 o

enbodi menppG-,009. 3 and R7 is hydrogen. In other embodiments, each W
is -NR8- and each R8 is hydrogen. Ln SOo[Te enbodi ments, each R6 is
i ndependent |y mpemsgavpodimentsy ¥ is NBS pncbRYis hydropen arylkyl.s iathareyabodiments, n

L HEC 7 s S0 BRI T ot B SRR 40

hydr ogen wdepaRderitly lydsogen swddkyli t ut ed acyl, al koxycarbonyl or

substituted al ll§1 S0 %%lrn 8cr111¥[{ehts, each RS is independently, hydrogen, alkyl, substituted alkyl,
aryl, arylalkyl, cycloalkyl, substituted cycloalkyl, substituted arylalkyl or heteroarylalkyl or
optionally, R® and R together with the atoms to which they are attached form a

20 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,

25 methyl, isopropyl, isobutyl, sec-butyl, t-butyl, cyclopentyl, cyclohexyl, -CH,OH,
-CH(OH)CHj3, -CH,CO;H, -CH,CH,CO,H, -CH,CONH,, -CH,CH,CONH,, -CH,CH;3SCHs,
-CH,SH, -CH»(CH2);NH,, -CH,CH>CH,NHC(NH)NH,, phenyl, benzyl, homobenzyl,
4-hydroxybenzyl, 4-bromobenzyl, 4-imidazolylmethyl, 3-indolylmethyi,
3-[5-bydroxyindolyl]-methyl, 9-anthranylmethyl, 3-benzothienylmethyl, cyclohexylméthyl,

30 diphenylmethyl, 2-furylmethyl, iodomethyl, 1-napthylmethyl, 2-napthylmethyl,
2-pyridylmethyl, 3-pyridylmethyl, 4-pyridylmethyl, 3-styryimethyl, 2-thienylmethyl,
v'myln:iethyl, cyclohexyl, acetylenomethyl, 2-triflucromethylbenzyl, 2-chlorobenzyl,



I n sone enbodi nents, each R6 is independently hydrogen, nethyl,

i sopropyl, isobutyl, sec-butyl, t-butyl, cyclopentyl, cyclohexyl,
-CH2OH, - - CH2CONI - 12, - CH2CH2SCH3, -CH2SH, p |,
4-hydroxyggﬁ%ﬁﬁﬁﬁv%ronobenzyl or 15 3-indol yl et hyl. Ié?@ﬁ%%?ﬂﬁ&ﬁg
embodi nents, each R6 is independentl|y 43ldrogen, nethyl, isopropyl,

i sobutyl, sec-butyl, t-butyl, cyclopentyl, cyclohexyl, phenyl,

benzyl , 42kyambbeyk PHlucdebengd) Yinetiyihehzydr3-efubandiybdréylandhiBbbenzyl,

t oget her %ﬁth he quﬁf top%ﬂiCh they are attached form an azeti di ne,
pyrrol i di REYEPOFAe ST AP PG methy sy Lot beraeyleeYle enbodi nents,
each Wi s3 5Nf8omoeRkfir&Sbkszyl) %%ﬁg%m%fhgﬁﬂﬁiﬂ,r@éﬂléfroﬁaﬁgl, B-Q:F%ﬂ)@e 20

i ndependent|y together With the atons to whi'ch they are’atfached form

an azet i d-ikorobgRayh Hrigiehenard. fmethy|bdnzyd, 4-nifrgbeaayl, R7-dikydaepbenzyl,
bstituyt | tit . b .
Th sore” o oA XU RN S AR S 208 SRR epe,

or i sobut §nitro-frhpdrheybeerddcaiin@mnéthyl, each Wis -NR8-,” each R8 is

hydrogen and R7 is acyl, s%ﬁtitut ed acyl, 25 al koxycarbonyl or
substituted al koxyc_ I errb(&'cj‘i ment gs=meach R6 is
i ndependent |y -Cl12CR1% or Wz'mg@—l th,erg, each W
is -NR8-, each R8 is hydrogen and R7 1s acy by subst Mttt ed aéyl ,

al koxycarbonyl or substituted al koxycarbonyl.” I n some enbodi nents, p
is 2 and the R6 group adjiacent to the N-terminal nitrogen 30 atomis

i ndependent |y, hydrogen, thyl, isoprpyl, isobutyl, sec-butyl,
t-butyl, cyclopentyl, c hexyl , - - CH(OH) CH3, - CH2CO2H,

- CH2CH2CO2H, - CH2CONH2, 2 CH2 GEONH2, 2CH2SCH3, - CH2SH,

- CH2( CH2) 3NH2, - CH2CH2CH2NHC( NEDNH2, phenyl, benzyl, honobenzyl
(phenet hyl ), 4-hydroxybenz¥H; 4-bronobe I, WO

2007/ 140272PCT/ US2007/ 069683 -23 - 4-i m dazol yl met hyl ,

3-indol yl met hyl, 3[5-hydroxyindol yl)-nmethyl, 9-anthranyl nethyl,

3- benzot hireypibiay Rfland RY edgeihex e ' idi
2-f ur yhnet ﬁ?l.,@gdo_rret. hy| g@?‘ n?ﬁ?ﬁ’tf:&#e“%sh% , 2-%%%%%3#%?%‘1@“&%“’
2- pyri &Y pystokigine onpigordiagtingt hyl , 4- pyri dyl net hyl, 3-styryl net hyl ,

2-t hi enyl neth i @E] wG -%Elg]ﬁ ] lgr, I rl"ﬁgl
2-trifluoromet f}?l)éée%ib/ , g%{t(L:’th?o enzé?é',l;‘c -c‘%‘}r@ﬁ%ﬁ% , dmg%nora}kyl’
2- f | uor olsylzylaryldkytet hyl benzyl, 3-trifl uoromet hyl benzyl,
3-ch|orobenzyh

3-cyanopenzyl,7.3:f]l uoro zyl . 3-net hy] benzyl ,
4- benzoyl benzyf 3918° é@g?‘ﬁ?S%-&ilﬁw%@b yeyl or alkoxyca}/rLonyT.
Ry e i e L e K A
-fluoro , A- nzyl ., 4-methyl benzyl’, 4-njtrobenzyl,
3, 4-di Hdﬁgééj’ﬁlégéiﬁﬁg&q%ﬁ%cm Sibetberspbodimentsyp i @?d(ﬁsﬁgﬁ 17(CEL4NH; or
di f | uor oherggH,C,NHENIHNIBI 8 ﬂilMtﬁ%r%ﬂNﬁQ%{F%Ysl, each W is -NR®-, each R® is

3-ni tro-4-hydroxy e.p_zyﬁl , am nonet h
hydrogen and R’ is hydrogen, acyl, substituted acyl, alkoxycarbonyl or substituted

alkoxycarbonyl.
In some embodiments, each R® is independently phenyl, benzyl, 4-hydroxybenzyl,
20 4-bromobenzyl, 4-imidazolylmethyl, 3-indolylmethyl, isobutyl, -CH,CH>SCHs, |
-CH,CH,CONH,, -CH;CH2CONH2 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>SCH,, -CH,CH,CONH,,
25 -CH,CH,CONH, or -CH;CO,H. In still other embodiments, n is T and R® is benzyl,
4-hydroxybenzyl, 4-bromobenzyl or 3-indolylmethyl. In some of any of the above



or optionally each R6 and R8, independently together with the atons
to which they are attached form an azetidine, pyrrolidine or

pi peridine ring and the other R6 group is nethyl or R6 and R8

i ndependenP?68d%her with the atonms to which they ar PGSO m
a 15 pyrrolidine ring. In other enbodi+#8nts, each Wis -NR8-, each R8
is hydrogen or optionally each R6 and Rs, independently together with

the at onsehbodidabnth, cakteW @RS} daak RE ¢k Hyardbed apWRT Rlabdl] a®stithidd agnd 12. 7
is acyl, %gbsti ut eid acyl , al koxycarbonyl or substituted
al koxycar carbppy! 0p spstifutedptkozBenpeonghbodi ments, p is 1, and R6 is

hydrogen. In sgemelrbb&inRRRV:S; [ i PodeSoek: j en
and Wis NH 1In some of the ’alglgégeaenbo ilﬁﬁtlgls dlrige%., hg%.;ﬂigtﬁ@’ﬂ{o%
hydr ogen, engbadiments, gach Wis iNR hystcioBe is. hytdrogen et R tivlod; subsiitsted eadh R6

i s hydreg WS NEL ill other enbodinents, each R6 is

hydr oge%,%%ﬁi@#}?ﬁa%@u{@%@?‘ ’:d‘éaqfnyf' In sone embodi nents, Y is
NR((;‘ n ids 2 orIESSmp_ einkodimentls,%: ils BJandRﬁ,is Iy@lrodehs dlrﬁétﬂer?ﬁb@{iﬁleﬁﬂsaeachw is

i ndependent|sy rogen or, al kyl, each R6 is independentl|y hydrogen,
al kyl , su@i‘{rﬁﬁ/@ag% KAvdrogenar vl aryl al kyl, substituted arylal kyl,

heteroal kyl, hatsemeampbdinkyis, caStRSLsi; | :
optionally, R6 and R7 toget Rer Wi t{ﬁlﬁl#}%gﬁegﬁrr}sﬁiag@év% %hﬂﬁ%ﬁﬁggﬁrg%l’

bonded f oFPRMYcSeibstYs -EHaH oy HCId:SHE ubsither smbddimynisanistlend R liy hydrogsg,
In oth di  t el ] i . 3 P .
2007/ 1362 95RE URDB T Pel b ey Ein iy s NG, cogh s gy g B dg v

R3 and RSsubstdutewtdpl allaxytarenylersubstitute alkexycatbepgindent | y hydr ogen,
al kyl , substi tuted al . ryl yl.al kyl ubstituted, aryl al kyl,
het er oal kyl , &35%%3?15%%&*}&%% s{%illﬂ‘{ﬂ’é@eﬂfi’f %fd%%ﬁﬁ% ’aFt@r tsgpropy

opt i onal liyobuR8, s26-8uly, rbags ichelbpetiniicyclvbeat CTBIL,OH, V@IH@H)‘(HE%’-GHZQQNHZ,

bonded for C ohet er oal kyl or substituted cycl oheteroal kyl ring
or 5 opt {-ORE S rCHISTE P, boray Gk PR s SBPRTLE: Y i 5 N,

N i's 2ys RindBRifRdnA! & B H9RRim G ! n, R7
i s hydrogen g?id _RGﬁi s -CH2(CH2) 3%%’2@%?1%%3{8%@%&%{%%%%1 n
some of tiFRPrenybsobuiybedi-bemik sbutyl, cxclopeptmrqyblohexybrhemdstenzylphone.

The conpqu hE i . b ai vi.a the rouytes .
generi caﬁjyﬁoﬁﬁﬁ}; g?ﬁ%@g&%i}%ﬁ%@y >4 d%ﬁ%%%ﬁ%’? {hegoms o whEh
herei n, rhsy drveaftacbgrhfoed aaneetiditeaphredidime of pipgadinoringi hi sogepfaralbsvdy
procedures ,known to se.0fs SKillg.l he art (See e.q..s G.egn et al,
"Prot ect iV s°%°hr‘%*sgﬁﬁeeeﬁb‘%ﬁ1§?w ,ogev(wqpé% R 09dp;

Har ri som ifdepahdently fopemenditiuife @iomavto e theyArs atfdchedMRiA QM SectiddR] - 1-8
(John Wle Oﬁ&d sons, ,1971-1996),; "Beilstein 15 Handbook of Organic

Cheri st ryP, P O RIPsTidmesing and & o5 ace. gubstisntedasi, glkeyycarhonyigr shbstituted
Cer many; Jh@k$&hbdlial, "Reagents for Organic Synthesis,” Vol umes
1-17, (Wley Interscience); Trost et at, "Conprehensive O ganic

Synt hesi s, " ( Besgemembadinents, cahRO)is indepandeitli bvazyls4-Bydrotsdenzyl Metsbiadg.

of Organi 1Sty " Vol S . 1-#5 arqger., 1991)-; March, ." Advanced
& gant o G ghREThBldnkents YIS VR ek B 1 htoet PR R S e R B
20 O gzniatkoXyantsigl erasubsinsed alkdfyicerBoiili shers, 1989); Paquette,

1995) - Bodany BRI BHRAEREI S s preRses A BePOsi of SHHCHGEOM. T
Verl ag, baR#ImbERSeRNEHavh W RLRRE Ea%h‘i{f”_is?iﬁ‘;@%géﬁ amY RY RG8{1SsubsfimRElaBger

Verlag, 1984). Further, starting material’s may be obtained from
conmer ci alkozparhonyl ersubstistealkorysathpmylshed synt hetic procedures,

supra. In some embodiments, p is 2 and the R® group adjacent to the N-terminal nitrogen
30 atom is independently, hydrogen, methyl, isopropyl, isobutyl, sec-butyl, +-butyl, cyclopentyl,
cyelohexyl, -CH,OH, -CH(OH)CHs, -CH,CO,H, ~CH,CH2CO,H, -CH,CONH,,
-CH,CH>CONHy, -CH,;CH,SCHs, -CH,SH, -CH,(CH,):NH,, -CH,CHoCH,NHC(NH)NH,,
phenyl, benzyl, homobenzyl (phenethyl), 4-hydroxybenzyl, 4-bromobenzyl, '
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Scherre 1 and fornula |, supra, where for iIIustrative purposes Tis -
0-, -S- or NP -0- or -S-, Wis NP?, -0-
R1 and R2 \g{a%%Wy]é(rdggen p, R3, R5, R6 R7 and R8 are as %/%VHO%GO%?(’%:*

defined, X is a phenolic opioid, P is @3protecting group, and Mis a
| eavi ng group, conmpound 1 may be acylated with an appropriate
car boxyl i & iﬁichndlylmthyﬂ;a%ihdodylrﬂemh}a,(ﬁ b-leguoxyaidehi]-methpl, untheanybmgiglnd 2

BRI s I D SR St s PR e
desired compsbyighe y1 @Hﬁﬁtﬁ?lrﬁ"ﬁ?ﬂyi 9}r|1d3,ll‘metia L %yﬁ&ylmeﬂﬁﬂ% p?‘%?ﬂ?ﬁ%ﬂ%d
10Referring now to Schene formul a upra, where

i 11 ust r at PVETHTEHYS 8§hIFﬂ31§1ethYb vinylogethy)y CN@CXW fostylmpmetiyhi s NP?, -0-
or -S-, sMm ShdroithABthzRR 280 rdbédsy? 9L MyanBbeni; 2 MoroBénzyl, 2-methylbenzyl,
3-trifluoromethylbenzyl, 3-chlorobenzyl, 3-cyanobenzyl, 3-fluorobenzyl, 3-methylbenzyl,
4-benzoylbénzyl, 3,5-dibr0m0-4-hyd:oxybenzy1, 3-trifluoromethylbenzyl, 4-chlorobenzyl,
4-cyanobenzyl, 4-fluorobenzyl, 4-iodobenzyl, 4-methylbenzyl, 4-nitrobenzyl,
3.4-dihydroxybenzyl, 2,4-dichlorobenzyl, 3,4 dichlorobenzyl, 3,4 difluorobenzyl, 3,5
10 diiodo-4-hydroxylbenzyl, 3-nitro-4-hydroxybenzyl, aminomethyl,

ar

NH, NH;
or optionally each R® and R®, independ.ently together with the atoms 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
15 pyrmolidine ring. In other embodiments, each W is -NR?®-, each R® is hydrogen or optldnally
each R® and R®, 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 RS is hydrogen. In some of the above
20 embodiments, p is 1, R® is hydrogen and W is NI1. In some of the above embodiments, pis 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 NR®, n is 2 or 3,pislor2, R}, Rz, R’ s R® and R’ are
independently hydrogen or alkyl, each R® is independently hydrogen, alkyl, substituted alkyl,
25 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®, nis 2,



and R8 are as previously defined, X is a phenolic opioid, Pis a
protecting group, and Mis a |eaving group, conmpound 6 is acyl ated

W th an appropri.e carboxylic acid or carboxylic acid ' o]
provi de co ozﬁwgqéﬁzmnpound 7 is then deprotected and ‘f‘g‘ﬁ&%@‘]&ﬁ'&%ﬁf‘%
15 activated carbonic acid equival ent #4t0 provi de desired conpound

9. 0 PON-CH3 AcylationPCki7 10 WD 2007/ 140272PCT/ US2007/ 069683 - 26
- Refiet, R ngd RO wrethydSghie e ad R arefnoatingd loa hydroganpand R ishiedepehdmtly

illustratjyv ur es.T.i : i -0- of -S .,  Wis , -0-
or -5 niGod BRACS et BT sl nlalto suiegtucaryiioy, BreRaliE o o

as previ ohatrpadRilkyRdubsfititsd RetBBRRINYE oOGtdhally, R® bsd R7 REeth@okiti@e atoms to
group, and l\/gls a | eaving group,  conpound 10 is acylated with an

appr opr i at'é® él?ed&%?bqﬂée‘égﬁﬂ ayclobeteroatyi o subsiidyted esginhotgraahiey! figg or

provi de s ConRR 1 G upet4 £ oup

I nt raco%versi gFrIfRi 1135h\r%,gfgggkggélils?nioglggéo%%%%@gt&gﬂgginbgﬁs%%; .d egllcét I on
of conpouhirdgenyR sndRtare methyl ardrydmgem, RIds bydeogenaad B is -CHa Q)M or

giigr S%gmzﬁgﬁgHﬁHC?Nﬁm% Sé%g lofa1 %hieg ove erﬁaib%%im%gtsf}(%s M{ycnjl_cl)?’rplr%%e I?)r
hydromorphone.
~ The compounds described herein may be obtained via the routes gencﬁcally illustrated
10 in Schemes 1-4. , |
The promoieties described herein, may be prepared and attached to drugs containing
phenols by procedures known to those of skill in the art (See e.g., Green ef ai., “Protective
Groups in Organic Chemistry,” (Wiley, 2™ ed. 1991); Harrison et al., “Compendium of
Synthetic Organic Methods,” Vols. 1-8 (John Wiley and Sons, 1971-1996); “Beilstein
15 Handbook of Organic Chemistry,” Beilstein Institute of Organic Chemistry, Frankfurt,
Germany; Feiser et al., “Reagents for Organic Synthesis,” Volumes 1-17, (Wiley
Interscience); Trost ef al., “Comprchensive Organic Synthesis,” (Pergamon Press, 1991);
“Theilheimer’s Synthetic Methods of Organic Chemistry,” Volumes 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.
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16 Schene 4 toReferring nowto Schene 4 and forrmula |, supra, where
for illustrative purposes T and Y are NCH3, Wis NRs, -0- or -S, n
Is 2, R , hydrogen, p, R6, le and Rs are as | I
defi ned, Ws Oaﬂ%gzg%ol ic opioid, Pis a protecting gro%&%éégiﬁw#?%sa
| eavi ng group, conpound 14 is acyl at ed4Mith an appropriate carboxylic
acid or carboxylic acid equivalent to provide conpound 15. Reaction
of conpound 15Refetrimgamwmi to Sckone halbivimula &, sepexwhes feritlustrafie purpeded &ds -
desired c und, .46, . 5 Co n f formula.(L),80 Rprepared in
whi oh 127OF 607 BRuRed i M b re ateih Ty HEASDa i §1R HEH o BOCesep
afford a edReRheAdhdB® sreapprRRBuay dEMALKAEs § Plenblc ¥hlbiahP iepry@bitg Of
p has been increased, or, in which | e represents an acyl group. .
Accor di ngZo8PAR3 ¥ &2 lsayieg group:icemppiidel maybe giviadechivith framrqnsite carboxylic
provi des Ai@bPEfBokyliOhcil BGuidlel tCHBIAL L d2 WRABPRER a9 be hOHHLRA «
(I') or a p_ﬁar rraceugilcatfll yﬁgcceepta l'e saﬁ?p@%‘ereo}?, %11?0 a9cgn%{r?ﬂsées 0
reacting zckinopwonet 3f Componands i§ theh yeaRBd Rithidy aRdvatedA@rbonic acid equivalent 4
2007/ 1402 2 U 1069683 .- 27 - or a protected derivative -
t her eof , o ‘%eg‘%%%%ﬁ%”gp%lfﬁfsorw|a (1V) 0 XM (1V) in which M
represents a(rlle@vi ng atomor group, epzh as an activated
aryl oxycar boryl group, 5 Aeyatexanpl elp-nitrofiienoxycar bddsgrotection
ZAVE R R T
P

RG
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Scheme 2
10 Referring now to Scheme 2 and formula 1, supra, where for illustrative purposes T is -

O-, -8- or NR?, Y is NCH3, W is NR?, -O- or —S-, n is 2, R! and R? are hydrogen, p, R®, R®, R”
and R® are as previously defined, X is a phenolic opioid, P is a protecting group, and M is a
leaving group, compound 6 is acylated with an appropriate carboxylic acid or carboxylic acid
equivalent to provide compound 7. Compound 7 is then deprotected and reacted with

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

O
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Scheme 3



foll owed by renmoving any protecting groups and, if desired, acylating
a conpound of forrmula (1) in which R7 (in the group R4 as defined

her ei nabov% reTDresents a hydrogen atom and/or formng a

phar maceut Y {/14%%ept able salt. Conpounds of f%ﬁl}ﬁ'dﬁza"’("ﬁ‘j“? n
which X represents a residue of (R)-NT&thylnaltrexone 10 can al so be
prepared by nethylating a correspondi ng conpound of formula (1) in
V\ﬂi ch ]2( is a rﬁﬁed&gfmhmﬁchémbﬂlﬁi foehula Lpepi ohed foeiltustativy purposes T is
t her eof . cti.on _ef appropri.atesprotecting up reagents an
oact i on Dot CIONECH6r Ep e NRS O bpes R B Hh0BRe M amEc Pond)
wi thin the’ambR? a@hs pROREsIPebitl! X gk piknbRCoRbil; P (1 )5btelRilR6D, At M is
synthesis of the prodrugs descri bed herein wi Il be readily apparent
to t he skil9aEig BouRy eqmpoynd 49 iseaylatsd withen appropsjiate harbpysdictahid ar saboxsiigs
descri bed I ' -0 i S
ner oi n_ar 20 PR yer ool ol 3 SIS BOFSE A Al Rl e A
further pmbrcaiesrsin| ifnbeessaoyéd conmtreddrte dompand d2s Beadtied ofiesmpound 12 with

I n general ;. t odr u di.scl osed herejn may be used to treat and/or
prevent tﬁ%wg{é&r@g%?%lgﬁgéFg‘jwém/“&m‘@gﬁﬁeﬂeﬁ?@m&@q -parent drug

whi ch are wel | knO\Mﬁ in the art (see, €. g, 20 Rhysici ans Desk

Ref erence, 2000 54\ Editi en, amdyistee Mer ckyl ndex [1 Edi tion].

Phenol i ¢ opi oi d§s&r e\%skﬁ SI *mh ¥ﬁe fré‘évpneﬁ{d\oiﬁ)ﬂf[ﬁ/ﬁ;r\{}%w * oiM
exanpl e, a prodrug of ‘a phenolic opioid such agHh®8r onor phone coul d
be used, inter alia, o treat or prevent p&in including, but #ot
limted to include, acute pain, chronic pain, neuropathic pain, acute
traumatic pain, arthritic paig ostegarthritic pain, rheunatoid 25
arthritic pain, muscular Z)léel &Y pajn, post-dental surgical pain,
dental pain, nyofascial pal ,Ncaﬁbg Wh-rwi sceral pain, diabetic
pai n, muscul ar pain, post-heypeticépewsalRic pain, chronic pelvic

pai n, endonetriosis pain, pelvic i nf?armatory pain and child birth
rel ated pain. Acute pain includds, but is not limted to, acute
traumati c pain or post-surgical pain, Chronic pain includes, but is
not limted to, neuropathic pain, ar §T’h"ﬂ°| pain, osteoarthritic

pai n, nbeunat Referdilg AbWHG BelctnePPdnd foMIE L ko Sk & il R@hitve FIRRIsad T and
pai n, nyofasci al_ pal.n ancer pain, djabetjc g&l n, :

WO
D007/ 1402¥ SFCYE BB GTNBEOBaS: S-aTeis 2, B andd e regennpdt uR ARnAdR| aie as
post - her ii i€ ;oad ' |\ gl engdeumL & Qs
pain, pe%%cle?ﬂfﬁﬁﬁiggﬁ%ﬁ arPg&E’;PCE% \éétggtﬁ?ﬁgoughar nacgé%'zelq?:%l? §oUP,
conposi t i ¢mrpognd t4 soerlated Mathmnappropiiate carbprylid acid od cabdxydiedeid elygivalemt to

with a sulta o] phatmaceut i cal | ccept ahl e. vehi cl e,. sO
2% o pr e aae SoBBRUR LT e BEBEFERIA FE il R Al iRl e
Sui t ablig pheidesdesind @alpousdi ! es i ncl ude exci pi ents such as starch,

gl ucose, | actose, sucrose, latin, malt, rjce,, flour, chalk, silica
gel, sodium fst‘é Sompond of (iemils Orso pirppind ity eich ] represeaia e JHARFL FPRAIAY
dried skithedibd farth€H A¢oRteato aﬁﬂ@%bﬁ@s%omﬂh%’ E&ﬁpouﬂ@%?fmmﬁfa"(g% bwhRdhd VHue
i ke. The ent pharmaceutical c¢onpositions, if desired, can al so

res . ! i
contain rﬁf%d?as Befsuinereassd. or an which Rn gepsesertpran a4yl giowp. agents, or pl |
buffering age L L] Ild.ar I 0.2 ' '
| ubricating anﬁa&%dl&%rt?%g&g%%ﬁ?eg ’lr%é;éﬂg% %lg & %tsé}ﬁ A\leﬁh&gpm{rﬂleﬂ(ﬁ&é}g for the
20 preparation of a compound of formula (I) or a pharmaceutically acceptable salt thereof, which

comprises reacting a compound of formula (IIT)
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Phar maceuti cal conpositions may be nmanufactured by neans of
conventional m xing, dissolving, granulating, dragee-naking,

| evigating, enulsifying, encapsulating, entrapping or |yophilizin
processes. ngnzgf”'ﬁ]ég@%t i cal conpositions nmay be fornmnulat e%cﬁﬂszauwow 3
conventional 15 manner using one or nnr%7physiologically accept abl e
carriers, diluents, excipients or auxiliaries, which facilitate

pr ocessi ngr aprotestedalsiivativn sheaerd, weidngp camptamd iof finaskdIVier ei n i nt o
preparations which can be used pharmaceytically. Proper formnulation

i s dependent upon the route of adm ni stfjati on chosen. The present
pharmaceutical conpositions can take thg form of sol utions,
suspensions, 20 enul sion, tablets, pillssw_pellets, capsules, capsules
containing liquids, powders, sustain€d-relaase formulations, -
suppositories, enulsions, aerosols, spF S, suspensions or any other
formsuitable for use known to the ski d artisan. In sone

enbodi meniswhithd phesemceleshiinghion @ceap; altheas wekitvhied aslaycapsnil group,
(see e.g. C?ogamald %gsal., gni_ed States Patent No. 5,698, 155).

Ot her exafEELRe PAREORIEP Y EHEMM.ceut | cal vehi cl es have been 25
described in tRBowed bf RARVIRMHND GEALRg PRALIREE HideSifld, RS1BME 82ompound of
Phi | adel phi a Col | ege of _Pharmacy and §C|ence,_19th Edi t'i on, 1995).
Phar maceufqr@gla (DanpbishiR ' djsthe sioup Rales defined berpingbgvehreprasenttia hydspganatom
tablets, LepqTefting AgHEMSalbalR) doberditiOGRSt ONS, granules, powders,
enul si ons, capsul es, "syrups, slurries, suspensions or elixirs, for
exanpl e. . Or al | §ompievinds sf formda (I ipwhich Moweprepanys cwsitles of BN -meth3bhaliexene

option e for anpl sweet eni ng .,agent s, such_as fructose .
D par ¢ B arlor SR o oD B SRR T R e s o
Wi nt er gr eesidu®of miittsxoye, ©0h pfdtdtgedaiganitbealidedsr €eservi ng agents, to

provi de a pharﬁceut i )(gal | y pal at abl e preparati on. Moreover, when in
tabl et or pil |°FSHAT OF FPTPERSIEPEFHISLTONDS- 52BN Fractiorangifions for any of

di si nt egr @k kRPs MRRe YL BBRE is W %R%&Hé‘ﬁ@t?iﬁ&%ék’%?%ﬁé@ﬁ%ﬁ@éﬂ01.%% -

in the gastrointestinal tract, thereby providing a sustained action
over an eReibpadlar pathesiy obthemprodsugsdgscribedhersintwillips rerdiy appsirend ¢o the skilled
st andard j o] '

ot ear at 6, HEon et 46 Do TR e MRS oSl e IEORSIDl, e
sor bi t ol , methpdsepresenied i theiSelimes thareirhgre iliseatbieanthér, thpodoaipaelshsve h,

gel atin, gum txagacanth thyl. 5 gel |l ul ose, . . .

hydr oxypr opy! ma_eﬂ§5 Rty Fﬁﬁ[‘g%%r\évgﬁsd"ﬁﬁth? B%Y‘%HQW@’W’F é‘éﬁcpmdot?é‘?m'and/ or
pol yvi nyl pyr r dhiggeisl, R YR)drugg danldséd heddin 266 b Sisedib REhHAARE BrRYent dkame
d|$|ntegr§t|qg gggpts such as _the cross-1inked pol yvinyl pyrrolidone,
agar, or UPFGFRDENLET eonsitions anthe Pareatdiae whiskreayclLkivimp dhcTHEE edt .
In somgy epyerHEDES RABRAEBEGH 3498 di A RATh MBRR IfUR, 19* 1%&1& xg.orﬁﬂe%lic
| ozenges or 10 lollipops where dissolution and rel ease o the active
i ngr edi ertmoigyarg psefilin thedregimagnt ofpein.y, general |y through the oral
mucosa. For t i en fering .agents al so be d t
provi de an op'?;?) ?rlgjxm ngiqrpé(#rlgl?f;fﬁengféﬁ ?I\g%lrggu% asthp{e Oéné’é% °gc (c)?uLﬁ be uscﬁ,
conposi t i iefes alidda treat on ateven ppmriscihdingybyt ndt dikide fo molude) aane lp&in, chronic

sweet eners, bi nder di luents, di.sintegrat.ing agents, . |ubricating,
agents, > _I‘i‘%??f‘@% PR wﬁé?a%ww%%}w PRE. SHRARRARA, Afeumstoid
CONPOsSpy i Athritié pindheealay biRtta Yol Pektlaéntal 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

30 arthritic pain, muscular skeletal pain, dental pain, myofascial pain, cancer pain, diabetic pain,



tabl et, where dissolution and rel ease of the active ingredients

occurs under the tongue, and the conpositions and/ or conpounds

di scl osed herein are absorbed through the oral nucosa. In these

enbodi nent ¥0 B2 ng agents may al so be used to proviffd/CFROYH4m

environnment for delivery of each of th&8agents. Additional conponents
may include, for exanple, 20 sweeteners, binders, diluents,
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to produce at | east one controlled-rel ease di'mensi oned 25 passageway.
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, t han, one pore passageway, can, be f.orned.
ey oo S0P e ot e Bt el ol B B ehs Fl byl R i, Wigh,
passagewmon&@ism@ﬁmemammaeaﬁo%&aﬁﬁeﬁwﬁﬁaablﬁﬁ&,iﬁ&mhlp?@ngound,

triangular, square and elliptical, for the netered rel ease o .
conposi t | GPORRY Biclaspdibrgeinr Snisernathina siiect. dhansmphie dawsa fumx omprisiag 2
be congd rydRendtds thmBOG:EY, ifb& MRAS BN elnibeRREHRWAPRT the d?sa%ehform
relationship on a single surface or on~nore tHan one surface of The
wal | . Thenasspenss & e corfcenitation gradicotarenss the ss@ipermeable wall. The therapeutic
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Theeuwes et1 al .., Un‘illt d St at es, Pat e{u No. 3,845, 770; &geu s et. al.,
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4,088,864 and Ayer et _al., United States Patent . 4,816, 263.
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St ates Pat ent Ngij, ; r : i : No.
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t he conveemgrisiag & wvall swrewidinget compdrtinaty the sell suipectg & sampbérarele t he

sust ai ne . dosa for regardless of .the.specific .10
Formof - CeRERR Rl atior RRARRI AR sl b A B LAt AR HEbtpRatie to the
t her apmjtﬁaf)slag@dsﬁmd ﬂtpbﬁﬁds@]ﬁmlo@édd lﬁdﬂﬁnq‘aﬁﬁﬁmms B&hp&hmﬂes : & drei-edofaihing laper
patient's oQd over a period of at | east about hours, nore

pref erab Icﬂnp%'é?n i t%’e“r‘ﬁ"g?dﬂﬁf’ma? LY‘E%%‘?I Pughdayer gompesition !, tbp COMBITEREN| v,
over a pebimpsisil aflosh6ddfordtigtién b2 itMAbS 2Rl EhsBlbRs M@ iR eAMMina QY §ie for
period of at |east 24 hours. For oral Ifquid preparations such as,

for exanphehingths darestompssitien layenftom e dosdgatfdronend at least one passageway in the
wall for releasing the composition. The method delivers compounds disclosed herein by

30 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



15 suitable carriers, excipients or diluents include water, saline,
aIIcerneegcoIs (e.g., propylene glycol), polyallcylene glycols
(e.q. :_'X,et hw ene glycol) oils, alcohols, slightly acidi c buf f

bet ween p 6 (e.g., acetate, citrate, ascor batt TS B‘Ef%é‘ﬁ
about 5 mMMto about 50 mV), etc. Addi t-i3dr-1ally, flavoring agents,
preservatives, coloring agents, bile salts, acylcarnitines and the
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' some SR SRR p O R AR he R ST Stk SR FOBRGH
gl ycol, pnbly@ilmlgm;a polfettiylene @mde of 5200@000@61@&!1& \@ig}ftcﬂﬁﬂll}eﬁiyﬂdﬁﬁ oxide
liquid dr 6\% S or suspension suitable for use in aero
deu cos. i @RS mRiFep s wE b ang o vprRy iR oAt o br S0 0CHo K008
St at es Pa«tlagﬁt-dﬂ@ragém&l%&ué%lgﬁ' &Sl@lﬁé(i@wbbhfg‘%ﬂ'al?%%ﬁ% &%}ﬁd&hﬁ@lhﬂose of

5, 556, 611 topircal adm nistration a conpound di'scl osed
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herein may @l 83%%3?’8%"%1’%‘1’ ﬁgr’ dxgxygrethgeigiostonposi ti ons such

as suppoaytd@dsxﬁ&hﬂrcenak@ethfﬁ}o@ﬂﬁf@%lc&hﬂose %931*0 *Biitﬁ&all‘ﬁﬁ;@é’@r”t' onal
supposMcity bases such as cocoa butfer or othér glycerides. Systemc
|

f or mul at Xyprabilgrduios sepigadt maatactiedameie §0 me ofan emagpntaelectsd,
e.0., P SHhE WANBEY Sonsidtink JY SO 1chlo?fdéﬁd§é£§§1 htoridB! o‘f’alsélﬁﬁaajc dor

intraperitoneal injection, as we as t esl gne or transder mal ,
t r ansnmuc dhasphatsy tattarigracysiy blimrmrdy raﬁﬁtmsnmmgnamnm sulfaBy singmesmint drorideattegns

may be i 0 ther age t.hat. r oV
o oo | 1 S IR A6k OB obihof o i o BEoratE SRR ferid Pl TRbSY
‘tl)'lhesE actmg én agmsmSmamﬂl\cls_mﬁfe, (leingads EO mglof b hyd:b%rdpyla&lqﬂheumow@ﬂﬁwo to
ockers iotics ace el ne, nmocyst eine a
phosphol |28?’§§6 average-jagber rﬂ'j"lé%ﬁ‘iré"ﬁg ?ﬁr@“ge&‘f"tﬂ%?“ﬁ‘é‘ﬁ i may be
f or nul st Q@dlrﬂxﬁﬂtWEt}%QEHHb%‘s% h%uﬁhax%reﬁyfel@dﬂemahwe conpati bl e
n

buffers such as Hanks' 'sol ution ef"s solution éSIO ogi cal

sal i ne biwfEryRseryiHehHleaiose s bydropronylbeyreliiosacd. 4 yagofear
wetting agentidok saitidPetAMe arQd (%oﬂsﬁtﬂ% otf%gc'g%b?{ﬁc?cp J}jﬁ lte%l' Hré:)g{gzﬁatls%le

water-in-oil or oil-in-water- e SI on surfc I'veé
agent s i hatylated hydnoayagiicwnay butyblydromy aniagkn thydrosymamasn, butylated

pol yoxye orbit Tvveen . 40 0 0 or .85) and
other s otrh‘gy Oaﬂgﬁl S g P ﬁg}%’p g‘ﬁ*‘%@ﬁm - DABPY g@l%a?% 6t gaglgse g&’ﬁ%@@ff‘)ﬁ i ons
with azss andpabhymmbene@eat trnnwr@}oymrty&@mﬁbm@emﬁﬂ@@ham cﬁ%tylphenol
surface-actiyv %B@ﬂfﬂa‘i % and 2. 5% surface-active agent.
The sol u;"fti‘}ﬁmffa?e ﬁeﬁfﬂa aiih 9%@%&10@% eﬁ:%ﬂuhgca@h%e&ﬁé%.fwgﬂ the
st abi | i ZigRGipaddéiofinglbSResish Jedarate, 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
30 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



20 agents. Alternatively, conpounds disclosed herein nay be in powder
formfor constitution with a suitable vehicle, e.g., sterile
pyrogen-free water, before use. Sui t abl e enul si ons
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corn oil or a}h nd Olllf enul si on formed upon n xi 8

phosphol i idgeilos triacgis %%HGPPBF%ﬁ%;/b%%%H%%HPJB a@/b?fthe
soybean |&ﬂhlo§ibﬂ0all%ﬁniﬂ%b@l?me} lor hd v{valb AR, ﬁﬁé &fd%rﬁl@?%o%@%to 0wt o4

i ngredi ents nmay be add exanpl e yce ol or g e, to adjust
t he toni c9ftpplysthylane sbisol ot bt %Sei25aut % oéantlbilesn sthar seflectegd fiomathe group

contain bet In sonme
enbodi %%%E‘&E%%ﬁ‘?asgo’%@d’ i fulg 88 %rygrs"é‘ﬁv}\%?ﬁ?}gykaﬂﬂ"sg N8 B ddi tion to
t Ihe f gr m;hydra:@mpﬁesmylda&ﬂom & mwllvymgm pepail nﬁslll ebns;ginaaeebrﬁ;ﬁfseigr’thmy
al so be for e aration. Suc ong,acting .

for mul at | BHDS ‘§r’§ H@@d}%/d ik EBQOWR?EF’&HC&HPB‘FFSGEW%?

subcut anapupbiitie albddior aTfsad pRkitiYn whth aR ¥xpadidble hydroge] composition. The
2007/ 140272 CT/ UsS2007/ 069683 - 38 - int rarmscu ar injection.

for exanpaandablabpdragel camsw%emﬂﬁ@mpmnmammvwwrmblbmg the

sui tab § 1
emul si gdra\ fpﬁ&gﬁr?\% léglgng%@FIgﬂegP‘P%gr | or#efcjelx ré;éqé e’gé%%%lng Oc@ﬂbace mn
spari ngl ythe odmbirémeets whercby/ths drfgorongesitiph & pus‘mda'rompﬂlb idngley fenl (ke

salt. d,.to treat a t .orrp n

PRI o R N T TR R e M
adm ni st dordl f@lienelease ditom@olids dlstiosedMetdin ff I \ibjephdVefEfe UThe 8bsagdfitinS
i ncl udi ng conpounds di scl.osed herein and/ or pharnaceuti cal

conposi t i GRETHEPETRETHY in rtort copnsets erigr o the deppaslerm with the
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speci fic pharmaceutical conposition depends on 10 the desired nobd

admi ni st rtBg daspge fgam fosthesybjeck efmsra @rdt:mtesqfrelb@@ oxend pagied of up to about 24

Cowpoundglg}sclosed herei n and/ or pharmaceuti cal conpositions thereof
may be a nistered to a subject by intravenous bol us injection,

cont i nuous i nfThevgmesioni' pzﬁsamemay" o skd ha-bine:tompnsalmmpsnd methodsaduitable

sol ution tra injection b ut eou ection

E P ansdor ol B8 BRI b G R R b B ment offhe

i nhal atd @idsags . nDié&kl.tmeﬁlﬁsroaﬁ@ﬁ%@raﬁﬂehﬁione]p':aséa@é\ir@*/ﬁﬁluﬂ&@oﬂﬁcé aptal |y,
topically, particularly to the ears, nos or skin or any ot her
Conveni cRPeTIE-RIE: PR e enih Balovs fbek sarllary, bbgehainel, PPFPUS BYgIaY: o
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conposi tions thereof are delivered via sustaine osa
forns, i mercidi iy repsagesasinelndesd maseral dmt dodager i brapked ok the milanuaon
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encapsul atton i'n
25 passageway. Representatlve 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

30 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"



20 mcroparticles, mcrocapsul es, capsules, "patient controlled

anal gesi a" drug delivery systens, etc.) that can be used to deliver
conpounds di scl osed herein and/ or pharmaceutical conpositions
thereof. WO ZOW%ds di scl osed herein and/ or phar macet Y] 7/069683
conposi tions thereof may al so be admi nP8tered directly to the |ung by
i nhal ation. For adm nistration by inhalation, the 25 conpounds

di scl osedddnetesian aquediioor lpblapioridiuid aciala harp@siidntdnsiudibg teqfastiaiyteftinal
conveni ent!%e{ elivered to the IuF by.a nunber of different_ devices.
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di chl or odi f | uor onet hane trlchlorofluoroneihane,
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li qui d dralrobereivaliaylersrelyedisete. smiplyethaiens alyeel) eids, plgohaln slighily acidiclyffers
enbodi ne ' V] | S kse '
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creat e aenblolis Addtordallpulayodngiggehty predeatativess cdlyringsagegts, Hikersakiscanpl e,
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(e.qg., Vear%ggg%lil es%}%t{e}?!&%}“ﬂﬁ%gﬁﬁa Cancer, 1999, 80, Suppl. 2, 96; -
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conpounds di scl osed herei n and/ or pharnaceuti cal conpositions
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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
30 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.



25 and/ or pharnmaceutical conposition thereof are known to the skilled
artisan and are within the scope of the present disclosure.
Transdermal. devices can al so be used to deliver the conpounds

di scl osed WY&/ or phar maceuti cal conpositions thgcgélﬂs.mq-"f?“sﬁgf‘re
enmbodi nents, the transdermal device is3d-matrix type transder mal
device (Mller et at, International Publication No. WO 30 _

2004/ 041324) . Compdunds dietibedibeRid Bay iliebd foanaldrRt ftecbyt wginabcompositions
mul ti-Iam nﬁte transdernal device (MIller, United States Patent

Appl i cat i 5 BY EHPPESIOEHONGENITBEBOS FE5 FPIAIIE CORBERION SURRARIIN hagss

di scl osedsiRBheLstoRBEEL br BIREY dkd cal conpositions thereof that will
be effective in the treatnent” or prevention of diseases in a patient

will depend V@ysegoyformoRiiomdnelwiobose/desgaaior adminisgatiarHy igjsetiins £.€.,
nat ure of I £ : i.ned- andar I ni
Fechn g RRafRle iR nb a0 R BB S AR ORIl B 8 Wl ar
and/ or phtpseadesighedcfal trampdiraml, titaassudobal) aalf orgdhhonast &ihddistation, Sedtemic
course, bg dependent .on, anong other factors, the subject. bein
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physi ci an. In certain enbodi nents, conpounds discl osed herein

and/ or phi#fltde Bearcngt limdtes éssodivamehannd blaskers.antibiotiess dljacety! exstaenat i on

t her apyy Widnhbcdtteing Sbpgr therapeutic agent. The conpounds
di scl osed hercgi?\ an /%r @haﬁ)ma'ceuti cal conpositions thereof and the

t her apeut i ¢ adwminjecionsaompadatistdischisgd lparein oy de forafudatebinyagueous solutions,

syner gi st 1 I=Te) 10 dipent oun di.s.cl osed herein
Sniror prseRatdysiolbah ol cotefRORER P RS iRio RSP R hubs
concur r engllyyioligical datife buiifer B 5 ds8dciz00n Sfithanatheracihe hape i wettiigapént or

For exanpl e, coppounds, di s¢l osed herein and/ or, pharmaceuti cal )
conposi t i YHac g&e‘ﬁ QY™ B2 eRISIOR (a8 aavRteTog ol 8 Ollgipvptes § ). Suitable

t her apesituefaddfiive bfon indlBd, HpRGoulR WonbBhic abditd, 8bniR, Pperi pheral
opi oi d antagoni sts, |axatives, non-opioid anal gesics and the |ike).

I n ot her RYFIethEaRasorbitai6gndavess™d0s 40,6980 ¢orck5e rrd ether sorbitans (e.g.,
n ot o ' o % / .
o el S 5, O B LSR8,

subsequent to admni$ I'c ag
one enbodietregen 0.G5ad pPeseface-active ngéro nr hetevirde s amd pH%r swefeeeudctigabgent. The

conposi ti conmrisin C ound of Fornmula (1), or.a sa hydr.at e
of Dot var SRR AR Sh R IBS Hakm S pychie RibeRpAdsePlicBaRy i
conpoupd apkntEOAMhatvely), copoumds disélosdddient RaPbe BlowaleEfokh E6ahstindtbnl N

which X is_a phenolic opioid, such as _oxynorphone, hydronorphone or
mor phi ne,ngh%IE‘HtaB]ﬁé’F]ﬁﬁ]@e‘ﬁ&i Hepile pyrogensfes ptsr. bators wse. It will be

apparent to t l§gniekinllsRMs indy bB BreBlirkd 183 oYYl AiGBle S KHsh The
materi al s and nethods, nmay be practiced wthout departing fromthe

scope of PHIbinaKPE (I singlecompenants invay by cithdrdisseluedinta medpgsidammistonre to

be consi . j . At : strigtive, a .
i nventi o%%lfng)gsnlg?n {)ljoalhlggltdf'?gg E{ch? (}?Dg dt?sf(%zélvéfg]tnaﬁnl Og] (Ig'igv 5??%1131% gi?’r? ) ue ?rlwlaly
be nodF icettonsetdoil s¢dame otpen aitdr deion all paridan@muldien Bihealmmbnahiaingsvith

Al publicati d patents cited heyei i ted by
el of oncd ITRORREPR (At FrODy PhRletie oy b Ao wRalice oy eps seiie) 1

i nvent i ORwater. 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
30 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



30l n the exanples, the follow ng abbreviations are used:- HOBt:

1- Hydr oxybenzotri azol e; PyBOP:

Benzotriaw e-1-vyl -oxy tris-pyrrolidi nophosphoni um

hexaf | uor ofRAHHAYE2” DI EA: di i sopropyl et hyl ani ne; and Bc@SAYE([P62683
N- (N al-pha- gl yci nyl oxy) succi ni i de.  W382007/ 140272PCT/ US2007/ 069683
-41 - Preparation 1 BocHNe O NH NBoc /NH Q NHBoc ---NCbhz

BocAr g( di BirenGktuldBagbetion. Q’hﬁsZ fe, eximﬁlemmi buﬂﬂ%&ilsiltﬁs@hét&d may be formulated

di met hyl f ot m W t h (0. 5 115 nol ) and
PyBOP (0. B”tgﬁmia%%é’q?é%?‘gc or ﬁiOPE‘%’b‘f %‘BS?P%‘FH%}' aIHeIH‘F siop imgathyyp) )
was addedadeBpthbig ofl) Hlibh Exch &t%%&eglﬁgeof fssslf_l'éﬁﬂ s&mlyaérﬂanmsleo% Eﬂge&ﬁp%i ab
10 m nutes and added to a solution 2NCH2 CHZN( CH3) )y CBz” (0.

1. 15 mmol §paripglyispiablsselt-or rani de (3 nl). The basicity was adj usted by
addi tiog of DMy, ' f or

hour s and t hen pélglrlséekg % ad aﬁ%{gﬁr@?ﬂt g@f%@ﬁ%ﬁéﬁ %ES %E%{éseg?‘mf ‘ezm%/Or
product wplmrmadentic emnpwsﬁtiona ﬂ%ﬁeo«ﬁhlagﬂae efihinisteeéddloncedtdn edhpinatievidt éher

10 (5:1 Theor r .was washed wi.th te wo tines with 10
o S0 1 e ROE] Aot R Sombounas wcisgha Betel andlok BlerER AR oo
over nagn@sposiisns fhatedf. THRQOEMOMRR GFsclREFhIEN RO Ye Q&nﬁﬁsﬁ‘&@d éltdpﬁﬁe& per

afford 0.65 g (98%  of depicted product. Preparation 2
se or as pharmaceutical compositions. The specific pharmaceutical composmon depends on

10 the desired mode of administration, as is well known to the skilled artisan.

Compounds disclosed herein and/or pharmaceutical compositions thereof may be
administered to a subject by intravenous bolus injection, continuous intravenous infusion, oral
tablet, oral capsule, oral solution, intramuscular injection, subcutaneous injection, transdermal
absorption, buccal absorption, intranasal absorption, inhalation, sublingual, intracerebrally,

15 intravaginally, rectally, topically, particularly to the ears, nose, eyes, or skin or any other
convenient method known to those of skill in the art. In some embodiments, compounds
disclosed herein and/or pharmaceutical compositions thereof are delivered vig sustained

release dosage forms, including oral sustained release dosage forms. Administration can be
systemic or local. Various delivery systems are known, (e.g., encapsulation in liposomes,

20 microparticles, microcapsules, capsules, “patient controlled analgesia” drug delivery systems,
efc.) that can be used to deliver compounds disclosed herein and/or pharmaceutical
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

25 compounds disclosed herein and/or phénnaceutical comnpositions thereof may be conveniently
delivered to the lung by a number of different devices. For example, 2 Metered Dose Inhaler
("MDI”) 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

30 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. dssoc. Cancer Research Annual Meeting, 1999, 40, 397). DPI devices



NH Q NHBoc NH 15--NH The product of Preparation 1(0.65 g, 0.98 mmol)
was di ssolved in ethanol (10 m). Pearlman's catal yst (0.32 g) was
then added_and the m xture was subjected to hydrogenation

The re@’gﬂ"&,ﬂ WiExture was then filtered fromthe ca'f%ﬁélsff’ rT%J“Bi*he
soI vent was renoved by evaporation. Thé%-esidue was further dried
under high vacuumfor 2 hours to 20 afford 0.525 g (99% of the
depi ct ed ppodlietse d%necn:amamlsudsh & a Bt 2006144 4R aié 2REGHA WS A0 VRPESde a4 2

- 0 Hydro h 0 21 74 di
i ohl or orBUHANE. ViR (R O CePaoeoi o DA SoRBionds e gyl dos
mol ) in gppb‘txmpm 7R, (hidH AloWATortheR RO ol Omish 8ffc MUBhoiclaBEd, Od

of 5 mnutes. The reaction mxture was then sonicated f hours to
5 af f ord BorsxasRleseapsilpsomdsnrtridgss dbgdiatineddr predel e inhalaner magﬂa;sleuawp

Propar ati S g oy hyter o Sl KyREFiobt Mdbe PRl Ry ot i

Pr epar at i oml a3suiI®bl(=: pbwddtbamlsmh alact3serdr stafchIOr theaelsystenkhie pH vvas t hen
adj usted by addi triet Iamne 0.056.m , 0.4 mol reagti on
it ur o oy ¢ b et PP ooty b et delidh SRR Asd ﬁ%?raped

under a vagistPhardiddedtiaal doﬁﬁ;bﬁﬂ&ls\/tﬁ&e&i‘ 1§§ﬁhM8gpr’ajﬂd@wéH Sbpldd, for example, bg
ether-ethyl acetate m xture (3:1 m ) d washed four tines w't

m of 1M AHdEsSOPertign BaymethLile. ané Sbliﬁga)‘ﬁtféﬂﬂ upp extrempaly ﬁm@lhnwabﬁ@&rs
three tj %%ef@s&lﬁe‘@ﬁhﬁirdrfl%ﬁrﬁhl)a?ﬁﬂlqhﬁ%g A B2 d?[eht@ﬁmﬁéi@ g M), is then
e solv

dried over magnesium s ate. nt was then renoved by
evapor at i on t dnaého eoibodimente,r mabelizep dedercts uikd28 del{(87 cGpaunds and/or
pharmaceutical compositions thereof disclosed herein. Nebulizers create aerosols from liquid
drug formulations by using, for example, ultrasonic energy to form fine particles that may bé
readily inhaled (e.g., Verschoyle ef al., British J. Cancer, 1999, 80, Suppl. 2, 96; Armer et al.,
15 United States Patent No. 5,954,047; van der Linden et al., United States Patent No.
5,950,619; van der Linden ef al., United States Patent No. 5,970,974).

In still other embodiments, an electrohydrodynamic (“EHD”) aerosol device is used to
deliver the compounds disclosed herein and/or pharmaceutical compositions thereof. EHD
aerosol devices use electrical energy to aerosolize liquid drug solutions or suspensions (see

20 e.g., Noakes ef al., United States Patent No. 4,765,539; Coffee, United States Patent No.
4,962,885; Coffee, International Publication No. WO 94/12285; Coffee, International
Publication 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-puimonary delivery of a compound disclosed herein

25 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 et al., International Publication No. WO

30 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



WO 2007/ 140272PCT/ US2007/ 069683 - 43 - Exanple 1 Hydronorphone
3-(N-nmet hyl - N- (2-argi nyl am no) ) et hyl carbamate 1-12N,..- NH H2 NO

FIN 11, N 7. product of Preparation 4 (0.28 g, 0O ) was
di ssol ved 1919230721.4&2@% xture of 5 dichl oronet hane and trinqTﬁgﬁz@gg’é#%
acid (6 ml). The reaction mxture was -tflen stirred for 6 hours. The
sol vent was then renoved by evaporation under a vacuum and the

resi due wersthe spetciﬁt:ata&tde o thén cadditidn =@l ben b délermififed b4 spahédt plihisl @echniques

f or med, dthl was filtered off with diethyl ether (10 m)
four t] maOWRdn e G Thy amoupa Amae FEIS%P%W@&LP rpBaraceigala

crude pr Qdﬂﬁiosﬁl@ns?tﬁelgéf adfhifigretel] QAN Xf chitSe, bk dESenRER EH Cdmdn@-olitkr et She

purified by, reverse phase 10 arative HPL (acetonltrlle gr adi ént)

to af f or UPiFEt heas tesated: e HﬁtﬁbE@f osubjert, ghe ooty ofths sffligtinn, theatapntranfed
541. 3. %ﬁfﬁ@@at@ﬁ%né tHejRRALA b0 Erescnbmg physician.

In certain embodiments, compounds disclosed herein and/or pharmaceutical
compositions thereof can be used in combination therapy with at least one other therapeutic
agent. The compounds disclosed herein and/or pharmaceutical compositions thereof and the
therapeutic agent can act additively or, more preferably, synergistically. In some

10 embodiments, compounds disclosed herein and/or pharmaceutical compositions thereof are
~ administered concurrenﬂy. with the administration of another therapeutic agent. For example,
compounds disclosed herein and/or pharmaceutical compositions thereof may be administered
together with another therapeutic agent (e.g. including, but not limited to, peripheral opioid
antagonists, laxatives, non-opioid analgesics and the like). In other embodiments, compounds
15 disclosed herein and/or pharmaceutical compositions thereof are administered prior or
subsequent to administration of other the.rapeutic agents.

In one embodiment, the present invention provides a pharmaceutical composition
comprising a compound of Formula (I), or a salt, hydrate of solvate thereof, in which X is
(R)-N-methylnaltrexone and a compound of Formula (D), or a salt, hydrate of solvate thereof,

20 in which X is a phenolic opioid, such as oxymorphone, hydromorphone or morphme and 2
pharmaceutically acceptable carrier.

It will be apparent to those skilled in the art that many modifications, both 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,

25 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 claims.

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

The following examples illustrate the invention.

30 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.



0 15 Bocd yOSu (0.037g, 0.136 mml) was added to a stirred solution
of the product of Example 1(0.12 g, 0.136 mmol) in dinethylformam de
(3 mM). Trjet i.ne (0.048 nil, 0.272) nunol) was then added to
reaction W@t’ﬂﬁéﬁ@@ the resulting solution was sti rrequTélrjszﬁm%?fP%
The sol vent was then renoved by evapor-diiron under a high vacuum and
the residue was triturated with diethyl ether (3 m) to afford the
depi ct ed Breppeatiosh (0. 125 g, 100%. WO 2007/ 140272PCT/ US2007/ 069683 -
44 - Exanple 2 Hydronor phone

34N-net hyl - N-(2- N -gl yei nyl ar gi nyI am no) e
The product of Preparation 5 NEBdd owi ng the method of
Exanple 1 to afford a crude prod‘ij ich was purified by reverse
phase preparative HPLC to afford the depicted product (0.015 g, 16%.
Mass spec: Cal cul ated 598. 3. bsé&Fv 599.1 10 Exanple 3

Hydr onmor phone 3-(N-nmet hyl - N-(2-N - a:et yl ar gi nyl am no) ) et hyl ear bamat e

_@9?%ar bamate H2 NNH 50

| - 12NNH Prepared foll ow ng the neyhod of Preparation 5 and Exanpl e
2, but using acetic anhydri de 15 i d of Bocd yOSu. Mass spec:

(N ot FORAREERo0 OR hitamo i ot ymE ey o Ga Bt ermamide (5 mD
and mixed with HOBt (0.15 g (1.15 mmol) and PyBOP (0.6 g, 1.15 mmol).
5 Diisopropylethylamine (0.4 ml, 2.3 mmol) was added to the mixture, then the resulting
solution was stirred for 10 minutes and added to a solution of H;;NCH2CH2N(CH3‘)CBZ 0.28
g 1.15 mmol) in dimethylformamide (3 m1). The basicity was adjusted by addition of DIEA
(0.4 ml (2.3 mmol). The mixture was stirred for 2 hours and then poured into 40 ml of 5%
aqueous citric acid. The product was extracted with a 20 ml of ethyl ether and ethyl acetate
10 (5:1). The organic layer was washed with water, two times with 10 ml of 1M aqueous sodium
carbonate, water and briﬁe, and then dried over magnesiurﬂ sulfate, The solvents were

removed by evaporation to afford 0.65 g (98%) of depicted product.

Preparation 2

—EBoc
NH
BOCHNJJ_/ NHBoc
o
&H
15 —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

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

Preparation 3



WO 2007/140272PCT/ US2007/ 069683 -45 - Prepared follow ng the nethod
of Preparation 5 and Exanple 2, but using t-butanoyl chloride instead
Ss _spec: Cal cul ated 625.4. Cbserved 626, 8.

of Bocd y0oSu. Exanpl e 5
Hydr onor ph@bew%/?]('f@??‘ret hyl - N- (2- N - benzoyl ar gi nyl am no) )P&Tﬁﬁﬁzﬁ‘ﬁg’g"é%t e
H2N NH HN ONOHHN.._...."-"'. 0 I

.
@)
N—.
OJLO

Hydromorphone (0.21 g (0.74 mmol) was suspended in dichloromethane (3 ml). p-
Nitrophenylchlorocarbonate (0.16 g (0.79 mmol) in dichloromethane (3 ml) was then added
dropwise over a period of 5 minutes. The reaction mixture was then sonicated for 2 hours to

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

Preparation 4

BocHN YN Boc

. o
The product of Preparation 2 (0.21 g, 0.38 mmol) was added to the product of Preparation 3

10 (stock solution, 3 ml, 0.38 mmol). The pH was then adjusted by adding triethylamine (0.056
ml, 0.4 mmol). The reaction mixture was then stirred for 6 hours. The solvent 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),

15 then dried over magnesium sulfate. The solvent was then removed by evaporation to afford

the depicted product 0.28g (87.5%).



Prepared followi ng the nethod of Preparation 5 and Exanple 2, but
usi ng benzoyl chloride 10 instead of Bocd yOSu. Mass spec: Cal cul ated

645. 3. CObsgrv 646, 7. Exanpl e 6 Hydronor phone

3- (N- et hyﬁh@%ﬂ'@%?per onyl-2-argi nmyl am no)) et hyl car barfardUSH)yLesess
2007/ 140272PCT/ US2007/ 069683 -46 - Prdpared fol | owi ng the nmethod of
Preparation 5 and Exanple 2, but using piperonyl chloride instead of
Bocd yOSuExdvhgle 1spec: Cal cul ated 689. 3. Observed 690.4. Exanple 7 5
Hydr omor phone 3- (N-net hyl - N- (2-1ysi nyl am no) ) et hyl earbamate 0

Prepared folkl ow ng t t f.Prepgration to 4 and Exanple 1,
but usi ngﬁy‘g”°§b°é’£§%%*%@%ﬁqﬁﬂﬁ'&ar%ﬁﬁ%&&sﬁ%?‘%ﬁawe Mass spec:
Cal cul ated 513. 3. ObservemM.1l0ONg14. 2. Exanpl e 8 Hydronor phone

3- (N-net hyl - N- (2-1ysi nyl (netlhyl ) am no) ) et hyl earbamate WO
2007/ 140272PCT/ US2007/ 0696838 _- 47-

HoN" N0

N
' o
. 0
The product of Preparation 4 (0.28 g, 0.33 mmol) was dissolved in a 1:1 mixture of
5 dichloromethane and trifluoroacetic acid (6 ml). The reaction mixture was then stirred for 6
hours. The solvent 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 2 crude
product (0.26 g). A portion of the crude product (0.14 g) was purified by reverse phase
10 preparative HPLC (acetonitrile gradient) to afford the depicted compound (0.031 g, 29%).
Mass spec: Calculated 541.3. Observed 542.4

Preparation 5

HN
0
BocHN\/u\N 0
0]
H N
HN\/\NJ\O —
l

15 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). Tricthylamine (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%).



Prepared followi ng the nethod of Exanple 7, but using

CH3NHCH2CH2N( C113) CBz i nstead of H2NCH2CH2N( CH3) CBz. Mass spec:

Cal cul ate served 528.2. 5 Exanple 9 Hydronor

3- (N- et hyl'- ?%’“&%l nyl (et hyl ) am no) ) et hyl car banat e E@%?%ZONQGW
(:) Prepared following the nethod of PPdparations 1 to 4 and Exanple

1, but using CT3NHCH2CH2N( C1- 13) CBz i nstead of
H2NCH2CH2N( CF13) CBz. Mass spec: Cal cul ated 10 555. 3. bserved 556. 3.

Exanpl e czlrom)r phone.

3- (N- et wi‘ ’RPI_I% gl ut anyl am no) ) et hyl ear barrate COON WO

2007/ 140 23T dPpROTF-REAIRyI-NABN -oRc fhyiRhin@)bthgichsaniRrE hod of
Prepar at i o%s 1 tg 4 and Exa?ryp e{fl bglijs{ml}g%l%gyBoc )ole OOH i nst ead of
BocAr g(di Boc) OH. Mass spec: Cal cul ated 514. 2. Cbserved 515.3. 5
Exanpl e 11 Hydr onor phone p.n

3-(N-nmet hyl - N-(2-asparta ﬁa?ﬁ’no))ethyl car bamat e

HN
0
HaN \)LN o
H N—
HN
\/\NJ\O
| o
5 0

The product of Preparation 5 was deprotected foliowing the method of Example 1 to afford a
crude product, which was purified by reverse phase preparative HPLC to afford the depicted
product (0.015 g, 16%). Mass spec: Calculated 598.3. Observed 599.1

10 Example 3

Hydromorphone 3-(N~methyl—N-(2—N’-acetylarginylamino))ethylcarbamate

HZNYNH

HN

0]
)‘LH O o

N~
HN
\/\N)LO
| 0
Q

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

Example 4

Hydromorphone 3-(N-methyl-N-(2-N’-t-butanoylarginylamino))ethylcarbamate



10 Prepared following the nmethod of Preparations 1 to 4 and Exanple
1, but using BocAsp(Q Bu)OSu instead of BocArg(di Boc) OH Mass spec:

Cal cul ate 0 served 501.5. Exanple 12 15 Hydro

3- (N- et h%%n@?é‘%?’g?%m nyl am no) ) et hyl carbamate HO 20%@@%5@6’696%
following the method of Preparations 46 4 and Exanple 1, but using
BocTyr (O Bu) OH i nstead of BocArg(di Boc) OH. Mass spec: Cal cul at ed

548. 26. Cbserved 549.3 WO:2QQRH140272PCT/ US2007/ 069683 -49 -

Ref erence Exanple 1 5 Prepared follow ng the nethod of
Preparations 1 to 4 and Exan%a 1, but using 03zpiperidine instead of
H2NCH2CH2N( CH3) CBz. Mass spec: | Cal cul ated 553. 3. Cbserved 554. 5.
Preparation 6 Oxynorphone (0.0l539, 0.5 nunol) was suspended in

di chl oronet hane (3 m ). pN.t enyl chl orocar bonate (0.105 g (0.52
mrol ) in dichl oronethane ( mﬁ s th ded—dLgpvvi se over a
period of 5 minutes. The reacti dNwix{drg-wag~{hep soni cated for 2
hours to 15 afford a stock solution of the dgg 2d product that was
used in the next step. Preparation 7 BocHNNBoc

0]

Prepared following the method of Preparation 5 and Example 2, but using t-butanoy! chloride
instead of BocGlyOSu. Mass spec: Calculated 625.4. Observed 626.8,

Example 5

Hydromorphone 3-(N-methyl-N-(2-N’-benzoylarginylamino))ethylcarbamate

HzNYNH

HN
@)‘E (0} o
HN N—

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

10 instead of BocGlyOSu. Mass spec: Calculated 645.3. Observed 646.7.
Example 6

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



WD 2007/ 140272PCT/ US2007/ 069683 - 50 - The product of Preparation 2,
previ ously described, (0.265 g, 0.5 nmol) was added to the product of
Prepar at i _ solution, 8 m, 0.5 mml) The pl

adj ust ed gﬁl agéﬁlﬁl‘g l?“ et hyl am ne (0. 14 rﬁd c\é@'?Sezgc |%)ﬁﬁ3
mxture was then stirred for 4 hours. “fhe soI vent was t hen evapor at ed
under a vacuum and the residue was dissolved in a diethyl 5

et her-ethyl acetate mxtureF(ZB\T%NHlo m ) and washed four tinmes with 5
n of 1M aqueous sodium carbongte. The organic |ayer was then washed
three tines with water (10 rri) d once with brine (10 m), then
dried over magnesium sul fate. Thé sol vent was then renoved by
evaporation to afford the depi ¢ ey product 0.39 g (90% . |le Exanple
13 Oxynor phone 3- (N-met hyl >N payl am ng et hyl earbamate 0 The
product of Preparation 7(0 qu%ﬂG 1) . - oQ edinal:1l

m xture of 15 dichl or onepharfé and trYf'Trtuo @a a4id (6 ml). The
reaction mixture was then\sgirred for 6 hoursO ol vent was then
renoved by evaporation under a vacuum and the rgsidue was triturated
with ethyl ether (10 rri) A precipitate forned, and this was filtered
of f, washed with dieth ether (10 m) four tines and dried in a

st r eam ofPrapagedhiotlewing egragthﬂdwﬁh‘lﬁpﬂrrwcm Scanddixapypbecly but ysinggspagyny! phloride
portion reverse phase
20 pr epaﬁgt %J\;ﬁofg gﬁg (acg){éonl tr|(?agcug'r‘)rt‘:él&clll\?g;9 :{)%ﬂt’se}‘%gpwd' d the depicted
conmpound (0.035 g, 90% . Mass spec: Calcul ated 557.3. Cbserved 558.0
Pr epar at i xaugple WO 2007/ 140272PCT/ US2007/ 069683 -51- O

_5 Hydromorphone 3-(N-methyl-N-(2-lysinylamino))ethylcarbamate

NH,

0
\/\NJ\O

N o

HoN

_ 0
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
10 514.2,

Example 8

Hydromorphone 3-(N-methyl-N-(2-lysinyl(methyl)amino))ethylcarbamate



Bocd yOSu (0.065 g, 0.24 mmol) was added to a stirred solution of the
crude product of Exanmple 13 (0.2 g, 0.22 mol) in dinethylformm de
(3 m). Trjet 1.ne (0.066 m, 0.48) mmol) was then

reaction fﬂygﬁghg the resulting solution was stirregqﬁﬁﬁngﬂg%aﬁs
hours. The solvent was then removed by#évaporation under a high
vacuum and the residue was triturated with diethyl ether (three
times by 3 m) to afford th&Hidepicted conmpound (0.164g, 79% . Exanple
14 10 Oxynor phone i
3-(N-net hyl - N- (2-N -gl yei nyl argi nyl am no) ) et hyl ear bamate H2N, r, NH HN
O The product of Preparation was deprotected foll ow ng the method
of Exanple 13 to afford a-crudp product, which was purified by
reverse phase preparative HRN Y=

g, 44% . Mass spec: Calculated. lﬂﬁ%gi’.é 4. Exanple 15
Oxynor phone 3- (N-net hyl - N- (2-N - acefj Ié}gig |/2%#no0) ) et hyl ear banat e
WD 2007/ 140272PCT/ US2007/ 069683 - 52- Préepased and purified

foll owing the method of Preparation 8 and Exapmpl e 14, but using

acetic ar}té‘é%&égd f?)llé)@ﬂsxltg%ﬁedmgtizoc? 8&?{3%1%?&“7, b%ﬁs?ngseﬁm&geﬁ;ﬁbﬁg)C%gzglils?\):éad

Cbserved
of H,NCH,CH,N(CH3)CBz. Mass spec: Calculated 527.3. Observed 528.2.

5 Example 2

Hydromorphone 3-(N-methyl-N-(2-arginyl(methyl)amino))ethylcarbamate

HZN‘T==NH
HN
N

Prepared following the method of Preparations 1 to 4 and Example 1, but using
CHgNHCHZCHzN(CH3)CBz instead of H;NCH;CH,N(CH3)CBz. Mass spec: Calculated
10 555.3. Observed 556.3.

Example 10

Hydromorphone 3-(N -methylnNQ(Z-glutamylamin0))ethylcarbamate
' COOH

O
i N
HN —

' o

H,N



5 Preparation 9 HC HO The product of Preparation 9 was synthesized
follow ng the method of Preparation 7, substituting norphine for
oxynot pho rd a stock solution of the depicte t
was used Pﬁ’opﬁ’e %II"%.’?I on 10. Preparation 10 BocHN. Nci eN IE%H&@S%GE@L
HO The product of Preparation 10 was syfthesi zed fol | owi ng the net hod
of Preparation 12 to afford the depicted product 0.85 g (92%.

Exanpl e 1Brepaved follioweng3he Metiod of/Prephra@onan go #yahd Ekaoply &1 iyt lusiag bamat e

Ry e e e

product (9593 g). A portion of the crude product (0.08 g) was
purified by '

5 Example 11
Hydromorphone 3-(N-methyl-N-(2-aspartamylamino))ethylcarbamate

HaN o
. o\\\“
o o
Hn—\— >=o
o N
HO \

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

BocAsp(OtBu)OSu instead of BocArg(diBoc)OH. Mass spec: Calculated 500.23. Observed
501.5.

Example 12
15 Hydromorphone 3-(N-methyl-N-(2-tyrosinylamino))ethylcarbamate

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
5493



5 reverse phase preparative HPLC (acetonitrile gradient) to afford

t he depicted conpound (0.043 g, 45% . Mass spec: Calcul ated 541.6
bser ved ration 11 H2NNH HO 10 The produ

Prepar at i gﬁ%l 0')vD\f/af@sshqunt hesi zed fol | ow ng t he net hod of %rep%?gofgﬁs 13
to afford the depicted conpound (0.18-4%-84% . Exanple 17 Mor phine
3-(N-net hyl -N-(2-N -gl yei nyl ar gi nyl am no))et hyl ear bamat e HI NNH 15

MO WO 2007/ 140272PCTI US2007/ 069683 - 54 - The product of Preparation
11 was deprotected follow ng the nethod of Exanple 13 to afford a
crude product, which was purified by reverse phase preparative HPLC
to af f or dRéfocendeBxampR 1pr oduct (0.036 g, 40% . Mass spec: Cal cul ated
598. 7. (oserved 599.6. 5 Exanple 18 ,

HZNYNH

HN

e

5 Prepared following the method of Preparations 1 to 4 and Example 1, but using _
CBzpiperidine instead of H;NCH,CH,N(CH3)CBz. Mass spec: Calculated 553.3. Observed
554.5.

Preparation 6

10

Oxymorphone (0.15 g, 0.5 mmol) was suspended in dichloromethane (3 ml). p-
Nitrophenylchlorocarbonate (0.105 g (0.52 mmol) in dichloromethane (5 mI) was then added
dropwise over a period of 5 minutes. The reaction mixture was then sonicated for 2 bours to

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

Preparation 7

BocHN \(N Boc
HN

BocHN




Mor phi ne 3-(N-net hyl - N-(2-N -acetyl argi nyl am no) ) et hyl carbamate HO
Prepared and purified follow ng the method of Preparation 8 and

Exanpl e 14y o0dé ng acetic anhydride instead of BoeQy Sk
spec: Cal cul at edﬂgig OCbserved 584.5. .10 Preparation 1 megrﬁle

free base was prepared according to prépocol simlar to that

described_in US 4176186.. (nng N- net hyl nal t rexone was synt hesi zed
accor di ngnE‘%Pr& W@f%@ ﬂ)éﬁVICtuélYtdﬁamedai@ 2653&(9 § mmdPeectdqBeshe 15

8lzyhld(;lrg ane %' g%égﬁ%ﬁ%ﬁl eﬁyl or oca bona@%&égﬂ’ﬁﬁ@uﬂﬂbﬁ

rr]ErDIS) in @ﬁdmg tuetbprhmlmne ]G&llm J mas). tﬂi&rrﬁﬂdldﬁmlﬂmdsﬁ?emm@brpﬂidum
(0] m n ction m ture was t hen oni cate or our

20 af f or o E SIS EGRR PG RS aopRu AR B dEe s e vt
the nexs ah&pethyl WxAOB L4021 2RGh)dRd WM LG Znes with 5 mPELNARGEdQ9 13

0 2
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 0.39 g (90%).

10 Example 13

Oxymorphone 3-(N-methyl-N-(2-arginylamino))ethylcarbamate

HoN \fNH

HN

The product of Preparation 7 (0.39 g, 0.46 mmol) was dissolved in a 1:1 mixture of

15 dichloromethane and trifluoroacetic acid (6 ml). The reaction mixture was then stirred for 6
hours. The solvent 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

20 preparative HPLC (acetonitrile gradient) to afford the depicted compound (0.035 g, 90%).
Mass spec: Calculated 557.3. Observed 558.0

Preparation 8



The product of Preparation 12 (stock solution, 15 m, 1.0 muol) was
added to the solution of 5 0.265 g (1.05 nmol) of benzyl

2- (et hyl agighyg Lcarbamat e hydrochloride in 10 m of
dlnethylfornan%ﬁgnﬁfhe pH was then adj ?ted by addi ng t$$gyﬁw'%%$ﬁé
(0.28 mM, 2.0 nol). The reaction mxtdare was then stirred for 2
hours. The sol vent was then evaporated under a vacuum and the

resi due was dissolved in et Mtetate (20 nl) and washed four tines
with 10 M of 1M aqueous sodjym carbonate. The organic |ayer was then
washed three tines with 10 wategr (10 ml) and once with brine (10 m),
then dried over magnesium sul fate. The solvent was then renoved by
evaporation to afford ngwﬁggiet d product 90. @ Mass spec:
Cal cul ated 575. 26 Cbse 50.dhe product of
Preparation 13 (0.425 g, 0.74 tholj was di ssolv I m of dry
acetone. Methyl iodide (1.42 g, 10 nnDI) was added the m xture
was heated in a capped tube at 85C for 3 days. Thegsol vent was then

et nanol oS ROSHEI0eS T 6 2ARebalTives Sidbhion 4rer SbborERe Mg BoRuL o,
20 chl or iB¥@nipRs TR (()D@/\Emlmﬁolg HdimetyBoshintnd denbaltetN@smBk 6.06k fl, 01g)

t he col unmm usi ng of nethanol. The solution was then evaporated

to 10 m "yBpl)eEs Qﬁa a#ieféée thijreastion grixfmreqnd fhegegling SpHEOR Was SHTasgfor 2
sol vents Wagrst ﬂ%oﬁéﬁpﬂéﬁhgﬂeﬁﬁ%& %eexraﬁéﬂagb&%n&éf ¥ h%ﬂ\@g&fmﬁ’\@ﬁ%{hg %LF&L
un en eluted

onto a silica gel colum. Renaini arting conp was t

Wit h di chvasidmestadamigh d.lmhskﬂthﬁtrl(ﬂimedhneirhyﬁrma t¢ afford theadeplctedaSmPpundThe
pr oduct ﬁ@? pe¢ luted with WD 2007/ 140272PCT/ US2007/ 069683 - 56 -
di chl oro ﬁ solution of amonia in nethanol (70:30) to afford
t he depicted conpound 0.125 g (27% . Exanple 19 HC 0 5 The product
of Prepagg@ PF 4 (0.125 g, 0.2 mol) was dissolved in

trifluor mpield i g (3 mM). A1 Msolution of boron tribronmde in

di chl ofo0RiyaRRBh e F(N0metRfl-N-ZOR oty lﬁfgﬂﬁ@h.ﬁﬁmge&ﬁcﬂﬁﬁnmxt ure was
then stirred for 2 hours. ‘The sol vent ‘was removed in vacuum 10 m of
3 N aqueous hydrogen chldfﬂ Niere mixed with the residue and the

m xture was stirred for 16 urs. After evaporation of water under a
vacuum the crude product wasipurified by 10 reverse phase
preparative HPLC (acetonltrlé radient) to afford the depicted
conpound (0.032 g, 309%4N\,§E specH Calceﬂet: A bser ved
456.4. Preparation 15 2 NN

0

o

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.

15

Example 15

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



The product of Preparation 15 was prepared follow ng the nethod of
Preparation 1, but using BocLys(Boc)OH to afford depicted product

W th 74% yie) Me7dh7Pr eparation 16 WO 2007/ 149272PCl NS2Q8{ S8 @8s%s3
57 - 0 The product of Preparation 1@,was prepar ed follow ng the
met hod of Preparation 2 using the product of Preparation 15 to afford
depi cted product with QSjﬁyﬁryi eld. 5 Preparation 17 NHBoc BocHN 10
The product of Preparati Nias prepared follow ng the nethod of
Preparation 12, but using §ye product of Preparation 16 a to afford

t he depicted product with 66%yvyi el d.

9 H
/U\ﬁ N\‘/\N’U\o
- |

Prepared and purified following the method of Preparation 8 and Example 14, but using acetic
anhydride instead of BocGlyOSu. Mass spec: Calculated 599.3. Observed 600.4.

5 Preparation 9

HO

HCH

The product of Preparation 9 was synthesized following the method of Preparation 7,

substituting morphine for oxymorphone, to afford a stock solution of the depicted product that
was used in preparation 10.
10

Preparation 10

BocHN NBoc

BocHN

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

15
Example 16

MMorphine 3-(N-methyl-N-(2-arginylamino))ethylcarbamate



Preparation 18 15 Prepared foll owi ng the nethod of Preparation 14.
Yield 16% WD 2007/ 140272PCT/ US2007/ 069683 - 58 - Exanple 20 0 2HC
5 Prepar edwigdlph9ish738 t he nmet hod of Exanple 1. The crudepdf;08usioshas
purified by reverse phase preparative HRLC (acetonitrile gradient) to
afford the depicted conpound (33% . MasSS spec: Cal cul ated 584. 3.
Observed 584.5. Protocols for Evaluating Test Conpounds 10 _
| a."Kitchen" Test The stability of a test conmpound in the presence of
the readily avail abl e hgusehgl d chem cals, acetic acid (vinegar) and
sodi um bi car bonat e (baki ngSoda) nmay be denonstrated in the foll ow ng
"Kitchen" Test. 15 0.5 ny.f a test conpound is dissolved in 1 m of
each of the follow ng solutions corresponding with possi bl e househol d
chem cal s: 30% aqueous acetil¢ aci d; 50% aqueous et hanol and saturated
aqueous sol ution of sodi um bi §ar bonat e  (‘haki »Each -sol ution
is kept at roomtenperature -24. hollrs @& heated at 85C

for 20-24 hours. 20 Hydronot phofie rel e3se “&nd oral stability are
nonitored by anal ytical HPLC. A conmpound is corw-i-- as havi ng
passed this test if after 20 hours the hydronorphone concentration
does not exceed 10% of the starting material or otther product of

degr adat i Tie. prdduet R Raophds wxayRthedizeddoMarias thehtatRod s Raspleizgot est .
afford a crude product (0.93 g). A portion of the crude product (0.08 g) was purified by

5 reverse phase preparative HPLC (acetonitrile gradient) to afford the depicted compound
(0.043 g, 45%). Mass spec: Calculated 541.6 Observed 542.6

Preparation 11

HaN NH

HN

10 The product of Preparation 11 was synthesized following the method of Preparati.on_ 13to
afford the depicted compound (0.18 g, 84%).

Example 17
Morphine 3-(N-methyl-N-(2-N’-glycinylarginylamino))ethylcarbamate

HzN, NH

15



25 | b. Denonstration of the controlled rel ease of parent drug from
"activated" prodrugs. I N VI TRO DEMONSTRATI ON The control |l ed rel ease
of parent @igugoBeB2 hydronot phone) from the prodrug Was-3652007/069683
denonstrated by the synthesis, and in %tro testing of several
conpounds depicted in Table 1. WD 2007/140272PCT/ US2007/ 069683 - 59

- Conpou and C are exanples of "activated" prodru wher eby t he
enzyme-c P&ﬁﬂ%‘ﬂ‘@t aifireRasttiond 1gvas depmmtested &dlovong the arpthog of %&Hﬂ@eééé‘éﬂﬁfﬂé

eval uat i oficfe }ISIJa@LlCIf,I W &8s Al g% p&efspgh%s@ bk C@Q{%@% BC foa afford the depicted

cyclization-rel ease sequence. revio

i ntranol auodust (68361 g, 40%). dwiassep@aedcuiaqdléﬁ&é Obsan*ddsS?%t he
concomtant formation of a cyclic urea wwth the 5 rel ease of the
parent drug. These rel ease kinetics of these conpounds were eval uated
i n aqueduBxaaplei@ ons at increasing pH .The |iberation of

hydr onor phone during the course of these reactions was confirned by
LC- M5 anaVigspline SNpoethl-N-(2-N° aitety BirgieRding)) @k @oibaniie a nol ecul e
that bears a 115 nucleophilic nitrogen atom yet it is rendered

i ncapabl e of under d¢b! fhe ‘i ntranol ecul ar cyclization-rel ease
reaction due to the coﬁf ormational restrictions inposed by the cyclic
pi perazine ring (i.e wi_cannot adopt the conformation required for
the nucl eophilic addition of the lone pair of electrons on nitrogen
into the carbonyl carbon|of the carbamate noiety). A further exanple
of the structural featuresyrequired for the intganol ecul ar—-
cyclization-rel ease Jiﬁl&rea ti on, IS provi e" ' dt
representing a nol ec i V—r@ct » . e. the lone
pair of electrons on thel nowjacyl &t ed ‘ 2 unavai | abl e
for nucleophilic attack on t carbamare). It isoi.,.m, ing to note
that the intranol ecul ar cyclization-rel ease reaction be
suppressed at | ow pH by deactivation of the nucl eophidic nitrogen
atomvia protonation. 20These data confirmthe functPonal roI es of

t he spac SR ' lic nit

i ntranol 3’% a(ra a%?/?HIZ al[]?)iéﬁ%r gl easee %tfgt{ﬁﬁgp%%}o&g a“gg&a’nﬁ& et Lftélsmgfgfﬁné
1. The | iableydaide dntead ohBok@ROBRNMImR shecoTulpiilardd 3§3.7N Chspress8430! ut i ons.
25

10 Preparation 12

Naltrexone free base was prepared accordmg 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 m}). 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.



WO 2007/
hydr onor
H2N2HCl

10

15

20

140272PCT/ US2007/ 069683 - 60 - Structure % production of
phone 20 his pH 7.5 10 11.5 Ppd. 4% o . 10 100 100 A
WO 2007/140272 PCT/US2007/069683
-55-

" Preparation 13

The product of Preparation 12 (stock solution, 15 ml, 1.0 mmol) was added to the solution of
0.265 g (1.05 mmol) of benzyl 2-(ineﬂ1y1amino)eﬂ1ylcarbamate hydrochloride in 10 ml of
dimethylformamide. The pH was then adjusted by adding triethylamine (0.28 ml, 2.0 mmol).
The reaction mixture was then stirred for 2 hours. The solvent was then evaporated under a
vacuum, and the residue was dissolved in ethyl acetate (20 ml) and washed four times with 10
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 ihen 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



.elk 0 0 5 B HC 0 I na

WO 2007/140272 PCT/US2007/069683
' -56 -

dichloromethane/1M solution of ammonia in methanol (70:30) to afford the depicted
compound 0.125 g (27%).

Example 19

HCI

| 5 The product of Preparation 14 (0.125 g, 0.2 mmol) was dissolved in triﬂuoroa;:etic acid (3
ml). A 1 M solution of boron tribromide in dichloromethane (0.4 ml, 0.4 mmol) was added at
0-5°C. The mixture was then stirred for 2 hours. The solvent was removed in vacuum. 10 ml
of 3 N aqueous hydrogen chloride were mixed with the residue and the mixture was stirred
for 16 hours. After evaporation of water under a vacuum, the crude product was purified by.

10 reverse phase preparative HPLC (acetonitrile gradient) to afford the depicted compound
(0.032 g, 30%). Mass spec: Calculated 456.25. Observed 456.4.

Preparation 15

NHBoc

BocHN

\/\NJLO
O ' /\©
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



On 90 100 100 C HN, 2HC . CNOeilli 00 0 D HNO 2HCI

WO 2007/140272 PCT/US2007/069683
.57 -

NHBoc

H
BocHN” N N NH
O J

The product of Preparation 16 was prepared following the method of Preparation 2 using the

product of Preparation 15 to afford depicted product with 95% yield.

5
Preparation 17

NHBoc

BocHN

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¢

15

Prepared following the method of Preparation 14. Yield 16%.



I N VI VO DEMONSTRATION I n order to investigate the formation of parent
drug formprodrug in vivo, conpounds 5 depicted in Table 2 were

synt hesi zewoedr/aohmeni stered i ntravenously to rats. SubsEgUENeT7/O6E$3
dosi ng, plasna |evels of hydronorphonesgere nmeasured as described in
t he experinental section. Conpounds A and B are exanpl es of
"activategng?QQmugs wher eby the enzyne-cl eavabl e activating group
has been omtted to enable specific evaluation of the kinetics
attending the intranol ecul ar cyclization-rel ease sequence As

previ ousl WHeescri bed, . the WD 2007/ 140272PCT/ US2007/ 069683 - 61 -

i ntramol ecyl ar cyclization-rel eqse sequence results in the
concomtant|formation of a cyc ur with the rel ease of the parent
drug. Wen ese drugs are _adm nigdiered to rats, hydronorphone is

| i ber at ed. npgiind C ijs dn =& “esting exanple of a nolecul e that
bears a ntgiedphi T NIT tooue PHyet it is rendered incapable of
under goi ng t heoi nt ranfol ecul ap: . i zation-rel ease reaction due to the
conformational restrictions inppséed by the cyclic piperazine ring
(i.e it cannot adopt the confolomati on required for the nucleophilic
addi tion one pair of electr?bfs on nitrogen into the carbonyl

f the,l ‘ )
car bon %fPOrFP?éecf%PB‘é{W&tﬂéﬁ wethed oh Exapypia . Thesruss prrsiupigvaspusifind hy svemsed
to O ratspha A RRIRRORCe b e SRR ' oD bg, of
a prodru%;m§§$e y the enz@ﬁ%-c?gaégg%e S%otec?#ggp%%%égﬁﬁgs ggﬁs
att ached Massgpgs: pelculated$8h3t Obgamed 5845 nol ecul e was studied to
assess the possibility of a direct enzyne-nedi ated hydrol ysis of the
carbamat e noi ety. The datg.,iJagh i does not occur
in vivo. Interestingly, mgn&%%ﬁﬁ#%@%%ﬁ#@@ﬁd to rats
Conpoutl 1. i s “Wdtchenl’ Besd no hydr onor phone is 15 |iberated, thus al so
providing further evidence for the in vivo "activation"” of the
descri bed produgs. Table 3. The |iberation of hydronorphone from

pr odr ugs Thelstability of d idstadRipin®l ih dild @esehét sfahéreadiW@vailable household chemicals,

2007/ 140272PCT 007/069683. - 62 - 2.ln vitro human 1.1-opioid
recept or BFHfAC v%gg}'fmd sodium bicarbonate (baking soda) may be demonstrated in the

following “Kitchen” Test.

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.



WO 2007/ 140272PCT/ US2007/ 069683 -63 - This test neasures the affinity
of test conpounds for the i.t-opioid receptor relative to

hydr onoi phewezooenerzal procedure: 5 The general procedup@rlﬁgjohgmﬁstshe
protocol described by Wang, J.-B., Johr%on Per sci o,

Hawkins, AL., Gri ffi n, C.A and Unl (1994) FEBS Lett 338:

217-222. @s é d s&tﬂ'd receptof. 10Origi n: human reconbi nant

( HEK- 293 c&ft P‘jn @E TRRPIST A activate prodrugs whereby the enzyme-cleavable

[ d- Al a2, Nadvivatttesdo b-bebd orRitk@ RNakbIE sh AR RASH O homRck @“%30
(0.5 nM Non-s em%c | 'i gand:. nal oxonglg 10uM Y ncuﬁﬂatigon cs%gm

22C 15Met R¥amg C@é&@ékl?ﬂ@ﬁn-r@@asmqqpmm zthI@wle descAbed, ftsiistramaecular
expr essi oy effaiichS the receptors is

defi ned aés.yct hae Og %‘% éesrées%ci:mﬁcgzr? ﬁmgtgn t?lﬁ l{lg#ﬂgmbl nc? t1ono ajpcﬁlﬁénea with the
non- spetifelegsendfnkk prgenddtugr mi ned in the presence of an excess of

unl abell ed Iigand. The results are expressed as a percent of control
of specific 20 binding and as a present inhibition of control

speci fi ¢ Theselieh@sokibétics @dihe s doh@o@ﬂc@ﬁzﬁ‘di‘&@vaﬂiatéd‘ﬁ E?&?Eﬁélﬁl}){??);ﬁ% %tTH@reis%O

val ues ( (i ncentration causi ng a hal f-maxi na

control ;%@E"F @%P%?ﬂmdmanﬁhqqp dpringthe wersee@ﬁtbese m¢actiongeyas confirmed by
d

1S ng 1 T s Byl Cabp S h e R YR s ESERS e Befith 060

-64 - Heclegphilfenitiogen at@in ayepitas rendered incapable of undergoing the intramolecular

cyclization-release reaction due to the conformational restrictions imposed by the cyclic

piperazine ring (1. it cannot adopt the conformation required for the nucleophilic addition of
the lone pair of electrons on nitrqgen into the carbonyl carbon of the carbamate moiety). A
further example of the structural features required for the intramolecular cyclization-release

15 reaction is provided by compound B representing a molecule is in its “unactivated” form (ie.
the lone pair of electrons on the now acylated nitrogen atom are unavailable for nucleophilic
attack on the carbamate). It is interesting to note that the intramolecular cyclization-release
reactions can be suppressed at low pH by deactivation of the nucleophilic nitrogén atom via
protonation.

20 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 aqueons solutions.

25



| C50 HUMAN propi oi d receptor Hydronorphone HCL (HM 1E-09 7 7.9E-07
1 2.1E-06 3 1.3E-06 6 7.9E-07

WO 2007/140272 PCT/US2007/069683
-60 -
% production of hydromorphone 20 hrs
Structure

PH 7.5 10 11.5 | cpd

10 100 100 A

0 0 5 B

%0 100 100 c

0 0 0 D

IN VIVO DEMONSTRATION
In order to investigate the formation of parent drug form prodrug in vivo, compounds

5 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-
_clcavablé activating group has been omitted to enable specific evaluation of the kinetics

attending the intramolecular cyclization-release sequence As previously described, the



The above results are consistent with the structure activity

rel ati onships for opioids obtained 5 in the literature, obtained from
screeni ng B0 wbeB272epr esentative nol ecul es, denpnstr at ECT/6&2007/069683
deactivation of opioid potency when thglprom)l ety is appended to the
phenol residue of hydr onor phone. 3. Phar rracokl netic Data 10 Pl asma

ti mecourse _of .h one.follown nistratio 0.ra

oot ng. . Tofeeleih STRRHOR it yaleat et S S pest orpiga arctc
into the ﬂreaivvlﬂd&ieﬁeleisejolﬂﬂwp&fent/@hg cannul ated mal e Sprague- Dawl ey
rats. Hydronot phone (BM at 1 ng/ kg, oxyydronorphone (OM at 0.5
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Table 3. The liberation of hydromorphone from prodrugs following IV administration

in rats,
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2. In vitro human p-opioid receptor binding assay.



Tabl e 6. Maxi mum concentrati on of hydronorphone (HM found in bl ood
after oral 20 (PO dosing in rats. WD 2007/ 140272PCTI US2007/ 069683 -

66 - ExanpMeo aw@x40312M (ng/ ml) foll owi ng PO dosi ng hydr oporpksii®oddsss/
44 3 11 2 35 6 18 11 34 12 21 -63-

This test measures the affinity of test compounds for the p-opioid receptor relative to

hydromorphone.
General procedure:

The general procedure follows the protocol described by Wang, J.-B., Johnson, P.S., Perscio,
A.M., Hawkins, A.L., Griffin, C.A. and Uhl, G.R. (1994). FEBS Lett., 338: 217-222.

Assay: p-opioid receptor
10 Origin: human recombinant (HEK-293 cells)
Reference compound: [d-Ala®N-Me-Phe*,Gly* ol]-enkephalin (DAMGO)
Radioligand: ["HJDAMGO (0.5 nM)
Non-specific ligand: naloxone {(10uM)
Incubation: 120 min @ 22°C

15 Method of detection: scintillation counting

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
20 binding and as a present inhibition of control specific binding obtained in the presence of test
compounds. The ICsp 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.



Conpared to hydronorphone, conpounds according to the invention
afford a | ower Chrax of hydronorphone when adm nistered |V, but
denonst r at VQPHWIAHR2Cnax val ues to hydr onor phone when agoTmsshPo®6ss
orally. 5 Table 7. Maxi num concentrati g .(Crax) of oxynorphone (OV
found in blood after IV dosing in rats. Exanple Crax OM (ng/ m)

foll ow ng 0S¢ xynmor phone 432 13 303 14 205 15 4 10 Table 8.
Maxi mum cgr%%:ﬁé%f ?a#%oﬁ of oxynorphone (OV) found in blood after oral
(PO dosing in rats. WD 2007/ 140272PCT/ US2007/ 069683 - 67 -

Example _ ICso

HUMAN
pu-opiocid
receptor

Hydromorphone HC1 (HM) 1E-09
7 7.8E-07

1 2.1E-06

3 1.3E-06

6 . 7.9E-07

The above results are consistent with the structure activity relationships for opioids obtained
5 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
10 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 (M) at 1 mg/kg,
oxyydromorphone (OM) at 0.5 mg/kg, morphine (MR) at 1 mg/kg, and N-methylnaltrexone
15 (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,



Exanpl e Cnmax OM (ng/ nl) foll ow ng PO dosi ng oxynorphone 7.8 13 7.8 14
15.5 15 13.3 Conpared to oxynorphone, conmpounds according to the
i nventi on a¥Pa¥d182fwer Crax of oxynoi phone when adnmiporaisero®dsokds

but denonstrate simlar Cvax val ues to.g@xynorphone 5 when
adm nistered orally. Table 9. Maxi num concentration (Crax) of

nor phi ne  @MRitofeddPBOP €
MR (ng/ ml) folol oW ﬁ}g (P\u/ﬂgg‘g%%gg nor pd’ué/ ﬁa%%ge ‘f’ait&MS”‘% ngaﬂ%?éOOO
triple-quad mass spectrometer.

Oral dosing: The test compound is dissolved in saline (20mg/ml) and dbsed via oral gavage

5 into jugular vein cannulated male Sprague-Dawley rats. HM, OM, MR and 10 mg/kg, and N-
MTX at 20 mg/kg are used positive controls and the test compound is dosed at an
approximate parent opioid equivalent dose (e.g. equal to 10 or 20 mg/kg). At specified time
points, blood is withdrawn, 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

10 triple-quad mass spectrometer.
Results:

Table 5. Maximum concentration (Cmax) of hydromorphone (HM) found in blood after

15 IV dosing in rats.

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,




57.7 18 0 Table 10. Maxi num concentration of norphine (MR) found in
bl ood after oral SPO dosing in rats. WO 2007/140272

PCT/ US2007/%8§¥343

40272 gg -

Exanpl e Cmax MR (ng/ m) fol | owcmysR@7/0ss3ng

norphine 41.7 17 23.7 18 55.2 Conpared6do norphi ne, conpounds
according to the invention afford a | ower Cnax of

Example Cmax HM (ag/ml) folowing PO dosing
hydromorphone 45
7 44
3 11
2 35
6 18
11 34
12 21

Compared to hydromorphone, compounds according to the invention afford a lower Cmax

of hydromorphone when administered IV, but demonstrate similar Cmax values to

hydromorphone when administered orally.

Table 7. Maximum concentration (Cmax) of oxymorphone (OM) found in blood after

IV dosing in rats.

Example Cmax OM (ng/ml) following I'V dosing
oxymorphone 432
13 303
14 205
15 4

10

Table 8. Maximum concentration of oxymorphone (OM) found in blood after oral (PO)

dosing in rats.



nor phi ne when adm nistered |V, but denonstrate simlar Crax values to
nor phi ne when 5 adm nistered orally. Table 11. Maxi mum concentrati on
of (R)-N me¥YRy¥%a#R2f%exone (N-MIX) found in blood after ecalustddeosss
dosing in rats. Note: Unlike the previogs. prodrug exanpl es, which
wer e dosed at equi nol ar concentrations, these conpounds were dosed at
equal masses (20 ng/kg). 10 Exanple Cmax N-MIX (ng/ni) follow ng PO
dosi ng N-rn:e_tJ:nyl naltrexone 6 19 71 The conpound of Exanple 19,
whi ch i s |&x8mpddary car bamat CpragddMdng/mlf floM PYldogh exone,
descri bes one aspect of the iphvention which enbodi es a nmethod of
provi di ng_a patj It h—postradm-ri-st+atenr-—activated—controlled |
rel ease ¢f _a D[ﬁgﬁtgélpg%%epi oid 15 antagonist, in thf s case a
peripherally actives opi oi d ant agoni st. Conpar ed 7
(R) - Net -M—H&F{—Wnllnd affords a superior Chax val ue
conpared|to (R)-NrEt hyl nal trexone when adm ni stEr.&d orally. Figure 1.
Pl asma cpncentratipyn 1T me course of—theprotuectipa—ef N-MbX—Feldl-ow-ng
oral (PO—20 dosing in rats. {The solid line represents the plasm
concentration of N-MIX follow ng PO dosing of NNMI'X at 20 mg/ kg. The
dashed Iieg he plasma concentrati on of NMIX produced

represents ) . _
fol | owi ng o]%lgffr%ﬁ’sci’ﬁﬁ‘oﬁm&'ar?ﬁméows gscopding gy thejinvestion afford a lower Cmax of
2007/ 1402G3RGHHIE ABEA A6F0RTEred 199 b Sl ol PEHR, CANSSHLL AL
time course of the production of Ry rormrt%ﬁ%snuélﬁan ﬁ)ﬁ?ﬁﬁ%ﬂ‘%{ﬁrﬁ 80
dosi ng 6fwg“r‘kﬂ’1mj@‘§te¥cﬁofaéb’s. The solid line represents the plasna
concentration of hydronorphone foll ow ng PO dosing of Exanple 3 at 10
ng/ kg. The dashed |ine represents the plasna concentration of N MIX

f ol I owi ngTaef. MrsimgmaionEerdration (Cthas) o28orphine (MR) found in blood after IV

desing in rats,

Example Cmax MR (ng/ml) following IV dosing
morphine 111.5

17 57.7

18 0

Table 10. Maximum concentration of morphine (MR) found in blood after oral (PO)
dosing in rats.




5 ng/ kg. By examining the plasma tinme course represented by figure 1
it is clear that the utility of (R)- N nethylnaltrexone my be
linmited by VP2Bd#2"dhammeoki netic profile (e.g. oral  PCT/US2007/069683
bi oavailability). This |limtation can hggovercone by the prodrug
represented by the 10 conpound of Exanple 19 which provides an

i nproved pharmacoki netic profilé (e.g. increased oral

bi oavai | ghitty) . Furthernore figure 2 denonstrates that the prodrug
appr oach |rEsment ed by t he C O MR @bs/niily 8oTpwese BOandinkd al 10OWS 10
hi gher, gnd perhaps conplinentary, plasma |evels of opioid agoni st
and ant adoni st TR pg-abtarnedwhen—predrugs—t-hereot .
15 Pl as ti necourse of hydroforphone foll ow ng4ﬂ-\7/ admnistration in
dog. Fifteen nale B2agl e dogs|were selected fropgghe Test Facitit

col ony of4|=roﬁ——|%\J\fe—g—m—n:!acl--s—anM placed intg five groups of three

. 1 ; .
ani mal s per group. *The ani nmal 5 were assigned to3%Be 20 study based gn
accept abl e heal th as determ ned by a staff—veter+nart+an—Ffotlowng al

pre-study health status check. The aninmals were fasted overnight
prior to E8Emagd mgrphisséamponnds dcoadingas tedhvennataftad khewathRl

appr oxi ”ain%kﬁhin r - faor each dose session. Al substances
were stored ‘at 432 ag??%gtgﬁeg?ﬁg@itﬁ@m%éﬁ” Sdanaxealish 1 mpiphine wign
| nt r aveAoadmiathtdred srtliat i on. The test conpounds were prepared in
0.9% NaCl at a target concentration of 0.4 ng/nil, (0.4 ng/kg final
dose) for intravenous adm nistration. Hydronorphone was prepared in
0. 9% NaCl Tabled1! Ma3@humUd 8ttE o NG Osxn and 0 2
my/ kg fi n;# dose) for i nt_ravenousq}g(ﬁj ﬁ?‘gﬁrhg{]l gﬁ‘?mggﬁﬁmﬁ@&}o““g to Bldod
f or mul at i Her ©)dysing imryts.Wstec Uhlikecthe prefioonprodaig cixahpiay, anasSwere
formul at i @Red eaQimdi R tng. pre- and post-filirafion. Al dose
fornul ation sarggl es vvé:rglg&g?%}oélg’ a?se-‘:%g%"@ﬁﬁep c%’ﬁ‘?ﬂt 3f £gupl mpgses (20 mg/kg).
conmpoun®ls were adni nistered through a tenporary percutaneous cat heter
pl aced i WO—20071146272PCH-US200/4/ 069683 - 70 - peripheral vein
at a tar g?g}?amo%tge | evel of 0.4 %?&QI‘W@&#GBJOWIM?MOSEMI kg The
Ani mal s received a slow intravenous bolus push over a 1.5 mnute
period. [Hydr¥mmdyhiedmeionas adm ni stered sim larigy ar a target—dose
| evel of6—2+wgt kﬂgand a—dose volunme of 1 m/kg. The aninals received
a slow i ntravenoué bol us push over a 2 minute périod. Imediately 5
foll ow ng i ntravenous dosi ng, the catheters— k
sali-ne prjor to renoval. Blood sanples (0.5 nL, whol e bl ood, -
Li - Hepar i e 4opesd gl Example 8y which IS et @dayrdafamiate pi@cﬁhgng?{)Qq-at .
ti mepoi ntyg pifel s fallow ng intravenous dosing. | sanpl es
were col | e%t!t;?g vfign%d?%g%?es\?gﬁF%ﬁtccgﬁl?ee‘nﬁefmanH isEbpdies g glethodglienched
into met peaviding zpattent witly pebt adimitdd@fon M@ 4 Con@RLastRie L ratne ioi
until gnglysis ;Samples are quantified via LG/ NS/ VB br@pheddfi opioia
nist, i case a peripherally active opioid antagonist, Compared to (R)-N-

of

methyinaltrexone, 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)

20 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.

25




10 using an ABI 3000 triple-quad nass spectroneter. O al

adm nistration. The test conpounds were prepared in 0.9% NaCl at a
tar get concbReZ4987 of 4 ng/nl (4 mg/kg final dose) fOPCEHASHOOT/069683
adm ni stration. Hydronorphone, was prepgped in 0.9% NaCl at a 15
target concentration of 2 nmg/nmL (2 nmg/kg final dose) for oral

adnmi ni st r Aigwa2. Phema cadceftionkiade @
soni cat ed nee? dto aled I n conp g?%“ﬁ?’gé’a nb%hiwggo andN-MTX
formul at i qoging 9f H@ﬂm&a!ﬂ r@tsl The st lineaﬂpremts the plhsriio¢onutratation

prior to dgs 0 re staqred 205C
until anal yz%dggm%?g?nﬂfgﬁp%%w J\;\ce%?ng E@%,aﬁﬂg%eqlﬁﬁ &ﬁ’ﬁlda'a"fgé‘ﬁ% at a
target dod@resentsthesplangylacgnennttatidn af NMOITIO Slovihg 6] dbsink o Ekifiple 19 at 20
Hydr onorsp was adm ni stered via oral gavage at a target dose |evel
2 mg/ kg an ~ a dose volune of 1 nlL/kg. Inmediately follow ng oral
dosi ng the gavage tubes were flushed with 10 nL of water prior to

renoval . Bl ood sagl (0.5 nL, whole blood, Li-Heparin
ant i coaguPant ‘E’:B]F‘P%%F’éﬁ GWFWPIeﬁﬁDMéJY@umHltas cleartthe thei vniisy of(R)-

to 24 houNsmé@yineive ected via
di rect veEJ;p:ungt ureﬂgw%@lzbgqg%ﬁap étr”'%"'v@‘%“aﬁ%‘ﬁé%%faﬁwfé #¥8t hanol ,

centrifug availahilipg 0 This Aimitatian caeurtret wtebme bathe;&wuglfépréseﬂe@byﬁies
Sanpl esgagsn using an, ABI tr| pI e- quad '
mass spectr o%?g%fE%1¥ Qwh% SaB - &6@7@?@1‘%’8 bBdge. 71 -
Exanpl e Cmeseasshiiotal hicakjilabity). oPrti@ri¥re FeuR® déﬁﬂfn@@aémmﬁe ﬁ%d&g%pﬁéa&
represented by the compounds of Examples 3 and 19 allows for higher, and perhaps

complimentary, plasma levels of opioid agonist and antagonist to be obtained when prodrugs
thereof are dosed orally.

15

Plasma timecourse of hydromorphone following IV administration in dog.

Fifteen male beagle dogs were selected from the Test Facility’s éolony of non-naive animals
and placed into five groups of three animals per group. The animals were assigned to the

20 study based on acceptable health as determined by a staff veterinarian following a pre-study
health staﬁls 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.

25 Intravenous adminjstration.
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.

30 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




. . 11M
17.2 5 Tabl e 13. Maxi num concentrati on of hydronorphone (
F ound (PO dosing in dogs. Exanple Crax H M

found in bl or al
(ng/m) fo|ﬁ§?#°2é5‘§% dosi ng Hydr onor phone 58.2 2 35. 8 3PSHUS2@7/06068

Conpared to hydronor phone, conpounds acédrding to the invention

afford a | ower Cmax
peripheral vein at a target dose level of 0.4 mg/kg and a dose volume of 1 mL/kg. The

Animals received a slow intravenous bolus push over a 1.5 minute period. Hydromorphone
was administered similarly at a target dose level of 0.2 mg/kg and a dose volume of 1 mL/kg.
The animals received a slow intravenous bolus push over a 2 minute period. Immediately
5 following intravenous dosing, the catheters were flushed with 3 mL of saline 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 intravenous 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

10 using an ABI 3000 triple-quad mass spectrometer.

Oral administration.
The test compounds were prepared in 0.9% NaCl at a target concentration of 4 mg/mL (4
mg/kg final dose) for oral édministration. Hydromorphone, was prepared in 0.9% NaCl at a
15 target concentration of 2 mg/mL (2 mg/kg final dose) for oral administration. The oral
formulations were mixed by swirling and sonicated as needed to aid in complete dissolution.
A dose formulation sample (0.15 mL) was collected from each oral formulation prior to
dosing. All dose formulation samples were stored at -20+5°C until analyzed.
Test compounds were administered via oral gavage at a target dose level 4 mg/kg and at a
20 dose volume of 1 mL/kg.. Hydromorphone was administered via oral gavage at a target dose
level 2 mg/kg and at a dose volume of 1 mi/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
25 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:

30
Table 12. Maximum concentration (Cmax) of hydromorphone (HM) found in blood
after IV dosing in dogs. |




Jo of hydronorphone when administered 1V, but denonstrate simlar
Crax val ues g)o hydr onor phone when adm ni stered orally. Taken

t oget her, t A2 gat a denonstrat e t hat conpounds accaTdis2gn7ioewekhe
i nvention are capable of providing pati-ents with post

adm ni stration-activated, controlled release of a 15 phenolic opioid.
In particular, the data denonstrate that the pro-drugs rel ease opioid
when adm ni stered orally, but resist rel ease of opioid when subjected
to conditions cormmonly used by those who wi sh to abuse the drug.

-72- CLAIIMS LA ¢C Hpid Of structuh : _
a salt, hydrate gﬂrmsol vat e t her eof %@'ﬁ'ﬁ?ﬂﬁ. z%’f”é) fQiIBWEWcWiQPSB&ﬁ oi d,
wher ei n the—hydrogen atom of tihe phenolic hydroxyl gioup is replaced
by a coval ent Bydgmorhena/ i s {Nfts- and R 5 15 alskyl;, Ttis 2 or 3;
each W RZ and R 315 ndepefdentty—hydrogen— alkyl . substituted

al kyl, arlyl or subsfituted aryl, is or fe and R348ogether with the
carbon tg@ which the&y are atta¢ghed Torma cyctoat i@yi or—stbst+tuted
cycl oal kyt—greup—oer-two Rl _of R? groups on adjacent carbon atons,
toget her ]lwith the cdarbon atons to which they aré7attached, forma
cycl oal kyl or subsStituted cycroatkyt—grouvpi—20—-R41S

-

5 Table 13. Maximum concentration of hydromorphone (HM) found in blood after oral

(PO) dosing in dogs. '
Example | Cmax HM (ng/wl) following PO dosing
Hydromorphone _ 58.2
2 35.8
3 55.9
6 - 21.8
Compared to hydromorphone, compounds according to the invention afford a lower Cmax

10 of hydromorphone when administered TV > 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, controlied 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,




7 each ItlS is independently hydrogen, alkyl, substituted al kyl,
aryl, substituted aryl, arylalkyl, substituted arylalLkyl,

het eroal kyl, substituted heteroallcyl, heteroaryl, substituted

het eroaryl, heteroarylal kyl, substitutzd heteroarylthkyl, or
optionally, R6-and |l e together wi.th the atons 25 to which they are
bonded form a eyel oheteroal kyl or substlttzted cycl ohet'eroal kyl ring;
| C is hydrogen, alkyl, substituted al kyl, aeyl, substieuted |acy!.

al koxycar 88#IMS subst it ut ed al koxycarbonyl, aryl, substituted aryl

- arylal kyljor s ' :H%ﬁg' rylallcyl; is an integer fromlto 5;
each Wi sli nde’%gﬁﬁgﬁt y SMN’“&L’&“&(‘{)S and 5 each le is

i ndependent |y hydrogen, al kyl, substituted ahkyl, aryl or substituted

aryl, or optionally, each R6 and le indeﬁn ntly together "with the

atoms to which they are bondedgforM aroyglyolet eroal kyl or substituted

L | wherein X is

- Th

cycl ohet eroalcyl ring. 10 2. The ou
oxynol photte, hydmorplione or nofjphine. |3, conpound of Claiml
or aim2, in which RS is (1-40@&l Ityl.q4: The compound of G Sitti

3, inwhich Rs is nmethyl. S .5 The corr@@nd of any one of Clains 1 to

4 in WA oha ssdtchydite Br bolvdte therddE whBfki R ©° 1S i ndependent|y hydrogen of
alkyi. 2-0 6. The conpound of Claimb, in which Rl and R2 are each

hydrogen, 7. The’ conmpound of any one of' dains | to 6, in which 11.3
5yl ofidnaphencle b, wbyiein e bIAISEARARA Y the Pha A fldies] S
ydr ogefeciedPhdid! e ~C(0)-Y-(CRNRY) - N-RIRH:; :

10 Y is NR®- and'R® is alkyl; .

nis2or3;

l ] - - .
eech R', R? and R? is independently hydrogen, alkyl, substitated alkyl, aryl or substituted aryl
. 15 orR'and R? together with the earbon to which they are attached form a cycloalky) or ,
substituted cycloalkyl group, of two R or R? ETOUpPS on adja:gnt cm:bon a:oms,‘ together with

. the carbon atomes to which they are attached, form a cycloalkyl or substituted eycloalicyt
group; ' '

m .
TN
20 R%is :

each R" is independently hydrogen, alkyl, substituted alkyl, aryl, substituted ary], arylalkyl,
substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryt
* ' '
heteroarylalicyl, substituted heteroarylalkyl, or optionally, R® and R’ together with the atoms
25 to wpich they.are bonded form a cycloheteroalkyl or substituted cycloheteroalkyl ring;

7. ; ‘ i |
R"is hydrogen, alkyl, substituted alkyl, acyl, substituted acyl, alkoxycarbomyl, substiruted
alkoxycarbonyl, aryl, substituted aryl, arylalkyl or substituted arylalkyl;




25 9. The conpound of any one of Clains 1 to Sin which each R6 is

i ncl eprzdently hydrogen, al kyl, substituted al kyl, aryl, arylal kyl,

substituted arylal kyl, heteroal kyl, heteroarylallcyl, substituted

het zmaryl a/ kyl , or optionally, Ie-anq7§7 together with the atons to

whi ch they are bonded form a cycl obet efoal kyl "or substituted

cycl oheteroal kyl ring. .. 30 10. The conpound of any one of Clains 1

to 91n which R7 is hydrogen, alkyl, acyl or al koxycarborkyl. -71-

11. The conpound of any one of clainms Ito B. in which RAis a residue

of a 13 or L-amno acid selected from al ani ne, arginins, asparagine,

aspart i cPaviintegestrandde 5gl yci ne, gl utamne, glutantie acid,

hi stidi ne, isoleucine, leucirreo nethionitte,- phenyl al ani ne, praline,

swi ne. threonine, tryptophan, tyrosine, |lysine and venue; a residue

of a di p@ﬁﬁgﬁé"éﬁcﬂﬁﬂ Py B codpors8e .08 two or three.Dot L-ankto acid

resi dugs sel ected i ndependently ftrom al ani’ne, arginine, asparagine,

aspartic ckg,_c stei-ne, glycine, glutam ne, glumm e acid, histldine,

i sol euei HER ™ & wé?d%}fhv@ﬁgm,allthen@dﬁammm,mﬁr@s{,gﬁ,mg@y}g;o,

t hr eoni roptiohallypéep Rtand bétently &) Ljne;. or esi dye of
i oy uioph Bty Slppier i 48 alcito Biuch

an N-acyl -derjvative . thereaf. 10 12, conpoun ¢y 4t bopggd:
is a reg%’ﬁg"%ﬁ\f@?‘%?ﬂ%]%F&F}lﬂlﬁed‘%@ofm@a&y gngpound of claim1, in.
which leis (1-4C)alkyl; 121 and le are each hydrogen; R3 is hydrogen
or (1p46) al kyd. . i He ~RA 1S dr n, -Cl12(CH2)2N. H2, )
-CH2 CrEDI g)Cl 1 2&? ffyvﬂ{ﬁ?‘ﬁwﬁf Cﬁﬁ'%-lhvg%ﬁ’?}g Eﬂ‘w{"m@m bpdremogphone or morphine,
CH2Cl1i 2C0011; 127 is . is hydrogen, (1-6C)al kanoyl or benzoyl
unsubst gnhned cé&ﬁbg ; Vel P8 ¢ ext.edi Q% r.one or two
subsdt uent s ?Zélecte b ?gzr:n qfé)@%’%#”“"‘%ﬁ}'%ﬁ%&f&ﬂhal ogen; and p
is | or 2. 14. The conpound of claim1l, in which RS is (1-4C)alkyl;
R and &2 armmﬁpohudbm@_maﬁ%mcﬁ]ﬁdfsq% or (1-4Qalkyl; Wis NH
RA i §;hydrogen, -CH2(CH2)01}12, 20 - 12 2NHC( NH) NH2 or
CH2C112COCK R7 is hydrogen, (1-6C)al kanoyl or benzoyl unsubstituted
or substit utEe doypreidofmyedé 0XTleihs PRE4 B whikh eiH U RD U,fn_hs “a‘ﬂ(ﬁ?t ed
from (J;nde/b%&klwlhyd&ééélg%%oxy and hal ogen; and p is 'I"0r 2. The
c I n

conpot md of aim 11, ich R4 is arginine, N-acetylarginine, Nt-
25 but anoyl argi ni.ne, N-benzoyl argi ni ne, N piperonyS,

| “ragl & i nYIThE gbinpoend dNCIAIRES, i 341G, . 3Gi2 ic acid, tyrosine,
pral fne or N-g ycm pr ol e HWHAHR R %‘&Eﬁ)%sen. _ .

7. The ¢compound of any one of Claips 1 to 6, in which R? iz hydrogen or (1-4C)alkyl.

8. The compound of Claim 7, in which R> is hydrogen or methyl,

25 9. The compound of any ove of Claims 1 to 8 in which each Rﬁ‘ is.indcpmdmﬂy
hydrogen, alkyl, substituted alkyl, aryl, arylalky, substituted arylatkyl, heteroalkyl,
heteroaryialky!, substituted heteroarylalkyl, or optionally, Rf and R’ togetiier with the stoms
to which they are bonded form a cycloheteroalkyl or substituted cycloheteroalkyl 'ring. -

{

30 10.  The compound of any one of Claims 1 to 9 in which R7 is hydn:om alkyl, acyl or
alkoxycarbonyl. ' . : .

-



16. . The corrpound of cI aim15, in which R4 is arginine,
N-acet yl ar gi ni ne, N- t but anoyl argi ni ne, N-benzoyl argi ni ne,

Nepiperonyl argi ni ne, N-glyci nyltu-ginine; tysine, 30 g,lutanic aci'd,

proline or N-glycinylproline. 17. A_g@_ocess for the preparation of a-

conpound of fornula (I') or a pharmaceutically acceptable salt thereof
as defined in any one of Clains 1 to 16, V\/mch conprises reacting a

conmpound of formula (111) -75- R3 RII n or a protected
in which M

derivati th QAR r mu V)  $(11)

represen?g a %ﬁe{m %&Bf&dp SH%““Q é) b}fqh ; ByidueRbei ng any

prot ect | RPrdrynine apidgelepted &Gm ﬂ*@ﬂﬂe argihios, ianshragineD Apam R, c%s%ﬂé‘ glycine,

(1) and/ Wﬁ%g r tab salt

pbamte utg:hc al . conpos Ot P‘g’n ?1&?4&%? ﬁalg% | T Hh%{ﬁ'?%?‘&!‘%épllm-

any one BfiD @I@F%’“‘F' ‘WB“’PB%W%IB% memhwlmmﬁﬁﬁﬁbﬁﬂ@&r tipSptide

5 composed of two or three D or L:amino acid residues selected independently from alanine,

arginine, asparngine, aspartic acid, cysteine, Elycine, ghittamine, glutsmic acid, histidine,
isoleucine, leudine, methionine, phenylalanine, proline, serine; threonine, tryptophan,

tyrosioe, lysine and valine; or a residue of an N-acyl derivative thereof,
10 12, The compound of claim 11, which is a residue of an L-amine acid.

13. The compound of claim ], in which R ig (1 ~4C)alkyl; R" and R? are each hydrogen;
R? is hydrogen or (1-4Calkyl; W is NH; R* is hydrogen, CH(CHa)INH,, |
~CH:CH;CH,NHC(NH)NH; , 4-hydroxybenzyl, CH,COOH ar CH;CH,COOH; R is

+ 15 hydrogen, (1~6C)alkanoy! or benzoyl unsubstituted or substituted by methylenedioxy or one
or two substituents salected from (1-4C)alkyl, (I-4C)al.koxy and halogen; and p is 1 or 2,

14.  The compound of ¢laim 1, in whmh RYis (1-40)nlkyl' R' and R? gre sach hydregen;
? is hydrogen or (1-4C)alkyl; W is NH R” ig hydropen, -CHz(CHj)sNHj,
20 -CH;CH;CH;NHC(NH)]\IH; or CH;CHCOOH; R' is hydrogen, (1-6C)alkanoy! or benzoyl
unsubstituted or substituted by methylenedioxy or one or two SI.lbstltl.lcnta sclccted from (1~
4C)alkyl, (1-4C)alkoxy and halogen; end p is 1 or 2.

15. The compound of claim 11, in which R* is atginine, N-acetylarginine, N-t-
25 butanoylarginine, N-benzoylarginine, N-piperonylarginine, N-glycinylarginine, lysine,
glutarmic acid, aspartie acid, tyrosine, proline or N-glycinylproline.

16. . The compound of claim 15, in which R* iz arginine, N-acetylarginine, N-t-
butanoylarginine, N-benzoylarginine, N-piperonylarginine, N-glycinylargivine, lysine,
30 glutamnic acnd, proline or N-glycmylprolme

17. A protess for the preparation nf a compound of formula (I} ora pharmnceutxcally
acceptable salt thereof as defined in any one of Claims 1 to 16, which comprises reacting a

compwound of formula (I1I)



-75-

RS

-R’ *
HY: N
Rz -
| In

or a protected derivative thereof, with 2 compound of forrmula (IV)

x~ M
5 A avy
in which M represents a leaving atom or group;
followed by removing any protecting groups and, if desired, acylating a compound of
formuta (I) and/or forming a pharmaceutically acceptable salt,

10 18. A pharmaccutical composition, which comprises a compound as claimed in any one of
Claims 1 to 16 and a pharmaceutically acceptable carrier,



