WO 2011/ 031350PCT/ US2010/ 031956 COMPOSI TI ONS COVPRI SI NG ENZYME- CLEAVABLE
KETONE- MODI FI ED OPI O D PRODRUGS AND OPTI ONAL | NHI BI TORS THEREOF

| nt r oductwonofiKsizzne- cont ai ni ng opi oi ds are suscept i bl epto/useEwAELI5@DUSE,
or overdose. Use of and access to these drugs therefore needs to be
controlled. The control of access to the drugs is expensive to adm nister
and can result in denial of treatnent for patients that are not able to

pr esent ensel ves for dosin For exanpl patjents suffering fromacute
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to substantial norbidity and del eterious social consequences. Sunmmary

The enbodi nents i nclude conpositions conprising a ketone-nodified opioid
prodrug, wherein the ketone-nndif&ep gﬁioid prodrug conprises a
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20r el ease. ) The enbodi nents i nclude dose units conprising conpositions
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phar macoki netic (PK) profile follow ng ingestion. In further enbodi nents,
the pre-selected PK 25 profile co ises at | east one PK paraneter val ue
that is |l ess than the PK paraneter MaY%f ket one- cont ai ni ng opi oi d
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for a linear PK profile. In related enbodi nents, such a dose unit provides
t Bt i"®§¥Sti on of an increasing number of the

The embodiments include dose units comprising compositions comprising a ketone-
modified opioid prodrug and a trypsin inhibitor, where the ketone-modified opioid prodrug and
trypsin inhibitor are present in the dose unit in an amount effective to provide for a pre-selected
pharmacokinetic (PK) profile following ingestion. In further embodiments, the pre-selected PK

25  profile comprises at least one PK parameter value that is less than the PK parameter value of
ketone-containing opioid released following ingestion of an equivalent dosage of ketone-
modified opioid prodrug in the absence of inhibitor. In further embodiments, the PK parameter
value is selected from a ketone-containing opioid Cmax value, a ketone-containing opioid
exposure value, and a (1/ ketone-containing opioid Tmax) value.

30 In certain embodiments, the dose unit provides for a pre-selected PK profile following

ingestion of at least two dose units. In related embodiments, the pre-selected PK profile of such



5 dose units provides for a nonlinear PK profile. In rel ated enbodi nents,
the PK paraneter value of the PK profile of such a dose units is selected
froma kewonetiosmsai ni ng opi oid Crax val ue, a (1/ ketonectarst@ionsryge opi oi d
Tmax) val ue, and a ket one-contai ning opioid exposure val ue. The
enbodi ments i nclude conpositions conprising a container suitable for

contai ning a conposition for adninistration to a patient; and a dose unit
as described .herein dis osed e cont ai ner The enbod| nents
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acyl, and amb@ﬁamﬁhnaﬁﬁmambeEﬂnp@nmmﬂepﬁmdemghwoﬁeh&cmﬁdmkﬁbnt@ydhogen
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wWhpch dheyarg attached forma cycloal kyl, substituted cycloal kyl, aryl, or
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t oget her wiThe entbedoamiboimclatio desetumitgiof ¢ hetbhemoalufeedaipn@d ipeetirug axdha Brypsin

cycl oal k ubstituted cycl oal k or  substitut d a roup; 5nis
o mauisretiy dhetore o g iaRsa@ier Rt it sere e E e dindi G 1

i ndep%ﬁ%ﬁﬁéﬁt%lﬁa& 9Harﬁfa@éﬁdaxwo<a%@mﬁé ki/d ket§1%3§1btlfﬂé¥i%§1ﬁdl Fwdmgﬂmal
substituted aryl, arylalkyl, substituted arylal kyl, heteroalk

subst ittypsigdnibitenroldrig|the mlen@hwylght qfd@mstm@cuflerbomtderro@mgland trypsin

neLer Qg ik ¥om G4 B985 b W8 oPRLELRRLYLSH kY! - or optionally, Ré and R7
The embodiments include compositions and dose units wherein the ketone-modified

opioid prodrug is a compound of formula KC-(Ia):

R (KC-(1a))
wherein:
20 R* is hydrogen or hydroxyl;
R’ is selected from alkyl, substituted alkyl, arylalkyl, substituted arylalkyl, aryl and
substituted aryl;
each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
25 each R? is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

substituted aryl, acyl, and aminoacy];



together with the atons to which they are bonded form a cycl oheteroal kyl or
substituted cycl oheteroal kyl ring; each Wis independently -NR8-, -0- or
-S-; eachwBoim3izsdependent |y sel ected from hydrogen, alPkylus2&lo3tose ut ed

al kyl, aryl and 15substituted aryl, or optionally, each R6 and R3

i ndependently together with the atons to which they are bonded forma
cycloheteroalkyl or substituted cycl oheteroal kyl ring; p is an integer from

one to 100; s, sel cted f.rom hydr oge upstituted
oTent  soyior R GRd R toethsr wiprinS GRS GRMEOMY etttk Brad aeRBI Lo bor!
aryl, sapfshibd b'}tf&&iall@ﬁ#ryl 3 YilRlikydd arﬁl ﬁ%l@ﬁkw& wl gHR2 Qﬁfu}ﬂk 8h kijacenPEaBosal t

hydrate or solvate thereof odi nents i nclude conpositions and
dose wkins togethesivithttheckborostemsbelivhichdh Qpiroatagheddouy aicgclaalkphpastithtest
fornula]K §% ) <jCH§ttt<§ Eg 2011/ 031350PCT/ US2010/ 031956 wherein: Ra is
h drogéco%k Ja-ypostituted arypgIouRs S o "ot ed from al kyl, substituted al kyl,

arglalkyl nagaﬁhugyﬁ@@nazujalkyl aryl and substltuted aryl; 5each R is
|ndependently sel ect ed fron1hydrogen al kyl, substituted al kyl, aryl,

subst it ut e®’d hydrogay . and ani noacyl : each R2 is independently
sel ected from hyglrogen, alkyl, substltuted al kyl, aryl, substituted aryl,
acyl, and amn or R and R2 together with the carbon to which they
are attached fggﬁﬁé éggboalkyl or

R* is
each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,
10 substituted heteroaryl, heteroarylalkyl, and substituted heteroarylalkyl, or optionally, R®and R’
together with the atoms to which they are bonded form a cycloheteroalkyl or substituted
cycloheteroalkyl ring;
each W is independently -NR®-, -O- or -S-;
each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl and
15  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;
p is an integer from one to 100; and
R’ is selected from hydrogen, alkyl, substituted alkyl, acyl, substituted acyl,
alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl, and substituted
20  arylalkyl;

or a salt, hydrate or solvate thereof.

The embodiments include compositions and dose units wherein the ketone-modified

opioid prodrug is a compound of formula KC-(Ib):

25 R*  (KC-(Ib))



10substituted cycl oal kyl group, or two R or R2 groups on adjacent carbon
atons, together with the carbon atons to which they are attached, forma
cycl oal kywoan11g3issvi t ut ed cycl oal kyl group; n is an intege&musteons®s¢o 4, R3
is hydrogen; 0 R4 isR6 15each R6 is independently selected from hydrogen,
al kyl, substituted al kyl, aryl, substituted aryl, arylal kyl, substituted
aryl al kyl, heteroal kyl, substituted heteroal kyl, heteroaryl, substituted
heteroaryl, heteroarylal kyl, and substituted heteroaryl al kyl, or
optional 1 y VI81%nd R7 together with the atons to which they are bonded form
a cyclohetqpqgh%#bg&quggﬁk5kuted cycl ohet eroal kyl ring; 20each Wis

R8-, -0- or -S-;

independentgy - - each R8 is independently selected

f rom hydr odens sed¢dtsd from e | wmtimteélaugyl,,ar}dalwl, avitigaigsbarytalkydduwgrapd,  or
optionaéé%mzﬁafp R6 and R8 i ndependently together with the atons to which
t hey are'Hhohudd form a cycl ohet eroal kyl or substituted cycl oheteroal kyl

ri Bg; P i s each Rhise@g@ipehdafy @electt® frbBhydeskbn 28Ry, ksbsaai@cded, 44Qm hydr ogen,
al kyl, substituted alg%l,‘acyl, substituted acyl, al koxycarbonyl,
subst istrtisged pybreglapmbapinoagily| | substituted aryl, arylalkyl, and

substitute% b Lg , r I %p f VO
3011/ 031 38 St BRI oS gR sTRkkd RS RO MBNUIEER ands 70 1 ons and
dose unbdtsutedherygiaoylt ed keinoneAdyodi fi ed opi oid prodrug is a conpound of
formula KC(11): . ¢H3 , R3 Y, R' (KC_(I‘IIH
or R"‘and R* together with the carbon to which they are attached form a cycloalkyl or
10 substituted cycloalkyl group, or two R' or R* groups on adjacent carbon atoms, together with the
carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl group;

n is an integer from 2 to 4;

R’ is hydrogen;
0O
4J\TNM¢\
RG p R7 .

15 each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

4 .
R7i1s

substituted aryl, arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl, and substituted heteroarylalkyl, or optionally, R®and R’
together with the atoms to which they are bonded form a cycloheteroalkyl or substituted
cycloheteroalkyl ring;
20 each W is independently —NRS—, -O-or -S-;
each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl and
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;
p is an integer from one to 100; and
25 R’ is selected from hydrogen, alkyl, substituted alkyl, acyl, substituted acyl,
alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl, and substituted
arylalkyl;

or a salt, hydrate or solvate thereof.



wherein: 5Ra is hydrogen or hydroxyl; R5 is selected from
(1-6QC) al kyl, (1-6C) substituted al kyl, -(CH2)qg(C6H4)- COOH, -

(CH2) g( CoMo)e O3B, and - (CH2) gq( C6H4) - COOCH2CH3, wher e PGTiGS2@n0/08195€ger
fromone to 10; each R is independently selected from hydrogen,
al kyl, substituted al kyl, aryl, substituted aryl, acyl, and am noacyl;
10each R2 is independently selected from hydrogen, al kyl, substituted

al kyl, aryl, substjtuted aryl, acyl, and am noacyl; . or R and R2
oout her T B RO SRS g Be BTt Bl B aRrky | or
subst ighiHi@frdevifd 9alckipoBiPEforRlila k@ (I or R2 groups on adjacent carbon
atons, together with ?he carbon atons to which they are attached, forma
cycl oal kyl or substituted cycIoa&k&% group; 15nis 2 or 3; R3 is hydrogen;
R4 is a residue of an L-amino g¢yd selected from al ani ne, arginine,
asparagi ne, aspartic acid, (M, glycine, glutam ne, glutamc acid,
hi stidi ne, isoleucine, |eugtre\ Pysyne, nethionine, phenylal anine, proline,
serine, threonine, trypto @ e and, valine, or a 20 residue of an
N-acyl derivative of any of~sQi d-'am n@ aagi/ds; or a residue of a peptide
conposed of at |east thWg0 ami §O aci R§I ugsRsel ected i ndependently from
al ani ne, argini ne, asparagine, asparticﬁacidﬁ4cy &iﬁ%’ gl yci ne, gl utam ne,
glutam c acid, histidine, isoleucine, |eucine, I@é'ﬁ ? met hi oni ne,
phenyl al anighgeiprol i ne, serine, threonine, tryptophan, tyrosine and valine
WO

or a residue of an N-acyl derivative thereof. 25
2011/ 031350PEThydsegn0 I3d856]; The enbodi nents include conpositions and
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enolic group of the ketone is replaced by a coval ent bond to -C(0)-NR5-
(C(R1) (R2) )e'ach\&é;mpdependently selected from hydrogen, alkyl, substituted alkyl, aryl,

substituted aryl, acyl, and aminoacy];
10 each R? is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];

or R' and R? together with the carbon to which they are attached form a cycloalkyl or
substituted cycloalkyl group, or two R' or R* groups on adjacent carbon atoms, together with the
carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl group;

15 nis2or3;

R’ is hydrogen;

R* is a residue of an L-amino acid selected from alanine, arginine, asparagine, aspartic
acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine, or a

20  residue of an N-acyl derivative of any of said amino acids; or a residue of a peptide composed of
at least two L-amino acid residues selected independently from alanine, arginine, asparagine,
aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine or a residue

of an N-acyl derivative thereof.

25



R5 is selected fromal kyl, substituted al kyl, arylal kyl, substituted
aryl al kyl, aryl and substituted aryl; 10each R is independently selected
from hydrwgeni1/@ahisyl , substituted al kyl, aryl, substitutret/tseyop3msyl , and
am noacyl ; each R2 is independently selected from hydrogen, alkyl,
substituted al kyl, aryl, substituted aryl, acyl, and am noacyl; or R and
R2 together with the carbon to which they are attached forma cycl oal kyl,

15 substituted Joal kyl, .aryl, or substituted aryl. grqup, or t. R2 or R3
groups. on A0 SR DHRLE GHBPoTERBARR How TR o AR ghedifed whi ch

t hey %?ﬁﬁ@bﬁﬂﬁﬂﬁgacBﬁ@Bhﬁi&M%hﬁ@h@&t{ﬂﬁﬁbStitUtEd cycloal kyl, aryl, or
substituted aryl group; n is an integer from2 to 4; R3 is hydrogen; 0 20R4

each R6 is independegﬁlyﬂ§ﬁlected from hydrogen, al kyl,
substituted al kyl, aryl, subg am?l , arylal kyl, substituted

aryl al kyl , heteroal kyl, substitutg ”H&Eeroalkyl, het eroaryl, substituted

het eroaryl, heteroaryl al kyl, and%subsﬁltuﬁﬁﬂaﬁeberoarylaIkyI, or

optionally, R6.and R7 together with the atons to which they are bonded form
a cycl ohet M5 Ryl or substituted 25cycl ohet eroal kyl ring; each Wis

i ngdependenty i/egréﬁlgﬁs a resfduet a'l&%tdne—c%a%ﬁ%é-gﬁgf@ DEEH M@%@&Mg@l@ 4Bafof the
r Su

each R8 is independently selected from ogen, al kyl, stituted al kyl,

aryl a&adespebdingtenolegigtany bf theketope iioicalacgd beactvakat hoed REG(IQUSFendent | y

t oget wiHh atons to which they are bonded form a cycl ohet eroal kyl or
substRﬁ@%ﬁgig@iﬁgﬁEIeroalkyI ring; pis an integer fromone to 100; and 5R7

i s sel ect e®Rfis RGO gaNkyl aubitituted Wikst, iatyaiedl, ahtieyitutedGylalkyd ugltaniut ed
acyl, al koxycarbonyl, substituted al koxycarbonyl, aryl, substituted aryl,
aryl alskBatitutggharybubsti tuted arylalkyl; or a salt, hydrate or solvate

B TR By L RS 905 SRR D 3y e i
substituted aryl, acyl, and aminoacy];
each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
or R' and R? together with the carbon to which they are attached form a cycloalkyl,

15  substituted cycloalkyl, aryl, or substituted aryl group, or two R* or R’ groups on adjacent carbon
atoms, together with the carbon atoms to which they are attached, form a cycloalkyl, substituted
cycloalkyl, aryl, or substituted aryl group;

n is an integer from 2 to 4;

R’ is hydrogen;
0O
4J\TNM¢\
RG p R7 .

each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

20 R*is

substituted aryl, arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl, and substituted heteroarylalkyl, or optionally, R®and R’
together with the atoms to which they are bonded form a cycloheteroalkyl or substituted
25  cycloheteroalkyl ring;
each W is independently -NR®-, -O- or -S-;



X N1 R5 wherein: X represents a residue of a ketone-containing
opi oi d, wherein the hydrogen atom of the 15correspondi ng enolic group of

t he ket ormoi2s1wvismsaced by a coval ent bond to - C(0)- NR5- PCTUR2)10/821956 - NR3R4;
R5 is selected fromal kyl, substituted al kyl, arylal kyl, substituted
aryl al kyl, aryl and substituted aryl; each R is independently
sel ected from hydrogen, alkyl, substituted al kyl, aryl, 20substituted aryl,
acyl, and

, am noacyl ; each i s i ndepe entI sel e d from hydrogen,
Syl oubetit By sndapegienty Seced fpith R ARG wekeGred e wl fhoyl o
R an Quﬁ%tﬁtQ@ Sy oPlidiihllyheach RCRAA RE Gndtpbdentlh pedlef with RCRSHs kO TR A

cycl oal kyl or substituted cycloal kyl group, of two Rl or R2 groups on

adj acdmy arabbuteddomnms CY@O@%@Iﬁ@M(YWItShbﬁheteQSﬁdﬁlbﬁwoalﬂ(@mng,o whi ch they are
attached, farma._ cycl oal substituted cycl oal kyl group; n is an

i nt eger fré)rhsﬁ f%%r %tﬁqub gin 0O WR7P W

2031/ 031350PGT £t LR6M I BRfen, alkyl, ﬁl@@tﬁ‘tuB@ alksylldas;llemdaméd :M:y$€| ected from
hydr ogen, al kyl, substitute Ik I ryl, substituted aryl, yl al kyl ,

subst iafkgraerrhprpll kst tutes) élk@?(bca‘llﬂlk%ﬂyl agﬂb@tbﬁttlt@teécﬁrﬂe@ré}a@@lhkw Suh%tt‘é‘iﬁ@ar yl,
substif ﬁﬁﬁ .heteroaryl, heteroaryl al kyl, and substituted heteroarylalky
or optionatlTy, R6 and Fﬂ together with the atons to which they are bonded
form a cycloohetlerhyatdeydr wivasaithsieof.ut ed 5Scycl ohet eroal kyl ring; each Wis
i ndependently -NR8-, -0- or -S-;

10 The embodiments include compositions and dose units wherein the ketone-modified

opioid prodrug is a compound of formula KC-(IIIb):
O R'R?

NEIR

W™
R R' (KC-(Ilb)
wherein:
X represents a residue of a ketone-containing opioid, wherein the hydrogen atom of the
15  corresponding enolic group of the ketone is replaced by a covalent bond to -C(0)-NR’-
(C(RH(R?)-NR'R;
R’ is selected from alkyl, substituted alkyl, arylalkyl, substituted arylalkyl, aryl and
substituted aryl;
each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
20  substituted aryl, acyl, and aminoacyl;
each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
or R' and R? together with the carbon to which they are attached form a cycloalkyl or
substituted cycloalkyl group, or two R' or R* groups on adjacent carbon atoms, together with the
25  carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl group;

n is an integer from 2 to 4;

R’ is hydrogen;

O
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each R8 is independently selected from hydrogen, alkyl, substituted al kyl,
aryl and substituted aryl, or optionally, each R6 and R8 independently

t oget her wot2h11vd3essat ons to which they are bonded form apcyalsetiensrsal kyl or
substituted cycl oheteroal kyl ring; 10p is an integer fromone to 100; and
R7 is selected from hydrogen, al kyl, substituted al kyl, acyl, substituted
acyl , alkoxycarbonyl substituted al koxycar bonyl, aryl, substituted aryl,

aryIaIkyI an( d_substitu ryl a of a salt, rate or vat e
t her eof . 1§a R71s1 ﬁﬁf’é‘géi i E%H’CIFWCEO%& ?‘trRIBWéedaarpélyld%ré( units
wher elsﬁbsttllﬁﬁeéf @% rh)?grlﬂi‘k?l thedoprd Qgﬁdlﬁﬂ OfdediGalk s, ﬁlb‘éé?t'ﬁ%%%r&flkﬁoﬁ&woéryl

KC (I1V): wherei n: 20X 'represents a residue of
ket onevbssivited h¢tﬁl@amiu hetedoarylabiydi amdtswestqud byevaniakylopr aionchy. REspdRdi ng

I t he ket t 0) - NR5-
(o RSB et AGmEdb Mt el ER (BRI ARG BEe i) L Ut
al Ryl cy cl()ﬁ}daﬂoaﬂ?g@ 000H, - (CH2)q(C6H4)-000CH3, and
-(CH2) q( CeH4) 2CHB where.q is an integer fromone to 10; 25each R is

i ndependentersh Welsdedepandendin NRcts ddeer -Sal kyl , substituted al kyl, aryl,

subst el iRKknc AP ALBORRH fycpopen, RPE ot AOBSTARIE Y
acyl , sabuditeted m@ta,mybptloﬂwyz&]:ﬂtlﬂﬁaﬁawB%baﬁ%ﬂmptdgaﬂtﬁsﬁmh the atoms tdvhiehd R2
t oget her vvlth t he carbon to whic are attached form a cycl oal kyl or
subst iR} &g e%ﬁéatnwwﬂia%ttﬁoalt&wl ?rvwbwtutsii ORI RPEYLINEd] acent car bon

aygns, tog%tlggﬁl %e![]ﬁtoﬁ‘? b0 m; to which they are attached, forma
cycl oal kyl itute ycI oal group; nis 2 or 3; 5R3 is hydrogen

R4 is ar esR du sslcﬂtechﬁnom -hydragen,aadlod, &ublstauteddlktyﬂ cmryhlsldmmje@d ayfi ni ne,
ﬁ;sg? Ir &ﬁwéyéqrégryi P%ggt%{d g{]ﬁ?f{%ﬂ A ng angl yu%stltuted%lrﬁf argfla[l]k gllduS%, stltutegl cid,
arylalkyl;
or a salt, hydrate or solvate thereof.
15
The embodiments include compositions and dose units wherein the ketone-modified
opioid prodrug is a compound of formula KC-(IV):
O R'R?
N” R
R R (KCaV))
wherein:

20 X represents a residue of a ketone-containing opioid, wherein the hydrogen atom of the
corresponding enolic group of the ketone is replaced by a covalent bond to -C(O)-NR’-
(C(RHR))-NRR™;

R is selected from (1-6C)alkyl, (1-6C) substituted alkyl, (CH;)q(CsH4)-COOH, —
(CH3)4q(CeH4)-COOCH3, and -(CH»)q(CsH4)-COOCH,CH3, where q is an integer from one to 10;

25 each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

substituted aryl, acyl, and aminoacy];
each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

substituted aryl, acyl, and aminoacy];



met hi oni ne, phenyl al ani ne, proline, serine, threonine, tryptophan, tyrosine
and valine, or a residue of an N-acyl derivative of any of said am no

aci ds; orwe?2onagiddise of a peptide conposed of 10at | east PCwwSkoanB1¥se aci d
resi dues sel ected i ndependently from al ani ne, arginine, asparagine,
aspartic acid, cysteine, glycine, glutamne, glutamc acid, histidine,

i sol euci ne, |eucine, lysine, nethionine, phenylal anine, proline, serine,

t hreoni ne, tryptophan, tyrosine d valine or a resjd of an acyl

dor tvat | ve o RePEOR. tagiechs! SRS sy oo i w6 ofk sl Buf = FI0aIGFYT e
enmbodisIBffased Bed1bHIy1 GPERO S} i PR 5 oY ii&nhss & ified
opi oi d prodrugﬁ%s a conpéﬁ%ghgg ?%?n%?gﬁf%y?%%%no ngkgm%%qo 1&%ggzmg@

( KC- (\ubontatanes ta:wiidixtheg preeati@nhesl, formeséydlmaliof onsubstimtasl aystoakbiyhgreypopi oi d,
wherein the.h§dr gen atom of the corresponding enolic group of the ketone
i's replace@lﬁy95 toval ent bond to -C(0)-NR5- (C(R1l)(R2))"-NR3R4; R5
issselected@ﬁgﬁﬁm@g&yl, substituted al kyl, arylal kyl, substituted

arylal kyl, gryl and substituted aryl, 25each R is independently selected
from hydr odens a gskdpe of gy bsamingaeid sgleripd frogp glaning, gsginineudparagingl aspagigl | and

am noacyyl ; . h 1:S Gty I r . en, al kyl,
SUbst 1 Syl RS sffrkile JMAGRROEE nigtiohE, BBk gL BTN TR o
2011/ OX1IBOOMETPHIBIALAINR 3B e, serine, tlatorfthe, any@tdgBai, agetine andwilinet &ea car bon to
which they are attached form a cycl oal kyl, substituted cycloal kyl, aryl, or
subst iresifusPtapY-agyl depvate of gy R saif ARBIoGeilip BiFsighs akrhertids caBRosdis,
t gget RereaWichB 1LIGiHHRORSEQIE kR d WP denBY A LaidhihaChetine! QpMa;
cycloalﬁﬁ%{ s&bsty%ufggggyc ankyI, 5%%?, oy su %?%&dte%’g$y$%gﬁ &83 5n is
an i ntasppetic ficidmy2tetne, dlyciR8, gletatmymly, glpeamicRdidi Bisadine yipdeurind, Eavab] lysimai et y;
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine or a residue
of an N-acyl derivative thereof;

or a salt, hydrate or solvate thereof.

15
The embodiments include compositions and dose units wherein the ketone-modified
opioid prodrug is a compound of formula KC-(V):
O R'R2
X’Jl\,l\15 ~ II\I,RS
FRT (K
wherein:

20 X represents a residue of a ketone-containing opioid, wherein the hydrogen atom of the
corresponding enolic group of the ketone is replaced by a covalent bond to -C(O)-NR’-
(C(RH(R*):-NR'R;

R’ is selected from alkyl, substituted alkyl, arylalkyl, substituted arylalkyl, aryl and
substituted aryl;

25 each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

substituted aryl, acyl, and aminoacy];
each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

substituted aryl, acyl, and aminoacy];



or a salt, hydrate or solvate thereof. 10The enbodi nents i ncl ude nethods
for treating a patient conprising adm nistering any of the conpositions or
dose uni twodesig3iized herein to a patient in need thereoPCTHise0100B66 MENt S
i ncl ude nethods to reduce side effects of a therapy conprising

adm ni stering any of the conpositions or dose units described herein to a
patient in need thereof. The enbodi nents include nethods of i nproving

patient co hance,with a thera rescr.ibed by a c]inician 15c rising
Bt oot ng SRR ARCR: Heseths® ot ahe CboH v bty Srehes ofpdd s, deser Lbed
her ei RubQit@edafdiSiLyll A1y 8L SRRyl HER BHOR! BERE §rdedfoR h@MéSE c4:86n

i nproved patient conpliance with a prescribed therapy as conpared to

pat i entorep tqgethenwathwhe earborpatems ité wbehtthesr ap pttaghiedgforn agyelrakyk substifged

pr odrtrég 1W|;j11 hlourt 1ionhilg)si .éotr as, compar ed to prodrug with inhibitor.

The efBoariEnfe i ASIUEE REERLESL Bt reducing risk of unintended overdose of
a ket one- zgig@ﬂg@ggrﬂgnpmm;d conprising directing adm nistration of any of
the pharmaceutical conpositions or dose units described herein to a patient
in need of Rriehydregan: The enbodi nents incl ude methods of making a
dose unit L.SL.0g. (101 ket one-nodi fied opioid prodrug and a tryp
si n inhi bi tqggpélrtﬁgﬁg(ggeg@r%ﬂr{&%\}\ﬂerei n the ketone-nodified opioid prodrug
and trypsi rrahi,hydote ar @lptedereobf.i n the dose unit in an anount effective
25t0 attenuate rel ease of the ketone-containing opioid fromthe

ket one-nodi fied opioid prodrug. The enbodi nents i nclude nethods of
dgherring mgUsfoAimdHPUREIAE nfBlddl @L&&leﬁgag%éﬁ .cg& fgsih%a&lﬂgﬁm fang%f

opl oid prodrug conprising conbining a ketone-nodi |8 opl ol d prodrug and a
t r ypsitie ¢anpdsittons oi dosa ud@s desgribed haskiarte n patidre ik e¢edrtbernofdThe edboginent

prodrug .and t sin inhibjt ar resent in the dose unit in.an anount

of f ect R Bedp P ieds stisicEised obp MoP kortis eIt RicHEE 36V 8681 d f rom t he
ket oneoapeiifibetorRRkOhstsRic0dived neHGhd hadtichn@arbd R, TR di)dgsett dose
units by a patient does not provide a proportional release of

ket onendedst methpedrgofapipodydng patichtieqnhgance\pith @ th¢raR Bl b26:1i0/081956

enbodi nent.s, release of. d I s decreased conpared . to rel ease of dr.ug by an
cqtivapnug b5 ERRRBlnhbilin & PREF HEREMAESTPR fychPpbf SRS nii®

enmbodiarptentiis need®eiRofl $1h ent@airhdnts &g profde rugpadidd paf@nt @B@PIEnce WAtHDI t Or

suitable for fornmulation in a dose unit. Such a nethod can be conducted as,

for exdupicabedytherany 3¢ rempargd ngatiepreqmpligngeowih 8 dyescgbedgficiary vipg dikgsay .

The e i i i i fyi . -nodi fied opioid

pr ocir SR TR0k Proey RARTEIANG o SbrbRBRty PYURR S AN L hose oni ¢

conpri si ng Therhibodingenas ikelde ercthoddiof reddciapiriok df piio@ndigl overdasy ps i kRetone-

inhibitor, and trypsin in a reactjon mxture, and detectin et one-nodi fi ed

opboi GOPPOHLPIRGHIBIE B8 IRAREAGT I SHRE LYY ﬂ}@_eﬂh&ﬁ@?q?ﬂg?zﬁiceﬁlp%il%d 10

Pr 0" 4g A6 Y QRibLANLAR BLERABGG Abed Hardii n | nhi bi tor as compared to

ket one-nodi fi1ed opiold prodrug conversion in the absence of the trypsin

i nhi bi t or iThdicododandniteinkistie methodsiof meklingpi dviselupit oempigsisgcorhbipingian

inhibitor are.sujtable for fo | at.ion.i.n a daose unjt . The

enbod e SRR RO HhS 2R6F hBuh g § SR Ul Whetsin edtBroi o

prodr YgodBfie ?i&i"d_}ﬁ@&lrﬁg A rPh i@ InhSick @R Sededf inftBE B¥eaiQR ah AmdullQFRcH t

conprising adm nistering to an animal a 15 ketone-nodified opioid prodrug

ard a te pygIviple elehieifttioy ketone-dwtaeing egiokéromaherbelpi¢-apddsdipedip prdirugy

conver si on,Thwher ei.n_a decrease i kgt Qne-cont ai_ni ng_ Qopi-oi q.clo versi.on.in
€c boﬁlmeints 1nctude mehho@s P deterring misuse or abuseof mu tép ¢ dose units of

t he presence StPhe rypsin inhibitor as eonpared to ketonetcontal ning

opi oi d leesneansdified bpioidBodlg @BEPrisihg kB binings kdtohdimolifie@lopidid bt gSaridhe

ket one- nodi fied opioid prodrug and trypsin I nhibitor are suitable for

f or mult@PrisAnkifitey iggslosqpiit, whefeig thetketoneanediticdepieil pradive and tepsinhebitsr i ses

adm ni i.0g: -ani ' ' i, ohidyj )= with a

cel ot eyt e 80O MR BERRAT P HBAGRCEI N Ut ProfeaRERRM o

c 8av eropicidh froanthé &etoh¢-traidefidddwidid fpraabg arhahatangbesen of multipicsiof doseamiks dydose

of ket one-nodified opioid prodru hat provides faor a pre-selected

phar mddUkFH&OEENUBRY Vi BPNP@FUO%{Q:WE% ‘P]fgfféor{?a“r?nl‘;?ém% RBIL é-‘?zlF °I'f or

exanple, an in vivo assay or an ex Vvivo assay.
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25The enbodi ments include nmethods for identifying a ketone-nodified opioid
prodrug and a trypsin inhibitor suitable for fornmulation in a dose unit
conpri si yoadniazizsberi ng to an animal tissue a ket one- mpdirfusedoopioss d
prodrug and a trypsin inhibitor and detecting ketone-nodified opioid
prodrug conversion, wherein a decrease in ketone-nodified opioid prodrug
conversion in the presence of the trypsin inhibitor as conpared to

ket one Ifled oi ru ver si o n th absence af e trypsin
b berBPdac AEC phaRledt BHOCREFAPBHb I Bleas A SHre yaﬁaquﬁ%ﬁdﬁsagve

i nhi bigs ﬁﬂ%%%?ﬁﬁé5@Qh&H£q5h$RéﬁU|atlon in a dose unit.

2011/ 031350 / US2010/ 031956 Brief Description of the Flgures Fi gure
1is a sché?mtqna:quérpﬁéé%mmeﬁ@dtfhleidelﬁﬁfe‘m agfrodiyg ped gi(Hgneyree irélxﬁétorof a G
enzyne lnh|b| : a paranet er Crax)
(7 RIS R Pl Ao waie 55 Ere R St SRATR & kb o P bl &
prgdrugrﬂfssa)ﬁragmet,,eb aGax, (;ralﬁig;evwocugggyndet ectable, to m)derate to conpl ete
|nh|b|t|on1%k ., nho detectable drug rel ease). gure 2 provides

sc helrrat i cs Toe cabedineaciagiuge mediods forgfensitang v kasengjrn%b%@d enipwd prodragiasd |
P
| nges (s BIETRAGe b SuBRRERFEOLIAENE Hbh L bl AMDT

drug @mkf1¢$opmld| pfrodaﬂg rzetlrﬁislrvmhibaot hat tgpsipioa raagudﬂm;tttmuﬁnd dedding or
(solid Iine). Panel Bis a schematic of a PK profile follow ng ingestion of
pr odr dfﬁtqnﬁmpqlﬁwﬂ PRiPIGPrdYS ﬁ%werﬁl%)ww 8 dgrEdpe AEXtons il oditifg opiRid are

rc’r:qlglsf i E&Ne}/s?or% ol thé;’%tepr loe qurtt}@flw ihiBHE: ds%hﬁ)’afegrt? ((ét%hé ﬁlddﬁfffb%l) Panel

matlc ow ng I ngestion of prodrug w
i nhi biotpmld pdnlsly@nwenaea)l 1w|tt®rz®sehca g)f TheetrypisB1 1nim¢ht61r iadicneek dtei kﬁGDIICGmQChﬁtd of

pr odr ug ut | bitar, (solid I f% %‘H gur e 3 OVI des schemati cs
repr e$ ?ﬂl\l\%l H]‘gf? t@fﬂs’inéfl Hﬂrc"gﬁtg?l for S W“ﬁ?ﬁ Pe¥ hat can result
fromthe dq% RehdHinHd inBluas nRthds @J&seeﬂsﬁylhig aXetnbModfied HRoiRS&NE and

di sclosure. Different PK profiles (as exe ified herein for a

repr e@émpaml igleibppe qnlaﬂblné@refprmmhaugl Dastose vnaﬁpmpylsmaﬁdrmenrpcr@w @ea) dpymal a
a%us t he 1 1eci (?‘Ptﬁl 1\6/1%r0 and OtraBsm d‘nhrul?ltor an %:'letec Gnr%k Forle" mo?lflsc(l) bpiotd" tai ned

In a SI ng OSG usi n eren pro g or PBI’ In the

dose widdrug 28Neive whefPNEe@edik ¥ RBoRLBERIThIngldp@id tonRrEOUnSBe plesérte
production of oxycodone follow ng oral (PO d05| ng of an oxycodone prodrug
i n ratof the trypsin iphibifpeassogingysl ta keloaswantemierripidicoByersiphi! B§@pscacypt thie

produgf i 119%1{31‘836_%88989&he?4e ﬁ}éﬂlﬂl'r{lghfé&g @p}é@rbge@ugm tr?f?s%ﬁ H@u for @R GyHEdone

prodru se o oxyco one from an
oxycodmnﬁenpnled@mgl edpesal. Incestainambedimeardts, zﬂmastemyg enmpmﬁb hymmiuaatzodbd

chem cal s .or_enzyne preparations Fi gur ppear ance .of an
%cod%@ﬂaﬁblam@ﬂ% Osgﬁﬁéeﬁl%@é%flowgaaﬁ%eqtmf V% gﬁww goiiedbat i on
of the Rfl@gfoﬂglgamtécflﬂgpﬁ)'dﬁl dRAvERRNAS %ﬁﬁae (AR ENGEOOf dRe bE WRSifdr

i nhi bi corrpar es nean plasna concentrations over tine
of oxywoddaloe mfdieaasemtbmflbd)mplngi BOdiRe@ that MWléﬁtsrfat 1 pre-wiecpdgiinugacCbimpand

\lf\g 20%&8%@%@% p@%ﬂ%@%dﬁﬁg@ § ggncpuc edyagsfo? e)tar}rrllf)lg ! z;[noz;L VWC%%IS)&%I,%(% ar]i %)% v;[vg rats.

assay.

25 The embodiments include methods for identifying a ketone-modified opioid prodrug and
a trypsin inhibitor suitable for formulation in a dose unit comprising administering to an animal
tissue a ketone-modified opioid prodrug and a trypsin inhibitor and detecting ketone-modified
opioid prodrug conversion, wherein a decrease in ketone-modified opioid prodrug conversion in
the presence of the trypsin inhibitor as compared to ketone-modified opioid prodrug conversion

30  in the absence of the trypsin inhibitor indicates the ketone-modified opioid prodrug and trypsin

inhibitor are suitable for formulation in a dose unit.
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Figure 9 conpares nean plasnma concentrations over tine of oxycodone rel ease
follow ng PO adm ni stration of increasing doses of prodrug Conpound KC-2 to
rats. WO 20HIgwse 10 conpares nmean plasnma concentrat i @03/US2@0/08195€ of
oxycodone rel ease foll owi ng PO adm nistration of prodrug Conpound KC-2 with
i ncreasi ng amounts of co-dosed 5trypsin inhibitor Conpound 109 to rats.
Figure 11 conpares nean plasma concentrations over tinme of oxycodone

rel ease followi ng PO adm nistration of increasing doses of Conmpound KC-3 to
rats. Figure 12 shows a plasnma concentration time course of the
production of oxycodone folgquf Péctiptioa\veantPightdd dosing of prodrug
Compound KC-3 in rats. 10Figure 13 conpares nean plasma concentrations over
time of oxytodoes 2 stheawtic fapr¢soniingythPefactmf micseasingi tbnleyel gfradak engy@snpound

KC 3 with. i - dosed in_i.nki bi. d 109
et s B TEERFOPS AR P pE R RE e BB Brog R b PRBEIDS alir g °
CoFpo wishri&-TheeXResEdnkiBitér Wdhi agirydit PROpiE @Rk cmhanicmbs vabéte&nEly NS

preparations. 15Figure 15 shows a plasma concentration tinme course of the
pr odudRedsR o sxPpistIRRIbitiN (b A detaetallo drteusleasa)) dosi ng of prodr ug

Conpound Kﬁgﬁﬁg B s schem ikl g ﬁ%ﬁc&?ﬁaggﬁg%}m@ﬁg%e? BRI L 1 ons

over tinme o one release oW ng m ni atlon of prodrug
ConpowadelKCish whtinatis ofid phudmbcdkintic (PR peffild foylpsing inpétioh tod prddeug wits a

20Fi gure 17 denopnstrates nean plasma concentratigns qver tinme of oxycodone
r el eadd gYmeiihilytavésiashed hnerylists B dote Eompsumadiked selatiyertg that of prodrigr; gyr e

18nsh ; hen: L r AT g xycodone
: gP QWehodt R R (HA8 %?%Qﬁél sty sHl?erﬁanédo‘%% 3] 08}%%% ﬁfg%%f%mg&tﬁh oPXy

| oM ng I ntravenous dosi ng of prodrug nrats.
Fi gur erddBuglembnshibatrddasied hnp) wisera dogCeat nat dropg I nmxene tioddiedfrelaiyc@done

rel ease 2 [ | owi

f PO.adm ni.stratign .Compound. KC- o r.at .
i gur 4 e Ty SRBET SR D Bl iR SR ST A PR Steving of
OXYCOQ%&@t_i&PJ)ﬂ ROlRG Witd iARBPURSKAdInef RSk R TRIARN MediEeIPAMME Kéhk of N
rats. finitions 30The followi ng terns have the follow ng neaning unless
ot her wresbug wiakhosttiebibitangolichled)i ned terns have their art recognized

ni ngs. 2Q11/ 031350PCT/ US2010/ 0319. : As used hergin, the term
TRy T by FFUEP Py et prae e oifsayintspufoe AP0 By e

br anc hied cai restilt &loghthe @bging ofBNRIpIseITta ddyelimeax Boiv) sfalé pakerddisclsareby t he
removal of one hydrogen atomfrom a single carbon atom of a parent al kane.

Typi cAtiffgrery PKgrefilps (3s seeplifiedigreinfer ngpresemitied’lt paramstearydrug e (Y
3 RV st afioy - -1-yl,
Dt o 31 S PR kg b YeRRRS Aol g BRI b6y PRATRRRRYE 2 1Y

enbodicortaingd i siakkydosguoitpr Byuqing s difef¢n prddrigoZidhibavbmrthatiesermitl n ot her
egﬁodi ments, an ngyI gfoup conprises from1l to 10 carbon atons, In still

otfer enbodiFHERfShOuH2 Blagpp cERESIFAIHEIPE SRUSE Pl PradgcéonefrBaRcdsms, such
as fr cf@i'l(;witng ofhl ‘%P@p@&i@gt &y oxycodone prodrug in rats.

Figure 5 shows a plasma concentration time course of the production of oxycodone
following intravenous (IV) dosing of an oxycodone prodrug in rats.

Figure 6 shows release of oxycodone from an oxycodone prodrug exposed to a variety of

25  readily availably household chemicals or enzyme preparations.

Figure 7 shows disappearance of an oxycodone prodrug and appearance of oxycodone
following in vitro incubation of the prodrug and trypsin, in the absence or presence of a trypsin
inhibitor.

Figure 8 compares mean plasma concentrations over time of oxycodone release following

30 PO administration of prodrug Compound KC-2 alone and Compound KC-2 with trypsin inhibitor
Compound 109 to rats.
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"Al kanyl" by itself or as part of another substituent refers to a saturated
branched, 10strai ght-chain or cyclic alkyl radical derived by the renoval

of one hywopagarm3aisom from a singl e carbon atom of an al amaiS20iyp3198é

al kanyl groups include, but are not limted to, nethanyl; ethanyl;
propanyl s such as propan-|-yl, propan-2-yl (isopropyl), cyclopropan-I|-yl,
etc.; butanyls such as butan-1-yl, butan-2-yl (sec-butyl),

2- et hyl - pr opan- 1 |sobut neth an- 2- I )
O obut anTERETY Colpalel BRAN pshi R TR leirog Ry RE e oF a¥tselbiardiehed tolloning or
unbr anghgghsakMfied @fjlnbﬁégffll%aéslé@@fﬁll?ﬁ aCMﬁﬁ@ﬂn'dyK@@th ngsfrom1l to 40 carbon

atons, nore usuall to carbon atons and even nore usually 1 to 6
car bon at orfgurg i sompanes malen@ﬁqnla cohcedirijong ogeipEme gchdemmgﬁh@me (-CH2-),

ethy ene 1S9

"o ot PO b P B Bk B R 5% Sy e REROU] ofiEesvsy
substm@pgﬁhﬂﬁgﬁ@ﬁ@bﬁ¢bdma1@9$@hu§ated branched, 20straight-chain or cyclic
al kyl radical having at |east one carbon- carbon doubl e bond deri ved by the
removal of Figise h) gpogeiss arcanPhppacancspigficns oxeone af omicedongriclspieene. The
group g & Bk ut the double
bond(s§ igglcaTﬁﬁl Gﬁu@f@?@ﬁégﬁﬁ #ﬁggfégg%gare Eg?mﬁ?§1ted to, ethenyl;
propenyl s §uphea3smhmpaphaﬁabmyan$kmpﬂ&eannﬂamhhepﬁﬂpﬁ&mﬁﬁfkymibﬁalIyI)
prop-2-en-2-yl, cy cIo ro -1-en- I(§u cycl oprop- 2-en-1- yl but enyl s such as
but - | felewing Pntrazsn%ﬁt< ing gf|prodrug L ORPOURG Eg-ilwtw but - 2-en-1 -yl ,
blﬁ)' 2-en-| Hlur I?B'tcm% gﬁ)ﬁll p a?ﬂd‘él @oﬂceﬁt’ratﬂin%%v%r t:i'rhe OPHJE%O&@I% Igleﬁ& 2- yl

cycl obut-1-¢e -f-yl, gy f ut- -en-3-y cycl obuta-1, 3-dien-1-y
t he | ifeldowing PO admihidbrkyory df' progrugtComhfouod K&5 3 patht inokaampamheunts abest- dd;aqé nt
refers to an .un urate anched, straight-chain or cyclic al kyl radical
haV|né“QFnP&HE?Oqhgn%ﬁwg&ﬂbgépﬁ%n triple bond derived by the 30 renoval of
one hydr 09@%@& Qb HOMtAiteS  thtefeaS@b AR c8dHE fRIm bRl K& BB poudPK € exbkaany |
groups 11/ 031350PCT/ US2010/ 031956 i ncl ude, but are not Ilnlted to,

et hynyo a me@wﬁw@eb@di@ha@lcph@pd tny}ﬁmelplyparamr@p 2- yn 1-yl, etc.; butynyls

Sjéh as bUt ¥ ?5 shcyvgs aglas ac ncentr o’n tlme %o%ryetofjth pfod ctlo'n;(%f"ior)lcécocg el | ke.

by |t anot e ey uen ferd radr cal
- 0) %lq)owh%ﬁ{tﬁw%dsi{wwdﬂsﬁ@% prédriy ConpyehOBRICKY in raﬁsyC| ohet eroal kyl, aryl,
aryl al kyl eteroal kyl, heteroaryl, 5heteroaryl al kyl as defined hereln and

subst i t ut ediguee $p éﬁ@p@rﬁéﬁ@@w plagap cercsptratiqng @ vesdinp PeRYdrecadgaerelesse  ar e not
limte, |- C ny
penzogl 1o BaE 5] KB of BT R RR Y i AR PR R e
The t enhibit@nongacyl” refers to the group - C(O)NR21R22 wherein R21 and R22
igaependently are selected fromthe group consisting of hydrogen al kyl ,

S

stit ut ed SRyl demgaitiasymeandlgsatd Nt b PREMNFF Ummi%wo o8¢, F§as¢ ut ed
al kynx!)uo‘%glp fﬁﬁistrw&ﬁsif@&a%oungw@%%l@@s substituted cycloal kyl,

cycl oal kenyTl, bst i tuted cycloal kenyl”, heteroaryl, substituted heteroaryl,
het er ocycl ith:guraM skaMpsd plasihe dortveteatmmytohé comsﬂ:lof\meep@dmﬂpnaof@xmoac e

optio ly. joined to r.with t tro hereto to forma
et er qebink SRS Sun Y isintisbutebts Eomeogiolo S Batwher oi n al kyl
subst i t ut edigalrkyh de@bk&R¥ds m&u¥ishiatogerilalisydver BhieY Tk ycsidRs Hdidadé ed

al kynyl ,
25 followmg PO administration of Compound KC-6 to rats.

Figure 20 shows a plasma concentration time course of the production of oxycodone

following intravenous (IV) dosing of prodrug Compound KC-6 in rats.
Definitions

30 The following terms have the following meaning unless otherwise indicated. Any

undefined terms have their art recognized meanings.
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15cycl oal kyl, substituted cycl oal kyl, cycl oal kenyl, substituted
cycl oal kenyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
het er ocycWwoep11zasidssubst i t ut ed heterocyclic are as defi n@dThSe@i0/031956

"Al koxy" by itself or as part of another substituent refers to a radical
-0R31 where R31 represents an al kyl or cycl oal kyl group as defined herein.
Representatlve exanples |nclude but 20are not Ilnlted to, methoxy, ethoxy,
pr opoxy, utoxy C | @ and .t i ke. " Al kox car on | " by

Pt oot o sk pEER. B PP BF i ey by Breotanpen SRR Byoro
where sﬁ%ﬂaté@lﬁlﬁﬁ‘c@%ﬂ@ s@AlgRLdidln BbnSMENP R di¥tarBEPHRIABIGREH BS %Jﬁ%ﬁ%‘v@l of
Representative exanples include, but are not limted to, nethoxycarbonyl,

et hox malhb@ngI:n atpnﬂpmylcsaﬂng@wbon aﬁgmo;fmr@@ nlyane clyliesth ekal groypamsbydy ) and
the Ii or pant_of ano . substituent ers, to a
rmonov AN Gite 3t St i et BCib ohroPRaRE oo ROEkVES AT kv obFhSHEn

hydr ogeBu@hanyif b&aan-2a-y3i Neleehyt-prdpan- 1ay1cmf1201&1em511 plro@amga Thi sBﬂle%ﬁﬁfo@fﬂwnﬁ{p' cal
aryl groups include, but are not limted t rou erived from
aceanthilyé aEupseBmEMt YN drie 20 seibpn aivart erl@ﬁém adinishtic ahalkylgrotene,
benze Y I n ne,
hoxal SaEP R TERT 1o 10CRRER o 1RSAHER iR AR R RERREC
OCtaph&h@caﬁﬁh&hﬁﬂﬁsuﬂVﬁMEﬁﬁltp@nhﬂxﬂi&ﬂﬂsene pentacene, pental ene,

pent aphene, perylene henal ene, phenant hrene, picene, pleiadene, pyrene,

WO 2011/ 031 Y hyabel or ssruel Hpther sphsEfent refss tehsiturated branchecene,
t nhnapp gﬂI &n &né%rchl:"ﬁlkérl KQlical ferfRA bR RERQ J@dﬁmc&ﬁ%‘s 28 B6RYRIngle

conpriseS from®6 arbon atons. "I n certain e an aryl™ group
conprwsé@nmnmmnﬁmidkmﬁ EamdeMﬁmghynuﬁxmnmﬁesnmﬁmﬁmﬁhny&dgvmmnhan@ phenyl
and napht | al kyl " by jtself or art of another substituent
ot er TRy RiopagRY e Ry alay & Brovef 25 isPERP e PPy e RO Bhvs
bondedydiPaouia- Ilgzn takQ0-yt N&d-Bady])y2 %&lﬁfllﬁr&?&h 041 $RBuGR PRI P pdnS2-
replaced with an-aryl group. Typical arylalkyl groups include, % are not
||nltQ@Gﬂ@“ﬂb@ﬁ?@bquﬁﬁﬁeﬁykéMhﬁﬁJﬁﬁyl 2- phenyl et hen- 1- yI naphthylnethyl,

apht hyl et,ha et hen- thobe

2820t 1 sk Hne s RNV S REchey L BRI BOSREY ki w0
| nt end@ding tffen mmedrabrua@n@rmbﬁi dgaﬁlw 1 tcaI()/J:zab(krEz!itMins aﬂ@léaﬁl abigllidpynylo i s
used 10l n certain enbodi nents, an arylal kyl group is §C7 C30) arylal kyl,

6t qaeboa a%am|Thlsaqer@mxemph§1p@wr0%m s@peth yeney(- HaI)kﬁ;ﬁhylgm‘oup is

Cl-C I
éryl CHORA. | 1% ol k0 @l Dot PRI TRR e o1
al kynyl rml"Aﬂlyen@f” tiyhaeﬁroyhap:hybf :grodu:p suts;tl(tﬁiht €89rs anth uetueatyd biamdhetly i S
-Cl2).  "Aryl I t I t of th tit t., f t
bt o ek | K3 8PSk R PR e
at om ff O R vl SN gair RO A BhLAAT Endld BbSY SbRIBE A Apfne e \Q'Qd% 'Bg in

identical or non-idéentical aromatic Ting systens are joi ne
t oget kaheilthe ais o hghsecdndordiatinh eb@it tlredqubbddemd ). Bypednl dikeedtgroups gnqludﬁ; butons

oS} SRS, e S 1 SUOIRMLE LU PR ETR Pl Ty
phen)"(al[}ﬁptpt’dﬁ 2-eRI2DAPBEASrop- l?leﬂhﬁgi]y ky18pbpYlen- 2R Bult@iyls dueh adhran -Ehe-ypumrber

of 20 carbon atons 1n an ary ﬁ group are s eC|f|ed the nunbers refer to
t Bé cémubd)wna?c mlrrﬁ m@hﬂrprgpﬂgenehcf bat-grent li-gl, butngenii@rl @téﬁ?ﬂ &yl (bes- G34)

o0 2y 9, B0 BRI M I SRR OB T PGS, o ©

I n ce@kﬂumdembpﬂjnents each aronatlc ring systenlof an arylaryl group is

i ndependent | £C5 Cl4) aromatic. In certain enbodi nents, each aromatic
ring syst en&ﬁkyna b5ikelf| oauayparg%wtheg spbrigIsahEeENt [Qamusestatadhragehsdat i c. I n

cert aisﬂa&ﬂ?&%ﬁrﬁ&“&ﬁhe ﬁ%@l‘raﬁkﬁﬂﬁ&dﬁg 16188t one carbon-carbon triple bond derived by the

30  removal of one hydrogen atom from a single carbon atom of an alkyne. Typical alkynyl groups
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systemis identical, e.g., biphenyl, triphenyl, binaphthyl, trinaphthyl,
etc. "Cycloal kyl" by itself or as part of another substituent refers
to a sat uwetzed/i3sonsat urated cyclic al kyl radical. WereTaSspeonsfse | evel
of saturation is intended, the nonenclature "cycl oal kanyl" or
"cycl oal kenyl " is used. Typical cycloal kyl groups include, but are not
limted 30to, groups derived from cycl opropane, cycl obutane, cycl opentane,

cycl oh e.and th 2011/ 031350PCT/ US2010/ 031956 certain
RS biee a0k ey tBypiy OPECIERIOPIEy b BAr Ry PO et
embodigem . sublg: KO-l Ky bugriopn o3I, iC367)-y P el cabknd i

Cycloheteroalkyl or” "heéterocycly by |tse f or part of another
subst i t uent"Acyfbgritself or as pat eframotgr @rbsuhlgattlﬁfeat o 1@511@1%11 €(@QRY) wherdiRads i n

whi ch ,one or re c ato and. an d tons) are

" ndopdSBGee R S PRSP Bk A AT RRSS RS RYr RS o e
heser gRtepsiylhlkyl £dcfited hbRinCaldRaPstREeaySkionk Bletds, R&P#tseatabivaiotanipled t ed to,
N, P, 0, S, Si, etc. Wiere a specific level of saturation is intended, the

nomendndedss butarg apigimited wdpravytcetdr cycloexdpubentykiahgkyimedylpaghenylry pi cal
cycl ohef er.9 %i&é’ﬁca‘}t&&ﬂ}?Zmbe?ﬁ]!lﬁd&cm%f afid §1§Z$§]&1 3hmﬁeftﬂ<et 0, groups derived

fromep oxrd tanes I ne, norpholine, pi perazine,
10pi peri di Mg t@yr andhoayiaefepytortnd gﬁupeC((qWRﬂlﬁz; whareindgtrd ahhB 2 i ke.
"Het eroal kyl, Heteroal kanyl, Heteroal kenyl and Heter oal kyn t hensel ves

or as indgpendsntly aes %&Cw&f&t the gEpyp ?%@Pﬂg of %xqz%en élt(l%]aﬁ%s“}l%?q(@%xﬂt and
I t d
alylyy n¥hied! p%‘lﬁgtlﬂ{tﬁf Ogée‘w,at % sﬂbs‘f‘l‘ﬂjtg&]alﬂ t%tl&{t%c%: 5121 Sﬁlgﬁﬁ @atonms (an

any assoc are |ndep h t e sane or
di f f ersebdtitited eyadeetlloyti cyctpabepsl. sﬂtysptut@d cmhiaﬁfeoa]t, hcmmagdmlnpstlmnddlhteMyque

05 . nefgrosyplin and s SRR heloriTie sRENTRIIRR O R pieh DPLoBYlgy @ ned topgRg.
- 0- P( Qith the nflrogen b8Ind therfPro.form MBERAAic bl suBftufel ReletdSclinbiRng, 4837 R38
R39, R40, R41l, R42, -43 I ( and

R44 arveheiqinl @kkeih delmtuuyednylétybgléznnylatubytltuteslmbl@mwt atkerdylabubgtitutesr alkynydubst i t ut ed
| | k al k bst NS cI al kyl ,
§| ot lét‘l%éﬁ t?“é“%e e ‘talti}iyg’cfyé%a tseurb(%a L%tcy‘:%e’tken%atr%yﬁhjbs% P ut od
het er eatekdtryl, h&is&tumrn&ero@rbatﬂetwya@t, hed aieafiydd hdkeberctaad a@ldleﬁhecor
substituted heteroarylalky . "Heteroaryl" by itself or as part of another
subst ibeiféht , refers to a nonoval ent heteroaromatic radical derived by the

Rl il "%51 ng&?tggpo?%s%f({f%%ﬁets di&gﬂlt‘ﬁe;gtt? #Ah ada ‘8%19 gﬂ?&:ﬁ?l ring

system Typic eroaryl 'groups |nc are no gr oups
represents an alkyl or cycloalkyl group as defined herein. Representative examples include, but

20  are not limited to, methoxy, ethoxy, propoxy, butoxy, cyclohexyloxy and the like.

" Alkoxycarbonyl" by itself or as part of another substituent refers to a radical -C(O)OR™!
where R’ represents an alkyl or cycloalkyl group as defined herein. Representative examples
include, but are not limited to, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,
butoxycarbonyl, cyclohexyloxycarbonyl and the like.

25 "Aryl" by itself or as part of another substituent refers to a monovalent aromatic
hydrocarbon radical derived by the removal of one hydrogen atom from a single carbon atom of
an aromatic ring system. Typical aryl groups include, but are not limited to, groups derived from
aceanthrylene, acenaphthylene, acephenanthrylene, anthracene, azulene, benzene, chrysene,
coronene, fluoranthene, fluorene, hexacene, hexaphene, hexalene, as-indacene, s-indacene,

30 indane, indene, naphthalene, octacene, octaphene, octalene, ovalene, penta-2,4-diene, pentacene,

pentalene, pentaphene, perylene, phenalene, phenanthrene, picene, pleiadene, pyrene,
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25derived from acridine, arsindole, carbazole, f3-carboline, chromane,
chronene, cinnoline, furan, imdazole, indazole, indole, indoline,

i ndol i zi &0 20810I3e35R0f Ur an, i sochronene, isoindole, isoi RADILSA@N/031956

i soqui nol i ne, isothiazole, isoxazole, naphthyridine, oxadiazole, oxazole,
peri m di ne, phenanthridine, phenanthroline, phenazine, phthal azine,
pteridine, purine, pyran, pyrazine, pyrazole, pyridazine, pyridine

rimdin rrol e, roI|2|ne i_.nazol j ne,. i noli.ne, ui nol i zi
O noeaTanaseR wtespi; EhiRier: BapShaeRy SePe ik SOt EmbpaRiingy ah oyl ©
xant h%&‘@up &%ﬂ%ﬁgé 258l eatoaz@dca%m AdKE n bE LS EMBLNRAROLM P Dup E&% hekeroaryl

groupis from5-20 nmenbered WO 2011/031350PCT/ US2010/ 0 56 heteroaryl I n
certamwneﬁmmﬂzn@h@ngﬁheEh@mekeafyma@deﬁwpws3mﬁmﬁhﬁﬂ1@PW@Nbered het er oaryl .

I " h h
oyrrol e beAsgtY bnens! W afpar e MBS RIeR(FRSR ATk Rk DiRerene

i nfdaz@ieh oXeand Bycﬁrﬂgien%(dﬁlﬂg boRled tdrlet:e{b@ﬁawnalt%fpﬂcauyta/tehhﬁlel ér pf cabopart of
anot her substituent, refers to an acyclic alk 5 radical in which one of

the hydibgereplcedsihonded aroum Tdawwyleﬂ@hﬁrquypir@wdpybla apeeipqtilipgifedde, sp3
carbo o] ific-al kyl
e e A L S T

het er maplythglleﬁlenwylamj)’hdfobhﬁtyﬂ:rz;naﬁh&idpyawwthm lus;zednd the liker Wakire spadifidi ment s,
t he heteroarylalk | group is a 6-30 nenbered heteroaryl al

al kanyky! g1oidisy Ftredflteaﬂ%y Hgﬂ naminstagurg frylHkanybragy! a%fPWélrlQ/yr awéaﬂiwglwﬁ%er ed
a t i hete rt.ain
B od e B s e o L P ey
e. g., allyaybinkatyof, thahm}yj/l gooupails K§ o) mod eteyargfmaeibty iheCeCanrly Icaﬂtzklyl is 1-8

nenbere nd t he he e IS 5-12- re et er oar

T oot & SoaktabYon ShF el p & TROHEIRE MErELor it 1 erers
to an Mé@to‘ﬂftﬁ'étz@?laﬁéy@ tofap Q¢ @%%%M@tﬂe%rﬂ'rﬁ&e@%ﬂ fcmw ng a conj ugated it
el ectron System SpeC|f|caI included within the definition of "aromatic

r| ng syst enﬁrﬂaeflf'%swlfrqrng p@l;ts)f engh¢rsubititedntognkersoo arperovelent gdre¢atlemn ar e
9”‘“ | Surth 006 flfe (RS9 on 0%y doPdSa B rér%ta‘é{naﬁeegar ong Qr%at urabedsesuch
f &8 nﬁF Y fledsPeng OticRaaNg o8 hy_Re phenalere, ($yp|§eﬁ aromatic
r | ng Sy &ﬂlﬁm&wloﬂﬂnwie ideti¢al @F ﬁoﬁlﬂienhtdﬂahﬁﬁiatkﬁmgaéﬂy@t@ﬂis Bffyﬁoﬁfé:ﬁ directly together
acenapht hyl ene, acephenant hryl ene, anthracene, azul ene, benzene, chr¥sene,
cor onéye smgl@b@%whéﬁ»‘ethe Apgberetf sucthdivest eﬁeJumeszlaSplﬁ e lesh thag teeyaimbes

20i ndagengic é&%@ﬁol%ﬁd%gﬁ‘aal' aﬁ'@%ﬂﬁ gid Eﬂ{cﬂ?deeﬁﬁ’arfﬁét%ﬁﬁ&% to% F“e’

oct al ene, éh cene pental ene pentap

peryl Q]ﬂﬂlenph ehaiyemepthph émaplithyle b@helpyleﬁpel,yl phe t}mdﬁmewmy ltleanmmtw roant hr ene,
Rﬁﬁlcen trlphenyleq trlnaphthalene and the |] "Het eroaronmati c
BafonByinnEylpyhEroyR afespecifed hp pwapers Ej‘ﬁ%lt ﬁOtth%?ﬁrborr #PB¥s to an

ar omalchf, h'sﬂ%g%ﬁ&r@ﬁ‘ah@n\é‘%'}% cRif 19r( 9 a?rgfapﬁ N &f le% ﬁl%@&%ﬁﬂéytﬁél?@fchat ed

hydr ogen ato 25are 1 nd pendent y rep aced with th fferent
het er eatroatic rqunomrajnshefremcﬁattodm:e:athmns,efpg abiph¢rhyd tophdmnyh bataphthyl ncl ude, but
are not linmte ncl uded within the

Qe ek, 0 up Sk Dis e Timeit, e biaBRochte Potaaot M VERd el b o i ch

one OlindMEfdedtly thes-0, NAfordtR. Bf &Rl EmBREmMeRNS, QAth e frin tgﬁgstéfhr@ﬁ?m are
saturated or unsaturated, such as, for exanple ar si ndol e enzodi oxan,

b&hz ofanylany] giohp oniadenendentbyrreits;C icharomatic.ilngeitdin embgdinentn eachzgematic Mypi cal

heteroaromatig i systens.in a lfed to, arsindole,
car bas ?ﬁtem 1§ @%ntlcali'% blpﬁenyl trqc);henyi3 blnapflthyf ?rlnaphthy

"Cycloalkyl" by itself or as part of another substituent refers to a saturated or unsaturated
cyclic alkyl radical. Where a specific level of saturation is intended, the nomenclature
"cycloalkanyl" or "cycloalkenyl" is used. Typical cycloalkyl groups include, but are not limited

30  to, groups derived from cyclopropane, cyclobutane, cyclopentane, cyclohexane and the like. In

16



carboline, chromane, chronene, cinnoline, furan, imdazole, indazole,

i ndol e, indoline, WO 2011/031350PCT/ US2010/031956 i ndoli zi ne,

i sobenzofwoani/a3sasehr onene, i soi ndol e, isoindoline, isogarmskemne31956

i sot hi azol e, isoxazol e, naphthyridine, oxadi azol e, oxazole, perimdine,
phenant hri di ne, phenant hroline, phenazi ne, phthal azine, pteridine, purine,
pyran, pyrazine, pyrazole, pyridazine, yr|d|ne pyrim di ne, pyrrole,

5 i adrasBrEb b s bishenen o ({abon el ahagmi e e
" Substciytdhi® lgbﬁﬁﬁﬂﬁgkg)éyﬂ&ﬂHﬂ in which one or nore hydrogen atons are
|ndependent y replaced with the sane or different substituent(s). Typical

subst i t uent'€ytlebétaalkybuar "hcterqqmlyl" byiitseld or @s P%It k@m@ﬁ@aj pubsituesy edfermdo a

met hyI eneq L3 %tu%ée&@yc?h@%yl %hl 1n%§1619h R%e or rg?r(s)c%{yon a?%?%g\‘aﬁRgORGl =NR60,

105 S( Q)sm%d g@@(%é)l%ﬂ)ms ) 2S00 pend A, refladd(With the safe Q) ARG (h@te}oatom
-op( og&@rze c(0)R60, c(s)- K66, 0) OR60, - C(0) NR60- C(0) 0-,
gal O NRETIEE the caRBDLS( N 1bum2@t(1m@31)tm§ol? @18 Biand

hydrogen e%ﬁ@%m%@ﬁ£8¥%%%$ggﬁ&,E%?m&ﬁﬁg%igﬁénnﬁﬁﬁmgg é5§§1 5&ﬂkﬂl? QSFE;:y

subst i"tydl@tbtaryadkani kig |used: Mybizhbtyetahatekydlk yl grdaph iindiidedbetyacd mdstelirmlt@]abk yl,

aryl, 15substituted ary het er oaryl or substituted heteroaryl, or

opt i ofEPYRy dREV %faorn@wlé@%@ﬁélflewltlﬁaltq%emﬁﬂ%@aa@ﬁ ROPRPRE \Rkﬂeéalﬂ?“tehey are
bgpde r ycl ohet eroal kyl ring; and
Rgg a% EQMHk %¥%% epe eanMlqagm§g§%&5ﬁ¥gﬁq%£substltuted al kyl, aryl,

cycloalkyl'Tkum@ﬂkﬂuﬂednmymhﬂaHkythamglmh@ﬂ@nma&@wabsubsnmﬂuwedaspmt

ot er GLAgTTa G bejseet et § e SltrS el P ae SRR s pedh 05t ¢ o
20whi GRe bhewras@ndentsd abatsmd &Kol ied PRlrkYdn #6mSURS tidepdRienily

cycl oheteroal kyl ring. In certain enbodi ments, substituents include -M
- R60, re@acedoRE0the K8ne o= fferayRBEGRGERtONENBBOLPS _'E;{pg;al heteroatomic groups which can

15  beincluded in these groups include, but are not limited to, -O-, -S-, -S-S-, -O-S-, -NR*'R*-, =N-
N=, -N=N-, -N=N-NR”R*, -PR*'-, -P(0),-, -POR*-, -O-P(0),-, -S-O-, -S-(O)-, -SO»-, -
SnR*R*- and the like, where R37, R38, R39, R40, R“, R42, R* and R* are independently
hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,
cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl,

20  substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl or substituted
heteroarylalkyl.

"Heteroaryl" by itself or as part of another substituent, refers to a monovalent
heteroaromatic radical derived by the removal of one hydrogen atom from a single atom of a
heteroaromatic ring system. Typical heteroaryl groups include, but are not limited to, groups

25  derived from acridine, arsindole, carbazole, B-carboline, chromane, chromene, cinnoline, furan,
imidazole, indazole, indole, indoline, indolizine, isobenzofuran, isochromene, isoindole,
isoindoline, isoquinoline, isothiazole, isoxazole, naphthyridine, oxadiazole, oxazole, perimidine,
phenanthridine, phenanthroline, phenazine, phthalazine, pteridine, purine, pyran, pyrazine,
pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine, quinazoline, quinoline,

30 quinolizine, quinoxaline, tetrazole, thiadiazole, thiazole, thiophene, triazole, xanthene,

benzodioxole and the like. In certain embodiments, the heteroaryl group is from 5-20 membered

17



CN, -OCN, -SCN, -NO -NO&2, =N2, -N3, -S(0)2R60, -0S(0)20-, -0S(0)2R60,
-P(0)(0 )2, P(0)(0OR60)(0-), -0P(0)(OR60)(0R61), c(0)R60, c(s)-60 ,

C(0) OR60,WOCHO)SRBGORG1, - C(0) 0-, NR62C(0) NREOR61 . | n cecraiseoienmdodsé mnent s,
substituents include -M -R60, _0, OR60, 5R60 , 25NR60-K61, CF3, -CN, -NO2,
-S(0)2R60 , P(0)(OR60)(0-), -0OP(0)(OR60)(0OR61), c(0O)R6O , - (C(0)ORGO,
C(O) NR60K61, C(0)O-. In certain enbodi rrents substituents include -M

=0, 0 , BR60, NRG60- K61 -S(0) 2R60,
- 0P( 0}‘6@?&696563%‘{ n qupbsdpgents. the het%f@éliyé%oup 1?:&325“05'1%6}‘?%}%’8re§é€m%11- dhd R62
are a%eﬁﬁhle%@dﬁ%\’sehetgﬁfarﬁmls @re BoSURSHEY HORONHPALER:, ??&ol@ear
met hyl enedi oxy substituent” or one, two, or three substl ents selected from
a 30 Hvanwlelnpmnonbenaomam@)dalwwrl@nmﬂmrmaeanﬁqamE) axazolqangrportq@me VO
2011/ 031350 /USZO 0/.93195 "Dose unit”. as. us erein,refe
conbi nat | on B e gthgh Rsbeticsay aat el BRI BibsuRg PR 8D RERERGET e
Pr odr ugdica il waicH on@fiblﬂ{&lyld[’dyeb latoRiis KAdEd to AcdrbyiPsbm, typiially ta@érmin or §pNgl €
dose unit" is a single unit of a conmbination of a a enzyne-cl eavabl e
pr odr §8rboe agpm, is raplaspe plitdphekirearst garngy hetis grecild alkppeistiphp tersled( @eg ,
trypsi e ically
ef f ectrﬁ%\r}{gﬂgh%té ?Jté‘?a%%%(‘/ rﬂgte,%a?ﬁ ﬁac enP h%tﬁ%? %I?I quﬁﬁdé‘uéer&t %naée%?t# élct a
t her apeibodneitd, ﬂf.ethetcﬁozgy],all@l gﬁﬁl@ wva 6m0rmérhaere@3¢1emhrWQk5dc elg., shet dilerrgheut i ¢
Wi ndow, or therapeutlc rang | e dose units" or "multiples of a

dose @hepyl g5 @nymptqtﬁp%thehetgr%@kw =1 pempered 6n%the|h§§§?ar¥%01§wrf§ Re

dgge WM Srembered heteroaryl. In certain embodiments, the heteroarylalkyl group is 6-20 membered

a

heteroarylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of the heteroarylalkyl is 1-8
membered and the heteroaryl moiety is a 5-12-membered heteroaryl.

"Aromatic Ring System" by itself or as part of another substituent, refers to an
unsaturated cyclic or polycyclic ring system having a conjugated & electron system. Specifically

15  included within the definition of "aromatic ring system" 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, fluorene, indane, indene, phenalene, etc. Typical aromatic ring systems include, but
are not limited to, aceanthrylene, acenaphthylene, acephenanthrylene, anthracene, azulene,
benzene, chrysene, coronene, fluoranthene, fluorene, hexacene, hexaphene, hexalene, as-

20  indacene, s-indacene, indane, indene, naphthalene, octacene, octaphene, octalene, ovalene, penta-
2.,4-diene, pentacene, pentalene, pentaphene, perylene, phenalene, phenanthrene, picene,
pleiadene, pyrene, pyranthrene, rubicene, triphenylene, trinaphthalene and the like.

"Heteroaromatic Ring System" by itself or as part of another substituent, refers to an
aromatic ring system in which one or more carbon atoms (and any associated hydrogen atoms)

25  are independently replaced with the same or different heteroatom. Typical heteroatoms to replace
the carbon atoms include, but are not limited to, N, P, O, S, Si, etc. Specifically included within
the definition of "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,

30  etc. Typical heteroaromatic ring systems include, but are not limited to, arsindole, carbazole, -

carboline, chromane, chromene, cinnoline, furan, imidazole, indazole, indole, indoline,
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"PK profile" refers to a profile of drug concentration in blood or plasnma.
Such a profile 10 can be a relationship of drug concentration over tine
(i.e., awoantuensisati on-time PK profile”) or a rel ati on®hirwsed10a81996
concentration versus nunber of doses ingested (i.e., a "concentration-dose
PK profile"). A PK profile is characterized by PK paraneters. "PK
paraneter"” refers to a neasure of drug concentration in blood or plasng,
such as; 1) "dru x", the maxi.my oncentration of drug achieved in

b1 opd a1 s bSO g e, e LS 1SRG Py est i on o
achi eV&xer®X naphflyBdine Bxddia8NPASULSe, pit@dine! Rlen&ARGERE MikhahSfindr ug
present in blood or plasma over a selected period of tine, which can be
meas umpdenazgienphthileziae.gderidiers puting pyny pyRANG)pysfzote, pymdazowupygiediod, drug

rel ease .qv T %e!eeect edh%eléi ogl 0(1;1. tei e élt%e‘ I\{?lgfé%l cat in%n 1of ﬁenre gL nore PK
par amey &P BFRITEES PYEP A S P PRI R 81 AR PR HIRRR Sy FARFE Y PD)

pr of i lugiadibgdlerthiak6le ahRphéid, @ieblet Rtehbiagame 1fe. @ drug in a patient (or
subject or user), which is characterized by PD paraneters. "PD paraneters”
i ncl ude " dragbstigrd” Eefastovagiondin Whish oaf P BREy/hydregaigitqusare ipdepandently

conce [ 0, B00 . i .

~ Cnot rof ReddPte SigoPlieRfEth B iliRplIE P BIE AR IERLE: burareinat ey 10 (e
25gas tlingitadtte sdlkyleded{dy)(sudhas tmethyiemddicxys,ovpaR¥e 01 1O, a0RY 018iREYI-SsEses from
mouth to.anus. Trypsin is an exanpl e of

ad .
" Gast rORAROS TV - Lhzy il cDERYaBH B TP eNP= oMot SHRYRE-S(Qa0kbl ¢ i et y"
(9097 SS{, RUBISYD) R9IRK B RE" 3p R0 SUBETROKDL® | OBITRIRTTJ . O enzyme

For exanple, a "tryp3|ncleavéb refers to a group Co%ﬁé

ising a
site sGERRS.i-BIBRID -CRORIGCHYNRYRYI-G(ORD! CSIORTNMNRYCHANRSIRS me

i b MR SR ERe T OB SRR B R SR RSB b 6B £ Be v m
al so e QNPRESLS ind¥3ndOddy 1%%%%&%2&11 19%&&&&3@?%,%1&@“, sulfingeshlkeknt esti nal

enzyne inhibitors. For eXanple, rypsin inhibitor™ refers to any agent
capablcgcloglkiyh hibistifitetheychallgdtdysleheeraatigp sinhstiynted cyddisteraalsyl, aiphar maceut i cal
c osition" refers to at | t compound,.an furkher conprise a
oy ke ) Helbedbe Rl suBR e BRe R AR BT abou e il il B8

adm ningt@le@Atdn® tawRih itesytare BondeBHamiB e palbhatabhlkyaacapsitaikte cgablicterb@ker s to
a salt of a cgnpound, which possesses the desired pharmacol ogical activity
of t héingowisbidndnd Sucarededepgndently hydrogem pllydisabdieted plyl. aaylt eyclopdyybed with

i nor gapi,G:.agh o b C.:.aci i i o l.fyric acid,
M- el M e SN B L T e
such asteaseyliar salitityted herpioanil coraptidnallyexAaand R aogetheroyic tpaitiaiee prapioni ¢
acid, glycolic acid, pyruvic acid, lactic acid, | oni c_10aci d, succinic
2dPd, _“%H‘F}} e afe ,OnﬁﬁCI b aorlphefeimael o sehsgtutadgyclonererogiiod ring; {1 pegtaiiy g,
benzoieki3airtbne3 s iskuA QRGN ARY RN henzoRe agid, scirnagRORacCLAR TBAME! i C
acid, nethanesulfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic

aci d, -CNay@ENXyHEManes uNOoN,, alli,d;S(ORRI & rOS (D X.0n-OSERLR’’, -P(0)(0),,

2ci d, “ERREAEr AT PO foRD R FL A PR ey ERER, LB ORIE et RUEPRA: 7T ©
aci d, -BRECQERROWE RAGeHain embodiments, substituents include -M, -R%’, =0, -OR®, -SR®,
25  -NR®R®, -CF;, -CN, -NO,, -S(0),RY, -P(0O)(OR%)(0"), -OP(O)(OR*)(OR®"), -C(O)R,
—C(O)OR6O, —C(O)NR6OR61,—C(O)O'. In certain embodiments, substituents include -M, —R6O, =0,
-ORY, -SR¥, -NR*R", -CF3, -CN, -NO,, -S(0),R®, -OP(O)(OR*)(OR""), -C(O)R,
—C(O)OR6O ,-C(0)O", where R6O, R% and R* are as defined above. For example, a substituted
group may bear a methylenedioxy substituent or one, two, or three substituents selected from a

30  halogen atom, a (1-4C)alkyl group and a (1-4C)alkoxy group.
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153- phenyl propionic acid, trinmethylacetic acid, tertiary butylacetic acid,

| auryl sulfuric acid, gluconic acid, glutam c acid, hydroxynaphthoic acid,
sal i cyl i cwaepndy/o3siseari ¢ acid, nuconic acid, and the |i keCTars2¢iap3®asét s
formed when an acidic proton present in the conpound is replaced by a netal
ion, e.g., an alkali netal ion, an alkaline earth ion, or an alum numi on;
or coordinates with an organic base such as ethanol am ne, di et hanol am ne,
triethanol am ne, N neth | ucam ne and 20t he L. ke. The term "sol vat e"
b5, bsed her Rt b chasrondeBaRBrLS G TIGRRg A smune SO B o

ol ecyd &S uQpsiA cRAVABIE prolingk) afld H@%H@@[nh%i&iﬂ@é@?ﬁ% ligaldivinag cRPLRABlee salt
t hereof ; and one or nore nol ecul es of a solvent. SuCh sol vates are

t ypi calobgumif’yis palniglenenisef] 4 apsthigationf a (Sigpgymericleavable piodarg (gl .drypsiati o of

sol ute, and  sal vent . Representative solvents.include b of 25exanpl e,
vt or OIS R R dREf S PIAESone YRkl MGl Rhe e She kIR GEA: e
sokVvemkovige Meeipeutida@ly Setevtatetrni @mPBOdiug (i2e. hydratieat amount of MatseEethi cal |y
acceptable carrier” refers to a diluent, adjuvant, excipient or vehicle

wi t h, tegrapentigkifedt. agcanpBuidhindhewgapastive diugg, therapeutic windowey BAPHET or

e b e 2 e

" Pr odraugastrtebaingld dosa udies.i vati ve of an active agent that requires a
transformation within the body to rel ease the active agent. |In certain

ebodi ment s PReLikr &HSaP tTidn of drugfOBSFAFAHER t RIPShQt IR SR i VI apedrugs
218 ! laAleRtdtoRhipReual ORkeNREBASIL de (RNAMMBAAMAMGRLiIME PRGOS F oL

converted to Ive "agent. 5"Pronoiety"” refers to a formof protecting
gr oup atrhlationdhgnofubegl cormwentsdionayvefums atimbaadf dpseupgesddiii.p., aficactntvaionghne

conver t he ,acti agent into a pyrod . Typically, the pronmoiety wll be
attacﬁgﬁp]’tog?et ﬁe}\oarllﬁar‘\%ﬁ%ls bﬁ@f?ﬁlz‘%{]‘@f ﬁlg%éraél{egeﬁ/ed by enzymatic or
non- enzynatpg ARaASel NefétMe-a mdds8RIr A Qncedd#dh M Blood of pRtMa caREhd: 119N,

such as pain, refers, in certain enbodinents, 10to aneliorating the
condi t'dmg ¢inax’, theanpaguimepneentragign of Aggtdsbicted il tdporkentplafma; B¢ “Goadimaxon) .

In.certain ephodinments "treating”.or "treat e refers to | i;orating at
| dact AR RORRA PRI e hASO RiheoRr A RERIER artfefibukl BTRIC Pt i et
I n cercbatenueidrosh dreg besenttin BRIoH g pladina ‘ob éreadelRBd petioll ©F EnfeOwhithickh bé ng t he
condition, either physically, (e.(%g_{ stabilization of a discernible

synpt érgasuigé ysing thsgireapnder theeugye (Ad{GQuef| 4 tiae Fonsot duprsledse avergaeksteder ) |
or both. - [ - di t y [0 To N o AR © e afeFs to
del ayroged RESEELE, Mot ERALGCIRRI mort PRI ol ARIEFROIBIR T
anountpiofiteans t he anmount of a conpound (e.g., prodrug) that, when
admnistered to a patient for preventing or_treati a condition such as
pgpn, i s suP%li‘umaéﬂ%n@Bn%%@d%rO@GC FETE At RERitle ofrthe fsrer agéamgda!awﬂent

ef f eCt(bﬁ’s%bfk&?%%r)%hﬂchY@éﬁﬁr&%@g b?g’%rﬁrﬁ&efEQW?qumew??’ inomds l‘algg and

its severi the age, weight, etc., of the patient. 20 Detaile

Descr ifmadxgrithe maximBef dngefflvecypr damECIRVErtdoocentatibn pf dreg atds@%rdfhed, it is
to be nd?rs%gjgd {fh‘%t this invention is not limted to particular
enbodi §NY¥SEFIBEY, as such may, of course, vary. It is also to be

under st 00d “{Fagkoih@8idaE b yRe QY GY SR e 8feRs toanfeRfyhdRcRil pPgR Of
descri bing particul ar 25enbodi nents ‘only, and is not intended to be

| 26 t igagjroisestoel (G traeto plichfentprapipsesstbpandtomisat sitea fignl mop@d thiapiist erypsiny by
the apy gnngx%gnpcfé 8% 481 enzyme.
“Gastrointestinal enzyme-cleavable moiety” or “GIl enzyme-cleavable moiety” refers to a
group comprising a site susceptible to cleavage by a GI enzyme. For example, a “trypsin-
cleavable moiety” refers to a group comprising a site susceptible to cleavage by trypsin.
30 “Gastrointestinal enzyme inhibitor” or “GI enzyme inhibitor” refers to any agent capable

of inhibiting the action of a gastrointestinal enzyme on a substrate. The term also encompasses
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It nust be noted that as used herein and in the appended clains, the
singular forns "a," "an," and "the" include plural referents unless the
cont ext cWweaniwyo3diset ates otherwise. It is further notedprChaiS2eth®3vsa ns may
be drafted to exclude any optional elenent. As such, this statenent is

30i ntended to serve as antecedent basis for use of such exclusive

term nol ogy as "solely," onIy" and the Iike in connection with the
recitatjon. of claimelenents u of a ative im,ta n. WO
2011/ G3HSY BT NSHOY F@@Ws@hlbltors iﬁeof e’é%%R}F’oa @Péﬁdﬂ?lg{t%de{ﬂﬁa@ 9% g g

her ei Rq 431\@0&%51'151&1% th€ Rt dnYof Aypsiddn abidae.r efers to one or nore of that
entity. For exanple, a conpound refers to one or nore conpounds. As such,

the terms ‘Bharmaaw'tlcal amepasitionD refersapdt eagt oneaemp@mé 'and gan bethgs eaztnprlse a

can’ bo RaRe Rl Shrbladiy Ao hE o FRRRRERL sonbli P dpnily, "' M

previ ded soPBhhakeitichh I\ghdfcegtaﬁfd sQRUfcEerd m @ kalt 6F 4 dngounl NGhidRHEssedses M
present application. hing herein is to be construed as an adm ssion that

t he prdesieadphiappecelqgasal aetlwatof &t gamreyng o Sueh wdtadncludee Al gatsl dddigionsaltsy

t d
L S T
i ndepenideplidsphainddid, mad thelliddn beﬂﬁmdewlmeﬂgmmmw sieh aghdetit acidnpoalonénd

SC|ent|f|c terms used herein have the sane neani ng as commonl y under st ood
by ond°¥f hgrRAPIKAF syglerenfarepiRRiogictacid shsPihagifh evrslwe aiflj '8rfiqnsich ppdonic
Allphoygly anpy; nﬁ@?&m%alf%g&é & aid, fAhftik AidOfargquhNa! &ﬂ?:% R, bOIR Agscri bed
herein can al be used I n t e practice or testing of e present

i nven&(émywwqbpmmyérbeezblmldodsnmd apidt manddlis aardemethanckaonichaend, Al |

publ i cat |on ment | d here re i or at ed her reference to
G ool caungoREaeid De- s hierbrhBuS siPobhiberndretiocdbihBEEEBRTIPTA. whi ch
the publd gahicPsenddRs@Atdeacid, 2-naphERaf@RulfRiCINE WO RRnERIBHic sbfye Net hods
and techni ques of the present enbodlnents are general |y perforned accordi ng

t o coreaphirswiiniretidobmetibicyoadda. 3] roct-Benarltcaabrkyhis acid sglr¢dedtonie acidi ous
geperal jand nore .spegific references that, are cited nd di scusse

AP ugribn PRy By g hier b PEE iR lifiedlc o G CHSHERER, o
Chem sfucpnickeld), blutdsiictabiRNhyd¥exyntiphtkoic@efd Eﬂld}’l’it vé&d Ss!téa)ﬁcaﬁ:ﬁﬁ SnucdMOAcidpp-
360- 361, 1084-1085; Smith and March, March's Advanced Organic Chem stry:
React ia8fhe INise A saHs, formrsl when st afidic PRItPR Aresait i B COWP@}d L5 rﬁ?lé?‘@élbé/r?ce

2001. The po
11 s ARTEIERELR, PRI 1] R ATRALT 5, S Lo RO IAR,
gener ahloygdnéectnsel ellidh\/cﬁd:thﬁﬁbhglllﬁd] eheﬂianohummas ,tiethinol aviae) thahﬂgmoﬁdﬁmesmﬂt war e
(BEL San Leandro, Calif.). It is appreciated that certain features

héhqg@%ntlon which are, for clarity, described in the context of
separ at e eAhaL RPN R BY ulldRraf rBEQY J88mbR R AbLREE Ritnicl b ohikBY! €
enbodi ment. Conversely, various features of the invention, which are, for
br evi tyqre dedouidsed aisplutche.gco pt@xﬂtg ofa phasinagpugcalybadeprabie ,salnﬁyreazlf smdlg)ee
provi ded separ at or in u bl e sub- 30 co
Ponbi FEaIEnBRsE Endt &St haRtar-Srgd orBTRe Rt et ps
repr esgRafialy kB moddrira) §Ssoflt@ k@A dnk G prdse AAV ARty int 18 BY 829 BE
i nvention and are disclosed WO 2011/03135£PCT/U82010/031956 herein just as
i 25 eachampld. woter. yn@bami edtanoh ispatopaneli sdetioasidyangrible Ekp|When thy sefivertlivsed, to
t he e§%1nt %Qgﬁa%%c nbln tlons enbrace conpounds that are stable
conmpounds’ conpoun&s % can be i sol ated, characterised, and tested
for biol Ogl“PHzllrrr&@éutidaﬂy hccepabradiidrofsfedlid a it Qidtpivaat, iedipieof oitvegickhen cal
groups listed in the enbodl nents describing such vari abl es are

with, or in which a compound is administered.
"Preventing" or "prevention" or “prophylaxis” refers to a reduction in risk of occurrence

30  of a condition, such as pain.
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5al so specifically enbraced by the present invention and are discl osed
herein just as if each and every such sub-conbi nati on of chem cal groups
was i ndi wouallogi1zsnd explicitly di scl osed herein. Gener 2CT®8nt10081966
Procedures Many general references providing commonly known chem cal
synt hetic schenes and conditions useful for synthesizing the disclosed
conpounds are available (see, e.g., Smth and 10 March, March's Advanced
Organi ¢ Chqgistr":jFEactths,.Nbc ani sms, and Structure, g{fth Edition

W I ey- | nt er SE1%EHe 41500 1, B W1 2N A TRIGBb YR SAYES AT S M@ g i eIn

Chem shd body! (D Ge1bh MR SRk hb&Ht | VEcdHagREhBo BN Sthé traf@stintdtiok M 4 Qymbew
York: Longman, 1978). Conmpounds as described herein can be purified
by anyrapffotrhaione Breslrugsawnfrequentie, athough mesingeissryily rhermaapipeagatlydnastiains, such
as high,.perfornan | iqui d_chromat ography (HPLC), 15 preparative thin |ayer
chrong?gg?gﬁﬁ?gP?ﬁggﬁxggﬁﬁe%'chronatography and i on exchange

chsonat ogr apfymoi&gY refelis k@R k@ nsdairbeb@ig/gBha gt GRBn B&dUs athsk b fgdddidhag nor mal
and reversed phases as well as ionic resins. See, e.%.“ | ntroduction to
Mbder Breypgwitin @h mete apghagsmycrtomeg aptdve desnt intga prodrug. Tepigalby therpomoiety

R v b T P A S B L

pr eparvatd.on of the conpounds of the present disclosure, it may be necessary
and/or desirable to protect sensitive or reactlvejproups on any of the
%C

mol ecul es cOFCEPAEY. TPAINENE 4 ¥ cqpditiesichss RAdhAECHs IGHpEYRMRpdaments,

POt eG4 LGl ShGPThe 2ndBSHE (il LT relth 58 ARERY b HRIESe] fehe Londfli ne and
P. 9G M V\tlut S, llljg)Preot relcti vgl G oﬁps g|sn O gé‘g% C Sy?ﬁ %%géﬁsa‘p, Eou?%logilﬁt?i on,

W | ey ceitlgweboRinRH@6' treltieg "'prdtreatmenyy rgfecupsineiinrabieg neleast ©de ahysacal 5
conveni ent subseguent stage usi.n t hods kpown fromthe art, .. , The
CompoUHHE UGS RIS bF ARCSTIHIORE e G- BrocHaP e A SHEUIe Shl o
doubl e bandac 2@t BERIRHRNE theC@MdRINSEIIRS pBY &8l @ UTRESDiliAUER ofiS dHdeRIbe: bond
i somers (i.e., geometric Isonmers), enantloners or diastereorners.

Accor dymgtom), physiglegisdlhy . @nstahiliontionf ampllysea pasinstans os both. iheer@onpounds
1S bl S LR ® BRI R 1B o ST Bis Doy O bR 2, Pur 2
en ntionerlcéﬂ%y pure or i aster sonery cary puref and"enanti®meri ¢ and

st er eoi sonefTherapdutichll gsffédtioe hm@ubid @tkand tHehendl@s 6f 4 @drhunafe .k erouong) ahads
herein. Enantioneric and stereoisoneric WO 2011/ 031350PCT/ US2010/ 031956
m xt uMesn@gdpingeredde ppadernt fRrPre yafipg ebHprsia it COBARINN isurhetsPagt istudtigentddner s

usi ng i (o] Chj [S L i . nown to
AR B e R T T R S T e
f or ms compbuiet, Hg: donditenahd iitosenerithandkdt agd, aveigtandc. nofkhe pasent.her eof .
Accordingly, the chem cal structures depicted herein enconpass all possible
t &t omeric 5forms of the illustrated conpounds. The conpounds descri bed

al so include isotopically |abelggd.§aPeirhiioghere one or nore atoms have an
atom c mass different fromthe atomc mass conventionally found in nature.
Exanpl es ofBefsetlopmssenhatventam ibéuithee degwoibed, edisitmboundrestoahthauthdsndingiohos ed

herein include, but.are not |limted to, 2H 3H nc, 13C,  14C,. 15N, 180,
1700 dy b8t Tesfegisn icRlah c@RpimeRls ErutRdateley BN e TRE YT edt SR 4P B8

f or s uni&eloud kg taein@h8@g HsddHei@n id fr BRNRIFse of FRAVMEpaftRA]Pe hydrat ed
or solvated. Certain conpounds can exist in nultiple crystalline or

agdr plrobodfnmntsonly.rang aneetantenddd to phyisiiting. singe the sgope el pedsenttinfeption he
will be limited only by the appended claims.
It must be noted that as used herein and in the appended claims, the singular forms "a,"
"an," and "the" include plural referents unless the context clearly dictates otherwise. It is further

noted that the claims may be drafted to exclude any optional element. As such, this statement is

30 intended to serve as antecedent basis for use of such exclusive terminology as "solely," "only"

and the like in connection with the recitation of claim elements, or use of a "negative" limitation.
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uses contenpl ated herein and are intended to be within the scope of the
present disclosure. Representative Enbodi nents Reference wll now be nade
i n det ai Iwoaouasizsas enbodi ments. It will be under st oodPChatS2d150b956
invention is not limted to these enbodi nents. To the contrary, it is
intended to cover alternatives, nodifications, and equival ents as nmay be
included within the spirit and scope of the allowed clains. The

present disclosure provides. phar eut.ical conpgsitions, ,and their nethods
of use, wihdt SOPEPeAFTROd IS P ERET DF GRS GoRpIYSS 4 REVBHETSHOM Piced
opi o ¢y HREbLBat Sy, PEQWxER1e20 HAYSRId BRld d-dne Rt bt ESnp&InaRS R Qfict the

ket one-cont ai ni ng opi oid and an optional enzynme inhibitor that interacts
Wi th téereisenzyae(.spne pamoregdndf atdeashen@reag hatusahinteychaogeably. | wichilady desse of

t he ket one-cont.ai nin i. 0i,,d from.the prodrug. so .as tg. . attenuate enzymatic
ol cavaf B oF SPREY oaris i and; B sl S st e gy ibient cal

COBPOSI t i OIMThe WbEéntioQ§PiktECedlibrélRtatOfalided YslyTot hBirkidcRsuftion to the

ket one-nodi fied opioid prodrug that contains a trypsin-cleavable noiety

t hat, fdmgidate ofteapigsent ppplicpiiom MNoghipg heigieis 49 b eensHacd drnaidmipdobPiRbING.

Accor qj t. : . i j ne nhar '

compoa L AfiEn I RSNt SRARE SIBNb iR 07 RABLIRAG bl ffton. Bumner

pr odr ulg ek Epubpititionarovidedainbe diffepint 6iom (R aophlgmibiitatiet dans-windi fagd

opi oid prodrugs and trypsin inhibitors are descri bed bel ow.

Ket ond€ebie bsi IRfsRgNepityi c@8tisosdh " opi oi d" refers to a chenical substance that

exgrts its (pfiakREMNLAhGisAGH ité%Fni@Xl a‘élﬁts%%ﬂ&ﬁé @i hseﬁﬁle%ﬁ Rh hecgRt or . An

opioid can be an i1solated natural product, a synthetic

2011/ 03h36QRSTHIUSROLYV 0B 1O&E! oo mddioaryakadkimi the ym tchehich thue mpeotmch

" Ket one- cont ai. ni opi 0i,d" refers to a subset .of the opiqids,that contain a
cor ondEinen kLB afBidiitas bl Sh3ahS sEndiE ShiPHg s csRe &-Ehned B lrgh™

cont aigliog 1384 BNAE pARREEOMEIRRD MO BsenMink BLRINE PRIl RRtRRE ghd 1S a
conpound with a pharmacophore that presents to the opioid receptor an

ar omatnatergpl vyp nawdleaeribedi pHaubbcationnhmedgensdderam aiie iagaspirnied hareal by di screte

. S fo X | e, Fove' Princi pl of Medi ci nal em.stry, i Xt h
e SRRrephlo ARy dEStRe B hbiFiPirkie thad it R pediBRI i e L s

2008, ppBrédtiods aelcptedChapt er 24, pages 653-678. For exanpl e,
ket one- cont ai ni ng opi oi ds include, but are not Iimted to, acetyl norphone,

hydr ocodond&EXcatds oHsFtie Aeted ibe sisEinds epdtechiigpesdd e Praggnd gyhediments are
N- et %ﬁ&%‘;}%&ﬁ%m&%&%ﬂ% && Q&RﬂePJ}tI{E?HMlo'aé‘ We 1%2&8% o %Ya?ﬁée?ﬂ% 'described

oxynorphone, “and pentanor phone. I n certalin enbodi nents,

ket onen eaidigehdrgl opi oo specifiy cif @endao tieat are dtey andldiseussed throughbut the

cgnt enpl ated t hat . op%soi ds hearing at |east sone of the functionalities
deéScr iPBEANHEPEfIRALAN Pedb & Bddwarapddsana Eerpity; deurtt bdifine) Newe o ogs (hepid of
t _he S G ARGt ﬁﬂ%‘sé 2@02%&9%{{—%1, %@841'?@8 ; 1IH &fd MRYR! ﬁaﬁ'}lgqﬁ{d{ﬁﬁce]d%%%nic

di scl osure provides a ketone-nodified opioid prodrug which providés
enzy métheondttyy Reedivns.dVlkduiniselseasleS tofctiae K& ftb higlitomn Wl ayt Ingeraypanoe, 200ln  a

ket one- con dFAPRBRUAE e Resdyls ol Brorieet Ry BuRE o P i R one
noi et )Exah{%h_le@ heR4R VehdPstiskibRd (RPh&théhcPit@d Mg gerdeRf1 yBedh ae@vedalsain aé t he
C%gr escgr?lrr]nelrcgglly—available AutoNom software (MDL, San Leandro, Calif.).

It is appreciated that certain features of the invention, which are, for clarity, described in
the context of separate embodiments, may also be provided in combination in a single
embodiment. Conversely, various features of the invention, which are, for brevity, described in
the context of a single embodiment, may also be provided separately or in any suitable sub-

30  combination. All combinations of the embodiments pertaining to the chemical groups

represented by the variables are specifically embraced by the present invention and are disclosed
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enolic group of the ketone-containing opioid is replaced by a coval ent bond
to a pronoiety. 20As disclosed herein, a trypsin-cl eavabl e ketone-nodified
opi oi d prworoy/i3s3sa ket one- nodified opioid prodrug thaPCrarsprinsensa

pronoi ety conprising a trypsin-cleavable noiety, i.e., a noiety having a
site susceptible to cl eavage by trypsin. Such a prodrug conprises a ketone-
containing opioid covalently bound to a pronpiety conprising a

trypsin-cl eavahl.e iety, wherein cleavage of the tr i - c] eavabl e noi ety
by ©r YA Fasd el SOTeflet din et Dees i aPhany eionl o the

cont 1 icRihehhPsRh c6ibBatiosty d8brh&l ®Affdunds that arKSlaPRoIDBLAIQHe OBbRpSLinAE 0dr ugs
with pronoi ety conprising cyclizabl'e spacer |eaving group and cl eavabl e

noi et yhat can be pektndd hgacterisedr anditesteshion diotegiead actitien e I additiay ald eeb-a

ket one- nodi f.i ed qpi oi d_praod i.ch pr ovi i cal Ly- |1 ed
‘ol cacempinboRey IR ChamPARTHE oG o PR BT GRS Y ARk Bor s

ket onetssngedified yephtrhetdiby tad pelert eepliONBUEArY dReIREd BeSingusk YS Ifieadtbh@l spacer
| eaving group and a cl eavable noiety. In certain enbodinents, the '
ket on€veyritel fibnepralingion qf shemicpiproppsy asindyotaity e emjcgbndisdosed herein.
corre I i ich the enolic oxygen atom has a substituent
mhich§?§@ghg§%§@$3ﬁ§§@?ﬁ§“§¢oup bearing a nitrogen nucl eophile that is
prot ect ed Wiy gene@hzferahdes pkdwdiag eavialohby kmoivet shemiidad spoidticguhiahdésandof t he
spacer |eaving group and njtrogen nucl eophile being such that, upon
enzyrrﬁPP‘é:ltlelPse‘éS\?_grﬁ IO NIREZIR AR AR RSCHEPBIPYUNGSHES AYA RBIgdFentigt sephiand | s
c3gablng. 0, NSIAL Mivafced)rhfic @h@ﬁ]ﬁstlltyl. R%é&%oh&%ééh%nﬁ&'&pﬁfdfsgdc&f?&‘ Hifig spacer
| eavi ng group so as to pr§V|de a ket'one- contai ning opioid. The
cor r edjplpmsh, NGilgyr lntrsegenoe 0desr Yo, adektbbslt phriacicah OF ganat €dkmisopt r ol | ed
rel ease of. the ketone-containin ipid. . The prodrug requir enzymatic
ci eav I tige Lhnl FLPECreninabtune BB sk Roht 2kt Per SRt 878ind t hus. ¢ he
rate of rel@asRudlls 4hRskfanRr&PBiAbbiidicaynd o aRansms kAoWRMN RN the
rate of enzymatic cleavage and the rate of Cyclization. Accordingly, the
pr odr decltdisg clagmatngraphscmpanisbichtay high pedformenvediquishareroatogigplby ( B,

t her_ by del..berate averdosin dmnistration through an jnappropriate
r a6t o rertyE ESLR B Rl g AL S SRR A R b RPEaar Ty
avai | abtendiesshiol Ahedigtabeatsiondiyhpieaddh g vk&d, GuidiGdfi®ehas and Ratrsed W | |
not provide excessively_high plasma | evel s of the active drug if it is
adni nipbasss agwieH ap pndprepias e Pse. exs Iatieductan & Modg@i Lliguig Chyepategtoby 3nd af f or d
t he agiy. g t . j. Gk f ) rol | ed
cyol | T, 8849 re'siGler A1), KA RA L P RIEST s, Bolo AR T 120E (e
nucl edphometopfapbyigid Fars taht) Sieinigentieday) Nesy Yok, 186anpl e, a resi due of an
anmino acid or. a peptide, or an (alpha) N-acyl derivative of an _am no acid
or0pept | de e a@x&ﬁﬁ?eé)raﬁswsgerywre%ﬁ%?ﬁ hecgrpnghat theatienihqlgpure. it
acceptiafl i ROCILR0RYI0r Aedbto pNEcRER Ao GRG0 BEANon LAY o FHBRRIIGIAP €O
about 100 am no acid residues. Each am no acid can advantageously be a
nat ur abhgerpmic Thisicag bartneveddiydneas ohcaweatmoral amitevting graiips Bx denptibal iof

nat ur al | ccurring am cids a | ani.ne, ,arginin asparagi ne, aspartic
ot a0, eyl ik ik 0 Pt bl G Wi Bl RuoBRATIEIS cuer ne.

| euci nneheyis', MBurtBAibAMVIGY, NKE T LADGUY. The pRIt&inE &roups thiNBe renftve@ai ne,
tryptophan, tyrosine and valine. 25Accordi ngly, exanples of

eR2y neonyasians bitsequeinkbsthgasusinginatieds kyiviuksemdhe ahe L-ami no acids |i sted

her e nabovefh%rcl:dml\l- l?r(lzc}/slde(sjcenrbie\cli terievnecs ntch% 250 (f)ﬁe %ngo ecH}rilld & e];sor 'H‘Foq fo{lf))l@ at
| east two of ~tR&EPPENi T acH 4§ T SYed Het &1 hEbovs, A ?lacﬁ%

deri vabh¥esmd theefRE, .can exist as stebb@sdsin@sh | sacly aodgublobsmrdsmhen (Ld1ggeometric

ket one-containing opioid is released i s conveniently pharnaceutically

acceptiHIIeEs). PHNEAMES Idastescommeas- Miccatsting vl Alhposeblsnanianegy and eigpisameyst
wil | %‘?.ﬂ%?c{%gr&foﬁﬁasaﬁﬁqdﬁ@%e SYRbISGmEGERS REERIENE ALY mYElNPpRR! € and have

| ow t oXi
30  enantiomerically pure or diastereomerically pure) and enantiomeric and stereoisomeric mixtures

are included in the description of the compounds herein. Enantiomeric and stereoisomeric

24



WO 2011/ 031350PCT/ US2010/ 031956 Fornul ae KC (1) and KC-(11) The
conpositions of the present disclosure include conpounds of fornulae KC (1)
and KC- (Iwp 2ti0sm3sbel ow. Conpounds of formul ae KC (1) amdTRHS2¢10/031986 e
prodrugs of oxycodone and hydrocodone. Pharmaceutical conpositions and
met hods of the present disclosure also 5 contenplate conpounds of fornul ae
KC- (1) and KC-(I'l). Formula KC (1) In one of its conposition aspects,

t he present enbodi nent.s vi de a conpound of fornmula KC-(la): .
O B T e B et SraniomErs g S BBk St BT hy |

subst 'téd}ﬁhﬁfﬁe@bll%mal ?}rrﬂﬁe@isl‘%é’éhmq?u'ép%ll kHb®H A nelsRitked lartisah the%ﬁlp%\:m@stdahm ed

aryl; I s i ndependently sel ected from hydrogen, al kyl,
subst ialseteatst i ﬂcytral aus«)lrnerlﬁgmhﬁsmclmdtngdhmml fora yhe, ke ﬂarmmndmwres

each ndepen tly sel cte al k

oo Rk, APTRGRES T heRFir Sl k] AR ROF e BRI TR 1V e
cap bO ot shehukhayd aérﬁp@inﬁadmctoh@bﬁh@s d‘e}é@rﬁ&alaksbl 1nc1ﬁ&kbﬁbﬂlggi¢bﬂyilabeled
cycl oal kyl, aryl, or substituted aryl group, or two groups on

adj acEAMPERIdSOTNPOAROPFETIONE SRRV eI taEPTRIR N 1S e i the GLaRmE ahst hey are
attac QgﬁiVenftBﬁm)ﬁfoﬁX& ;?at&%' Ep%a éstdftlwtgl% %acf lcgr?hé(%nlcogp%hbfé%m% th%Ub stituted

aryl group eger
compounds dlsclosed hereln include, but are not limited to, *H, *H, 'C, 1*C, "C, "N, "0, 0,
etc. Compounds can exist in unsolvated forms as well as solvated forms, including hydrated
10 forms. In general, compounds can be hydrated or solvated. Certain compounds can exist in
multiple crystalline or amorphous forms. In general, all physical forms are equivalent for the
uses contemplated herein and are intended to be within the scope of the present disclosure.
Representative Embodiments
Reference will now be made in detail to various embodiments. It will be understood that
15  the invention is not limited to these embodiments. To the contrary, it is intended to cover
alternatives, modifications, and equivalents as may be included within the spirit and scope of the
allowed claims.

The present disclosure provides pharmaceutical compositions, and their methods of use,
where the pharmaceutical compositions comprise a ketone-modified opioid prodrug that provides

20  enzymatically-controlled release of a ketone-containing opioid and an optional enzyme inhibitor
that interacts with the enzyme(s) that mediates the enzymatically-controlled release of the
ketone-containing opioid from the prodrug so as to attenuate enzymatic cleavage of the prodrug.
The disclosure provides pharmaceutical compositions which comprise an optional trypsin
inhibitor and a ketone-modified opioid prodrug that contains a trypsin-cleavable moiety that,

25  when cleaved, facilitates release of ketone-containing opioid.

According to one aspect, the embodiments include pharmaceutical compositions, which
comprise a trypsin-cleavable ketone-modified opioid prodrug and an optional trypsin inhibitor.
Examples of ketone-modified opioid prodrugs and trypsin inhibitors are described below.
Ketone-containing opioids

30 An “opioid” refers to a chemical substance that exerts its pharmacological action by

interaction at an opioid receptor. An opioid can be an isolated natural product, a synthetic
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R7 P/ R4 is R WD 2011/ 031350PCT/ US2010/ 031956 each R6 is

I ndependently sel ected from hydrogen, al kyl, substituted al kyl, aryl,

subst i t utwo 2arwds3p3saryl al kyl, substituted aryl al kyl, het ecoalskeo/031956
substituted heteroal kyl, heteroaryl, substituted heteroaryl,

het er oaryl al kyl, and substituted heteroaryl al kyl, or optionally, R6 and R7
together with the atons to which they are bonded form a cycl ohet er oal kyI or

subst i tuted cl ohet er oal kyl ri each Wis.inde ntI
S oS S e LR y KEETE oA TIHO Rgarages Py of e
SUbSt idhtHi@nad dovtain Qké’tbn@gl% ?Ut@h‘sédjﬁégnaﬁ Méton@éorﬁﬂhin%%hdﬂ is zﬁ"@(ﬁﬁblﬁﬁ and R8

i ndependent |y together w he atonms to which they are bonded forma

cycl owetlf@rrmm 4<fy¢n0d1zat§@|bstpn¢ Blltoelﬁ éyk@lt@wectoata@angyplord ing;comppuidwith ai nt eger
from gne from. hydr oge substltuted
2l ey PhRoniits B Pissenss 0 ob BifSeGbBPCHLR IS mo Bieis aFHES bony
aryl, gwq)ﬁhlahut@ﬂkeaﬁmhly ddcydt@lvisy] Secafes eﬁ%@%lfsdyee@@{cyﬂlad ckaMedlelrnala salt,

hydrate or solvate thereof. 15 In one of its conposition aspects, the

pr eserfiheansbd Sian E4itionosd. del-d-codispd A AoV iHlismiy Lippiacoft W) Hams & Wilkins,
2008, particularly Chapter 24, pages 653-678.

For example, ketone-containing opioids include, but are not limited to, acetylmorphone,

hydrocodone, hydromorphone, ketobemidone, methadone, naloxone, N-methylnaloxone,
10 naltrexone, N-methylnaltrexone, oxycodone, oxymorphone, and pentamorphone.

In certain embodiments, the ketone-containing opioid is hydrocodone or oxycodone.

It is contemplated that opioids bearing at least some of the functionalities described
herein will be developed; such opioids are included as part of the scope of this disclosure.
Ketone-modified opioid prodrugs

15 The disclosure provides a ketone-modified opioid prodrug which provides enzymatically-
controlled release of a ketone-containing opioid. In a ketone-modified opioid prodrug, a
promoiety is attached to the ketone-containing opioid through the enolic oxygen atom of the
ketone moiety. In a ketone-modified opioid prodrug, the hydrogen atom of the corresponding
enolic group of the ketone-containing opioid is replaced by a covalent bond to a promoiety.

20 As disclosed herein, a trypsin-cleavable ketone-modified opioid prodrug is a ketone-
modified opioid prodrug that comprises a promoiety comprising a trypsin-cleavable moiety, i.e.,
a moiety having a site susceptible to cleavage by trypsin. Such a prodrug comprises a ketone-
containing opioid covalently bound to a promoiety comprising a trypsin-cleavable moiety,
wherein cleavage of the trypsin-cleavable moiety by trypsin mediates release of the drug.

25  Cleavage can initiate, contribute to or effect drug release.

Ketone-modified opioid prodrugs with promoiety comprising cyclizable spacer leaving
group and cleavable moiety

According to certain embodiments, there is provided a ketone-modified opioid prodrug
which provides enzymatically-controlled release of a ketone-containing opioid. The disclosure

30  provides for a ketone-modified opioid in which the promoiety comprises a cyclizable spacer

leaving group and a cleavable moiety. In certain embodiments, the ketone-containing opioid is a

26



wherein: 20Ra is hydrogen or hydroxyl; R5 is selected from al kyl,
substituted al kyl, arylal kyl, substituted arylal kyl, aryl and substituted
aryl ; WO 280013180 i s i ndependently sel ected from hydr egensS2a@iokygi9s6
substituted al kyl, aryl, substituted aryl, acyl, and am noacyl; 25each R2
I's independently sel ected from hydrogen, al kyl, substituted al kyl, aryl,
substituted aryl, acyl, and am noacyl; WO 2011/ 031350PCT/ US2010/ 031956

or R and R2 to ether 'tqgth car onto mhicg they are attached forma
oycl 0&PRETPOBINg SpaPpyag o g O LA o AR B B G BRSS
adj ac @égvnfgagreﬁwb@g&fagswmér@@%tdﬁ@reomﬂ&hmg EAERQN Rk AR EnL Gt cfelieilar ©

attached, form a cycl oal kyl or substltuted cycloal kyl droup; n is an
i nt egeroiétyotire 2onfigutati GRS thesaydrlegeng g@up aRY nfrogen nudteophgle Reing such that,

upon enzymatic cleavage of the cleavable moiety, the nitrogen nucleophile is capable of forming
5 acyclic urea, liberating the compound from the spacer leaving group so as to provide a ketone-
containing opioid.

The corresponding prodrug provides post administration-activated, controlled release of
the ketone-containing opioid. The prodrug requires enzymatic cleavage to initiate release of the
ketone-containing opioid and thus the rate of release of the ketone-containing opioid depends

10 upon both the rate of enzymatic cleavage and the rate of cyclization. Accordingly, the prodrug
has reduced susceptibility to accidental overdosing or abuse, whether by deliberate overdosing,
administration through an inappropriate route, such as by injection, or by chemical modification
using readily available household chemicals. The prodrug is configured so that it will not
provide excessively high plasma levels of the active drug if it is administered inappropriately,

15  and cannot readily be decomposed to afford the active drug other than by enzymatic cleavage
followed by controlled cyclization.

The enzyme-cleavable moiety linked to the nitrogen nucleophile through an amide bond
can be, for example, a residue of an amino acid or a peptide, or an (alpha) N-acyl derivative of an
amino acid or peptide (for example an N-acyl derivative of a pharmaceutically acceptable

20  carboxylic acid). The peptide can contain, for example, up to about 100 amino acid residues.
Each amino acid can advantageously be a naturally occurring amino acid, such as an L-amino
acid. Examples of naturally occurring amino acids are alanine, arginine, asparagine, aspartic
acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine.

25  Accordingly, examples of enzyme-cleavable moieties include residues of the L-amino acids
listed hereinabove and N-acyl derivatives thereof, and peptides formed from at least two of the
L-amino acids listed hereinabove, and the N-acyl derivatives thereof.

The cyclic group formed when the ketone-containing opioid is released is conveniently
pharmaceutically acceptable, in particular a pharmaceutically acceptable cyclic urea. It will be

30  appreciated that cyclic ureas are generally very stable and have low toxicity.
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each R6 is independently selected from hydrogen, alkyl, substituted al kyl,
aryl, substituted aryl, arylal kyl, substituted aryl al kyl, heteroal kyl,
substi t utwo 2batsi3sal kyl , heteroaryl, substituted heter o®Cy¥lUS2010/031956

het er oaryl al kyl, and substituted heteroaryl al kyl, or optionally, R6 and R7
10 together with the atons to which they are bonded form a cycl ohet er oal kyl
or substituted cycl oheteroal kyl ring; each Wis independently -NR8-, -0- or

-S-; each IS i pendently sel ected from hydrogen, al kyl,

substi t ut ed?"éf”ly%e,}?é?(k)la"_g&ggg&gsti tuted aryl, or optionally, each R6 and R8
i ndependentyihk cbRGBLINGKs ¥ thdpletigc alserBurk nMM L riphi&Yofbaniea fed(1f atdn a

cycl ohet eroal kyl "or substituted cycl oheteroal kyl ring; p is an integer from

one t &G-00) shoma below. Capunds ef tocmalde Ko nh) hyd Kégdh,arapiogdiugs ofibsydodaned

al kyl, |, substituted acyl .  al koxycarhbonyl stituted al koxycarbonyl,

eyl affier R S tlicrrfr i ORCRIRM og T ey s P EEE S aar 1

hydr atcen@empi®d ¥ahgounie beRimuReier-enasd ke-fior nul a KG (1) is meant to include
conmpounds of formula KC(la) and KC (th). In formula KC (1), Ra
can be hydd®g@sleoKCHyHr oxyl . In certain instances, Ra is hydrogen. 25In

ot her inst Ra. | - - f e

el oot eq 1 barapideorih i thegrpsehfert QAL BEvidds AR ofF 1y
aryl dodmduB€t-(lhuted aryl. In certain instances, RS is (1-6C)alkyl. In

ot her instances, R5 is (1-40C) al ky In other instances, R5 is nethyl or
ethyl. In other instances, RS igynmethyl. In certain instances, R5 is ethyl.
WO 2011/ 031350PCT/ US2010/ 03195 n certain instances, R5 is substituted
alkyl. In certain instances, R\,8 an al kyl group substituted with a
carboxylic group such as i C acid, carboxylic ester or carboxylic
am de. In certain instanc

(@H%QV'R?COO-L -(CH2) " - COOCH3, or
-(CH2) " - COOCH2CH3, wherei n/ny

swa nunjer phorm gne to 10. In certain
instances, R is -(CHIsS-@OH, O- (CH? 5-l}l€§¢€]ﬁiﬁ-¢3, or - (CH2)5- COOCH2CH3.
In certain instances, in fornula KC (1)r® RS 4s é:ql:?éyl or substituted
arylalkyl. In certain instances, in fornula KC—?(I&{, is arylalkyl. In
caftain i nstlengdes, R5 is substituted arylalkyl. In certain instances, R5 is
an aryl al kyl, .group substituted with a carboxylic group such as a carboxylic
aci d, car bcy&)}? pdraganggr hyfraxybboxyl i ¢ amide. In certain instances, R5 is
-(CH2 Co h¥t): - ggpgj?n mﬁ - %Jy@ CQRPCH2CHS,
w§1er e)g(i S|I§)r%s isér%?céger ra(l) ’on)égét(%@%?kyl’n cer?llélgé]bsih%u%%rg%s, ’R5yL| S
- CH2 ( Geb#ixut&Oal]; - CH2( C6H4) - COOCH3, or - CH2 (C6H4) - COOCH2CHS. In

certain inst es,. in formula KG(l),, R is l. In ce i.n i pstances, R5
s subst i ¢ geank apyndchendli sens hoktheBa bl ABHouor tho. et
on5pargbsidied hiyitaedl, Whd Mnmogd1boxylic 15group such as a carboxylic acid,
car boxylic est e% or carboxyli'c amde. In certain instances, R5 is

- (C6H4) - Coerth R{ Garilppemtndiiseleded fro@aiul o eOOTKPICHstituted alkyl, aryl,

substituted aryl, acyl, and aminoacy];

or R' and R? together with the carbon to which they are attached form a cycloalkyl,
substituted cycloalkyl, aryl, or substituted aryl group, or two R' or R* groups on adjacent carbon
20  atoms, together with the carbon atoms to which they are attached, form a cycloalkyl, substituted
cycloalkyl, aryl, or substituted aryl group;
n is an integer from 2 to 4;

R’ is hydrogen;

O
PK(\N%\
RG p R7.

4 .
R7i1s
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In formula KC- (1), each R can be independently selected from hydrogen,

al kyl, substituted al kyl, aryl, substituted aryl, acyl, and am noacyl. In
certain iwetangssisoRl i s hydrogen or alkyl. In certain POSESCION319R | S
hydrogen. In certain instances, R is alkyl. In certain 20instances, R is
acyl. In certain instances, R is am noacyl. In formula KC (1), each

R2 can be independently selected from hydr ogen al kyl, substituted al kyl,

aryl, substitute I am no rt.ain tances, R2 is
Pyeir ogen ol Ry ingapeidtitistiefid FRRLRCH Sy kD SEUBu A 20EeS:

i nst aRgeRitutER aly® adJ1Kixh1, shBvibRE @by RINyISHAREARY], fbsiiitc@MterodIRyICR LB
instances, R2 i's am noacyl. 25In’certain instances, R and are hydrogen

I n cersulaatlmutﬁnb‘ttameé,,hemroamkaﬂm, a0 stbssiteedrbeterantybilks o Qlﬁmhalal' Rfland R
certain insta ane carbo ertaln

ot antas e TGRS it 8 N e R A o SRy ool B sl
In§tar¢9g§het8|oaﬁt@ﬂn - which are vicinal are both aI kyl and R2 and R2 whi ch
are vicinal are both hydrogen. . In certain instances, R and R which are
vicinal ar @aﬁb‘%lse@WPn@ﬁ&YF&R%@aﬁdOfRﬁ whi ch are vicinal are both hydrogen.

| t d R2
e o chAER A GSpe R B0 S RSB K OBl AR IR il o P2
| n cerstibdtituted sitylye @ptionallyt éreh @iaind Réﬁndeﬁaﬁ(daﬁblg Rpettier wiith thoatomls & #6ichl ), not

every carbon is substituted. In certain instances, in the chain of

[ o REYQRYS hzﬁn edfpian a cydobetergplyhersubtiteed gy ¢lphsteraplky) 1R8: substi t uentss,

h as ne tajyn instances, one of R and R2 is nethyl,

|’6‘Iy| or o er a fﬁ?%rﬁldm{lsgoﬁgbaﬁi? . In 5 certain instances, R and R
wh| ch are Wds sﬂéctedﬁoﬂndtyﬂrogbk;dlk}dmhbﬁtﬁuaddﬂm, aghl, elhbsatleed/aayi nal are both
hydr ogen and al k In cer in i.nstance h. are vicinal
e oS PAoR  HEBy TR - VIRel G 5Y e BB ARG Re | <
al kyl ar}lrlqu(jprtal n instances, R and R which are vicinal are both nethyl
and R2 and” R2 which are vicinal are both hydrogen and R5 is alkyl. 10In
certai n i noranglediydmteoiofolRite iagoR2 is nmethyl, ethyl or other alkyl and R5

substltuted alkyl. I'n certain instances, one of R and R2 is nethyl,
etﬁ or other alkyl and R5 is an al kyl group substituted with a carboxylic
group such Iasn@oLits adpdsitonaspdtts, GrRIfrevml drib®Bineiits provid devtypduadafi de. 1n
certain instances, one of R and R2 is nethyl, ethyl or other alkyl and R5
is -(@121}1&%6@@)0004 - (CH2) q( C6/ 14) - COOCH3, or - ( CH2) q( C6/ 14) - COOCH2CH3,
where q is an 15integer from one &n, 10. In certain instances, one of R and
R2 is nethyl, ethyl or other alkyl 4nd R5 is an al kyl group substituted
W th carboxamde In for ﬁKC—(I) Rl and R2 together with the
carbon to which they are atta ¥ can forma cycl oal kyl or substituted
cycl oal kyl group, or two oups on adj acent carbon atons, together
with the carbon atons to / aOe Fatn?ached can forma cycl oal kyl or
20 substituted cycl oal %I_ groB\ I n instances, R and R2 together
with the carbon to whiC Phey are a?tac‘}‘l ncdn forma cycl oal kyl group.
Thus, in certain instances, R and R2 oW theR”san(Q(((;;@nbpn forma spirocycle.
In certain instances, R and R2 together with the carbon to which they are
attached camefdim a substituted cycloal kyl group. In certain instances, two

or R2 g arbon atons, together with the carbon atons to
\Tlhzloch t hey R;:{gﬁ%\cﬁp%&ﬁérgl?g f:form a 250yc| oal kyl group. In certain
i nst ances, R\ipsdRctaf frika ag{ymmsstameadjmemlalkm bantiattanmylatiogeiriiendw t h t he
carbon atonms to which they are attached, can forma substituted cycl oal kyl
gr oup Substituted piylit 5r 1 2 KG- (1), R and R2 together with the carbon to which
they are atbarred if eﬁ&rnﬂg%aeaeahoﬁ{hﬁ | ARE etk dliQHParyRr (o R of
R2 groups on adjacent carbdn atons, tdgether th the carbon gtoms to which
t hey aubstlambcaaﬂyedtpylcamdaimmmam aryl or substituted aryl group. In 30

tain |nst oups on ad cent carb tonpg, together
V\? h the C§F‘ 18#6”’9%%?%“?‘%@59 yéir‘aﬁefla eldsuqﬂf}?lrtﬁd(a)\aqlﬁﬂe?fy *ring. In
cer t aigibdtRStARSL eyt W Bhindhcy®2 groups on
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WO 2011/ 031350PCT/ US2010/ 031956 adj acent carbon atons, together with t
carbon atons to which they are attached, forma substituted phenyl rin
certain iwetanossisotwo R1 or R2 groups on adj acent car b@aTAISM®/03196¢ et

with the carbon atons to which they are attached, form a naphthyl ring.

certain instances, one of Rl and R2 is am noacyl. 5In certain instance
one or both of Rl and R2 is am noacyl conprising phenyl enediamne. O,R 0
NR o In certai sta eo Rl nd R2 isl1111 erein h Rl is
! ndependentt it 481 B tasiter S Ry ey atoderiot Bena RO acy!
and RHubs%t@erWcl@d’lkﬁlg?&Iﬁ vaﬁﬂR%ﬂ(ﬂq gro{lﬁh &fv‘:ﬂ&]@deﬁt édﬂ@&rﬁﬁ@ﬁ§ to?éthér%ﬁ{ the
Rl is acyl. In certain instances, at |east one of i s al ky

subst |ca1bpedtm*tylwhl¢lnth@9 atexittachads famceeyclaakyl easubSbweedcﬁycmlklyé giopdr ogen. I n

10certai n i nstances

of. Rl are hydrogen. O In certain instances,

"i fbot?t
of RL and R2°PLUAESTR # Qiterein RL is hydrogen, alkyl, substituted

al gyl ,

or q;py[gh drBg &prtal n instances, RL is acyl. In certain instances,

is al kyI or substltut ed al kyl. In certain instances, Rl is hydrogen. O
Nl NFNRioRoO/ ce tain i nstances, one of Rl and R i's; wherein each
i s 15i ndepende rogen al kyl, substituted al kyl, or acyl and b i
nunber frorﬁmne t

10

15

20

25

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

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

each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl and
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;

p is an integer from one to 100; and

R’ is selected from hydrogen, alkyl, substituted alkyl, acyl, substituted acyl,
alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl, and substituted
arylalkyl;

or a salt, hydrate or solvate thereof.

Reference to formula KC-(I) is meant to include compounds of formula KC-(Ia) and KC-
(Ib).

In formula KC-(I), R* can be hydrogen or hydroxyl. In certain instances, R® is hydrogen.
In other instances, R* is hydroxyl.

In formula KC-(I), R’ can be selected from alkyl, substituted alkyl, arylalkyl, substituted

arylalkyl, aryl and substituted aryl. In certain instances, R’ is (1-6C)alkyl. In other instances, R’

is (1-4C)alkyl. In other instances, R’ is methyl or ethyl. In other instances, R’ is methyl. In

certain instances, R’ is ethyl.
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OR10 kN R10 certain instances, one of RlL and R2 isRio 0; wherein each Rl is
I ndependent|y hydrogen, alkyl, substituted alkyl, or acyl. In certain

i nstanceswoaena/Bi35RL and R2 is ; wherein R' is al kyl amrdTaseinoRBi19e

i ndependent |y hydrogen, alkyl, substituted al kyl, or acyl. WO

2011/ 031350PCT/ US2010/ 031956 In certain instances, one of R and R2
IsRio 0; wherein R is independently hydrogen, al kyl, substituted al kyl, or
acyl and b.is a.nunber fremone.to 5 n_certai.n inst es, H1l o 0 one
o R “and Sl Thgrey R A SPSitRd e aBHE g MHyeragert SRRyl EOEL i fut ed
al kyl subtic@6d With ! d&rlﬁb%ﬁ@%ﬂ%ug RSLPNCESbAREC QfidRtar 1iRstbSordariyxynoacy!
group, such as -C(0)NRLOaR1013, wherein éach lea and Rib is independently
sel ectagddd. rloreettgigriogarces. & Ky HCHUbEOQHIt-¢dHal. KyPOClindorad ¢ Ho) . 1G0 Qe Hr@Hn

I nstances,. one_of nd R2 i n_am.noacyl gpoup, - NR10aR1013,
wher ariereinfiEa BimBriefRR o i, AT ER R e B HPUGTERLORH A T hot ances.
ong ofcGHCARrR2CHS)s@WDE@CHHICHSY! group, such as-C(0) NR1Oa, -.Kl0b,lea a is
an alkyl and Rib is alkyl substituted 10with a carboxylic acid or carboxyl

ester. In defesininsigeemieomplkGrDRR" wifaylmkyl er whstiitied sadyikylglagprtaizuch
iibbq ?%&BPCQQ n %ﬁlruﬁ I@é—(ﬁ)? RORL zﬂyllall%ﬂdln%e?tainsmahﬁg, }§5u19 Ny sEiH}tgcgarWahgrl A
certain instances, R’ is an arylalkyl group substituted with a carboxylic group such as a
carboxylic acid, carboxylic ester or carboxylic amide. In certain instances, R’ is —(CHa)((CgHy)-

10 COOH, —(CHz)4(CeH4)-COOCH3, or -(CH3)q(CsH4)-COOCH,CH3, where q is an integer from
one to 10. In certain instances, R’ is -CH,(C¢H4)-COOH, —CH,(C¢H,4)-COOCH;, or -CH,
(CsH4)-COOCH,CHs.

In certain instances, in formula KC-(1), R is aryl. In certain instances, R’ is substituted
aryl. In certain instances, R’ is an aryl group ortho, meta or para-substituted with a carboxylic

15  group such as a carboxylic acid, carboxylic ester or carboxylic amide. In certain instances, R’ is
-(CsH4)-COOH, —(CsH,4)-COOCH3, or -(CsH4)-COOCH,CHs.

In formula KC-(I), each R' can be independently selected from hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, acyl, and aminoacyl. In certain instances, R' is hydrogen
or alkyl. In certain instances, R' is hydrogen. In certain instances, R' is alkyl. In certain

20 instances, R'is acyl. In certain instances, R' is aminoacyl.

In formula KC-(I), each R* can be independently selected from hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, acyl, and aminoacyl. In certain instances, R* is hydrogen
or alkyl. In certain instances, R? is hydrogen. In certain instances, R is alkyl. In certain
instances, R is acyl. In certain instances, R is aminoacyl.

25 In certain instances, R' and R” are hydrogen. In certain instances, R' and R* on the same
carbon are both alkyl. In certain instances, R' and R* on the same carbon are methyl. In certain
instances, R' and R? on the same carbon are ethyl,

In certain instances, R' and R' which are vicinal are both alkyl and R* and R* which are
vicinal are both hydrogen. In certain instances, R' and R' which are vicinal are both ethyl and R*

30  and R* which are vicinal are both hydrogen. In certain instances, R' and R' which are vicinal are

both methyl and R and R* which are vicinal are both hydrogen.
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carboxylic acid or carboxyl ester. In certain instances, R or R2 can
nodul ate a rate of intranol ecular cyclization. R or R2 can speed up a rate
of i ntramsDeoulmi3seyclizati on, when conpared to the corpresasadiongdsel ecul e
15where R and R2 are both hydrogen. In certain instances, R or R2
conprise an electron- wthdrawi ng group or an el ectron-donating group. In
certain instances, R or R2 conprise an el ectron vm'thdravm' ng group. In

certain instances, R or Cc ri.s 7] ctr nat i roup. .
Ao and gf UGS Espaere e COHREF off B By TeribEPrBRT N G R BUEHGY carbon i
subst igh @RS alnfeeVtiinl inkRRWR, ih thd did drelie 1) Fe5ganh&e shedmbinsionldrey i ncl ude
el ectronegati ve atons and groups 20contai ni ng eI ectronegative atons. Such

gr oupslifferaattalion selestitupness suchews baethyd ior pthot: protonatl on state of a

nucl eophi l ikc nitro en.in t he. bet Siti

el ectron délﬁgertam "% a@ﬁesg%%%fsﬁc %Igp %%ﬁ f%ﬁ % %Pi%ﬂwh 186%\é\/?tl ons

al gng cbhﬁnalhéswce@@ caham whEéhade lvRSnal Bl B&l@alﬂlﬁd zﬁﬁlGR? AIRBRitRretX@nMlage @

fluorine atom di?n groups (for exanple an al kanoyl group, an aroyl group,
ij

a car theshy yd@?gsm 1%14111@3&31@&?%}19'11“43116%3 aa%RaMg}MW@awm?ne betlefpylor an
25 am ﬁ&?‘fzaraﬁa’ﬁykvh QHOHP v SHE Fre%%t@hfcﬂgge%%'la 1951%& %ﬂ‘c@ﬁ&ﬂr\%‘?{ﬁélﬁ; %Sapl —

am nocar bon or ar am nocar

a m t rR "lvehight ﬁmpf,lcmal nid bah g{eﬂtm anéRhend g oz ¢ oicirak arbloeh layilradekany Rjr oup)
and hené groups bearing a substituent at the ortho position, the WO
2011/ 63388 PCT/ US2010/ 031956 para position or both the ortho and t he par a

Pgpi tions, Iﬁ‘@% ﬁﬂf%%bés“%ﬂé oPR! N1 1’88k I‘Efeftlﬁgr ?fg%ﬁ%p&? Qi Vadd @1 Qubl@nREen

atom a f1 uor group (such as tr a'nitro group, a cyano
group alndl mﬂabmnwan@smlp of Rdehd & it inethgl, ettyt onothert diklylawil BJ isarbaliitt uent s

e S BT S R B R o
- CH( CF%)b%Q:éﬂlfde TG K hdhess, ot RN dEmR2)is metl@l‘l%@l'ﬁ GHafhbr alkyl and R’ is
- CH2CH( F - CH2C( F2) CH2-; - CH2CH( C( 0) NR2OR21) - CH2CH( C( 0) OR22) -

- OH2 CH(@X@)JMM COGH( ) EEREK CPOEYs; or -(CH, )y CkIOHEODCHROH: Mty - i an

CE3).CH RCHRCH( CF3) -; - CHR CHE2),- ... 10
b CIBE AR I & e RASR. T b il p g gy sk
CHZCHZGI-[M;{Q])(g)l—Qmup g@swmﬁﬁearb&zalmdazz and -23 _I( each independently

represents hydrogen or C)al kyl , and R24 and R25 each independently
represent s 1o %KQyQD and mgeﬂ@r wiithghgearper to ‘ﬁhlélaﬁl%@reaﬁtacmde@@r from 2

to 4. I | e .

ot her M FEIBURYIAISEEREER cfhiodofifount B QIR ! ROEBIGES adlacel M- 11
L- am noms mgeshek edthehk arbon atbmnitm@hicartydynira etachepaaagomea cad@dkylice aci d,
Céat el ne, @ggm ne, I utam ne, glutam c agid, histidine LSOl euci ne,

ci ryabstt ﬁ@loaﬁl@t it H@C%ﬁéh@ﬁ%%ﬁnén Br&?aeH@r with the,earbemtoahirhe
trypt e altdhed LAEARY, cgel a §1%58aT5§§ i UG i RRANNEARY hnFIRF byY el e OF

any of said am no acids; epti de conposed of at |east two
L- anm rerbagifonn espicegsles éﬂl egtaad 1nsta1deq3eRaem Rytoigethar with the carbon to which they
are attached can form a substituted cycloalkyl group. In certain instances, two R' or R* groups
on adjacent carbon atoms, together with the carbon atoms to which they are attached, can form a
25 cycloalkyl group. In certain instances, two R' or R* groups on adjacent carbon atoms, together
with the carbon atoms to which they are attached, can form a substituted cycloalkyl group.
In formula KC-(I), R' and R* together with the carbon to which they are attached can
form an aryl or substituted aryl group, or two R' or R* groups on adjacent carbon atoms, together
with the carbon atoms to which they are attached, can form an aryl or substituted aryl group. In

30  certain instances, two R' or R* groups on adjacent carbon atoms, together with the carbon atoms

to which they are attached, form a phenyl ring. In certain instances, two R' or R* groups on

32



20al ani ne, argini ne, asparagi ne, aspartic acid, cysteine, glycine,
glutam ne, glutamc acid, histidine, isoleucine, |eucine, |ysine,

met hi oni rwQ 2phiensydsal ani ne, proline, serine, threonine, PCyaSopARL95¢Yyrosi ne
and valine or a residue of an N-acyl derivative thereof. Such a peptide can
be from2 to about 100 am no acids in |ength. Exanples of N acyl
derivatives include acetyl, benzoyl, nmalonyl, piperonyl or succinyl
derivatijves. 25In certain instances, R4 is a residue of L-a %inine or

- | ysiafiaceiy;caibop e e then N Hy B OQNtPRALT YRICBEIGY. aif BiFRhR 18I A | ysi ne.

In cerhpiffubdph@NeBRe. ncet@MHLBdEE (LR MEENrBugsDnAdRRE R calbah@ng, then
the R4 adjacent fo t%e nitrogen of -N(R3)(R4) is a residue of L-arginine or
L- | ysitegether withethe adrhon atotarte edichihenang attachgdefermra aphthybrieg. t he R4 adj acent

to the nitrogen.of -N(R3)(R4),is a.,r.esidue of L-arginine or L- 30lysine and
the first J%g?gﬂgupgm%%?éé%oﬁ% £l éﬁ%?n%ﬁfgadditional L-am no acid residue
sebected i ndeaendantdnyes bADBANLNR, add B ﬂiaﬁﬁnoaazp@fnqgis pheapRhddismiel d,
cysteine, glycine, glutamne, WO 2011/ 031350PCT/ US2010/ 031956 gl utam c
aci d, histidine, isoleucine, |eucine, Ishne, Rikthionine, phenylal anine,
proline, serine, threonine, tryptji ,\j_T6@i1 and val i ne. The term nal

resi due of the peptide can be an a¢1l derivative of any of such L-am no
aci ds.In bertaie itstanpes, ns¢ ek esndR iss a Bi pepti de or; velrerdin @esh Rdes i vat i ve

thereof, In certain ipstances Ris a tripeptide or. an N-acyl rivative
t her edpderthepfly slotteg Foraiiinesnidiyl yubsitRath S & Y sy it (1)
each E@b&@ﬁe@@&%ﬂQﬁQﬁﬁQﬁﬂﬁ&Mmﬁﬁb?khﬁQmE69RWHMg&ﬁQ@@cmﬁﬁ%Mhmn&%bﬁhakHted

al kyl, aryl, substituted aryl, arylal kyl, substituted ary] al k

. : Y al Kyl ,
het er @at ky R!" is aist o1 wbstitutedaipybalksgrtaimiastencsarap leasserssif iR Uisdy dregenr &ar vl |

heter oar.vl al kyl n stituted heteroarylal kyl, or optionally, R6 and R7
tggetﬁgg%ﬁf?%ﬁ¥ﬁ%%8gﬁﬁggtge FgﬁePhey are bonded form a cycl ohet er oal kyl
10or substituted cycl oheteroal kyl ring.0O In certain instances, in
formula KC (1), R6 is selected from hyiila al kyl, substituted al kyl,
aryl, substituted aryl, arylal kyl, SUbStiEEEEF aryl al kyl , heteroal kyl,
substi t ut eq, bgtfh AatH¥s, ohebE’R O/IYR? isSubst \ﬁ@;%{e%iﬁ’ﬁn%s’hydrogen, alkyl,

het er oaryl al kyl, and substituted heterogarylal kyl. In certain’inStances, R6
i s selsaledtieated ni, oy drybgBrger@inkipbtanaa R iis atybdinadektyin instaydea K'Y is alkyllast i t ut ed

lal kyl., 15het l.al.kyl . andosybstituted het lal kyl. | t ai
it et SRR e ER R ances, Ro 1S alkyl . In cortain

instances, R6 is substituted alkyl. In gertainginstances, R6 is arylalkyl
or substituted arylalkyl. In certain ingtances, R6 is heteroarylalkyl or
substituted heteroarylal kyl. In certai®d INTS ced? R6 is a side chain of an

am no aci d,, such as al ani ne,_argi nine, Zda@p ragi ne,. asparti g;acid,
cysteine. g0 orHR IR AR Kot Br e ac d. hi st i ghRasHicagt Buas ne,

| g9ci REdepky®nn§ hydREE, AiyN&ubRNERY hAlyAR A8y aRd 8lid ABUMB& 18 ont B £SO e,
tryptophan, tyroSine or valine. In cértain instances, R6 is a side chain of

an L-am no acid, such as L-al aniQe,
acid, L-cysteine, L-glycine, L- .o1b-gl utam c acid, L-histidine,

I
L-
L-isol euci ne, L-Ieucine, L-Iysf e, k- H?onine,‘L-phel‘Ialanine,
L- pr olcew@in instapses. wae of R* 28t Rr soni e, - t r ypt wherain, eagh Ry riséndseensiently val i ne.

hydrogen, alkyl, substituted alkyl, or acyl. In certain instances, one of R' and R* is

aRi ni ne, L-asparagine, L-aspartic
1 pe
t

0 310
jILJJ\N/\n/N

RI1Oa O

‘R10
: wherein R'™ is alkyl and each R' is independently hydrogen, alkyl,
substituted alkyl, or acyl.
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In certain instances, R6 is - CH2CH2CH2NH( C=NH) NH2 or - CH2CH2CH2CH2NH2.

In formula KC-(I), each Wcan be independently -NR8-, -0- or -S-. In
certain iweranassisoWis -NR8-. In certain instances, W IPESTAB2010/08196€rt ai n
instances, Wis -S-. WD 2011/ 031350PCT/ US2010/ 031956 In formul a

KC (1), each R8 can be independently hydrogen, alkyl, substituted al kyl,
aryl or substituted aryl, or optionally, each R6 and R8 i ndependently
together with the atons to which they are bonded form a cycl ohet eroal kyl or
substituted cycl oheteroal kyl ring. In rtain instances, in forrmula KGC (1),
R8 is hydrogen or alkyl. In certain i OHR8 5i s hydrogen. In certain
instances, R8 is alkyl. In certain }tns a%(;@é R8 is aryl  In certain

i nst ances, Imeerémmlmnpmgmﬁﬂ%mﬂdyli i8get i t h: wherett Rimis indepandenilyt hey
are b n edefo kyl su%gtltu } %?lalé an8r 1?‘2{%151;[n|bt uftroed CX%O h ter %al lﬁtanrI ng In
f or mul'da KE a;l Yptcah r'ofm one t o 160 A eac R6 ¢

sel ected mdependentby from a SI de chain of any amno acid. In certal n

i nstances, p is an I/UDSI er BE/Iom one 10to 50. In certain instances, p is an
i nt eger fromonet 0, 60, 50, 40, 30, 20, or 10. In certain

i nst aRzef RPahSRAROUL Fi@OO I N Gaklal R 1§%ﬁ&ﬁ§ntl§9hyc§o%éip fkyl Qubdkifut&er tai n
instances, p is about 50. In certain instances, p is a 5 In certain
i nst anded, Or@C}’ls about 20. In certain instances, p is about 15. In certain
in
i
i
[
[

t ances, abo t 10. In.gert n i_nstance Na e tain
03t ances. 'BerduilgBtied” ops SE PR " Al ARG i Sudof COmR R AT
Nst an@Rsein PadhSR ‘Abaidt R 'Y58 1nddpelﬁ‘(%hﬂ§llsdfle¢t&$ tframagglrogen| akabmusuﬁtedl dlkyg edrdai n
nstances, p is about 4. In certain instances, p is about 3. Ip. cgbrtaln

nst af€¥s, In p‘erta;,n H5EIEe2 0ng of R e#dalk nis jap Sranragy], 2rpup, sudbesuC(GMIR R’

certa| 1 t e A i's
" Sroc DR ciny 1% b b AR BRI, 1P el LB Pr bt S

si de (ahandsncgz]f grany, sach mo-CAO)NRITRISh evieesit Ry sqadrﬁdkﬁdmﬂ ROMiahiapi substitatedi ni ne
as aragine, aspartic acid, 20cysteine, glycine, glutamne, glutamc acid,

hil8t i aTiHeA Carkepydig arider cpidgrylfster {ﬂs?%@m NSRSl lﬁoﬁl@ﬁﬁ af HhiREoB ol i ne,
serin n ph 0s ) a KG (1),
T%&éﬁ GRPYs 1€( O%leolﬁy d?zgeérgfnryﬁ {(Qxﬁet ﬁ@h{ €s al a yl substrtﬂteﬁ%lfﬂ"a

R7 ca sel ected st tute a Ky acy
substicﬁﬂubeyihcawyd pradrlkmoyj/csicmonyl substl tuted al koxycarbonyl, aryl,

substituted ar IaI yl, ~and substituted _aryl alk n.cerfain

i nst ances, q I¥a§n Sf'gseﬁ bRy gfn ma@ﬁte agpte i hutanQle rzfé’?/lfzatl% ePTRi n
i nst ar&ﬁ@@eeﬁhpla&a@mruq%ﬁmeduma& E1i 2480 | WisdnddeRaredR theScoMtekpdndidgm6REGIRI N
instances, R7 is, acyl or substituted acyl In, cer%al n instances, R7 is

adyl . whereRr and R” i dptrieeogery I eertaibisiangaseR’ atB COmIPrlS@emteénCtronﬂst ances,
B e e S A )
i s seleketrefl withdrawing group. In certain instances, R' or R comprise an electron-donating group.
Atoms and groups capable of functioning as electron withdrawing substituents are well
known in the field of organic chemistry. They include electronegative atoms and groups
20  containing electronegative atoms. Such groups function to lower the basicity or protonation state
of a nucleophilic nitrogen in the beta position via inductive withdrawal of electron density. Such
groups can also be positioned on other positions along the alkylene chain. Examples include
halogen atoms (for example, a fluorine atom), acyl groups (for example an alkanoyl group, an
aroyl group, a carboxyl group, an alkoxycarbonyl group, an aryloxycarbonyl group or an
25  aminocarbonyl group (such as a carbamoyl, alkylaminocarbonyl, dialkylaminocarbonyl or

arylaminocarbonyl group)), an oxo (=0) substituent, a nitrile group, a nitro group, ether groups

(for example an alkoxy group) and phenyl groups bearing a substituent at the ortho position, the
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from (1-6C) alkyl, (1-6C) substituted al kyl, -(CH2)qg(C6H4) - COOH,
-(CH2) q( C6H4) - COOCH3, WD 2011/ 031350PCT/ US2010/ 031956 and

- (CH2) q( GsbpH1AAOBEP2CH3, where g is an integer from onePCo/UB10/03i986 2 or 3;
R3 is hydrogen; R4 is an L-amno acid or peptide, where the peptide can be
conprised of L-amno acids. In one of its conposition aspects, the present
enbodi nents provide a conpound of formula KC (11): wherein: Ra is

glyg)r/?) grna( or. hé(oég)p%)h R5 |§ncf&lle%g%a(eﬂ%§§]{$gm 6@% al k%I , '(1_eﬁ:cc:edSUbSti tuted
- ( CH2); g EBdfthn PRER %eri"él@&ea ﬁubx%aﬁq@l% 1Sgﬁlli:h b &fﬂ&?@métﬁ?rlaoa milrQ%?&R) R is

i ndependent |y sel ected from hydrogen, substituted aryl
subst |atqyta1eqjgl@np Iand a@waXﬁrmowEada@@mhe electron wethdiawRie su:bstutndtet@ eqrdemt | y

sel ect ed fro K substituted al kyl, aryl, substituted aryl,
acyl g 8‘6% @y%};m&k S%nd R2 together with the carbon to which they

ars attachqﬂcé@ﬁm@t&y@sl om(RW(R@qn_%ga&ﬁéd troded ey el BkH,gy-oup, or two R
rou s on akkacent car bon atom; ether with the carbon atons to

whu ch Erz)é?H;(Q ehe&H(ﬁﬁz}ﬁP&%bl (C&s) sﬂ&bﬁﬂ@f@d) cycl oal kyl group;

nis 2 i--Rg a0, acid sel ected
froma écg%l)g g:il% H?%%Héra (ﬁg ér’t?@ g%gi@(llb(} c(;/ﬁs?)el ne, glycine,

gl ut anCH@cHgtm)aﬁ%) aCZiIﬁCHIQCé(D)(H{)neCH(SJ(HZE}GHM(GPQH;:; ne | ysi ne,

net hi oni ne phen% al ani ne, prol serine, threaonine, i&pt ophag;ﬁl%_r.osi ne

and vaf-FieHFalCHyCHEG Hirees 6t s)@%@ﬁ@&)ﬁ %z%cwcaa SHpGH
a%dsucﬂrzcﬂizdiﬁf(t}g tH's‘c { >Wﬁ%§d_@éﬁfmfmb émﬂ Lzapino acid

resi dues sel ec i nde én ent Zﬁ from al ani ne, argini nge, aspar agi ne,
aspar t CHz@Hiz@H(@(@OH)ﬂen wryio;ndl eRZlgRﬁnHmRF‘?e:aclg insﬂbpfmdentzhy:remeshmts hidibpen

50 el ey Blc pE LTSS, PaEL T ne, STy gl ge. prol ine. seri e

In formula KC-(I), n can be an integer from 2 to 4. In certain instances, n is two. In
other instances, n is three. In other instances, n is four.

15 In formula KC-(1), R* can be a residue of an L-amino acid selected from alanine,
arginine, asparagine, aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine and valine, or a residue of an N-acyl derivative of any of said amino acids; or a residue
of a peptide composed of at least two L-amino acid residues selected independently from

20  alanine, arginine, asparagine, aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine and valine or a residue of an N-acyl derivative thereof. Such a peptide can be from 2 to
about 100 amino acids in length. Examples of N-acyl derivatives include acetyl, benzoyl,
malonyl, piperonyl or succinyl derivatives.

25 In certain instances, R” is a residue of L-arginine or L-lysine, or a residue of an N-acyl
derivative of L-arginine or L-lysine.

In certain instances, in formula KC-(I), when p is greater than one, then the R* adjacent to
the nitrogen of -N(R*)(R") is a residue of L-arginine or L-lysine. In certain instances, when p is
greater than one, the R* adjacent to the nitrogen of -N(R’)(R") is a residue of L-arginine or L-

30  lysine and the first residue is joined to at least one additional L-amino acid residue selected

independently from alanine, arginine, asparagine, aspartic acid, cysteine, glycine, glutamine,
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of an N-acyl derivative thereof. WD 2011/031350PCT/US2010/ 031956 In
certain enbodinents in Formula KC-(I1), R4 is a residue of an L-amno acid
sel ect ed woemABgisni ne and | ysine. In certain instancespPCrustbaomsldoas
KC(11), when R4 is a peptide conprising nore than one 5ami no acid, then
the R4 adjacent to the nitrogen of -N(R3)(R4) is a residue of L-arginine or
L- lysine. In certain instances R4 is a dipeptide or an N-acyl derivative

t her eo In ce I nst ances R4.i trip r N-acyl . derivative

t her egpiamte 25 Wy inecRbEIGRE AR embRire. RORH Ho PRI s Phelie; Sty oot due
of an geafiné, Elpidpnad, 't¥1%sin'€%h§%hne' MTHeQEhAhA bNSLANGRS pegiie ictn Be LieNLAYE Of
an N-acyl derivative thereof, where the N acyl 10der|vat|ve i's substituted,

such alsnvamte qﬁ@ny bf srichddamino agiglso ﬂiyter@rridlnstan@%rﬂflls adigeptidaer 1ANEEYI ) to
osi.tions of.the present di sur.e 1n ude conpounds
o | olrivatiyedidtter ATRRRR IR AR b PR Sy R A b S T P ot “ond

nmet hods of the present discI@Bure al so contenpl ate conpounds of formnul ae
KCG(111) to KC (V). 15For rmuljgl KGu(l11) In one of its conposition
aspects, the present enbodl ntls vi de a conpound of forrmula KC-(llla):
n N R51 A Eh@KﬁnﬂaKﬁbm)IKWMereRn 50X represents a residue of a

ket one-cont.ai.ni n er ei.n atom o he c espondi n
enol 1o gr odp oLl i R P b RaniipS SEGeEN SR BUhEEPoRKE o) - NRS.
(A R1)s(bkdted Mﬁ?ﬁﬂfyl substituf@@ alyg, a??l'aﬁ@yl %dbsftft@t@@l ahykarkyl, ﬁéﬂ&%hlk&%%uﬁit&y I,
aryl al kyl, subs ituted arylal Kyl, aryl and substltuted angh% 25each R is

[ ndepélntﬂ*emllt}g} I@eqre%mb dubstlerwct]Wﬂe?glefh hegerggyylalkyliinod isulsticdeahdégoarydigyl, or
Sy t Hona(?ly, a1’1d R* %géth?:‘rn \()jmtﬁ‘ rﬂe 185 Ld which they are bonded form a cycloheteroalkyl

10 or substituted cycloheteroalkyl ring.

In certain instances, in formula KC-(1), RC is selected from hydrogen, alkyl, substituted
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl,
heteroaryl, substituted heteroaryl, heteroarylalkyl, and substituted heteroarylalkyl. In certain
instances, R® is selected from hydrogen, alkyl, substituted alkyl, arylalkyl, substituted arylalkyl,

15  heteroarylalkyl, and substituted heteroarylalkyl. In certain instances, R® is hydrogen. In certain
instances, RS is alkyl. In certain instances, RC is substituted alkyl. In certain instances, R is
arylalkyl or substituted arylalkyl. In certain instances, RC is heteroarylalkyl or substituted
heteroarylalkyl.

In certain instances, RS is a side chain of an amino acid, such as alanine, arginine,

20  asparagine, aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine or
valine. In certain instances, R® is a side chain of an L-amino acid, such as L-alanine, L-arginine,
L-asparagine, L-aspartic acid, L-cysteine, L-glycine, L-glutamine, L-glutamic acid, L-histidine,
L-isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalanine, L-proline, L-serine, L-

25  threonine, L-tryptophan, L-tyrosine or L-valine.

In certain instances, R is —~CH,CH,CH,NH(C=NH)NH, or -CH,CH,CH,CH,NH,.

In formula KC-(I), each W can be independently —NRS—, -O- or -S-. In certain instances,

W is -NR®-. In certain instances, W is -O-. In certain instances, W is -S-.
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each R2 is independently selected from hydrogen, alkyl, substituted al kyl,
aryl, substituted aryl, acyl, and am noacyl; WD

2011/ 031380RCT/038010/ 031956 or R and R2 toget hePCmiuskomwhaissar bon to
which they are attached forma cycl oal kyl, substituted cycloal kyl, aryl, or
substituted aryl group, or two R2 or R3 groups on adjacent carbon atons,
together with the carbon atons to which they are attached, forma

cveloal 1 SHBeS) L4358 RIFACEL N Skt SR8 e S B '
i ndepepdentititeSEYECE S icfnraﬁ?) AYEHROGRNR® ﬁidlé}féndeﬁtﬁzﬁg'btt}l&t ®fth dletbms & Yhich

substituted aryl, arylal ky substituted aryl a , heteroal kyl,

subst ithay asel bpreded forah k ghcloheeronlls sl 9 substistad sy¢lohnterdalkgt srpar yl |

het eroaryl al kyl .. and substjtut epoaryl.al kyl r tionall R6 ,and R7
toget her it potdia HfaaRe Bt el Btk RhyR SRS uiedar pBYie8 LO0R aibingFO & Kyt or
subst ii§ Byd@Egcay ah eb@tif inadnkyd, RE iNgkyleas Beriin snstandep R @&d}?ﬂkﬁn <B@n, -0- or

-S-; each R8 is independently sel ected from hydrogen, a |, substituted

al ky| insgnges, hdnd s drsepprdent i tegegier with teprtPin e whichbesharrgordsd frgn a
e b SPGBl RS i o (e e bonded forms
one to 100;In &mthula KC-(I), pk¥én ibs as éltegdr éabnf oianeohydraademch Rl dayilbe sslabietli t ut ed
al kyl,, acyl, substituted acyl, al koxycarhonyl, substituted al koxycarbonyl,
aryl , iadepeRdently dgmud jirle chaiy PhpyAminggids IR SEHAIN {SENSesapyt 3} AT BPMPNgai t
DY S0 A 8, AASS o e A GRS o, TG A 0 0090 L1
certain instances, p is about 100. In certain instances, p is about 75. In certain instances, p is
about 50. In certain instances, p is about 25. In certain instances, p is about 20. In certain
instances, p is about 15. In certain instances, p is about 10. In certain instances, p is about 9. In
certain instances, p is about 8. In certain instances, p is about 7. In certain instances, p is about
15 6. In certain instances, p is about 5. In certain instances, p is about 4. In certain instances, p is
about 3. In certain instances, p is about 2. In certain instances, p is about one.

In certain instances, the R® of R* adjacent to the nitrogen of —-N(R*)(R") is
-CH,CH,CH,NH(C=NH)NH, or -CH,CH,>CH»CH,NH>, and any additional R can be a side
chain of any amino acid independently selected from alanine, arginine, asparagine, aspartic acid,

20  cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine or valine.

In formula KC-(I), R’ can be selected from hydrogen, alkyl, substituted alkyl, acyl,
substituted acyl, alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl, and
substituted arylalkyl.

25 In certain instances, R’ is hydrogen, alkyl, acyl, or substituted acyl. In certain instances,
R’ is hydrogen. In certain instances, R’ is alkyl. In certain instances, R’ is acyl or substituted
acyl. In certain instances, R’ is acyl. In certain instances, R is substituted acyl. In certain
instances, R’ can be acetyl, benzoyl, malonyl, piperonyl or succinyl.

Formula KC-(I1)

30 Compounds of formula KC-(II) are compounds of formula KC-(I) in which R’ is selected
from (1-6C) alkyl, (1-6C) substituted alkyl, -(CH,)4(CcH4)-COOH, -(CH;)q(CsH4)-COOCH3,
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wherein: WD 2011/ 031350PCT/ US2010/ 031956 X represents a residue of a

ket one- cont ai ni ng opi oid, wherein the hydrogen atom of the correspondi ng
enol i ¢ grwopoafo3tise ketone is replaced by a coval ent bomrdTius201C08)950MNR5-
(C(R1) (R2)) " - NR3R4; R5 is selected fromal kyl, substituted al kyl,
aryl al kyl, substituted arylal kyl, aryl and 5substituted aryl; each R
I s i ndependently selected from hydrogen, al kyl, substituted al kyl, aryl,

substi t yt ryl am noacyl ;. each i s. i.ndep lgldently

o ccttl- Kb bt SAaCHE R, RS RS it tcaar LpRYIE TG s Siar R g ot ar y1
acyl, rgafsamroaay Lan;h%rac1'8|or%@1§’tld%2wth@&€thé1?é pitechn B@@orﬁ?«’ RAR T CaibCh they
are attached forma cycl oal kyl substituted cycloal kyl group, or two R
or R2 agidsupsommrofatjcaownsitionrinsatsathe pessentegdodanents plevidea compoond ef ons t o
whi chft he]}r/% g’f I@t,tached, forma cycl oal kyl or substituted cycl oal kyl group;
15 n i ¢4 "R3 is hydrogen; integer fromO R'" 2 to 4, 7 R each R6 is
I ndependently sel ected from hydrogeR, al kyl, substituted al kyl, aryl,
substituted aryl, arylal kyl, pi8t i t ut ed aryl al kyl, heteroal kyl,
substituted heteroal kyl, heter

O R'R?
HeC-O0 O oJJ\N ~ R
|5 |
5 R R*  (KC-(ID)

wherein:
R*is hydrogen or hydroxyl;
R is selected from (1-6C)alkyl, (1-6C) substituted alkyl, (CH;)q(CsH4)-COOH, —
(CH,)(CeH4)-COOCH3, and -(CH,)4(CsH,)-COOCH,CH3, where q is an integer from one to 10;
10 each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
or R' and R? together with the carbon to which they are attached form a cycloalkyl or
15  substituted cycloalkyl group, or two R' or R* groups on adjacent carbon atoms, together with the
carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl group;
nis 2 or3;
R’ is hydrogen;
R* is a residue of an L-amino acid selected from alanine, arginine, asparagine, aspartic
20  acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine, or a
residue of an N-acyl derivative of any of said amino acids; or a residue of a peptide composed of
at least two L-amino acid residues selected independently from alanine, arginine, asparagine,
aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
25  methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine or a residue

of an N-acyl derivative thereof.
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substituted heteroaryl, heteroarylal kyl, and substituted heteroaryl al kyl,
or optionally, R6 and R7 together with the atons to which they are bonded
form a cywbDcehatwsizsal kyl or substituted 20 cycl ohet er oal pgir/useelg/o3198@ch Wi s
i ndependently -NR8-, -0- or -S-; each R8 is independently selected from
hydr ogen, al kyl, substituted alkyl, aryl and substituted aryl, or
optionally, each R6 and R8 independently together with the atons to which

t hey are bonded form a cycl oheteroal kyl or substituted cycl oheteroal kyl
ring; 25 pis an integer fromone to 100; and R7 is selected from

hydrogen, aj}, k¥kain Spbsdintertsaf Falkyih K@EN), R* 4P sdsidubl b n BCY¥hino acid selected
al koxycar bonyl, substituted al koxycarbonyl, aryl, substituted aryl,

ar yl alfioph arganoke sndblgsine.ut ed aryl al kyl; or a salt, hydrate or solvate
thereof. \ﬁ(l)CCZIQa]iI} /inos?’a%:c)’eSs? fr)lcfyrrgl%qe@—/(ﬁ% ]W%SC?I R* is a peptide comprising more than one
5 amino acid, then the R* adjacent to the nitrogen of -N(R*)(R™) is a residue of L-arginine or L-
lysine. In certain instances R” is a dipeptide or an N-acyl derivative thereof. In certain instances
R* is a tripeptide or an N-acyl derivative thereof.
In certain embodiments in Formula KC-(II), R* is a residue of an N-acyl derivative
thereof. In certain instances, R is a residue of an N-acyl derivative thereof, where the N-acyl
10 derivative is substituted, such as, but not limited to, malonyl and succinyl.
Formulae KC-(III) to KC-(V)
The compositions of the present disclosure include compounds of formulae KC-(III) to
KC-(V) shown below. Pharmaceutical compositions and methods of the present disclosure also
contemplate compounds of formulae KC-(III) to KC-(V).
15 Formula KC-(I1I)
In one of its composition aspects, the present embodiments provide a compound of
formula KC-(Illa):
o R'R?

NEIY

R3

N
R° R'  (KC-(Ila))
wherein:
20 X represents a residue of a ketone-containing opioid, wherein the hydrogen atom of the

corresponding enolic group of the ketone is replaced by a covalent bond to -C(O)-NR’-
(C(RH(R*):-NR'R;
R’ is selected from alkyl, substituted alkyl, arylalkyl, substituted arylalkyl, aryl and
substituted aryl;
25 each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

substituted aryl, acyl, and aminoacy];
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Reference to formula KC-(I111) is neant to include conmpounds of fornula
KC-(lIlla) and KG111b). In fornmula KC(I11), R5 can be selected from al kyl,
substi t utwo 2altkoghi3soar yl al kyl , substituted aryl al kyl, arpCTAsd190b956 t ut ed

aryl. In certain instances, R5 is (1-6Calkyl. In other 5instances, R5 is
(1-4C)alkyl. In other instances, R5 is nethyl or ethyl. In other instances,
R5 is methyl. In certain instances R5 is ethyl. In certain

e RS A DR T
carbo C Aok RS
“ (o ;Sﬁi)s!ti@ut@@ Eﬂoz@l%l & p%i(yﬂﬂ,sﬁtu@éﬂ %ﬂ z%rb@z \RI@R ot R %ﬁﬁg?grll ﬁ@ﬁcéinz cng(r)]rllJ ber

f or m @treng, together withdbe ¢caben atams amwbisch tRty drg att@@e@)fsnm@@rloa%ﬂ-lal)lstltm—ls

CIOOCll—i certain instances, in fornula KG(I11), R5
|s aryp(gl1 glk V- 81 sUB ?Suttut?%ﬁry;g WBi kyl. In certain instances, in formula
KGCs(111), Eﬁslaﬁlrﬂégéjraﬂohyi tod:n certain instances, RS is substituted
arylalkyl. I.n certain i nstances, R5 i s an aryl al Kyl group substituted with

a car boxyl i Rtlghmﬂég@uch 15as a carboxylic acid, carboxylic ester or
carboxylic amde In certain instances, R5 is - (CH2)q(C6H4) - COCH,

-(CH2) q( CeH4) - or -(CI—|2)q(CGH4)-COOCHZCI—I3, where g is an integer
fromone to 1071 é]r\t'%;_{n i nstances, R5 is -CH2(C6H4) - COCH,

- CH2( C6H4) HGQOCH3 Ré or P 2 (C6H4) - COOCHZCHB In certain instances,
in formula KC(}I1), R5 is aryl. In certain instances, R5 is substituted

20aryl . |needr alsrindepsndantisseleqsd fromaltydaegen, @kmluﬁﬁhstltultnﬁ alkpdt arybr
para- Su?s%lttute ?.I'é/ a&lalﬂgﬁgcbaslﬁp &Y ar%ﬁll lq}%PeroéiEQ su%s?tuget%rhe%rgaﬂqa ﬁl(i%roaryl,

carboxy e

( ©6H4 suksttdted hétEkH), ml,all@ﬂ aﬁ@@h@s)mm&@b@lalkﬂ 6mpmha11§K®6(ahﬂ IRY, each
R can be independently sel ected fromwo%drogen al kyl , substituted al kyl,
aryl , tegsHharivith the atgpmp|to widgh they g by g2 CYFWh%téﬁaHiYhOI fdsaMkds, R s

hydr og, aoﬁé%oaﬂ{é/i(ﬁ+ In certain instances, R is hydrogen. In certain
|nstan t‘l”(y In certaln instances, R is acyl. In certain

i nst ances, eE%thmslsadeetpemeyltly NR - -OJair-SqrrmI a KC(Ill), each R2 can be

i ndependentl gl ec rom ubstituted alk yl

substi t ut ed? 1§| is la%fyrﬂné%as gr hy%ﬁ‘»éyeee%l{?& PrOsHR ey, erébar}%s hydr ogen
onsal kybstinktBd a1, to<'i‘'ogtlbr{!ﬁltyaflfh‘é151‘~°Rz6 aﬁa RS%J&}SQM&%Q totgleﬂlei;%tquh@athﬁtt@%ﬁ}'ﬁ R2 is
al kyI I'n certai’n 30i nstances, R2 is acy In"certain instances, R2 is

am nodlegyl are bn@edForiv agiﬂémwlklmmbﬂﬁu@&Gycloheteroalhyblemg ain instances, R
and R2 are h drgrg I n certta Q'i stances, R and R2 on the same carbon are
both al kyl P A" FEFEE{9™ A 8HOS"IR "and R2 on the same carbon are nethyl .

I n certai n AN taae&pfrohyaitfbeRZalof, JubitERERISRIRON s@bstRéddyl,
alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl, and substituted
20  arylalkyl;

or a salt, hydrate or solvate thereof.

In one of its composition aspects, the present embodiments provide a compound of

formula KC-(IIIb):
O R'R?
BIq 3
X ,?15 ~ ,I\rR
25 R R* (KC-(IIIb))

wherein:
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In certain instances, Rl and R which are vicinal are both al kyl and R2 and
R2 which are 5 vicinal are both hydrogen. In certain instances, R and R
whi ch ar ewoi2eivgh3sar e both et hyl and R2 and R2 whi ch ar @Cviuseealo3mse bot h
hydrogen. In certain instances, R and R which are vicinal are both nethyl
and R2 and R2 which are vicinal are both hydrogen. In certain instances in
the chain of -[C(Rl)(R2)1"- in Fornula KC-(111), not every carbon

substitute In certain,in ces, in.the chajn_of R herels
a conbi nat S%rrpaseatéa.rrsr%@fr@%r%vrw%g% pRIgik ¥h C@Hb‘i[l?cgé(&‘%?%{ilh%/@n‘o‘?f tﬁ‘% hyl .
I'n Cercbﬁtbibohﬂﬁ%%ﬁ@l@csgroﬁﬁ%f &k KBlondMdre cécﬁbﬁ?%@\)ﬁhent sbiyilo - opNRer al kyl and

R5 is alkyl. In certain instances, whi ch are vicinal are both
al kyl (EROE®))aMR’RS; whi ch are vi ci nal are both hydrogen and R5 is alkyl. In

certain ins§sanc a a nd ,R2 and R2
wn ch are W o rarest ro B ol Ty R Sy HeRE sRRDrR e BN Pt ances.
Rl 5anquﬂﬁmﬁbd .ch are vicinal are both nethyl and R2 and R2 V\/nl ch are
vicinal are botr hydrogen and R5 is alkyl. In certain instances, one of R

and R2 is waehkyl is ipdapgndently selaeted Soryhydserenrelkyls suhspgiac alkdgaryl. kyl. In
certai 0 d R is nethyl, ethyl or other alkyl and R5
is an sﬂ?%@ft&@@@ﬁ%@l g&%%ntRL Wth a carboxylic group such as a carboxylic
acid, carbexst Rtisasdependantl? Qelearcd ooy hyalragendakyll subsdtitai aikylnstAnces, one of
RI and R2 is met hyI ethyl or other alkyl and R5 is -(CH2)q(C6H4) - COOH,
(CJ%Z)SH'ES@SW‘V an‘i)‘i‘mm()@ﬁ%@) q( C6114) - COOCH2CH3, where q is an integer
frgm one t Q Rqnk B2 GSFlRE Rith R &B6GSto ilEh fey Ble ADFREPr Ol LMyl 6L hY! OF
ot her al kyl ranéj'nRS (ggean a[u{l<1 ? rou mﬂgst?{e teed W t(lf?zfcar S{J@am é%/ In

f or nulsabdi@:té¢d tydloallR1 gamp, EEQtho@ o1hiRT greipshort dBacear daolort gonki togethdrevithathe

o et . S S Bucy OB, Rl R 0 LR B pURy o1 10

Whl ch they pat an aldaenech 26an forma cycloal kyl or substituted cycl oal kyl
group. In certain instances, R and R2 together with the carbon to which
they are atRaghedfogem form a cycloal kyl group. Thus, in certain instances,
R and R2 on thegysame carbon forma spirocycle. In certain i nstances, R
and R2 together I\& t he carbon to which they 30are attached can form a
substituted cyc% roup In certain instances, two Rl or R2 groups on
adgacent ca“hQon arens? oget her with the carbon atons to which they are
attached, can form a WD 2011/ 031350PCT/ US2010/ 031956 cycl oal kyl group. In
certain i nshemBes mdap@ndélntl@rselmte@fmmisydmgeadgdhylembsummﬂmkﬁtmyds t oget her

th th t h, th ttach tituted
oycl oangyfitr 8p ATt SyiRliR DR R aB R R RS Rib R ©he
car borRubgitwkd ﬁaeroagar @r&oaytaﬁgm afld GabsthREdh@Broaf YAl i oSsfihhll {iREhnaRy|

group, or two R R2 groups on adjacent carbon atons, together 5with the

car bo rﬁowhfmvlthdh%ﬁoaﬁ te maychethey aretbaadirstforn areyElohpternaliai of substigifgdst i t ut ed

? ggget oalkyFn%r \in instances, two R or R2 groups on adjacent carbon
oge the carbon atons to which they are attached, forma

phenyl ri ngacH W @eiidepemdenfig tIFRESSO- 68-;R or R2 groups on adj acent carbon
atonms, together,with the carbon atons to which they are attached, forma

subst i t ut e@3ghBniplingapapdently selested fran nkegraealkyk wsmut%lr alkg. ywbais on
ad] acephsdtd 91@/1,%& QPBonally, each R® and R® independently together with the atoms to which

they are bonded form a cycloheteroalkyl or substituted cycloheteroalkyl ring;
25 p is an integer from one to 100; and
R’ is selected from hydrogen, alkyl, substituted alkyl, acyl, substituted acyl,
alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl, and substituted
arylalkyl;

or a salt, hydrate or solvate thereof.
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10 together with the carbon atons to which they are attached, forma

naphthyl ring. In certain instances, one of R and R2 is am noacyl. In
certai n iweranassisoone or both of R and R2 i s am noacy/PCEarspoioss g6
phenyl enedi am ne. i ndependent|y sel ected from hydrogen, al kyl,
substituted al kyl, and acyl and RH is al kyl or 15substituted alkyl. In
certain instances, at least one of R is acyl. In certain instances, at

| east one R is stituted alkyl. In cer , .at
eact one Hetpndedo fitue Bl THRRentaik finf Y bovab@iref gl i rRE QNI pa s gen.
In cerK@j(mbi)nstances one of R and R is O -V-LN.N- i o R; wherein R is

hydr ogen, al kyl, suQstltut ed alkyl, or acyl. In certai n I nstances, R
is acyl. Idn é@muzlﬁ KCr-iH), & ses be Rtlegted ﬁtbklydlkxir S@&@ut@ﬁtﬂﬂkﬂua@ﬂa&b’kyl I n

oL ol B Rg o o 9 R BB PR T RS e
5  instances, R’ is (1- -4C)alkyl. In other instances, R is methyl or ethyl. In other instances, R’ is
methyl. In certain instances, R’ is ethyl.

In certain instances, R’ is substituted alkyl. In certain instances, R’ is an alkyl group
substituted with a carboxylic group such as a carboxylic acid, carboxylic ester or carboxylic
amide. In certain instances, R’ is —(CH,),-COOH, —(CH,),-COOCHj3;, or -(CH,),-COOCH,CH3;,

10  wherein n is a number form one to 10. In certain instances, R'is —(CH,)5-COOH, —(CHa»)s-
COOCHs3, or «(CH,)s-COOCH,CHj.

In certain instances, in formula KC-(IIT), R is arylalkyl or substituted arylalkyl. In
certain instances, in formula KC-(11I), R’ is arylalkyl. In certain instances, R’ is substituted
arylalkyl. In certain instances, R’ is an arylalkyl group substituted with a carboxylic group such

15  as a carboxylic acid, carboxylic ester or carboxylic amide. In certain instances, R’ is —
(CH,)(CeH4)-COOH, —(CH3)((CsH4)-COOCH3, or -(CH,)q(CsH,)-COOCH,CH3, where q is an
integer from one to 10. In certain instances, R’ is -CH,(C¢H4)-COOH, —CH,(CgH4)-COOCHs3;, or
-CH; (CsH.)-COOCH,CHa.

In certain instances, in formula KC-(11I), R’ is aryl. In certain instances, R’ is substituted

20  aryl. In certain instances, R’ is an aryl group ortho, meta or para-substituted with a carboxylic
group such as a carboxylic acid, carboxylic ester or carboxylic amide. In certain instances, R’ is
-(CsH4)-COOH, —(CsH4)-COOCH3, or -(CsH4)-COOCH»CHs.

In formula KC-(III), each R' can be independently selected from hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, acyl, and aminoacyl. In certain instances, R' is hydrogen

25  oralkyl. In certain instances, R' is hydrogen. In certain instances, R is alkyl. In certain
instances, R' is acyl. In certain instances, R' is aminoacyl.

In formula KC-(III), each R? can be independently selected from hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, acyl, and aminoacyl. In certain instances, R* is hydrogen
or alkyl. In certain instances, R? is hydrogen. In certain instances, R is alkyl. In certain

. 2. .. 2. .
30 instances, R”is acyl. In certain instances, R” is aminoacyl.
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certain instances, one of R and R2 isR1 0 RI0O 1 Nwo ; wherein each R is
I ndependently WD 2011/ 031350PCT/ US2010/ 031956 hydr ogen, al kyl, substituted
al kyl , orweacyire3lssocertai n i nstances, one of R and R2 PSTARR@oM3R1® R10a
0; wherein lea is alkyl and each R is independently hydrogen, alkyl,

substituted al kyl, or acyl. In certain instances, one of R and R2 isRio
0; wherein R 1is independently 5hydrogen al kyl, substituted al kyI or acyl
and b is a _nunber . from og é) certain instances, lﬁﬁlpkyl, acyl .

In certain i ASTARLEECERE gRd Ry a@ﬂﬁdﬁ&ge’f‘s LA Beaess S%%“’f

- C( 0) NEH3A R1OHoth a YL B Rr@RGHsthiRs, EH“ChnB'li? onSthé REEPERBGTUE YnedB)1 € 6t &Gtalid OM
hydr ogen, aIkyI sgbstltuted al kyl’, and
instances, R and R” on the same carbon are ethyl.

In certain instances, R' and R' which are vicinal are both alkyl and R* and R* which are
5 vicinal are both hydrogen. In certain instances, R' and R' which are vicinal are both ethyl and R*
and R* which are vicinal are both hydrogen. In certain instances, R' and R' which are vicinal are
both methyl and R and R* which are vicinal are both hydrogen.

In certain instances, in the chain of —[C(Rl)(Rz)]n— in Formula KC-(III), not every carbon

is substituted. In certain instances, in the chain of —[C(R")(R*)].—, there is a combination of
10 different alkyl substituents, such as methyl or ethyl.

In certain instances, one of R' and R” is methyl, ethyl or other alkyl and R’ is alkyl. In
certain instances, R' and R' which are vicinal are both alkyl and R* and R* which are vicinal are
both hydrogen and R’ is alkyl. In certain instances, R' and R' which are vicinal are both ethyl
and R* and R* which are vicinal are both hydrogen and R’ is alkyl. In certain instances, R' and

15  R'which are vicinal are both methyl and R* and R* which are vicinal are both hydrogen and R’
is alkyl.

In certain instances, one of R' and R” is methyl, ethyl or other alkyl and R’ is substituted
alkyl. In certain instances, one of R' and R? is methyl, ethyl or other alkyl and R’ is an alkyl
group substituted with a carboxylic group such as a carboxylic acid, carboxylic ester or

20  carboxylic amide. In certain instances, one of R' and R? is methyl, ethyl or other alkyl and R’ is
—(CH3)4(CsH4)-COOH, -(CHz)q(CsH4)-COOCHs3, or -(CH»)4(CsH4)-COOCH>CH3, where q is an
integer from one to 10. In certain instances, one of R' and R? is methyl, ethyl or other alkyl and
R’ is an alkyl group substituted with carboxamide.

In formula KC-(I1I), R and R” together with the carbon to which they are attached can

25 form a cycloalkyl or substituted cycloalkyl group, or two R' or R* groups on adjacent carbon
atoms, together with the carbon atoms to which they are attached, can form a cycloalkyl or
substituted cycloalkyl group. In certain instances, R' and R* together with the carbon to which
they are attached can form a cycloalkyl group. Thus, in certain instances, R' and R* on the same
carbon form a spirocycle. In certain instances, R' and R* together with the carbon to which they

30  are attached can form a substituted cycloalkyl group. In certain instances, two R' or R* groups

on adjacent carbon atoms, together with the carbon atoms to which they are attached, can form a
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10acyl. In certain instances, one of R and R2 is an am noacyl group, such
as -C(0)NR10aR1013, wherein lea is an alkyl and Rib is substituted al kyl .

I n certaiwoiznsit@mnises, one of R and R2 is an am noacyl @Coaj$201908195@s
-C(0)NR1Oa, -. 10b, wherein lea is an alkyl and Rib is alkyl substituted with
a carboxylic acid or carboxyl ester. In certain instances, one of R and R2
is an am noacyl ., 10b, group, such as -C(0)NRLOaKwherein lea is

met hyl an ib is alkyl. substituted w a 15carboxylic acid or carboxyl

est er ey 8B40k grﬂ%eﬁfﬁtﬁ%w istinredud RO Folnan HgibHseeon Afogpss together

i nt r anphe@Eabok ¥Ohsza Wi thE aRatieheddunBRRd sUBstRutb@E fe1fIkj1k& @Ol ecul ar
cyclization, \/\hen‘corrparetltl to Ehe correspondi ng nol ecul'e where R and R2
are bot h hydcotrninstancese Rt ahtR[ trgetncweh R cagborRR vduelpthiey ereaattached can

el ectr.on-w t hdr awi n roupg or an el egirop.donating.group.. ln certai

ot argds i it bPD O oBuh B B R HEB: EERE o TS Bborb SR Belther

I NSt arE@Sthe Bhrboh afdésa6 RHidiS@e R Are@k @ EHdOfmABAALH RG] OF QWRtituted aryl Ao@pBInAN
groups capable of functioning as el ectron w thdraw g% substituents are well
known CRiaip estances. (vo R oF Bagraipe Re ailiseany carbpe ptontse toga@eey itk thegriehpat dtemes at ons
and gr, 1.N| I r tive . $ net | o | owner
the A BRpiAL 86N BERIRERR E® A TR SRR o KTEhBIR e
posi t iadjacstit@aitbod aainisy getHehditawied capboredtemt kowhidnisdyt are attactibd, 2bgn aups can

al so be positioned on other positions al 1ongizt he al kyl ene chai n. Exanpl es

i ncl udBbsHiteSDRenYbEISSHFCIASHTOIYeTE Hal EGRIPSAGINCERGR RRARNe, a

! h1BOr B AT th@Ebo R BHR%0 WhRth BXAIR.RaAla HoKANMPH@Y PR, an ar oyl group,
a carboxyl group, an al koxycarbonyl” group, an aryl oxycar &%yl group or an
ani nocar bory kentpiniptansesc hnasf R oarRainaylinoaaylkyl am nocar bonyl |

di al kyl am nocar bonyl or aryl am nocarbonyi. grou an oxo (= supstituent,
i Te dRERt e, Sh o o R s MR B R RSB s oup)
and phenyl groups bearing a substi buentg thgortho position, the para

position or both the ortho and thejjpar 1 ons, each substituent being

sel ected i ndependently from a hal-ég rlv a aR' uoroal kyl group (such as

trifl thrC?IJgéq{‘ m/sta)nces?ﬁ%fgflgl HOP, @ cgano group a egeiﬁgg&%mlis group. Each

of the electron w awl ng substituents can be 'sel ec I ndéependently from
t hese.indbmiendy kebeted fisAnGessen; JIIRH R alk ] sarslelcglareiR ' ioatkyl or
- CH( CH2F) CH( CH2F) - ;  CH( CHF2) CH( CHF2) -; - CH( CF3) CH( CF3)-; - CH2CH(CF3) -;
_ éﬁZ Clq(l@quj:d alky QépKt@piz]ps}ances_, @F@@q(qny Qf_@_ .18 _21@_]12@ pez)w_stances, at least
- mZ%B%PkW?@i%-éubst%%i 0)PRZGT instafiddd A& OI R De R is hydrogen. |
- CH( CF2F) Creci{ OB ( CHEDY CROCH{ CRIE2Y 7 26N CRa) P O er3) - ;
- CH2 Cle2:@hiq GF®)nces, bOHACHR CrieCiER)gen. 15 - CH2CH2CH( CH2F) - ; - CH2CH2CH( C( 0)
NR23R24) -; - CH2CH2CH( C(0) OR25) -; and o CH2CH2CH(C(0)OH)-, in which R20,
R21, R22 and -23 _|I( each independentl |Ir epresents hydr ogen or (1-6C)al kyl,
and R24 and R25 each independently rep‘gesﬁt/ (1-6C) al kyl .
N<

In certain instances, one of R! and R” is Rm; wherein R'? is hydrogen, alkyl,

substituted alkyl, or acyl. In certain instances, R'° is acyl. In certain instances, R' is alkyl or

20  substituted alkyl. In certain instances, R' is hydrogen.

0] RI10
%J\N%(N‘RW
@]

R10 . 10 .
; wherein each R is

In certain instances, one of R! and R? is
independently hydrogen, alkyl, substituted alkyl, or acyl and b is a number from one to 5. In
R1O

0
%J\N/\H/N‘RW

1
certain instances, one of R' and R” is R O . wherein each R'? is independently
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In formula KC-(111), n can be an integer from2 to 4. In certain instances,
nis tw. In other instances, nis three. In other instances, nis four.
201 n f or miDa20K®3(3sb1 ), R4 can be a residue of an L-am neCadisdosmBmse ed from
al ani ne, arginine, asparagine, aspartic acid, cysteine, glycine, glutam ne,
glutam c acid, histidine, isoleucine, |eucine, |ysine, nethionine,
phenyl al ani ne, proline, serine, threonine, tryptophan, tyrosine and valine,

or a residue of an, N-acyl derivative of any of said i no acids; or a
resi dUSASEeD: eyl PRI HEHIBL PSRV aln FEIAE REOT: SPF Aok HEIOKK rissi dues
sel ecteg i ndepgndently from 25al ani ne, arginine, asparagine, aspartic acid,

cysteing, gl yc,’{I ne, glutamne, glutamc acid, histidine, isoleucine,
| euci r'€, “NySime R'Pret hi oni ne, phenyl al ani ne, proline, serine, threonine,

t rypt ophagiga pyrosi ne, and yial i n r resjidue of a cyl derivative
thateof . Such a peptPaandn sarnf gaTorer abauterrbt i s oaerdn | engt h.
Exarrplsgsst@.jte(ﬂxlamyybr gkgnj vatives include acetyl, benzoyl, malonyl, piperonyl
or succinyl derivatives. 30ln certain instances, R4 is a residue of
L-arginine or L-lysine, or a residue ofOan N-acyl derivative of L-arginine
or L-lysine. WD 2011/031350PCT/ USZOlOL{LJd;LS 6_OH In certain instances,
in formula KC(111), when p is greater t ManbPne, then the R4 adj acent to
the nitrogdmceafain MsRB}éRde 48R Barrdeiidue &F ° LOar gi whereinoR "lis indspeneentlyn

certain instances, when p_i reater than one, the R4 adjacent to the

ni Pr o&éﬁr%f“fn,-aﬂf@s%"t?ﬁwwﬁellaiwggFﬁ@éd&fls EDMEPirera ogF (@) bg?%@ﬂhlﬁata{l%é, first
residue is joined t oat | east one additional L-am no acid residue sel ected
5i ndependent |y fromﬁ\lr ani ne, arginine, asparagine, aspartic acid, cysteine,
gl yci ne, gl utami ne,%g 9 acid, histidine, isoleucine, |eucine, |ysine,
met hi gnj 1 y|lal ankmeg proljne. serine, r | r rosi ne
and v%ﬁ%%gR (gﬁt 1esrn‘i nal resi dllxjxglgg n hells glgdﬁ%)%rgigg@glﬁ&grgg%hX%&ggg@glet%/vati ve
of anwliof, sueyl. ami no acids. In certain instances R4 is a dipeptide or an
N-acyl derivative thereof. In certain instances Ris a tr%gg)tigg Q an
N-acyl der iy 5¢a/R insHEFEoPne of B o3l B ol fiparingacyl| 9rpyp. seeh 3ssREOINR TR,

For mulyg, K6 EAdn 11 SROPORE ifd@BeRfent PIOPERFRAR W dPsHeRCAIRA. {RMuBOIIAGShd

al kyl , su st%ltut ed al kyl, “g‘?"?ﬁ gugst?t ut ed aﬁl&yfc,%ea’r yﬁgf iyl , subslt%ig’t ut ed
angl alakyll In hetsn oatdogs, osabBR | and Ritis he teviomckydrouh etdr oaCyO)NB IR, t ut ed

het eroaryl., hetero | al kvil,. and .substjtuted heteroaryl al k 1 Or, 5.

opt | ORI RAG ISR et He ITHEG HEY B e TORER: PP B BB 388 1 or m
a cycIaahﬁéa%ppgbhpclsu%%-@@?eki%w@'edy&y&ﬁ Rifetef0akWthd IR alkyl substitieger t ai n
instances, in formula KG(I11), R6 is selected from hydrogen; alkyl,

subst ivith @chrbdxic acidroylcarboyplgister ulreeramyinstapgey) elelof IR asd S tis aruaraihoacyl

aryl al kyl . het er 10ap380ST I t Ut ed. het er oal Kyl .het er oarvl - substitut ed
net er Gt Sater BAN ayr Tk €S An Rt o SFURB b ee S L er Lo

i NSt are®oxylRbadi® os@lrBstyeestéd om hydrogen, al kyl, substituted al kyl,

arylal kyl, substituted arylal kyl, 20heteroarylal kyl, and substituted ,

het er oar y| N Kk§irain [nstanees; B ar Rnsarameduwlatepgatef itepmenjeqylaricyclizafipni B or R

Aty ! | ain Lost . . |
cor t aht Soselitp e iuandleRbiRUADR, PRERSR] & bt Boltplte 11
i nst angese RRend R hrebethatardydgehk Yih cartais inbamtdsuREdr Ret@nméaseyinaldeytbn- | N cert ai n

instances, R6 is a side chain of an am no acid, such ag al gnine, arginine,
25as pAHHGTHENE SEPRQAR eleeiran-denating gheup. gnyertia ingansenadh e R gPowpE»s ¥ aci d,

higti Qiéaﬁonjvﬁﬁfd%h?grou{p.elﬁ?k&?&in {n¢&ihB&, R7BE R l&’&hﬁ%elaﬂf&?éyﬂoﬁld%ﬂétﬂ%gr%ﬂ i ne,

serine, threonine, yptophan, tyrosine or valine. In certain Instances, R6

is a si de_ taims and gmup.Lezqmb}{ﬂ:@f zﬁmicmLonmg@h ekestron wﬁtagiliane}ng smbatlitgbmt@s ae, well

L B R O e AT B b Aok Y Bl cfet G 0% bl TS
containing electronegative atoms. Such groups function to lower the basicity or protonation state
of a nucleophilic nitrogen in the beta position via inductive withdrawal of electron density. Such

25  groups can also be positioned on other positions along the alkylene chain. Examples include
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WO 2011/ 031350PCT/ US2010/ 031956 L-i sol euci ne, L-Ieucine, L-Ilysine,
L- met hi oni ne, L-phenyl al anine, L-proline, L-serine, Lthreonine,
L-trypt opwerzp1o3i3snosi ne or L-valine. In certain instan®e3/USRB0i031956

- CH2CH2CH2NH( C=NH) NH2 or - CH2CH2CH2CH2NH2. In formula KC-(111),
each Wcan be independently -NR8-, -0- or -S-. In certain instances, 5Wis
-NR8-. In certain instances, Wis -0-. In certain instances, Wis -S-.

I f | KC (1LY, h be._ i dent | h , | kyl
L oot T thet Ny foresppitns Romatho R BV or: (e Sptb i mraiginofleiiignand e
| ndepanlegidys 4 0aBHARTarr in LS RLATRY! B! Bir1BRICAAch PBRISS: o m 2

cycl ohet'eroz;?bkyl or 'substituted cycl oheteroal kyl ring. I'ncertain

i nst anovsecaibonybgneup fsukicay 4 tarpamg, alksylagdresgehonpk dalliydminpearbenyl ai n

i nstances, . R8 10i § hydrogen. In.certain instances, R8.is alkyl. In certain
| ot ancauminggerbahd i) R Do (20 St QS LBAARE Sy SR nus Etrn e

t oget heyr evhrhpletah @Ik 9 BBoupd attdpldhyl BiRyipabeariagAdaskti@nihethe ¥aho pediesahdkyl or
substituted cycl oheteroal kyl ring. In formula KC(I11), p can be an

i nt eg®araFRAsiioses bpdh the orthg andethe par@osdienpeaghesubstitignt bsingrskegiedt | y from a

si de | ] cl ol . i int. rom

one 150 riy g Bouf b8kl A Du6BEASL Bl RhERGE RO R AN DHEY Sl 7))

60, 50Q,cydfh g@0p a2da cabodfl.gréup. Each af the elestraneéthdrapingsubbiduentiOdgh bd n certain

instances, p is about 75. In certain instances, p is about 50. In certain
nst anfglested fndegengsptly from thess. certain instances, p is about 20. In certain

16t ances, 1 cLkiffiRthcdS- (R ARI A0 JONPRGESCHRCISERIRWELED, 10 cer tain

i
i
instances, pis a n certain instances, p Is about 8. 'In certain

i nst anCESCHP,ICH(@biFUT-; CHIAK:; K8 (Chish; 1CHAEHERS)-; S HCHHBbIR,)-206. I n certain
i

i

et Z2@@2%@@3E@ﬁz@%(lﬂfﬁﬂ{zéi—ﬁ@*ﬂﬂ>ﬁ§1§z§2@@2@H§C@N§Eﬁ#§>§ X ﬂdﬁii tain
. ] U 6 R adi
i nst a_ngggCng@(ﬁ@Q% @I%%H(tmm)ta@ég%%ﬁﬁ(m £)-R6 0 adj acent to

the nitrogen of -N(R3)(R4) is -CH2CH2 or - CH2CH2CH2CH2NHZ,
and an¢HadHEyCEheH (KRB Foan (bl CE: S iITe H e -6 CHtECFHo-; acHCHr(dd (feddent | y

selLect ine i R agi ne, i tsd, 25cyst ei ne,
gﬁéci ngﬁzg%@g@lﬁg)thﬁgﬁ?@{Q@ﬁ iEi fs"t ?dlﬁ@@@@&@?(ﬁ% T %rllfgi ne, |ysine,
met hi oCHIEH,OHEND)BIBNiif &hidhOT | e, R ahd RE, eath ikiepérdent] fe}bﬁﬁs@flﬁb aydropt 0si ne
or valine. I n ﬁf4or mula KG(I11), R7 can be sel ected from hydrogen,

al kyl or§li6salexl g B ryd R gach indgpgadentdyeagsesy (1-6@lalgkycar bonyl ,

Substl Lt YR oSl ke Ml iy o,
or sulslidrinstadeaays thréen Ia @tHedimstannsd, ancresy. R7 i s hydrogen. | n certai n ’
gt ances: Rk, B 5 be 3 rbidut ot AN § S aming acidsefoeted foom anime, Ut &
arginine, asparagine, aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine and valine, or a residue of an N-acyl derivative of any of said amino acids; or a residue
of a peptide composed of at least two L-amino acid residues selected independently from
25 alanine, arginine, asparagine, aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine and valine or a residue of an N-acyl derivative thereof. Such a peptide can be from 2 to
about 100 amino acids in length. Examples of N-acyl derivatives include acetyl, benzoyl,
malonyl, piperonyl or succinyl derivatives.

30 In certain instances, R" is a residue of L-arginine or L-lysine, or a residue of an N-acyl

derivative of L-arginine or L-lysine.
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WO 2011/ 031350PCT/ US2010/ 031956 acyl. In certain instances, R7 is acyl. In

certain instances, R7 is substituted acyl. In certain instances, R7 can be

acetyl, b&ozowlo3i3sal onyl, piperonyl or succinyl. Fornml aCKTs10)30@sepounds

of formula KC-(1V) are conpounds of forrmula KC-(I111) in which RS is

5sel ected from (1-6C) al kyl, (1-6C) substituted al kyl, -(CH2)q(C6H4) - COOH,

-(CI—|2)q(CGH4) COOCH3 and - (CH2) g( C6H4) - COOCH2CH3, where q i's an integer
R4 is an L-

fromone t is 2 or 3; i dr ogen;

ootl do° wleFtaif mshefes i oemndC DO PREER oae i g, ApaRe REbdading | s

COMPOSh UHHASAELK(RHINE' Y ERaRhe STDORLRRRIY DAy @er&%@éﬂﬂ&s%h&% mul a
i Qo o

KC- ( X represents a resj a ket one-contai ni ng

opi 0| ds gighier gian on«héheth adjg@rmt bzttbmntﬁtog@h ef etk é@ﬁobmﬂ mgjdenof L-ergyrioapr bf t he

iors, e ENRT Sl BT R G bl e T piE el
- ( SH2)isdepbitfeht] P& alamﬁ@"ﬂélﬁ{n@i‘d@hra art@&dld- éﬁ@ﬂé} (gg@h'ﬂ:)

where g is an Integer fromone to 1 each i s 1 ndependent Fy sel ect ed
fr om wHrBesid, hiskgine, isolsy¢ing. d@weaméwe maﬂmmnes pbenyilalytiag paeline, seai@gl | and

an no%ﬁ:ry)%m% t{yl}l)ttogga t&%@ﬁl@ Vhl?rfognﬂ'%ggﬁﬂﬁy éf}{d&e fe(ﬁé ﬁ%tlde%gﬁ Qy 915 ROK 1

al kyI and am noa

or Rl daridatR2 of @gﬁbﬁﬂ]’ch\&tﬂuﬁb ﬁ(hés darchanintiostmitecR* Isrmyp@tﬂea)t wadhagl f or m a
cycl oal kyl . or substituted. cycloal kyl grou or two or . R2 groups on

adj ac&lgtivativerbeiect drsertaip instanses Riilt tripgrtidepnggN &fﬂr@ﬂtf@l%ﬁ@ﬁ% hey are
attached, forma cycl oal kyl orosubstituted cycl oal kyl group; nis 2 or 3;
25R3 is hydrogen R4 i9 rgsli due of an L-am no acid selected from
al ani ne, arginine, asparagin Sp j7c acid, cysteine, glycine, glutam ne,

gligt am c aqheomfmﬂ(cd@m)a,wl@ol e®€i nB, | eucine, |ysine, nethionine,
phenylalanlne proline, sering, threonine, tryptophan, t r05|ne and val i ne,

or a resi du fmukhKQ-@Hyeagek| %’t'?e\ﬁéd‘%ﬂenwl}’cﬁﬁ e§tﬁflc§f0§rﬁ1 gk a&yl.or a
d | t
esi 45, Gl BRRE LR SAINAREE-B1, R, P01 A3LER0RET FROLOL0S 1080 Al | cas

two L-amno aci ues sel epen an| ar gi ni ne,
aspar agtengkydstpaerbagl, achsituted/ séteiongy], Igteyadrpialkyylaut anbslaa;tecghe.témmwnﬂaﬂ; ok,

Cer i nEPROHHEQR! A RI KEptepiR e gk Fsh R deyars hoiish tam serageapakr
N1gCylor dg8stinAld ¥R1SHARYEREY] ring.

In certain instances, in formula KC-(11I), RS is selected from hydrogen, alkyl, substituted
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl,
heteroaryl, substituted heteroaryl, heteroarylalkyl, and substituted heteroarylalkyl. In certain
instances, R® is selected from hydrogen, alkyl, substituted alkyl, arylalkyl, substituted arylalkyl,

20  heteroarylalkyl, and substituted heteroarylalkyl. In certain instances, R® is hydrogen. In certain
instances, RS is alkyl. In certain instances, RC is substituted alkyl. In certain instances, R is
arylalkyl or substituted arylalkyl. In certain instances, RC is heteroarylalkyl or substituted
heteroarylalkyl.

In certain instances, RS is a side chain of an amino acid, such as alanine, arginine,

25  asparagine, aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine or
valine. In certain instances, R® is a side chain of an L-amino acid, such as L-alanine, L-arginine,

L-asparagine, L-aspartic acid, L-cysteine, L-glycine, L-glutamine, L-glutamic acid, L-histidine,
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50r a salt, hydrate or solvate thereof. In certain enbodinents in
Formula KC-(I1V), R4 is a residue of an L-am no acid selected from arginine
and | ysi n®02011/03135bn certain i nstances, in formula KC ( PUrjuss#ien3fRéde i s a
pepti de conprising nore than one am no acid, then the R4 adjacent to the
nitrogen of -N(R3)(R4) is a residue of L-arginine or L- 10lysine. In
certain instances R4 is a dipeptide or an N-acyl derivative thereof. In

certain. i nstan R4 is a.tripeptide o n cyl deriyvatjve .thereof.
T CorrisP RSB TR S oo HIP G gact [hen i i o Pa L GG N oyl

deri vahie¥gint Neu§Pbphdd) LGS dsplebrilnedigeces, R4 is a residue of an N-acyl
derivative theréof, Wnere the N-acyl derivative is substituted, such as,

but not | i ficethin mstarmactSQRylls é@ﬂz@ﬂﬂﬁ (C=DEhbimera€HKCH @)IzCHzNHz Corrpounds

Ot ypol mc diForintle RESQfip AR Cunille i e@@%ﬁhentlt‘/s R pisamiE o nafies.

prsserwlmm%dl mmrﬁaupfn@t\ah&ﬂ@ Wfsoopomrt@fn ihaameek awke-4-v) © 20 N R3 1 R4
(KG (V) X represents a residue of a ket one-contai nin

opi oi d, whén é@rﬁmﬂmKCh(gH} @g@hRa%lrhedfldqméd@@ryrlwéwﬁa,u eyl errbptitated o 8@191 t he

CeLon L ERLEREE oDip BB Enke AP LepBh B CEL RN Y

aryl althkayl are abgdeda"mdn s upﬂbhdtubeldiymMubsteateh cﬁtlohaemmldi@nemgjent ly sel ected
from hydr Y certzgrll l1(ns|tancessu PnsgolrrtmlilltaeIgC a(lhﬁyii is hy)élro’gersl %lr)aslltklyi[ uItnecgcirtz%ranlls’tanacgg/ lRS and
am noacyl ;

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

In formula KC-(III), p can be an integer from one to 100 and each R® can be selected
independently from a side chain of any amino acid. In certain instances, p is an integer from one

15 to 50. In certain instances, p is an integer from one to 90, 80, 70, 60, 50, 40, 30, 20, or 10. In
certain instances, p is about 100. In certain instances, p is about 75. In certain instances, p is
about 50. In certain instances, p is about 25. In certain instances, p is about 20. In certain
instances, p is about 15. In certain instances, p is about 10. In certain instances, p is about 9. In
certain instances, p is about 8. In certain instances, p is about 7. In certain instances, p is about

20 6. In certain instances, p is about 5. In certain instances, p is about 4. In certain instances, p is
about 3. In certain instances, p is about 2. In certain instances, p is about one.

In certain instances, the R® of R* adjacent to the nitrogen of —-N(R*)(R") is
-CH,CH,CH,NH(C=NH)NH, or -CH,CH,CH,CH,NH,, and any additional R can be a side
chain of any amino acid independently selected from alanine, arginine, asparagine, aspartic acid,

25  cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine or valine.

In formula KC-(III), R’ can be selected from hydrogen, alkyl, substituted alkyl, acyl,
substituted acyl, alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl, and
substituted arylalkyl.

30 In certain instances, R’ is hydrogen, alkyl, acyl, or substituted acyl. In certain instances,

R’ is hydrogen. In certain instances, R’ is alkyl. In certain instances, R’ is acyl or substituted
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WO 2011/ 031350PCT/ US2010/ 031956 each R2 is independently selected from
hydr ogen, al kyl, substituted al kyl, aryl, substituted aryl, acyl, and

am noacylwoan1iR31#nd R2 together with the carbon to whi eaTiuseyr0as®s@t t ached
forma cycl oal kyl, substituted cycloal kyl, aryl, or substituted aryl group,
or two R or R2 groups on adjacent carbon 5atons, together with the carbon

atons to which they are attached, forma cycloal kyl, substituted

cycl oal kyl., ar stitu aryl .group; is.an i r from?2 to 4;
el Q3 Bt iy g RS A B R GHRL 0 iy SubpB et SE] 10 SR ac o or
sol vatigiddeey, @@fcan b8 af I B0 CraMny1, Bhpersnyd of SeRiiyn- ¢l eavabl e moiety. A
trypsin-cleavable noiety is a structural noi ety that is capable of being
cl eaved by Horydi KC-(IW) certai n i nstances, a trypsincl eavabl e noiety

AR R R A Y S Lo

I NSt areRcted hemp(rla@@)eﬂkﬂoue@(y) fbRithedallasiCHRIGHY) -ComH e(@ﬁz)gcgm)a char ged
noi ety at physiological pH 1n certain enbodinents, in formula KC—(\/),3 R4
is - @EI@F@&)( )7 abls)- %@C&zﬁ%ﬁh%ﬁrl@%ﬁﬁ@eafrgmedﬁépnn B2 A &1 no
acid I pat Y [ 4 to be
ot rygéﬁd@?%aéa ) it A5 fCHRE, PlorP bR, S5 Bl PP

been 20wkt &r et dfrltsmompotlhen agiebs] tha pecsbiyt embdidfmard promide patotripalind of
substitution, honol ogation, truncation, or a change in oxidation state.

For efampt %KC(@ forma trypsin-cl eavabl e noiety, R6a can include, but is

not limted to, a side chain of Iy 2ne (such as L-lysine), arginine (such
as L-arginine), honolysine, h(ﬂ@a and ornithine. O her values for
R4 include, but are not |inite /n I'nine mmcs, arginine 25honol ogues,

angi nine truncates, arginine w th5 var w Ng 19X |(f{a)t)| on states (for instance,
nmetabolites), lysine mmcs, |ysine honol E)gu | ysi ne truncates, and

| ysi ne wi t wheatiyi ng oxi dation states (for inst ance met abol i tes). Exanples
of argining and |ysine. mncs include aryl guanl (ﬂl nes | am di nes

(substit ut gﬁre@éqg.glgﬁ.pa?%ge)o aﬁ@m»[cgmaﬁggg opjpyl wherein t’he%y rogen atom of the
(bi cyehalghohdig %ﬁél@@ %b? IRURANAH 6180 b PE EdWaRnk B65d e @RiR’- VO

2011/ 031350PCT. U8201 1956
(C(RHR))-NRR™;
15 R is selected from (1-6C)alkyl, (1-6C) substituted alkyl, (CH;)q(CsH4)-COOH, —
(CH3)4q(CeH4)-COOCH3, and -(CH»)q(CsH4)-COOCH,CH3, where q is an integer from one to 10;
each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
20  substituted aryl, acyl, and aminoacyl;
or R' and R? together with the carbon to which they are attached form a cycloalkyl or
substituted cycloalkyl group, or two R' or R* groups on adjacent carbon atoms, together with the
carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl group;
nis?2or3;
25 R’ is hydrogen;
R* is a residue of an L-amino acid selected from alanine, arginine, asparagine, aspartic
acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine, or a

residue of an N-acyl derivative of any of said amino acids; or a residue of a peptide composed of
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In certain instances, in fornula KC(V), R6a represents

- CH2CH2CH2NH( C=NH) NH2 or - CH2CH2CH2CH2NH2, the configurati on of the carbon
atomto WNDCh11R31358 attached correspondi ng with that inpram/us2@wiossaci d. I n
formula KG(V), R7a is selected from hydrogen, alkyl, substituted al kyl,
acyl, 5substituted acyl, al koxycarbonyl, substituted al koxycarbonyl, aryl,
substituted aryl, arylalkyl, and substituted arylalkyl. In certain

i nstances, R73 is. an inq acid or..an N-acyl .derivative of an am no acid.
0ot R g dmisbac Rt S Rlesthi et aRtitly 4051 wiBhe v Boidae o

pept i dgparibsti€ dybRiReplLide, RIS gﬁltégﬂi% abR, ARdiA8) M RGdfevaid, Migee each
am no acid can be sel@cted independently. In certain instances, there are
one t ondlioaimE ngheagliatiginenprolise, pepnd, taeonine, devptaphan, IPiopiat and eglinetdiarresidyee one
to 90,O grcl) _7C0 6r0vat.§0 e4606,30, 20, or 10 amno acids in the peptide. In
certaif‘q |%?%§%é, ltﬁg}é é’re about 100 amino acids in the peptide. In

cestai n i nsk arREIEhydidesSsoRfae dbRYE. 75 amino acids in the peptide. In
certain instances, there are about 50 amnp acids in the peptide. In
certai n i ndt apiéas embpdimentsria Fappue K& (Bhi Rolsacietidus of anhle-apiin acid selggied

certaig,l 1 t.here are about 20 amno acids in the peptide. In
certaifﬁéﬁgﬁﬁﬁgﬁlyglﬂgre are about 15 ami no 1l5acids in the peptide. In

certai n i ndh antas jnstanesseirpfoemahdiC-(IN), aibmB”* &cd piptida comprigieptriodethah one
certain.instances, there are about 9 amino acids in the Pepti,d_e. In certain

i nst afEBY0 a%ifdhen the & dBGentdo dirimsogeaidsNR e I ftidye of Mrivgignear
16! 20665, 1hIEAEnHFaRBOR! ish BRI F AN A1 Hl1vBEPHART. et Abdlnces

€
nstanc4es, there are about 6 amno aci peptide. In certain
nst alasa tiifeptide ar & Wboyt debivanvethemof.ds in the peptide. In certain

[
[
[
i nstances, .there ar bout .4 _am no iﬂé 0.in the tide. |n certain
| nat ances, 10 igen BBodBBils i Faf KReR3: Rnisaie il v aF deBviin
| NSt ang@sof. T 8ELIRIREAPQUR' % ARkiaRe apwﬁ-dc?l IR aREPIERST, Wi @B INLLEY]
i nstances, there is about 1 amino acid in the peptide. Particular conpounds
of i ntderiggfive iasubsgaitads sush asopur apekmyed o, aradwiys cinfier eof , i ncl ude:
oxycodone s %N— ':@ | <:N-(2-N -acetyl argi nyl am no) ) et hyl carbamate: , CH3 25
h;i rocodon?o m(‘K‘fe %ﬁw N-(2-N -acetyl argi nyl am no) ) et hyl carbamate: , CH3
oxycodone @duipomthyt folin(1d K4 vk Ryph@banddyf dsiniod KEL (11 Gewhiah Rt s a , CH3
CH30

trypsin-cleavable moiety.

In one of its composition aspects, the present embodiments provide a compound of
formula KC-(V):
j\ R' R?
X R°
ARG

20 R R*  (KC-(V))

wherein:

X represents a residue of a ketone-containing opioid, wherein the hydrogen atom of the
corresponding enolic group of the ketone is replaced by a covalent bond to -C(O)-NR’-
(C(RH(R?)-NR'R;

25 R’ is selected from alkyl, substituted alkyl, arylalkyl, substituted arylalkyl, aryl and
substituted aryl;

each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

substituted aryl, acyl, and aminoacy];
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NNHNHHNAN HHNIr.rOH O O 5oxycodone
6- (N-5' - car boxypentyl -N-(2-N -acetyl argi nyl am no)) et hyl carbamate: WO

2011/ 031380RCT/0383010/ 031956 hydr ocodone PCT/US2010/031956
6- (N-met hyl - N- (2- N - mal onyl ar gi nyl am no) ) et hyl car bamate: , CH3 wher ei n
the amno acid residue is of the L configuration. The enbodi nent s

provi de a pharmaceutical conposition, which conprises a conpound of general
Formula KC-(1). 10 KC- (I or. a pharmaceutically accept salt thereof.
The embodi At &' pribvpaaddstisnai el B B csamibed eRSRCRGEHTER: E3hpr i ces
conmpoupekkaed ageneyahndahinehas, KC-(111) to KC(V), or a pharmaceutically
accept abl e sallt thgreof. ' The enbodi nents provide a pharnmaceuti cal
conposi ti or Raand R” tegether vétd the cobpotendhidh thel agedtankedfonmatdyeloatkiyan a
conmpoun f _general Forml a C- (1) to KC(L1)10r,a pharmaceut i cal
accep tsggﬁtlgutgcgﬂc??aﬁlgpe%?ﬂ%r su%sgtute(d z?ryl group, oﬁr tw)) R 'orR gR)ups on agjacen(fcarbgn
5  atoms, together with the carbon atoms to which they are attached, form a cycloalkyl, substituted
cycloalkyl, aryl, or substituted aryl group;

n is an integer from 2 to 4;

R’ is hydrogen;

R* is a trypsin-cleavable moiety;

10 or a salt, hydrate or solvate thereof.

In formula KC-(V), R is a trypsin-cleavable moiety. A trypsin-cleavable moiety is a
structural moiety that is capable of being cleaved by trypsin. In certain instances, a trypsin-
cleavable moiety comprises a charged moiety that can fit into an active site of trypsin and is able

15  to orient the prodrug for cleavage at a scissile bond. For instance, the charged moiety can be a
basic moiety that exists as a charged moiety at physiological pH.

In certain embodiments, in formula KC-(V), R* is -C(0)-CH(R*)-NH(R"*), wherein R®*
represents a side chain of an amino acid or a derivative of a side chain of an amino acid that
effects R” to be a trypsin-cleavable moiety. A derivative refers to a substance that has been

20  altered from another substance by modification, partial substitution, homologation, truncation, or
a change in oxidation state.

For example, to form a trypsin-cleavable moiety, R® can include, but is not limited to, a
side chain of lysine (such as L-lysine), arginine (such as L-arginine), homolysine, homoarginine,
and ornithine. Other values for R* include, but are not limited to, arginine mimics, arginine

25 homologues, arginine truncates, arginine with varying oxidation states (for instance,
metabolites), lysine mimics, lysine homologues, lysine truncates, and lysine with varying
oxidation states (for instance, metabolites). Examples of arginine and lysine mimics include
arylguanidines, arylamidines (substituted benzamidines), benzylamines, and

(bicyclo[2.2.2]octan-1-yl)methanamine and derivatives thereof.
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General Synthetic Procedures for Fornmulae KC (1) to KGC(VI) 15A
representative synthesis for conpounds of Fornulae KC- (1) and KC-(Il) is
shown i n wbeofa3hisei ng schenes. Conpounds of Fornul ae KEcriusky1ow0s198C- (VI )
can al so be synthesized by using the disclosed nethods. A representative
synt hesi s for Conmpound KC203 is shown in WD 2011/ 031350PCT/ US2010/ 031956
Scheme KC-1. In Schene KC the terms R, R2, R5, and n are defined

1,
herein. The terns. PG and P& ar 1 NQ, protecti o) -1 5
o Cehem Recd i eigan desge K 40k Bt gyt OB N o
mat er i-@&cﬁk@ﬁ%@@}ﬂﬂ%kﬁé coﬁﬁgﬁﬁﬂﬂﬁofﬂ@@@@rb%ﬁ@téﬁ?t&%ﬂi%ﬂ@giiszﬁ%c}{écﬁ a variety of

different synthetic routes using comercially available starting materials
and/ orcogesponding witht that inlag Lparejparasl. by conventional synthetic nethods.

ith i d . h - ' d
the am o o BB L RFE Eorb i ieDn s et A P G 8T 8 i no

Pr 6t eclibdiguted Aty Salk A Aoy 0§uelituitd QOXYPELERN, £, bbdntiddaryl, aMi{kpenrl and
P. G M Wits, "Protective Goups in Oganic Synthesis", Fourth edition,

W | ey subgifptsdpylaplade In cepiniistaneasi Be iaas poinerasteetanhyagylsiepsativecdf@be, but
are nqt..limte - £ PUPS; I . I .

ar oupari Pl s Bihoes ¥ BT el or A RPRcriYaRYe BRI oPeBli Wikle

t ert - bt popyidacdapsises EBoe) 10karyinoatide xyd ahbereith ghoopeid cnde salected

benzyl oxycar baonyl (Cbz). and 9-fl uorenyl met hoxycar bonyl (Fnpc); aryl nmethyl
group égd@ﬁ@?ngg. BE‘FF’ZVFH ](ngﬁ?(,test tlhplieyeqre P t)o,SOMno acids 11 the peptide. In certain
11d-dis (4 = 6o Sh! r iy ifyl (TMS)
gt e AsE T SRS (Y 30 D PrIO M SR E IS e
PG ardrtiGnsaneeBorergrewpsut 100mdhine acids inghe peptiiendn Boti? hsgnoaspthenmare

Conmpoupd 01 can be found.jn G eene.and Wits. One, nethod.is reactjon of
CompodRAUKEIGTMGATHS t F BFRd5y G PTG P BORER BErorHE S aRCD RIS & DB Ponal | y
be rumepiidd NE cBRARENEM RS, e FClabY@ALANENIAS 8RS irSHE PepfleDYNertain instan¥¥st h
continued reference to Schene KC-1, the carboxybenzyl group on Conpound

KC201 these degpboniedft aminp gcids imthepapioden dn kG202 insGuael, thegnaretabonteldraneing he
caktboxybenzyl . 2011/ 031350PCT/ US2010/ 0319 roup .can be found.in G eene
and it o il pbiicey 31 B A TR A5 hBRgR B BHRERh Bt A dhenol yoi <

of CorspAaintndndes! titdie hic@BHIMENIMDD 2CRITMO the he S0 In \ekitdin iBtanced) éhdt@tulrod t o
remove the carboxybenzyl group is reaction of Conmpound KC201 with hydrogen
and pabped Ao 3gKds [ B8 MePtfse dn caftap dptacey thoehagabret 1amiog apids HHtRC202 i s
react i / . i i t forns
oy P dpRaRaR R ke herEL AR it elids 1R EE RO dhicb-RAAERE, " 001
act asheebstabbut £sminoracplids geneptidlcln cagtaidiiphasgenkere aret abophbamingeicels

A representative synthesis for Conmpound KC302 is, shown in Schene KC-2. In
SeHemdn 5 PEPid elncSppg IRancey. thege ,arepéou gnHoAcKs defhepeatifie e ritairhe terns

PG a@l@stffl@gs,%&e T BBut? fholdRY ilgf%%ﬁtidesclh%@ﬁaiﬁq:ﬁs%ances, there is about 1

amino acid in the peptide.
Particular compounds of interest, and salts or solvates or stereoisomers thereof, include:

oxycodone 6-(N-methyl-N-(2-N’-acetylarginylamino))ethylcarbamate:

|
25 :
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In Schenme KC-2, Conpound KC300 is a commercially available starting
material. 15Alternatively, Conpound KC300 can be synthesized via a variety
of differwot2osya3tdseti ¢ routes using commerci al |y avai | alpCe/tst@oos1vge
materials and/or starting materials prepared by conventional synthetic

met hods. Wth continued reference to Schenme KC- 2, Conmpound KC300 is reacted
wi th Conpound KC203 to form Conpound KC301. In this reaction, the

enol at e of 00 r t O with . the acyl chloride of Conpound
KE203 ot S MEOtTE R Iy SE: Rod s OO s I S o reste . Wi
continued reference tocBghene KC-2, the protecting groups PG and P& are
removed from Conmpoups KC301 to form Conpound KC302. Conditions to renove

am no groups can bp,nd in @Qﬁrre and Wits. Wien PG and P& are Boc
3 a

groups, the prote qQr oups ¢ removed with acidic conditions, such
as treatnment w or oacet i BHasj d. 5A representative synthesis for
Conpound KC402 ShOnm nOScheneHKC.S n Scheme KC-3, the terns Ra, R,
R2, R5, R6,pciK a en ape -g Nj%ek The term PG3 is an am no
protecting group Schenme KC- 10In Ene KC- 3, Compound KC400 is a
commercially avail abl e start? Qrial . Alternatively, Conmpound KC400 can

be synthesized via vari e Qlf synthetic routes using

comner ci al [%FYeRANE QgNemgﬁhﬁf' ﬁ“& L?’ly %mélﬁ IB’S Jetyleabamiterat er i al s
prepared by conventiongh synthetlc met hods. Wth continued reference to
Scheme KC- 3, Conpound ‘KC302 reacts with Conmpound 15 KC400 to form Conpound
KC401 in a peptide pdupljng reaction. A peptide coupling reaction typically
enpl oys a conventibpalpeptide coupling reagent and is conducted under
conventi onal cao# yction conditions, typically in the presence of a
trial kyl am ne, hyl @l sopnppylanlne or diisopropyl ethyl am ne

(DI EA). Sui D I aq é/ﬂé or Huse |nPhude by way of exanpl e,

car bodi i m d€sS, such as eth N yl anlno)propylcarbodllnlde
(EDC), dlcyclohexylcarbodlonlde UﬁCC lesopropyIcarbodllnlde (DI C) and
the like, and other well-known cmupllng reagents, such as WO

2011/ 031350PCT/ US2010/ 031956 N, M- car bonyl di i ni dazol e,

2- et hoxy- 1- et hoxycar bony1-1, 2hH|h¢§rqu|noI|ne (EEDQ),

benzotri azol - 1-yl oxy-tri s(di met hyl'am no) phosphoni um hexaf | uor ophosphat e
(BOP), 0- (bxyakRREBZNL 5L AARKyHenY )NJ‘cb.JN McHyla!}gmgﬁhﬁﬁa?étm&dfﬁﬁﬁawm
hexafluorophosphate (HATU) and t I'i ke. Optionally, well-known coupling
pronmoters, such N-hydr.6Kysucci ni He, 1- 5 hydr oxybenzotri azol e ( HOBT),

1- hydroxy- 7- azabenzgty i azol e ( N, Ndi net hyl am nopyri di ne (DVAP) and
the like, can be ep ped in this reaction. Typically, this coupling
reaction is congug erature ranging fromabout 0 Cto about 60 C
for about 1 to égg} pours Jin an inert diluent, such as THF or DMF. In
certain instancgs; "-und C302 acfys with Conpound KC400 to form

%?d 10 DIEA i n DVF.
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Wth continued reference to Schene KC-3, Conpound KC401 is transformed into
Compound KC402 with renoval of the am no protecting group and addition of
an R7 growp.20iwn3csnt ai n cases, the ami no protecting groRPTIGS288/0a19d6 r enova
of the am no protecting group is optional. 15As discl osed herein,
representative am no-protecting groups include, but are not limted to,
fornyl groups; acyl groups, for exanple al kanoyl groups, such as acetyl;

al koxycarb roup t ut X

Byt et ool P 8 R SR R s C b eand
9-f|uoreny|nethoxycarbOHyI (Frmoc); aryl nmethyl groups, such as benzyl (Bn),
trityl (Tr), and 1, LMi- (4" -nmethoxyphenyl)nmethyl; silyl groups, such as
trimethylsilyl 20(TM) yand tert-butyldinmethylsilyl (TBS); and the like. In
certain enbodi nen , is a Boc group. Wen P& is a Boc group, the
protecting gro @ enoved with acidic conditions, such as treatnent
with trifluoroage 8 . CH,4 dn certain instances, the R7 group is
added to dy 01. CCOQQLLLQn foE itppn of R7 depend on the
identity of R7 and are knoyin t© tNos§ sKf11@d in the art. In certain
instances 25R7 is an acyl Qroup, sucH asOacéyl, benzoyl, malonyl,

pi peronyl or succinyl. hLANUI derivatives of the conpounds of fornula
KG (1) may conveniently be preﬁ by acylating a correspondi ng conpound
of formula KC-(1) using an a oprg ate acyl ati ng agent, for exanple an
anhydride, such as acetic anhydride (to prepare’an N-acetyl conpound) or an
aci d hal i dexyddi@né 6aBt methyl-5-QON\ erti@iiiny10eind P (Rechetliyl NrcarpogaritEd- of a
non-reactive base, for 30exanple a tertiary amne, such as triethylam ne.
ConverFEAmidodletitasbanitsude ami des, such as WO 2011/ 031350PCT/ US2010/ 031956
di et hyl formam de. Th@ngnperature at which the reaction is perforned is
conveniently in the gdnge of f%iglo to 100 C, such as at anbi ent

t enper at ur e. g ontin Oreference to Scheme KGC 3, renoval of

ot her protecting puRs _can be| perforned if other protecting groups were
used, such as { gr oup¥ esent on the R6 5noiety. Conditions for
renmoval of othe ng @mo ps(gepend on the identity of the protecting

group and o & S Kill | the art. The conditions can al so be
found in (}eene and VWts ed in nore detail herein, the

di scl osure provides procesees and”in ermadlates useful for preparing
conpounds of the present dlsclosmme or a salt or solvate or stereoisoner 10
t hereof. Accordingly, the presen f scl osure provides a process of

prg paring a conpound of the ﬂbese di scl osure, the process involves: 0 CIN
5 H3C-0U0, wherein PG and P& are am no protecting groups.

Accor diaadiy (i aSi836HAREH of theTOESHIEREALh, herein, the present disclosure
provi des a 15process of preparing a conpound of t he present disclosure, the
process i nvdkwebodiments provide a pharmaceutical composition, which comprises a compound
of general Formula KC-(I) to KC-(II), or a pharmaceutically acceptable salt thereof.
The embodiments provide a pharmaceutical composition, which comprises a compound
10 of general Formulae KC-(III) to KC-(V), or a pharmaceutically acceptable salt thereof.
The embodiments provide a pharmaceutical composition, which comprises a compound
disclosed herein other than a compound of general Formulae KC-(I) to KC-(II), or a
pharmaceutically acceptable salt thereof.
General Synthetic Procedures for Formulae KC-(I) to KC-(VI)
15 A representative synthesis for compounds of Formulae KC-(I) and KC-(II) is shown in

the following schemes. Compounds of Formulae KC-(III) to KC-(VI) can also be synthesized by

using the disclosed methods. A representative synthesis for Compound KC203 is shown in
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, Wherein PG3 is an am no protecting group. WO

2011/ 031350PCT/ US2010/ 031956 In one instance, the above process
further iwoabuiasgpsbhe step of formng a salt of a conpokaa/uskoiioa19ps esent
di scl osure. Enbodinments are directed to the other processes descri bed
herein; and to the product prepared by any of the processes described
herein. Trypsin Inhibitors 5The enzyne capabl e of cIeaving t he

enzymt | cal ayabl e iety of ket - difi ioid_prodru an be
oY orshSge KT By &drl%é R Re Boaydb el diofine Thagmbe s o
gastrghapgsg¢gﬁgnn6§hhea{ s: €., a gastrointestinal enzynme, or a G
enzyne. The enzyne can beée a gest|ve enzyne such as a gastric, intestinal,
pancreatic or brush border enzynesehﬂ%mEﬁht of G n1crob|al flora, such as
t hose i nvol ved— neptic cly psin, such as
pepsin A or pepsin B, a trypsin; a chynDtrypS|n,,Oa% Lastase; a
car boxypepti dase, such a ?gggoxypeptidase A or gggﬁggépegﬁqdase B; an
am nopept i dase epag ﬁHtLdase.N_o ean-aop an
endopept i dase; xopept i'dase, & di pepti anlnopaptldasg sjuch as

i 1 pti dase I'V; a dipeptidase; a trlﬁggt or an
ent eropepti dase. |n certd@0@nbodi nents, the enzyhe2lls a cytoplasnic
protease | ocated on or 15in the @ brush border. In certain enmbodi nents,
the enzyne is frypsin. Accoudingly, in certain € n?pgbnents thhe

correspondi ng conposition i adni 'stered orall thedgatlent. The
di scl osure proyides for aHd Gﬁ_éﬁﬁprlwl N£%3~ i nhi bi tor

Such an inhibitor can inhiRbt a&Gdeast one of anypof bae Cﬂ enzymes

di scl osed herefn. An exanpl ep«;@t)za G enzyrre |nh| b| Ghsl's a prot ease

i nhi bitor, such—s . 0 term"trypsin
inhibitor"” refers to any agent capable of |nh|b|t|ng the actlon of trypsin
on“a substrate. The term"trypsin inhibitor" al so enconpasses salts of

trypsin i nhihBehéh&KCTheaaiiduintl K@F0030a ag@ferdiflly ARiIRbIE staftitpShitegan be
measur ed u5|n? assays well known in the art. For exanple, in a typical
/]

assay Alsreatiyaiy: ComppehBRag0 ean bneynghepiaed viefa viapRiyb iddierepzynihede taadest he
trypsin i AEE- U). One
ote (R Sl ey Ao SRRERN i R BUAE G IRE mfRLAL B BAREC Doss o
by 0. Qeﬁvdmabnmspmhetlcamembﬁg 6 and 25C See, for exarrpl e, K Ozawa, M
Laskowski, 1966 3955 and , 1976, Meth. Enzynol.
480 700. | Wik F%qrweii FF‘sf?raﬂ‘E?etQ Scaem? 5&#@%th@2%1§ Prefecdehtitheyimimoan
activ he 51
pocke?“ﬂ%§8§%53§% ?g@%KﬁggP&ﬁgxaﬂigﬁ%ﬁggﬁﬁg%?%?gy&ﬁabéﬁ{ 05|t|vIP?£charged
nnletpnxahﬁgsﬁbqnpmnbeﬁbmxha]hyd(bphwbmdlBdetmﬁum,Tﬁenﬁnan@asmsetprovides

for sp le] itor C serjne protease

o birgree SvigtBen Touah sduperT R o, et 806 REShishse Batie Rk i1 ypsi n

i nhi bigkQrps ﬂfc@ﬂi@"bhtrhr& H@t 18hited @OFdMm! &f‘g&%Q%SS REeAIdkbifpst Rr bXMRSIE AIKARGY 1 LAQFR, t hat

i nhi bit trypsin and ot her proteases such as chynotrypsin. The di sclosure
prdvi deeh amce'ryil wﬁmxrycarhhmb igrowps, uhlaps @rebytexicaibnsyl (Bepk: |adé@ethanﬂ:asbmlyl

nDIecuIes sure ldes f Fedd i |nh| re

7 ov iy LR ahbif BRCERSRR IR Een & it BT Sre NSl Fol BT BB es

Sf or tg'fé'lﬁﬁl gmch labbaiztyp(rsiq)t thigy1 (ﬂff)ealﬁDmDQﬂiJ(l 1rﬂc&hd>;{yibhai3llﬁﬁe&hylnﬁﬂd gamp@tgut:h ve

i nhi bitors, unc%%$et|t|ve i nhibitors. The disclosure provides for

nat ur & trlrgg'ftht/lﬁéyh (@ MY) agd fgrt-bytyldimethylsily,dH N andrheliker s .

In certain embodiments, PG' and PG* are Boc groups. Conditions for forming Boc

20  groups on Compound KC201 can be found in Greene and Wuts. One method is reaction of
Compound KC200 with di-tert-butyl dicarbonate. The reaction can optionally be run in the
presence of an activating agent, such as DMAP.

With continued reference to Scheme KC-1, the carboxybenzyl group on Compound

KC201 is deprotected to form Compound KC202. Conditions to remove the carboxybenzyl
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Trypsin inhibitors can be derived froma variety of animal or vegetable
sources: for exanple, soybean, corn, |im and ot her beans, squash,

sunf | owerwohlou/azessand ot her ani mal pancreas and | ung, cRCTRBSR01QM061950r Key
egg white, soy-based infant formula, and mammal i an 10bl ood. Trypsin
inhibitors can also be of mcrobial origin: for exanple, antipain; see, for
exanpl e, H Unezawa, 1976, Meth. Enzynol. 45, 678 I n one enbodi nent,
the tr in inhibi i s der.i 0 bean. i nhi bitors rived
1 om D Bn g Riany e W EE o ARG Al B¢ KRBoRbEn S0 aEt BURaH o be
safe fh%rdgb!ﬁ(ﬁ?s&@ﬂ’l@&ﬂﬁéﬁrﬂrl(cﬂﬂl%(r trAeth&td @ AripoRh® K201 With IBH ORe meBbl.

whi ch inhibits trypsin, and 15Bowman- Birk |nh|b|tor whi ch inhibits trypsin
and chyrseevephs earbSubhnzyl grssiprs faabiidyi chﬁ@nmléldd@lﬂla\biﬂeh}mogeleaminpl e from
Si gma- quch St. Louis, MO, USA. A trypsin inhibitor can be an

ar gi niPie” % c or Iysine mmc, either natural or synthetic conpound. In
cestai n enhwih BBitived tréf@fehcfeytla$cﬁema Rl t O6mpSund K @PED B rdtR tedl kI pisgénel YSi ne
mmc, wherein the arglnlne mmc or lysine mmc is a synthetic conmpound.
As usdelfeimy€ompound BE20%: JRefichen wilthiphoggeng faymsan gr v lqsigs anribs gamoLredhpound
capabl o] r

o ypyoﬁ Cgtr}pfa\l}lg&i g:&t%gﬁ : %ﬁkt? rﬁr%er?@%%ct% sﬁﬂs}’lﬂﬁés”fpﬁgﬁjc{ géne' E&c% s?#l@ggégfe &P

cl eavalipisgenenon- cl eavabl e noi ety. Exanples of tryp5|n i nhi bitors,

which are arginine m mcs and/or | ysine mi mics, include, but not limted
to, aryl guahicarsientapemyathess her Campoud i 30 shewiedshgme KC-2. In Scheme

251@' ' %OH{eQQrB{ﬂsfﬁ” RI gPhRs (%Jhﬂt nare Qét*?f@&%?elﬂe?ﬂé é};ﬁefgggncpbémﬂerﬁ?ﬁlﬂémes ul fonyl

fl uoride, substituted versions or anal ogs t In certain
enbodmnﬁﬁumggnomp3|n i nhibitors conprlse a coval ently nodifiable group,
such as a chl or oket one noi ety, deh qi noi ety, or an epoxi de noiety.
O her exanples of trypS|n |nh|b|t§$]%‘3 :é %rotlnln canostat and

pent am di ne. (&thert cxallpl es—of —t7 ypbl mnhibirtors—nctude cCOonpo nds of
f or mul a: wherein: QL igyselected from-0-Q4 ofHs Q4-COOH, wherg Q4 is
Ci-C4 alkyl;|2 Qis Nt &+ and 3 Qis argelN or substituted arlyl. Certain
trypsin inhipitors infljude conpounds of for .a (@QB) ONH2
R2 203
)CJ)\ R! R?
PG'
- O N ’
H,C—-O O 0 HaC-0 © RS n N )
300 301 PG
/CHS
N
Ra
DaWELY:
H,c-0 O O)LN%%NHZ
302 R®

In Scheme KC-2, Compound KC300 is a commercially available starting material.

15  Alternatively, Compound KC300 can be synthesized via a variety of different synthetic routes
using commercially available starting materials and/or starting materials prepared by
conventional synthetic methods.

With continued reference to Scheme KC-2, Compound KC300 is reacted with Compound
KC203 to form Compound KC301. In this reaction, the enolate of Compound KC300 reacts
20  with the acyl chloride of Compound KC203 to form a carbamate.
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NH wherein: 10 is -C(0)-COOH or -NH Q- Q7-S02- C6H5, where B is

-(CH2) p-COOH;, Q7 is -(CH2),-CoH5; B is NH, nis a nunber fromzero to two;
150 is zewo20r/3ms) p is an integer fromone to three; &AW/US2019/03x956 Nt eger
fromone to three. Certain trypsin inhibitors include conpounds of formula:
NH 20 NH2 wherein: @ is -C(0)-COOH or -NH (B-Q7-S02- C6H5, where B is

- (CH2) p- COOH;, WD 2011/ 031350PCT/ US2010/ 031956 Q7 is -(CH2), - C6H5; and

With continued reference to Scheme KC-2, the protecting groups PG' and PG” are
removed from Compound KC301 to form Compound KC302. Conditions to remove amino
groups can be found in Greene and Wuts. When PG' and PG” are Boc groups, the protecting
groups can be removed with acidic conditions, such as treatment with trifluoroacetic acid.

5 A representative synthesis for Compound KC402 is shown in Scheme KC-3. In Scheme
KC-3, the terms R?, Rl, Rz, Rs, R6, R’ and n are defined herein. The term PG’ is an amino

protecting group.

Scheme KC-3
0
H CH
CH ons CHs
N HOJ\(N PG N
Ra R6 R2
400
YO Ye Y &'
)'\ «P‘l\ N—PG?
H.c-0 O O)LN'Mn\NHg HsC=0 J\(
302 R® 401
/CH3

N

B Q Q A
oG )L«P‘I\J\rNFW

402

10 In Scheme KC-3, Compound KC400 is a commercially available starting material.
Alternatively, Compound KC400 can be synthesized via a variety of different synthetic routes
using commercially available starting materials and/or starting materials prepared by
conventional synthetic methods.

With continued reference to Scheme KC-3, Compound KC302 reacts with Compound

15 KC400 to form Compound KC401 in a peptide coupling reaction. A peptide coupling reaction
typically employs a conventional peptide coupling reagent and is conducted under conventional
coupling reaction conditions, typically in the presence of a trialkylamine, such as
ethyldiisopropylamine or diisopropylethylamine (DIEA). Suitable coupling reagents for use
include, by way of example, carbodiimides, such as ethyl-3-(3-

20  dimethylamino)propylcarbodiimide (EDC), dicyclohexylcarbodiimide (DCC),

diisopropylcarbodiimide (DIC) and the like, and other well-known coupling reagents, such as
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pis an integer fromone to three; and r is an integer fromone to three.
Certain trypsin inhibitors include the follow ng: Conpound 101 CZ' 010
ONHN- s, b WOHoM3k3shiH 2 NH (S) - et hyl 4-(5- guani di no- 2- ( raphish@eB®sR -
sul f onam do) pent anoyl ) pi p erazi ne-1| -carboxyl ate Conpound 102 R 1.1 HN, S o
I1TH ONIINH2 NH (S)-ethyl 4-(5-guanidino-2- (2,4,6-
triisopropyl phenyl sul fona m do) pent anoyl ) pi perazi ne -1-carboxyl ate Conpound
103 N,N'-carbonyldiimidazole, 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline (EEDQ),
benzotriazol-1-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate (BOP), O-(7-
azabenzotriazol-1-yl)-N,N,N,N',N'-tetramethyluronium hexafluorophosphate (HATU) and the
like. Optionally, well-known coupling promoters, such N-hydroxysuccinimide, 1-

5 hydroxybenzotriazole (HOBT), 1-hydroxy-7-azabenzotriazole (HOAT), N,N-
dimethylaminopyridine (DMAP) and the like, can be employed in this reaction. Typically, this
coupling reaction is conducted at a temperature ranging from about 0 °C to about 60 °C for about
1 to about 72 hours in an inert diluent, such as THF or DMF. In certain instances, Compound
KC302 reacts with Compound KC400 to form Compound KC401 in the presence of HATU and

10  DIEA in DMF.

With continued reference to Scheme KC-3, Compound KC401 is transformed into
Compound KC402 with removal of the amino protecting group and addition of an R’ group. In
certain cases, the amino protecting group is R’ and removal of the amino protecting group is
optional.

15 As disclosed herein, representative amino-protecting groups include, but are not limited
to, formyl groups; acyl groups, for example alkanoyl groups, such as acetyl; alkoxycarbonyl
groups, such as tert-butoxycarbonyl (Boc); arylmethoxycarbonyl groups, such as
benzyloxycarbonyl (Cbz) and 9-fluorenylmethoxycarbonyl (Fmoc); arylmethyl groups, such as
benzyl (Bn), trityl (Tr), and 1,1-di-(4-methoxyphenyl)methyl; silyl groups, such as trimethylsilyl

20 (TMS) and tert-butyldimethylsilyl (TBS); and the like. In certain embodiments, PG’ is a Boc
group. When PG’ is a Boc group, the protecting group can be removed with acidic conditions,
such as treatment with trifluoroacetic acid.

In certain instances, the R’ group is added to Compound KC401. Conditions for addition
of R’ depend on the identity of R’ and are known to those skilled in the art. In certain instances

25 R’ is an acyl group, such as acetyl, benzoyl, malonyl, piperonyl or succinyl.

N-Acyl derivatives of the compounds of formula KC-(I) may conveniently be prepared
by acylating a corresponding compound of formula KC-(I) using an appropriate acylating agent,
for example an anhydride, such as acetic anhydride (to prepare an N-acetyl compound) or an acid

halide. The reaction is conveniently performed in the presence of a non-reactive base, for

30 example a tertiary amine, such as triethylamine. Convenient solvents include amides, such as
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HNsb |1 R\ 40101 HON 1I,.,N H2 NH (S)-ethyl 1-(5-guanidi no-2-

(napht hal ene-2- sul f onam do) pent anoyl ) pi p eri di ne-4-carboxylate Conpound
104 (:)\\worbi17031350. . -- IIH ON,N H2 Il NH (S)-ethyl 1-(PCHusnidionyse-
(2,4,6- triisopropyl phenyl sul fona m do) pent anoyl ) pi peri di ne4-car boxyl at e
Compound 105 HOY\ 0 \czZ\ ON, S

dimethyl formamide. The temperature at which the reaction is performed is conveniently in the
range of from 0 to 100 °C, such as at ambient temperature.

With continued reference to Scheme KC-3, removal of other protecting groups can be
performed if other protecting groups were used, such as protecting groups present on the R®

5  moiety. Conditions for removal of other protecting groups depend on the identity of the

protecting group and are known to those skilled in the art. The conditions can also be found in
Greene and Wuts.

As described in more detail herein, the disclosure provides processes and intermediates
useful for preparing compounds of the present disclosure or a salt or solvate or stereoisomer

10 thereof. Accordingly, the present disclosure provides a process of preparing a compound of the

present disclosure, the process involves:

O R'R?
o Ny PG’
contacting a compound of formula: R® |£’G2 with a compound of formula
/CH3
N

Ra

H3C-0O o O , wherein PG' and PG are amino protecting groups.

Accordingly and as described in more detail herein, the present disclosure provides a

15  process of preparing a compound of the present disclosure, the process involves:

Hec-0 O 07 NTINH,
contacting a compound of formula: R with a compound of
i N-PG®
HO
formula R° , wherein PG’ is an amino protecting group.
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LNL HN b HNNH2 |1 NH (S)-6-(4-(5-guanidino-2-

(napht hal ene- 2sul f onam do) pent anoyl ) pi p erazin-1-yl)-6-oxohexanoic acid WO
2011/ 031380RCT/03835010/ 031956 Conpound 106 NH2 HN 4- am n@b@Enskemsayse e

(al so 4-am nobenzan di ne) NH2 Conpound 107 NH2 HN 3-(4-

car bam m doyl phenyl) - 2- oxopropanoi c acid

In one instance, the above process further involving the step of forming a salt of a
compound of the present disclosure. Embodiments are directed to the other processes described
herein; and to the product prepared by any of the processes described herein.

Trypsin Inhibitors

5 The enzyme capable of cleaving the enzymatically-cleavable moiety of a ketone-
modified opioid prodrug can be a protease. In certain embodiments, the enzyme is an enzyme
located in the gastrointestinal (GI) tract, i.e., a gastrointestinal enzyme, or a GI enzyme. The
enzyme can be a digestive enzyme such as a gastric, intestinal, pancreatic or brush border
enzyme or enzyme of GI microbial flora, such as those involved in peptide hydrolysis.

10 Examples include a pepsin, such as pepsin A or pepsin B; a trypsin; a chymotrypsin;, an elastase;
a carboxypeptidase, such as carboxypeptidase A or carboxypeptidase B; an aminopeptidase, such
as aminopeptidase N or aminopeptidase A; an endopeptidase; an exopeptidase; a
dipeptidylaminopeptidase, such as dipeptidylaminopeptidase IV; a dipeptidase; a tripeptidase; or
an enteropeptidase. In certain embodiments, the enzyme is a cytoplasmic protease located on or

15  in the GI brush border. In certain embodiments, the enzyme is trypsin. Accordingly, in certain
embodiments, the corresponding composition is administered orally to the patient.

The disclosure provides for a composition comprising a GI enzyme inhibitor. Such an
inhibitor can inhibit at least one of any of the GI enzymes disclosed herein. An example of a GI
enzyme inhibitor is a protease inhibitor, such as a trypsin inhibitor.

20 As used herein, the term “trypsin inhibitor” refers to any agent capable of inhibiting the
action of trypsin on a substrate. The term “trypsin inhibitor” also encompasses salts of trypsin
inhibitors. The ability of an agent to inhibit trypsin can be measured using assays well known in
the art. For example, in a typical assay, one unit corresponds to the amount of inhibitor that
reduces the trypsin activity by one benzoyl-L-arginine ethyl ester unit (BAEE-U). One BAEE-U

25  is the amount of enzyme that increases the absorbance at 253 nm by 0.001 per minute at pH 7.6
and 25°C. See, for example, K. Ozawa, M. Laskowski, 1966, J. Biol. Chem. 241, 3955 and Y.
Birk, 1976, Meth. Enzymol. 45, 700. In certain instances, a trypsin inhibitor can interact with an
active site of trypsin, such as the S1 pocket and the S3/4 pocket. The S1 pocket has an aspartate
residue which has affinity for a positively charged moiety. The S3/4 pocket is a hydrophobic

30  pocket. The disclosure provides for specific trypsin inhibitors and non-specific serine protease

inhibitors.
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I HO Compound 108 (:),(:)HNH NH 2 0 "so el (S)-5-(4-
car bam m doyl benzyl am n 0) - 5- oxo- 4- ((R) - 4- phenyl 2- (phenyl net hyl sul f onam do
) but anamwo)2pamiassoi ¢ aci d Conmpound 109 NH2 0 nlH2 H2N1@OOAB20M6I031956

There are many trypsin inhibitors known in the art, both those specific to trypsin and
those that inhibit trypsin and other proteases such as chymotrypsin. The disclosure provides for
trypsin inhibitors that are proteins, peptides, and small molecules. The disclosure provides for
trypsin inhibitors that are irreversible inhibitors or reversible inhibitors. The disclosure provides

5  for trypsin inhibitors that are competitive inhibitors, non-competitive inhibitors, or uncompetitive
inhibitors. The disclosure provides for natural, synthetic or semi-synthetic trypsin inhibitors.

Trypsin inhibitors can be derived from a variety of animal or vegetable sources: for
example, soybean, corn, lima and other beans, squash, sunflower, bovine and other animal
pancreas and lung, chicken and turkey egg white, soy-based infant formula, and mammalian

10 blood. Trypsin inhibitors can also be of microbial origin: for example, antipain; see, for
example, H. Umezawa, 1976, Meth. Enzymol. 45, 678.

In one embodiment, the trypsin inhibitor is derived from soybean. Trypsin inhibitors
derived from soybean (Glycine max) are readily available and are considered to be safe for
human consumption. They include, but are not limited to, SBTI, which inhibits trypsin, and

15  Bowman-Birk inhibitor, which inhibits trypsin and chymotrypsin. Such trypsin inhibitors are
available, for example from Sigma-Aldrich, St. Louis, MO, USA.

A trypsin inhibitor can be an arginine mimic or lysine mimic, either natural or synthetic
compound. In certain embodiments, the trypsin inhibitor is an arginine mimic or a lysine mimic,
wherein the arginine mimic or lysine mimic is a synthetic compound. As used herein, an

20  arginine mimic or lysine mimic can include a compound capable of binding to the P' pocket of
trypsin and/or interfering with trypsin active site function. The arginine or lysine mimic can be a
cleavable or non-cleavable moiety.

Examples of trypsin inhibitors, which are arginine mimics and/or lysine mimics, include,
but not limited to, arylguanidine, benzamidine, 3,4-dichloroisocoumarin,

25  diisopropylfluorophosphate, gabexate mesylate, and phenylmethanesulfonyl fluoride, or
substituted versions or analogs thereof. In certain embodiments, trypsin inhibitors comprise a
covalently modifiable group, such as a chloroketone moiety, an aldehyde moiety, or an epoxide
moiety. Other examples of trypsin inhibitors are aprotinin, camostat and pentamidine.

Other examples of trypsin inhibitors include compounds of formula:
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6- car bam m doyl napht hal en2-y1 4- (di am nonet hyl eneam no) benzoate Conpound
110 H2N 0"....0 soNH2 NHNH 4, 4' - (pent ane- 1, 5- diyl bi s(oxy))di benzi m dam i de
I n certaiwoenbadizsents, the trypsin inhibitor is SBTI, BBSIUS2@ompand 101,
Compound 106, Conpound 108, Conpound 109, or Conpound 110. In certain
enbodi nents, the trypsin inhibitor is canostat. 5In certain enbodi nents,
the trypsin inhibitor is a conpound of formula T-1: wherein o "A-Rt8 (T-1)
A represents a group of the fé)]llovvi ng formula: WO

2011/ 031350PCT/ US2010/ 0319562-\C=C- I\ Ramt! O

S
0”7 ~@? HN™™S
SN

H
0 N_ _NH,

b

NH

wherein:
Q' is selected from —O-Q* or —Q*-COOH, where Q" is C;-C; alkyl;
Q2 is N or CH; and

5 Q’ is aryl or substituted aryl.

Certain trypsin inhibitors include compounds of formula:

@)% \H
QSMO T
NH

n

wherein:
10 Q’ is -C(0)-COOH or -NH-Q"-Q’-S0,-C4Hs, where
Q° is —(CH,),-COOH;
Q’ is ~(CH,)-CgHs;
Q8 is NH;
n is a number from zero to two;
15 0 1S zero or one;
p is an integer from one to three; and

ris an integer from one to three.

Certain trypsin inhibitors include compounds of formula:
NH

\/©)LNH2
5
20 Q

wherein:
Q’ is -C(0)-COOH or -NH-Q°-Q’-S0,-C¢Hs, where
Q° is —(CH,),-COOH;

2
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Rt9 and Rti each represents independently a hydrogen atomor a G _4 al kyl
group, Rt8 represents a group selected fromthe following fornulae: Rtili

Rti COV OON20i1%3e3s013 Rt 12CON , or bSwherein Riii, R 1PCan$201083K5€ach
represents independently (1) a hydrogen atom (2) a phenyl group, (3) a
Cl_4 al kyl group substituted by a phenyl group, (4) a G _io al kyl group,
10(5) a G _io al koxyl group, (6) a C2-10 al kenyl group having 1 to 3 double
bonds, (7) .C2 a nyl group having 1 to 2 triple bonds, (8) a group of

SOPrE: h

fornul a: Rt452 erein Rt 15 represents a single bond or a G _g
al kyl ene O7OY B inkSbr HOR &8 Rre&n@xygen atom or an NH-group, and

ris an integer from one to three.

Certain trypsin inhibitors include the following:

Compound (S)-ethyl 4-(5-guanidino-2-
101 k (naphthalene-2-
j\ O sulfonamido)pentanoyl)pip
07 "N /\ HN’S\b erazine-1-carboxylate
N
H
o) N _NH,
NH

Compound (S)-ethyl 4-(5-guanidino-2-

102 (2,4,6-
triisopropylphenylsulfona
mido)pentanoyl)piperazine
-1-carboxylate

Compound (S)-ethyl 1-(5-guanidino-2-

103 (naphthalene-2-
sulfonamido)pentanoyl)pip
eridine-4-carboxylate

Compound (S)-ethyl 1-(5-guanidino-2-

104 (2,4,6-
triisopropylphenylsulfona
mido)pentanoyl)piperidine-
4-carboxylate

Compound (S)-6-(4-(5-guanidino-2-

105 (naphthalene-2-
sulfonamido)pentanoyl)pip
erazin-1-yl)-6-oxohexanoic
acid

NH
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Rt 16 represents a hydrogen atom a Cl_4 al kyl
Cl 4 al kyl group substituted by a phenyl group, or (9) a C3_7 cycloal kyl
group; theoWrustisne represents a 4-7 nmenber ed nonocycPCE/USeM1€081956 ng
containing 1 to 2 20 nitrogen or oxygen atons, K represents a
hydrogen atom a C _4 al kyl group substituted by a phenyl group or a group

group, a phenyl group or a

of fornmula: CCCRtl?, wherein Rturepresents a hydrogen atom a G _4 alkyl
grou a| |/y| group Suhofi fuf erl hy & p“““y oar ovn-:
prOV|d;Hm¥W§9 Rt 11, RHL2 and Rt 13 do not r epr esefl nEﬁ#ﬁP?&H@%H@F hydr ogen
at ons;10850r norjtigni=e salts, acid addition salts “H&@WHF@@”@HE@@%F In
certdln enbodi nent s he trypsin inhibitor is alconpound selected fromthe
follow ng: WD|2011/#031850PCT/ US2010/ 031956 b | n certain enbodi nents,
the tirypsin inhibito a conpound of forrmula T-11: H2ZN )i X HN(T-1])
wherein X is NH; 10n is ro or one; and le is selected from hydrogen,
hal ogep—ni ,_4ﬂ4QA_r_gﬁ%%Li¢+n4yi_akaLT_éu4qx¢+__eangxyLT_————————
Compound NH 3-4-
107 HN 2 carbamimidoylphenyl)-2-
oxopropanoic acid
)
o)
HO
Compound O _OH (S)-5-(4-
108 NH carbamimidoylbenzylamin
e HVQ)LNHZ 0)-5-0x0-4-((R)-4-phenyl-
_N N N 2.
@AO/ ° H o (phenylmethylsulfonamido
)butanamido)pentanoic
acid
Compound N _NH, 6-
109 = carbamimidoylnaphthalen-
oY " .
HoN o (diaminomethyleneamino)
NH benzoate
Compound o o 4,4'-(pentane-1,5-
110 T(@/ NN \©\”/ diylbis(oxy))dibenzimidam
H,N NH, .
ide
NH NH
In certain embodiments, the trypsin inhibitor is SBTI, BBSI, Compound 101, Compound
106, Compound 108, Compound 109, or Compound 110. In certain embodiments, the trypsin
inhibitor is camostat.
5 In certain embodiments, the trypsin inhibitor is a compound of formula T-I:

(T-D
wherein

A represents a group of the following formula:
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al koxycar bonyl , acyl, am noacyl, guanidine, am dino, carbam de, am no,
substituted am no, hydroxyl, cyano and -(CH2) m C(0)-0-(CH2) m C(0) N Rni Rn2,
wher ei n esiolomwads3sbndependently zero to 2; and Rnl and RQZ/USR@0/031956

i ndependently sel ected from hydrogen and Cl1_4 alkyl. 15 In certain

enbodi nents, in formula T-11, 1V is guanidino or am dino. In certain
enbodi nents, in formula T-11, IVis -(CH2)m C(0)-0-(CH2) m C(0)-N Rni Rn2,
wherein mis one and Rnl and Rn2 are~ngthyl. 20l n certain enbodi nents, the
trypsin inhibitor is a conpound of fpornula T-111: In certain enbodi nments,
the trypsin inhibitor is a compoundR®f R'8rnula T-111: WO

2011/ 031350PCT/ u$;010/ 031956 H2N -X,, HN Lt1 Art1l Rt2 (T-111) wherein X
is NH n is zer & oinddhe:eash represents indspendendy f figsiogdy @ryﬁmraCmﬂ(xl@ Qup,

- 0- (CH2) m Qg8 9%@&55?{?9?%&% g%t I}{Iﬂown T(qgml .Le-C(0)-; Rt3 is selected

fromhydrogen rtu Kyl ; A|Iand Art2 are
i ndependent|y a substituted or unsubsthWut ed aryl group; mis a number from
1to 3; and R

J/ CON
CON\ | R12 CONGRM
RU2  RU3 or

5 wherein R"!, R"? and R" each represents independently
(1) a hydrogen atom,
(2) a phenyl group,
(3) a C,.4 alkyl group substituted by a phenyl group,
(4) a Cy.y9 alkyl group,
10 (5) a Cy-10 alkoxyl group,
(6) a Cy.10 alkenyl group having 1 to 3 double bonds,
(7) a Ca.10 alkynyl group having 1 to 2 triple bonds,
(8) a group of formula: R'P-C(O)XR"®,
wherein R’ represents a single bond or a C;_3 alkylene group,
15 X represents an oxygen atom or an NH-group, and
R"¢ represents a hydrogen atom, a C,.4 alkyl group, a phenyl group or a C;_4 alkyl
group substituted by a phenyl group, or
(9) a C3.7 cycloalkyl group;

)
the structure represents a 4-7 membered monocyclic hetero-ring containing 1 to 2
20  nitrogen or oxygen atoms,

R" represents a hydrogen atom, a C;_4 alkyl group substituted by a phenyl group or a

7 wherein R""represents a hydrogen atom, a C;_4 alkyl group or a C) 4

group of formula: COOR
alkyl group substituted by a phenyl group;
provided that R"', R"* and R do not represent simultaneously hydrogen atoms;

25 or nontoxic salts, acid addition salts or hydrates thereof.

In certain embodiments, the trypsin inhibitor is a compound selected from the following:
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10Rt2 is selected from hydrogen, halogen, nitro, alkyl, substituted al kyl,
al koxy, carboxyl, al koxycarbonyl, acyl, am noacyl, guanidine, am dino,

car bam deyvoammsi3ssubsti tuted am no, hydroxyl, cyano an®CT/US2010/031956
-(CH2)m C(0)-0-(CH2) m C(0) _N Rni Rn2, wherein each mis independently zero
to 2; and Rnl and Rn2 are independently selected from hydrogen and C1_4

al kyl . 151 n certain enbodinents, in fornmula T-111, Rt2 is guanidino or

am di no. In certain enbodlnents |nf rrruaT-III Rt2is
-(CH2) m C(0)-0-(CH2) m C(0) - N Rni Rn@ he eln my s one and Rnl and Rn2 are
nmethyl. In certain en‘p,g,qll nﬁnt t s a conpound of
formula T-1V: NH H2NI | <N 2 OHN(T- reln each X is NH
each n is |ndependentl|yNzero one; Hs sel ected from
-C(0)-0- : -0-C(0)-; -0- (CHZ)mO- - OCH2- Ar c- CHZO- - 0)25 Nl e-; and -

N e-C(0)-; le is selected from hydrogen, GG ad<y|, and substltut ed C1_6

al kyl; A I and Art2 are independent® 4 ed unsubstituted aryl
OPCT/ US2010/ 031956 I n

group; and mis a nuniei fIFIO to )
certain embodi nents, in AoV Pv, or Ari\2 |s|_|ohenyl. In certain
enbodi ments, in formul ANT-| 7 I or Art2 is napf?®§yits 51n certain

enbodi ments, the trypsin i nh| bitor is Corrpoun8 109. In certain enbodi nents,

the trypsin inhibitor is )N4-1 2N COOC,Hs
pasacavalle'
, Or
HN >_©_/—4
>/~—N4< >—
HN

C2H5OOC

In certain embodiments, the trypsin inhibitor is a compound of formula T-11:

HoN
3w
HN (T-TD)

wherein
X is NH;
10 n is zero or one; and
R" is selected from hydrogen, halogen, nitro, alkyl, substituted alkyl, alkoxy, carboxyl,
alkoxycarbonyl, acyl, aminoacyl, guanidine, amidino, carbamide, amino, substituted amino,
hydroxyl, cyano and —(CHz)m—C(O)—O—(CHz)m—C(O)—N—RanHZ, wherein each m is independently
zero to 2; and R™ and R™ are independently selected from hydrogen and C,_, alkyl,
15
In certain embodiments, in formula T-1I, RY is guanidino or amidino.
In certain embodiments, in formula T-II, R" is —(CH,)m-C(0)-O-(CH,)m-C(0)-N-R*'R™,

wherein m is one and R™ and R™ are methyl.

20 In certain embodiments, the trypsin inhibitor is a compound of formula T-I1II:

In certain embodiments, the trypsin inhibitor is a compound of formula T-III:
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In certain enbodi nents, the trypsin inhibitor is Conpound 110 or a

bi s-aryl am di ne 10variant thereof; see, for exanple, J.D. Geratz, MC -F.
Cheng andwB.2Ri1/0Bidpeel | (1976) J Med. Chem 19, 634-639. PCT/US201bt03186546 | be
appreci ated that the pharnmaceutical conposition according to the

enbodi nents nmay further conprise one or nore other trypsin inhibitors. It
is to be appreciated that the invention also includes inhibitors of other
enzymes 15i nvol ved in pg_PHei n assimlation that can be used in conbi nation
with a prodrug discl osed? I‘%iil_@_i_ng_@fl am no acid of al anine,

ar gi ni ne, asparagi ne, asmﬁtﬁ ¢ aclid, cys'tb‘ei ne, gl'ﬁéﬁﬂi c acid, glutam ne,

gl ycine, histidine, isoleucine, |eucine, Iysine,( ethi oni ne, phenyl al ani ne,
prol i Rger§gri ne, threonine, tryptophan, tyrosine, or valine or variants
thereof. An amno acid variant refers to an amno acid that is nodified
from a nat & sINK; occurring amno acid but still conprises 20an activity
simlar to that of as the naturally-occurring amno acid. Conbinations of
Pr odr ug an&“‘?fzvﬁsolrﬁn?’nhi bitor As discussed above, the present disclosure
previ des pharigaeetttd &8 QRIS { LOTIOMY -O(YRO-SOEHL AYPEHIOLNE(O)-t or  and
a ketone;nodified, opi oi d prodrug that contains a trypsincleavable noiety

t hat, Nihen a8 edNRdC(Pxci | i tates rel ease of ketone-containing opi oid.

Exanpl es of, @, kL tainj e i fied opioid prodrug and
a trypsin i%ﬁ?%&g@?&g@e‘l %eaé‘g%%?bgw %lg?'o%?d<§\‘%9%i%§l PCT/ US2010/ 031956
Conbi nat i ong"afd Kot aaliedepkently atsobdk@itéd by ursnbistifiitgg iy gionbi bi t or The

enbodi nents provide a pharnaceutical conposition, which conprises a trypsin
i nhi bi tor ahé BRSS! & S g@fer al Formul ae KC- (1) to KC(11), or a

ph@r nmaceut !l?@i:s lsé{le@tE&;ﬁB dro ! fha1d fﬁf?lfo; alEQE s%ﬁgédrﬁﬁ%l,saIFB%X ngI%Ole,
phar maceut i cal conposition, i ch conprises a conpound of Fornulae T-1 to
T- VI afbdxgcabopdurgl, amigengds ghankbnenamadinK@Cafhamitle ak@adg, Ishipstitaed amino,

Phar mABEU L AP TR oGt b R SAHE ) SOt CBnpBLHEE0Sh A HCmpaliNg. of
gener alrgnmh @R KGi [ aleandGehddnlly selecid BRAT KRESMhIfald,Y aageept abl e sal t

thereof. Certain enbodi nents provide for a conbination of a conpound of
Formula KC- (1) and a 10trypsin inhibitor, in which the ketone-containing
opkoi d of Eornmul.a KC- (.| nd the tr iJreinhibitor are.shown in the

P8P Fowi ng dasnin eaPpdinenlr i EA, b dlh RS o d Rt on of s
conpound ofin bertdib bmbb@Gnehts) indfdemalat- RR “hisi-0OHD), L @M0)-O-RCHh),cO(G)e-R" R ™,
ket one-contai ning opioid of ,Formula KG (1) and the trypsin inhibitor are
al so SHwwHN rhisone apR{ owiddy~ enethylpr odr ug” of Formula KG- (1) Havi ng

| ndi cat ed

In certain embodiments, the trypsin inhibitor is a compound of formula T-1V:

NH

H>N
20 HN (T-1V)

wherein
each X is NH;
each n is independently zero or one;
L' is selected from -C(0)-0-; -0-C(0O)—; 'O'(CHz)m'O';—OCHQ'ArtZ'CHQO'; -C(0)-
25  NR"- and - NR®-C(O)-;
R" is selected from hydrogen, C,¢ alkyl, and substituted C, ¢ alkyl;
Ar'and Ar” are independently a substituted or unsubstituted aryl group; and

m is a number from 1 to 3.
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Prodrug of Forrmula KC-(11) Having Indicated Opioid; and Opioid; and Trypsin
I nhi bitor Trypsin Inhibitor Oxycodone; SBTI Hydrocodone; SBTI Oxycodone;
SBTI Hydrwoadoms13s6BTI Oxycodone; BBSI Hydrocodone; BBSPCQUsc@dos®s6 BBSI
Hydr ocodone; BBSI Oxycodone; Conpound 101 Hydrocodone; Conpound 101
Oxycodone; Conmpound 101 Hydrocodone; Conpound 101 Oxycodone; Conpound 106
Hydr ocodone; Conpound 106 Oxycodone; Conpound 106 Hydrocodone; Conpound 106
Oxycodone; Conpound 108 Hydr ocodone; Conpound 108

In certain embodiments, in formula T-IV, Ar" or Ar* is phenyl.

In certain embodiments, in formula T-IV, Ar'! or Ar” is naphthyl.

5 In certain embodiments, the trypsin inhibitor is Compound 109.

In certain embodiments, the trypsin inhibitor is

H,N” N
" H

In certain embodiments, the trypsin inhibitor is Compound 110 or a bis-arylamidine
10 variant thereof; see, for example, J.D. Geratz, M.C.-F. Cheng and R.R. Tidwell (1976) J Med.
Chem. 19, 634-639.
It will be appreciated that the pharmaceutical composition according to the embodiments
may further comprise one or more other trypsin inhibitors.
It is to be appreciated that the invention also includes inhibitors of other enzymes
15  involved in protein assimilation that can be used in combination with a prodrug disclosed herein
comprising an amino acid of alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid,
glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, or valine or variants thereof. An amino acid variant
refers to an amino acid that is modified from a naturally-occurring amino acid but still comprises
20  an activity similar to that of as the naturally-occurring amino acid.
Combinations of Prodrug and Trypsin Inhibitor
As discussed above, the present disclosure provides pharmaceutical compositions which
comprise a trypsin inhibitor and a ketone-modified opioid prodrug that contains a trypsin-
cleavable moiety that, when cleaved, facilitates release of ketone-containing opioid. Examples of
25  compositions containing a ketone-modified opioid prodrug and a trypsin inhibitor are described

below.
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Oxycodone; Conmpound 108 Hydr ocodone; Conpound 108 Oxycodone; Conpound 109
Hydr ocodone; Conpound 109 Oxycodone; Conpound 109 Hydrocodone; Conpound 109
OxycodoneyoConpsussd 110 Hydr ocodone; Conpound 110 Oxyco#omaiS2@ompoand 110
Hydr ocodone; Compound 110 15 Conbi nations of Fornulae KC-(111) to KC (V)
and Trypsin Inhibitor The enbodi nents provi de a pharnmaceutical conposition,
whi ch conprises a trypsin inhibitor and a conpound of general Formnul ae

KCG(111) ta, KC, , or har eyt i |y ac table salt thereof. The
embodi ment §0ﬁﬁ’dé‘i’\%’é’s fﬁéﬁ’”&é%«@ﬂ) wdmff'g’ﬁfm\ﬂ‘ff’ %0 conprises a
conpound OfTh%%h{Béhﬁh‘i‘enTgs%rot«ﬁe T-pYhrrRdudcal SSRAONH O N BisEOs FUbRE
KC-(111) WD 2011/ 031350PCT/ US2010/ 031956 to KC- (V), or a pharnaceutically

acceptiabbitorsaidta cohwoaind of Finerag Frowailack{s(Iptodi"dH).®r ptphrmeaseutidadll

conposi tion ich ¢ ri ses Compound. 109 .and a conpound .of ner al

For humsetrRe Y 860 PR oo RO Bk A AR S RO on 870 £ ¢ er eor
The e r&b@%’ti@@rﬂ Snifoddd deFérnihaf TACS Tt VEAd LAMRshl be PencdliIFoRmelaeA-88 6 a
trypsin i nhi bitor and a conpound di scl osed herein other than a conpound
of ger€rAlD. poa phameratically agesprable(spittherepf. Thegaybrdieeants rravidg aaccept abl e

sal t tpﬂglrn?a(%gutical composition, which comprises Compound 109 and a compound of general
Formulae KC-(I) to KC-(II), or a pharmaceutically acceptable salt thereof.
Certain embodiments provide for a combination of a compound of Formula KC-(I) and a
10 trypsin inhibitor, in which the ketone-containing opioid of Formula KC-(I) and the trypsin
inhibitor are shown in the following table. Certain embodiments provide for a combination of a
compound of Formula KC-(II) and a trypsin inhibitor, in which the ketone-containing opioid of

Formula KC-(II) and the trypsin inhibitor are also shown in the following table.

Prodrug of Formula KC-(I) Having Indicated | Prodrug of Formula KC-(II) Having Indicated

Opioid; and Opioid; and

Trypsin Inhibitor Trypsin Inhibitor

Oxycodone; Hydrocodone; Oxycodone; Hydrocodone;
SBTI SBTI SBTI SBTI
Oxycodone; Hydrocodone; Oxycodone; Hydrocodone;
BBSI BBSI BBSI BBSI
Oxycodone; Hydrocodone; Oxycodone; Hydrocodone;
Compound 101 Compound 101 Compound 101 Compound 101
Oxycodone; Hydrocodone; Oxycodone; Hydrocodone;
Compound 106 Compound 106 Compound 106 Compound 106
Oxycodone; Hydrocodone; Oxycodone; Hydrocodone;
Compound 108 Compound 108 Compound 108 Compound 108
Oxycodone; Hydrocodone; Oxycodone; Hydrocodone;
Compound 109 Compound 109 Compound 109 Compound 109
Oxycodone; Hydrocodone; Oxycodone; Hydrocodone;
Compound 110 Compound 110 Compound 110 Compound 110

15

Combinations of Formulae KC-(III) to KC-(V) and Trypsin Inhibitor

The embodiments provide a pharmaceutical composition, which comprises a trypsin
inhibitor and a compound of general Formulae KC-(III) to KC-(V), or a pharmaceutically
acceptable salt thereof. The embodiments provide a pharmaceutical composition, which

20  comprises a compound of Formulae T-I to T-VI and a compound of general Formulae KC-(III)

69



Certai n enbodi ments provide for a conbination of a conpound of Fornmnul a
KC-(Il1l) and a trypsin inhibitor, in which the ketone-containing opioid of
Formul a K@o(@bige1zmnd the trypsin inhibitor are shown i npPChase@bblogiobel ow.
Certain enbodi nents provide for a conbination of a 10 conpound of Formul a
KC (1V) and a trypsin inhibitor, in which the ketone-containing opioid of
Formula KC-(I1V) and the trypsin inhibitor are shown in the table bel ow

Certain di nents provij for conbi_nat i.on, of ompound .Qf Fornul a

Ke (RO oS B E SRty fxten BnR AR B dte The mRe SR iy 2 o o1 4 of
For mulgaftlact M) caPPsinpiRidat WRkihtohdphis@ ¢ Shp&ind 199N aicBripbend &f dQ¥ang tabl e.
15 Prodrug of Fornmula KC-(I11) Prodrug of Formula KC-(IV) Prodrug of

For nulFerk@a¢ WC-HaN itmE C-\0i eaa parptaitidall nandepdable ngt thediofat ed Opi oi d; and
Havi ng | ndi %tegg) %)i eoi d; al g Tg%lpsicn tllcrg1 I bi t OritioTr é@scl nCOI nhjstcoi tor STr ypsin
| nhi bi t or y EBOSHE DERP ‘Iayﬁrp She ASETTP GG o hg; SBHCHy 4Y¢bdone;
SBYI  @ibiestang;a cOBpoufdy k16 @daieesin SBAEH tHX ¥ceaPBeid 8BSherdy Ho@eQ8OKE; (1RSI
KC-(II), or a pharmaceutically acceptable salt thereof.
Certain embodiments provide for a combination of a compound of Formula KC-(III) and
a trypsin inhibitor, in which the ketone-containing opioid of Formula KC-(III) and the trypsin
inhibitor are shown in the table below. Certain embodiments provide for a combination of a
10 compound of Formula KC-(IV) and a trypsin inhibitor, in which the ketone-containing opioid of
Formula KC-(IV) and the trypsin inhibitor are shown in the table below. Certain embodiments
provide for a combination of a compound of Formula KC-(V) and a trypsin inhibitor, in which
the ketone-containing opioid of Formula KC-(V) and the trypsin inhibitor are shown in the

following table.

15
Prodrug of Formula KC-(III) | Prodrug of Formula KC-(IV) Prodrug of Formula KC-(V)
Having Indicated Opioid; and | Having Indicated Opioid; and | Having Indicated Opioid; and

Trypsin Inhibitor Trypsin Inhibitor Trypsin Inhibitor

Oxycodone; | Hydrocodone; | Oxycodone; | Hydrocodone; | Oxycodone; Hydrocodone;
SBTI SBTI SBTI SBTI SBTI SBTI
Oxycodone; | Hydrocodone; | Oxycodone; | Hydrocodone; | Oxycodone; Hydrocodone;
BBSI BBSI BBSI BBSI BBSI BBSI
Oxycodone; | Hydrocodone; | Oxycodone; | Hydrocodone; | Oxycodone; Hydrocodone;
Compound | Compound Compound Compound Compound Compound
101 101 101 101 101 101
Oxycodone; | Hydrocodone; | Oxycodone; | Hydrocodone; | Oxycodone; Hydrocodone;
Compound | Compound Compound Compound Compound Compound
106 106 106 106 106 106
Oxycodone; | Hydrocodone; | Oxycodone; | Hydrocodone; | Oxycodone; Hydrocodone;
Compound | Compound Compound Compound Compound Compound
108 108 108 108 108 108
Oxycodone; | Hydrocodone; | Oxycodone; | Hydrocodone; | Oxycodone; Hydrocodone;
Compound | Compound Compound Compound Compound Compound
109 109 109 109 109 109
Oxycodone; | Hydrocodone; | Oxycodone; | Hydrocodone; | Oxycodone; Hydrocodone;
Compound | Compound Compound Compound Compound Compound
110 110 110 110 110 110
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Oxycodone; BBSI Hydrocodone; BBSI Oxycodone; BBSI Hydrocodone; BBSI
Oxycodone; Conpound 101 Hydrocodone; Conpound 101 Oxycodone; Conpound 101
Hydr ocodowe;200a3pasand 101 Oxycodone; Conpound 101 Hydr oecaarseoio@srpeound 101
Oxycodone; Conmpound 106 Hydrocodone; Conpound 106 Oxycodone; Conpound 106
Hydr ocodone; Conpound 106 Oxycodone; Conpound 106 Hydrocodone; Conpound 106
Oxycodone; Conpound

Combinations of Compound KC-2 and Trypsin Inhibitor
Certain embodiments provide for a combination of Compound KC-2 and a trypsin

inhibitor, in which the trypsin inhibitor is shown in the following table.

Compound Trypsin inhibitor
Compound KC-2 SBTI
Compound KC-2 BBSI
Compound KC-2 Compound 101
Compound KC-2 Compound 106
Compound KC-2 Compound 108
Compound KC-2 Compound 109
Compound KC-2 Compound 110

5 Combinations of Ketone-modified Opioid Prodrugs and Other Drugs
The disclosure provides for a ketone-modified opioid prodrug and a further prodrug or
drug included in a pharmaceutical composition. Such a prodrug or drug would provide
additional analgesia or other benefits. Examples include opioids, acetaminophen, non-steroidal
anti-inflammatory drugs (NSAIDs) and other analgesics. In one embodiment, an opioid agonist
10 prodrug or drug would be combined with an opioid antagonist prodrug or drug. Other examples
include drugs or prodrugs that have benefits other than, or in addition to, analgesia. The
embodiments provide a pharmaceutical composition, which comprises a ketone-modified opioid
prodrug and acetaminophen and optionally comprises a trypsin inhibitor. Also included are
pharmaceutically acceptable salts thereof.
15 In certain embodiments, the ketone-modified opioid prodrug is a compound of general
Formulae KC-(I) to KC-(V).
In certain embodiments, the trypsin inhibitor is selected from SBTI, BBSI, Compound
101, Compound 106, Com.pound 108, Compound 109, and Compound 110. In certain
embodiments, the trypsin inhibitor is camostat.
20 In certain embodiments, a pharmaceutical composition can comprise a ketone-modified

opioid prodrug, a non-opioid drug and at least one opioid or opioid prodrug.
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108
108
109
109

10

15

20

25

Hydr ocodone; Conpound 108 Oxycodone; Conmpound 108 Hydrocodone; Conpound
Oxycodone; Conpound 108 Hydrocodone; Conpound 108 Oxycodone; Conpound
Hydr owodon#31Bonpound 109 Oxycodone; Conpound 109 HpdrasedonsatosConmpound
Oxycodone; Conmpound 109 Hydr ocodone; Conpound 109

Pharmaceutical Compositions and Methods of Use

The pharmaceutical composition according to the embodiments can further comprise a
pharmaceutically acceptable carrier. The composition is conveniently formulated in a form
suitable for oral (including buccal and sublingual) administration, for example as a tablet,
capsule, thin film, powder, suspension, solution, syrup, dispersion or emulsion. The composition
can contain components conventional in pharmaceutical preparations, €.g. one or more carriers,
binders, lubricants, excipients (e.g., to impart controlled release characteristics), pH modifiers,
sweeteners, bulking agents, coloring agents or further active agents.

Patients can be humans, and also other mammals, such as livestock, zoo animals and
companion animals, such as a cat, dog or horse.

In another aspect, the embodiments provide a pharmaceutical composition as described
hereinabove for use in the treatment of pain. The pharmaceutical composition according to the
embodiments is useful, for example, in the treatment of a patient suffering from, or at risk of
suffering from pain. Accordingly, the present disclosure provides methods of treating or
preventing pain in a subject, the methods involving administering to the subject a disclosed
composition. The present disclosure provides for a disclosed composition for use in therapy or
prevention or as a medicament. The present disclosure also provides the use of a disclosed
composition for the manufacture of a medicament, especially for the manufacture of a
medicament for the treatment or prevention of pain.

The compositions of the present disclosure can be used in the treatment or prevention of
pain including, but not limited to include, acute pain, chronic pain, neuropathic pain, acute
traumatic pain, arthritic pain, osteoarthritic pain, rheumatoid arthritic pain, muscular skeletal
pain, post-dental surgical pain, dental pain, myofascial pain, cancer pain, visceral pain, diabetic
pain, muscular pain, post-herpetic neuralgic pain, chronic pelvic pain, endometriosis pain, pelvic
inflammatory pain and child birth related pain. Acute pain includes, but is not limited to, acute
traumatic pain or post-surgical pain. Chronic pain includes, but is not limited to, neuropathic
pain, arthritic pain, osteoarthritic pain, theumatoid arthritic pain, muscular skeletal pain, dental
pain, myofascial pain, cancer pain, diabetic pain, visceral pain, muscular pain, post-herpetic

neuralgic pain, chronic pelvic pain, endometriosis pain, pelvic inflammatory pain and back pain.
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Oxycodone; Conmpound 110 Hydrocodone; Conpound 110 Oxycodone; Conpound 110
Hydr ocodone; Conpound 110 Oxycodone; Conpound 110 Hydrocodone; Conpound 110
WO 2011/ O802B0RGTISWS2010/ 031956 Conbi nati ons of Conpoun@CKETS201a0811956 ypsi n

I nhi bitor Certai n enbodi nents provide for a conbination of Conpound
KC-2 and a trypsin inhibitor, in which the trypsin inhibitor is shown in
the followi ng table. Conpound Trypsin inhibitor Conmpound KC-2 SBTI

Compound Kq:h% present disclosure provides use of a ketone-modified opioid prodrug and a trypsin
inhibitor in the treatment of pain. The present disclosure provides use of a ketone-modified
opioid prodrug and a trypsin inhibitor in the prevention of pain.

The present disclosure provides use of a ketone-modified opioid prodrug and a trypsin
5 inhibitor in the manufacture of a medicament for treatment of pain. The present disclosure
provides use of a ketone-modified opioid prodrug and a trypsin inhibitor in the manufacture of a
medicament for prevention of pain.
In another aspect, the embodiments provide a method of treating pain in a patient
requiring treatment, which comprises administering an effective amount of a pharmaceutical
10 composition as described hereinabove. In another aspect, the embodiments provides method of
preventing pain in a patient requiring treatment, which comprises administering an effective
amount of a pharmaceutical composition as described hereinabove.
The amount of composition disclosed herein to be administered to a patient to be
effective (i.e. to provide blood levels of ketone-containing opioid sufficient to be effective in the
15  treatment or prophylaxis of pain) will depend upon the bioavailability of the particular
composition, the susceptibility of the particular composition to enzyme activation in the gut, the
amount and potency of trypsin inhibitor present in the composition, as well as other factors, such
as the species, age, weight, sex, and condition of the patient, manner of administration and
judgment of the prescribing physician. In general, the dose can be such that the ketone-modified
20  opioid prodrug is in the range of from 0.01 milligrams per kilogram to 20 milligrams prodrug per
kilogram (mg/kg) body weight. For example, a prodrug comprising a residue of oxycodone or
hydrocodone can be administered at a dose equivalent to administering free oxycodone or
hydrocodone in the range of from 0.02 to 0.5 mg/kg body weight or 0.01 mg/kg to 10 mg/kg
body weight or 0.01 to 2 mg/kg body weight. In one embodiment wherein the composition
25  comprises an oxycodone or hydrocodone prodrug, the composition can be administered at a dose
such that the level of oxycodone or hydrocodone achieved in the blood is in the range of from
0.5 ng/ml to 10 ng/ml.
The amount of a trypsin inhibitor to be administered to the patient to be effective (i.e. to
attenuate release of ketone-containing opioid when administration of a compound disclosed
30  herein alone would lead to overexposure of the ketone-containing opioid) will depend upon the

effective dose of the particular prodrug and the potency of the particular inhibitor, as well as
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BB S | Conpound KC-2 Conpound 101 Conpound KC-2 Conpound 106 Conpound KC- 2
Conmpound 108 Conpound KC-2 Conmpound 109 Conpound KC-2 Conmpound 110 5

Conbi nat iwo0afo3ksbone- nodi fi ed Opi oi d Prodrugs and O hecTDiSage/031956 The
di scl osure provides for a ketone-nodified opioid prodrug and a further
prodrug or drug included in a pharmaceutical conposition. Such a prodrug or
drug woul d provi de additional anal gesia or other benefits. Exanples include

opi oi ds, acet am nophen, non-steroidal antj-infla ory. drugs (NSAI Ds) and
P her Ol Paun eut PR satahy e matane ssh oot USRSt SERAIY or - A ug

woul d JBgiserRionadd 4 e%ﬂo%k?fé@cﬁ&h%ﬁﬁﬁicﬁﬁn.pfn h&tdl, Ye AUSHOF iR RL cexanpl es
I ncl ude drugs or prodrugs that have benefits other than, or in addition to,

anal gésiiatheThegeeafiitndi A¥Ateg for Ying peamgied pradeegidisdaieddenmposin d extaimhi ch
conprises .a ket one-nodi.f . opi. oid prodru nd am nephen _and optionally
conpr (DRl BE s Ty h R BB AT 857 AR SB0 edtig P
acgepg)a&ir@g gRtlosed Heedif Ofh-ond 2hibo@icndithe 8o @Al iinTBhitdE cah BE k@t edie WP @iohi ed

opi oi rodrug i s a conpound of general Fornulae KC (1) to KC (V). In

cert aiOr-{Plerrﬁy@@iOleé e $00 migomples ppimichemnpletod prodsug disgeseddiefqdipm SBTI, BBSI

Co rrpoq%}ge Jfﬂ&ts O?S’QR&ﬁ%gfé‘fﬁ%‘“ﬁ?@ HavH a]IQ%iremgﬂﬁgolgiﬁ?g? ﬁp‘%{} mpound 110.

In certarn enbodi ne ypsin Pnhibitor 1's canos n certain
enbodi ment Sheprgsbardivteutd gralideodgmesinits ofpodrgtmdyiiiibieorahitehn pesvidediof h ed
opi oid prodrug, a non-opioid drug and at |east one gpioid or_opioid

pr odr Lg]ﬁglred\magm_cﬂ(glgg}g catPiitey BPeg wratsggp provide a moditfied PK profile compared to

10 areference PK profile as disclosed herein. It will be appreciated that a modified PK profile can
provide for a modified pharmacodynamic (PD) profile. Ingestion of multiples of such a dose unit
can also provide a desired PK profile.

Unless specifically stated otherwise, “dose unit” as used herein refers to a combination of
a Gl enzyme-cleavable prodrug (e.g., trypsin-cleavable prodrug) and a GI enzyme inhibitor (e.g.,

15  atrypsin inhibitor). A “single dose unit” is a single unit of a combination of a GI enzyme-
cleavable prodrug (e.g., trypsin-cleavable prodrug) and a GI enzyme inhibitor (e.g., trypsin
inhibitor), where the single dose unit provide a therapeutically effective amount of drug (i.e., a
sufficient amount of drug to effect a therapeutic effect, e.g., a dose within the respective drug’s
therapeutic window, or therapeutic range). “Multiple dose units” or “multiples of a dose unit” or

20  a “multiple of a dose unit” refers to at least two single dose units.

As used herein, a “PK profile” refers to a profile of drug concentration in blood or
plasma. Such a profile can be a relationship of drug concentration over time (i.e., a
“concentration-time PK profile”) or a relationship of drug concentration versus number of doses
ingested (i.e., a “concentration-dose PK profile”.) A PK profile is characterized by PK

25  parameters.

As used herein, a “PK parameter” refers to a measure of drug concentration in blood or
plasma, such as: 1) “drug Cmax”, the maximum concentration of drug achieved in blood or
plasma; 2) “drug Tmax”, the time elapsed following ingestion to achieve Cmax; and 3) “drug
exposure”, the total concentration of drug present in blood or plasma over a selected period of

30  time, which can be measured using the area under the curve (AUC) of a time course of drug
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pal N. inhibitor concentration increases, a concentration is reached at which drug release from prodrug
25  1is attenuated, causing a decrease in, or suppression of, drug Cmax. Thus, the effect of inhibitor
upon a prodrug PK parameter for a dose unit of the present disclosure can range from
undetectable, to moderate, to complete inhibition (i.e., no detectable drug release).
A dose unit can be adapted to provide for a desired PK profile (e.g., a concentration-time
PK profile) following ingestion of a single dose. A dose unit can be adapted to provide for a
30  desired PK profile (e.g., a concentration-dose PK profile) following ingestion of multiple dose

units (e.g., at least 2, at least 3, at least 4 or more dose units).

75
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anot her aspect, the enbodi nents provides nethod of preventing pain in a
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can provide ftor sired phar oki netic profile. Dose units can

provi adelatvenodingdsean PKthpsahe hmoummb epratiug without inhibitor.
Panel B of Figure 2 provides another example of a dose unit having a modified

concentration-time PK profile. As in Panel A, the solid top line represents drug concentration

25  over time in blood or plasma following ingestion of prodrug without inhibitor, while the dashed
lower line represents drug concentration following ingestion of the same amount of prodrug with
inhibitor. In this example, the dose unit provides a PK profile having a decreased drug Cmax,
decreased drug exposure, and a delayed drug Tmax (i.e., decreased (1/drug Tmax) relative to
ingestion of the same dose of prodrug without inhibitor.

30 Panel C of Figure 2 provides another example of a dose unit having a modified

concentration-time PK profile. As in Panel A, the solid line represents drug concentration over
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provided by increasing doses of drug alone, where the amount of drug in the blood or plasma
30 from one dose represents a therapeutically effective amount equivalent to the amount of drug

released into the blood or plasma by one dose unit of the disclosure. Such a “drug alone” PK
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drug Cmax.
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concentration-dose PK profile refers to the rel ationship between a sel ected
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be.dose proportional,.lipear (a |linear, PK profile) or nonlinear (a
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provi ded bypadjubiis ihagprohidle f& @htotradtBdosSPR fpordfilechvhieh aripld3ivf Ridoes unit
contained in a_single dose 25unit and/or by using a different prodru
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relative to that of ingestion of multiples of the same dose (either as drug alone or as a prodrug) in
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PK profile such that the relationship between nunber of dose units ingested
and PK paraneter value is linear with a positive slope, which is simlar
to, for ewerpli3ixmodose proportional PK profile of increasiusgoiameine s of
prodrug al one. Panel A of Figure 3 depicts such a profile. Dose units that
provi de a concentration-dose PK profile having such an undetectabl e change
in drug 15 Crax in vivo conpared to the profile of prodrug al one can find

use in thwarti enzynme conversion of prodrug fromg dose unit_that has
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represents a concentration-dose PK profile such that the relationship
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dose unit, for exar‘?p e, drud  Crax can be i ncrease or a select eé nunber of
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addi ti ' ' i.qapifi Mle .in. drug
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represeniw.a concentrati on-dose PK profile in which the relationship 10
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of dose units. ane in Figudre 3 represents a concentration-dose PK

pr of i Isefficrenivin Gitalyivecleayhgd oioths piqulrine tAse®s anaiednencted udds euitatile sondrtgest ed and
a PK paranet er val ue . 0., drug Crax) .is |inear.w 15a .negati ve sl ope.
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of a dose unit are ingested find use in tailoring of a dosage reginen to
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over d%%?et:tirm%g K& ?@GO%BU%% s SR RAUS HORedeled bSKe FR1DEE %@rﬁed to a

reference, ®.7., adnrni‘strati on of drug al one of prodrug alone. In one
conversion can also be assessed by detecting the rate at which a product of prodrug conversion
occurs or the rate at which prodrug disappears. An increase in released drug, or a decrease in

prodrug, indicate prodrug conversion has occurred. Prodrugs that exhibit an acceptable level of

30  prodrug conversion in the presence of the GI enzyme within an acceptable period of time are
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20 enmbodi nment, risk is reduced conpared to adm nistration of a drug or
prodrug that provides a proportional concentration-dose PK profile. A dose
uni t thatwprouw/@esof or a concentrati on-dose PK profil e eam/useduosisshe ri sk
of patient overdose through inadvertent ingestion of dose units above a
prescri bed dosage. Such a dose unit can reduce the risk of patient m suse
(e.g., through self-nedication). Such a dose unit can di scourage abuse

t hrough. del . berate ingestion of. nultip]e 25dase unit For exanple, a dose
i ¢ ST g S T PrBeinatome e Fa o o B HR e ER Pl ow
for amnnddpaé pRRitud SbndbM@nl €l ease for a limted number of dose units
ingested, after which an increase in drug release with ingestion of nore
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for aaﬁﬁliriﬁet?attf %to'é?l}ne' o}ogl% ﬁ)g?lg%&fl hfe of?’ﬁero 8rl odaglhucaaﬁl aal.l (?)lw }‘g(?’r JeLention
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adjustnent of a PK paranmeter value relative to that of ingestion of

mul ti peastegied biyefos sramplesdetqeting Rerodust of RIgdiaR sARY OB 6.8 Isteasrdygicha WO
2011/ 0 - i nhi hi-tor . o f
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dose uime pginte)ifdldsyvingadairdacitioase in a PK paraneter value conpared to
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conduct upder suyitahle condi.tions nd tionally may .be under conditions
Chat st Ridatlyiian foat b pREZn GF iRt b g Aeoar e ug
C0nVeraﬂde%?fé—rﬁ&fiﬁé@o%i@idrﬁbﬁﬁgﬁ a@b1 Gz {dle KRB (O, 4 GrypElh QaHibBo:§,QRMQrGI on can
be 25assessed by detecting a |evel of a product of "prodrug conversion

(@5g. enpghemsedrsuy)in anecoen hyxtyet andideregting prodalg ewhversiodr deshtchat i s

mai nt ai ned i.n the sence of .t G, enzyne, Pr.od cqnversion ca | so be
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30  GI enzyme inhibitor indicates the prodrug and GI enzyme inhibitor are suitable for formulation

in a dose unit. Such a method can be an in vitro assay.
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WO 2011/ 031350PCT/ US2010/ 031956 suitable for use in a dose unit in
conbination with an inhibitor of the G enzyne that is shown to nediate
prodrug cwowvengi3eds | n vivo assays can assess the suit alpcriusgoiofoz®ser odr ug
for use in a dose unit by admnistration of the prodrug to an animal (e.g.,
a human or non-human aninmal, e.g., rat, dog, 5pig, etc.). Such
adninistration can be enteral (e.g., oral admnistration). Prodrug

conver si on e detected for e nple et ec ct of prodrug
conver si on "é’etjn odfra?rgé%%awﬁ%&gforoade eI P 38%‘ :&g[leé‘é ‘Eil or

det ety b1 PIREbMeL 1AL A OtiniP LRSI @E rﬁé&?od%@niﬁise@édn%nf&?e?in@%@' aﬁ hifBhal
point(s) follow ng adm nistration. EX vivo assays, such as a gut |oop or

i nver fadodjug an@aﬁlassme md:ldntoagstéé@eqthﬂ@ pg@ﬂmabpmwers;oroflnma eptbodimgntfoor use
in a dagse unit |on of . the prodru a ligated
sect Shegriher s tivaB R e e P e S B B R o bk et ect eq
bys f @roR¥@6eHRrsisEinaké htitgn FFtREIGT En@fmeﬂh%mdﬂm@ﬁ:ﬁté@[ d;ﬁad&lg afd GIr el eased
drug or a netaholite of released drug) or detecting prodrug in the |igated
gut | G8pyrae inhiRitos Aferfwitabie for faemlaéen niagospynit Pugh 4 Brthedicagbaammyiser at i on.
151 nhi o] I I , in

ot or A0Vt e PrEe Bt SR GECAY AR an G ERARIS op Y SERY, |
prodr ugethod dfnnVaﬂuodh: dnhe mvdna%ajz dor éxantpde, biee modaigaad Glﬁuzhnaﬁmayﬁar canbde
conducted .in the presence of enzyne either with or w thout prodrug

| nhi biflByRsteied ostlyPrse adistuse tusd aééEé‘?tEﬁtWﬁ that 1§ﬁblﬁé%ttt¢r%@0r§%r?xagseﬁa| f-life
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ibition pro g., Steepness of ibition 20curve rn an enzyne
act|vnhquassayﬂfmmhmbmhnankrN1mmwmmmwumaum§u$uﬂh|b|tors for use in prodrug-

i nhi bi tor ations.can he selected. through us invitr n vivo

and or ex JTGHeGyEn i S helhOaTEr Ry Tuinsatron e S atH s S AR 1y ng a
prodr YgitfR fEAmBRTONTR al JOBE Bhit QheRH ﬁhame%dqrorﬁﬁfs@yicﬁﬁmg&rin adré@sg unit
wherein the nmethod conprises conbining a prodrug (e.g., a ketone-nodified

opi oi dngrgdsteagtestmalyiGle nzwme mht’qltbr tooan gnema. tissee that/fwsirempyds fmrn@n)anmaaid a
G 25enc71 %etect&&ﬁ‘odrué{)c%ng}/ers% g‘ner eq:)Ct lrggr%t a(ecrease %n egroglielflgec%}ll 0 &]tehe

Cr
versl on |on 'S br an 1 n on pe Ween

pr odr peesehddliflthd GI e@tyeheSAEYIEs ad coﬁlp,ardd&ié tpestirt® célfieplidh in@hd@WeideofithhGDI t or
will interact wwth the enzyne that nedi ates enzymatically-controlled

r el eagBzysRe ihibilgr inglicatesithe edpiead g enprme irhikimsoen wéable for lqeppletigein 4
prodryg.conversion in the presence of the G enzyme inhibitor as conpared
to prodrug conversion in the absence of the 30 G enzyne inhibitor

i ndi cat es tlheitpr odiysgaabel céiduerdhyrombivilg b prodauig as diltibirent arGeorymk at i on

in a dose unit. . Such thod can be an .in. tro assay
2%92 1/ %E%P@T%Em@ﬁﬁge { gBgyme can b ecHﬁ%Vlé?FB’éldi“ﬁEﬁ%‘Ftl‘?%m%%t%é‘a apgpnt
i dent igfibicnGh & QEAMMTeRAEE & dik pRIFYI BN 8L EudHl hAk: Suit e éd?lfden@t fon in

a dose unit mhere?% t he %%thod conprises adm nistering to an animal a
prodruguamdhenﬁwr@mmymmsﬂnmnbmuuhoaﬂbumbnenﬁlngxpﬁaduMQdcogvhummmn In one

a decreas ru nversion.in the presence of the G
ez T BTG S BT e B S TR IO LB BrEPEh PO T B B SENBECaH- ¢ he
G enzyERel ARid)ah@or bpdécatRs eha o pRIUNImanthitdd i8NEY pesdndbbPink ey are
suitable for formulation in a dose unit. Such a nethod can be an in vivo
25 enzyme. Prodrug conversion can also be assessed by detecting the rate at which a product of
prodrug conversion occurs or the rate at which prodrug disappears. Prodrug conversion that is
modified in the presence of inhibitor as compared to a level of prodrug conversion in the absence
of inhibitor indicates the inhibitor is suitable for attenuation of prodrug conversion and for use in

a dose unit. Reaction mixtures having a fixed amount of prodrug and increasing amounts of

30  inhibitor, or a fixed amount of inhibitor and increasing amounts of prodrug, can be used to
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assay; for exanple, the prodrug and G enzyne inhibitor can be adm ni stered
orally. Such a nethod can al so be an ex vivo assay; for exanple, the
prodrug awmo 28 vesmsyne i nhi bitor can be adm ni stered oralPCy/useoo3®s¢i ssue,
such as an intestine, that is at |east tenporarily exposed. 10Detection can
occur in the blood or plasma or respective tissue. As used herein, tissue
refers to the tissue itself and can also refer to contents within the

tissue, . One enbodi.nment is thod for identifyjn .odr u nd a G
ey ST B SSRGS & adsne s IEseT i pray it s wnte GBI BFHTHE et hod
conprbagﬁu?gakghﬁhgring a prodrug and a gastrointestinal (G) enzyne
inhibitor To an animal tissue that has renoved froman aninmal 15 and

det ecti ng prnethougsayenueassesrrombinagines efnrodiuge and inhibdtety yagpedadsingmfodr ug
conversion in the.presence of .the G, enz i nhi bi tor as. co red to

o oar 5 Blpo bREi8E TRl shilEe o FE bt P ReSiEofIFR S cat es t he
pr 8dr ugmakistrddon & pydtRugd MY idhib@br & @ patict @RELorfafonitafidid Ak (i), ih thedsaglRS €

unit. In vitro assays can be conducted by conbining a prodrug, an inhibitor
and a fomugigmeProdrugconvargge caobe datsatert y. fwa@pl%%ﬁtyﬁtﬁlgoaawog@ct@f ovi ded in

the r ' Xt ' icl |y f the
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condi tplsns dfhiled aniinad @ atdesise! el point(p) f@ll6virtgralatiniefratéons Chjnditatioss ¢f , human.
Prodrug conversion can be assessed by detecting a | evel of a product of
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T isiFR P BldRLad rbiEe o CRRRE ML, hidBrElwifRERANBRor PT 0dr g conver si on
can al so be assessed by detecting the rate at which a product of prodrug
conver si on (Gachin®ions of tedativataecantswiiiipodilrypg adl inyibitos Gippearsle f&r odisirgd PK

conversion that.jis.opdified in.the presence of inhibi.tor as conpared to a
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a dose unit. Reaction m xtures having a fixed anount of prodrug and
i ncr easinrge Bkapamnaeters cgothenbe bbsesred, og., druiiGraek, dmmrihmanfand dhigxposurand

i ngr easi anmount s .of prodr .can. be used . to . . -
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In vivo assays can assess conbi nations of prodrugs and inhibitors by
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that provide for a prodrug conversion level that yrelds a 10 desired PK
pr of i Ipeodasg canbianteh thet cahgroesaapéesed Pophobite. Wistdys whn beiborsiutied with
Conmbi ions of relative.amunts of prodrug and inhibitor that provide for
= des el Fnaissic BTG frdhreBEhy Gos ng ani mal o wi th a fixed
anount of pp QlibUGsARdal BEHRATH MEnBRDIYRInR{onk BNpRURR andQhhivitMtha Frbwias
anmount of inhibitor and increasing amounts of prodrug. One or nore PK
pab andoiedase gaits thheprobide dersedasiseld cencgntratipmedpseRixprodledgllavimg ingasdoriplug
exposure.. 15Rel at.i ve ampunts, of pr.odr d_inhibitor that provide for a
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use i RoAd@esiebyudiidct adohigiddistion of proéru@fant ghibikadhieq @Rk dntitbratstcontea@rddianat i on
can be, for exanple, characterized by a decreased PK paraneter val ue
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30  can also be conducted by excising a tissue and/or its contents from an animal and introducing

prodrug and inhibitor into such tissues and/or contents.
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20 drug Tmax) or a decrease in drug exposure) relative to a corresponding
PK paraneter value follow ng adm nistration of prodrug w thout inhibitor
can be i mipeatvo3e3sof an i nhi bitor-toprodrug conbi nati onPChAS2@an3Pse©Vi de a
desired PK profile. Assays can be conducted with different relative anounts
of inhibitor and prodrug. In vivo assays can be used to identify
conbi nations of prodrug and inhibitor that provide 25for dose units that
provi de for_ a desired, congentrat 'hon- gose PK pr.ofile follow ng ingestion of
t1 atéts rza?

i
mul ti ples dPTEHERIELEIURCE POA FaRd ot Siggle (G ynit SEled (S a0 o
nor e_) -an@ﬁnyﬂhﬂpp@%%l@é’ &n &@i@ac@@uscﬁ?ﬁ’t%hcchﬁg lé%él)dArrﬁﬂEiplé%%ﬁgﬁ_tdo% LR ©f wikic@dr ug
and inhibitor into a tissue and/or its contents of an aninmal, such as the
i nt estirplationshed begveagn thgt innltiptechndta ik phtpmietsr ée bé tentefl it hen badedtedhdior of a

i gated intestine . 0. .8 I or i.ntestinal |oop, .3s r- @n

| noor cetBlie 488l afe i iRty Ohe g BE gt MR 0sEo T e obf e 0 si ng
a §i see0ads @itsl thén ERHNRIHNS of Frodiugeqaival¥al todRgkstioh bOGHCIAE Rt bPdard
inhibitor into such tissues and/or contents.

2011/ esitssRermisddnadzoshtoss the “high ¢ase”)e Yagrprudiplgoldnse upits gandigrsglfctedat i s
desir 0 ' e (P e - ; . proyi.des
an of tricaafe SLABA RGN, deSui BEL TibGs Froai ¥ SARYEL: iR F Yl

whi ch singteeda@t o sl for &einydenhd pafiladltd prlvalegdodataisPletpaemserthen ahuliigle bést ed
is then selected. For exanple, if a concentration-dose PK profile is to be
desi gri@&ar b¢ sslaged fPioirapple A wriely ofgdiffgrentzinhibitors (8.2 fropga gared of Hibikitorphen

t a L i I - t dose
R i B A DS s Bt
uni t s idamifpenisbleawirdinatiased obmhtthter auhiredrugfto iohgesi edgleidobsumt thahisch dr ug
Cmax is nodified relative to ingesti,on of the single dose unit. If, for
oxampl ErRRECH RIS, o EiR st g ey ety A R OGP e of
10 canpbgdsel @6digidd PkOarfx@bedpafedv@lih&isMobt @k kiRE aidlobf Blup ks (e. g.,
froma panel of inhibitors) 10can be tested using different relative
anmountpsodsfig Rleh¢ bivhaseinarrdngle dehewyd cither shiygsocpindig deleases duabldogd osui t abl e
cqubi NALLAN6S L0l i B hRL AR REOGNUD, (0008l @, Sinal e dose uni t 1 hat
S thé?apeu |c§?qy e ecgl§e, erein sUChe's “ContiHat i on, when i ngested as

a mul tipl e [drefb@sLaniblinkSof ipRiBUbEES tinBotidsé® Mimplamafehe high@spased t o

i ngestion of the sanme nultiple of drug or prodrug alone (wherein a single
dose @rodspg.hide dgsqlevelrof drlybiterghaf nspradese dasyed diugt(gmpy tdlewane meetien vh thehe
sanme amu r AS 1 S .. 2 C i . I ncreasi ng
amoandigose 8 R B3R RRRE ferbtafl hBRbAHRO ] dorprmipedy o' of
prodrug. Theodlogend ewhilitophrel thé &i-tlaved ihamhopitowideder td €si inkidhitoi-togprodmg
fqllow ng i ngest.i of the high dose of prodrug is identified anpd the

r 9ul T TRHHP e ﬁlﬁt%-s %@Fl&gatrta? Pighderdrimtdie B}f‘o%ffi@@ra&}?&rwﬁﬂmf tor are
t hen - i i kb - f 0 r ratio
that oy doa e R B R e R P nt g v S RE e

par anetgestioradiitbe siglerntose esit equyagent, dienginGeatoye insitsttharpracde s adlesirdd a

desired PK par anet val.ue resul.ts follow i pgestion, of .the single dose
it R PHREHdoe i bOimE STEER st mEE. 5PEE R rushe ingEerodf i
concenfesifdd, e-dRsenZK fO&ink engdk@or sardihdle 86se nd dRX ABIh&ca @I Bfi@nd§r O
dose linear profile is desired, the drug Crax follow ng ingestion of a
si2hgl dolweiag irgestieioefs: moltiplanaimeles of Hiegirigld desatunits.25f ol | owi ng i ngestion of a
mul tigle,n er of .the.single dose units, Mthods f.or manufacturing,

For mul TP el P bR 4 Pedhad MR iR S of e pr coont

di scl osur e a8 ubits HBEe present@liSThRUfeaah BE initde WEih P A uéAiringPh@hody dvhigabdes t and
can be of a variety of forms suitable for enteral (including oral, buccal
and subfiergiand)candfionp sty obForme sitablalnsicatesd (ackuidinzeral. bygsaland, ¢ hin
f1m DONFSEH SHARSAAor SOSANLLE 8Ll dhRRRS bORAG! o REUIRon  The
dose unit Ttan contal n conponents conventional’ 1 n pharnmaceuti ta
pBeparsalkionsyrg, dispasenet enmistorc dhe desesynitdandentain donlpone@ntsnveatcigdirent s

(e.g., ,to WD 2011/ 031350PCT/ US2010/ 031956 . . .
pharmaceutical preparations, €.g. one or more carriers, binders, lubricants, excipients (e.g., to
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inpart controlled rel ease characteristics), pH nodifiers, flavoring agents
(e.g., sweeteners), bul king agents, coloring agents or further active
agents. D¥eeouistzsoof the present disclosure can includecCrars20moblyde an
enteric coating or other conponent(s) to facilitate protection from stonach
acid, where desired. 5Dose units can be of any suitable size or shape. The
dose unit can be of any shape suitable for enteral adm nistration, e.g.,

el lipsoid, Ieghigular, ircul.ar, rectan ulaé, %é]indri%al, and the |iKke.
Dose dRPES PHERHCHETCRE Bryctgieliesh R BOLEArshHew e agens (G FRECDE™Pr om about
1 m crRuiAmdeRsababtind a @@ Br fﬁﬂl‘i’er%@ﬁ‘vé‘ﬁ‘geﬁfgpﬁb@tﬁﬁ{s 0P tHA (56 LAl &8BodRe dad
grans, fromabout 50 mcrograns to 10 gram from about 100 m crograns to
1 gr apclfideoransacindacanognterrscoating si0othen doimpoanms(s) &nthciate peotéatiomfrsnout 1
nicrogkquh§Cl §%9p§fsied Dose units can conpri se conponents in any
rel at ive amstiit & ESF Exanple, dose units can be from about 0.1%to 99% by
wesght of audst vifiitd A@NRAFARY Suitdblesize Gf EpdThaladsd i Qintherof aRLEhdpet al  wei ght
of dose unit (0.1%to 99%total conbined weight of prodrug and inhibitor
per t ¢higbla Brgpiegh ad@inistiatighee. goglipsmidtlpntiquipr s@reslasyeeangrda eylindssd. 4 t s
can b Jﬁgg11096to 50% from 20%to 40% or about 30% by wei ght of active

i ngredients per total weight dose unit. Dose units can be provided in
a variety a@osdiuhftepenidedl as 08/ duselunipd canrtake y tqnlovéigecbfiffonaatiain nenicsigrdnabl e
for storage. For exanple, dose upnits can be disposed within a container

sui t ali? 8b9u ] SRt AR §e Aroghahiavh e SUE O8NS pb &S oHOM AREUCHDISTOEIME Sh be,
f e e i d i CLx q a a
bit st artrmaciiof Ok B b pdnamels Bt Bl S ol o T e ADu PRy

uni t s bpdronbhbett émyicrogram & 2 gfamexi bl e packaging (e.g., sealed Myl ar or

pl astic ba , an anmpule (for single dose units in sqlution), dr opper,
thin film @SF 4pes ‘éﬁ’?ocofrﬂ’él(s? fFRapo F?tlaiaﬂ%Ff‘éathzE_r?n?%‘Efsugégr SX%%@C(C&S‘QPPE crew
cap) thabe idnt ATAVAREY0OINBE WRfbht 6f AdliSe SMBENE(1.0\YREdrAR aRPRAIBIG ) f¥: ough
whi ch the dose UnItS‘dISFOSEd within the container can be 25accessed.

Cont aitetel weighiofidest weie((al Béa PO Rp@hcanbingéreighhel prodmgped idvbigumer ot/ or

t er-r.esistan | ement ,, which seal | isrupted upon S dose
bt T SRRl T 1 Sl PmBPBimen By S B P B ADEF RS0 ol e o,
a frangpbioetosh erabsut30ed by Feidhobfittiof imdidtesiid & tolaltvtightddspanitaccess to a
dose unit disposed within the container. Exanples of such frangi bl e seal

el enent s 337958 updeca beaupvidedin g visty efvdiffergntionma prkeptinnally prpvidedhn ahat
acces ' i thi C I Regl I ' ' - seal
o, pflePafiise et ok Brile SR Bl R B SR UG AP huifal
2011/ G813neAGH S PR MR LAbEoMp@itginbThe s@ahinel canbi} for exeahpleen totfle ang) bl e
ring disposed around a contaiger 0 eniqg and i.n connectiqn mﬁ{h aé&ap such

tREt PHE 3 FIRYT € HFORBT HgbifPogetisty PBTS Crfe RN £ RICEUS SO HE0EOT GRF ts i n
the cQRLRO8Sse Uity g@ﬂqistérﬂ lal'vgalfiﬂ)é@blg hélégﬁ%r(ggg)s&g?cpﬁgrldr%r @lagfé)@f)?gsﬂ%ﬁ

(e.g., bottle or package, e.g., a 5flexi a’slze an
conf i gupatd (dor sagdpted undgs masatttaim, sdrappdrj thyn ofim,dasles ami the libeer a peri od

during whi he dose uni.ts are dispensed jinto a prescriptian. For exanpl e,
cont ¢ ner s (ALY ST BHoHAE c Qb uuraUciD L EPIAG) copteed o4t 56, 6o,

70, 8Qon@fher 30 aQlopBRAE tHi¥biEH Whidh YheCdosk LAl sptase wikhid the cdMBineOdndener s can
be seal ed or reseaFabIe. The containers can packaged in a carton (e.g., for

sBRPpmanatestadom a manufacturer to a pharmacy or other dispensary). Such
cartons 10can be boxes . tubes, or of other ¢ nfigur%%hpgkmgq%nggqebe made

of any mat erolngﬁln 5 czbn 1}1&1(1;1%.1?: l%%dal. s ,ich can Serve as d tampet-cvl SiStant
element, which seal is disrupted upon access to a dose unit disposed within the container. Such
seal elements can be, for example, a frangible element that is broken or otherwise modified upon
access to a dose unit disposed within the container. Examples of such frangible seal elements
30  include a seal positioned over a container opening such that access to a dose unit within the

container requires disruption of the seal (e.g., by peeling and/or piercing the seal). Examples of

85



pl astic, and the like). The packagi ng system and/ or contai ners di sposed
therein can have one or nore affixed labels (e.g., to provide information
such as WO 20um3e3sp dose unit type, nmanufacturer, and tReTiUSk&)/03iPhe

contai ner can include a noisture barrier and/or light barrier, e.g., to
facilitate 15 mai ntenance of stability of the active ingredients in the
dose units contained therein. Where the dose unit is a dry dose unit, the
contai_ner. can jnclude. a desicca ack. which is disposed within the

cont aithiop sl demes s oo Lulpt dopescad aroRegp gt thi ¢ or
nul ti RbB8SecAbn ¥iMAS@PUNEH thatAE rBQ N BloRE! uS@ bpeRnl Wi ehePoadits RERS (A degnt r ol
mechani sm such as a | ock out nmechanismthat facilitates maintenance of
dosi nginitedi thegont2@Fhe dose units can be provided in solid or sem-solid
form and n be.a dry dose uniit. "Dry dose .unit” refers tg a dose unit
that i o ni0yigs EHEoRORR Sk atacel £ e BB kOB S8y ose
unit s fieRieIBey) of BkizeXAdBdFigutAldheSpte€ BPSNESn (@billity ofsisé HnieAPauh @sriod
capsules containing liquid), thin film mcroparticles, granules, powder
and t Klaripg pdichrshe dosgriingts agegHsnsasqsigta HRgsAP PR fifir ¢xyBBle. ¢AmtaiLers gHebe t he
dose ' ravi i 7ol ioR! | ati on
cont ai e g E AR BLAGR 77 28 0B, &, 14 55,0 RGP Bl Sy 8 1 o

| i qui digdialdvsenhits. Jha chetathespas &d ssulédbrreseabbld. tle comthiaenenn pakdgaktial aed
containers optionally provided in a packagi ng system e.g., to provide for
a preSeHPhEE niehpEPMSRt fie adnanuiachg fodeP PREPAYT DfsH disBFI3HE St FEONng
the | ickbe boxes. tub ShMNohAeGaloRnk Fh&R o4k &g, phasaig and
inﬁibftorea?gxbyeg%ﬁfpfn the same %dcgr%%gﬁk e.g., ng%%?Fggég’og sﬁSﬁended
wi t hi plashe, ape e Iiteet) r The. padkd @n g atsiene hyd/odaseinems dispasad theeei\Oan have one or

2011/ 031350PCT/ US2010/ 031956, copposed of _t or r ort.jons, where the

or odr GPBAH ISR 6 AR B RBERL 145 oot HHE b ol THEDBRT por t § ons.
and camhechirovhaledeilitepdj acent or non-adj acent portions. Dose units can be
provided in a container in which they are disposed, and nmay be provided as
part of a pdelkagiaingr synsinelvrl¢ apraivwglbayriasiandyor hghtrbamidrong., fodrcilitdy . For
exanple.. dose 5unit.s containing different amunt.s of pr ug. c he
ks A e A A e S A i U
| ar gerdosoitifisRelry 08sedunit, tHe doatiider taf RcRidoheletitant pickdasieh Wispdsédwithin

shi pnment). For exanple, one or nore dose units as described herein can be
provi degicantpingsphigeantapgitcan he pdaptethiercon@isesinglietdesounifpr neltighes of a8pHsi ti on
are prQoyi Al .al i i sposed
£ AL FREedn R AR B Bh e oo cloia B & L AR e S
provi ded fadilitated auldteranbaobéosad; dgspanser where a first chanber contains a
prodrug forpgul ati on and a second chanmber contains an, inhibitor formnulation.
it spen_s'@;‘v' deanuHE ABEPPEY 4 Brovd Br_eseFIB‘rSO]_fﬁQ‘?rH]g agg cap s DU H9SE Bl at i on
and anpRh&l P (ATl Aol Ofhi PP if BirkPESH i @BompRIeIFHAT k@rm.téggmgye@
chanbers” of the dispenser can be separated by a renovable wall (e.g.

f r angiobldey dwsk luhits inatudk sfobexalogpie. aabletepapadeplei gorsotid cdfathni qipsitlesatanomning

allow,m xjng. of. the fornu] ati ons of the t chambers. .The first .and second
o hanbd Pt i et gt BhleS alien bkl sl e IR RS by pe ER s
C0nﬂDﬂkﬁﬂﬁﬂﬁ@hnﬂih@w&ﬂh@ﬁb@hﬁﬁ@%a&B@ Rﬁk&ﬂ@y%ﬂ@ﬁ;ﬁ@mﬂﬁﬂk@%y&kﬂuid form or
a conbination thereof. For example, the fornulation in the first chanber

cadh bdoinngafich conthinihg pfagruadngt ingibitphintligeidiecmndingleaiees of gty loe ligwig dobot h
can b%m I¥n b bgétegvx(l:l M Qee llei: uoin aiinezroall?\%s%alénicgﬁta{[ Qrasto BoR 1 derofi Ld 1Cn0ant rol | ed
rel ease o pro&Pug, of i ARTHITOr o B d&% pro&rugpan PP bt or" Gr e
cont epatlalead yyteinhe.gtepRVidedos & bRStilRd nifiteLof d38d, t@plotllerfer gagacentlogf er s
to rel ease of one or both of prodrug and inhibitor fromthe dose unit over
a sel detewniernidi@edket i ne and/or in a pre-sel ected manner. Methods of use
of dose unigR. 2pIOSH ﬁ%@ulﬁ{eﬁ SRR AIFRUTu LERAHRSBibIGY phdsBft iHFR dathe
met hods to reduce side effects

30  carrier, e.g., solubilized or suspended within the same matrix. Alternatively, dose units can be
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and/or inprove tolerability of drugs to patients in need thereof by, for
exanple, limting a PK paraneter as disclosed herein. The present

di scl osurwotzhug3pssovi des net hods to reduce side effectsPboy/usdmons®seri ng a
dose unit of the present disclosure to a patient in need so as to provide
for a reduction of side effects as conpared to those associated with

adm ni stration of drug 30and/oras conpared to adm nistration of prodrug

wi t hout inhibitor. The present disclosure al so provides nethods to inprove
Lol r SBPPRSP G5V aPE O O BR. MHEIT AP OO b o BEHEO HEREe

20117 Q3 4FROEE PR 1H1Q3A 88 Brolii el iR aHfabert Or RoRAdjh&Rt pbiionged so as to
provide for inprovenent in tolerability as conpar edfo adm ni stration of
drug and/ oPDa&s uoidngartedrovdedin adontaiagriio wheth theoaie despabadnand maphe bi t or .
Dose units find use in nethods for .increasin tient C i ance,of a

pat i entoVR PRl £ok T B RPN e on i B9 Ber Slme de

i ngol \@itd torRgihing Qi deehiinsdundt dfPRodtig @aiBS FroPLRE in Spafitd &efhiR@s Bliich 0 a
patient in need of therapy so as to provide for increased patient

conpl icap@megsscap basaesed: within hlargep gontppel (@igrdgo Aitateqrptaeiaroisioseiprigs and/ or
as co LN ' r 15 Bout. 1 ahi bi 1 met hods
can naro e, 2R Ak OF ok o R, dhckipn e b broy I ™ cour s
as pr ssgaratb edntaidesewheretds s aitspif evfifetentfcomperikian aethrpatiedit sepaniel | ance and
clinician control. For 10 exanple, by limting a PK paraneter (e.g., such
as dr G§MERSK ahd Be sePEXP SRUPBF PRSIV g IPackags fey diSReRYN®r nore, three or
mpe, or T qHbQherTRafbldASE itk bin BE Frob 1883 & doutile RRIhGRId HiSHMsEl WRerd

hi gher dose o? 5? ug %st see]‘tlIl the as |Ostance o?uaecﬁ?ii n?ég%anl. Tse dosreauni ts
can prosticiembercontutsraoprodifugtihend etgpnemndt apseudmidcthambpatangains aramhrbe@di | y

"sel f -.nedi.cat e’ nd further can provide for the tient to adjust dose to
2 G0 SO The AR erel G e GA0eR | bR i e, 61 tyGhens Pareth i iy s

si de effiBRdiSormYafi® pierabRlRstid. ¥t Slanth1d Ae QR dRABI¥rsr 1t MSpeAberdn be

ef fi caci ous dose but with a nodified PK profile over a period of treatnent,

e.g., separgded bnadethgvablawell ag eltarrablp avadltitag is Hrekay. or relmeyvashyend telr ug Cmax,

degcreased .dr xppsure) . Dose.uni ts find.use in .hods.to reduce
tne r e SY BRALEE e cagesolRagidl i ERBrIoIT HBLEH o

mul t i ghemBas esn teak@Rtedhtol I\@isFeaBg outl®, OpticMBY tidosdIod Eorp@bh okhrter! THEE. Such
20 net hods of the present disclosure can provide for reduction of risk of
uni nt épraradatinns caibBe proyided i drvey liayid fosma. of a ¢rinkindinadbersok Faoganyte. dha g

and/ or, red. ' i Nk Oof |
" PSR Rk o A LEUIEAUSHARER, My Lty Doll o
descr idogdobiecanite dro, @ bpdt ¢aarte lignidieed of drug rel eased by conversion of the

prodrug. Such nethods can hel p avoi ni nt ended overdosi ng due to
ABent i onalDaSF U0 %ﬁbﬂpmﬁg?r %ﬁngraﬁ%cfj capied SR80 ARpIor. O of bop @rgke ent

di scl oRg it dRINEdSy iR HEAUFEiLaNS SR QRS APl l itlry 5 Wel |
as to reduce risk of o erdoge, hat can acconpany i ngestion of nultiples of
doses refasa of ouger keoth of piodgesinddnlzbitohfzors dineddse meit oSeichsefetdigasiodefhemal | y

i nvol ve . conmbining,in.a dose unit a prodrug and an inhibitor of a A enzyne
t hat ﬁﬁﬁ@é{%@’ﬁﬁéﬁ@é@&%@n%ug fromthe prodrug, where the 30inhibitor is

pr esenethbdst §yQusd 0 BoNiditsi N an amount effective to attenuate rel ease of

drug fromthe
25 Dose units are advantageous because they find use in methods to reduce side effects

and/or improve tolerability of drugs to patients in need thereof by, for example, limiting a PK
parameter as disclosed herein. The present disclosure thus provides methods to reduce side
effects by administering a dose unit of the present disclosure to a patient in need so as to provide
for a reduction of side effects as compared to those associated with administration of drug

30  and/oras compared to administration of prodrug without inhibitor. The present disclosure also

provides methods to improve tolerability of drugs by administering a dose unit of the present
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prodrug, e.g., followng ingestion of nultiples of dose units by a patient.
Such net hods provide WD 2011/031350PCT/ US2010/031956 for a nodified
concent r aWpant1d3sm0PK profil e whil e providi ng therapeut PCaIUSgO10/0B16¢ | Ve

| evels froma single dose unit, as directed by the prescribing clinician.
Such net hods can provide for, for exanple, reduction of risks that can
acconpany m suse and/or abuse of a prodrug, particularly where conversion
of the. prodrug praovides for release of a narcotic or other drug of 5 abuse
Ce. g. AisRgiedy 2 Pefivnt g Bes Sé?,aS\RiPmBWV_fdr?effobF%Pwnw_(’J‘%/Foéf‘é%blnt%asr@ 368 Bf a
drug QfimalusRionHP A UG ab REmPARY kdlfdhidlsub g6t prodr@fwilRvRldidikat can
follow ingestion of Tultiples of dose units of a drug of abuse. Dose
units can Povindis Ghd niechamshadstior ispicaneg patfaneserpliancg of mpgreas withilai ng dr ug.
For e | e, a clinician can prescribe a.dosage reginen i.nvolving. different
dose <0 EngrRE oG P A Bk VG SHOLTERR S IR degRE RN fade T dese of
pr 9dr w@itiastribed hbietrlo dnsviendn tieéd 67 BBpY 8 &t fo\RoAI® Bt Scr&fsed paenkg,

di fferent anmounts of inhibitor, or dif?e(ent amounts of both prodrug and

i nhi biceewliagigan campaise én g theranyriay Hvigs Semirptrasiop o dprecapdgs ap gpmpared fery of
drug ol ' r r . X,
e L e Gl e
pr ovi delihiandgletified yhevdpyeockiurssik pegsigbedf drug fol | owi ng i ngestion, and 15a
second dose_unit can provide for delivery of a second dose of drug

fol | owi ng iRR§ESNILHFAN PrAWAE forenhaicgd galeshBOBPICE g dsdsaB FoRtFR- R¥se units
c3qp bexahbikes Pt PR, 2. 408 REANEnARIL d Bsugb 3@t mbiplst he
first éosé?’ﬁfc%?%#glan$caﬁkirgggﬁrescribéga coIFectlg’ % %mn &? rg, or
t hr ee (ap., o er those thred ¢1smoffe, di fohiepembres tioengiit are wpestdil, ¢ patide rapoorgxani ed
by instructions to facilitate a degree of. self-nedication, e.g., to

ot o JEERP R A om et Pe Far i oLa DRy T TS SaACH LD Be eiBaupl
treat gpaldteg kB hidkth pARREEINNBaddl LEY BRI atE dhRt Rfth&Sla8396vi@ for the

ket one-cont ai ni ng opi oid from prodrugs he di sclosure provides for a
conpogati¢nito edingrdost e dose avifhioun derdiissehlo sange hldpssi umitagen providgdei iedigeldi bi t or
t hat reduces drug abuse potential . A Lr in_inhi bitor can t rt. the

A 1 efEareR b e PR PO neTos 0kl B le e 2 QS0  pUG &

ket onensifié P KIipieFile pivei dpdiifoadf tldgntedt, @ -asclefih&l by N@e@@isod HKFaemhidtgr i n
vitro. For exanple, if an abuser attenpts to incubate trypsin with a
conpod¢-8i ecregsed Haigdpmaridseisasedidiag eXpesiigies a ket one- cont ai ni ng opi oi d

prodrug an ypsi h_inhibj , i neinhi i r
D000 e N Wl (RO LRI SD G B

ket ondelt@nirgkestiongpfapildpd dosds tpianpo sessanfe tabtisicove80 sMfx period of time. Such

2011/ 031350PCT/ US2010/ 031956 Exanpl| es . The foll ow ng exanples are put
f %t h raghogy q(f:ghepwrsﬁﬁna@%lﬁ%%% PGV F hetr g degtio of isk Pﬁ@maﬁepd%_r PHILSE Bhpl et e

di scl Q3HEre@NY e SEAiREhRY RlerddOWof ?rmug?lﬁgloﬁﬁkdc A8 RIRedh RSy and are

not intended to limt the scope of the 1nventors regard as their
i nventoverosmno! modrug lvathouninbibited SBiclh nregprde srevmd vet disectibhadrempeuatioenf s bel ow

are all or the.on experi nent.s perforned.. Efforts have bgen de t0 ensure
eeur oy el bt RS RRUR B A TR ek B ke G AoRE PR 50T bt
sone XRRSdsBA h@lb a9 bidalnSntditdd S ¥idatin fdge &ﬂfﬁt&n@io@cﬁ oRGRAABHA] fnﬂléuse_lel&l kigs S

i ndi cated otherw se, parts are parts by weight, nolecular weight is weight

aveér agesawiiecul ar wei ght, tenperature is in degrees Cel sius, and pressure

s at or n 5 p%sgr?tscﬁpc Sdufe pr%gfl%gsd %%Hloﬁsb U ﬁcaetrin%ste a%%bgs% oqsaecgrug, as well as

to reduce risk of overdose, that can accompany ingestion of multiples of doses of a drug, e.g.,
ingested at the same time. Such methods generally involve combining in a dose unit a prodrug
and an inhibitor of a GI enzyme that mediates release of drug from the prodrug, where the

30  inhibitor is present in the dose unit in an amount effective to attenuate release of drug from the

prodrug, e.g., following ingestion of multiples of dose units by a patient. Such methods provide
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10 WD 2011/ 031350PCT/ US2010/ 031956 Synthesis of Small Ml ecule Trypsin

I nhibitors Exanple 1 Synthesis of (S)-ethyl

4- ( 5- guarwoizno/@135napht hal ene- 2- sul f onam do) pent anoyl ) piPpens2é weivsar boxyl a
te (Conpound 101) 5 Preparation] Synt hesi s of

4-1(S)-5-(1Am no-[(E)-2, 2, 4, 6, 7- pent anet hy1- 2, 3- di hydr o- benzof ur an- 5-

sul fonyl i m no] -nmethyll-am no)-2-(9Hfl uoren-9-yl net hoxycar bonyl am no) - pent a

noyl1- Zi ne-| -car x iC id ert-butyl ester (A . 0 a
s et R et e P O ML A R S X T I L
te”perfﬁ)tn‘ﬂﬁ@ln?ﬁ%lo@ggﬁ@ addldibeibd By thk F;fﬂéscrlgﬁl Le1iAT®n) -Sulh hRkh&ksichd pRIidtfoF,00m
tenperature for 10 WO 2011/ 031%50 CT/ US2010/ 031956 m n, the reaction

m xt urfer s plo ot dagtionof sk thar gan isompainy imdmuserind/or usael apedtigHATU (16. 11

Der ¢ - BOETTRY e SOM s 8l Brohle oV e 67 e BiaRr S ST e f) v

added a8u@neiss %ploni])eFéﬁ@@Eﬂpqm wWhHeH (i @olRg piéwaésetdr fb‘leas@oﬁl 8@k oP abise; dokbe
m xture reaction was then allowed to warmto roomtenperature 5 and stirred

for 2 URits gyl R/fewﬂe Warsredugtien of rewnrd b el optieggstign alimultipdesif slosn waits af g

Et OAcr?g{L?gO washed with water (2 x 750 nmL), 1% H2504 (300 nlL) and brine
(750 e organl c layer was separated, dried over Na2504 and sol vent
renoved i n Diaewaitd mnq;rbﬁ'dabhmcnlaumlthfenﬂﬁﬁedrﬂemﬁiﬂmjammdsoﬁbmsdrhgI@m to the
next step as Et QAc solution (100 m). LG M [MH] 817.5 (C43H56N6085+H

cal c: cBamPlg) a cliyciph gyhpratsrids aﬂ"é@&?ﬁﬁ%‘éﬂ% igyolying dgferent deyg sfEengths  which

< EP fon 5:? ﬁ)VOl?V'C%W% ’o§ i{:]orQ Qﬂfe‘%m tdB un%ts %’f gf%ﬁlﬁﬁ%ﬂt)f‘ﬁ%édlffe ent rellatlve

I m noj - -am no -penta I perazi ne- ~carboxylic acid
tert- tau’wjahts@efpmdr@@)dlfféfmtalnwhutqumhlbﬂtorcomlffamit #n$uits f ot pjodirug &tdDAC (175

nL) at ure wa 5add; er.i.d 4. 57 , 46.2. Mol ) and the
et it iBRn TR HRE N SRR AoRE PR BV i e b iedcCodint e ol vent
vas renmyMest P pYageRraRd. tdieg Eﬁﬁi{!{lﬁe' 88 ¢'(g84-dURd e ARla¥ @6schiBedhdlbMBRMOUNt
of EtOAc (- 50 nlL) and hexane (- L) was added. The precipitated crude

pr oduckamgls, 4 fifst dpsedingifdan preyideior ylsln\@lry péeﬂrsagaswfmw@p@m@g ingesgionmnyd and
ane sgcond cf%s 1t CE%II_]P }()(irogld%?mp detl ﬁ‘feﬁ@ f% %(Ig]él c%rsg gf %gg iolY\awa§ m%\é\‘ tqf\]l)sl}ﬁx ane and

ed |n vacuo conpou

595.4 f{r@%&&%@dﬁﬁﬁ@%g @&de€ of B9%.089 unifsuAnp ®Y ﬂﬁf@erﬁ@&eh@ﬂﬁ eW., tthkﬁ)sﬁcoﬁdldéééer
purification. Preparation 3 Synthesis of 4-[(S)-5-(

film san pe myeater than tee fzrspapseaffelinigianxcas thysipyercobe a goldactipa g o or more, or

three or more dose units of different strengths, which can be accompanied by instructions to

facilitate a degree of self-medication, e.g., to increase delivery of an opioid drug according to a
20  patient’s needs to treat pain.

Thwarting tampering by trypsin mediated release of ketone-containing opioid from

prodrugs

The disclosure provides for a composition comprising a compound disclosed herein and a

trypsin inhibitor that reduces drug abuse potential. A trypsin inhibitor can thwart the ability of a
25  user to apply trypsin to effect the release of a ketone-containing opioid from the ketone-

containing opioid prodrug in vitro. For example, if an abuser attempts to incubate trypsin with a

composition of the embodiments that includes a ketone-containing opioid prodrug and a trypsin

inhibitor, the trypsin inhibitor can reduce the action of the added trypsin, thereby thwarting

attempts to release ketone-containing opioid for purposes of abuse.

30

89



25sul fonyl i m no] - met hyl | - am no) - 2- (napht hal ene- 2- sul f onyl am no) - pent anoyl ]
- pi perazine-1- carboxylic acid tert-butyl ester (C. To a solution of
conpound WBOQRB/B1FY 46.2 nmol) in THF (250 nl) was adde@#Cagise@u®3m®ss NaCOH
(171 m.). The reaction mxture was cooled to - 5 C, a solution of

2- napht hal ene sul fonyl chloride (26.19 g, 115.6 mml) in THF (125 nlL) was
added dropwi se. The reaction 30 m xture was stirred at - 5 C for 10 mn,
with stiffing continued at roomtenperature for 2 h. The reaction m xture
was diluted with Et0Ac (1 L), washedWR® aqueous 1IN NaOH (1L), water (1L)
WO 2011/ 03 ]l?féqgiﬂ{/1g§%9§1ﬁg1@§ 4350 A s RE phoide) thosEE oRAiBAYIsRill BYRS arh@S
separated, dried over S and renoval of the solvent in vacuo to afford
co rrpownth Uc(rrs@e@ disclasreandrdgbriptioColBoy - Rijak e 88l sse(tmaatﬂbczdﬂeﬁsszmﬂ arg aptc:
785.9 thou urt he rific tlon tion 4
Syni nae RIRBSAG: FieHBisT Sthablot s g PG SR dnr s 2 GEVPRGRE NG ¢
1- 8m n@rebrdses) thérthd BaRAh¥alseREow a&tahlf&myé STy BRperfm X PpfddinB@ s t-hhve

-yl -pentyl am noTnet h- (E) -yl i deneamni de (D). To a solution of conpound
C ( 36.bgeymad@toengyis|apcirpc vk saseeqt 6onwnberased{d de AmaMItHEIMPe Ao R UL 58
) dr WSS or 1.5
10 . “Re6 gt g FREIANcTIpbhY bRl ket A, UABR hEEREL Bkt L

pr oduglrtwae plaith be m@gmfrholemmagm it bvekgh? Bv angk mblleahlhyweﬁghe tbnnpa:ra/caneuo it 0
afford conpound D(34.5 g, 46.2 mmol). LG M [ M+H]. 685. 4 (C33H44N60682+H
cal c: degseviel S’@&rﬁ?&tﬂﬁ%ﬁsﬁe\k%t Qe %xxnpmiﬁflc f&t'ﬁlﬂ%é# abheyiptiqnspmayrbe upsd.
Prgparation 5 Synthesis of 4- [(S)-5-(

[Amino-[(E)-2, 2, 4,6, 7- pent anet hyl - 2, 3-di hydr o- benzof ur an- 5-
sulfonyllnlno] nethyll-anlno) 2- (napht hal ene- 2- sul f onyl am no) - pent anoyl ]

- pi perazi ne-1- carboxylic acid ethyl ester (E). To a solution of conpound D
(8.0 g, 11.1 nmmol) in CHC13 (50 nm.) was added DI EA 20 (4.1 nm, 23.3 mmol)
at roomtenperature and stirred for 15 mn. The m xture was cooled to - 5
C, ethyl chloroformate (1.06 ni, 11.1 nmol) was added dropw se. After
stirring at roomtenperature overnight (-18 h), solvent renoved in vacuo.
The residue was dissolved in MeOH (- 25 nL) and Et20 (- 500 nlL) was added.
The precipitated crude product was filtered off, washed with Et20 and dri ed
in vacuo to afford conmpound E (8.5 g, 11.1 mml). LC M5 [ MtH] 25757.6
(C36H48N608S2+H, calc: 757.9). Conmpound E was used wi thout further
purification. Synthesis of (S)-ethyl

4- (5- guani di no- 2- (napht hal ene- 2- sul f onam do) pent anoyl ) pi per azi ne- 1-

car boxyl ate (Conpound 101) A solution of 5% mcresol/TFA (50 nL)
was added to conpound E (8.5 g, 11.1 nmol) 30at roomtenperature. After
stiffing for 1 h, the reaction mxture was precipitated with Et20 (- 500
m.). The precipitate was filtered and washed with Et20 and dried in vacuo
to afford the WO 2011/ 031350PCT/ US2010/ 031956 crude product. The crude
product was purified by preparative reverse phase HPLC. [ Colum: VARI AN,
LOAD & LOCK, L&L 4002-2, Packing: Mcrosorb 100-10 C18, Injection, Vol une:
- 15 nm x 2, Injection flowrate: 20 niL/ mn, 100% A, (water/ 0.1% TFA),
Flow rate: 100 nL/ mn, Fraction: 30 Sec (50 nL), Method: 0% B (MeCN / 0.1%
TFA) -60% B/ 60 min/ 100 ni/
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5 mn/ 254 nm. Solvents were renoved frompure fractions in vacuo. Trace
of water was renoved by co-evaporation with 2 x i-PrOH (50 nlL). The residue
was di ssowoeed1103130m ni mum anount of i-PrOH and product PaaaISpe1eosss at ed
with 2 MHC1 in Et20. Product was filtered off and washed with Et20 and
dried in vacuo to afford Conpound 101 as HCl1 salt 7 (3.78 g, 63%yield,

99. 4% purity). LC-I\/B [ MMFH 505. 4 (C38H52N60852+H, cal c: 505.6). 10 Exanpl e

2 Synthesji s, of S I 5 ani,di no- 2- (2, 4, 6-

triisGHREIS A SINA ceuleTeypsin Inhibito R) pi per azi ne-1- car boxyl ate (Conpound

102) gxa g 0=Br OL N,.,. NH21. TFA/ Cresol ONH OOAN 1/0 12. HO/ Et20 NH N
, NS HO 2011/ 031350PCT/ US2010/ 031956 Preparation 6 Synthesis of

4- [ ( SSyBtl{esiamt 1D)-¢thi) 4-£5-2uanidino- pémaphthalege-23ufonamidinperiianoydipipenazise-

sul fonylimn - et hyl

-am n%qg%@%t%@g@géﬂblga” am no- pent anoyl | - pi perazi ne-] -carboxylic acid
et hyl est {F). 5To a solution of BogtArg(Pbf)-OH (13.3 g, 25.3 nml) in
DMVF (10 nmL added DI EA (22.0 L, X nmol ) at room tenperatare and
stirred for m n. The reaction m xtugle lwas then cooled to -5 HATU
(11.5 g, 3Q,.8 mml) q\@a@g@dln portigds, and sti rped.d or 30 m ng | | oned
by the drop e+ ad r thyl - 1p|ps¢(f/a\mlne caH&e*yIate(40ng53
mmol ) in DVF (30 m_)2 Bter 40 mn, the pR@action mxture was dl|ut'\bid\“'\/\llth
Et 0OAc (400 nf) and T

o )L
HO -,NJCJ)\O ’O NH U‘ﬁ/j)\o ’O o N”\m/g
o H o H
C » O

o O
Clo Sm W2 o
2 HN._NH . HN NH
P F Dioxane/ HCI b Ethyl chloro formate
o NH - NH >
N
A 00wy A0
LN NS LUN "wa
o HP° o H°
C D
o
050 HgN NH
HN NH 1. TFA/Cresol

2. HCI/ Et,0
0 N’NWKH/ ~—h o N/\X/.

Preparation 1
Synthesis of 4-[(S)-5-({Amino-[(E)-2,2,4,0,7-pentamethyl-2,3-dihydro-benzofuran-5-
sulfonylimino [-methyl}-amino )-2-(9H-fluoren-9-ylmethoxycarbonylamino )-pentanoyl |-
10 piperazine-1-carboxylic acid tert-butyl ester (A ).
To a solution of Fmoc-Arg(Pbf)-OH 1 (25.0 g, 38.5 mmol) in DMF (200 mL) at room
temperature was added DIEA (13.41 mL, 77.1 mmol). After stirring at room temperature for 10
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10 poured into H20 (1 L). Extracted with EtOAc (2 x 400 nL) and washed with
H20 (800 m.), 2% H2SO4 (500 niL), H20 (2 x 800 nL) and brine (800 niL).

Organi ¢ spenrives3ssepar at ed, dried over MgSO4 and sol veRCTMASaw0M819561 vacuo.
The resultant oily residue was dried in vacuo to afford compound F (16.4 g,
24.5 mol ) as foany solid. LGM [MH 667.2 (C31tl 50N608S+H, calc: 667.8).
Compound F was used without further purification. 15 Preparation 7

Synt hesi s_of 4- S) - 2- Ami no- 5-

DU - 5o, e seapiipe i ier g co9iea- G-y ir B0 B s stisp bt et A 1611

- met hyl E@mn'i}%r) E&?ﬁ&ﬁ@@é’iﬂﬁ@t@&ﬂ%ﬂ NEminlandCAIRRN dfGerfbh§l-¢igipdragad er (O . A
solution of conpound F (20.2 g, 30.2 nmmol) in dichlorofethane (90 nL) was

t r eat edrb@yiet(R.14.20 385H@DOD) in DMFE éﬁQméhWai @@edﬂromse Fhpmesicliomndxwtd wased at

room-t rat of t rorreth

" orove R ARG Y, She P TRRRio s Ao RS FRHR B Foe S PRI ER s
fi bt erqd s@fréd A MVashes: wad ﬂemstv&mnaradu@i hhBdhel lralmm digobkli of HiGQmmend G
(17. 8&%@ 30.2 mol ). LG 567. 8 §026H42N6068+H, calc: 567.8).

Conpo Baghed m&eﬁraﬁm Qﬁ)@lﬁ(& by Hed2p 0 (3G0cat ail bras (Bp@ pey al heopreanic

Synt h

filni ﬁ%’ ZV% ézh Ea(“? 8?1‘?‘q SeAt R AT PG YA DR Sr 0f Appyolume of 100

sul f omyl |(Ebn‘npr]unﬂm 't ]akaxmmm néxt(sﬂ:péb,s GE-tOIAIcIsSImnbﬁ PY0-hENZ&h ®EUINIeHY B & no) - p
ent ano %k erazine-1 -carboxylic acid ethyl ester (H. 30To a solution
of cor‘é@ @N@SETHOC%C 87¢) mmol ) in THF (7 nl) was added 3. 1N aqueous NaCH
(490 m.) and stirred for 5 mn. The reaction mxture was cooled to -5 C,
and then a WD 2011/ 031350PCT/ US2010/ 031956 sol ution of tripsyl chloride
added teppwiige2(2.2 g, 7.3 mmol) in THF (5 nL) and stirred at room

Efggeﬁiy e i1 &é%%ﬁ”g”ﬂlg&)"%cﬁﬁ ) b T 2 U o e b T w80

m) . G itk Yﬁéthy%fa%m%) /g-%qp asShed By 28k ?er%bﬂr?pesmf)(B ).
saturat ed NaH H20 5'2 ﬁ) and bri ne (200 5 . The organic
| ayer was @@M@tw of@pn@dumi/ér( g samola mdEE My €7D mlehasveem itgmpesaturs was

ciip orae 1 p P AR T B2 SRR af g v Bk il Y P B! o R O6RG 2P

zLxCE g/s tcErMidIﬁétuEa'S 315&( tql@@amﬁ%qaﬁam inGabes artBde tsultihg Sydikasisslvefl if S) - et hyl
uani di no-

triis g@rltswn BROH) %ﬁﬂtf)é\ﬁa(mSQcﬂﬂpbmdah%gmq (pi bt was #rksled. Thegprpeirijated erudeonpound

102 d H

(3. 73 st G5 etk O S IR DRy U D g - TR

sol veriths pm:i;a‘talteewms/ﬁhlereah offawtihed Regi It enanasl dliedSo e tb laffdfcbdfdnmomnétmane

0 d 'th H20 (3 2 [
| 20er U0 eoparirah M el st SoNg S i QoheH. 16 S TehorPa B
VaCUOus&fl@uﬁ&ﬁlfﬁi{%\,\gﬁﬁﬁ%tﬁﬁm ved in dichloronethane (- 5 nL) and then
hexane ( s added and a precipitate was fornmed. This was washed

w th hexane and dr| ed in vacuo to afford the crude product (1.95 g). The
crude }product yas purified by reverse phase HPLC [ Col um: VARI AN, LOAD &
LOCK, ‘U89 40¢%2< 2, Packing: M crosorb 100-10 C18, Injection Vol ume: - 15 ni,

20 | njseeimk AR of 4-0W) 158y BinirOf szm REHoeayl-OVRIRY droDeh 2ol s- Fl ow rate:
100 WLS? mn, OfFrg\gt)lon " ém- Ik I\/étgod lﬁm eZ/g:N/ 0.1% TFA)/ 70%

B2598 Sﬁifcmyllm@o]rmﬂhyﬁwmzrzszﬁ ﬁnmphth%Weé?muéfomzdﬂr@lWemedoﬁl} -piwepure-f-racti ons

in vacy Tra removed by co- evaporation with 2 x i-PrOH (50
m.) . 'Qboxé %96” wﬁﬁ?ég?véd in a mninmmanount of i PrOH and product was

preci pl t at €@ addlition d¥lcbiaboiid B(290 gP1®duahoWasTHFI(25Y @dl.) afaf aadvd ayashsd
IN NaOH (171 mL). The reaction mixture was cooled to ~ 5 °C, a solution of 2-naphthalene
sulfonylchloride (26.19 g, 115.6 mmol) in THF (125 mL) was added dropwise. The reaction

30  mixture was stirred at ~ 5 °C for 10 min, with stirring continued at room temperature for 2 h. The

reaction mixture was diluted with EtOAc (1 L), washed with aqueous 1N NaOH (1L), water (1L)
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25 with Et20 and dried in vacuo to afford the product as HCl salt of
Compound 102 (0.72 g, 35%vyield, 99.8%purity). LCM [MH 581.6
(C28HA8NoWbB20H/03¢3m0c: 581. 7). WD 2011/ 031350PCT/ US2010,034S82@ 0B35p] € 3
Synt hesis of (S)-ethyl

1- (5- guani di no- 2- ( napht hal ene- 2- sul f onam do) pent anoyl ) pi peri di ne4- car boxyl a
te HCL salt (Conpound 103) ==c) N,. NH2 (NHO HOA J< '/No 0O 1. Base 2.

ot byt 2aepEeLh ) %Q%Pgeﬁgsc;ag%lﬁs[sggﬁ@éa st b RS e SO S ey '
and HAT hdid-t9 affordleddiboti® O (366 OME.2Arhmolil).chias [mﬂﬁ%@'ﬁ/&éﬁﬂm@gﬁ# 4

nmol ) and the reaction m xture was stirred for 10 mn at room

t enpercalcu?#.9)A Gohpauind (€ whs e&eldwlthoslbﬁar@etmrsﬁc@tlpu. 0 g, 6.36 mol) in DVF (6
m.) was added to the reaction m xture dropwi se. The reaction m xture was
stirred at roomtenperature for 1 h, then diluted with EtOAc (150 niL) and
pogredsr[g,m,gnwaﬂer (500 m.). The product was extracted with Et OAc (2 x 100

mL). The organic |ayer was washed with aqueous 0.1 N HCl (200 nL 2%
aqueodsniéets ofd %ﬁ‘éa%l Berarethybag-diydro-hareyurpp@omlyrigndicdt-rméo Q@(f)f% m) .

-ercngrr()g(?g} fallér{?eyf ul}%?la%:%‘)90&591)%’6?&11%9%1%@%41@5 ﬁmafhl—(lEt)—‘j:yflggteaﬁl?cgz m.en
To a solution of compound C (36.6 g, 46.2 mmol) in dioxane (60 mL) was added 4M
HCl in dioxane (58 mL) dropwise. The reaction mixture was stirred at room temperature for 1.5
10 h. Et;O (600 mL) was added to the reaction mixture, the precipitated product was filtered off,
washed with Et,O and finally dried in vacuo to afford compound D (34.5 g, 46.2 mmol). LC-MS
[M+H] 685.4 (C33H44NsO6S,+H, calc: 685.9). Compound D was used without further

purification.

15 Preparation 5
Synthesis of 4-[(S)-5-({Amino-[(E)-2,2,4,0,7-pentamethyl-2,3-dihydro-benzofuran-5-
sulfonylimino [-methyl}-amino)-2-(naphthalene-2-sulfonylamino )-pentanoyl]-piperazine-1-
carboxylic acid ethyl ester (E).
To a solution of compound D (8.0 g, 11.1 mmol) in CHCl; (50 mL) was added DIEA
20 (4.1 mL, 23.3 mmol) at room temperature and stirred for 15 min. The mixture was cooled to ~ 5
°C, ethyl chloroformate (1.06 mL, 11.1 mmol) was added dropwise. After stirring at room
temperature overnight (~18 h), solvent removed in vacuo. The residue was dissolved in MeOH
(~ 25 mL) and Et,O (~ 500 mL) was added. The precipitated crude product was filtered off,
washed with Et,O and dried in vacuo to afford compound E (8.5 g, 11.1 mmol). LC-MS [M+H]
25  757.6 (C36H4sN6OsS-+H, calc: 757.9). Compound E was used without further purification.

Synthesis of (S)-ethyl 4-(5-guanidino-2-(naphthalene-2-sulfonamido )pentanoyl )piperazine-1-
carboxylate (Compound 101)
A solution of 5 % m-cresol/TFA (50 mL) was added to compound E (8.5 g, 11.1 mmol)
30  at room temperature. After stirring for 1 h, the reaction mixture was precipitated with Et;O (~

500 mL). The precipitate was filtered and washed with Et,O and dried in vacuo to afford the
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vacuo. The resultant oily product was dried in vacuo overnight to give
conpound 1(3.7 g, 5.57 mol) as a viscous solid. LCGM [MH 666.5

( C32H51N9W6 281131358l c: 666. 7). Conpound | was used w t hoat/uSae1vioardse
purification. WD 2011/031350PCT/ US2010/ 031956 Preparation 10 Synthesis of
1- 1Arg(Pbf)] - pi peridi ne-4-carboxylic acid ethyl ester HCL salt (J) To a
sol ution of conpound 1(4.7 g, 7.07 mmol) in dichloronethane (25 nL) was

added54NH1| di oxane. (25.0 ni 84 mml), and the on mxture
vas. sCRER e Saf o piiatied Ny prefany o R 4IRS 1SRt

concentAR{Ad, IL(DAlDa&lJR)(th L.&9, 40029F PaAliNE MicrdBb 100ern dilg uhrekioM, Myrghet hyl

ether (250 m.) to produce a white fine precipitate. The reaction m xture
was st ¥ral xf ‘arinjectoraftelv tdte AomlLdmiad OWsheavairt ¢ 1 &t Heh), Fsov mty: 18Adnldr i ed

L0 vt iy Cal 30 See St TABRMRE P spet B 70 R RS bR Rdee "

W § hOlﬂnnf 234 AT, SPWehisiviat t@ﬂfbve@rfﬁﬂﬁﬁ@’élffh@ilc])nssm RhO\RS Teacfof water was removed
1-1-5(S)- (N - Pbf - guani di no) - é{ ht hal ene- 2- sul f onyl am no) - pent anoyl ]

pi per ibyicAeevaPraiPowith 2cx aRiQH ) é@lpé?Sl‘éW)WiSSjﬁﬁthe%lﬂ AMBIER AEEHM nd J

gﬁdlvvgipé}ékp%@rﬁéau&@qs g% ggltgt%ﬁ(%f [B?ZI on o é) jf)f{%ﬁlﬁ?tosul {e?edlo(Iff %‘Fgr I %em(_%) 91

g, 2. 5ithBd,Y and dililsiﬂ:u( URuok affisrd @émmpowid Iﬂlsdslfﬂ@i qay 7aB3.78%, 63%T3heldr ene%i on

m xture was_ stirred room tenperature for then diluted with water (5
m) . Réfﬁé‘/éulscfﬂisl[-]@fk{E'?Olf‘rﬁ)(cwﬁﬁnﬁd%%élﬂfl&%?%ﬁ) pH -3. Additional water was

adged (20 nL), and the product was extracted with 20 ethyl acetate (3 x 50
m.). The organic | ayer was renoved and then washed with 2% aqueous sodi um

bi car BExaatpde 50 nl), water (50 nL) and brine (50 nlL). The extract was dried

d di | fate, fil d, and ted | _ Th
P or e el R SRS AT a5 005 Covar ni ght Lo oive compound K (1.3 g,
1.6 mfﬁ'is\)g?(ﬁ)_)ﬂﬁhéiiyhsiﬁltfoﬁﬂﬂi'idlgp&ﬁhh@yl)ﬂiﬁe%ﬂew&rﬂﬁﬁaﬁe @%M 8 S 2-FH

, calc ound K was used w thout further 25puri
Synt hesi §| of (S) et hyI

o Q
1- (5-guani di no- 2- (napht hal ene- 2-sul f on o) pent anoyl ) pi peri di ng-%-
car boxyl at Cl salt (Conmpound 103) To ask, was added conpou (1.3
g, 1.6 and t heaTd peated with 5% 0 cresoI/TFA (10 L) .- Te
reaction F?r§<9ure was stitred at room teffigPature ﬂ;}?ﬂxﬁl h. Next, @H®
reaction m%ydfe wasl oncentrat ed in vacuoylo a vortme =5 ni. Di etiyizet her
(200 ni) NH WO 201 350PCT/ USZOlO/O @'&36 then added tp the resHdue,
and formed fjne whit® r p| tat e(gl itate was/f\ll,llte ed off and
washed.yi i gtHer (2 x TheLIJ;'@ oI|d was~ dPi 'ﬁé yacuo
overni gh §i ve a crude mat er| al , V\BS purified by pr iae

reverse Bhase HPLC. [ Nanosyn- Pack M crosorb (100-10) C 18 col ur‘Pn (50x300
m); flowrate: 100 ni/mn; injection FWolunme 12 nL (DVBSO- 5 water, 1:1,
v/v); nobile phase A: 10Q% water, 0.1% TFA; nobile phase B: 100% ACN, 0. 1%
TFA; gradient elution fro 5% B to 55% B in 90 mn, detection at 254 nn.
Fractions

HN

YNHZ

1. Base
—_—

2.
o
ENNNY
LN S

1. TFA/Cresol
2. HCI/ Et,0

15
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cont ai ni ng desired conmpound were conbi ned and concentrated in vacuo. The
resi due was dissolved in i-PrCH (50 nL) and evaporated in vacuo (repeated
twi ce). TWoO2on#3ise was next dissolved in i-PrOH (5 ni) pamdstoieasmds with 2
N HCl/ ether (100 mL, 200 mml) to give a white 10 precipitate. It was dried
in vacuo overnight to give Conpound 103 (306 ng, 31%yield, 95.7%purity)
as a white solid. LC M5 [MH 504.5 (C24H33N505S+H, cal c: 504.6). Exanple 4
Synt h?i S of.ﬂgg) -ethyl 1-(5-guanidino-2-(2,4,6- 15

trii soprspYi'dhnyl sul f onani do) pent anoyl ) pi peri di ne- 4- car boxyl ate HCL salt
(COrrpcsgmegzp {wsa%gims%@;i@eqré RO ABLISOa RS HDA ALY BRI Synthesi s of
1-1-5(95) guani di nog -2- triisopropyl-benzenésul f onyl ani no) -

pent arméfdmylmmqiemet@ylh@nﬁn@aéf tfmlg/wtowcadaodylgmw -pesareyl It Nperione: Iswirbeiybn of
corrpoun ] est @T 1.6 mmol) and NaOH (420.0 ng, 10.4 nmol) in a 5 mxture
of THE id§ ) 8nd “wat er (4 nL) was added a solution of 2,4,6-triisopropyl-

beszenesul flnydol@bnfiBiR- A B3O8 (13.3781015)3 fibai)inTBMWH (1 O rrﬁI)IWd’slaHGecﬁnd
mai ntained at -5 C. The reaction m xture was then stirred at room

t enperdEdy @2{00pL1130.5 moilt Yrpery teReerptaicandonise 6efr bsgin. The Feagiipumedusgi t h
t
\ngle'[ %%gﬁ‘éﬂv-\%? g?qgégggglhgﬁ I?BW@Q; %qg(ggﬂﬁﬂé) P} rag% ucet(d i/\/glsj)tlé%(l? r ad(;‘?té%dv&% h

Et OAC 303nix, ﬁﬂ)loWeal byllﬁ): dibpwie gddition baytayl- Waipevarsiead huixy it g BSEIsINROMT UM
bi car honat e water (50 nmL) and brine The organic | ayer was

dri ed lo{AE &? IS8 dPignd ﬁ?%&?@mlﬁuretw%{ut%wt Ot 48tatednd n” vacuo.

Fqpme (1.0
% %ogfehx &ggztggqé :"’F?/tr%%écggft}é p@Awm QYﬁ)%ﬁwasﬁ&l 64912% Ngoégsgf}ﬂi i\#c (&

832 7)HzSO@ r(@ﬁihmﬂ) MBS uS@Hmly) tinbbrinef (800 dr). Pugainfd lewdrivors.sedBbatSy,nirled Siver of

(S)-e uani di no-2-(2, 4,.6- . . L

trii sg\gg%%‘f‘ﬁfé? PE’L?FIPH A %&?Beﬂlearﬁ%}ﬁ}ﬁa?b‘?%ew’&%gaﬁd%dr Bodgrateed sal t
( ConpeupPodf (104 3, 34 8sdndRas RAASdoEeNMRONS [N+H] 6687 9.(C K}Hapdc:t hen
treat edﬂl\%th S%m%cresoI/%A 1%61@ . The rgacﬁaon m(xt%tﬁtrgoemgav\%s stirred at
r oom toémder epmpeurfol “@Shsedl\hléhmléémtheonmﬁcmomure was then concentrated in
% §uo to a volune of 5 nL. Hexane (200 nlL) was added to the residue and
detanted off to give an oily precipitate. The product was purified by

pr eparmtpmanseyer se phase HPLC. [ Nanosyn-Pack M crosorb (100- 10) C 18

col um_ (50x300 m? flowrate: 100 niL/mn; injection volunme 15
(Dwsoiwﬁé&ls oA4-A(, )\walnon%(fﬂWOpHEé"é 2.6 {0 sil-2. %dlﬁ%lwﬁﬂnzq'fﬂmnr% phase
B: 10 5 90 mn,
det ecg’l f{? ‘805111{/ Q’W\ ggﬁ@%egﬁ}sno g}t ae?%ll;rlf’!g? g%%?{%ﬁ %ngZl% ?%éwng‘ conbi ned
and concentA adletion of ooaqmmnd Fh20.2esBoldenmaly nddlshlokomcdham (PO RIIOHAsXRAtedl) and

eyapo in v u epeat ed t e resjdue was dissolved ipn i-PrOH
§8 )Wlﬁh‘go dgwaﬁe NGek \A%@%n% Fnr@b@lwrr @ﬁf%%Fe}nﬂeEﬁt‘ﬁFg%f S of | y
P S e e
30 WOhRedslta313&0piCr We2 0 ko0 8ifome washed with Et,O and dried in vacuo to afford
compound G (17.8 g, 30.2 mmol). LC-MS [M+H] 567.8 (C6H4,NsOsS+H, calc: 567.8).

Compound G was used without further purification.

25
Preparation 8
Synthesis of 4-[(S)-5-({Amino-[(E)-2,2,4,6,7-pentamethyl-2,3-dihydro-benzofuran-5-
sulfonylimino [-methyl}-amino)-2-(2,4,6-triisopropyl-benzenesulfonylamino )-pentanoyl |-
piperazine-1-carboxylic acid ethyl ester (H).

30 To a solution of compound G (1.0 g, 1.8 mmol) in THF (7 mL) was added 3.1N aqueous

NaOH (4.0 mL) and stirred for 5 min. The reaction mixture was cooled to ~5 °C, and then a
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Exanmpl e 5 Synt hesis of

(S)-6-(4-(5-guani di no-2- ( napht hal ene- 2- sul f onam do) pent anoyl ) pi per azi n- 1-
y1) - 6- oxowexandist3saci d ( Conpound 105) 0 'dd 0 0 it®NTDISEAN/031956

CHCl 301Ny.,,/N:ss, O H DO 0 HOLN s OL,..... , Nr /N ,s HOO

solution of tripsyl chloride added dropwise (2.2 g, 7.3 mmol) in THF (5 mL) and stirred at room
temperature overnight (~18h). The reaction mixture was diluted with H,O (130 mL), acidified
with 2% H,SO, (15 mL) and extracted with EtOAc (3 x 80 mL). Organic layer were combined
and washed with H,O (2 x 400 mL), saturated NaHCO; (100 mL), H,O (200 mL) and brine (200

5 mkL). The organic layer was separated, dried over MgSO, and solvent removed in vacuo to afford
(2.9 g) of crude product. This was purified by normal phase flash chromatography (5-10%
MeOH/ DCM) to afford compound H (0.52 g, 1.0 mmol). LC-MS [M+H] 833.8
(C41Hg4NgOgS,+H, calc: 834.1).

10 Synthesis of (S)-ethyl 4-(5-guanidino-2-(2,4,6-
triisopropylphenylsulfonamido )pentanoyl )piperazine-1-carboxylate (Compound 102)

A solution of 5 % m-cresol/TFA (40 mL) was added to compound H (3.73 g, 3.32 mmol)
at room temperature. After stirring for 45 min, solvents were removed in vacuo. Residue was
dissolved in dichloromethane (100 mL), washed with H,O (3 x 200 mL) and brine (200 mL).

15  The organic layer was separated, dried over MgSQO, and then the solvent removed in vacuo. The
residue was dissolved in dichloromethane (~ 5 mL) and then hexane (~ 250 mL) was added and a
precipitate was formed. This was washed with hexane and dried in vacuo to afford the crude
product (1.95 g). The crude product was purified by reverse phase HPLC [Column: VARIAN,
LOAD & LOCK, L&L 4002-2, Packing: Microsorb 100-10 C18, Injection Volume: ~ 15 mL,

20  Injection flow rate: 20 mL/ min, 100% A, (water/ 0.1% TFA), Flow rate: 100 mL/ min, Fraction:
30 Sec (50 mL), Method: 25% B (MeCN / 0.1% TFA)/ 70% B/ 98 min/ 100 mL/ min/ 254 nm].
Solvents were removed from pure fractions in vacuo. Trace of water was removed by co-
evaporation with 2 x i-PrOH (50 mL). The residue was dissolved in a minimum amount of i-
PrOH and product was precipitated with 2 M HCI in Et,0O. Product was filtered off and washed

25  with Et;O and dried in vacuo to afford the product as HCI salt of Compound 102 (0.72 g, 35%
yield, 99.8% purity). LC-MS [M+H] 581.6 (C2sH4sNsOsS+H, calc: 581.7).
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HHNN 2 1 Or, NH HON 01.,NsiriN.S, 0O H 5105 Preparation 13 Synt hesi s of
6-14-[(S)-5-(fAm nol (E)-2, 2, 4, 6, 7- pent anet hyl - 2, 3- di hydr o- benzof ur an- 5-

sul f onyl iwDrzej1/e3msvhyl ) - ami no) - 2- (napht hal ene- 2- sul f onylPariuse)toparysanoyl |
-pi perazin-1-yll -6- 10 oxo-hexanoic acid nmethyl ester (0) To a solution of
conpound D (1.5 g, 2.08 mol) in CHC13 (50 nlL) was added DI EA (1.21 ni,
4.16 nmmol) foll owed by adi poyl chloride (0.83 nL, 6.93 mvpl) dropw se. The
reaction m xture was stirred at roomtenperature overnight (-18h). Solvents
wer e 8°in vacuo and the residue was dried in vacuo to afford the
conpo ! -
Tl Ao e S e R
pur i f idecarboxylate\MECPdt ((GBuP@OEANIS2010/ 031956 Preparati on 14 Synt hesi s of
6-14-[(S)r5-(1Amno-[(E)-2, 2, 4, 6, 7- pent anet hyl1- 2, 3- di hydr o- benzof ur an- 5-

sul f onyl rRno] - met hy11- am no) - 2- ( napptchal ene- 2- sul f onyl am no) - penanoyl i

- pi per azi 11- 6- oxohexanoic acid 5To a solution of conpo (2.1
g, 2.08 |n THE A Sal) . H20 (5 s added 2 Maq Li OH ( The
reaction pixdu e was Stirred at roomd:eoper at ur e fVor SoI venbss=per e
removed in Nﬁatttt'zo then the residue wasNgigsol vedil—ﬁg‘ﬁ%et»e - 50 m_'\) NH2
acidified wih saturgted aqueoys NaHSO4Nf- 100 nl) and extract Et OAc
(2 x 100 ). The op ™G | aye er s dr ed over Na2504 and vaI of the
sol vent, g ,ngc ound (N 72 g . LG M5 10 [I\/Hr »

(C39H52 OQ{SZQH calc: 813.3). un{lﬂ P Wwas used wi t hout urt erNHz

purification. Synthesis of

(S) - 6- (4- (5-guani di no- 2- (napht hal ene2- sul f onani do) pent anoyl ) pi pérazi n-1-y1
) - 6- oxohexanoi ¢ acid (Coppound 105) 15A solution of 5 % mcresol/TFA (25
m.) was added to compoundR (1.72 g, 2.08 nmol) at roomtenperature. After

stiffing for 30 mn, the tion m xture was preci pitateﬂNvm'NLh
2

1. Base 0=5:=0 1. TFA/Cresol

NH, 2. HCl/ Et,0

o N
S /\
e M PEER. o o .
Clo,S OO o NH J\O\J NS
o)
~Ny 1 &
N N
N0

Preparation 9
Synthesis of 1-[boc-Arg(Pbf)]-piperidine-4-carboxylic acid ethyl ester (I)
To a solution of Boc-Arg(Pbf)-OH (3.4 g, 6.36 mmol) and HATU (2.9 g, 7.63 mmol) in

DMF (15 mL) was added DIEA (7.4 mL, 42.4 mmol) and the reaction mixture was stirred for 10
10 min at room temperature. A solution of ethyl isonipecotate (1.0 g, 6.36 mmol) in DMF (6 mL)

was added to the reaction mixture dropwise. The reaction mixture was stirred at room

temperature for 1 h, then diluted with EtOAc (150 mL) and poured into water (500 mL). The

product was extracted with EtOAc (2 x 100 mL). The organic layer was washed with aqueous

0.1 N HCI (200 mL), 2% aqueous sodium bicarbonate (200 mL.), water (200mL) and brine (200
15 mkL). The organic layer was then dried over sodium sulfate, filtered, and then evaporated in

vacuo. The resultant oily product was dried in vacuo overnight to give compound I (3.7 g, 5.57

mmol) as a viscous solid. LC-MS [M+H] 666.5 (C3,Hs51NsOg S+H, calc: 666.7). Compound I

was used without further purification.

97



addition of Et20 (- 200 nL). The precipitate was filtered and washed with
Et 20 and dried in vacuo to afford the crude product. The crude product was
purified WQ 2prigpadsati ve reverse phase HPLC [ Col um: VARPANUSR@A031®5¢ OCK,
L& 4002-2, Packing: Mcrosorb 100-10 C18, 20 Injection Volune: - 25 ni,
Injection flowrate: 20 nL/ mn, 95% A, (water/ 0.1% TFA), Flow rate: 100
m./ mn, Fraction: 30 Sec (50 nmL), Method: 5% B (MeCN/ 0.1% TFA)/ 5 mn/
25% B/ 20 min/ 25% B/ 15 mn/ 50% B/ 25 mn/ 100 n./ mn/ 254 nn]. Solvents
were renmoved from pure fractions in vacuo. Trace anmpunts of water was
renovege .66 gyaporation with i-PrOH (25 nml) (repeated tw ce). The residue
was dissolved in a mninmumanmount of i-PrOH, then 2 M25 HCL in Et20 (-50
m) wadsniddded éﬁﬁrg(dﬂ?fwklelﬂewimkr4lziazlzowlleaadr¢ﬂ)yl efereldChialat/e for med was
filtered of ed Wit acuo .t o the r.oduct
ns HOL sal (ol Tom bl Bt e 269 GirkdiEin G@oiRuaRe 130 SLE kst Ry

563. 4 4N6HEONERER ¢ bE. 0@l B4, Mnﬁ)) and\/i@e 206603 1-30RRY 528 Lﬁfo@&l%G

Exanpl e 6 Synthesis of 3- (4 car bam m doyl phenyl) - 2- oxopr opanoi ¢ aci d

( Conpdermeeratgm for 2 h. Thegpasbigpaniz@ye wps goncentrated in vacuo to ~20 mL of solvent, and

cnown 15 s QY HREREhL Cog taPl CBAIRKE a 35l e RIE I T B B OB o7

al , 5 vRRkatirmed fa,] HL&the 3@id wi6wak@d avith atlefréf@migand dﬁécmm\exdummdsrnrght t'Bhe
purity . of Conpound 107 _used herein was estinmated to be 768@ an_estimte due

| ow U'Groatosned (b6 & Rild %ﬁ%@aiéﬂnwawmifc Ned €6 / 751955%3 HR-H) |
2Q4- 0 . gl%@gw&}@un Bas 20 wlt Outf\g@i 3,1, G OPCT/ US2010/ 031956 Exarrp e

7 Synt esi s of car am m do 0) - 5- 0x0- 4- (( R) - 4- phenyl -
(phenyl net hyl sul f onam do) but anami do) pent anoi ¢ acid (Conpound 108) U
H2/ Pd’p%p%% yv?t er
Synthesis of 1-[5(S)-(N"-Pbf-guanidino)-2-(naphthalene-2-sulfonylamino)-pentanoyl |-
piperidine-4-carboxylic acid ethyl ester (K)
15 To a solution of compound J (1.1 g, 1.6 mmol) and NaOH (260 mg, 5.9 mmol) in a
mixture of THF (5 mL) and water (3 mL) was added a solution of 2-naphthalosulfonyl chloride
(0.91 g, 2.5 mmol) in THF (10 mL) dropwise with stirring at ~5 °C. The reaction mixture was
stirred at room temperature for 1 h, then diluted with water (5 mL). Aqueous 1N HCl (5 mL) was
added to obtain pH ~3. Additional water was added (20 mL), and the product was extracted with
20  ethyl acetate (3 x 50 mL). The organic layer was removed and then washed with 2% aqueous
sodium bicarbonate (50 mL), water (50 mL) and brine (50 mL). The extract was dried over
anhydrous sodium sulfate, filtered, and was evaporated in vacuo. The formed oily product was
dried in vacuo overnight to give compound K (1.3 g, 1.6 mmol) as an oily foaming solid. LC-MS

[M+H] 756.5 (C37H49Ns05S,+H, calc: 756.7). Compound K was used without further

25  purification.

Synthesis of (S)-ethyl 1-(5-guanidino-2-(naphthalene-2-sulfonamido )pentanoyl)piperidine-4-
carboxylate HCI salt (Compound 103)
To a flask, was added compound K (1.3 g, 1.6 mmol) and then treated with 5% m-
30  cresol/TFA (10 mL). The reaction mixture was stirred at room temperature for 1 h. Next, the

reaction mixture was concentrated in vacuo to a volume ~5 mL. Diethyl ether (200 mL) was
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108 WD 2011/ 031350PCT/ US2010/ 031956 Preparation 15 Synthesis of
(S)-4-tert-butoxycarbonyl am no-4- (4-cyano- benzyl carbanoyl)-butyric acid
benzyl esworo(1@®31358A sol uti on of Boc-d u(0Bzl)-OH (7. 08PgT/UR2010/08195¢ ), BOP
(9.729, 22.0 mol) and D EA (12.18 nL, 70.0 nmol) in DMF (50 nmL) was

mai nt ai ned at roomtenperature for 20 mn, followed by the addition of

4- (am nonet hyl )benzonitri | e hydrochloride (3.38 g, 20.0 mmol ). The reacti on

m xture red room temperature for an_additional ted
i b eaied by fsvidle, AR A BE Sbite Bres e TS Piebiptan et it M1 0
M), SR whREEEB(2L024 #39. Thl rA0AaNALES wheded A% atko ovem%h%%ﬁwcé:cﬂuaé' er

was dried over MyS 04, evaporated and dried in vacuo to provi onpound Q
(9.65 n@atel\yalewlaidemeedleﬁedqbbanltep@ratwq/@)/ela@ phase IHRUG h[NanbserEacﬂszM{cqu 452.0

é&???ﬁigf ?(2) CT 1§ g zéf(?(f' %\HQSﬁ@ ﬁ#ﬁ glsof@s V\@fmln 1nJec on VO lljl%nefl E?ISMSO—

( Sp- 4waeért1tpu¢«/o)<>fﬁc&ﬁtaqméeam 10098 whted - amm AXHRINASE Bi oA ACdve iz

car bano butyric acid benzyl ester&ﬁ) sol uti on of corrpound Q
(9. 651‘g¥y Cbelm?b!tl)m frope2 2% \B @mﬁSr%BHy Bl @?w@n(aﬂi‘bn@] Fectongmpl ) and

Dl EA for 6 h.
The 2%53?%%1&{%—063%%@ %I%dm‘g&% {)owe aﬂ@p&cfgnt%ﬁ & macwsrhgﬁgatlg%:‘g%nd stirred
f or adiilsblivedad i-R@®H (50The) sod &/\apbﬁitedeﬁ@amb’:(m}feateé(ﬂwlcl) \Zaleumduﬁhmsrmul t ant
residue was drjed in_ vacuo to provide con})ound R (14.8 g, yield exceeded
quant iHsPive@In LRIQR (I Bk epd Brgted wethgeN [Hiwlfether 4HY) IBL( S1verd Whilg c:
ggﬁtﬁ éﬁcgﬂgﬁ?@Waﬁr%sin Y&k (Wehﬁgﬁltto %Weté}ﬁﬁp(ﬂﬂ{d iOf(%bb o, 3%8 ﬁélﬁp@g.%' on 17
(S) - 4-pudty) -abatwdrtgcaliddly-MSMeHS 504.4 (CNHa OB Rl deadx ypOatham m doyl) - benzyl
carbanoyli -butyric acid benzyl ester (S). A solution of conpound R (14.8
g, 20.0 mol ) and acetic anhydride (5.7 nL, 60.0 nmol) in acetic acid (100
m.) V\Elfxa%ic}iléfled at roomtenperature for 45 mn, and then solvent was 30
evaporated in vacuo. The resultant residue was dissolved in Et0OAc (300 nl)
and e&n&ms@f@lﬁhvhlﬁ g(lanldmZEZ-iﬁl#ﬁand brine (75 nL). The organic |ayer

en dried ove or at.ed 20 1/ 31 0/ 031956 and
a7b eq triopEutip RS i ifrauadiEBaRA  Biper gt e BoRRTret S it
sol i d.1o4C- M5 [ MtH] 527. 6 (C27H34N407 +H, cal c: 527. 9). Conpound S was used
wi thout further purification. Preparation 18

0 0 0
1. HATU, DIEA;
030 030 HCI/ dioxane 0570
N NHo N NHo _ i/ dioxane N NHo
Y L Y Y
NH o NH o NH
0 0 0 0
HO Aoy L J< NH )U A J< )n
N0 N0 /NHo
H o H 0
I J
0
HN_NHo
Y
1. Base NH
1. TFA/Cresol o)
2. HCl/ Et,0
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5 Synthesis of (S)-414-(N-acetyl hydroxycarbam m doyl) - benzyl carbanoyl ]
-butyric acid benzyl ester (T). Compound S (9.58 g, 18.2 nmmol) was
di ssol vedwpreotijod1zvoxane (50 nL) and treated with 4 N HECrdisexanaz1 9660 i,
200 mmol ) at roomtenperature for 1 h. Next, the solvent was evaporated in
vacuo. The resultant residue was triturated with ether (200 nmL). The

obt ai ned 10 precipitate was filtrated, washed with ether (100 niL) and
hexan n%r% nd dried in vacuo to provide conpound T (9.64 g, yield
exceedé ‘h’ﬁﬂ i[‘?atlve) as off-white solid. LC-MS [MrH 426.9 (C22H26N405
+H, calgined? fﬁgsﬁw’ppbyngmme@&) -JEed 6 W-itsBpMIpy £ B BRI upsIh I drh i &L 1 on.
Preparation 19 Synt hesi s of

(R) - 4pphiengyl} th@néwfm'ﬁanélsudcfdﬂﬂyﬂamﬁenGVbutyr| c acid (U A

R T T R I R I S

-55C, rﬁ@{dr@wﬁﬂprs Q{E)Qhﬂ&la@er@ﬂiﬂ)lm adflea E&h&@ﬂ@fsllh‘%&ﬂiéb fbgyprl de (16 0 g,
83.8 mmol; 5 portions and 1.12 M NaCOH (50 E

por t i GeBzZepgsul nmghlmerﬁ\;-é Sih rrmlpli dxepwwylthéamngmmd;ﬁ%@rr@dzo 5\& t hen

nas et Faclb oty Ber it B Bl Rl A, B0 £, mblfol B pECuSEL 00 °"

washeorogdreds, thah diluted withAbatei (R0 nelr), et mﬁflecﬂ/gﬁ%qaﬁdlstlm i3 (@1 nﬂgl tv @HL ~ 3/vas
evaporated in vacuo. The resultant residue was dried in vacuQ to provide

conpoylitipnal yasr yas addeg (39gily. ad %P’EOél“%tOW?ScFX“E@e‘F\/B’“[“Wﬂ]ACééA‘ 3 mL).
( %7 H]I%%Q)f’%'hﬁ lagé'l Was vgc%ﬁcdl With %@HP% é&d\f‘(ﬁﬁ bi&%ﬁ%nﬁ\ﬂet(g@ﬁﬁ)f\wﬁtrspﬁb mL) and

purificati Preparation 20 S esi s of
(S) 4 bin¢ K yThtdegaxmda}rebafrats diickbyidr-abkydryhcaxdbameylfdte, fdte((dRndwaheny| - 2-

h | met h | f | - but d. b t .
A ol GUTEHABH TEBgBy RS ang eyta H kb VTR o T SRSEARY | de
(18- 0,30 gD BGR b 116 orid 1.0 R 5 EAIHIROE.TH, el sGompl ) ' 1

DMF (250 nlL) was stirred at roomtenperature for 2 h. The reaction m xture

was tK‘ammundﬂ\éwawaeﬁVEtHDAt:fU(ffh@OPuﬂ_f)Cam 2011/ 031350PCT/ US2010/ 031956 and

e%racted wth water (200 nmL). The fornmed precipitate was filtrated, washed
h Et0Ac (200 nL) and water (200 nmL) and dried at roomtenperature

over nlsgmhehsalﬁis) eli9l P OLgasompPeune V (8.2g9, 11.0 mmol) as off-white
solid. LGM [MrH 743.6 (C39H4A3N508S +H, calc: 743. 9; Compound V was used
Wi t hoUFISPRIfOPN ﬁerp{l}qqufpp@mdpm%mgogwﬁg@pcgﬁgfnboxylate HCl salt (Compound 104)

(S)-5-(4-cah Y

(pheny! ot g oo e RET SN s B0 e adr AR b iy sy

CorrpOl:tm:ioMTFzR (06 ;L) 10he Yeantion Jnixtas whisssialed @droom @mptiacuracord . 7106 redction
gllomd by th f Pd/ C (5% wt pensi on in water

(

addi ti on as a
B mibyixtuseyat ﬁ’@ﬂ CHRSERHRE Ma%%%,ve@f%ofédnﬂ)ya%@%ﬁnéﬁé o (Brddethi9ar at us,
50 psigd{eliddl af AT hEIRE B Weeanfd?fy ﬁeé}plté[@eﬂl%gytr@dlﬁé?@vam&édl ﬁ@ﬂar&’t‘f&é a

pad of Celite on sintered gl ass I'ter” and washed wi th et ha Filtrate
was eveyposegthest HRLGCadXemosym- Batcm\MdEOSGdJTﬁ@Onkﬂ)) (08 edunol(504 30 3nmw); [flow BdyS

[ MtH] 4, C301 135 06S tH in solved in

Lt o1 B3GR EIUBTROE &g il TDMSE-Baieh ik Bt o Rooy RihasE BAER e cos- A
(100- 10)% GFI8 nesVild MRade BX1309% RUN, 0f lOWEFAS gfadic@it elaégn ﬂﬂeﬁmm Bl (8]7094 B3R

vol ume 150 nl; nobile phase A: 100% wat er, 0. 1% TFA. nobile phase B: 100%

a@8t of0tmin} deteqgiongs FFanmi.Jisestiont conshininigaiesized copopoBnl weze erinbinedyanedi ent

elution. t10,.24%B in m n., |socrat| Iut in 20 mn r adi ent
ol ut 1 oirsePuRtdiates Pab et REER e ClliueR ST gy i Buthfs

cont ai(Ripagedlasicé)eThe ARG RS IBES vEDTNIFMOH UL aRCeaiEdival 2iN B@EeUR:
Resi due was dissolved in i-PrOH (75 nmL) and evaporated in vacug 20
( pr oc 6} BLnd0 mapdhioedve i @ib) reﬁléuffo dbvrydricdoppatieveoaghto iy Conpoynd| g,

98. 0% 1 bY L, @58%) as a viscous solid. LC-MS [M+H] 580.6 (C2oHiNsOsS+H, calc: 580.8).
30
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white solid. LGM [ MrH 594.2 (C301-135N506S +H, calc: 594). Retention
tinme*: 3.55 mn. * - [Chronolith SpeedRod RP-18e C18 colum (4.6x50m);

fl ow rat ew0.2611343%0n; nobil e phase A: 0. 1% FA/ wat er; nolpCraspiasa1oss

0. 190FA/ acetonitrile; gradient elution from5%B to 100% B over 9.6 mn
detection 254 nmi 25 WD 2011/031350PCT/ US2010/ 031956 Synt hesi s of

Ket one-nodi fied Opioid Prodrugs Exanple 8: Synthesis of N, N

Bis(tert-b tél) N -2- (chl orocarbonyl (net hyl )am no) et hyl carbamate 5
Prepaﬁé@?ﬂﬂ 1: Synthesis of

[ 2-( B@;ﬁmé@iﬂﬁ‘%}?&w 5. Qﬁ&ﬁiﬂimﬁﬂ(ﬂéﬁmﬁ&l@ﬂé h@hﬁ%h%ﬁﬂ(ﬁpéﬁhﬂ(}ﬂﬁﬁb&'&%‘ 1ester
(P-1) (Am noet'hyl) - net hyl - carbam ¢ aci d benzyl ester .6 mmol)
was diybs@ovehexanoidiacid (ramepdiakel0SDCE) (20 nl) at roomtenperature Tri et hyl
amne (NEt3) (1.40 nm., 11.5 10 mmol ) was added, followed by di-tert-butyl

di carbonate (B0C20) (10.5 g, 48 mmol) and di met hyl am nopyri di ne (DVAP) (120
nyg). The reag¢tion mxture was stirred at roomtenpe ature under nitrogen
(N2) for 2 h d then heated at 60 C for 16 h. The rg&& tlon m xture was

t hen concentr d. The residue was purified by sili ca chr omat ogr aphy,
using 4/1 h es/Et0Ac, to give P-1 in 86%vyield (374 g 8.3 mmol ). Ms:
(mz) calc: 4B%C2 obser ved (MtNa+) 431.9. 15 Prepar &¥%6n 22: Synthesis of
N1, Ni-bis-BoC HH tret hyl et hane- 1 22- di ami ne (P-2) NeNf (1.3 g, 3.18
mol ) was di sspNved in Ché\ﬁTTﬁﬁmAc (10 nlL/3gr resp Hblvely) The
nixtureHMaz dega nd sdt urat ed mnthoﬁﬁEJPaﬂl@dh n_(Boi C) (330
my, 5% oQ_sarhos: added JQ% nlxture s sha a hythrogenat or
flask (50 pgj NQQ for 4 h. The J0hi xture was then ka %r@d through a celite
pad and the filtrate was concentrated to give P-2 (1.08 g, yield exceeded
quantative).[b-z was used wi thout further purificabion. WO

2011/ 031350PCT/ US2Q10/ 031956 Synthesis of NN Bis(tert-butyl)

N - 2-(chl orocar bony{ (fret hyl ) am no) et hyl carbamate (E-8) P-2 (500 ngy, 1.82
mol ) and NEt3 (0.4 2.74 mmol ) was m xed together in dichloronmethane (4
m.). The m xture wa ed to a pre-chilled to 0 C solution of phosgene
5(5.5 nL, 0.5 Min t%flepe). The reaction nmixture was stififelifat 0 C for 1
h, followed by dilutioly'Wth ether (20 nL) and fllgﬁred th wmgh filter

paper. The filgrate Hconcentrat ed and pass Ilca gel
col umt 3NCmys W FAhm-8/edol hexan%’?/ié\o/gfO s wer e
concentr@ted tolg s (temd:vﬂmtyl) N -2-

(chl orocar bonyl ( net y )@m no) et hyl carbamate (E-8) as a c?ol orI ess solid in
gugntative yield (615 105

Preparation 13

Synthesis of 6-{4-[(S)-5-({Amino-[(E)-2,2,4,06,7-pentamethyl-2,3-dihydro-benzofuran-5-

sulfonylimino|-methyl}-amino)-2-(naphthalene-2-sulfonylamino )-pentanoyl]-piperazin-1-yl}-6-
10 oxo-hexanoic acid methyl ester (O)

To a solution of compound D (1.5 g, 2.08 mmol) in CHCl; (50 mL) was added DIEA

(1.21 mL, 4.16 mmol) followed by adipoyl chloride (0.83 mL, 6.93 mmol) dropwise. The

reaction mixture was stirred at room temperature overnight (~18h). Solvents were removed in

vacuo and the residue was dried in vacuo to afford the compound O (2.1 g, amount exceeded
15  quantative). LC-MS [M+H] 827.5 (C40Hs4NgO9S,+H, calc: 827.3). Compound O was used

without further purification.
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10ng, 1.82 mol ). MS: (mz) calc: 336.1, observed (MtNa+) 359.8. Exanple 9:
Synt hesi s of Oxycodone 6-(N-nethyl-N-(2-am no)ethyl carbamat e- 2TFA 15
Synt hesi swof20peasdone 6- ( N- met hyl - N- ( 2- ami no) et hyl car beRIUS2@0651956
Oxycodone free base (6.5 g, 20.6 mmol) was dissolved in dry, degassed
tetrahydrofuran (120 nL), and the m xture was cooled to -10 C using dry
i cel acet one bat h Pot assi um bi s(trinmethylsilyl)am de (KHVDS) (103.0 ni,
51.6 r}]'ro in toluene) was added via cannula. The m xture was stirred
under a&f‘”%%w 5 Cfor 30 min. NN Bis(tert-butyl) N -2-
20( chlsgmg@g besykfsaistiyhd. n@? ethyk cm;enmrt@z 08-GinGdrodnTofiRL3-  (E-8)

es

prepared as cribed in mL) was then added via
cannulsal/fewéming - mﬁﬁylﬂamzm)x& (na@hxha@nsﬂrsrullfedylaml%p@mmyleglmmzmhﬂﬁk@r
portion pf carba chloride (4.0 g, 11.9 mol) in THF (10 nlL) was added.
The r &A1 GHHESE' 4%6 {rred at room tenperature for 2 h. Sodium bi carbonate

(18 L, sato adélufioMesc dd OF(rel Bl X0%1henoMVpim TP CRML) A 4313 MLY aekadd«d hal f
of its initial volune. 0Ac WD 2011/ 031350PCT/ US2010/ 031956 (50 nmL) was

added Mad LiQYdpgnined e @ﬁfa@ram@aurew sEFiga Al wopHiasweiaase fairk hSolvwgashede wi t h
wat er rérﬁ %%d% El‘l}détﬁ%lhltﬂeeﬁgﬁllge (o) dﬁ@cﬂvw%’ly%@ﬁmga&?h%ﬁ Wl-{lb?atlig%;idue was

purifie romat o radi en lto
100/ 15)1uetdms afaHSal (a 1‘@0 intle) efnda:mmcrtedSM)EtGAd (2 X.100@nL)1 Bhé orgamic)layeT ias
materi al was dlssolved ina l:1 mxture of DCM trifluoroacetic 5 acid (TFA)

(20 mdrisg opgnNagsOn 66%%&?%%?@@%% FePRAINEdT (117208, 2vemaly LPoMSwas
(}flrgl'?)ajt 9H£N¥(?9(S?ﬁﬂt &I@f §Br§$ (&N EQQRPF was used Wlth?ut {urther

G?N-methl- -amno | carbanat'e-2TFA as a thick oi g, 11.4

p@ﬁ%:zpwmtty) M5: (mlz) calc: 415.2, observed (M+H) 416.5. The
oxycodone 6- (N-net hyl - N- (2- am no) et hyl car bamat e- 2TFA (E-9) was used w t hout
further purification. 10 Exanple 10: Synthesis of Oxycodone

6- (N- LAYz 13}%(9%&44 (BRI 92 WY AT AR )2- G %bﬁ%aWr@yW%@Mnﬂ K&-2)

Pr epar atl on hesi s of oxycodone 6-(N-neth Boc-
ar gi nyk¢Rgnamt noll)(€pmppend béhat e ( P- 3) O<ycodone

N- met hyl t h TEA L1 I d
81 A ) S R ERHRATEL o T B ) 08
m.) . Befom 6 pehhirt O8ASHEINGT dgfd‘ﬁ%@ hhOBd 966t gnfRafe) widprébpitated wikh. 4 nmol ) ,

HATU (4.75 g, 12.5 mmol d||sopropyl et hyl am ne (DI PEA) (6.0 nL, 34.4
mol ) aggitien 2§ E6 (~r200Hnk). {ﬂla@fwma@ W@%afelfqrefi;artda\ga%lﬁ WHEEAP apddred in

t t h

F oop Al ® b8t feltrutfpdlck e B LAER WO PEERN B Figgh I ARUR R 1E

| ayer HIASC f@shed: WARTANATEXAD GOLOLCK, L&Ibnﬁ)(maz (R'rz@kmg) Midoseatl 10040 (N82SO4 and
gncent rated to aff

p

crude P-3 (11.0 ed wi.t hout further
Pi il %la‘ftﬂ%h\’olpp@paﬁét%rlnmﬂorsgw ;] %ﬂg ‘ES‘V @ga%ﬁe Vet \O et F{ljﬁg NIP- N -
acet yl.ae 9] gvh{ PRA, @ 8h) ﬁi S d@%%”ﬁée%ddps%)la élQIEC?J /(olil%Grfg&)/ sREiRP&YLd as
descri bed above, was di ssol ved into di oxane
B/ 20 min/ 25% B/ 15 min/ 50% B/ 25 min/ 100 mL/ mln/ 254 nm] Solvents were removed from
pure fractions in vacuo. Trace amounts of water was removed by co-evaporation with i-PrOH
(25 mL) (repeated twice). The residue was dissolved in a minimum amount of i-PrOH, then 2 M
25  HCl in E;O (~50 mL) was added and diluted with Et,O (~250 mL). Precipitate formed was
filtered off and washed with Et,O and dried in vacuo to afford the product as HCI salt
Compound 105 (0.74 g, 59% yield, 98.9% purity). LC-MS [M+H] 561.4 (C;6H3sNsOsS+H,

calc: 561.2).
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cooled to 0 C A hydrochloric acid (HCl) solution in dioxane (4 N, 30 ni)
was added. The m xture was stirred at roomtenperature for 3 h and then
concent r aveadoiwn3vadeuo. 10 g of the crude m xture was di PEOiUse@0i0m1986 M Xt ur e
of DIPEA (5.0 nL 28.5 mmol) in DCM (60 nL). Acetic anhydride (1.4 nm, 14.3
mol ) was added drop wi se. The reaction m xture was stirred at room 15
tenperature for 2 h. NaHCO3 (30 nlL, sat. aq.) was then added. The | ayers
wer e ﬁﬁ&g&gtgd and the DCM | ayer was dried over Na2SO4, filtered and

conce 8° o0 afford P-4 (8 59). P—4 was used without further

puri f 'SSrﬁilié@ﬁ of 3- (4 capyhliRflo§ ﬁlt)anmc acid (Compound 107)

6- (N-met hyl - N-(2-N -acetylarglny anlno )ethyl carbamate, as the bis20 TFA
sal t  ( Conpdeampdi07pi.g., @84§gt)laamagld@w1§b©mﬂ)aa oxApmpaRoit avie caf baprodesrdl (3

TFA t t for 3 h.
TEA vl e b 1 et S nBE pcih 8yl oGPAR GIRRARL ' faomy (o )
and adgefhIiQnov,se, 2 rb- @2(55£ﬂd1i’eﬁﬁﬂeﬂd@3-céiﬁilﬁéd @thin keharit 4ACéhpoend)07 The

white solid was filtered and washed with ethyl ether (4 X 30 nL) The white
sol i d weshergniwastehémalgd (o be dofoban ¢tigpataghiedoy+Rp.abgubantg of mlmeﬁmmwné via

50nn) t nobi | e phase B
. 1% ‘Hl% V\{v{ g%fﬁ)t r&FFtaniféngqurjgzl e@ﬁgl&t\?gg%@ Jaré’fz??r%g Compound KC- 2
(3.5g, 4.1 mml, 96.6%purity). MS: (nlz) calc: 613.7, observed (MtH)
614.5. Exanple 11: Synthesis of
N-{(S)-4-guanidino-1-[2-(nethyl-[(5R 9R, 135, 145) - 4, 5a- epoxy6, 7- di dehydr o- 14
- hydr oxy- 3- net hoxy- 17- nmet hyl nor phi nan- 6- oxy] car bonyl - am no) -
et hyl car banoy1] - butyl | - mal onam ¢ acid (Conpound KC-3) HN-\ CF3C(0)OEt\-NH
FZ-0Su, THF HN-\ \-NH2ACN, water AO F NN, yPbf WO
2011/ 031350PCT/ US2010/ 031956 Preparati on 25: Synthesis of
2,2,2-trifluoro-N(2-nmethylam no-ethyl)-acetam de (A). A sol ution of
N- net hyl et hyl enedi am ne (27.0 g, 364 mmol) and ethyl trifluoroacetate (96.6
m., 812 mmol) in a mxture of ACN (350 nL) and water (7.8 nmiL, 436 nmol) was
S5refluxed with stirring overnight. Solvents were evaporated in vacuo. The
resi due was re- evaporated with i-PrOH (3 x 100 nL), followed by heat-cool
crystallization fromDCM (500 m.). Forned crystals were filtered, washed
with DCM and dried in vacuo to provide conpound A (88.3 g, 85% as white
solid powder. 10Preparation 26: Synthesis of
met hyl -1-2-(2,2,2-trifluoro-acetyl am no)-ethyl Tcarbam ¢ acid benzyl ester

(B).
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A solution of conmpound A (88.2 g, 311 nmmol) and DIEA (54.1 nlL, 311 mmol) in
THF (350 nm.) was cooled in an ice bath, followed by the addition of a
sol uti on WO 2bi(1Bn35Y| oxycar bonyl ) succi ni m de (76.6 g, 30PCEmsk)10i0819F¢F ( 150
m.) drop wi se over the period 15 of 20 min. The tenperature of the reaction
m xture was raised to anbient tenperature and stirring was continued for an
additional 30 mn. Solvents were then evaporated and the resulting residue
was di soI%eg in EtOAc (600 nlL). The organic |ayer was extracted with 5%

: NJ%@EB’? x 150 nmL) and brine (150 nL). The organic |ayer was
evapor hﬁﬂesisfbfgSPyJ(ﬂ%aﬂ%ﬁHﬁHHleﬁe@Mﬁiﬂo&‘M&33-42t(k)-d-ﬁié\?l-bw|‘|] 305.1
(C131-115F3N203 +H, calc: 305.73). npound 20 B was used directly in the
next rphenilaathylsulionamide)batanamide)pastanoivs@id Coompownrd 10§)epar ati on 27:
Synthesis qf (2-am no-ethyl)-metfyl-carbanc acid benzyl estgr (C). To a

sol ution ‘conpound B (-311 nmol) in JMOH (1,2 L) was_ad a_woJdiyi on of
Li OH (1490, BEERCGePY | t &f 1N2WJ§Z).NW§:?'E%%H i i urfe tirred
at anbi elqt 125 HeBHPERat uk r 3 h.\S8l vents—were eVgporated to V5% of the
initial vélume 8 owed by d@i)\% with water (40Q-WL). tion was
extracted wth Et0OAc (2 x 30 ). The organi c | ayer was hed with brine
(200 nL), drigd over My504 and evaporated in vacuo. The residug was

di ssolved in her (300 nL) and ®reated with 2 N HCl/ether (200 nlL). For ned
precipitate wigs filtrated, washed with ether and dried in Vagyoadoq provide
the hydrochlgric salt of conmpound C 30 (67.8 g, 89% as a ite solid.

LG M5 [ M _R09.0 (CL1HI6N202 +H, calc: 209.3). Conpound C was used
directly if t}f& next reaction wi thqut purification as a DVF olnutio>z WO

2011/ 031350PGT/ US2010/ 031956 Pr epariat j,on 28: Synt hesi N NEO
{2-1- boc- Ar g(|Pbf m noet hyl t hifl -Far bamdpgigsied H este ). A
sol ution of Boc- ( Pbf ) .0 g, y30. 4w colpound_ C_hyldr ochl ori de

(8.2 5 g, 33.|4 apbl) and DNEA (36 9.pk, 97.2 mmol) §n D!\@ﬁ@ mt) was
cooled in an |ieeybath fol] owed t he addition of o%\sol ut®™on of HATU (13.8

g, 36.4 )" drop wi se ver 20 mn. The tenperature of theSreaction
mxture@ raised to anbient tenperature and stiffing was continued for an
addi ti onal JIS?_ ffhe reaction pixture was diluted with EtOAc (1 L) and

extracted wilt hywaver ®bp, pathMer i ne (200 nlL). The organic | ayer was
dried over My and 10 evapofated to provide conmpound D (24.4 g, yield
exceeded quaptitative) as a yellowish oil. LCGMS [MFtl] 717.4 (C35H52N608S
s used directly in the next reaction w thout
ane sol ution. Preparation 29: Synthesis of

et hyl Prmet hyl - carbam ¢ acid benzyl ester 15(E).

93.4 nmol ) was di ssol ved i n di oxane (150 nlL) and

treated with 4 N HCL/di |i(&ql:éliplSO m., 600 nmol) at anbi ent tenperature for
1 h. The sol vent By . Theoresi due was suspended in i-PrCH
(100 nL) and the ture s evap \(H&wcedure was repeated tw ce). The
residue was then dried in _yacuo to prgyide conpound E 20 (21.1 g, yield

exceeded quantitative) as’ aoy! ellowi sh solid. LGM [MH 617.5 (C30H44N6065

{2-111- Arg(®bf ) Tam Ny
Compound D (24.4 g, -

+H, calc: 617.8). Conpound used directly in the next reaction w thout
purification as a DVMF solutio Preparation 30: Synthesis of
{2-12-tert-butyl mal onyl - Ar g( Pbf ) Tam noet hyl Pnet hyl - car bam ¢ 25aci d benzyl
ester (F). A solution of conmpoynd E (21.1 g, -30.4 mmol ), nono-tert-butyl
mal onate (5.9 nL, 36.7 1), %@Pc{/d,@cdﬂ/v@ter 36.7 mml) and DI EA (14.9 ni,
83.5 mml) in DV (10 ) wasynai ntai ned at anbient tenperature for 1 h.
The reaction m xture iluted with EtOAc (1 L) and extracted with water
(500 mL), 5% ag. NaHCO3~¢500 mL), water (3 x 500 nL) and brine 30 (500 ni).

The organic |ayer was de ave| MyS 04, filtered, and then evaporated to
provi de Y H/\O\(

O)f_ NH

O OH

NH
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WO 2011/ 031350PCT/ US2010/ 031956 conpound F (24.5 g, 97% as a yell ow sh
anor phous solid. LCM [ MtH 759.6 (C37H54N609S +H, calc: 759.9). Conpound
F was usewowntimsuisof urt her purification. Pr epar at i oRC3MIS289081¥6861 s Of
N[2-[2-tert-butyl mal onyl -Arg(Pfb)] PN -nethyl-ethane-1,2- 5diamne (Q.
Compound F (12.3 g, 16.7 mmol) was di ssolved in nmethanol (100 ni) foll owed
by the addition of a Pd/C (5% w, 2.0 g) suspension in water (2 nL). The
reaction m xture was subjected to hydrogenation (Parr apparatus, 70 psi H2)
at anbient tenperature for 1 h. The catalyst was then filtered and washed
with methanpbs 13he filtrate was evaporated in vacuo to 10 provide conpound
G (10.0 g, 99% as a colorless anorphous solid. LCM [MH 625.5

( C29HABMNGBS SofH)-4otett dut@28118Y1y I @oinpelitdcIGradenvdadbuh bty fiarciddenzyl
purifi clat @f‘ Preparation 32: Oxycodone free base Oxycodone hydrochl oride
(10.0 Nopd 5 mmol) was dissoleved in chloroform (150 nL) 15 and washed

wi 5h 5% aqg.A Nan&Bof(BéL-Gl OBINOR (BRI C2 1 avehiolWaSOR (9,220, 02 & mMaB@hdand
evaporated. The residue was dried in vacuo overnight to provide oxycodone

free l?&@é\ (18.18 gL, H0mad) i [ME @0 s ves mméﬁ@weatar BONBEMPSIAtI & X Bin,

Sy B e OB )

3 net]?hexyactlaﬂ mrix tued Wy srivred hak raom &nq»eyzitumdoma)radditmmhbh -aed dithtedmignoy| i
-butyll-mal onam ¢ acid tert-butyl este A sol ution of agxycodone

free Eé@é%éo%m&) e @i soltpnigs e(%@e@fmth\m%erdé%ﬁ) g@t e 292Nl o) | owed
ad b i H& nmol ) .

25'(I)'heqtn) Qt%lﬂ%g iy %ut@l %/'rllé%h{} t hen %d‘ﬁb o{Vgs Eshg% ut i grl}ﬁgof 2 Jék?rﬁ%apécelnyl

chl or dffied mtat/zEu()Alo BroyjdezbnpormblQ) (%65 gTIfyi['el(Q ¢ eddd) quenofative)se yoNewish bd. peri od

A A R S P e A T R e O

|n THBL(APRigRL) at -20 C. The reaction mixture was allowed to warmto
anbi ent tenperature and stirred overnight. Solvents were evaporated in
vacuo The resulting 30 residue was dissolved in Et0OAc (20 nL) and
gm g[;rt atre ]gh ether (1 L). The fornmed WO 2011/ 031350PCT/ US2010/ 031956
ci pi tEV8"0As  filtrated, washed with ether and dried in vacuo to provi de

COWDOl&j)chl?iwﬁ &ﬁ(8§4gert%&%xy@e&baﬁyl@%zfnvvm[4 EV-aOdiofly calberimid oV Fhen306. 9
(C48H67/N7012S +H, cal c: 2). Synt hesi s of

N- { ( Syarhogeatleiiyiés qadizef(zwé@smn(l?wsR 9R, 13S, 14S) - 4, 5a- epoxy- 6, 7- di dehydr o- 14
hydr oxy- 3- FoiPISR TFOmROHRY Q10,55 20.0mmely hydrpoming hydsachloride (2108, 1o
- but y130ahandmnd EEEAN 5(X2omhoMd niis1B)n ethanol (abs., 150 mL) was refluxed for 6 h. The
20  reaction mixture was allowed to cool to room temperature and stirred for additional 16 h. The
solvents were evaporated in vacuo. The resultant residue was dried in vacuo to provide
compound R (14.8 g, yield exceeded quantitative) as yellowish oil. LC-MS [M+H] 485.5
(CysH3,N4O¢ +H, calc: 485.8). Compound R was used without further purification.

25  Preparation 17
Synthesis of (S)-4-tert-butoxycarbonylamino-4-[{4-(N-acetylhydroxycarbamimidoyl)-benzyl
carbamoyl[-butyric acid benzyl ester (S).
A solution of compound R (14.8 g, 20.0 mmol) and acetic anhydride (5.7 mL, 60.0
mmol) in acetic acid (100 mL) was stirred at room temperature for 45 min, and then solvent was
30  evaporated in vacuo. The resultant residue was dissolved in EtOAc (300 mL) and extracted with

water (2 x 75 mL) and brine (75 mL). The organic layer was then dried over MgSO, evaporated

105



Compound H (13.6 g, 14.1 mmol) was dissolved in a mxture of 5%

m cresol/ TFA (100 nL). The reaction m xture was nai ntai ned at anbi ent

t enrper at we 2bowo313sh, foll owed by dilution with ethyl etirer/us2010p3195he
fornmed precipitate was filtered, washed with ether and hexane, and 10 dried
in vacuo to provide a TFA salt of Conpound KC-3 (11.4 g, 81% as an
off-white solid. LCGMs [ MHH 658.6 (C311-143N709 +H, calc: 658.7).

it et SR VG OBPEI RSB D kS Slo! S EBEH BTGB ET G M Sar + on
[ Nanoqmrﬁ@h MG IEEN (DS A &ai@@zinz CohBosR $WMs (1568 witRRPAARE: plifRWibAL €:

250 /mn; injection vol une 15 nobi |l e phase A 100% vvater 0.1%
TFA, m)blle phase B: 100% ACN, 0.1% TFA; isocratic elution at 0% B in 4

m n, adi ent ?(Jgutlon from0%to 10% B in 20 mn, isocratic elution at 10%
B in 30M A" htadi ent elution from10% B to 30%B in 41 nin; detection at

254 Ni¥ynthb§iady| (ONI- /G @deRi MU 580PD R itoy - heri e c@%ﬁ%d}z@ﬂbvﬁﬂ% GRRL BxiAat ed
in vacuo. The TFA counterion of the latter was replaced with an HCL
count esiedfl i a | yophi li zation using 0.1N HCL to provide a 20 HC1 salt of

(a1 Taansogriipd sdp ot kagoon i it SiS Gt inl Wbt B

12: Syin¥ Edidoxahe (50 mL 200 mmol) at room temperature for 1 h. Next the solvent was
N((S)-1-12-[(Di hydr ocodei n- 6- enyl oxycar bonyl) - net h '18
et hyI @éﬁ‘H?é?‘FB fm Yﬁcgaa“f‘hedieﬁatanbtwpﬁ Wﬁarrahréltﬁdcmgb?taer( R untihsebtanedncHo,

NafH4 plr_&lﬂglta'te W ﬁ'ﬁra%%l, washewift &het ('fbb gﬂﬁ and*hdanf I@m‘ﬁ) bizd diftl {adud TN Boc

provide compound T (9.64 g, yield exceeded quantitative) as off-white solid. LC-MS [M+H]
426.9 (CyoHy6N4Os +H, cale: 427.3). Compound T was used without further purification.

Preparation 19
15 Synthesis of (R)-4-phenyl-2-phenylmethanesulfonylamino-butyric acid (U).

A solution of D-homo-phenylalanine (10.0 g, 55.9 mmol) and NaOH (3.35 g, 83.8 mmol)
in a mixture of 1,4-dioxane (80 mL) and water (50 mL) was cooled to ~5 °C, followed by
alternate addition of a-toluenesulfonyl chloride (16.0 g, 83.8 mmol; 5 portions by 3.2 g) and 1.12
M NaOH (50 mL, 55.9 mmol; 5 portions by 10 mL) maintaining pH > 10. The reaction mixture

20  was then acidified with 2% aq. H,SO, to a pH of about pH 2. The obtained solution was
extracted with EtOAc (2 x 200 mL). The obtained organic layer was washed with water (3 x 75
mL), dried over MgSO, and then the solvent was evaporated in vacuo. The resultant residue was
dried in vacuo to provide compound U (12.6 g, 37.5 mmol) as white solid. LC-MS [M+H] 334.2
(C17H19NO4S+H, cale: 333.4). Compound U was used without further purification.

25
Preparation 20
Synthesis of (S)-4-[4-(N-acetylhydroxycarbamimidoyl)-benzylcarbamoyl] -4-((R)-4-phenyl-2-
phenylmethanesulfonylamino-butyrylamino )-butyric acid benzyl ester (V).

A solution of compound U (5.9 g, 17.8 mmol), compound T di-hydrochloride (18.0
30  mmol), BOP (8.65 g, 19.6 mmol) and DIEA (10.96 mL, 19.6 mmol) in DMF (250 mL) was

stirred at room temperature for 2 h. The reaction mixture was then diluted with EtOAc (750 mL)
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S5Preparation 34: Synthesis of tert-butyl 2-(benzylam no)ethyl carbamate (A
To a solution of tert-butyl 2-am noethylcarbamte (6.4 g, 40.0 mml) in
nmet hanol WweQonige1isas added benzal dehyde (4.7 g, 44.0 nmmpCY/usadomsiveeul ar
sieve 3A. After stiffing at anbient tenperature overnight, the m xture was
cool ed down to ca. -10 C (ice/salt bath) and treated portion w se W|th
NaBH4 (9.1 g, 240.0 mmol) over 30 mn. After conplete addltlon t he

2011/ 03 350 010 d th
St 1 Q0 ERTSETES WAtk DR APl P HHECTHAS ST DB St w&ﬁ‘t@%uéﬁd the
resi dygod Ak§and Wher EIARL( Qrﬁpdrfgd)atm%ge?ﬂuﬂe%@m nﬁllgh QDp@tide The

organic | ayer was extracted with 0.5 N HC1L (3 x 10 he conbi ned
aqueowsmpohngd VaB.2gakl.¢ ouvhedas off-ovhite sphd i LiG-&46 (Wt-H] 343.6 (N@Fm%ﬁdfbmlﬁact ed

W th 3 x 100¢,n. i ned anic layers were washed with
bri negHgég éﬁ?lpo'ﬂﬂog %ruﬁ'ia’ n‘é’ltgmgt %@&ﬂgﬁ% i ltering, the solvent was

evgporated in vacuo to give conpound A (9.2 g, 36.8 mol, 92% as a
colorless oil. LG M [MH 251.2 (Cl14H22N202 +H, cal c: 251. 3). TLC Rf
( DCM h?@@lﬁesasgzﬁ(S)é (dgarigmripidaydbeniasings S ai4 U BU-mharxier purification. 10

gr ((athr W” zll% %%g%w%#ﬁl)@{aﬁ; 1%(:)55 @Hﬁé’% "C’(" éf"’”” ound Ir%8) a cooled (-5 QO

sol uti on ofConepumad IW(SK) £.,61.027 Tanmidh). Wasndiwo)ved il acBEA a(:ﬁ (00@mI3 Pollowaatdly, thd. 13

m.) in chlorof orm %\Q was added. i odonet hane S ? 29.7 mol, 1.85
m_) PHEItIBR €F EG/Fth w& 8) &ch{Uspensigndn tater kO ik eReicfioR BHXMHES Watbi ent

t erg t

)R (Bl PO PO (Pbafhe K i ThegiabsOO

filtrata fikesedoprcepid af Eclitand sinteed g]:asscﬁul&Ir aye Mashedowith (sthangl) Fikaiste pusi f i ed

oo IETES 15 a5 pigv ool W 3 Bl oS [T B¢ bo NEOH
9: 1)°_(©.FBNICS VB EMeB03600 ik CLARANRRGI i Gk {3641 g 2BjeRicgar at on

36: Synthesis of tert-butyl 2-(methylam no) etha/ carbamate (O
fl ask Mam@@tlzo%i\hdpm)@acmf Mé?r@Bﬁ f(sBlOD W, é&npbumo(@c%@ erg ﬂm 5

TR ) e MRS infiekiof DR 30 syl i WP A N BB bR ]

concemphh@tBd 00n ¥edhdt:ild)\8t188 THAS isobRfic areied af B®% M- 4mch. ! dredishodution tbr ought
to pH 12 (by addition of 1 N NaOH) and extracted with DCM (3 x 50 25 m).
The caAthi Bée 1§ pyaripeeratigadutiong 2d 7B ik d0 gv@rgwbgm&lutﬁmff%né % Rify>8% B in

Col or R el Tty y P SRR e s e dp e v RO g

was usencenrhfedui vidunt Rasndtmmasfdlgsawedmn i- PMZ@&MQ&MEGH%MMS&O&M@SIQ%
Pr8parat| on 37: Synt g§m S

30 N BioRgrlirD Ean PR ém@&szy&%‘fl%ﬁymmrm@ )8 &hd 8oy &P riAlY-BrbaRrEDARE d
t er t %bé'soﬁétléﬁ Mf M+H] 594 39c3520)54 41, 2ale) 5@9' H&tlsl?t'ibnotflmgw grgc[ggpne (2.9
g, . free base) 'in anhydrous THF (15 was added drop w se
.5 M*Sd[]hmm(pilthﬁpb’&dﬂb@ R+ 180CUg nelu(rmj(4®xﬁﬁmm) ﬂ@w Bate 1.5 mL/min; mobile
phase A: 0.1%TFA/water; mobile phase B 0.1%TFA/acetonitrile; gradient elution from 5% B to
100% B over 9.6 min, detection 254 nm)]

25
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5m) over 20 mn. The yellow solution was stirred at this tenperature for
30 mn. The solution was added through a cannula to a cool ed solution (-30
C) of 4-nwonoptesmysh chl oroformate (1.9 g, 9.5 mmol) i n achyse@os3ibse (40
m.) over 15 min. The bath was renoved and the mi xture stirred at anbient
tenperature for 15 min until treated drop wise with a solution of conpound
C (2.3 g, 11.6 mml) in anhydrous THF (15 nmL) over 10 min. After stiffing
at aet fe O ) h thereactlon m xture was quenched with
2L RLONEAMOGITG : SHRting precipitate was filtered, washed
with @,{%{pléQOSmes’}g\ngh}e_ ﬁllsdtélrtq;lﬁylg@qmzentrat ed in vacuo. The residue was
taken into Et0Ac 3 washed with a m xture of water (100 niL) and
2% aq.(CIHQB@I"Q@Q’lﬁmf)thylﬁialmmlhmmarbme was basified with 2 N NaOH to pH 12
and extracted w-th EtO0Ac {2 x200m)—The conbined organic—tlayers were
washed with water (2 x 400 nL) and 15 brine (300 nL),| dri ed gver MgSO4,

filterled and concentrated in vacuo to give a yellow sh foany|solid (5.9 g),
whi ch |was purified by HPLC [Nanosyn Pack M%osoﬁtﬁ,(qoo 10) |C 18 col umm
(50 x |300 mw) fljg\(/ rate: &g/ min; injectipn vol yne:. 65 nil; nobile phase
A: 100% w4 I%‘NI-I}'DDI?E phasg BX 1&6\6ni\fﬂle, 0. 1% TFA;

i socrati utioh a % B in 5 mn, di ent &l utioroto 18%|B in 8 nin,

i socraticgfution at 18% B in 20 m n, gradi ent, el uti on om 2018% B to 40%

Bin 44 mn; detection at UV 254 nrr]. Fractions containing the desired
conpound were conbi ned and concentrated in vacuo. Traces of Water were
renmovaed by treating the residue with toluene (30 niL) |followed by

evaporjati on in vacuo (progédure was repeated twi ce). JThe isollated fractions

are a|l: 1 m xture of und D and the boc deproPgcfed conmpgund E (4.37 g,
7.85 1mol , HSBY) . LC— lzgs 50Pha@gdn€27H37N3(6 +H, cal ¢: 500.6). 25
Ret ent|i o peedRod—RP- 18eCIC1BNTO mf 4.6x50m) ; flow

rate: (1.5 m/mn; nh)blle hase A: O. 1%’FA/vvateh nobol e-phase B

0. 199 FA/ ACN; grad| ent el ut\@ from5%B to 100% B over 9.6 m|n, detection
254 nj: 3.52 min (coffpound D), 1.82 (conpound E). Preparatign 38:

Synt hests—ef—di-hydrecodein—6—enyl—2—amneethybrethylecarbarate (E) 30A
sokution of conpound D (4.4 g, 8.8 muvl) in DCM (40 nL) was treated with 4
M HC1l in di oxane (105 nmol, 26 nlL), leading to sone precipitate formation.
The mBebpirrativas]: SHNYH26L bf (B3 (EYaOR6 U300 $/046/B 190 6inh perb gl nlizetlably: attiets on of
aceto tr|Ie &;g)errL) and stirred at anbient tenperature for 45 mn. Ether
(400 ! GHe dalled and the resulting white precipitate filtered, washed
with ether o i liye
conpound £ 2 Ginfibl ?mm?ﬁa%a%goﬁﬁggﬁg%eme&m et @@m‘r/rébl)’@%ﬁlssto?vl\iail_lﬂﬂ 400. 3
(C22 HMAethene @) (24.00.)5) rooBo tepmperafui. Wasthylsening WWEGbUL4K mit hep

P40’ RO AR R s A by i i RERO T TR e Sie BAGD) HOG B Sammedaser (b

CO npo lélﬁlﬂetﬁyfaﬁm%@ndﬂwQDM@P) (126@€) AT 193( Ilgbcfﬁongﬂxﬁﬁfe Qa8 stideBat T kerdptatiitl U
(1.7 g, 1043mmi/\} wer e di ssol ved DVF (40 nlL), brought to -5 C and
o

treat @Qd@rmiﬁomnsﬁélz B hpindptaery Igzapedmt | 60 1€ for HnlpI Theggastion mikfure WFhdier eact i on

d
e Sy R e B T R
di | ut esl givetPh1 ot 8% (20 03.4) 8. armdm@pum (mVﬁ)Qamn(w.z,(oZ)B&vad_aMmhb d3apers were

separated, the aqueous extracted with Et0OAc (2 x 150 nL) and the conbi ned
orlgani c layers washed with 15 2% ag. H2SO4 (30 nL), water (2 x 250 nL) and

bri ne ﬂr@ﬁé}ag}vl) GRGIBPNG, M%%rB@@SZ\ééj@ ?«glegh’&r I“@g%nm% (- %gr ed and

concentrate cuo to give conpoun % as a
yel | owi sh fRehni3 goB 18 mrh&H Mas Elfdhdii}/ecgm&n&hér@/ﬁlﬂaémﬂl%/}m regectivildgP. 1) .

Syt D iatiry YIS GAERey (P P Y b e Ny aHB g ST e BT G g0 P GcBtone
ester c4f@bn) was adddd SPhthlx@hte Has %Rﬁﬁ%ﬁ%‘g Pgrr(h%dﬁ)ggmatgm @asﬁr@d) DsilHh) M K 2@l )

was treated wwth 4 M HCL i n di oxane (39 and stirred at
arbi emixtugerpes then ﬁ]étefedrth@@g]nra gelitephé pnd %Glltm_t)t was concentrated to give P-2 (1.08

g, yield exceeded quantative). P-2 was used without further purification.
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was added and the resulting white precipitate was filtered, washed with
ether (50 nL) and 25 hexane (50 nlL) and then dried in vacuo to give
conpound veoast1a313hf -white solid (2.7 g, 3.0 nmol, 93% PCIL@skBofobws] 808. 7
(C41t 157N708S +H, calc: 809.0). Conpound G was used w thout further
purification. WD 2011/031350PCT/ US2010/ 031956 Preparation 41: Synthesis of
N#S) - 1-{2-[ (D hydr ocodei n- 6- enyl oxycar bonyl) - net hyl am no] -

et hyl car banoy1- 4- guani di no(Pbf))-butyl)-mal onamc acid tert-butyl ester (H)
To a cooled solution (-5 C of conmpound G (2.7 g, 3.0 nmol) was added nobno

tert- S@i'tthk‘}ls gPN W@lﬁt&ﬁl]lﬂym 23 c@lmrbom&ﬂyk)hm'lﬁb )%c&%nﬂﬂ@ (H-8) | owned by

BOP ( over 5 mn and final 6 g, 12.1 nmmol,
2.1 m_) drd’pZ\(\5(2§)erlflg>,\/1e$2 menal) and DAEG €0 4&]&La”dﬂ4mﬁtﬂh)awaﬂ@m¢drﬁ0geth€em ce bath was

rcaot et ARaC Aot R oG oR fBRSHse0 oSS B bt i, (200

L. THS hBYES M WebRieBOP ThatQskiGelixtie vatuaaus al AYEForeXt, FadvRd By difutioh OAC
(2 x 250 nL). The conbi ned organic | ayers were washed with water (500 ni),

2% aq witlpettey (24 o8-yl filigeedehropgh filteiopapen The filtgie wes coreeptated subpassad  Af t er

O en 181 WL 8 SEYEND HER SXBPORRLEL B KRR NI B gle
sol i d.wdr€edviBehtdeed toQ@@eBIN(EB&I&'ﬁHﬁ@l)]B -2H, cal c: 951 2) Corrpound H was
used wit hout furt her purification. ant hesi s

N- ( ( ) chiorosaperylimeth Pl cbaneRts t;amigloﬂe%srsgﬂl%m HEPLaEV R yiekhid amoy 1-
44n0u i y i A sol ution of
ct)lprpogllritg qH@Ehlﬂ%b Ms: @%R %f?)ﬁqis%nsrén%r esoNTg%MS m.) was stirred at

anbi ent terrperature After 1 h, the m xture was diluted with ether (300

ot hr YORE I Siitees AFORY SRR S e N F AT ISIG by TR "The

crude material—was dissol veu rmwater (35 ) —and purified by HPLC

[ Nanosyn- Pack M crosorb (100-10), C-18 colum (50 x 300 nm; fllow rate: 100
mL/ mnj injection vol ungHVBS; m_\|/rmbi | e phase A: 100% water, Q. 1% TFA,

nobi | e phase B: 100% acet@ni to{le, 0.1% TFA; ient elution|0 to 10% B in
10 m n| isocrg eIutlole\at 1006 B in 20 m r&ghent elution from 10% B
to 42% B in ¢ ion det@ct |'|\'on att 254 ACtions 25 contlaining the
desired cgn re comnbi ned conc acuo. The |residue was
treated ne (50(EB) to renhove t er and co-|levaporated in
vacuo cpeatet—twi-cej—Fhe Lefi du@ was i sgokyedi rf acetonitrile
(5 nl) —Qreated wih 2.0 MHCL in ether (20 m.), followed by dilution with
ether (100 ni). The resuftA/pgvsolid was filter ed washed with |ether (20 ni)
and hexkane (20 nL) and dried in vacuo overni gﬁt to pI’OVI de Corrpound 30KC- 4
(1.1 g, 86%yreld)y as a white sotid, hydrochtoride satt— GV [ MtH] 642. 5
(C31-143N708 +H, calc: 642.7). Purity >95% (UV/ 254 nm. Retention tine

[ Chronmolith SpeedRod RP-18e C18 WO 2011/ 031350PCT/ US2010/ 031956 col umm
(456x§mﬂwszsa @ONcedne O-(N-Beiy [ Wi (A-amipde el cgHaweia2THA 190 FA/ wat er ; nobi | e
phase B %—Eé{lﬁ%@}j&eegﬁgﬂé §] é f)l é’ }nl Oorll) wgsoéns {VC§ 11t*1 (ary];(agg/z?s%do tg{“:f\glhy%roqugl‘nn’

detection
(120 mL), and the mixture was cooled to -10 °C using dry ice/acetone bath. Potassium

bis(trimethylsilyl)amide (KHMDS) (103.0 mL, 51.6 mmol, 0.5 M in toluene) was added via

cannula. The mixture was stirred under N, at below -5 °C for 30 min. N,N- Bis(tert-butyl) N’-2-
20  (chlorocarbonyl(methyl)amino)ethylcarbamate (8.0 g, 23.7 mmol), (E-8) prepared as described
in Example 8, in THF (30 mL) was then added via cannula over 15 min. The mixture was stirred
at -5 °C for 30 min. Another portion of carbamoyl chloride (4.0 g, 11.9 mmol) in THF (10 mL)
was added. The reaction was stirred at room temperature for 2 h. Sodium bicarbonate (10 mL,

sat. aq.) was added. The mixture was concentrated in vacuo to half of its initial volume. EtOAc
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5 Exanpl e 13: Synthesis of

64[ 2- (2- Acet yl am no- 5- guani di no- pent anoyl am no) -et hyl ] -[ (5R, 9R, 13S,

14S) - 4, 5ve-2ep8y356, 7- di dehydr o- 14- hydr oxy- 3- net hoxy- 17 Pe@EtUsgé 0081986 nan- 6-
oxy] - 1- enyl oxycar bonyl -am no}-hexanoic acid (Conmpound KC-5) BocNOEt

Z- Cl BocN AOO BocBoc Boc, N O phosgene Boc BocN 0 0CI E 1) OC, KHMDS 2)
TFA/ DCM NN( Boc) 2 Pbf

(50 mL) was added and layers were separated. The organic phase was further washed with water
(3 X 20 mL), brine (40 mL) and then was concentrated. The residue was purified by silica gel
chromatography, using DCM/MeOH (gradient 100/1 to 100/15) to afford a white foam in 55%
yield (7.0 g, 13.4 mmol). This material was dissolved in a 1:1 mixture of DCM/trifluoroacetic
5 acid (TFA) (20 mL/20 mL) at room temperature and stirred for 1 h. The solution was then

concentrated in vacuo to afford oxycodone 6-(N-methyl-N-(2-amino)ethylcarbamate-2TFA as a
thick oil (7.3 g, 11.4 mmol, 99% purity). MS: (m/z) calc: 415.2, observed (M+H") 416.5. The
oxycodone 6-(N-methyl-N-(2-amino)ethylcarbamate-2TFA (E-9) was used without further
purification.

10
Example 10:Synthesis of Oxycodone 6-(N-methyl-N-(2-N’-acetylarginylamino))
ethylcarbamate (Compound KC-2)

N PbfHN._ N N~

OH NHL OH PbiHN
950y w0 NHl
O

OJ\N’\/NH2 —_— \H/\NHBOC

N/

HClI; OH PbfHN

H
N
= O BNy

P-4 o
N/ H
TFA Hy N N

m-Cresol j\
— O Q N
O N/\/ N\n/\ J\

Compound KC-2

Preparation 23: Synthesis of oxycodone 6-(N-methyl-N-(2-N’-Boc-
15 arginyl(Pbf)amino))ethylcarbamate (P-3)
Oxycodone 6-(N-methyl-N-(2-amino)ethylcarbamate - 2TFA (7.3 g, 11.4 mmol),
prepared as described in Example 9, was dissolved in dimethylformamide (DMF) (60 mL). Boc-
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HHNy r\J NH OH 7 NNHBoc CEt O Preparation 42: Synthesis of

6- 1Benzyl oxycar bonyl - (2-t ert - But oxycar bonyl am no- et hyl ) - am no_I| hexanoi ¢
aci d et hywoestias135B) Compound A (26.8 g, 88.6 mrom)useas/osisecol ved
in DCM (200 n.) at anbient tenperature. NEt3 (12.5 nL, 88.6 nmol) was
added, followed by Cbhz-d (Z-C1) (12.5 nlL, 88.6 15 mmol ). The reaction

m xture was stirred at anbient tenperature under N2 for 2 h. The reaction

T 0 B L Sl A R S
MySO4 ,(DEPEA)?{?gﬂm@D 94 2 ORAENH Wed £flied Tai{ GabdURe VSO vaS LfifbdON rSdrhi Ca gel

chr omat ogr ap using 4/ 1 hexanes/EtO0Ac, to give conpound B as a colorless
oi | (2anpergturcs®r 8 hnth¢ mistged) wassher epeeririterhingafcusynd the s¢sedusfwispaditinndd at e

C d ) . ). di | d i DCE 0
oo ehetyesaIBRH i (EFuyBo s TrdRdict Sl SRR MR BD) ) o 5o

(38. 0 vgine 150lm), B )ovansa AR E 63 fceiBated tPafforlIclude TS éI EQG).IPOB wik xtdd € was
stirred at anbient tenperature under N2 10 for 2 h and then heated at 60 C
for 1evifoutrhetheepwificeHond xt ure was concentrated, and the residue was
purified by silica gel chromatography, using 4/1 hexanes/Et0OAc, to give
conpound C as a colorless oil (23.2 g, 41.9 nmol, 86%. Ms. (nmz) calc:
536. 6,Profsarivetd . (SvniMasy opabcddorereearnatliybiV-@4V’-Synt hesi s of internedi ate

(D) 15005@2u_nd C 522_.5 g, 41.9 mmlf) was di ssolved in EtOH (50 nL). The

mi Xt urEeRsEs ey nepghyseibemeed PFafk h N2. Pd/ C (500 ngy, 5% on carbon) was
adged. The gk xiu i r . ; . I atm H2
Fa0 2 h The o e o e APy Y Sh SRR S KT o
filtrabeledas0Ons bpdroahlede had gHCY sotuwiide ic divpeumd N Hsmb) eob addedsEhoi | (21. 0

, 52.2 mmol, crude). This naterial s .used w t hout, .furt he r.i.fi cation.
30 br a5alag pas S ot Resn iy Bt 3R R opsnuatd ih Vigiaclo Bk ble §88e 0
52. 2 mRlure GadERI01 0N NER R 0frd bf DIPEA (3 8-3L 1¥BInm¥ELE DM esh hegesdrge W th
DCM (150 ni The m xture was added to a pre-chilled (ice/water bath)

phosg@nkydst eyt ionLi -3 oim@ heaq added drap, wpe98 v regiionahigiane was s@&datnewn) . The
' ?gct Itf(:)rplper}ﬂ'at)l(la%eufro? 2\11@ﬁ1a1§1tdd3r(§61 mlL, sat. aq.) was then added. The layers were separated and
the DCM layer was dried over Na,SO,, filtered and concentrated to afford P-4 (8.5g). P-4 was

used without further purification.

Synthesis of oxycodone 6-(N-methyl-N-(2-N’-acetylarginylamino))ethylcarbamate, as the bis-
20  TFA salt (Compound KC-2)

P-4 (8.5g) was dissolved in a mixture of m-cresol (3 mL) in TFA (30 mL). The mixture
was stirred at room temperature for 3 h. TFA was then removed in vacuo. The residue was
dissolved into MeOH (10 mL) and added drop wise to a stirred HCI solution in ether (40 mL, 2
M). The white solid was filtered and washed with ethyl ether (4 X 30 mL). The white solid was

25  further purified by prep HPLC (¥*RP-18e C18 column (4.6 x 50mm); flow rate 1.5 mL/min;
mobile phase A: 0.1% TFA/water; mobile phase B 0.1% TFA/acetonitrile (CH3CN); gradient
elution), yielding Compound KC-2 (3.5g, 4.1 mmol, 96.6% purity). MS: (m/z) calc: 613.7,
observed (M+H") 614.5.
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25at 0 Cfor 2 h. It was then concentrated to one-third of its original
volunme and diluted with ether (50 nmL). The m xture was filtered through
filter pamwenoiiiisesshi | trate was concentrated to give conpolifu$2@E0A31986 Whit e
solid (20.0 g, 43.1 mmol, 82% Ms: (nfz) calc: 464.2, observed (M+Na+)
487.7. Conmpound E was used without further purification. WO

2011/ 031350PCT/ US2010/ 031956 Preparati on 46: Synthesis of internediate (F)
Oxycodone fr 1. 2 j di ss {n. dry. T degassed)
(15 niampe TheSiteds o N cbananiaus-5 eGSR TS e Foatbid oo v
KHVDS 6 7L dfd eil-elr 031 8 h YR xy- Rnre tidxiy 0 A RleHE Wb r YR ﬁaﬁ-ﬁ%@]éﬂrﬁo@dfdlﬁﬁﬁ) The

m xture was stirred undér N2 at "a tenperature 5 bel 0w -5 for 30 mMm

Conpo ¢thyléarban®yl;bw@yR-malohymiqacidifiCompomnd Kfzxd) t hen added via syringe over
5 mm The mxture was stirred at -5 C for 30 nm The reaction was continued
at ant&ﬁent terrperature for 24Nh-\uw NaHCO3 (10 ni, sat.\ag.) was added. The

m xt S co in vac half Z8EuiTes niATal_ volLume. Et0Ac (20
L) vvas—\aﬁded angbN feeer | ayers were parated. The or§ani c gh se was further
washed with water (20 nL) and ﬁrr?t F(20 m), 10fol | owe@ oncentration
with the resulting residue purified by silica gel chromatography (DCM MeOH
(gradient 100/1 to 100/185)) to afford a colorless oil (-1.7gon3.1 mol,
97% . This material wa \fﬁso\lmﬁed in a mxture of DCM TFA £8ciniL/5 L) at
anbi ent tenperature and sti4,red for 1 h. It was then concentrat ed in vacuo
to afford conpoung, F as its TFA 38l Argkoh-o8, 1y, BiEX rrrmlN 88% . Ms: (m z)

cal c: 543, 7 pbsefupd (M9 545.2._Compound F uas use ¢d Wethout 15further
purification.)Prepafiatifon 47: Synthesis of internediate@ (G Conpound F (1.8

g, 2.6 mol) Wwas di €sa ved in DMF (20 nL) with stirring Boc- Arg(Pbf)-OH
(1.4 g, 2.7 L dioxafdATU (1.1 g, 2.9 mmol) and DIPEA (1.4 nL, 8.0 nmol) were
20 added withH stirring. The reaction was contr nued at anbi ent t enperat ure

for 2 h. The m xture was then concgnt and the resi gptpartiti oned
bet ween Et OAc and N3@urrl/ The organi c | aypr separ at ed,
washed with water ;gr brine ééJ:OmmL) dri ed over %04 nd
concentrated to ord crude compounmd—G(%.5 g, 1. Hft maol , MS: (M z)

calc: 10523, o yed (M+H) 1053.9. COnpounaNG\ma i further
purificatibn. 25 Prepérlétr on 48:. Synthesis of zi nt er edi At e (H Crude
conpound (1.5 9, 1.4 mml)) was taken into dioxane (8 nL) and cool ed in
an ice/water bath. An HCl solution in dioxane (4 Ny 10 nL, 40 mmol) was
added and the m xtyre was stirred at anbient terrpeL HYRgfCeMPgr 3 h and t hen
concentrated in Negsafford a white foam 30 Tpis materjal was
dissolvedJ—z—a m xt ype of DIPEA (0.8 nL 4.3 mml) in “meL). Acetic
anhydri de .2 , i mmol ) was added. The reaction nxtume was stirred at
anbi ent 2011/ 01 OBCT/ US2010/ 031956 terrperatur o 2oh. NaHCG3 (20
m., sat. athyNwaf added. The I@cyemmgsvrerpepsep nd he ayer was
dried over 2S5, fid ed aﬁd—eeﬁeeﬁt—reate % ate
conpound H (0.85 go _ckude). Conpound H was used wr out further
purification.

OH
N H
H \ NYNH
NH,
1. TFA, 5% m-cresol G OH H
2. Lyo with 0.1N HCI N -
T”/NH \/\/I\L
o © o o
—0 O- ‘
i OH
KC-3 N
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5Synt hesi s of 6-{[2-(2-Acetyl am no-5-guani di no- pent anoyl am no)-ethyl]-[(5R,
9R, 13S, 145)-4, 5

a- epoxy- 6V0-2didsidsdr o- 14- hydr oxy- 3- met hoxy- 17- net hyl nor phirnsee18/0sm99¢ - 1- enyl
oxycar bonyl am no) - hexanoi ¢ acid (Conmpound KC-5) Compound H (0.85 g,
crude) was dissolved in a mxture of mCresol (0.5 nL) in TFA (20 nL). The
m xture was stirred at anbient tenperature for 2 h. The m xture was
concentrated 10 in vacuo. The residue was taken into MeOH (3 nlL) and added
drop wise to a stirred HCL solution in ether (20 n., 2 M 40 mmol). The

resul tp 4 e5.50k, PpoU ) dbihtieh h ether (3 x
10 ).rgﬂlrﬁ?)%un @ {/\;gglgtﬁen dl?gzsug O\/e méta}lﬁ‘l i}% u?ggéﬁ%@?iegm(z m./ 2 nl)

at anbi ent A mip@m@ﬁhiénethylmy](enqdlw‘glneiﬁmM‘) myeed) adchelellitnflereaqstate i on.

Th d for 4 dified by addi
A on Se B 12 b e il o R s BE o P e St RSP s e s
puki f |r@ﬂiux1%kl Vﬂﬂﬁ@lrhﬁ’é—&verbﬁ%bﬂ goRBnt;h §erédehpoRidd M vadudd Fhed@siti wad feow rat e:

1.5 M/ mn; nobil e phase A: 1% TFA/ wat er; nobil e 1;r)hase B 0. 1% TFA/ CH3CN;
gr adi EHEPEtad ek, i- FLrE%bﬁ 3 1%@%&0%@%@ h@tﬁ@@lt%ﬁtal izasiondrpsn RON (2¥H

ﬁcc);_rp?% ﬁg‘rngedl(clgf%@ @&Jeﬁ‘e) %ﬁ?‘e@ \%Méh&f Ztﬁll:joéli\r/leaih?ﬁ %ﬁf}l% g{o%ﬂfe%ggl?oﬁlgcllj g dl N

KC-5 as(88. &\@l&i%)fasawhl(eéls@ﬁdpgwdao 38% from corrpound E, 100% purity). MNS:
(n1 z) calc: 713.8, observed (M+rH) 714.5. WD 2011/ 031350PCT/ US2010/ 031956
Ie 14:

({1 S) radhhit A5 h T P BrOHRNI £ RO pERL n%gmypém}’zﬂc&?%pggaeenyl oxyc

pr opi on met h acetic acid (Conmpound KC-6)
Pr eparbatzzyvi)mm;Q(B)

S)-2-tert-Buto tr 0 r oni c
Sati d (). A1 & COHHAUPT ALB sy Gl BN S (% i 0% gy bpiio B EBFd
(14. 9(950 &i %amlédmlde B&A! MRIwbd b (HE AR Ffa saﬂlaoﬁ@mt) and 3 N agq.
NaOH (45 . The reaction m xture was cooled to -10 C and nosyl chloride

(17.9 (@enzsmxscalfmyj)summm@e@%sg éOTHFm@&)HUTHEIﬁlf'(()?@Lbrﬂl)OPdW@@OVﬂré}eepﬁ)f@ld 30
reac m xt ure s stirred at | owed by WO
2011, 63 3388RCT Rt RO B e kb Rt vk SRl Bl SR8, Y,
The r eafidg0Rasdoxtibiicdl foRsn additidrRd 3Gvntih. W@ts Wi Ghdilevap@aiediahd @@ rabitling %
aqueous H2SO4 (to pH -2) and diluted with additional water (450 nL). The
pr odudesidigswas 1$sab@édn FQ@Mc 09aeL) dbe opsanicdeyinwasratariehedhw’ rd-wat er (3 x

a2son it @b ERunkS dndplnc 36 nfOBR Gas R PR BRRELALER A0, 075, 705

yi el d)com@omctBaamlmmldoﬂumm [MI#H BOS]l (290, F;NGD4HHHOMB O 8BS ). Cahpound
338 Purity (UVI 254 nm) LtldAvvas used wi t hout further
i fi N prt% thout purific

gtag Bigd dlrect ?Ja?)gtr?a(gﬁog@n ation as a Me H solution,
11(S)-2-tert-But oxycar bonyl am no- 3-(2-nitro-benzenesul f onyl am no)- 10
propi onyl Tret hyl - am noPacetic acid ethyl ester (B). Free basi ng

proc ed%re;mmtzo:ﬁa}’ cOsimes of Rydmmetahy!)-Bathgbsinhenatdyd bespleastany@y.ochl or i de

39.3 g, 2 di ssgl ' t : hed 'th 20 (2

100 m), pAcatiueraptEgrroyit B S8l el Vs o (adr SR o Sa ar e
over Nﬁ@ﬁ%@@ 6bd Rahdly inf Whike190 mIN0 TheSOAckbh Ax@te v&‘a@dmﬁfé@dlt Ambidc 0 9, 25.7
nmml ) in 0 nL) was added HOBt 15(5.2 g, 38.5 % and the reaction

m2Rt u rt@mp@i@tuteobr édi. bolventy were auapetates! tp éé%t ¢fghe miitkal lypblm Hel by dildtign 28, 2

mml) S p ns_over re Cfor Omn To
the 1 HEFYESF E00rl BTN AANILMHE olloPuda LR Pl SRy s ek ®peo "

was  adesdvadhapwith 5ﬁn@m)0rﬁn) aried ﬁé&mg@@gﬁndwvapmteuﬁ@vm@ Fhé fesielde atast hi s
terrperature for 30 mn followed by stiffing at anbi ent tenperature

over nidgtielveds) Bt (SOMar.e ann Eatee Wi it 6200m)-thosmed preqipitat0vafas
di ss Olfﬁ&%a{l_‘%hgdb‘&ntﬁ 02 T driddBs hfgglo\’\fotﬂ}osyi@é file h@ﬁr@éhﬁ)@i@ sHle bt c&ﬁﬁé{fnﬁt@d

aqueous
30  (67.8 g, 89%) as a white solid. LC-MS [M+H] 209.0 (C;;H;6N>O» +H, calc: 209.3). Compound

C was used directly in the next reaction without purification as a DMF solution.
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(2 x 300 n.) and brine (100 nL). The organic |ayer was separated, dried
over Na2504 and concentrated in vacuo to afford conpound B (11.5 g, 91% as
a cream swDi201/3G5VS [ MkH] 489. 5 (C19H28N4095+H, cal c: 28%/U3p010MBISEYy > 95
% (UV/ 254 nm). Conpound B was used wi thout further purification. 25
Preparation 5/: ( [ (S

)-2-tert-But oxycar bonyl am no- 3-[ net hyl - (2-ni tro-benzenesul fonyl)-am no] -
propi onyl Pret hyl - ami no) -acetic acid ethyl ester (C). Compound B (8.0
g, 16.3 mml) was dissolved in DVF (40 nL) and the reaction m xture was
cool e AGee mol )
foll o%%ﬁbggﬁg%%dS ﬁegﬁ gfﬁggcmgmm# ’#lg?@%ylmm W?é?ﬁff ggggg’ézyg%t%r ed at
0 CfdP)1 h. The reaction mixture was filtered and washed with EtOAc.

Sol d
2011/ 03135 0PeIT TR RERT TEIGRE (B0 SREPRUET ¥ Finebioride 652 500
Ny, exB3.achael)whd DIEAQAE.9 (R )0725RniHh)in BIVIE (WSEHEN wik thol@iein iceb&hnl) and

brine (100 nL). The organic |layer was dried over Na2SO4, filtered, and then
concenelawestby the gadition OE ) S%lﬂ‘ﬁ@‘r of HAOAPOUAS £36¢. mmgl) dyamaviseetvan 2Q@im Theeam

sol i dé 4(1'%% n%@ e{;(j)\fh'égg re%gtiso x%%%g %@gﬁ%‘jmbq t?er{lﬁegiu@ andpﬂhjlri%ywas <%§1t11{ﬁed

(LV/I 2 vvas used w thout urific
Pr eparfat dnomid&itinal 1 h The reactlon mixture was diluted with EtOAc (1 L) and extracted with
({(S)-2-Anino-3- 1- (2-nitro- benzenesul fonyl)-am noTpr opi onyl Pmet hyl am

i no) - A8 Xg&odn%}mbr@gﬁ%(?() by-. lec%%mﬁ Y V& 4lieg ovesMeShergd was

diygsol oahept (40

T A S R N PR L e

t enped$ ILIM&H] on7 QQQ@HMNgEh;S +H xcaler @178 Coorpoend Pawasdised direatlyan tthoee @ext ot al

vol une of. d Et 20 (400 58)lwas added. The precipitated product was

fil ter“éachB‘iifVlth\‘R& IR S5 56MO) .  and hexane (250 ni) and finally

dried in vacuo to afford conpound D (6.3 g, 100%yield) as a cream solid.

LC- M5 [ MHH] 403. 3 (C15H22N407S+H, calc: 403.4). Purity > 95 % (UV/ 254 15

nn) . Coapuouatien £Y-\iagthasie df (- ha\ug( Rl tawenogskil i -frietat -t obampr eqid bentzybast33:

({1$S) % [(S)-5-(fAm no-[(2)-2, 2, 4,6, 7-pentanet hyl - 2, 3- di hydr o- benzof ur an- 5-

su forq fl m no] - met hyl | - am no) - 2-tert - but oxycar bonyl am no- pent anoyl am no] - 3-

1- et hyl (torﬂipduh@ﬂo@mmeglesoIdmmwl))w@rameﬂ&@dme@ﬂyﬂet(tre@ hm)aamlegx):d a6@itd c

acid etgy ester .. 20To a solution of Boc-Arg be'l) 13.8

mol ) N Biibgroxare ?159LmL@02nmﬁB|a) amhlem\rm@@@tmft)‘orvlds éléd@]dellwztﬂ tb@l 8 g, 15.2

nmol ) r ound D

(6.3 ¢ aprRph TR ealucwis fybenit T BbeokE (08 AL} EREH, B ol & apbialRe)

DVF V\/&prot:dft&lﬂe wasnmepedted nvicac [Fbe tfﬁldale twols ahenvdrledrie Vﬁxfuo-to Zpﬁovﬁrdle cohlyuné &Ct | on

mxture was djJuted with EtOAc(250 ) a 0 _Wwa

oD ad bl Enyiehl bt (BB S 80 Aejow e i e WM T Dob et eoisNESE ( 150

), vt ehic( 4BP an@on@egncpwﬁ vedPQirdth), mm%esema&i&l WANGH pWBFcdlioh §d a0V er

anhydrous Na2S 'tered and then evaporated to give an 0| 'y residue,

whi ch DME¥ sdiutien. over ni ght under hi gh vacuumto give conpound E (7.4 g, 59%

as an off-white solid. LCGMs [MH 911.5 (C39H58N8013S +H, calc: 912.05).

Purity >95% (UV/ 254 nm). Conpound E was used wi thout further purification.

?OZWA?[% g%%@@y@ﬁ{e&i@%ﬁﬂ@[ DRIOBH I BRBI-Ald (@D PhimikdtiS) -Riethyl-c drb@nic

- 2- Ami no- -

[ @2) - 2l lenaylesipeffanet hyl - 2, 3- di hydro benzof ur an- 5- sul f onyl i mi no] - net hyl | -

am no) - pent Iam 0] - 3- t Ltro-henzen n m pr onyl

Pret hyl - amﬁg 3 té%ne 8]“16?&“{33&(% ?(24 ?ll? mono- Fertubut?/l ﬁllal})nz?te (§' B]mL 3%p7|
mmol), BOP (16.2 g, 36.7 mmol) and DIEA (14. 9 mL, 83.5 mmol) in DMF (100 mL) was

maintained at ambient temperature for 1 h. The reaction mixture was diluted with EtOAc (1 L)
and extracted with water (500 mL), 5% aq. NaHCO; (500 mL), water (3 x 500 mL) and brine
30 (500 mL). The organic layer was dried over MgSO,, filtered, and then evaporated to provide

114



Compound E (7.4 g, 8.2 mmol) in DCM (24 nL) was treated with 4 MHCL in

di oxane 5(24 nL) at anbient tenperature. The reaction m xture was stirred
at anbi enwotzenipsizmbure for 1 h. DCM and nost of the di oramaSamwm3rdssroved in
vacuo to a total volume of -15 m., and Et20 (300 nL) was added.
Precipitated product was filtered off, washed with Et20 (150 nL) and hexane
and finally dried in vacuo to afford corrpound F (6.34 g, 100%yvyield) as a

ey S G el T

Pr epar,af, icam: 259.9 b()@pbgnd Flwads sdd withGR t)li@piQfiation. [ am no- [(2)-2,2,4
, 6,7 -p entamet hyl -

L di hydr o- benzof ur an- 5 suI fonyl i m no] - net hyI I -am no) - pent anoyl am no] - 3-[ met h

I-(2 itro- ulfo P acefic acid
AR ST S e R S A A A O
(58 mMaamhe PGS Was added DIPEA (4.8 nL, 27.4 mol) foI | oned by Ac20 (0.9
m., 9.4 mmol). The reaction mxture was stirred at anbient tenperature for

30 hm‘n. SolGRsraynddT(d2 Segrd 0 danmal weasilssolyadi in methaneld 19Qeila fellaness! by thert gd ;
veshed iy T rat d C5B8c) ¥ Bobdtetniapao st 2B ey ™ i® B8 500, 5"

and brsubjected 60hwDogenptionltParrapganis, 7hyse Hzmrﬂﬁﬁﬁrtahpdatuch’ ﬁoedi hoThe Na2504
and sol vent renoved in vacuo to afford conBound , 829 . LG M5 [ M+H|

853. 4 Ce@b@wzme&@@wﬂr and yyaghedgwith giethapp I 9f1£tr8stﬁsW% %WPI?SQ@ AU CSnpound G
u f ERal Rl (S
W% ijety am unﬁl‘%hgﬁ?% 7%) ds%%ﬂ&[&zs %m(%l%hpentoglﬁetﬂg ]Y%é ?ZaydrOZS
benzof((iﬁgéhsfﬁs(‘aﬁlm{my]lci AN Cnmphyﬂld Gamisnoyd pzﬂathbva:rfogtharpum@]catﬂarrret hyl am no- pr
opi onyl I net hyl -am no)-acetic acid ethyl ester (H). To a sol ution of
conpound G (5.5 g, 6.5 mol) in DW (21 nL) at anbient tenperature was

added K28XB1ikB32 QxycBbore FAYake f Ol | oned by thioglycerol (5.6 n, 64.5
mol ). The reaction m xture was stirred at anbient tenperature for 1 h,

filtered ofdxyspdproNydigshloridadi gBZB $ mm«dwas drrrrée\reésn dhlerafern (i50unkd wit h

er 00 L. n xtr 300 2. x 300

% é)‘ﬁﬁvas}le&) %ﬁl% (?@ &‘Q dri e8r an%f a%eﬁD‘Y/agl Ovﬁrcﬂjc%ﬁ%ﬁ‘/én sin W
2011/ Q3é{35£l€mﬂé$8§dﬁy Q@sl&ﬂﬁl iMaaa® aflapktad ptdl@d&éﬂ&d@dcﬁfeqwé@ase ®mgcrude
product was purified by flash chromat ography eluting with EtOAc fo 1 oved by

10% MG )iap acrite3zotid af ford conmpound H (1.3 g, 30 %. LC-MS [M+H] 668.3
(C301- 149N708S+H, calc: 667.8). Purity > 95 % (UV/ 254 nm). 5Preparation 57:
([ (8-2- [(S)-2-Acetylam no-5 -( [ am no-

[ (2) - Drepdraboit 3 reSynaireis by N-(2S 34-(2, Dyl Dpeemzbfidiiadrdbesfianyd-iutional

BBy TS T DT el 9 oo et e ety G Mg asesrd-pesfony- 17 7o
a sol Yt t@ﬁm&gp ¢ C@Qgﬂ? rfbrogﬁ cpﬁﬁg) &Zylgar%amgyl?’ HTW?) )nald?tﬁ;’;lifa&&%t %l at -60C

was ad KHVD! drop w'se e reaction m xture
was stester @d).f or 30 10 mi n and t hen transferred to a solution of

4-ni trophen chlor for 1.3 0) &60 Cand trrredfor
30" neF A LU GORRTRE fShRie 120 ot ey ek s a o
(20 mop °€0Edltd\&ﬂ HyChdHﬂi%nro@aQ)tS Rl WK HDSEIn (Slubid 48% @t 225@@1&1615 15

mn, the cooli ng bath was renoved and the reaction was sti rred at anbi ent

t éﬁperﬁ@mb@lmpmt@htwasmmﬁd fsor $q1@trpn(q.f donigro-@epylattsirpfophatgx§3eddh8 free
base WA rRe00 15H 0kt DRs 2RSYR: PLASEAUE AN Afdedylo dbbns, Leaction
m xture a I'ng dant PAIEE sver il gh he reacti on was

det er maedine® abe0conpl e @dcbuoﬂam MBfolibhed 99 ladeitios ofve kelutiemol&shpaind G he

resi due was dissolved in MO -25 rr1_dc1 and precipitated with Et 20 (400 m).
The pr&Pgi 1@l ampeld ihEFR&e0 AP Cake Fragiéeremaruredrasalforad {awad torhe

rl\)A r g(rzl gg%nr %@1? ieg:h)&ei%kﬁé%ﬂ% §H B%rm?gg S%ﬁ% m?{kq ?Wé"’;d}%{jlg%i‘gg% %sl}}ﬁ{h%s yn- Pack

i BpectreMue\mdsLmBo]k}édmﬁ_Etmb(J(anbramEpnécmftﬁle&/wmwﬂre,r(DLJ.%hFFféq;mdmbl | e phase
B: 100% ACN, 0.1% TFA; gradient elution from0%to 33% B in 33 mn,
isocratic elution at 33% B in 30 mn, gradient elution from33%B to 50% B
in 33 mn; detection at 254 nnj. Desired fractions were
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conbined and dried in vacuo to afford conmpound I (5 g, 92%yvyield)). LC M

[ MPkH 979.6 (C48H66N80125+H, cal c: 980.15). Purity > 95 % (UV/ 254 nm. 25
Pr epar at iwo 2687031350 PCT/US2010/031956
([(S)-2-((9)-2-Acetyl am no- 5- guani di no- pent anoyl am no) - 3- [ (oxycodoneenyl oxy
car bonyl) - net hyI am no] propi onyl Pet hyl - ami no) -acetic acid ethyl ester
(J). Corrpound I g, 4.5 mol) was treated with 5% mcresol in TFA (25

m.). After. er ., dtothe reactjon m x The

oreci BTkl W%ﬁﬁr& ety RS P SSe ke RvHerpagoRitiLze and
dried SW%:g\éﬁﬁH%fft\th@é( EprdLCOMB NN DD %% &167165{%) yil, ddic: ddg2) VO

2011/ 031350PCT/ US2010/ 031956 M5 | M+H] 74 H52N8010+H CaI c. 757.9).
Purity > 95 % (UV/ 254 nm). Conpound J was used wi t hout further

purifica

(93 ’1(%3’5 3 XLEV 8BS JaalietrhbOBettt L4 265292 10 G4 EDERd “eny 1 oxy
casbomya;)oxyS MEhEW- mmen@]zﬁf@mnaﬂmryy@irbw RNt b&mg] -Bud/Gompound
KC-6) . Conmpound J was treated wth 2 N agq. HCL (75 m_) and heat ed at
55 C festlogingc peidiearpagndk€-3enoved and the reaction m xture was cooled to

- 5 C and t t %Eﬁ:@ t of
the water \;\lﬁ/;sd}?%ﬁg{% %léﬁgvléglurgrrﬁ)@ \gas\%% ‘%Ellf 8:@)(%?&6]%?% I's scg ution
was s ulbl)eﬁhecbat@oﬂ-ﬂﬂb@umuvasfmmﬁﬁalmd at @Mﬁ@tstympaaﬁke I3 1Ni, doldsosdoby( dil@ioh0)
C- 18 caolumm (50x300 mm; flow rate: 100 nmL /mn; injection volunme 15 ni;

mobi | &Vighetad eaher { bhde MistTarmedpreop pam anfieree: Wﬁ%@“@ cfepiopAbRKang. angh TFA;
' 519”%1%& il aub @ Bﬁkl&%ﬁiA @algofTCGmBGﬁﬁ@m%( e:%lt Qe o) hOM &3/ ; OB QSnE 1 N 14

isocratic elution at 8% B in uti1on om8%B to 33%
B |n 3E-MD[M¢E] 658. 6@31%31\25)4+iﬁh10ak:£ﬁﬁ?)ed fractl ons were combi ned and

Conpound KATE HEA 4 FTig Compornd K 34) (7 o) B heporfbly isigni s er 3B
( CB4HBNBGhObblaie@lSlutid %amubjé%t@d foHPLOputfiddelvh ZMnegnuPzﬁkoi’M@ GRL- Data

Exanpl e 15: Phar macoki netics 0f oxycodone prodrug fol l'ow ng
admi niPy 4t (160 IObCrb&@hszrrm%x %m)eﬂewmr%@ mhempl; as]n@thmwd@rn@ pAnilens of

o] codo I f o
B A S e e R L RO i G

descr leh&ﬁlmlan 0B DY enid Gradiehth@rtRinfrah 9% toelfoes Bad 20 masls@mﬂtdom-m% or

oxycodone. Conpound KC-2 and oxycodone were each dissolved in saline and

dosed Fain ¥bminrsragienpelytige ot By Rg0dnd indl minidgtectien peeds wel- §yactipas or al
gavag ghéa P 89 @lind ?éA(?B%@é}QE{;ﬁBgQgQR& EorcRh ?ﬂ&?gﬁga EYTHAEN cdiridnrS

wer e group. speci I'me polnts od ‘'sanpl és were drawn,
har veslhcekzlttémaspieplam withae eittl cofintgadn oin 1wdph8iz4G6n ngng 61 NAKCT @rprbvide n, and

1 m. ¢ (A transferr from each, s le into a fresh tube
_cgat aﬁf!r:l 13?52’ “Pgrlﬁérl?@'&%t %éleﬁﬁﬁ%% tFéOG%rIt%[MESH] 8288 seconds,
i mredial ¢, Wi, agedaicnesl ¥y i ce and then stored
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30 until analysis by high performance |iquid chromatography / nass
spectrometry (HPLC/ MS). WO 2011/ 031350PCT/ US2010/ 031956 Table 1

i ndi cat eswpl2ass130ax (maxi mum pl asma concentrati on) an@CTrs010081986 af t er
adm ni strati on when the maxi mrum pl asma concentrati on was reached) val ues of
oxycodone (average + standard deviation) for each group of 4 rats. Al so

i ndicated are the Cma" and Tnma" val ues for oxynorphone, a netabolite of

oxycodone. 5 le. 1. P ' T.. val ues_ of codon nd

Xy 28R iicsis ot Rt 2l Bind e osRg BBy O BB r R Stk oung
adm n . g}’@\g VK mL Tmax OM
(hr) %cgﬁﬁﬁm%ahmﬂmb@) Iﬁgﬁﬁglg%éﬁm 10. Ouo 50@@50 SEM Corrpo)ljnd KC- 2

3.8 + 1.1 ¥ 8 +nanGNBHO+ 1. 6 3 8 + Mol 5 G urgAcQ/rﬁgares PEEEN pI _agtm

concent®ati dits [+ standal d idevi ¥Fi ons) over tine lof "Boc
A c
/
1. KHMDS; 4-NPCF
2. HN ”\/ *Boc C H _HClidioxane O Q
/\/N “Boc N/\/NH2
|
D E
N7 N
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5 Preparation 34: Synthesis of tert-butyl 2-(benzylamino)ethylcarbamate (A)
To a solution of tert-butyl 2-aminoethylcarbamate (6.4 g, 40.0 mmol) in methanol (60
mL) was added benzaldehyde (4.7 g, 44.0 mmol) and molecular sieve 3A. After stirring at
ambient temperature overnight, the mixture was cooled down to ca. -10 °C (ice/salt bath) and

treated portion wise with NaBH, (9.1 g, 240.0 mmol) over 30 min. After complete addition, the
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10 oxycodone follow ng PO adm nistration of 20 ng/ kg Conmpound KC-2 (solid
line) or 10 ng/ kg oxycodone (dashed line) to rats. The results in Table 1
and Fi gurwo4oimdizsat e t hat adm ni stration of Conpound KECZ/us2@has19sxycodone
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conpared to admi nistration of oxycodone. 15 Exanple 16: Pharnacokinetics of
oxycodone prodrug following IV adm nistration to rats Thi s Exanpl e
conpa ncentrations of prodr and ox rats
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Tabl e 030. (dhpaties Apyaarad Gitsutfalthaputifieaiage + st andard devi ation) of
Compound KC-2, oxycodone and oxynorphone (a netabolite of oxycodone). 5

Table 2. Plasma C. val ues of Conpound KC-2, oxycodone and oxynorphone in
IS 0l e SRR K, COIDRAIR ) LR RS (/T
To a cooled (~5 °C) solution of compound A (6.2 g, 25.0 mmol) and TEA (3.0 g, 29.7
mmol, 4.13 mL) in chloroform (50 mL) was added iodomethane (4.2 g, 29.7 mmol, 1.85 mL).
The pressure tube was sealed, and the mixture stirred at ambient temperature for 20 h. The
mixture was then precipitated with ether (300 mL); the white solid was filtered off and washed
15  with ether (50 mL). The filtrate was concentrated and the residual yellow oil (5.2 g) was purified
by silica gel column chromatography (2-10% MeOH gradient in DCM) to give compound B (3.3
g, 12.5 mmol, 50%) as a colorless oil. TLC Ry (DCM/MeOH 9:1): 0.55. LC-MS [M+H] 264.3

(C15H24N202 +H, calc: 2644)

20  Preparation 36: Synthesis of tert-butyl 2-(methylamino)ethylcarbamate (C)
To a flask was added 20% Pd(OH), on carbon (3.1 g), compound B (3.3 g, 12.5 mmol) in
MeOH (200 mL) and water (10 mL), while being exposed to H, (40 psi). After 2.5 h, the reaction
mixture was filtered through celite and concentrated in vacuo. Water was then added (50 mL)
and the mixture brought to pH 12 (by addition of 1 N NaOH) and extracted with DCM (3 x 50
25 mlL). The combined organic layers were dried over MgSOy, filtered, and concentrated in vacuo
to give compound C (2.0 g, 11.7 mmol, 94%) as a colorless oil. LC-MS [M+H] 686.5
(C35H51N507S +H, calc: 685.9). Compound C was used without further purification.
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25  Retention time [Chromolith SpeedRod RP-18e C18 column (4.6x50mm); flow rate: 1.5 ml/min;
mobile phase A: 0.1%TFA/water; mobile phase B 0.1%TFA/ACN; gradient elution from 5% B

to 100% B over 9.6 min, detection 254 nm]: 3.52 min (compound D), 1.82 (compound E).

Preparation 38: Synthesis of dihydrocodein-6-enyl-2-aminoethylmethylcarbamate (E)

30 A solution of compound D (4.4 g, 8.8 mmol) in DCM (40 mL) was treated with 4 M HC1

in dioxane (105 mmol, 26 mL), leading to some precipitate formation. The mixture was
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Table 3 indicates the I C50 values for each of the designated trypsin

i nhi bitors.

1050 val w020M/@1BF0E-5 102 7.5E-5 103 2.3 E-5 104 2.7 EPBT/UAEN10/031956

2011/ 031350PCT/ US2010/ 031956 Conpound 1050 val ue 105 4.1 E-5 106 2.4E-5 107

1. 9E-6

10

15

20

25

homogenized by addition of acetonitrile (20 mL) and stirred at ambient temperature for 45 min.
Ether (400 mL) was added and the resulting white precipitate filtered, washed with ether (50 mL)
and hexane (50 mL) and then dried in vacuo to give compound E as an off-white solid (2.4 g, 4.7
mmol, 58%). LC-MS [M+H] 400.3 (C,,H29N30, +H, calc: 400.5). Compound E was used

without further purification.

Preparation 39: Synthesis of {2-[boc-Arg(Pbf)]-aminomethyl}-ethyl carbamic acid hydrocodone
ester (F)

Compound E (2.0 g, 4.0 mmol), Boc-Arg(Pbf)-OH (2.0 g, 3.8 mmol) and HATU (1.7 g,
4.3 mmol) were dissolved in DMF (40 mL), brought to ~5 °C and treated drop wise with DIPEA
(3.2 mL, 18.1 mmol) over 10 min. The reaction mixture was stirred at ~5 °C for an additional 10
min and then warmed to ambient temperature, followed by stirring for 30 min. The reaction was
then diluted with EtOAc (200 mL) and poured into water (250 mL). The layers were separated,
the aqueous extracted with EtOAc (2 x 150 mL) and the combined organic layers washed with
2% aq. HSO, (30 mL), water (2 x 250 mL) and brine (250 mL). The organic layer was dried
over MgSQOy, filtered and concentrated in vacuo to give compound F (3.0 g, 3.2 mmol, 83%) as a
yellowish foamy solid. LC-MS [M+H] 908.7 (C4sHssN7O10S +H, calc: 909.1). Compound F was

used without further purification.

Preparation 40: Synthesis of {2-[H-Arg(Pbf)]-aminomethyl}-ethyl carbamic acid hydrocodone
ester (G)

A solution of compound F (3.0 g, 3.3 mmol) in DCM (20 mL) was treated with 4 M HCI
in dioxane (39 mmol, 9.8 mL) and stirred at ambient temperature for 30 min. Ether (500 mL)
was added and the resulting white precipitate was filtered, washed with ether (50 mL) and
hexane (50 mL) and then dried in vacuo to give compound G as an off-white solid (2.7 g, 3.0
mmol, 93%). LC-MS [M+H] 808.7 (C4;Hs7;N703S +H, calc: 809.0). Compound G was used

without further purification.
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108 8.8 E-7 109 9.1 E-7 110 1.8E-5 SBTI 2.7 E-7 BBSI 3.8 E-7 The
results of Table 3 indicate that each of Conpounds 101-110 exhibits trypsin
i nhi bi ti oNOa011/03i135y. Exanpl e 19: Effect of trypsin iPomius2ei0os9san in
vitro trypsin-medi ated trypsin rel ease of 5 oxycodone from Conpound KC-2
Compound KC-2 (which can be prepared as described in Exanple 10) was

i ncubated with trypsin from bovi ne pancreas (Catal og No. T8003, Type I,
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LC-MS [M+H] 950.8 (C4sHe7N7O11S +H, calc: 951.2). Compound H was used without further

purification.

15 Synthesis of N-((S)-1-{2-[(Dihydrocodein-6-enyloxycarbonyl)-methylamino]-ethylcarbamoyl-4-
guanidino-butyl)-malonamic acid (Compound KC-4)

A solution of compound H (1.7 g, 1.8 mmol) in 5% m-cresol/TFA (45 mL) was stirred at
ambient temperature. After 1 h, the mixture was diluted with ether (300 mL). The resulting fine
suspension was filtered, the solid washed with ether (30 mL) and hexane (30 mL) and dried in

20  vacuo for 15 min. The crude material was dissolved in water (35 mL) and purified by HPLC
[Nanosyn-Pack Microsorb (100-10) C-18 column (50 x 300 mm); flow rate: 100 mL/min;
injection volume: 35 mL; mobile phase A: 100% water, 0.1% TFA; mobile phase B: 100%
acetonitrile, 0.1% TFA; gradient elution O to 10% B in 10 min, isocratic elution at 10% B in 20
min, gradient elution from 10% B to 42% B in 60 min; detection at UV 254 nm]. Fractions

25  containing the desired compound were combined and concentrated in vacuo. The residue was
treated with toluene (50 mL) to remove traces of water and co-evaporated in vacuo (procedure
repeated twice). The residue was dissolved in acetonitrile (5 mL), treated with 2.0 M HCl in
ether (20 mL), followed by dilution with ether (100 mL). The resulting solid was filtered, washed
with ether (20 mL) and hexane (20 mL) and dried in vacuo overnight to provide Compound

30 KC-4(1.1 g, 86% yield) as a white solid, hydrochloride salt. LC-MS [M+H] 642.5 (Cs;H43N7Os
+H, calc: 642.7). Purity >95% (UV/254 nm). Retention time [Chromolith SpeedRod RP-18e C18

121



inhibitor can thwart the ability of a user to apply tryp sin to effect the
rel ease of oxycodone from Conpound KC- 2. Tabl e 4 indicates the
results ovVoerpaswse of Conpound KC-2 to trypsin in the abFamsec@oaddspresence
of Conmpound 109. The results are expressed as half-life of prodrug when
exposed 5to trypsin (i.e., Prodrug tryp sin half-life) in hours and rate of
formati on of oxycodone per unit to tryp sin. Table 4. In Vitro Trypsi n

Convers d KC cod Prodru sin inhjbitor Wth
Cry pe CE OO G ! Py TR MGl PR & Chr AN kbR Bl B

f or maty, GATENRER/ Halidhd elhfioiPbi 5GP BREUDEIE Bvélr s Hid GletbhBssu halfx34 fe, h
Rate of oxycodone formation, unols/h/unpol trypsin Average sd Average sd

Aver agein+ sd Average sd KC-2 5.64 0.26

5 Example 13: Synthesis of 6-{[2-(2-Acetylamino-5-guanidino-pentanoylamino)-ethyl]-[(5R,
9R, 135, 145)-4, 5 a-epoxy-6,7-didehydro-14-hydroxy-3-methoxy-17-methylmorphinan-6-

oxy]-1-enyloxycarbonyl -amino}-hexanoic acid (Compound KC-5)
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10
Preparation 42: Synthesis of 6-[ Benzyloxycarbonyl-(2-tert-Butoxycarbonylamino-ethyl)-amino |-

hexanoic acid ethyl ester (B)
Compound A (26.8 g, 88.6 mmol) was dissolved in DCM (200 mL) at ambient

temperature. NEt; (12.5 mL, 88.6 mmol) was added, followed by Cbz-Cl (Z-Cl) (12.5 mL, 88.6

15 mmol). The reaction mixture was stirred at ambient temperature under N, for 2 h. The reaction

122



37.4 0.9 2 uM 116 118 nd* *nd = not detectable 10The results in Table 4
indicate that trypsin can effect rel ease of oxycodone froma prodrug of the
enbodi mrerwe 2andh3t3sat a trypsin i nhibitor of the enbodi meoraiSe@n/oatdsenuat e
trypsi n-nedi ated rel ease of oxycodone. Exanpl e 20: Oral admnistration
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Preparation 44: Synthesis of intermediate (D)

15 Compound C (22.5 g, 41.9 mmol) was dissolved in EtOH (50 mL). The mixture was
degassed and saturated with N». Pd/C (500 mg, 5% on carbon) was added. The mixture was
shaken in a Parr hydrogenator flask under 2 atm H, for 2 h. The mixture was then filtered
through a celite pad and the filtrate was concentrated to give crude compound D as a colorless oil
(21.0 g, 52.2 mmol, crude). This material was used without further purification.

20
Preparation 45: Synthesis of intermediate (E)

Compound D (21.0 g, 52.2 mmol, crude) and NEt; (11.0 mL, 78.3 mmol) were mixed
together with DCM (150 mL). The mixture was added to a pre-chilled (ice/water bath) phosgene
solution in toluene (41.2 mL, 20% wt in toluene, ~ 83.3 mmol). The reaction mixture was stirred

25  at0 °C for 2 h. It was then concentrated to one-third of its original volume and diluted with ether
(50 mL). The mixture was filtered through filter paper. The filtrate was concentrated to give
compound E as a white solid (20.0 g, 43.1 mmol, 82%) MS: (m/z) calc: 464.2, observed
(M+Na") 487.7. Compound E was used without further purification.
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Tmax + sd, hr 6 8.7 0 0 0.863 0.69 3.00 1.4 6 8.7 30 55 0.0468 0.094
5.00 + nc Lower |limt of quantitation was 0.100 ng/nL; nc = not cal cul ated
Fi gure 8 wonparmess3snean pl asma concentrations over tinme eCTaSy@0081986 r el ease
foll owi ng PO adm nistration of Conmpound KC-2 with or without a co-dose of
trypsin inhibitor. 15The results in Table 5 and Figure 8 indicate that
Conmpound 109 attenuates Conpound KC-2's ability to rel ease oxycodone, both
by suppressi.n X _and del ayi ng, Tmax. Exanpl e 21: Phar macoki netics of
Oorrpo %@’@’gfg? Y8kt @ %‘3 F"s Pation to rats Saline sol utions of

Conpound K@:%fcééﬁﬁiefﬁbe(b%ﬂe {190 grg‘i@ﬁfn‘i‘(ﬂ) @8s 8RSy TH@(@B@Jsé‘edg POy yer e

dosed as indi'cated in via oral gavage into jugul ar vein-cannul ated
mal e spddga@)@awveay cp@l@@ tq 40pé?rusgxgwii)f iedieretang datbe KHINIRS (@6 rhlor3.9 e3md, hr

pri or t eC|f|e s _were drawn,
nar vedt 24 P RRE R gl BRSFH4:Cae hIFARIE BB PR FlptEN o
108 nibgroRt 5t €T ®r BGmip! @@tﬁ?odnl’d@&f &6 rm! rﬁrﬁ&lDTIIEBHF (S@AID) Qvaks iied aAdEd eiah t ube
containing 2 | A of 50%formc acid. The tubes were vortexed for 5-10
secondgtinge over 5 min. The mixture was stirred at -5 °C for 30 min. The reaction was continued at
ambient temperature for 2 h. NaHCO; (10 mL, sat. aq.) was added. The mixture was
concentrated in vacuo to half of its initial volume. EtOAc (20 mL) was added and the layers were
separated. The organic phase was further washed with water (20 mL) and brine (20 mL),

10 followed by concentration with the resulting residue purified by silica gel chromatography
(DCM/MeOH (gradient 100/1 to 100/15)) to afford a colorless oil (~1.7g, 3.1 mmol, 97%). This
material was dissolved in a mixture of DCM/TFA (5 mL/5 mL) at ambient temperature and
stirred for 1 h. It was then concentrated in vacuo to afford compound F as its TFA salt (1.8 g, 2.7

mmol, 88%). MS: (m/z) calc: 543.7, observed (M+H") 545.2. Compound F was used without
15 further purification.

Preparation 47: Synthesis of intermediate (G)
Compound F (1.8 g, 2.6 mmol) was dissolved in DMF (20 mL) with stirring. Boc-
Arg(Pbf)-OH (1.4 g, 2.7 mmol), HATU (1.1 g, 2.9 mmol) and DIPEA (1.4 mL, 8.0 mmol) were
20  added with stirring. The reaction was continued at ambient temperature for 2 h. The mixture was
then concentrated, and the residue was partitioned between EtOAc and water (30 mL/ 20 mL).
The organic layer was separated, washed with water (20 mL), brine (20 mL), dried over Na,SO,4
and concentrated to afford crude compound G (1.5 g, 1.4 mmol, 54%). MS: (m/z) calc: 1052.3,
observed (M+H") 1053.9. Compound G was used without further purification.
25
Preparation 48: Synthesis of intermediate (H)

Crude compound G (1.5 g, 1.4 mmol)) was taken into dioxane (3 mL) and cooled in an
ice/water bath. An HCI solution in dioxane (4 N, 10 mL, 40 mmol) was added and the mixture
was stirred at ambient temperature for 3 h and then concentrated in vacuo to afford a white foam.

30  This material was dissolved in a mixture of DIPEA (0.8 mL 4.3 mmol) in DCM (20 mL). Acetic

anhydride (0.2 mL, 2.1 mmol) was added. The reaction mixture was stirred at ambient
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0.54.30 1.1 6

5  Synthesis of 6-{[2-(2-Acetylamino-5-guanidino-pentanoylamino)-ethyl]-[(5R, 9R, 138, 145)-4, 5

a-epoxy-6,7-didehydro-14-hydroxy-3-methoxy-17-methylmorphinan-6-oxy]-1-enyloxycarbonyl-

amino }-hexanoic acid (Compound KC-5)

Compound H (0.85 g, crude) was dissolved in a mixture of m-Cresol (0.5 mL) in TFA

(20 mL). The mixture was stirred at ambient temperature for 2 h. The mixture was concentrated

10 in vacuo. The residue was taken into MeOH (3 mL) and added drop wise to a stirred HCI]

solution in ether (20 mL, 2 M, 40 mmol). The resulting white solid (compound I) was filtered

and washed with ether (3 x 10 mL). Compound I was then dissolved in a mixture of THF/H,O (2

mlL/ 2 mL) at ambient temperature. LiOH (41 mg, 1.7 mmol) was added in one portion. The

mixture was stirred for 4 h. The mixture was then acidified by adding AcOH until pH ~ 6. The

15  mixture was then concentrated and the residue was purified by prep HPLC, using RP-18e C18

column (4.6 x 50 mm); flow rate: 1.5 ml/min; mobile phase A: 0.1% TFA/water; mobile phase B

0.1% TFA/CHsCN; gradient elution. Lyophilization of the collected fractions afforded

Compound KC-5 (TFA salt) as a white solid. The solid was treated with 0.1 N HCl (aq.) and

lyophilized to give the corresponding HCI salt of Compound KC-5 as a white foam (406 mg,

20  38% from compound E, 100% purity). MS: (m/z) calc: 713.8, observed (M+H") 714.5.
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Example 14: ({(S)-2-((S)-2-Acetylamino-5-guanidino-pentanoylamino)-3-[(oxycodone-

enyloxycarbonyl)-methyl-amino]-propionyl}-methyl-amino)-acetic acid (Compound KC-6)
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Preparation 49: (§)-2-tert-Butoxycarbonylamino-3-(2-nitro-benzenesulfonylamino )-propionic
5 acid (A).
(S)-2-tert-Butoxycarbonylamino-3-amino-propionic acid (14.9 g, 73.2 mmol) was
dissolved in a mixture of THF (45 mL) and 3 N ag. NaOH (45 mL). The reaction mixture was
cooled to -10 °C and nosyl chloride (17.9 g, 80.5 mmol) was added as a THF solution (75 mL)

drop wise over 30 min. The reaction mixture was stirred at -10 °C for 45 min followed by
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To a solution of compound A (10.0 g, 25.7 mmol) in DMF (100 mL) was added HOBt
15 (5.2 g, 38.5 mmol) and the reaction mixture was cooled to -10 °C. To this reaction mixture,
EDC-HCI (5.4 g, 28.2 mmol) was added in portions over 10 min and stirred at -10 °C for 20 min.
To the reaction mixture, Sarcosine ethyl ester (256.8 mmol) in CHCl; (300 mL) was added drop
wise over 30 min. The reaction mixture was stirred at this temperature for 30 min followed by
stirring at ambient temperature overnight. Solvents were then removed in vacuo, and the residue
20  was dissolved in EtOAc (500 mL), washed with water (3 x 300 mL), saturated aqueous NaHCO;
(2 x 300 mL) and brine (100 mL). The organic layer was separated, dried over Na,SO4 and
concentrated in vacuo to afford compound B (11.5 g, 91%) as a cream solid. LC-MS [M+H]
489.5 (C1oHsN4O9S+H, calc: 489.3). Purity > 95 % (UV/254 nm). Compound B was used
without further purification.
25
Preparation 51: ({(S)-2-tert-Butoxycarbonylamino-3-[ methyl-(2-nitro-benzenesulfonyl )-amino]-
propionyl}-methyl-amino)-acetic acid ethyl ester (C).
Compound B (8.0 g, 16.3 mmol) was dissolved in DMF (40 mL) and the reaction mixture
was cooled to -10 °C. To the reaction mixture was added K,CO; (6.8 g, 49.1 mmol) followed by
30  addition of Mel (5.1 mL, 81.9 mmol) drop wise and stirred at 0 °C for 1 h. The reaction mixture

was filtered and washed with EtOAc. Solvents removed in vacuo and the residue was dissolved
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in EtOAc (250 mL) and poured into water (500 mL), extracted with EtOAc (2 x 250 mL), and
washed with water (250 mL) and brine (100 mL). The organic layer was dried over Na>SOy,
filtered, and then concentrated in vacuo, to afford compound C (8.1 g, 98% yield) as a cream
solid. LC-MS [M+H] 503.1 (C20H30N4O9S+H, calc: 503.5). Purity > 95 % (UV/254 nm).

5  Compound C was used without further purification.

Preparation 52: ({(S)-2-Amino-3-[methyl-(2-nitro-benzenesulfonyl)-amino|-propionyl }-methyl-
amino)-acetic acid ethyl ester (D).
Compound C (6.9 g, 13.8 mmol) was dissolved in DCM (45 mL) and then treated with 4

10 M HCl in dioxane (40 mL) at ambient temperature. The reaction mixture was stirred at ambient

temperature for 90 min. The mixture was concentrated in vacuo to a total volume of ~25 mL,

and Et,O (400 mL) was added. The precipitated product was filtered off, washed with Et,O (250

mL), and hexane (250 mL) and finally dried in vacuo to afford compound D (6.3 g, 100% yield)

as a cream solid. LC-MS [M+H] 403.3 (C,5sH22N4O;S+H, calc: 403.4). Purity > 95 % (UV/254

15 nm). Compound D was used without further purification.

Preparation 53: ({(S)-2-[(S)-5-({Amino-[(7)-2,2,4,6,7-pentamethyl-2,3-dihydro-benzofuran-5-
sulfonylimino [-methyl}-amino )-2-tert-butoxycarbonylamino-pentanoylamino | -3-[ methyl-(2-
nitro-benzenesulfonyl)-amino[-propionyl }-methyl-amino )-acetic acid ethyl ester (E).

20 To a solution of Boc-Arg(Pbf)-OH (7.3 g, 13.8 mmol), DIPEA (7.7 mL, 44.2 mmol) in
DMF (35 mL) was added HATU (5.8 g, 15.2 mmol) and stirred at 5 °C for 15 min. To this
reaction mixture, compound D (6.3 g, 13.8 mmol) was added and stirred at ambient temperature
for 1 h. DMF was then removed in vacuo to a total volume of ~ 15 mL. The reaction mixture
was diluted with EtOAc (250 mL) and poured into water (500 mL), extracted with EtOAc (2 x

25 250 mL), and washed with 2% aqueous H,SO4 (150 mL), water (150 mL) and brine (150 mL).
The organic layer was dried over anhydrous Na>SOy, filtered and then evaporated to give an oily
residue, which was dried overnight under high vacuum to give compound E (7.4 g, 59%) as an
off-white solid. LC-MS [M+H] 911.5 (C39HssNgO;3S +H, calc: 912.05). Purity >95% (UV/254
nm). Compound E was used without further purification.

30
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Preparation 54: ({(S)-2-[(S)-2-Amino-5-({amino-[(Z)-2,2,4,6,7-pentamethyl-2,3-dihydro-
benzofuran-5-sulfonylimino [-methyl}-amino)-pentanoylamino|-3-[ methyl-(2-nitro-
benzenesulfonyl)-amino[-propionyl}-methyl-amino)-acetic acid ethyl ester (F).
Compound E (7.4 g, 8.2 mmol) in DCM (24 mL) was treated with 4 M HCl in dioxane

5 (24 mL) at ambient temperature. The reaction mixture was stirred at ambient temperature for 1 h.
DCM and most of the dioxane were removed in vacuo to a total volume of ~15 mL, and Et,O
(300 mL) was added. Precipitated product was filtered off, washed with Et,O (150 mL) and
hexane and finally dried in vacuo to afford compound F (6.34 g, 100% yield) as a cream solid.
LC-MS [M+H] 811.4 (C34Hs50NgO11S>+H, calc: 811.94). Purity > 95 % (UV/254 nm). Compound

10 F was used without further purification.

Preparation 55: ({(S)-2-[(S)-2-Acetylamino-5-({amino-[(7)-2,2,4,6,7-pentamethyl-2,3-dihydro-
benzofuran-5-sulfonylimino [-methyl}-amino)-pentanoylamino|-3-[ methyl-(2-nitro-
benzenesulfonyl)-amino [-propionyl}-methyl-amino)-acetic acid ethyl ester (G).

15 To a solution of compound F (6.6 g, 7.8 mmol) in CHCI; (50 mL) at 5 °C was added
DIPEA (4.8 mL, 27.4 mmol) followed by Ac,O (0.9 mL, 9.4 mmol). The reaction mixture was
stirred at ambient temperature for 30 min. Solvents were removed in vacuo, and then the residue
was diluted with water (500 mL) and EtOAc (500 mL). The organic layer was separated and
washed with water (300 mL), 2% aqueous H,SO, (200 mL), water (2 x 300 mL) and brine (100

20 mL). The organic layer was separated, dried over Na,SO, and solvent removed in vacuo to
afford compound G (5.5 g, 82%). LC-MS [M+H] 853.4 (C3cHs2NgO12S,+H, calc: 853.9). Purity
> 95 % (UV/254 nm). Compound G was used without further purification.

Preparation 56: ({(S)-2-[(S)-2-Acetylamino-5-({amino-[(7)-2,2,4,6,7-pentamethyl-2,3-dihydro-
25  benzofuran-5-sulfonylimino [-methyl}-amino)-pentanoylamino [-3-methylamino-propionyl }-
methyl-amino)-acetic acid ethyl ester (H).

To a solution of compound G (5.5 g, 6.5 mmol) in DMF (21 mL) at ambient temperature
was added K,CO; (8.9 g, 64.5 mmol) followed by thioglycerol (5.6 mL, 64.5 mmol). The
reaction mixture was stirred at ambient temperature for 1 h, filtered off and DMF was removed

30 invacuo. The residue was diluted with water (500 mL) and extracted with EtOAc (2 x 300 mL)

and CHCI; (2 x 300 mL). Combined organic layers were dried and removal of the solvents in
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' ?gepttﬁ)é’ re%yo%onq&?lﬁe %s a EO-VQ:,Sand stirring continued overnight. The reaction was determined to
be complete by LC-MS. The solvents were removed, and the residue was dissolved in MeOH
(~25 mL) and precipitated with Et,O (400 mL). The precipitate was washed with Et,O and
hexane and dried in vacuo. The product was dissolved in water and DMSO and purified by
HPLC. [Nanosyn-Pack Microsorb (100-10) C-18 column (50x300 mm); flow rate: 100 mL /min;
20  injection volume 15 mL; mobile phase A: 100% water, 0.1% TFA; mobile phase B: 100% ACN,
0.1% TFA; gradient elution from 0% to 33% B in 33 min, isocratic elution at 33% B in 30 min,
gradient elution from 33% B to 50% B in 33 min; detection at 254 nm]. Desired fractions were
combined and dried in vacuo to afford compound I (5 g, 92% yield)). LC-MS [M+H] 979.6
(C4gHgsNgO12S+H, calc: 980.15). Purity > 95 % (UV/254 nm).
25
Preparation 58: ({(S)-2-((S)-2-Acetylamino-5-guanidino-pentanoylamino)-3-[(oxycodone-
enyloxycarbonyl)-methyl-amino [-propionyl}-methyl-amino)-acetic acid ethyl ester (J ).
Compound I (5 g, 4.5 mmol) was treated with 5% m-cresol in TFA (25 mL). After 1 h,
ether (400 mL) was added to the reaction mixture. The precipitated product was filtered off,

30  washed with Et,O and hexane and dried in vacuo to afford compound J (3.2 g, 65% yield). LC-
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fractions were combined and dried in vacuo, followed by lyophilization using 0.1 N HCl to

15  afford Compound KC-6 as a HCl salt (1.5 g, 48% yield). LC-MS [M+H] 729.6
(C34H48N8010+H, calc: 7298) Purity >05 % (UV/254 nm).

Biological Data

Example 15: Pharmacokinetics of oxycodone prodrug following PO administration to rats
20 This Example compares the plasma concentrations of oxycodone in rats following oral
(PO) administration of oxycodone 6-(N-methyl-N-(2-N’-acetylarginylamino)) ethylcarbamate
(produced as described in Example 10 and herein also referred to as Compound KC-2) or
oxycodone.
Compound KC-2 and oxycodone were each dissolved in saline and dosed at equimolar
25  doses (20 mg/kg and 10 mg/kg, respectively) via oral gavage into jugular vein-cannulated male
Sprague Dawley rats; four rats were dosed per group. At specified time points, blood samples
were drawn, harvested for plasma via centrifugation at 5,400 rpm at 4°C for 5 min, and 100
microliters (ul) plasma transferred from each sample into a fresh tube containing 1 ul of formic
acid. The tubes were vortexed for 5-10 seconds, immediately placed in dry ice and then stored

30  until analysis by high performance liquid chromatography / mass spectrometry (HPLC/MS).
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Table 1 indicates plasma Cp,x (maximum plasma concentration) and Ty (time after
administration when the maximum plasma concentration was reached) values of oxycodone
(average + standard deviation) for each group of 4 rats. Also indicated are the C,x and T

values for oxymorphone, a metabolite of oxycodone.

Table 1. Plasma C,,.x and Ty,.x values of oxycodone (OC) and oxymorphone (OM) in rats

dosed PO with oxycodone or Compound KC-2

Compound Chax OC Thax OC Cnax OM Tmax OM
administered (ng/mL (hr) (ng/mL OM) | (hr)

(010))
Oxycodone 147+65 |0.63+043 184 +10.0 |0.50+0.35
Compound KC-2 | 3.8+ 1.1 38+1.5 39+ 1.6 38+1.5

Figure 4 compares mean plasma concentrations (+ standard deviations) over time of
10 oxycodone following PO administration of 20 mg/kg Compound KC-2 (solid line) or 10 mg/kg
oxycodone (dashed line) to rats.

The results in Table 1 and Figure 4 indicate that administration of Compound KC-2
yields oxycodone plasma concentrations that exhibit a suppressed Cpax and delayed Tpax
compared to administration of oxycodone.

15
Example 16: Pharmacokinetics of oxycodone prodrug following 1V administration to rats

This Example compares the plasma concentrations of prodrug and oxycodone in rats
following intravenous (IV) administration of oxycodone 6-(N-methyl-N-(2-N’-
acetylarginylamino)) ethylcarbamate (produced as described in Example 10 and herein also

20  referred to as Compound KC-2).

Compound KC-2 was dissolved in saline and injected into the tail vein of 4 jugular vein-
cannulated male Sprague Dawley rats at a dose of 2 mg/kg. At specified time points, blood
samples were drawn, harvested for plasma via centrifugation at 5,400 rpm at 4°C for 5 min, and
100 microliters (ul) plasma transferred from each sample into a fresh tube containing 1 pl of

25  formic acid. The tubes were vortexed for 5-10 seconds, immediately placed in dry ice and then
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3 Compound KC-4 1.3E-6 15 3 Oxycodone 7.8E-8 3 Conpound KC-6 1.8E-6 23 WO
2011/ 031350PCT/ US2010/ 031956 The results of Table 9 show that

pr odr ugs Wb 20h3essbodi nent s exhi bit a drug/ prodrug rel aPCTaSpabas®y6 gr eat er
than 1; thus, prodrugs of the enbodinments are | ess potent at the human

wopi oid receptor than are the respective drugs they rel ease. 5 Exanple 25:
Phar macoki netics following IV adm ni strati on of Conmpound KC-2 or oxycodone
to rats: Plasma and, cerebrospinal fl uj enetration Thi s Exanpl e
conparbied Wi gragia i Rt eBro s nald b aoeEar) Bt atiths of pr odr ug
Compoypgr K@vig).and oxycodone fol l owing intravenous (1V) admnistration of
the respective conpounds to rats. Plasnma/CSF partitioning coefficients are
pr edi cti ve Teblethimdmhich ptayma @ raf vaduasdaysoagedt standaechdeviatian) oheomipownl Kfai.n
barrier, ound KC-2 i.ch can b epared as described in Exanple
10) , Q?Y%Odﬁgggn%’wfﬁor 7K f‘nbe&%é]?;lulgee%fﬁolx%ﬁ?cgw%ose of oxycodone each was
dissolved in saline and injected into the tail vein of 4 nmale Sprague

Dawl ey rats. After 15 minutes, the rats were anesthetized by carbon di oxi de

asphyxiable dnPlasmafl oo yaligspl €ompopnd dkGinoxyradore ardioxynosnhoaein vats
Centri(f()?&f‘ﬁ?ﬁthaé?jl%ﬁiuﬁg%é- mat 4C for 5 mn, and 100 mcroliters (A
e

pl asma transferre rom each sanple into a fresh tube containing 2 pl of
50% form c acid. Theofapbuid ihi plavaa ne@khedt ed [USnag (@g/ad.)x |1 i nch gauge
needl e connected t - ing (Braintree
Scientific, Compound KC-2 2680 + 755

Oxycodone 0.798 £ 0.1

Oxymorphone 0.118 £ 0.1

Figure 5 compares mean plasma concentrations (+ standard deviations) over time of
10 Compound KC-2 (solid line) and oxycodone (dashed line) following IV administration of 2
mg/kg Compound KC-2 to rats. Numbers on the Y-axis also depict the Cmax values of
Compound KC-2 and oxycodone, respectively.
Table 2 and Figure 5 demonstrate that the plasma concentration of oxycodone in rats
administered Compound KC-2 1V is only 0.03% of the plasma concentration of Compound KC-
15 2, indicating that IV administration of Compound KC-2 does not lead to significant release of

oxycodone.

Example 17: In vitro stability of oxycodone prodrug
This Example demonstrates the stability of oxycodone 6-(N-methyl-N-(2-N’-

20  acetylarginylamino)) ethylcarbamate (produced as described in Example 10 and herein also
referred to as Compound KC-2) to a variety of readily available household chemicals and
enzyme preparations.

Compound KC-2 was exposed at room temperature (RT) or 80°C for either 1 or 24 hours
(hr) to the following household chemicals: vodka (40% alcohol), baking soda (saturated sodium

25  bicarbonate solution, pH 9), WINDEX® with Ammonia-D (pH11) and vinegar (5% acetic acid).

Compound KC-2 was also exposed to the following enzyme-containing compositions at RT for 1

or 24 hr: GNC® Super Digestive (2 capsules of GNC Super Digestive Enzymes dissolved in 5
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Inc., Braintree, MA). The needle was inserted just below the nuchal crest
at the area of the foranen magnum clear CSF fluid was collected into the
cat het er wodotwvemsberred into a 20 coll ecti on tube. ThePCBRSS@0PB®S6 wer e
centrifuged at 5,400 rpmat 4C for 5 mn, and 100 ill CSF fluid transferred
fromeach sanple into a fresh tube. The plasma and CSF sanpl es were

I mredi ately placed in dry ice and then stored in a -80C freezer until

anal ysi hi gh perfor e liquid chromat ography /.. mass, spectronetry

(LT VBt enBiast (RBHES myaCiFudeoizgt AUy BIPol i O LB GHeHOrat & as
nean GeRCARLiiGH bOMNE2PE/MING pprdxteh® MEneHROBASE a inthriRh@SFBePbn Hefbotkabl e
10 al so provides the plasma-to-CSF (plasma/ CSF) partitioning coefficient,

i . e., lated, et subtitisn Gonblerstaf A TRAZ Y M ecqpitass las tlsanwitddmanced Madidah t he CSF

f he. i i d ds. 011/ 031350PCT/ US2010/{ 031956 Tabl 10. Me
O] as oS GRLREATRTRON Wiy, SRRSO SIBAEITE sReRb SiretREpd dpnSygte on

Coppountg ak€22 ha bl QxbiGaEDREaddMIaidnto £osRAasIE! 3090 or 100V B 85%8xhoRgH o
Conpound conc. in CSF, ng/nmL Plasma/CSF partitioning coefficient Conpound
KC- 2 27idzobtion toadneyeadiml pEpofdess thpngor equal to pH 4. The stabilized aliquots were

then diluted 4- to 6- fold with water, vortex-mixed and applied to HPLC.
Figure 6 demonstrates the release of oxycodone when Compound KC-2 was exposed to
the various household chemicals and enzyme-containing compositions described above. The
10 percentage of Compound KC-2 remaining after exposure is indicated by the solid black bars and
percentage conversion of Compound KC-2 to oxycodone is indicated by the lightly shaded bars
with a black outline. These results indicate that exposure of Compound KC-2 to these various

conditions leads to substantially less than 10 % conversion to oxycodone.

15  Example 18: In vitro 1C50 data of several candidate trypsin inhibitors
Several candidate trypsin inhibitors, namely Compounds 101-105, 107 and 108 were
produced as described in the Examples herein. Compound 106 (also known as 4-
aminobenzamidine), Compound 109 and Compound 110 are available from Sigma-Aldrich (St.
Louis, MO).

20 The half maximal inhibitory concentration (IC50 or ICs) values of each of Compounds
101-110 as well as of SBTI and BBSI were determined using a modified trypsin assay as
described by Bergmeyer, HU et al, 1974, Methods of Enzymatic Analysis Volume 1, 2" edition,
515-516, Bergmeyer, HU, ed., Academic Press, Inc. New York, NY.

Table 3 indicates the IC50 values for each of the designated trypsin inhibitors.

25
Table 3 1C50 values of certain trypsin inhibitors
Compound ICS50 value
101 20E-5
102 7.5E-5
103 23E-5
104 2.7E-5
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The results in Table 10 indicate that the relative plasma/ CSF partitioning
coefficient of 5Conpound KC-2 to oxycodone is about 116 (i.e., 439 / 3.8);
that is, worpownsKC-2 i s about 116-fold | ess CSF penet pamtustéian3miycodone.
In addition, as shown in Exanple 24, the drug/prodrug relative potency of
Compound KC-2 is about 4.1. Thus, Conpound KC-2, when adm ni stered
|ntravenously |n eqU|nDIar anounts woul d be expected to be about 475-fold
(i.e., 116 x Fess—ef-eetive—atCNSu-—epi-ei-d—+eeepjors than oxycodone.
10 Exanpl e 28: Cﬁ”ﬁﬁ?ﬂ’é‘gokl netics of Eﬁlﬁﬁ KC-3 following PO

adm ni strationgs0 rats Thi s Exanpl €4Gqitgar es the pharmagoki netics of
several concentrations of Conpound| KC-3 adm nistered orally (PO to rats.
Sal i ne sol utijo® of Conpound KC-3 MiE:ﬁ can be prepared as described in
Exanpl e 1511)—were—dosed—as—indi-cat i-p—Fable—11-via—efal gavage into
jugul ar vei n-lcéHnul at ed mal e Sprag@%% ey rats (4 per |group, except dose
46ngy/ kg KC-3 re 3 rats were use(}gtiiat nad peen fasted for 16-18 hr
prior to oral| dosing. At specified tine points, blood sanples were drawn,
harvested for| W9%asma via centrifugafildir7at 5,400 rpmat |[4C for 5 mn, and
100 p1 plas transferredfromeach-sanpleinto—afreshi{tube containing 2
pl of 50% f orim!® acid. The tubes 231\%55 vortexed for 5710 seconds,

i mredi ately pi Tn dry ice and ¢ tored in -80C freezer until

anal ysi s by I—% Tabl e 1lQZnnEd§Fl gure 11 provi de oxycodone

exposure resulBBSFor rats adm ni steB8E-® th different d)ses of Conpound
KC-3. Resultstin Table 11 are reported for each aroup-o rats, as (a

. )
maxi num pl él“élﬁﬁe%ﬁeéﬁﬁblaéll%citdﬁk7%@%3%19&8%1% f(w@%@@sm st andar d
devi atiikion 2R time after adm nistration of Conmpound KC-3 to reach
maxi mum oxycodon€ concentrati on (Trmax) (average + standard devi ati on) and
(c) area under the curve (AUC) fromO to 24 hr for all

2011/ 35QP 010/ 031956 es exce ng/ kg
clos e EARBIE Tt lest of 4Pt pbilngs g ot & E%Irffpemeﬁi&ateé%w?%@%s o}
stgndq,&dc(dﬁ)yﬂeqf.dlﬂ@om ekdla Crax, Tnax and AUC val ues of oxycodone in

rat pl asma Conpound se, ng/ kg Dose ittnol/kg OC Cnmax sd,
Compound KC-2 (which can be prepared as described in Example 10) was incubated

with trypsin from bovine pancreas (Catalog No. T8003, Type I, ~10,000 BAEE units/mg protein,
Sigma-Aldrich), in the absence or presence of Compound 109 (Catalog No. N0289, Sigma-
Aldrich). When Compound 109 was part of the incubation mixture, Compound KC-2 was added

10 5 min after the other incubation components. Specifically, the reactions included 0.523 mg/mL
(0.761 mM) Compound KC-2+2HCI, 0.0228 mg/mL trypsin, 22.5 mM calcium chloride, 172
mM Tris pH 8 and 0.00108 mg/mL (2 uM) Compound 109 or 0.25% DMSO depending on
whether inhibitor was included in the incubation. The reactions were conducted at 37°C for
24 hr. Samples were collected at specified time points, transferred into 0.5% formic acid in

15  acetonitrile to stop trypsin activity and stored at less than -70°C until analysis by LC-MS/MS.

Figure 7 indicates the results of exposure of Compound KC-2 to trypsin in the absence of

any trypsin inhibitor (solid symbols) or in the presence of Compound 109 (open symbols). The
square symbols indicate the disappearance of Compound KC-2, and the triangle symbols depict
the appearance of oxycodone, over time under the conditions described in this Example.

20 The results in Figure 7 indicate that a trypsin inhibitor of the embodiments can attenuate

trypsin-mediated release of oxycodone from Compound KC-2. In addition, such a trypsin
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ng/ M. Tmax sd, hr AUC sd (ng x hr)/nL KG3 1.4 1.9 0.0992 0.0084 2.25
0.5 0.376 0.14 KG3 11 15 1.34 0.31 2.00 0.0 8.96 4.9 KC3 22 30 2.54
0.34 2. 00Ww0.20111B1%01. 9 PCT/US2010/031956

inhibitor can thwart the ability of a user to apply trypsin to effect the release of oxycodone from
Compound KC-2.
Table 4 indicates the results of exposure of Compound KC-2 to trypsin in the absence
and presence of Compound 109. The results are expressed as half-life of prodrug when exposed
5  totrypsin (i.e., Prodrug trypsin half-life) in hours and rate of formation of oxycodone per unit to

trypsin.

Table 4. In Vitro Trypsin Conversion of Compound KC-2 to Oxycodone

No trypsin inhibitor With trypsin inhibitor
Rate of Rate of
oxycodone Pro-drug | oxycodone
Pro-drug | formation, trypsin formation,
trypsin umols/h/umol half-life, | umols/h/umol
half-life, h | trypsin h trypsin
Average Compound | Average +
Prodrug | sd Average t sd 109 " Average t sd
KC-2 5.64+£0.26 | 37.4£0.9 2uM 116 £ 118 | nd*

10

15

20

*nd = not detectable
The results in Table 4 indicate that trypsin can effect release of oxycodone from a
prodrug of the embodiments and that a trypsin inhibitor of the embodiments can attenuate

trypsin-mediated release of oxycodone.

Example 20: Oral administration of Compound KC-2 and trypsin inhibitor Compound 109
to rats

Saline solutions of Compound KC-2 (which can be prepared as described in Example 10)
were dosed at 8.7 umol/kg (6 mg/kg) with or without a co-dose of 55 pmol/kg (30 mg/kg)
Compound 109 (Catalog No. 3081, Tocris Bioscience, Ellisville, MO, USA or Catalog No.
WS38665, Waterstone Technology, Carmel, IN, USA) as indicated in Table 5 via oral gavage
into jugular vein-cannulated male Sprague Dawley rats (4 per groups) that had been fasted for

16-18 hr prior to oral dosing. At specified time points, blood samples were drawn, harvested for
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KC-3 46 63 5.19 0.76 3.33 1.5 40.5 17 5Lower limt of quantitation was

0. 05 ng/ nm. Figure 11 conpares nean plasma concentrations over tine of
oxycodonewpebaasesshol | owi ng PO admi ni stration of i ncrea®Cng/Sdasm31956
Conpound KC- 3. The results in Table 11 and Figure 11 indicate that

pl asma concentrations of oxycodone increase proportionally wth Conpound
KC-3 dose. 10 Exanpl e 27: Pharnacoki netics of Conpound KC-3 followng IV

adm nistration to rats. Thjs Exanple_.conpares the plasma concentrations of
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vei n- Gaiavbradxed fored-€0 Soagy embPRWaRYy plat&d iatdrpicdese teh sorb@ikg0°Afresieci fi ed
time points, blood sanples were drawn, harvested for plasma via

cent r iuhtibanalysis tat HBLEAGSy pm at 4C for 5 min, and 100 ill plasma transferred
from each le int.o adfresh tube . .containing 2.kl of 50%. form c.acid. The
tubes wer e GOt CXi) uB 5 LXRAER BollyR et Yor b sl oied “n
then opip@nd KC-80CHerabeaee otipicbdncanatrysdis indybitvr g Redtspe Thiole Fane eepbitedii d
chromat ography / mass spectronmetry (HPLC MSCQ Table 12 and Figure 12
provi dé( HER O3 GREeTssalien fomex eXpraerdoneg é9() fayerage k¥dgidoup of rats

adm ni - : C B M ' orted
R R e S S
I especbhscatryti¢rafionag éaverae andarddrddsiaionpn) . WO

23&1/ 031350PCT/ US2010/ 031956 Table 12. Cnmax val ues of Conpound KC-3 and
oxycodone in rat plasm KC-3 Dose, ng/kg

Table 5. Cmax and Tmax values of oxycodone in rat plasma

KC-2 KC-2 Compound | Compound
Dose, Dose, 109 Dose, 109 Dose, OC Cmax +sd, | Tmax + sd,

mg/kg | pmol/kg | mg/kg pmol/kg ng/mL hr
6 8.7 0 0 0.863 £ 0.69 30014
6 8.7 30 55 0.0468 £ 0.094 5.00 + nc

Lower limit of quantitation was 0.100 ng/mL; nc = not calculated
Figure 8 compares mean plasma concentrations over time of oxycodone release following
PO administration of Compound KC-2 with or without a co-dose of trypsin inhibitor.
15 The results in Table 5 and Figure 8 indicate that Compound 109 attenuates Compound
KC-2’s ability to release oxycodone, both by suppressing Cmax and by delaying Tmax.

Example 21: Pharmacokinetics of Compound KC-2 following PO administration to rats
Saline solutions of Compound KC-2 (which can be prepared as described in Example
20  10) were dosed as indicated in Table 6 via oral gavage into jugular vein-cannulated male
Sprague Dawley rats (4 per group) that had been fasted for 16-18 hr prior to oral dosing. At
specified time points, blood samples were drawn, harvested for plasma via centrifugation at
5,400 rpm at 4°C for 5 min, and 100 microliters (ul) plasma transferred from each sample into a
fresh tube containing 2 ul of 50% formic acid. The tubes were vortexed for 5-10 seconds,

25 immediately placed in dry ice and then stored in -80°C freezer until analysis by HPLC/MS.
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0.144 £ 0.018
7.3

5 0.918 +£0.30

275%£0.5

430£1.1

8.7

6 0.863 +0.69

3.00x1.4

429+£2.6

10 15 1.13£0.75

375+£2.9

494122

20 29 384+1.1

375£1.5

309+£6.3

42 61 60024

3.00x1.4

39.6+ 18

50 73 7.03£2.3

375£1.5

599+14

Lower limit of concentration was 0.0500 ng/mL except 20 mg/kg dose was 0.0250 ng/mL

10

PO administration of increasing doses of Compound KC-2.

Figure 9 compares mean plasma concentrations over time of oxycodone release following

The results in Figure Table 6 and 9 indicate that plasma concentrations of oxycodone

increase proportionally with Compound KC-2

15
Compound 109 to rats

dose.

Example 22: Oral administration of Compound KC-2 co-dosed with trypsin inhibitor

Saline solutions of Compound KC-2 were dosed at 7.3 pmol/kg (5 mg/kg) and 73

umol/kg (50 mg/kg). The higher dose was co-dosed with increasing concentrations of Compound

109 (Catalog No. 3081, Tocris Bioscience or Catalog No. WS38665, Waterstone Technology) as

20

indicated in Table 7 via oral gavage into jugular vein-cannulated male Sprague Dawley rats (4

per group) that had been fasted for 16-18 hr prior to oral dosing. At specified time points, blood
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Tabl es 13A and 13B indicate the results of exposure of the tested conpounds
to trypsin in the absence or presence of trypsin inhibitor. The results are
expr essedwaxohal3issbi fe of prodrug WO 2011/ 031350PCT/ USPOTQAISOBLO3P56\hen
exposed to trypsin (i.e., Prodrug trypsin half-life) in hours and rate of
oxycodone or hydrocodone formation in unoles per hour per BAEE unit
(urmol / h/ BAEE U) trypsin. Table 13A. In vitro trypsin conversion of prodrugs

t o oxycodone or  hydrocodone. Prodrug. BAEE U trypsinl/ Pr o- trypsin

- PRBIES ReRpara: o LS BIor Dt SOOI AR BARE of 1t et and
hydrogegd Qlﬂ@rofli%rr@'gﬂ} gasm&'&gﬁs/fmed% ehlh s RESa riich AVELAASIningD MvGr age  sd
KC-3 241 8.92 1.91 0.0684 0.0009 na KC-5 241

50% formic acid. The tubes were vortexed for 5-10 seconds, immediately placed in dry ice and
then stored in -80°C freezer until analysis by HPLC/MS.

5 Table 7 and Figure 10 provide oxycodone exposure results for rats administered with
different doses of Compound KC-2. Results in Table 7 are reported, for each group of rats, as
(a) maximum plasma concentration (Cmax) of oxycodone (OC) (average + standard deviation),
(b) time after administration of Compound KC-2 to reach maximum oxycodone concentration
(Tmax) (average + standard deviation) and (c) area under the curve (AUC) from 0O to 24 hr

10 (average + standard deviation).

Table 7. Rat dosing PO with Compound KC-2 in the absence or presence of Compound 109

KC-2 | KC-2 Compound | Compound

Dose, | Dose, 109 Dose, | 109 Dose, | OC Cmax + | Tmax +sd, | AUC +sd,
mg/kg | pmol/kg | mg/kg umol/kg sd, ng/mL hr ng*hr/mL
5 7.3 0 0 0918 £0.30 [2.75£0.5 430x1.1
50 73 0 0 703123 375215 599zt 14
50 73 10 19 444+ 1.5 6.50x 1.7 51.0x16
50 73 20 37 225+0.89 |7.25+15 29.2+8.9
50 73 30 56 1.77+£0.57 |6.50x1.7 19.8+7.6
50 73 40 74 164096 |575%1.5 16.5+5.9

Lower limit of quantitations were 0.0250 ng/ml
Figure 10 compares mean plasma concentrations over time of oxycodone release
15  following PO administration of Compound KC-2 with increasing amounts of co-dosed trypsin
inhibitor Compound 109.
The results in Table 7 and Figure 10 indicate Compound 109’s ability to attenuate
Compound KC-2’s ability to release oxycodone in a dose dependent manner, both by
suppressing Cmax and AUC and by delaying Tmax.
20
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1.2 0.04 0.135 0.005 na KG4 241 6.35 0.13 na 0.0911 0.015 KC4 4815
0.315 0.004 na 0.0137 0.0014 KC-6 241 nc 0.0118 0.0042 na KC-6 4815 nc
0. 00571 WOQOOA3M3H0 PCT/US2010/031956

Example 23: In vitro human p-opioid receptor binding assay.

This example measures the affinity of compound KC-2 for the mu (1)-opioid receptor
expressed in recombinant HEK-293 cells.

The general procedure follows the protocol described by Wang, J.-B., Johnson, P.S.,

5  Perscio, A.M., Hawkins, A L., Griffin, C.A. and Uhl, G.R. (1994). FEBS Lett., 338: 217-222.
More specifically, the assays included, as appropriate, oxycodone or Compound KC-2 (which
can be prepared as described in Example 10) as well as recombinant HEK-293 cells expressing
the human p-opioid receptor on their cell surfaces, reference compound [d—Alaz,N—Me—Phe4,Gly5'
ol]-enkephalin (DAMGO), radioligand [3H]DAMGO (0.5 nM) and non-specific ligand naloxone

10 (10uM). The reaction mixtures were incubated at 22°C for 2 hr. The samples were then
submitted to scintillation counting.

In these assays, the specific binding of a test compound 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. Results are expressed as a percent of control of specific binding

15  and as a percent inhibition of control specific binding obtained in the presence of test
compounds. The ICs, values (concentration of competing ligand required for 50% inhibition of
[3H]DAMGO binding), and Hill coefficients (nH) were determined by non-linear regression
analysis of competition curves using Hill equation curve fitting.

Table 8 shows the ICs values for oxycodone and Compound KC-2.

20  Table 8. I1Cs, values

Compound 1Cso Human p-opioid receptor
Oxycodone 1.2E-08
Compound KC-2 2.2E-08

These data demonstrate that Compound KC-2 binds to the pl-opioid receptor with an

affinity about 2-fold less than that of oxycodone.

Example 24: In vitro human [-opioid receptor agonist cellular functional assay
25 This Example measures the ability of certain compounds of the present disclosure to

effect an agonist response when exposed to recombinant human pl-opioid receptor expressed in

CHO cells.
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5 nc = not calculable; na = not applicable Table 13B. Inhibition of in
vitro trypsin conversion of Conpound KC-3 to oxycodone by Conpound 109
Prodrug Wvohotwoppason i nhi bitor Conmpound 109 Pro-drug tirgpdisnotoadfséi fe, h
Rat e of oxycodone formation, unol/h/ BAEE U Average sd Average sd KC3
2 uM 43.338 40.637 nc 10nc = not cal cul able The results in Table
13A indicate that trypsin can nedi ate rel ease of oxycodone or hydrocodone

froma pr Odfh%%er?éraf Ibrgce%g?eot%ﬁlg%rs]tthse' prgtr(l)ec:olrcﬁ:%&llt}e% biyr\VIr?'gQ IJ .e—B.];?l(ISD}hrilsg&ilgg j[, e that a
Perscio, A.M., Hawkins, A.L., Griffin, C.A. and Uhl, G.R. (1994). FEBS Lett., 338: 217-222.
More specifically, the assays included each of the compounds indicated in Table 9 and
recombinant Chinese hamster ovary (CHO) cells expressing the human pl-opioid receptor on

5  their cell surfaces. The control reaction included 1 uM DAMGO. The reaction mixtures were
incubated at 37°C for 10 min, and the reaction product was cyclic AMP (cAMP). The samples
were submitted to homogeneous time resolved fluorescence (HTRF®). ECsg values
(concentration producing a half-maximal specific response) were determined by non-linear
regression fit using the Hillplot software.

10 Table 9 shows results from three separate experiments. ECsg values are provided for
Compound KC-2, Compound KC-3, Compound KC-5, and Compound KC-6 (each of which can
be prepared as described in Examples, 10, 11, 13 and 14, respectively) and compared to the ECsy
value for oxycodone, measured in the same respective experiments. Also shown are the ECs
values for Compound KC-4 (which can be prepared as described in Example 12) and

15 hydrocodone, measured in the same experiment. Table 9 also provides the drug-to-prodrug
(drug/prodrug) relative potency (i.e., ECsg at the human pl-opioid receptor) of oxycodone or
hydrocodone to a prodrug of that respective drug.

Table 9: ECs, values

Experiment # | Compound ECso Human p- | Drug/prodrug
opioid receptor | relative potency

1 Oxycodone 1.2E-7

1 Compound KC-2 | 4.9E-7 4.1

2 Oxycodone 4.0E-8

2 Compound KC-3 | 1.6E-6 40

2 Compound KC-5 | 2.0E-6 50

3 Hydrocodone 8.8E-8

3 Compound KC-4 | 1.3E-6 15

3 Oxycodone 7.8E-8

3 Compound KC-6 | 1.8E-6 23
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WO 2011/ 031350PCT/ US2010/ 031956 trypsin inhibitor of the enbodi nents can
attenuate trypsin-nedi ated rel ease of drug froma ketone-nodified opioid
prodrug oVotzha/esmisodi ment s. Exanpl e 29: Oral adm ni gCratsean/oaf9sConpound
KC-3 and trypsin inhibitor Conmpound 109 5to rats Thi s Exanpl e
denonstrates the ability of a trypsin inhibitor of the enbodinents to
affect drug release into plasma from Conpound KC-3 adm nistered orally.

Sal i ne sol utions_ of upnd KC-3 (which can be prepared. as described in
Sanpl e 11 MAPUIaEL LIRS 80w R prret e B H et e - BRIt PRI 50
N0/ KQ)rel GRS y K atetha :Qhusl Brotird A thBeFlb RS R Afe 1bRGTRAS WWle human
concentrations of Conpound 109 (Catal og No. 3081, Tocris Bioscience or

Cat al pgooid 1¥&P8GEBIn A tlerstmeoeveldopntepgsiyasas i ndi cated in Table 14 via
oral gavage into jugular vein-cannul ated nmal e Sprague Dawl ey rats (4 per
groups) that had been fasted for 16-18 hr prior to oral dosing. At

spsci fp@chple 15: H%ﬂ%a%okﬁieﬁ@éjfo‘il%m§FV‘ﬁrﬁﬁﬂn@fr§%n oh&bMipouRd KO ¢ asma via
centrifugation at 5,400 rpmat 4CTfor 5 mn, and 100 pl plasma 15
t r ansfoayeatdng to mitsallsmampideerehirospinak fbeid penbratiomt ai ni ng 2 pl of 50%

formc acid,.The tybes were_ vortexed.for, 6 5-10 C i medi at el y. pl aced
IR S b e R Ay s R e R S Y

Tabl e ptddrag dofripgli€KES2 My ydBdeHeERERIHE iRKRREMISTY Bodthingstifa@bn 60ths

adm nistered with Conmpound KC-3 in the absence or presence of trypsin

i nhi birespectiReomPegndsrfoTaih| Blasmpa/srSE protitieivies ¢aedficients ane predistimeraf phaaahidty

CQRcentrat.] gﬁgz?é one. ( (average + standard deviation), (b)
thpre %&fa?rﬂnggum ni t%lfét?%t%ﬁf%ﬁ#& n%glubn RC-3 to reach maxi mum oxycodone
concent r at iGompoln@K)C-Q @awaichgen be ptepmddrad dekevibed indfangiel 1Q)C xt adsaa oamder t he

curve (AUC) fromO to 24 hr (average + standard devj ation). 25 Table 14.
Cnex, M§k&% %438 caumala|dees oftxysdus garie Wahdissal vest i spinaend3nieesd intadfradgil kc- 3

Dose, \efaH4 Ksle @?)%QH 'ﬁjawl%;;ra@ After wﬁhﬁ’utes, the rats were anesthetized by carbon

dioxide asphyxiation and blood samples were drawn, harvested for plasma via centrifugation at
15 5,400 rpm at 4°C for 5 min, and 100 microliters (pl) plasma transferred from each sample into a
fresh tube containing 2 pl of 50% formic acid. The CSF fluid was collected using a 22 x 1 inch
gauge needle connected to polyurethane catheter type MRE-040 tubing (Braintree Scientific,
Inc., Braintree, MA). The needle was inserted just below the nuchal crest at the area of the
foramen magnum; clear CSF fluid was collected into the catheter and transferred into a
20  collection tube. The CSF samples were centrifuged at 5,400 rpm at 4°C for 5 min, and 100 ul
CSF fluid transferred from each sample into a fresh tube. The plasma and CSF samples were
immediately placed in dry ice and then stored in a -80°C freezer until analysis by high
performance liquid chromatography / mass spectrometry (HPLC/MS).
Results in Table 10 are reported, for each group of 4 rats as mean concentrations of the
25  indicated compounds in plasma or CSF. Table 10 also provides the plasma-to-CSF
(plasma/CSF) partitioning coefficient, i.e., the ratio of concentration in the plasma to

concentration in the CSF of the indicated compounds.
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Compound 109 Dose, ianmpol/kg OC Crax sd, ng/nL Tmax + sd, hr AUC sd (ng x
hr)/mL 5 6.8 0 0 0.611 0.10 3.00 1.4 3.95 1.6 50 68 0 0 7.08 2.6 3.00
1.4 WO 2011/031350 PCT/US2010/031956

Table 10. Mean plasma and CSF concentration values and partitioning coefficients of

Compound KC-2 and oxycodone

Plasma/CSF
Compound conc. in | Compound conc. in partitioning
Compound Plasma, ng/mL CSF, ng/mL coefficient
Compound KC-2 27,200 61.9 439
oC 3,257 863 3.8

The results in Table 10 indicate that the relative plasma/CSF partitioning coefficient of
5  Compound KC-2 to oxycodone is about 116 (i.e., 439 / 3.8); that is, Compound KC-2 is about
116-fold less CSF penetrant than oxycodone. In addition, as shown in Example 24, the
drug/prodrug relative potency of Compound KC-2 is about 4.1. Thus, Compound KC-2, when
administered intravenously in equimolar amounts would be expected to be about 475-fold (i.e.,
116 x 4.1) less effective at CNS mu-opioid receptors than oxycodone.
10
Example 26: Pharmacokinetics of Compound KC-3 following PO administration to rats
This Example compares the pharmacokinetics of several concentrations of Compound
KC-3 administered orally (PO) to rats.
Saline solutions of Compound KC-3 (which can be prepared as described in Example
15  11) were dosed as indicated in Table 11 via oral gavage into jugular vein-cannulated male
Sprague Dawley rats (4 per group, except dose 46mg/kg KC-3 where 3 rats were used) that had
been fasted for 16-18 hr prior to oral dosing. At specified time points, blood samples were
drawn, harvested for plasma via centrifugation at 5,400 rpm at 4°C for 5 min, and 100 ul plasma
transferred from each sample into a fresh tube containing 2 pl of 50% formic acid. The tubes
20  were vortexed for 5-10 seconds, immediately placed in dry ice and then stored in -80°C freezer
until analysis by HPLC/MS.
Table 11 and Figure 11 provide oxycodone exposure results for rats administered with
different doses of Compound KC-3. Results in Table 11 are reported, for each group of rats, as
(a) maximum plasma concentration (Cmax) of oxycodone (OC) (average + standard deviation),
25  (b) time after administration of Compound KC-3 to reach maximum oxycodone concentration

(Tmax) (average + standard deviation) and (c) area under the curve (AUC) from 0O to 24 hr for all

143



59.1 23 WO 2011/ 031350PCT/ US2010/ 031956 KC-3 KC-3 Conpound Conpound AUC
sd Dose, ng/ kg Dose, ianol/kg 109 Dose, ng/ kg 109 Dose, ianol/kg OC Crax
sd, ng/ mMworax/0813d, hr (ng X PCT/US2010/031956

doses except for the 1.4 mg/kg and 22 mg/kg doses where the AUC values were calculated from

0 to 8 hr (average + standard deviation).

Table 11. Cmax, Tmax and AUC values of oxycodone in rat plasma

Dose, Dose OC Cmax +sd, | Tmax +sd, AUC £sd
Compound | mg/kg | pmol/kg ng/mL hr (ng x hr)/mL
KC-3 14 1.9 0.0992 +£0.0084 | 2.25x0.5 0.376 £ 0.14
KC-3 11 15 1.34+0.31 2.00x0.0 8.96+4.9
KC-3 22 30 2.54+0.34 2.00£0.0 12.6+1.9
KC-3 46 63 5.19£0.76 333x1.5 40.5+ 17
5 Lower limit of quantitation was 0.05 ng/mL

Figure 11 compares mean plasma concentrations over time of oxycodone release
following PO administration of increasing doses of Compound KC-3.
The results in Table 11 and Figure 11 indicate that plasma concentrations of oxycodone
increase proportionally with Compound KC-3 dose.
10
Example 27: Pharmacokinetics of Compound KC-3 following IV administration to rats.
This Example compares the plasma concentrations of prodrug and oxycodone in rats
following intravenous (IV) administration of Compound KC-3.
Compound KC-3 (which can be prepared as described in Example 11) was dissolved in
15  saline and injected into the tail vein of 4 jugular vein-cannulated male Sprague Dawley rats at a
dose of 2 mg/kg. At specified time points, blood samples were drawn, harvested for plasma via
centrifugation at 5,400 rpm at 4°C for 5 min, and 100 ul plasma transferred from each sample
into a fresh tube containing 2 1l of 50% formic acid. The tubes were vortexed for 5-10 seconds,
immediately placed in dry ice and then stored in -80°C freezer until analysis by high
20  performance liquid chromatography / mass spectrometry (HPLC/MS).
Table 12 and Figure 12 provide Compound KC-3 and oxycodone exposure results for the
group of rats administered Compound KC-3 intravenously. Results in Table 12 are reported as
maximum plasma concentration (Cmax) of Compound KC-3 and oxycodone (OC), respectively

(average + standard deviation).
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hr)/mL 50 68 10 18.5 1.26 0.34 8.00 0.0 12.3 2.9 50 68 20 37 1.05 0.61
3.75 1.5 10.5 5.4 50 68 30 55 0.49 0.19 4.50 2.6 2.82 1.3 50
WO 2011/031350 PCT/US2010/031956

Table 12. Cmax values of Compound KC-3 and oxycodone in rat plasma

KC-3 KC-3

Dose, Dose,
mg/kg pmol/kg KC-3 Cmax * sd, ng/mL OC Cmax * sd, ng/mL
2 2.7 2620+ 85 1.14+£0.48

Lower limit of quantitation was 0.05 ng/mL

5 Table 12 and Figure 12 demonstrate that the plasma concentration of oxycodone in rats
administered Compound KC-3 intravenously is only 0.04 % of the plasma concentration of
Compound KC-3, indicating that IV administration of Compound KC-3 does not lead to

significant release of oxycodone into plasma.

10  Example 28: Effect of trypsin inhibition on ir vitro trypsin-mediated trypsin release of drug
from ketone-modified opioid prodrugs.

This Example demonstrates the ability of trypsin to cleave a prodrug of the embodiments
and the effect of trypsin inhibitors on such cleavage.

Compound KC-3, Compound KC-4, Compound KC-5, or Compound KC-6 was each

15  incubated with trypsin from bovine pancreas (Catalog No. T8003, Type I, ~10,000 BAEE
units/mg protein, Sigma-Aldrich). Specifically, the reactions included 0.761 mM of Compound
KC-3+2HCI, Compound KC-5+2HCI, Compound KC-4*2HCI, or Compound KC-6+2HCI, 22.5
mM calcium chloride, 40 to 172 mM Tris pH 8 and 0.25% DMSO with variable activities of
trypsin as indicated in Table 13A. The reactions were conducted at 37°C for 24 hr, Samples

20  were collected at specified time points, transferred into 0.5% formic acid in acetonitrile to stop
trypsin activity and stored at less than -70°C until analysis by LC-MS/MS.

Compound KC-3 was also incubated in the presence of 2 micromolar (UM) trypsin
inhibitor Compound 109. In that case, Compound KC-3 was added 5 min after the other
incubation components. Other reaction and sample treatment conditions were as described

25  above.

Tables 13A and 13B indicate the results of exposure of the tested compounds to trypsin

in the absence or presence of trypsin inhibitor. The results are expressed as half-life of prodrug
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Table 13B. Inhibition of in vifro trypsin conversion of Compound KC-3 to oxycodone by
Compound 109
With trypsin inhibitor
Pro-drug trypsin Rate of oxycodone formation,
Compound half-life, h umol/h/ BAEE U
Prodrug 109 Average * sd Average * sd
KC-3 2 uM 43.338 £ 40.637 nc
10 nc =not calculable

The results in Table 13A indicate that trypsin can mediate release of oxycodone or

hydrocodone from a prodrug of the embodiments. The results in Table 13B indicate that a

146



10i n Tabl e 15. Results in Table 15 are reported, for each group of 4
rats as nmean concentrations of the indicated conpounds in plasma or CSF.
Tabl e 15 wb=o1pBwsbdes t he pl asma-t o- CSF (pl asma/ CSF)  p&CTiUtS2@niostys6
coefficient, i.e., the ratio of concentration in the plasm to
concentration in the CSF of the indicated conmpounds. 15 Table 15. Mean

pl asma and CSF concentration val ues and partitioning coefficients of
Conpound KC-3. and .oxycodone Conpound Conpound conc. in Plasma, ng/nL
oo gt LR e o B e eSE (Rab T GHIEA G 6 P O FIN Eompound
KC- 3 3@iotdmadifidd dpidid pr&drud 8f 3Qnibbafinéhed The results in Table 15 indicate
that the relative plasma/ CSF partitioning coefficient of 20 Conpound KC 3
to oxycodone is about 364 (i.e., 1,737 / 4.8); that is, Conmpound KC-3 is

oot s OSBRI Bk Rini R 3

Thgs, tgeswound KC- 3, when adm ni stered intravenously in equinolar anmounts
woul d be expected to be about 14,500-fold (i.e., 364 x 40) |ess effective
at CNS nu- oiermple demepsirates dhe Aty od 8 eypsin inhibitor of the embodiments to affect

drug release into plasma from Compound KC-3 administered orally.

Saline solutions of Compound KC-3 (which can be prepared as described in Example 11)
were dosed at 6.8 umol/kg (5 mg/kg) and 68 pumol/kg (50 mg/kg) Compound KC-3 with or
10 without a co-dose of increasing concentrations of Compound 109 (Catalog No. 3081, Tocris
Bioscience or Catalog No. WS38665, Waterstone Technology) as indicated in Table 14 via oral
gavage into jugular vein-cannulated male Sprague Dawley rats (4 per groups) that had been
fasted for 16-18 hr prior to oral dosing. At specified time points, blood samples were drawn,
harvested for plasma via centrifugation at 5,400 rpm at 4°C for 5 min, and 100 pl plasma
15  transferred from each sample into a fresh tube containing 2 pl of 50% formic acid. The tubes
were vortexed for 5-10 seconds, immediately placed in dry ice and then stored in -80°C freezer
until analysis by HPLC/MS.
Table 14 and Figure 13 provide oxycodone exposure results for rats administered with
Compound KC-3 in the absence or presence of trypsin inhibitor. Results in Table 14 are
20  reported as (a) maximum plasma concentration (Cmax) of oxycodone (OC) (average + standard
deviation), (b) time after administration of Compound KC-3 to reach maximum oxycodone
concentration (Tmax) (average + standard deviation) and (c) area under the curve (AUC) from 0

to 24 hr (average + standard deviation).

25 Table 14. Cmax, Tmax and AUC values of oxycodone in rat plasma

KC-3 KC-3 Compound | Compound AUC £ sd

Dose, Dose, 109 Dose, 109 Dose, | OC Cmax + | Tmax + (ng x

mg/kg | pmol/kg mg/kg umol/kg sd, ng/mL sd, hr hr)/mL
5 6.8 0 0 0.611+£0.10 | 3.00+1.4 | 395%1.6
50 68 0 0 708+26 |3.00+£14 | 59.1+£23
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25 WD 2011/ 031350PCT/ US2010/ 031956 Exanple 31: In vivo tolerability of
Compound KC-3 in rats Thi s Exanpl e denonstrates that Conpound KC-3

was t

ol ernaiDedivizessoadm ni stered i ntravenously to rats. WRTAISE@VO31956

Sprague-Dawl ey rats, 4 per dose, were used in the study. Rats were wei ghed,

5and then placed under a heat lanp for 15-20 mnutes to dilate the lateral
tail veins. Dose volunes were based on the body weights (1 mi/kg); dosing
of rpouneKC3—(whi-eh—ean—be preparedras—deserihedi+n—Exgrpte—1i—was as
i ndigated in Tabl e |16. Before|dosing, rats were pljaced i n Broone
restrageRs | ag.Bhe douiholRa Iﬁd’rpl?uﬁﬁﬂ into one of the tai|l Aygtfgqusi ng a
syringe and|needle.| After dosing, the tinmer was set and rat/s were observed
for ¢l Dosgal Pogys.| 108 Ded, sanPdEPoseer ¢ @CI0max ed Slmaxtt es dogx- dose vi a
t he gaphenous vej n. The rats ywere Q(}a(ser ved tﬂlf) 24 hqurs. R?'wt]; are
showr bPBI0YES | Tabl™ . [ n MR of ey gl/'T'tEy of § ound™RE8 ijn rats
CompaungpDose, ¢gY/ kg Dogg, itf{nol{kg Nu Tbﬁ% afo, Rat(sg dosarlo U 1msaad 9
observations KC3 71 97
50 68 20 37 1.05+0.61 | 37515 | 105+54
50 68 30 55 0.49+0.19 | 450+26 | 2.82+13
50 68 40 74 047036 | 463+£3.1 | 2.71+£3.7
Lower limit of quantitation was 0.025 ng/mL
Figure 13 compares mean plasma concentrations over time of oxycodone release
following PO administration of Compound KC-3 with or without a co-dose of trypsin inhibitor.
5 The results in Table 14 and Figure 13 indicate that Compound 109 attenuates Compound
KC-3’s ability to release oxycodone, both by suppressing Cmax and AUC and by delaying
Tmax.
Example 30: Pharmacokinetics following 1V administration of Compound KC-3 or
10 oxycodone to rats: Plasma and cerebrospinal fluid penetration
This Example compares the plasma and cerebrospinal fluid (CSF) concentrations of
prodrug Compound KC-3 and oxycodone following intravenous (IV) administration of the
respective compounds to rats. Plasma/CSF partitioning coefficients are predictive of the ability
of a compound to penetrate the blood-brain barrier.
15 Compound KC-3 (which can be prepared as described in Example 11), at a dose of 10
mg/kg, or an equimolar dose of oxycodone each was dissolved in saline and injected into the tail
vein of 4 male Sprague Dawley rats. After 2 minutes, the rats were anesthetized by carbon
dioxide asphyxiation and blood samples were drawn, harvested for plasma via centrifugation at
5,400 rpm at 4°C for 5 min, and 100 pl plasma transferred from each sample into a fresh tube
20  containing 2 pl of 50% formic acid. The CSF fluid was collected using a 22 x 1 inch gauge

needle connected to polyurethane catheter type MRE-040 tubing (Braintree Scientific, Inc.). The
needle was inserted just below the nuchal crest at the area of the foramen magnum; clear CSF

fluid was collected into the catheter and transferred into a collection tube. The CSF samples were
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SQ@nd@’dﬂnﬂﬁ‘Mﬂm 919 oxycodone is about 364 (i.e., 1,737 / 4.8); that is, Compound KC-3 is about

25

364-fold less CSF penetrant than oxycodone. In addition, as shown in Example 24, the

drug/prodrug relative potency of Compound KC-3 is about 40. Thus, Compound KC-3, when

administered intravenously in equimolar amounts would be expected to be about 14,500-fold

(i.e., 364 x 40) less effective at CNS mu-opioid receptors than oxycodone.
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WO 2011/ 031350PCT/ US2010/ 031956 Table 17. Cmax, Tnmax and AUC val ues of

hydr ocodone in rat plasma Conpound Dose, ng/kg Dose ittnol/kg HC Chmax sd,
ng/ mL TmewO 28d/03350AUC sd (ng x hr)/nL KC-4 6 8.4 0. 066TT320093W56 2.6
0.315 0.063 Lower limt of quantitation was 0.025 ng/nL The results
in Table 17 indicate that oral adm nistration of Conpound KC-4 |eads to

rel ease of hydrocodone by a hydrocodone prodrug of the enbodi nents. 5

Example 31: In vivo tolerability of Compound KC-3 in rats

This Example demonstrates that Compound KC-3 was tolerated when administered
intravenously to rats.

Male naive Sprague-Dawley rats, 4 per dose, were used in the study. Rats were weighed,

5  and then placed under a heat lamp for 15-20 minutes to dilate the lateral tail veins. Dose
volumes were based on the body weights (1 mL/kg); dosing of Compound KC-3 (which can be
prepared as described in Example 11) was as indicated in Table 16. Before dosing, rats were
placed in Broome restrainers and the drug was introduced into one of the tail veins using a
syringe and needle. After dosing, the timer was set and rats were observed for clinical signs.
10 Blood samples were collected 5 minutes post-dose via the saphenous vein. The rats were

observed up to 24 hours. Results are shown in Table 16.

Table 16. In vivo tolerability of Compound KC-3 in rats

Dose, Dose, Number of
Compound Clinical observations
mg/kg | pmol/kg | Rats dosed

2 normal and 2 with ataxia which
KC-3 71 97 4
resolved by 2 minutes

15 The results in Table 16 indicate that rats tolerate a dose of 97 umol/kg of Compound KC-

3 and recover to normal activity within 2 minutes.

Example 32: In vitro stability of oxycodone prodrug Compound KC-3
This Example demonstrates the stability of Compound KC-3 to a variety of readily
20  available household chemicals and enzyme preparations.

Compound KC-3 (which can be prepared as described in Example 11) was exposed at
room temperature (RT) or 80°C for either 1 or 24 hours (hr) to the following household
chemicals: vodka (40% alcohol), baking soda (saturated sodium bicarbonate solution, pH 9),
WINDEX® with Ammonia-D (pH11) and vinegar (5% acetic acid). Compound KC-3 was also

25  exposed to the following enzyme-containing compositions at RT for 1 or 24 hr: GNC® Super
Digestive (2 capsules of GNC Super Digestive Enzymes dissolved in 5 mL of water), tenderizer

(Adolf’s meat tenderizer, primarily papain, dissolved in water to a concentration of 0.123 g/mL
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Exanpl e 34: Pharmacoki netics of Conpound KC-4 followi ng IV adm nistration
to rats. This Exanple conpares the plasma concentrations of prodrug and
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time points,. blood sanples were drawn, .harvested for plas vj.a
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from eae/L198ARY RIE N iRt [chSRat 4 PRI CHAREAMUINGI @Fﬁés)@fssgl()g@ i piLGy@ehd. The
tubes were vortexed for 5-10 seconds, imediately placed in dry ice and

t hen sStaowka wate irgOBited aedaseribaat iAliquats et serbgvediagh ht Bngpa4 hoandevtadslizaddyi d

o oSBT TR SRSH TR L B e ) 6 AR e 1

adpi nicslek efin Go BRI RSIpIKG: ArHentabavRBAHGhNHs wBRSHEL Silited J-adl e £dI8 vafewheRor t ed
as maxi mum pl asma concentration (Cnmax) of Conmpound KC-4 and hydrocodone

(HC) , veeswarxedadapplied/@rdBeC+ st andard deviation). 20 Table 18. Cmax

val ues of g - ng h 0T | / KC- 4
Doso, i £t mor g {keei et dncpeited R Rpd e Blenk AR DR TR 180
0. 224 thévOAs hthseheld chemichlsaihd guayihé-tatthioihgwasmpdsilibnnddsotibétilaboee. Them t  of
qguantitati on was 0.025 ng/rrL . . ,
percentage of Compound KC-3 remaining after exposure is indicated by the solid black bars and
10 percentage conversion of Compound KC-3 to oxycodone is indicated by the lightly shaded bars
with a black outline. These results indicate that exposure of Compound KC-3 to these various

conditions leads to substantially less than 10% conversion to oxycodone.

Example 33: Pharmacokinetics of Compound KC-4 following PO administration to rats
15 This Example demonstrates the release of hydrocodone into plasma when Compound
KC-4 is administered orally (PO) to rats.
Saline solutions of Compound KC-4 (which can be prepared as described in Example
12) were dosed as indicated in Table 17) via oral gavage into jugular vein-cannulated male
Sprague Dawley rats (4 per group) that had been fasted for 16-18 hr prior to oral dosing. At
20  specified time points, blood samples were drawn, harvested for plasma via centrifugation at
5,400 rpm at 4°C for 5 min, and 100 pl plasma transferred from each sample into a fresh tube
containing 2 Ul of 50% formic acid. The tubes were vortexed for 5-10 seconds, immediately
placed in dry ice and then stored in -80°C freezer until analysis by HPLC/MS.
Table 17 provides hydrocodone exposure results for rats administered Compound KC-4
25  orally. Results in Table 17 are reported as (a) maximum plasma concentration (Cmax) of
hydrocodone (OC) (average + standard deviation), (b) time after administration of Compound
KC-4 to reach maximum hydrocodone concentration (Tmax) (average + standard deviation) and

(c) area under the curve (AUC) from 0 to 24 hr (average + standard deviation).
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WO 2011/ 031350PCT/ US2010/ 031956 Tabl e 18 and Figure 15 denonstrate that the
pl asma concentration of hydrocodone in rats adm ni stered Conpound KC-4

i ntravenowslzg1/s13snl y 0. 006% of the plasna concentr ati orCofuSGuopsme KC- 4,
indicating that IV adm nistration of Conpound KC-4 does not |lead to
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dose of 2 mg/kg. At specified time points, blood samples were drawn, harvested for plasma via

centrifugation at 5,400 rpm at 4°C for 5 min, and 100 ul plasma transferred from each sample
into a fresh tube containing 2 1l of 50% formic acid. The tubes were vortexed for 5-10 seconds,
immediately placed in dry ice and then stored in -80°C freezer until analysis by high
15  performance liquid chromatography / mass spectrometry (HPLC/MS).
Table 18 and Figure 15 provide Compound KC-4 and hydrocodone exposure results for
rats administered Compound KC-4 intravenously. Results in Table 18 are reported as maximum
plasma concentration (Cmax) of Compound KC-4 and hydrocodone (HC), respectively, (average

+ standard deviation).

20
Table 18. Cmax values of Compound KC-4 and hydrocodone in rat plasma
KC-4 KC-4
Dose, Dose, KC-4 Cmax =+ sd,
mg/kg | pmol/kg ng/mL* HC Cmax * sd, ng/mL"
2 2.8 3960 =570 0.224 £ 0.020

*Lower limit of quantitation was 0.05 ng/mL

ALower limit of quantitation was 0.025 ng/mL

152



109 Dose, ng/ kg Conpound 109 Dose, ianpl/kg HC Crax sd, ng/niL Tmax sd, hr
AUC sd (ng x hr)/m. 6 8.4 0 0 0.0667 0.019 4.5 2.6 0.315 0.063 6 8.4 30
55 0. 006400 011131350 PCT/US2010/031956

Table 18 and Figure 15 demonstrate that the plasma concentration of hydrocodone in rats
administered Compound KC-4 intravenously is only 0.006% of the plasma concentration of
Compound KC-4, indicating that IV administration of Compound KC-4 does not lead to

significant release of hydrocodone into plasma.

5
Example 35: Oral administration of Compound KC-4 and trypsin inhibitor Compound 109
to rats
This Example demonstrates the ability of a trypsin inhibitor of the embodiments to affect
drug release into plasma from Compound KC-4 administered orally.
10 Saline solutions of Compound KC-4 (which can be prepared as described in Example 12)

were dosed at 8.4 umol/kg (6 mg/kg) with or without a co-dose of 55 pmol/kg (30 mg/kg)
Compound 109 (Catalog No. 3081, Tocris Bioscience or Catalog No. WS38665, Waterstone
Technology) as indicated in Table 19 via oral gavage into jugular vein-cannulated male Sprague
Dawley rats (4 per groups) that had been fasted for 16-18 hr prior to oral dosing. At specified
15  time points, blood samples were drawn, harvested for plasma via centrifugation at 5,400 rpm at
4°C for 5 min, and 100 pl plasma transferred from each sample into a fresh tube containing 2 pl
of 50% formic acid. The tubes were vortexed for 5-10 seconds, immediately placed in dry ice
and then stored in -80°C freezer until analysis by HPLC/MS.
Table 19 and Figure 16 provide hydrocodone exposure results for rats administered with
20  Compound KC-4 in the absence or presence of trypsin inhibitor. Results in Table 19 are
reported as (a) maximum plasma concentration (Cmax) of hydrocodone (HC) (average +
standard deviation), (b) time after administration of Compound KC-4 to reach maximum
hydrocodone concentration (Tmax) (average + standard deviation) and (c) area under the curve
from O to 24 hr (average + standard deviation).

25
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Example 36: Pharmacokinetics of Compound KC-5 following PO administration to rats

This Example demonstrates the release of oxycodone into plasma when Compound KC-5

is administered orally (PO) to rats.

Saline solutions of Compound KC-5 (which can be prepared as described in Example

13) were dosed as indicated in Table 20 via oral gavage into jugular vein-cannulated male

Sprague Dawley rats (4 per group) that had been fasted for 16-18 hr prior to oral dosing. At

specified time points, blood samples were drawn, harvested for plasma via centrifugation at

5,400 rpm at 4°C for 5 min, and 100 pl plasma transferred from each sample into a fresh tube

containing 2 Ul of 50% formic acid. The tubes were vortexed for 5-10 seconds, immediately

placed in dry ice and then stored in -80°C freezer until analysis by HPLC/MS.

Table 20 and Figure 17 provide oxycodone exposure results for rats administered

Compound KC-5 orally. Results in Table 20 are reported as (a) maximum plasma concentration

(Cmax) of oxycodone (OC) (average + standard deviation), (b) time after administration of

Compound KC-5 to reach maximum oxycodone concentration (Tmax) (average + standard

deviation) and (c) area under the curve (AUC) (ng x hr)/mL from 0 to 8 hr (average + standard

deviation).
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OC Cmax sd, ng/nL Tmax + sd, hr AUC sd (ng x hr)/nmL KCG5 24 30.5 2.06
0.45 2.0 0.09.61 1.4 Lower |limt of quantitation was 0.025 ng/nL

Fi gure 1wWwoOenonmstysat es nmean pl asma concentrations over PCEASed1003wsOdONE
rel ease 5 followi ng PO adm ni stration of Conpound KC-5. The results
in Table 20 and Figure 17 indicate that oral adm nistration of Conpound
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The results in Table 20 and Figure 17 indicate that oral administration of Compound KC-

5 yields oxycodone plasma concentrations that exhibit a suppressed Cmax and AUC and delayed

Tmax compared to administration of oxycodone (see Example 15).

10  Example 37:
Pharmacokinetics of Compound KC-5 following 1V administration to rats.
This Example compares the plasma concentrations of prodrug and oxycodone in rats
following intravenous (IV) administration of Compound KC-5.
Compound KC-5 (which can be prepared as described in Example 13) was dissolved in
15  saline and injected into the tail vein of 4 jugular vein-cannulated male Sprague Dawley rats at a
dose of 2 mg/kg. At specified time points, blood samples were drawn, harvested for plasma via
centrifugation at 5,400 rpm at 4°C for 5 min, and 100 ul plasma transferred from each sample
into a fresh tube containing 2 1l of 50% formic acid. The tubes were vortexed for 5-10 seconds,
immediately placed in dry ice and then stored in -80°C freezer until analysis by high
20  performance liquid chromatography / mass spectrometry (HPLC/MS).
Table 21 and Figure 18 provide Compound KC-5 and oxycodone exposure results for rats
administered Compound KC-5 intravenously. Results in Table 21 are reported as maximum
plasma concentration (Cmax) of Compound KC-5 and oxycodone (OC), respectively (average +

standard deviation).

25
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Tabl e 21 and Figure 18 provi de Conpound KC-5 and oxycodone exposure results
for rats adm ni stered Conpound KC-5 intravenously. Results in Table 21 are
report ed e 20exi3mism pl asma concentrati on (Crax) of ConpeumaSKGH3@ee
oxycodone (OC), respectively (average + standard deviation). 25 WO

2011/ 031350PCT/ US2010/ 031956 Table 21. Cnmax val ues of Conpound KC-5 and
oxycodone in rat plasma KC-5 Dose, ng/ kg KC-5 Dose, iam)I/kg KC-5 Chmax +

o QU ie 2 Gl 256 Sy AR G nd DYy codRhe i E PER oo was 0 0125

ng/ mL[Skahke [2k@rd [Figure 18 denonstratd that the prasma concentration of
oxycodone in|rats adm ni stered Conpound KC-5 IV is only 0.028% of the
pl asma Dosgent Mase,on of Conpound KC—5, indicating that IV agm nistration of

ol o b ARAEAER Ce oo ML O GFR 20 BMry St 1t | on o

Conpound XC 5 OQ.5oxycodone d19onuate: Pl asnm ando.g% gl@r.mpl naI fluid
penetration
*Lower limit of quantitation was 0.100 ng/mL

ALower limit of quantitation was 0.0125 ng/mL

5 Table 21 and Figure 18 demonstrate that the plasma concentration of oxycodone in rats
administered Compound KC-5 IV is only 0.028% of the plasma concentration of Compound KC-
5, indicating that IV administration of Compound KC-5 does not lead to significant release of

oxycodone into plasma.

10  Example 38: Pharmacokinetics following IV administration of Compound KC-5 or
oxycodone to rats: Plasma and cerebrospinal fluid penetration

This Example compares the plasma and cerebrospinal fluid (CSF) concentrations of
prodrug Compound KC-5 and oxycodone following intravenous (IV) administration of the
respective compounds to rats. Plasma/CSF partitioning coefficients are predictive of the ability

15  of a compound to penetrate the blood-brain barrier.

Compound KC-5 (which can be prepared as described in Example 13), at a dose of 10
mg/kg, or an equimolar dose of oxycodone each was dissolved in saline and injected into the tail
vein of 4 male Sprague Dawley rats. After 2 minutes, the rats were anesthetized by carbon
dioxide asphyxiation and blood samples were drawn, harvested for plasma via centrifugation at

20 5,400 rpm at 4°C for 5 min, and 100 pl plasma transferred from each sample into a fresh tube
containing 2 Ul of 50% formic acid. The CSF fluid was collected using a 22 x 1 inch gauge
needle connected to polyurethane catheter type MRE-040 tubing (Braintree Scientific, Inc.). The
needle was inserted just below the nuchal crest at the area of the foramen magnum and clear CSF
fluid was collected into the catheter and transferred into a collection tube. The CSF samples were

25  centrifuged at 5,400 rpm at 4°C for 5 min, and 100 ul CSF fluid transferred from each sample
into a fresh tube. The plasma and CSF samples were immediately placed in dry ice and then

stored in a -80°C freezer until analysis by high performance liquid chromatography / mass
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to concentration in|the CSF of the | ndicated conpounds. Table 2%. Mean
pl asma afepnasrurgbncent Plasmenng/atlues| and G5&s ngtmbni ng coegoeffidientt s of
Compoupd K& 5 - oxycodo Conpound—Conpoypag—conc. i Phas gL
Corrpounﬁu&mé)(())lrllréc.1 Klwns CHF, ng?zrfﬁ?b(gl asma/ CSF pafgé'lﬁti oni ng 1508

oC 10,300 2,158 4.8

15
The results in Table 22 indicate that the relative plasma/CSF partitioning coefficient of
Compound KC-5 to oxycodone is about 316 (i.e., 1,508 / 4.8); that is, Compound KC-5 is about
316-fold less CSF penetrant than oxycodone. In addition, as shown in Example 24, the
drug/prodrug relative potency of Compound KC-5 is about 50. Thus, Compound KC-5, when
20  administered intravenously in equimolar amounts would be expected to be about 15,800-fold

(i.e., 316 x 50) less effective at CNS mu-opioid receptors than oxycodone.
Example 39: Pharmacokinetics of Compound KC-6 following PO administration to rats

This Example demonstrates the release of oxycodone into plasma when Compound KC-6

25  is administered orally (PO) to rats.
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coefficient Conpound KC-5 54,900 36.4 1,508 OC 10,300 2,158 4.8 15

The results in Table 22 indicate that the relative plasma/ CSF partitioning
coef fi ci ewD 20f1/@m3%pound KC-5 t o oxycodone i s about 316 @CTAIS2010/03086/ 4.8);
that is, Conpound KC-5 is about 316-fold | ess CSF penetrant than oxycodone.
In addition, as shown in Exanple 24, the drug/prodrug relative potency of
Compound KC-5 is about 50 Thus, Conpound KC-5, when 20 adm ni stered

i ntravenou in e be ex ected to b
o Bo0et ol dalipe ST R R i 38 bE PNt BT Era T BEUBRS s t han
oxycodap %ere@b%@@!lsemaﬁateﬁ) hl@‘THﬁ@ okivReshCcsvake &%Tﬁ@uml V&Q @nhQh@WMang PO

adm n| stration to rats This Exanpl e denonstrates the rel ease of oxycodone

i nto plpatgva Daldey Bonaengdro Badisidsegu fiastidsoet @ds br atibto(pd)dosiogr &ts. WO
2011/ 0313 CT/ USZ 1956, Sal i ne sal ut | 9 ch can
e pr OBS Ra! de 20ty Plsed PRPer Rl =9 M BB e g MR Ei o Tabl o 23
Vi 3 orsalpoogemadecd S inuduh@n oy gl PagAN AR fieth SachiNagpueintRNMiBh s s (4
per group) that had been fasted for 16-18 hr prior to oral dosing. At

speci feor@ining1® Lpol 1% forblioaedd s Ahp hubss mreevmiwavdﬁorﬁam/@sombt momeghtama vi a

centrifugation at 5 5,400 rpmat 4C for mn, and 100 pl plasm
t r ansPEACFR N ek @Q&h@%%ﬁﬁﬂéﬂr%ﬁSifépez?rég}ﬁllﬁ%@%'ahﬁgﬁﬁl -2 pl of 50%

formc aci q’abl}% %ﬂ%%ﬁ@%rm&%%éﬁgdg&rexﬁo&ge ?e%ﬁl?s“ﬂﬂ? ratl Q&E@fﬂﬁﬁ;ﬁc‘l y placed

in dry ice and then s in - reezer until analysis C/ V5. Tabl e
23 andjdﬁn;gmhe K186 praﬂyl deesoityinothbive? 3eap ogorted he 6 Intaxirhom pﬂaa;trfa cadogntiagder ed

o] ora sults in Ta 23 are reported as . maxi mum
ﬁp nga Fﬁ%f&%? <@§5 EhgIse gt St w@ 10@23@ ‘E%%é&%{g%m#g’é%r%ﬂi’a‘?fd
deV' atd Poundl RIC-bitdReadh hkirRdoR| &b b&ﬁeﬁ’t‘}atlon (Tmax) (average + standard

deviation) and (c) area under the curve (AUC) (ng x hr)/mL from 0 to 8 hr (average + standard

deviation).

15  Table 23. Cmax, Tmax and AUC values of oxycodone in rat plasma

Dose, Dose OC Cmax + AUC £ sd
Compound | mg/kg | pmol/kg | sd,ng/mL | Tmax + sd, hr | (ng x hr)/mL
KC-6 24 30 2,72 £0.18 425+1.5 15.1 £0.75

Lower limit of quantitation was 0.025 ng/mL

Figure 19 demonstrates mean plasma concentrations over time of oxycodone release
following PO administration of Compound KC-6.
20 The results in Table 23 and Figure 19 indicate that oral administration of Compound KC-
6 yields oxycodone plasma concentrations that exhibit a suppressed Cmax and AUC and delayed

Tmax compared to administration of oxycodone (see Example 15).

Example 40: Pharmacokinetics of Compound KC-6 following IV administration to rats.
25 This Example compares the plasma concentrations of prodrug and oxycodone in rats
following intravenous (IV) administration of Compound KC-6.
Compound KC-6 (which can be prepared as described in Example 14) was dissolved in

saline and injected into the tail vein of 4 jugular vein-cannulated male Sprague Dawley rats at a
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Compound KC-6 to reach maxi num oxycodone concentration (Tmax) (average +
standard deviation) and (c) area under the curve (AUC) (ng x hr)/nm fromO
to 8 hr (woOenays13s0st andard devi ation). 15 Table 23. CrmgT/USn@n/0aryds AUC
val ues of oxycodone in rat plasma Conpound Dose, ng/kg Dose ittnol/kg OC
Crax + sd, ng/nmL Tmax + sd, hr AUC sd (ng x hr)/m KC-6 24 30 2.72 0.18
4.25 1.5 15.1 0.75 Lower limt of quantitation was 0.025 ng/nm.

Figure 19 nonst r at es n pl asma centration ove ti me of oxycodone
r el 0ad853 911 Bl ey ABOPEHFOITE PRI HRIGH EBRBONE Revs: hasy 10salrHE Vi
Tabl e 23 iandibh 98 @0@%‘?’1 RAi°eabes HiRtandrab ﬁg%&h%ﬁﬁﬁ%h@@fr@ﬁl e‘&@l‘ﬂpé?@g KC-

yi el ds oxycodone pl as concentrations that exhibit a suppressed X and
AUC arngtoddtay etbeivairdogPal ofl50% fadnic acislt Mat itdhes eferoxyreadd fa - sEechxdnpl e
15). immediately placed in dry ice and then stored in -80°C freezer until analysis by high
5  performance liquid chromatography / mass spectrometry (HPLC/MS).
Table 24 and Figure 20 provide Compound KC-6 and oxycodone exposure results for rats
administered Compound KC-6 intravenously. Results in Table 24 are reported as maximum
plasma concentration (Cmax) of Compound KC-6 and oxycodone (OC), respectively, (average +

standard deviation).

10
Table 24. Cmax values of Compound KC-6 and oxycodone in rat plasma
KC-6 KC-6
Dose, Dose, KC-6 Cmax + sd,
mg/kg | pmol/kg ng/mL OC Cmax + sd, ng/mL
2 2.5 6360 + 2300* 0.960 + 0.22%
*Lower limit of quantitation was 0.05 ng/mL
ALower limit of quantitation was 0.1 ng/mL
15 Table 24 and Figure 20 demonstrate that the plasma concentration of oxycodone in rats

administered Compound KC-6 intravenously is only 0.015% of the plasma concentration of
Compound KC-6, indicating that IV administration of Compound KC-6 does not lead to

significant release of oxycodone into plasma.

20  Example 41: Pharmacokinetics following IV administration of Compound KC-6 to rats:
Plasma and cerebrospinal fluid penetration
This Example compares the plasma and cerebrospinal fluid (CSF) concentrations of
prodrug Compound KC-6 and oxycodone following intravenous (IV) administration of the
respective compounds to rats. Plasma/CSF partitioning coefficients are predictive of the ability
25  of a compound to penetrate the blood-brain barrier.
Compound KC-6 (which can be prepared as described in Example 14), at a dose of 7.5

mg/kg, and oxycodone at a dose of 7.5 mg/kg, each was dissolved in saline and injected into the
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Exanpl e 40: Pharmacoki netics of Conpound KC-6 followi ng IV adm nistration
to rats. 25This Exanpl e conpares the plasnma concentrations of prodrug and
oxycodonewPDreoria3s3shol | owi ng i ntravenous (I1V) adn ni strarconsed10@sype©und
KC- 6. Compound KC-6 (which can be prepared as described in Exanpl e
14) was dissolved in saline and injected into the tail vein of 4 jugular
vei n-cannul ated nmal e Sprague Daw ey rats at a WO

ecifi ints,

2011/ 031350PCT/ US20Q10/ 031956 dose, of ng/ kg, At s d.ti

bl 00d (GAHI 85 W RRENROR £ VS Aer BP9 SeBoHF P LA DGR 5, 400
rpm atgidGdd Lbhpxififich ar@oddPQnipleshl @8 AR, AR EQED & pldRN BRMUSRERIG dint 0 a
fresh tube containing 2 pl of 50% form c acid. The tubes were vortexed for

5-10 $edndm, atditiati Samel, yng 1 A@ pbplasmalfrynsfaeddnem ehdrsastpby @b a frest8QE: f r eezer

O canais BB b ST RIS e

spect . . -6 and
OQXCO%‘%&ﬂe ‘Efﬁﬂﬁé % p@SHetnt thét%[t@ adfrBlosh %bﬁ%@’rﬁﬂ%@gc%&i@c Inc.). The

i ntravenously. esuPtz mhsélﬁlagfe 478r e reporte maxi num pl asma

concenmeedt war insGnakjusoiel o o blal K6 aahd aex p€ dednmn{c@Chagnuespelcti¢ar €1SF,
(aver

e o A g B TSR e
+ sd, c@ﬂéiﬁﬂgegg{t %5 rpm S0 '31-rni?1, addl (ﬁ)%ﬁ(bsmg*transferred from each sample

into a fresh tube. The plasma and CSF samples were immediately placed in dry ice and then

10 stored in a -80°C freezer until analysis by high performance liquid chromatography / mass

spectrometry (HPLC/MS). In order to study Compound KC-6 and oxycodone plasma and CSF
penetration over time, additional groups of 4 rats were administered compounds as described
above and anesthetized at specified time points. Plasma and CSF were collected and analyzed as
described above. Results from these rats indicated that equilibrium was quickly reached in the
15  plasma and CSF compartments after dosing and that the extent of partitioning between CSF and
plasma was consistent across time points. Thus, only the 2-minute time point data are reported
in Table 25.

Results in Table 25 are reported, for each group of 4 rats as mean concentrations of the
indicated compounds in plasma or CSF. Table 25 also provides the plasma-to-CSF (plasma/CSF)
20  partitioning coefficient, i.e., the ratio of concentration in the plasma to concentration in the CSF

of the indicated compounds.

Table 25. Mean plasma and CSF concentration values and partitioning coefficients of

Compound KC-6 and oxycodone

Plasma/CSF

25

Compound

Compound conc. in

Plasma, ng/mL

Compound conc. in

CSF, ng/mL

partitioning

coefficient

Compound KC-6

60,400

74.1

815

oC

10,300

2,158

4.8
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0.960 0.22" *Lower limt of quantitation was 0.05 ng/nL “Lower limt of
quantitation was 0.1 ng/nL 15Table 24 and Figure 20 denonstrate that the
pl asma comoentwmeiison of oxycodone in rats adm ni stered EGomasand/ 5056
intravenously is only 0.015% of the plasma concentration of Conpound KC- 6,
indicating that IV adm nistration of Conpound KC-6 does not |ead to
significant rel ease of oxycodone into plasma. 20 Exanple 41:

Phar macoki ics. follqw V adm njistratio ound KC- o.rats:
Pl s and ereutts i 2F it ol sifoi Plastio R PO ERuliS tBiMErEs ¢ he
pl as M @Rshuae ke RE @S Bk takiofd MiaHodGSTi.&oBEN, g)atﬂaef&seeﬁl BhRAKEY Sappaund

KC- 6 and oxycodone fol low ng intravenous (IV) ad nlnlstratlon of the
r es pedf/ilvfelddewicinprnetrantthansox yepbdenea/ I@SEds@nt astshownngy EsaepleiZdi éet s ar e

predictive of th ablllt nd to netlra the

e SrlefBodhus' i Se bt a i TR o a0 BE L Fhlie Conlga it kR oE A o
14%, abmanictesd 1ﬁxfav3n&1s {ni@luln%lﬂr MYERORBE de eRpelBSEIodk abodt NWKDId gach was
di ssol ved in saline an ected into the WO 2011/031350PCT/U82010/031956

tail Jdilx P legs ﬁﬁ?‘élVSﬂFQ DRI racepters tgn efycodefienut es, the rats were
anest heti zed by carbon di oxi de asphyxi ati on and bl ood sanpl es were drawn,
harvested for plasnma via centrifugation at 5,400 rpmat 4C for 5 mn, and
100 pl pl aswhild thampsdseitrieckntion mebeh desdribed V\ilﬂlltl@feaerfCE%ﬁletsphﬁflcont ai ning 2
pl of 50% formc acid. The CSF fluid was collected using a 22 x 1 inch

gauge °5Ibedumentshaiset dedopld bﬁ&‘@%@?ﬁé’ﬁéh%sﬁtsh’élﬁé in the 3t tNME’aG%S thapestg
( Bpai i I ] uchal
Rt sl S
into Kﬁdﬁﬁ&Vhﬁ@ﬁrhamﬂﬁﬁmam&henmxﬂﬁuﬁ@osamybbmmmbn@mmﬂmbeanﬁhbrﬁﬁﬁuanples
were centrifuged at 5,400 rpmat 4C for 5 mn, 1 i1l CSE fluid
t r ansPRAFERY @%&W%@Bﬁfﬁﬁﬁﬁ Er‘?‘:ﬁ% oPRPSSIR I §i5es: t‘?ﬁ‘be 03?%%% RHY BLEYhnpl es
ver e iofpRdiradest MvehiRme Il fuclimYodifi€atdRs ateRfRndish Bk AN 1R sc§RGrfthe8Rss
until analysis by high performance |iquid chromatography / mnass
spect rppedeg heleR.C/ MB) . I n order to study Conmpound KC-6 and oxycodone
plsfna and CSF penetration over tine, additional groups of 4 rats were

i ni stered conpounds as descri bed above and anesthetized at specified
time points. Plasma and CSF were col |l ected and anal yzed as descri bed above.
Results fromthese rats indicated that equilibriumwas quickly reached in
the 15 plasnma and CSF conpartnents after dosing and that the extent of
partitioning between CSF and plasma was consi stent across tine points.
Thus, only the 2-minute tine point data are reported in Table 25.
Results in Table 25 are reported, for each group of 4 rats as nean
concentrations of the indicated conpounds in plasnma or CSF. Table 25 al so
provides the plasma-to-CSF (plasma/ CSF) 20partitioning coefficient, i.e.,
the ratio of concentration in the plasma to concentration in the CSF of the
i ndi cated conpounds. Table 25. Mean plasma and CSF concentration val ues and
partitioning coefficients of Conpound KC-6 and oxycodone Conpound Conpound
conc. in
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Pl asma, ng/ nL Conpound conc. in CSF, ng/nmL Plasma/ CSF partitioning
coefficient Compound KC-6 60,400 74.1 815 OC 10,300 2,158 4.8 25 WD
2011/ 031350RaT/038010/ 031956 The results in Tabl epP2F/uispaionatss t hat
the relative plasnma/CSF partitioning coefficient of Conpound KC-6 to
oxycodone is about 171 (i.e., 815/ 4.8); that is, Conmpound KC-6 is about
171-fold | ess CSF penetrant than oxycodone. In addition, as shown in
Exanpl e 24, the drug/prodrug rel ative potency of Conpound KC-6 is about 23.
Thus, Conpound KC-6, when 5adm nistered intravenously in equinolar anmounts
woul d WgRaexXpPekLi&dst 0 be about 3,940-fold (i.e., 171 x 23) less effective at
S miu-oproid receptors than oxycodone. Wile the present invention has
been descrilbed v témpafidrogiemulaKh@llgpeci fi c enbodi ments thereof, it
shoul d be understood by those 8kihlgd in the art that various changes 10
may be nmade and equival ents ma F%ubstaituted wi t hout departing fromthe
true spirit and scope of theXin Mag-R I n addition, many nodifications may
be nmade to adapt a particul ar sﬁkuathgn,dggiﬁhggl, conposition of matter
process, process step or steps, to the objective, spirit and scope of the
present invgpidign. All such nodifications are intended to be within the

scope of the clains appended hereto.
X represents a residue of a ketone-containing opioid, wherein the hydrogen atom of the

corresponding enolic group of the ketone is replaced by a covalent bond to -C(O)-NR’-
(C(RH(R?)-NR'R;
R’ is selected from alkyl, substituted alkyl, arylalkyl, substituted arylalkyl, aryl and

10 substituted aryl;

each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];

each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];

15 or R' and R? together with the carbon to which they are attached form a cycloalkyl,
substituted cycloalkyl, aryl, or substituted aryl group, or two R* or R groups on adjacent carbon
atoms, together with the carbon atoms to which they are attached, form a cycloalkyl, substituted
cycloalkyl, aryl, or substituted aryl group;

n is an integer from 2 to 4;

20 R’ is hydrogen;
0O
5

R*is RGP R :

each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl, and substituted heteroarylalkyl, or optionally, R®and R’

25  together with the atoms to which they are bonded form a cycloheteroalkyl or substituted
cycloheteroalkyl ring;

each W is independently -NR®-, -O- or -S-;
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15 WD 2011/ 031350PCT/ US2010/ 031956 What is clained is: 1. A conpound of
formula KG-(lIl1la): 9 RL R2 x--"cN R5 5wherein: X represents a residue
of a ket ome-20omB3a3sni ng opi oi d, wherein the hydrogen at omCofUSRI16/031956
correspondi ng enolic group of the ketone is replaced by a covalent bond to
-C(0)-NR5- (C(R1)(R2))"-NR3R4; R5 is selected from al kyl
substituted aIkyI aryl al kyl, substituted arylal kyl, aryl and 10substituted

| d | ect h d : k |,
subst ¢ ut edidl Ryis ndeaydenis BEFTIEh gl BRyreenatipr: et HEdsy? 574 *  each
R2 i s sphGRRENISNIIr bpasiBGt &~4n RO RY GF Iﬂien%}r kdgetheﬁ Whdtchd sbed tdlvkich, aryl,

substituted aryl, acyl, and anlnoacyl R2 together with the
car bo rﬁhetyoarv\hpm«rdtfhrélyaay@lomt@ra@lﬂwhorfsobmtated w¢lolaﬂt¢<ryalkyls1uuhgt i tuted

cycl oal kyl or .substit d aryl group, or two R2 or R3 groups on
adj acent céVﬁSﬁl%f%%émm}%ﬁn?ﬁgﬁ Wh the carbon atoms to which they are

at sached, fﬂirlmae&ea:ﬂr@mlﬂymogeﬁwlsﬁl Jubktadtedatd Rg@eﬁc!ﬂ(lsubsﬁﬁb{éda {, substituted
aryl group; nis an integer from2 to 4; 20 i s hydrogen 7 RAis R R

each R@%gcarh@efﬁ»esﬁb@ﬁmeg} alkeK peagleanyt.rabyh Wéﬁif@&ér@rylamwwkyl’sfwl@sﬁﬂbt’ttl!i‘ﬂtéél al kyl ,
aryl, ﬁH?' .tuted aryl, arylalkyl, substituted arylal kyl, heteroal kyl,
substi ’heteroalkyl, heteroaryl, substituted heteroaryl,

het er oar y| air kighlt, ladchtsossivataitheohet er oaryl al kyl, or optionally, R6 and R7

10 2. A compound of formula KC-(IIIb):

R*  (KC-(ITTb))
wherein:
X represents a residue of a ketone-containing opioid, wherein the hydrogen atom of the
corresponding enolic group of the ketone is replaced by a covalent bond to -C(0)-NR’-
15 (CRHR?)-NRRY;
R’ is selected from alkyl, substituted alkyl, arylalkyl, substituted arylalkyl, aryl and
substituted aryl;
each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
20 each R? is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
or R' and R? together with the carbon to which they are attached form a cycloalkyl or
substituted cycloalkyl group, or two R' or R* groups on adjacent carbon atoms, together with the
carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl group;
25 n is an integer from 2 to 4;

R’ is hydrogen;

O
4J\TNM¢\
RG p R7.

4 .
R7i1s
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25 together with the atons to which they are bonded form a cycl oheteroal kyl
or substituted cycl oheteroal kyl ring; each Wis independently -NR8-, -0- or
-S-; WO WwO0RMIGB1BBOPCT/ US2010/ 031956 each R8 is ipauasendasitoby

sel ected from hydrogen, al kyl, substituted al kyl, aryl and substituted
aryl, or optionally, each R6 and R8 independently together with the atons
to which they are bonded forma cycl oheteroal kyl or substituted

eyl cheter sl 4 0 P 0 LTSN LB 08, QAR B85 12 ot et
al koxYaedRRaY huyl, Fﬁﬂk'tylt @ﬁl?s@ittﬁéd‘ﬁ?bﬁgﬁﬂ %’Eﬁﬂ)alkﬁr Mibstlt%wa%'térbﬁlﬁﬁ Rédiboaryl,

arylal kyl, and substituted aryl a alt, hydrate or sol vat e

t her esibstitged h@twmmrmr}’h&ymmd Slad@tléllttd bﬁ)t@rogrYIliﬁﬂlk]4201><013t194‘111%11)R5K wheRéi n:

X repr es nt et one-contai nin e hydrogen
2t o sreetite Sl PEREENG Ry dnbFY SRGRaRR! B e RBr Bl L OF b deld®y s

coyal Q@&loi@&%an@l nﬂ‘é 0) - NR5- 15(C(R1)(R2))" NR3R4: R5 is selected from
al kyl, substituted al kyl | kyl, substituted arylal kyl, aryl and

subst i t ut egagt Y is mdepende@ti&hﬁﬂﬁ é <Prrr§ependent |y sel ected from hydrogen,

al kyl, - subghijf gt {%qn&’é (ﬁﬂtl? s¥1]ec ?Hﬁﬁ%ﬁﬁﬂ& fégll subdf edlaef U@g{ é]}%acy'

20each R2 |8 I ndep end. rom ut ed

al kyl ,subgtiyhted snyhsir bpuéretulyaea,ch,R amgt IR8 11@d®¢e1€ﬁﬂ1ﬂ@&fg¢ther with the stbmRito avhithR2

t oget her vvlth t he carbon to whic are attached form a cycl oal kyl or
subst iR} &g e%ﬁéaan9pyg9%eoa%wl ?rv%}bwtutsii ORI RPEYLINEd] acent car bon

aygns, toge)tlggﬁl %e![]ﬁtoﬁ‘? b0 m; to which they are attached, forma
cycl oal kyl itute ycI oal group; 25n is an integer from2 to 4,

R is selected from hydrogen, alkyl, substltuted alkyl, acyl, substituted acyl,
alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl, and substituted
arylalkyl;

or a salt, hydrate or solvate thereof.

15

3. The compound of any one of Claims 1 and 2, wherein the ketone-containing
opioid is selected from acetylmorphine, hydrocodone, hydromorphone, ketobemidone,
methadone, naloxone, N-methylnaloxone, naltrexone, N-methylnaltrexone, oxycodone,
oxymorphone, and pentamorphine.

20
4. The compound of any one of Claims 1 and 2, wherein the ketone-containing

opioid is hydrocodone or oxycodone.

5. A compound of formula KC-(Ia):

25 P R'(KC-(Ta)

wherein:
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R3 is hydrogen; 0 WD 2011/ 031350PCT/ US2010/ 031956 each R6 is

i ndependently sel ected from hydrogen, alkyl, substituted al kyl, aryl,
subst i t utwo 2arwds3p3saryl al kyl, substituted aryl al kyl, het ecoalskeo/031956
substituted heteroal kyl, heteroaryl, substituted heteroaryl,

het er oaryl al kyl, and substituted heteroaryl al kyl, or optionally, R6 and R7
together with the at ons to whi ch they are bonded form a cycl ohet eroal kyl or
substitute(Le hetero kéL ring, each Wis independently -NR8-, -0- or
-S at 5 SOy, dently sel ected from hydrogen, alkyl,

substit ut e al KyféotePsrdn aﬁfyﬂ st fhich Wi adfiikyl, @lﬁbsﬁﬁﬁécpzﬁ?ialk}&l a@ﬁ%d% and R8
i ndependent |y together w th the atons to which they are” bon ded form a

cycl ohvebstitged kyl; or substituted cycloheteroalkyl rlng 10p is an integer

fromone to . an R7 i.s d fr substituted
oyt "y RactERbisPdmendeng el e BRRTRT Gesn, A LN ERE Y by cnr bony
ar§|,sﬁﬂ@ﬁ&bdu@@dmﬁﬂym1mﬁﬁwh@ﬁky| and substituted arylal kyl; or a salt,
hydrate or solvate thereof. 15 3. The conmpound of any one of Claims 1 and 2,

wher ei n t hea®eR okdndsprrdandy neleeted Hom hsiregsnedkeld suhsamt%eéwl #kphi ne,

hydr o r t obem done, net hadone, nal oxone,
N-net%gﬁ%a ox%& aggg ?r%ﬁ%ﬁe B+nethy|naltrexone oxycodone, oxynor phone,

and pent anoit Rﬁlaﬂ@R 2fpether with4he ddrorconpidivin thegfareatsachetefonh alyaloaikyl, and 2,
wherein the ketone- contalnlng opioid is hydrocogdone,or oxycodone. 5.

A cor‘rﬁB’?ﬁﬁ’(ﬂ“tﬁql cyaty! aaerO{ rf;uébstltute@fgyl group,-or two R' or R* groups on adjacent carbon

10 atoms, together with the carbon atoms to which they are attached, form a cycloalkyl, substituted
cycloalkyl, aryl, or substituted aryl group;
n is an integer from 2 to 4;

R’ is hydrogen;
0O
4J\TNM¢\
R6 p R’

15 each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

4 .
R7i1s

substituted aryl, arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl, and substituted heteroarylalkyl, or optionally, R®and R’
together with the atoms to which they are bonded form a cycloheteroalkyl or substituted
cycloheteroalkyl ring;
20 each W is independently —NRS—, -O-or -S-;
each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl and
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;
p is an integer from one to 100; and
25 R’ is selected from hydrogen, alkyl, substituted alkyl, acyl, substituted acyl,
alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl, and substituted
arylalkyl;

or a salt, hydrate or solvate thereof.
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wherein: WO 2011/ 031350PCT/ US2010/ 031956 Ra is hydrogen or hydroxyl;
R5 is selected fromal kyl, substituted al kyl, arylal kyl, substituted

aryl al kylwoanylo3assd substituted aryl; each R pc3/useaepardent |y
sel ected from hydrogen, al kyl, substituted al kyl, aryl, 5substituted aryl,
acyl, and am noacyl ; each R2 is independently selected from hydrogen

al kyl, substituted al kyl, aryl, substituted aryl, acyl, and am noacyl; or

Rl and R2 together with t carb &gymhich they are attached forma
cycloalkylfisub§%F?ﬂP%ﬁmé€§@BBﬂ%gﬁ; yl, or substituted aryl group, or two
R or R2 groups on adjacent carbogHlOatons, together with the carbon atons
to which they are attached, forsia cycl oal kyl, substituted cycl oal kyl,

aryl, or substituted aryl group{ mpais an integer from2 to 4, R3 is
hydrogen; 0 R4 isR6 1lb5eac independently sel ected from hydrogen,

al kyl, substituted al kyl, stituted aryl, arylal kyl, substituted
aryl al kyl, heteroal kyl, su er'gutl kyl, heteroaryl, substituted
het eroaryl, heteroarylglcky 3 I d heteroaryl al kyl, or
optionally, R6 and R7 together with thel t@n§4to whi ch they are bonded form
a cycl oheteroal kyl or substituted cycloﬁeterBaIk@{C{Hﬂg; 20each Wis

i ndependently -NR8-, -0- or -S-; each R8 is independently sel ected
fron1hydrod@%?“%lkyl, substituted al kyl, aryl and substituted aryl, or
optional Iy rieagilirberdithyi®<yndependent |y together with the atoms to which
they are bogded forma Cycl Ohet eroal kyl or substituted cycl oheteroal kyl

ri Ag; p is Rans eleategbiromradml.oubstitoted 0tkyl, andalk BRFubistituter] agtalig/Lfarpmndy dr ogen,
al kyl , @¥gst%tu,ed al kyl , acyl, substituted acyl, al koxycarbonyl,

subst PPN &Y A RGxycar bonyl , aryl, substituted aryl, arylalkyl, and

substi t ut edagf R} RliKddpendently selected from hydrogen, alkyl, substituted alkyl, aryl,

substituted aryl, acyl, and aminoacy];
each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
10 substituted aryl, acyl, and aminoacyl;
or R' and R? together with the carbon to which they are attached form a cycloalkyl or
substituted cycloalkyl group, or two R' or R* groups on adjacent carbon atoms, together with the
carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl group;
n is an integer from 2 to 4;

15 R’ is hydrogen;
0O
4J\TNM¢\
RG p R7 .

each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

4 .
R7i1s

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

25  they are bonded form a cycloheteroalkyl or substituted cycloheteroalkyl ring;
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or a salt, hydrate or solvate thereof. W 2011/ 031350PCT/ US2010/ 031956 6. A
conpound of fornmula KG(1b): ,CH3 NR3 1 R4 (KCG(1b)) wherein: Rais
hydr ogen wo 2hydBo3sygl ; 5R5 is sel ected from al kyl, subst iPCutusdo1aloBike

aryl al kyl, substituted arylal kyl, aryl and substituted aryl; each R
i s independently selected from hydrogen, al kyl, substituted al kyl, aryl,
substituted aryl, acyl, and am noacyl; each R2 is independently

selected framh dr o al k ubstituted al kyl, aryl, 10substituted aryl,
acyl, and & Ad 9?romone%r1t)pd adhq R2 together with the carbon to which

they are atK@%@Q:técpﬂ’rGﬂﬁyﬁ%%lsQadlM'su@'étltﬁtéﬁsalléytl LHc?P' sesahR@l i, group, or two
Rl or R2 groups on adjacént carbon atons, together with the carbon atons to

whi ch aikeaycabenyhtsubghetdd afoxyeazbanytlaod Wbtlt@tedwﬁsanyta@it}écandwgbmmw| group;
nis an |1r11t1eger from2 to 4; 15R3 is hydrogen; O R7

5 or a salt, hydrate or solvate thereof.
7. The compound of any of Claims 5 and 6, where R* is hydrogen.

8. The compound of any of Claims 5 and 6, where R* is hydroxyl.

10
9. The compound of any one of Claims 1-8, where R’ is (1-6C)alkyl.
10. The compound of any one of Claims 1-8, wherein R’ is (1-4C)alkyl.
15 11. The compound of any one of Claims 1-8, wherein R’ is methyl or ethyl.
12. The compound of any one of Claims 1-8, wherein R’ is methyl.
13. The compound of any one of Claims 1-8, wherein R’ is an alkyl group substituted

20  with a carboxylic acid or carboxyl ester.

14. The compound of any one of Claims 1-8, wherein R’ is —(CH»),-COOH, -(CH3),-
COOCHs;, or —(CH,),-COOCH,CHs;, wherein n is a number from one to 10.

25 15. The compound of any one of Claims 1-8, wherein R’ is an arylalkyl group

substituted with a carboxylic acid or carboxyl ester.

16. The compound of any one of Claims 1-8, wherein R is —(CH;)4(CsH4)-COOH,
-(CH3)(CsH4)-COOCH3, or -(CH»)q(CsH4)-COOCH,CH3, where q is an integer from one to 10.
30

17. The compound of any one of Claims 1-8, wherein R’ is aryl.
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P/ R4 is R6 each R6 is independently selected from hydrogen,

al kyl, substituted al kyl, aryl, substituted aryl, arylalkyl, substituted
aryl al kylwonhetieBo#bkyl , substituted heteroal kyl, heter o2Cylus2alo3tose ut ed
het eroaryl, heteroarylal kyl, and substituted heteroaryl al kyl, or
optionally, R6 and R7 20 together with the atons to which they are bonded
forma cycl oheteroal kyl or substituted cycloheteroal kyl ring; each Wis

i ndependently -NR8-, -0- or -S-; each R8 is independently sel ected
from hydrogen, alkyl, substituted alkyl, aryl and substituted aryl, or
optional | y,jgeachrR@oapduitBol HYeRedEEMimY 1tDRReR RMid hibidigeala@T® to which
25t hey are bonded form a cycl oheteroal kyl or substituted cycl cheteroal kyl
ring;, WO 2011/ 031350PCT/ US2010/ 031956 p is an integer fromone to 100; and
R7 is sel ect,ed fr,am hydroge al k substiytuted akkyl , acyl., substituted
Ryl - a kodyear BORTPISHRER iy Rag oL CeBlty et b Ros  Saope fREM) P
ar gl alvklyﬂac@n@(ysiuasididr@bmxﬂrag{eal kyl; 5or a salt, hydrate or solvate

t her eof . 7. The conpound of any of Clains 5 and 6, where Ra is
hydr ogen. 8. The compound of any of Clainms 5 and 6, where Ra is

2 T80 ey . The compoutt ol RTPENRS Te AR B E I TOOE £rhSe O
wher eiGOGEH; sor(-(CAL)-aI0QCH, 11, The conpound of any one of Cainms 1-8,

wherein R5 is nethyl or ethyl. 12. The conmpound of any one of C ains
1-8, wherein R5 is nethyl.
10 21. The compound of any one of Claims 1-8, wherein R' and R* are hydrogen.
22. The compound of any one of Claims 1-8, wherein R' and R* which are on the

same carbon are alkyl.

15 23. The compound of any one of Claims 1-8, wherein R' and R* which are on the

same carbon form a spirocycle.

24. The compound of any one of Claims 1-8, wherein R' and R* which are on the
same carbon are methyl.
20
25. The compound of any one of Claims 1-8, wherein R' and R' which are vicinal are

both alkyl and R* and R* which are vicinal are both hydrogen.

26. The compound of any one of Claims 1-8, wherein R' and R' which are vicinal are

25  both methyl and R* and R* which are vicinal are both hydrogen.

27. The compound of any one of Claims 1-8, wherein R' or R can modulate a rate of

intramolecular cyclization.

30 28. The compound of any one of Claims 1-8, wherein R' or R* comprise an electron-

withdrawing group or an electron-donating group.
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13. The compound of any one of Clains 1-8, wherein R5 is an al kyl group
substituted 20with a carboxylic acid or carboxyl ester. 14. The
conpound wb 2aryo3e3se of Clains 1-8, wherein R5 is - (CH2) PCTMDSE)10/031956

- (CH2) nCOOCH3, or -(CH2)n-COOCH2CH3, wherein n is a nunber fromone to 10.
2515. The conpound of any one of Clains 1-8, wherein R5 is an aryl al kyl
group substituted with a carboxylic acid or carboxyl ester. 16. The
conpound of any one of Clains 1-8, wherein R5 is -(CH2)qg(C6H4) - COOH,
-(CH2) q( C6H4) - COOCH3, or -(CH2)q(CoH4) - COOCH2CH3, where g is an integer

fromone t2910. 188 compoundldf an|e 6P IPAMRY -DfwRAN Q[F(R@IFR@] i Rlckd froMaer ei n
R5 is aryl. WD 2011/031350PCT/ US2010/ 031956 8 he corrpound of any

one of C@(@Hm@@(@%ﬁheﬁﬂﬁ@%)@ﬂ(@@ﬁﬁm€H(@&)@H9¢F3)IQCHIGH(%Mound of any

car boty i G ETRT I 2R JoR B AT TP IR R

d gi rrscHz@H(@d@wzh R@HZSH(C@'@H) C@ﬁdCHZF@ﬂ@H(Cm% or

(CGRQS COOCH2CH3. 1021. The conpound one of Clains 1-8, wherein R
and IéﬁCé{E@@Hz@éﬁCHFz? ThE (o gﬂd(@is)-a He o (H (G hi 1 LB CH R -1 RI
and 260 und of any one
of CI%MHL:& @b\%ﬁgjr}e] n é@@})ﬁmﬁ ﬁ%drg%be%ﬁ@§k% ?r %@g forma Y

spi rocgzenz@HZQH(cr(lmoeDnmwmthdfoaw Rﬁ%an@R”caaa]n nmeﬁerﬂpnwmpmsantahymgeﬁz
which are on the sang carhon are neth The conpound of any

one ofor &-8fmikyl. and I%\Iné?%Rn egfh %‘Hﬂpqi?ﬂe‘%}ﬁ @Hreé‘?l“és (A @?ﬁg‘{ylar e both al kyl and

sz‘oand R2 which are vicinal are both hydrogen. 26. The conpound
of any one of Clains 1-8, wherein Rl and Rl which are vicinal are 25 both
methyl and 382 arftheRemphinthofame oneof Gimar 8, ldteteimyulr offehand R” is aminoacyl,

31. The compound of any one of Claims 1-8, wherein one of R' and R* is
-C(O)NR'®R'® wherein each R'* and R'® is independently selected from hydrogen, alkyl,
15 substituted alkyl, and acyl.

32. The compound of any one of Claims 1-8, wherein one of R' and R* is

-C(O)NR'®R'® wherein R'® is an alkyl and R'®" is substituted alkyl.

20 33. The compound of any one of Claims 1-8, wherein one of R' and R* is
-C(O)NR'®R'® wherein R'® is alkyl and R'® is alkyl substituted with a carboxylic acid or

carboxyl ester.
34. The compound of any one of Claims 1-8, wherein one of R' and R* is

25  -C(O)NR'™R!® wherein R'® is methyl and R'® is alkyl substituted with a carboxylic acid or

carboxyl ester.
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27. The compound of any one of Clains 1-8, wherein R or R2 can nodul ate a
rate of intranolecular cyclization. 3028. The conpound of any one of C ains
1-8, wherwOnroRI030350R2 conprise an el ectron- w t hdrawi ngPGTAlspo10/03 86

el ectron-donati ng group. WO 2011/ 031350PCT/ US2010/ 031956 29. The conpound of

any one of Claims 1-8, wherein -[C(R1)(R2)].- is sel ected from
CH( CH2F) CH( CH2F) - -CH(CHF2) CH( CHF2) -; - CH(CF3) CH(CF3) -CH2CH(CF3) -; -
CH2CH( CHF2)

CHZF CH2CH(F).CH2-, - CH2
-CI—IZCI—I(C(O)3I§IR20%1f)C° pgun 2"@4(0@685 &%@‘)ﬁ;‘g %fc%%)ndR is
- CH( CH2E) CH Rye; - CH(CHF2) CH2CH( CHF2) - -CH( CF3) CH2CH( CF3) - ;
-mzm@ﬁ NCHZCHZCH(CHFZ) - CHZCHZCH(CHZF)-; - CH2CH2CH( C( 0)
NR23R2 &% C(0) OR25)-; and CH2CH2CH(C(0)OH)-, in which R20, R21,
R22 and 31 each |ndep ndent | epresent s _hydr 1-6C) al and R24
and R25 each i ndependefs Eir‘f/mreéé}gséﬁf@e??d%@g%?eg%l?edﬁﬁn%@dm#ﬁ% @é’rlr’pound of
any ORgbgftuted AkYE ald &;ylmgqémmﬁ ophubRlinagtalkdd. i s am noacyl . 31. The

conpound of any one of Cains 1- wherein one of RL and R2 is
C(0) NR10aR1013, wherein each Iea and lel’ is i ndependently selected from

of S g 25 VREREHROHIL YD e BB Kt Reac AeR G RG, &1 o R <

an al kylO and eb is substituted al kyl . 2033.The conmpound of any one of
c ai rrs,%ilxﬁl,/\m?er ein one of RL and R2 is C(0)NR10aR1013, wherein Rm is
al kyl and|eb s alkyl substituted with a carboxylic acid or carboxyl ester.

34. The co bewﬁé?éanq@@lscgfdegealfm AoBog8IkSH, @upsrﬁauéﬁ alRY, 8fad§2 iS
25- C(O)NRlOaRlOlS wherein RiCa s nmet h % and’eb is alkyl substituted with

a carboxylic acid or carboxyl ester V\D 2011/ 031350PCT/ USZOlO/ 031956
35. The con‘%gund "I%fe c%m)f)ouncFofo(Elalcrjngb whereln’RM’{Psezirc% n one of R and R2 is

10 38. The compound of any one of Claims 1-8, wherein one of R' and R* is

“LLLJ\NWN R10
R10

and b is a number from one to 5.

: wherein each R is independently hydrogen, alkyl, substituted alkyl, or acyl

39. The compound of any one of Claims 1-8, wherein one of R' and R* is

PN oH
N
15 R™ O . wherein R'° is independently hydrogen, alkyl, substituted alkyl, or acyl and b is

a number from one to 5.
40. The compound of any one of Claims 1-8, wherein two R' or R* groups on
adjacent carbon atoms, together with the carbon atoms to which they are attached, can form an

20  aryl or substituted aryl group.

41. The compound of any one of Claims 1-8, wherein n is 2 or 3.
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01 iRoO V-I--.NNR1O 11111 ; wherein each R is independently sel ected
from hydrogen, al kyl, substituted al kyl, and acyl, and R' is al kyl or

subst i t utwo 2a11k0h350536. The conpound of any one of C ai MPCIAB20MI081986 N One
of R and R2 is O AILN N R10; ; wherein R is selected from hydrogen,

al kyl, substituted al kyl, and acyl. 37. The conpound of C aim 36, wherein
R is acyl. 10 38. The conpound of any one of Claims 1-8, wherei n one of

Rl and R ig Ro N -Rioci er ei n.ea | nd endentI%HF%h]reo

Kyl subsPt tutieH camegmd e of Chiits g herdh Rnmer ng 39

The copRadRdeafrdd¥afRE, LfinfdedhdFirabi, adphRicelcl, eRReiRE, o cid)glutdning,
glutamic acid, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine,
threonine, tryptophan, tyrosine and valine, or a residue of an N-acyl derivative of any of said

5  amino acids; or a residue of a peptide composed of at least two L-amino acid residues selected

independently from alanine, arginine, asparagine, aspartic acid, cysteine, glycine, glutamine,
glutamic acid, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine,

threonine, tryptophan, tyrosine and valine or a residue of an N-acyl derivative thereof.

10 43. The compound of Claim 42, wherein the N-acyl derivative is an acetyl, benzoyl,

malonyl, piperonyl or succinyl derivative.

44, The compound of any one of Claims 1-8, wherein R” is a residue of L-arginine or
L-lysine, or a residue of an N-acyl derivative of L-arginine or L-lysine.
15
45. The compound of any one of Claims 1-8, wherein R® is a side chain of an amino

acid.

46. The compound of any one of Claims 1-8, wherein RC is

20 -CHQCHQCHQNH(C:NH)NHQ or -CHQCHQCHQCHQNHQ .

47. The compound of any one of Claims 1-8, wherein W is -NR®-, and R® is hydrogen

or alkyl.

25 48. The compound of any one of Claims 1-8, wherein R is selected from hydrogen
and acyl.

49. The compound of any one of Claims 1-8, wherein R is selected from hydrogen,

acetyl, benzoyl, malonyl, piperonyl and succinyl.

30
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11b 15R1(,) O ; wherein R is independently hydrogen, alkyl, substituted

al kyl, or acyl and b is a nunber fromone to 5. 40. The conpound
of any orwoab11@3aisns 1-8, wherein two Rl or R2 groups omcCadjSaciens19sar bon
atons, together with the carbon atons to which they are attached, can form
an 20aryl or substituted aryl group. 41. The conpound of any one
of Clainms 1-8, wherein nis 2 or 3. WD 2011/ 031350PCT/ US2010/ 031956 42. The

conmpound of__any one of C ai 1- 8, erein R4 is resj due af an L-am no
aci d sel ectdd frShCqMEAY ?H%Wémﬁpﬁgﬂﬂg§ﬁg¥§gpﬁ%?eggbikﬁﬁj{dﬁp TOgYsei ne,
gl yci Rfeyl:Hn R, Redro@dié @y c acid, histidine, isoleucine, leucine, |ysine,
nmet hi oni'ne, phenyl al ani ne, "proline, serine, threonine, tryptophan, tyrosine
and valine, or a residue of an N-acyl derivative of any of said 5am no
acids; or resi-due of a peptide c osed pof .at .l east t Lz am ng . aghd

esi dues. salecr At cadeadilhin e PETRIRS S artlon P i MG bupTsRedSo.
aspartic acid, cysteine, glycine, glutamne, glutam c acid, histidine,

i sol euci ne, |eucine, |ysine, nethionine, phenylal anine, proline, serine,

t hr eoni ne, &r yptloptrapoundyf fainea KRdIYl i ne or a residue of an N-acyl

derivative thereof. 1043.The c of Claim42, wherein the N-acyl
derivative is an acetyl, benzoyl, | ony), piperonyl or succinyl
derivative. 44.4 i X7 TR und of any one of Cainms 1-8,

gherein_R s a residue of L-arginﬁﬁe oﬁ4Lf&ﬁékﬂ$a or a residue of an N-acyl
erivative of L-arginine or L-lysine. 15 5. The compound of any one
of dains Iyreivherein R6 !s a side chain of an am no aci d. 46. The
g?@&lﬂg &g]é_&%%/@%&g a?ésic%jleablf ?ke%&n%lcom?r{ir?é (r)]pigiGd, Iw?lerze(i)n {h%?yc%gégj z%t'(\)lrtll( oc%:t}'}lflz_i) N2
10 corresponding enolic group of the ketone is replaced by a covalent bond to -C(0)-NR’-
(C(RH(R?)-NR'R;
R is selected from (1-6C)alkyl, (1-6C) substituted alkyl, (CH;)q(CsH4)-COOH, —
(CH,)(CeH4)-COOCH3, and -(CH,)4(CsH,)-COOCH,CH3, where q is an integer from one to 10;
each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
15  substituted aryl, acyl, and aminoacyl;
each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
or R' and R? together with the carbon to which they are attached form a cycloalkyl or
substituted cycloalkyl group, or two R' or R* groups on adjacent carbon atoms, together with the
20  carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl group;
nis?2or3;
R’ is hydrogen;
R* is a residue of an L-amino acid selected from alanine, arginine, asparagine, aspartic
acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
25  methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine, or a
residue of an N-acyl derivative of any of said amino acids; or a residue of a peptide composed of

at least two L-amino acid residues selected independently from alanine, arginine, asparagine,

aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
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47. The conpound of any one of Clainms 1-8, wherein Wis -NR8-, and R8 is
hydr ogen or al kyl. 2548. The conpound of any one of Clains 1-8, wherein R7
i s sel ectwo 2br1icnsu3sydr ogen and acyl. 49.7 i Po@/usonmposryde of any
one of Clains 1-8, wherein R s selected from hydrogen, acetyl, benzoyl,

mal onyl , piperonyl and succinyl. 30 WO 2011/ 031350PCT/ US2010/ 031956 50. 88 i
The conpound of any one of d ai m; 1 8 wherein Wis -NR -; R s hydrogen or

aI kyl ; d R7 i The co ound of an ne of C.ains
'8 maPEnl prea RRRRS Biolhe AKie. gREonat Go Pamngs bRt Re ARU TSR SEiA o
KC—(I\&an@q Rl BrivetivEhdNNrll RSRA (KG(1V)) wherein: X represents

a residue of "a ketone-containing opioid, wherein the hydrogen atom of the
10 correspondisaly hyduité er sphatpthefeof.he ketone is repl aced by a coval ent bond
to -C(0)-NR5- (C(R1)(R2))"-NR3R4; R5 is selected from (1-6C)al kyl, (1-6C)
substituted al kyl, -(CH2)qg(C6H4)-COCH, - (CH2)qg(C6H4)- COOCH3, and
-(Q%Z)q(%%)-mﬁﬁaﬁddﬁ@@ﬁﬁﬂgKts(mn integer fromone to 10; each R is
i ndependently sel ected from hydrog&r'l, al kyl, substituted al kyl, aryl,

KC-(II)
wherein:
R*is hydrogen or hydroxyl;
R’ is selected from (1I-6C)alkyl, (1-6C) substituted alkyl, -(CH,)q(CsH4)-COOH, —

10 (CH»)4(CeHy)-COOCHs, and -(CH,)q(CsH4)-COOCH,CH3, where q is an integer from one to 10;

each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];

each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];

15 or R' and R? together with the carbon to which they are attached form a cycloalkyl and
substituted cycloalkyl group, or two R' or R* groups on adjacent carbon atoms, together with the
carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl group;

nis?2or3;
R’ is hydrogen;

20 R* is a residue of an L-amino acid selected from alanine, arginine, asparagine, aspartic
acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine, or a
residue of an N-acyl derivative of any of said amino acids; or a residue of a peptide composed of
at least two L-amino acid residues selected independently from alanine, arginine, asparagine,

25  aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
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15substituted aryl, acyl, and am noacyl; each R2 is independently

sel ected from hydrogen, alkyl, substituted al kyl, aryl, substituted aryl,
acyl, andverrongee3sh; or R and R2 together with the carlpom/useomiod®se t hey
are attached forma cycl oal kyl or substituted cycloal kyl group, or two R

or R2 groups on adjacent carbon atons, together with the 20 carbon atons to
whi ch they are attached, forma cycloalkyl or substituted cycloal kyl group;
nis due of. an ;gnlno aC'ﬁhe

|S a res
sel ectr%edﬁlppwﬁﬁaeaw.aﬁémeaﬁr@ﬂﬂ? serine, G5 aoniBe hrypEapbs Ty Dind Apdy A et

gl yci Rgan §-My2abeuivektée@r ¢ acid, histidine, isoleucine, leucine, l|ysine,
25met hi oni ne,” phenyl al ani ne, prollne serine, threonine, tryptophan,

tyrosine ared avalkihydratoer wlvassihdeef.of an N-acyl derivative of any of said
am no acids; or a residue of a peptide conposed of at |east two L-am no
acid residues selected independently from al ani ne, arginine, asparagine,

aspartic aaud, st@ﬁp@ﬁmxgkmﬁhmchqutanlne glutam c acid, histidine,
i sol euci ne, |eucine, |ysine, MD 2011/031350PCT/U82010/031956 nmet hi oni ne,

phenyl al ani ne, proline, serlne r8oni ne, tryptophan, tyrosine and valine
or a residue of an N-acyl den( Q%EE B?eof or a salt, hydrate or solvate
t hereof. 553. A conpound of formul -l II CH3 N R3 1 R4 KC(I11)
wherein: Ra is hydrogen or hydroxyl; B |éK§dﬁ@bted from (1-6C)al kyl,
(1-60 sub%%%&gﬁgd al kyl, -(CH2)q(C6H4) - COOH, -
X represents a residue of a ketone-containing opioid, wherein the hydrogen atom of the
corresponding enolic group of the ketone is replaced by a covalent bond to -C(O)-NR’-
10 (CRHR?)-NRRY;
R’ is selected from alkyl, substituted alkyl, arylalkyl, substituted arylalkyl, aryl and
substituted aryl;
each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
15 each R? is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
or R' and R? together with the carbon to which they are attached form a cycloalkyl,
substituted cycloalkyl, aryl, or substituted aryl group, or two R' or R* groups on adjacent carbon
atoms, together with the carbon atoms to which they are attached, form a cycloalkyl, substituted
20  cycloalkyl, aryl, or substituted aryl group;
n is an integer from 2 to 4;
R’ is hydrogen;
R* is a trypsin-cleavable moiety;
or a salt, hydrate or solvate thereof.
25
55. The compound of Claim 54, wherein ketone-containing opioid is selected from
acetylmorphine, hydrocodone, hydromorphone, ketobemidone, methadone, naloxone, N-

methylnaloxone, naltrexone, N-methylnaltrexone, oxycodone, oxymorphone, and

pentamorphine.
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10 (CH2) g(C6H4) - COOCH3, and - (CH2) q( C6H4) - COOCH2CH3, where g is an integer
fromone to 10; each R is independently selected from hydrogen, alkyl,
substi t utwo 2altkogh3soaryl , substituted aryl, acyl, and anPooasgé1p/031956 each
R2 is independently selected from hydrogen, al kyl, substituted al kyl, aryl,
substituted aryl, acyl, and am noacyl; 15or R and R2 together with the
carbon to which they are attached forma cycl oal kyl and substituted

cycl oal kyl group, or two Rl or R2 groups on adjacent carbon atomns, together
with the carbon atons to which they are attached, forma cycl oal kyl or
substi t ut edgCy ClaRlckipoBiPHIC1aln 58, wh@EinIne BRohScin4lhiRg SPioid fydlctodone
residue of an L-am no acid selected from al ani ne, argini ne, asparagi ne,
aspar tor oxgesiddne.cyst ei ne, glycine, glutanmne, glutamc acid, histidine,

i sol euci ne, |eucine, lysine, nethionine, phenylal anine, proline, serine,

t hreoni ne, tryptophan, tyrosine and valine, or a residue of an N acyl

desi vative 50f amhe@bmpaitt &G 1AM 3¢ Wiksrei@R*ds k@sdteiRo@flyandenti S cpimrgsed
of at least two L-amino acid residues sel ected independently from al ani ne,
ar gi niapgning §pish ag Lrasgingsadieatalysineg Bpgoargipdnce ppdorngihine; Hainigg Mimigsne,

gl ut ani . IR ! cine. o . '
S011/ 0BG e BB 6l gD BR R ainG FHE AR ind U MEn slR forinsange ;e
t hr eomhdigholitdsy, Ay Oph@imict yiyisé h@nalogduasalyisine tainhcaed, asd HuymeatittavarNnacy!
derivative thereof; or a salt, hydrate or solvate thereof. 554. A conpound
of f orfiflagoketateyftor sppcgonetalplitdy) RER4 (KC-(V)) wher ei n: X represents
ajpesi due of a ketone-containing opioid, wherein the hydrogen atom of the
correspondi ng enolic group of the ketone is replaced by a coval ent bond to
- C(0) - NR5- 580( C(ARi9ripRinyl"of NRIRUpwing formis: i s sel ected from al kyl
substituted al kyl, aryl al kyl, subﬁﬁgtuted aryl al kyl, aryl and substituted
aryl ; N

H

o) H
59.
H
N
\ O y O
Hec-0 0" oJJ\N/\/N\nﬂ'NJ\
' H
CHj O
15 60. A compound of the following formula:
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each R is independently selected from hydrogen, alkyl, substituted al kyl,
aryl, substituted aryl, acyl, and am noacyl; 15each R2 is independently
sel ect ed woemingdisogen, al kyl, substituted al kyl, aryl, peuhstomos®ds ar yl ,
acyl, and am noacyl ; or R and R2 together with the carbon to which
they are attached forma cycl oal kyl, substituted cycl oal kyl, aryl, or
substituted aryl group, or two R or R2 groups on adjacent carbon atons,
together with the carbgﬂ atons to which they are attached, forma
cycloal kyl, substitutg ?Ocycloalkyl aryl, or substituted aryl group; nis
an integer from2 tgH; R3 is hydrogen R4 is a trypsin-cleavabl e noiety;
61 vate thereof. 25 55. The conpound of C ai m 54,

aq Aing opioid is selected from acetyl nor phi ne,
hydr ocodone, h ' {ﬂgke, &ﬁiobe i done, net hadone, nal oxone,
Nrret hyl nal oxone | ndl t rexone, oxycodone, oxynorphone,

it e
and pent andidatne. o 25&5%%@235@ BH1956 56. The conpound of

Cl aim 54, wherein the ket oRe-contlinijng Qpi @ d i s hydrocodone or oxycodone.
557. The conpound of C ai m 54, reih R4 is selected fromlysine (such as
L-1ysine), arginine (such as L-ajgihine), honolysine, honparginine, and
ornithine, arginine mmcs, a8 niNie hormol ogues, arginine truncates,
arglnlne wi th varying oxi dation sttt es (for instance, netabolites), |ysine

m m cs, ne honol ogu hne. tr and lysine with varying
OX|dat|on 3%ate§\ @BPgFﬁ§#QH%§I g&ﬁ ﬁ?es) 10 58. A conpound of the
fol |l ow ng fornula 59. cA, conpoundolef the follow ng formula: ,CH3 1560. A
conmpound of the fol Low ng fornul

o H
H3C—O 0) O\n/ N~ N N \ﬂ/
H
O O
NH
HNT N
62. A compound of the following formula:
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WO 2011/ 031350PCT/ US2010/ 031956 63. A conmpound of the follow ng fornula:
64. A conposition conprising 5a conpound of any of Clains 1-63; and a
phar macewOcallog1mecept abl e carrier. 65. A conpositi onPCOMSLI19I0BYS@
trypsin inhibitor; 10a conpound of any of Clainms 1-63; and a

pharmaceutically acceptable carrier. 66. The conposition of C aim 65,
wherein the trypsi n inhibitor is derived from soybean. 15 67. The
conpositio ai m 65, er nthetr sin inhibitor is an arginine mmc
or a lysi ngB compound ot f%18‘8’mg‘lfﬂ€n‘glg'rrposi tion of Claim67, wherein the
arginine mmc or lysigesmimc i.s a 20 synthetic conpound. 69. A
phar maceuti cal conpgsition corrpp SI ng a ketone-nodified opioid prodrug that
provi des enzymati ca|lypgont rol I Or el ease of a ketone-containing opioid,

and an enzyne i V\D 20 031350PCT/ US2010/ 031956 that interacts
with the enzy

@ R he enzymatically-controll ed rel ease of
t he ketone-cont § oi ct:l-ﬁsr mtd)‘le rodrug so as to attenuate enzymatic
cl eavage ofyjche prorug e} t hod for reducing drug abuse

pot enti al of a conposi ti on\n/con ai |n etone- 5 nodified opioid prodrug,

t he nethod conprising: comini ng a C rrpo@nd of any one of Clainms 1-63 with
a trypsin inhibitor, wherein theNItIr psin inhibitor reduces the ability of a
user to rel ease the ketone- m)dlf e opioid fromthe ketone-nodified opioid
prodrug by addition of trypS| 71. A nethod of treating pain in a
patient in need of treatnent, whi th conprises 10 adm nistering an effective
anmount of a conpound or phar rraceutl cal conposition of any of Cainms 1-68.
72. A nmethod of preventing pain in a patient in need of treatnent, which
conpri ses &dni nlAsﬁ%fflP‘?ﬁgtloélrFO@?Hf@&gi ve amount of a conpound or phar maceut i cal

cogpositio 1-8 73. A nethod for preparing a
coggound 09 %}n&)ﬁﬁ%{%B{ t"rjio lﬁ%dl corrpr| si ng: Prep ?

a pharmaceutically acceptable carrier.

65. A composition comprising
a trypsin inhibitor;
10 a compound of any of Claims 1-63; and

a pharmaceutically acceptable carrier.

66. The composition of Claim 65, wherein the trypsin inhibitor is derived from
soybean.
15
67. The composition of Claim 65, wherein the trypsin inhibitor is an arginine mimic

or a lysine mimic.

68. The composition of Claim 67, wherein the arginine mimic or lysine mimic is a

20  synthetic compound.

69. A pharmaceutical composition comprising a ketone-modified opioid prodrug that

provides enzymatically-controlled release of a ketone-containing opioid, and an enzyme inhibitor
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contacting a conpound of formula: 0O RL R2 NMXn NH2 | R5with a conmpound of
formul a 200pioid. 74. A nmethod for preparing a conpound of Caimb5, the
nmet hod cowpr2osi/esgiso WO 2011/ 031350PCT/ US2010/ 031956 wi PhTAISCc@ooa1e of
formula H3C-0CK 0, wherein PG and P& are am no protecting groups.

75. A conposition conprising: 5a ketone-nodified opioid prodrug conprising
a ket one-containing opioid covalently bound to a pronoiety conprising a

trypsin-cl eavabl. iety, rein.cleavage of.  the tr i.ncl eavahl e noi ety
oy ©r S SrE RS B8 cPairina R ew D shemaisel hoa TBEOFaE SO a L rypai n
i nhi b'k%ﬂ)rnelceﬁ‘ttairﬁ;[% Spistforkie prbfi@g kb YRR Achhab cABMALRFavage of the prodrug.
enzymatically-controlled rel ease of the ketone-containing opioid fromthe
ket one-nodi fi ed opioid prodrug follow ng
70. A method for reducing drug abuse potential of a composition containing a ketone-
5  modified opioid prodrug, the method comprising: combining a compound of any one of Claims

1-63 with a trypsin inhibitor, wherein the trypsin inhibitor reduces the ability of a user to release

the ketone-modified opioid from the ketone-modified opioid prodrug by addition of trypsin.

71. A method of treating pain in a patient in need of treatment, which comprises

10 administering an effective amount of a compound or pharmaceutical composition of any of

Claims 1-68.

72. A method of preventing pain in a patient in need of treatment, which comprises

administering an effective amount of a compound or pharmaceutical composition of any of

15 Claims 1-68.

73. A method for preparing a compound of Claim 1, the method comprising:

O R'R?

P

X" N7 ThSNH,

contacting a compound of formula: R® with a compound of formula
0

H—PGS
o

6 . 3. . . . . ..
R , wherein PG™ is an amino protecting group, wherein X is a ketone-containing

20  opioid.

74. A method for preparing a compound of Claim 5, the method comprising:
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10i ngestion of the conposition. 76. A dose unit conprising the conposition
of claim?75, wherein t he ketone-nodified opioid prodrug and trypsin
i nhi bi t orwanelpEessent in the dose unit in an anount eff @CTivs0WO3IPSOVI de
for a pre-sel ected pharnmacokinetic (PK) profile foll ow ng ingestion. 15
77. The dose unit of claim76, wherein the pre-selected PK profile
conprises at | east one PK paraneter value that is |less than the PK
parameter val ue of ketone-containing opioid,rel eased follow ng ingestion of
an equi val ent dosage of ketone- nDdifif%L 0|d prodrug in the absence of
i nhibitor. 20 78. The dose unig nRG? wherei n the PK paraneter
value is selected froma ketone-contai niya Bg opid Cmax val ue

and

ket one- contﬁﬂﬁ%ﬁ@géﬁpaﬂﬁu@%ﬁﬁ@ﬁﬁémvaIue (1W“ké€6%@0@%hﬁépﬂﬁﬁ@ opi oi d

Trax) value. WO 2¢11/031350PCT/ US2010/ 031956 79. The dose unit of
claim 76, wherptii the dose unit provides for a pre-selected PK profile
fol |l ow ng |nge.t|og of at least two dose units. 80. The dose unit of

claim 79, wherfigtthe pre-selected PK profile is nmodified relative 5to the

PK profil e/f¢ g i ngestion of an equival ent dosage of ketone-nodified
opi oid prd he absence of i nhibitor. 81. The dose unit of
claim?79, mwhe e dose unit provides that ingestion of an increasing
nunbertsbrCt he §ose Eniwtherain BGH dedPGOnreantinm pentecBKe prafps) e. 10 82. The

dose unit of claim79, wherein the dose unit provides that ingestion of an
i ncreasi ng nunber of the dose units provides for a nonlinear PK profile.

83. The conposi tA @smpdsitdrBdompiRingherein the PK paranmeter value is selected
from a 15ket one-contai ni ng op|0|§ Cmax value, a (1/ ketone-containing

opﬁol d Trex)ketaletneodifiediopiokigirodimg commnamgladfgtompicohtairén@mmd@ovdbméy

. A t t abl

Cont atRERDRE boReist? FRBRTHEFE taminclseyals By DAGh R SR IS sibs e uni ¢
CONP ickdalghlé h@l&pﬁp@@Fﬁlh Pk dRtesGbRh$B ofthdlk&pRs eshtmhinBiopiditangont ai ner .

85. The conposition of claim?75, wherein the CO%EOSItIOH is a dose unit

havi ng a t@ttmpswen@httoma&m@mqs wiitle thsgrasinttbatamesiaipsenzysglcatecangrpesi t i on
of cl "%‘élg}tse of tﬂgqgertoeﬂe—cotnpa?mﬁg %’%?d %r!n%r%hé" Eesto&—ﬁl%mﬂea%%io%bl%la%ugoffollowing

10 ingestion of the composition.

76. A dose unit comprising the composition of claim 75, wherein
the ketone-modified opioid prodrug and trypsin inhibitor are present in the dose unit in an

amount effective to provide for a pre-selected pharmacokinetic (PK) profile following ingestion.

15
7. The dose unit of claim 76, wherein the pre-selected PK profile comprises at least
one PK parameter value that is less than the PK parameter value of ketone-containing opioid
released following ingestion of an equivalent dosage of ketone-modified opioid prodrug in the
absence of inhibitor.
20

78. The dose unit of claim 77, wherein the PK parameter value is selected from a
ketone-containing opioid Cmax value, a ketone-containing opioid exposure value, and a (1/

ketone-containing opioid Tmax) value.
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ket one-nodi fied opioid prodrug and tryp sin inhibitor of fromO0.1%to 99%
per gram of the conposition. 87. The pharnaceutical conposition of any of

cl ai rs 75wB8@p1vi3essei n t he ket one- 30 nodified opioid predrag2618/0a19s©nmpound
of formula KC-(la): WD 2011/031350PCT/ US2010/ 031956 wherein: Ra is

hydr ogen or hydroxyl; R5 is selected fromal kyl, substituted

al kyl, arylal kyl, substituted arylal kyl, aryl and 5substituted aryl;

each R is _jndependently sgl ect from hydrogen, al kyl, substitut | kyl,
oyl SubstPtut Agesopt il RSRLES e eylore aht pdviis bt seie ot Bndent | y

sel ectypskilt FOABWINE I RG&Tbn Gk Wast (kRS hMied al kyl, aryl, substituted aryl,
acyl, and am noacyl; 10or R and R2 together with the carbon to which they

are attached forma cycl oal kyl, substituted cycloal kyl, aryl, or

subst|ut syl upy o0 . B o 2,000, 50 flakont.cauhen SLACE
cys! oab kel RK prilFaé idilebvaih %@dtféﬂbﬂ(h eqitMbnt dokageBISbiohbinesHiBEdbpiSdQuedrug | S

an integer from2 to 4, R3 is hydrogen; o R7 P
in the absence of inhibitor.

81. The dose unit of claim 79, wherein the dose unit provides that ingestion of an
increasing number of the dose units provides for a linear PK profile.

10
82. The dose unit of claim 79, wherein the dose unit provides that ingestion of an

increasing number of the dose units provides for a nonlinear PK profile.

83. The composition of claim 79, wherein the PK parameter value is selected from a
15  ketone-containing opioid Cmax value, a (1/ ketone-containing opioid Tmax) value, and a ketone-

containing opioid exposure value.

84. A composition comprising:
a container suitable for containing a composition for administration to a patient; and

20 a dose unit comprising the composition of claim 76 disposed within the container.

85. The composition of claim 75, wherein the composition is a dose unit having a

total weight of from 1 microgram to 2 grams.
25 86. The composition of claim 75, wherein the composition has a combined weight of
ketone-modified opioid prodrug and trypsin inhibitor of from 0.1% to 99% per gram of the

composition.

87. The pharmaceutical composition of any of claims 75-86, wherein the ketone-

30  modified opioid prodrug is a compound of formula KC-(Ia):
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R4 is R6 each R6 is independently selected from hydrogen, alkyl,
substituted al kyl, aryl, substituted aryl, arylal kyl, substituted

aryl al kylwonhetieBo#bkyl , substituted heteroal kyl, heter o2Cylus2alo3tose ut ed
het eroaryl, heteroarylal kyl, and substituted heteroaryl al kyl, or
optionally, R6 and R7 20 together with the atons to which they are bonded
forma cycl oheteroal kyl or substituted cycloheteroal kyl ring; each Wis

i ndependently -NR8-, -0- or -S-; each R8 is independently sel ected
from hydrogen, al kyl, subst it ut ed @fﬁfl aryl and substituted aryl, or
optionally, each R6 and R8 i ndepe ;ently together with the atons to which
25t hey are bonded form a cycloh Al Kyl or substituted cycl oheteroal kyl
ring; WO 2011/031350PCT/ US20 pis an integer fromone to 100; and
R7 is selected from hydrogen, :ub§thhﬁted al kyl, acyl, substituted
acyl, al koxycarbonyl, substi tut ed al'kexyar yIRsaryI substituted aryl,
arylalkyl and substltutéﬁcd?ylaJle %orI hydrate or solvate
thereof. 88.The phar maceuti cal conp05|t|omfof aﬁy Q%» %ans 75-86, wherein
t he ketone- nodified opioid prodrug is a conpound 0O rmul a KC-(1b): , CH3
10wher ei n: vR&réis: hydr ogen or hydroxyl ; R5 is selected from al kyl,
substitute aalﬁ%k, ar Ialgyl. substituted arylal kyl, aryl and substituted
aryl ; A Xiyhdependently sel ected from hydrogen, aIkyI
subst i t ut eq’al Qéetec@ﬂ’ré@vaﬂ%@%ﬂgﬁt{lkﬂhﬁ@l %@dﬁlkyﬁ@ﬂﬂstmﬁ&ga@m %ﬂ

each R2 is independently sel ected from hydrogen, alkyl, bstl uted al kyl,
ar§l , ssbdbisuted atyéd aryl, acyl, and am noacyl ;

each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];

each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];

10 or R' and R? together with the carbon to which they are attached form a cycloalkyl,
substituted cycloalkyl, aryl, or substituted aryl group, or two R' or R* groups on adjacent carbon
atoms, together with the carbon atoms to which they are attached, form a cycloalkyl, substituted
cycloalkyl, aryl, or substituted aryl group;

n is an integer from 2 to 4;

15 R’ is hydrogen;
0O
4J\TNM¢\
R6 p R’

each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

4 .
R7i1s

substituted aryl, arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl, and substituted heteroarylalkyl, or optionally, R®and R’
20  together with the atoms to which they are bonded form a cycloheteroalkyl or substituted
cycloheteroalkyl ring;
each W is independently -NR®-, -O- or -S-;
each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl and
substituted aryl, or optionally, each R® and R® independently together with the atoms to which
25  they are bonded form a cycloheteroalkyl or substituted cycloheteroalkyl ring;
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or R and R2 together with the carbon to which they are attached forma
cycl oal kyl or substituted cycl oal kyl group, or two Rl or R2 groups on

adj acent wearbar3aisons, together with the 20 carbon at onkPCrTaSaionbidshey are
attached, forma cycloal kyl or substituted cycloal kyl group; n is an
integer from2 to 4; R3 is hydrogen; 0 1)r\WR7 R4 isR6 each R6 is

i ndependently sel ected fron1hydrogen al kyl, substituted al kyl, aryl,

25substituted aryl, arylalk substituted aryIaIkyI het er oal kyl ,
substitutedPlﬂé’E‘@{%%ﬂf%??lno%‘%éPBa ., WD 2011/ 031350PCT/ US2010/ 031956

subst | t ut e MeLataal b 1HEIdEAANKIAEUhwcaRTkysURSE Liitiefediger oaryl al kyl
or optionally, R6 and R7 together with the atonms to which they are bonded
f or m alkoyptasbatybrobstityted @lkosmgbqrtybtaexl pstitokedtagyloaylajfylrandgubsiethd W i s
|ndepegﬁqﬂtly -NR8-, -0- or -S-; 5each R8 is independently selected from
hydrog kyI substi t ut ed aIkyI aryl and substituted aryl, or
opslonalIy@rg@ghHﬁigﬂ@k&ﬁxm@d@ﬁ@ﬂdentIy together with the atons to which
they are bonded forma cycloheteroal kyl or substituted cycl oheteroalkyl
ring; pis an integer fromone to 100; and R7 is selected from hydrogen,
al kyl , subski t ut I

substi t ut e?gal kg%ggg%@[&e?t?c%ﬂowﬁ o Cgi c%fléﬁig SyYslgé %1?&?&?1?@19&?&%
substhﬁm&ﬂdi@mthﬁ&&hg1wdaﬁm@ﬁMprﬁydmaiKCB@bﬁolvate thereof 89. The
pharmaceutical conposition of any pof clainms 75-86, wherein the ketone- 15
nodi fied opioid prodrug is a coq@g Ad of formula KC(I1): , CH3

RY(KC-(Ib))
10 wherein:
R*is hydrogen or hydroxyl;
R’ is selected from alkyl, substituted alkyl, arylalkyl, substituted arylalkyl, aryl and
substituted aryl;
each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
15  substituted aryl, acyl, and aminoacyl;
each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
or R' and R? together with the carbon to which they are attached form a cycloalkyl or
substituted cycloalkyl group, or two R' or R* groups on adjacent carbon atoms, together with the
20  carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl group;
n is an integer from 2 to 4;

R’ is hydrogen;
0O
5
R*is RGP R :
each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
25  substituted aryl, arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,
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,R3, R"(KC(Il)) wherein: Ra is hydrogen or hydroxyl; R5 is selected
fron1(1 6C) al kyl, (1-6C) substituted al kyl, -(CH2)g(C6H4)-000H, - 20
(CH2)q(C6MbpﬂﬂﬂBCHB, and - (CH2) q( C6H4) - 000CH2CH3, wher e PGTiUGS2@0/08195€ger
fromone to 10; each R is independently selected from hydrogen, alkyl,
substituted al kyl, aryl, substituted aryl, acyl, and am noacyl; each
R2 is independently selected from hydrogen, alkyl, substituted alkyl, ary

R e

C y c | 0qbde¥er YithSHO flohdsUb ShidYRE Paleibhd Al WA a QEloh¥RrdRlkyPbr fbs@iufidPS on
adj acent carbon atoms, together with the carbon atons'to which they are

attacNQdOhﬂgmﬁ&alnygloalkyI or substituted cycloal kyl group; nis 2 or 3;
5R3 is hydr s inde JE 1L SNRsT i dug of an L-amino acid selected from

al ani ne, Slnlng aSpar 3&? e(gart ¢ acid, cysteine, glycine, glutanine,
gl gtam c a@:h@h Rﬁisihdldﬂkﬂ&,ntly%&lsaﬂ@ Fiogh h}ldecggannﬁkyll Mﬂisﬂ@uemk;hl 91 AR
phenyl al ani ne, proline, serine, thregonine, tryptopha rosine and val i ne,

b 5 substgues inLan orpery: et Ry 200G Tistepaignty tasaig: siibe domdss voieha
resi d"fﬁ re 019(%831)1%? fl% plrete aftl%&l grosﬁgst tﬁéﬁ%x&l&ﬁet&o%ﬁgp&n cid residues

selecte I hdepende I ne, , aspartic acid,
cystei ne, ghyannﬁqygkmmﬁMknelogjmtﬁn1c aC|d hlstldlne i sol euci ne,

| euci ne, |ysine, nmethionine, hen%lalanlne proline, serine, threonine,
t r ypt ophan R ti§ pdesterbiramdygeasemellot. %lbﬁtégieé&&%facah sppsgituged ki vat i ve

t f
18" Sl SH e BRAmSRAS okl 0y A o S,
KC- (1 labddikyd Ri R2

or a salt, hydrate or solvate thereof.

89. The pharmaceutical composition of any of claims 75-86, wherein the ketone-

15  modified opioid prodrug is a compound of formula KC-(1I):

R (kC-aD)
wherein:
R*is hydrogen or hydroxyl;
R’ is selected from (1I-6C)alkyl, (1-6C) substituted alkyl, -(CH,)q(CsH4)-COOH, —
20 (CHy)q(CeH4)-COOCH3, and -(CH»)q(CsH4)-COOCHCH3, where q is an integer from one to 10;
each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];
each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,

substituted aryl, acyl, and aminoacy];
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XNRS NR3 nl1lAR(KC(IlIla)) wherein: X represents a residue
of a ket one-containing opioid, wherein the hydrogen atom of the 20
correspomaipregriensedsoc group of the ketone is replaced bypraTase@bastsbond to
-C(0)-NR5- (C(R1)(R2))"-NR3R4; R5 is selected fromal kyl, substituted
al kyl, arylal kyl, substituted arylal kyl, aryl and substituted aryl;

each R is independently selected from hydrogen, al kyl, substituted al kyl,

aryl, 25substituted aryl, acyl, d am noagyl ; ch R2 js
ependontt i ebi Bt dirther s B RS IRy e aimutcbef B AlRglotit 91
subst 'sﬁbﬁti‘%ﬂe@f:%dl@aﬂ%q)glr@u@ BHATR NGERY Erouy o hdj@Rt EtbdPa8hb abgdthdrvitth@e
carbon to which they are attached forma cycloal kyl, substituted

cycl oahtbph ataamsyto whieh thep ate ataclead, &yl a gycdanbkyl or subabtural qycloRikygoups on

adj acent car.bgn WO 2011/ 031350PCT/ US2010/ 031956 atons, together with the
car bon ato@ﬁsggr ich they are attached, forma cycl oal kyl, substituted
cygloalkyl&ﬁaghymo n;Substituted aryl group; nis an integer from2 to 4;

R3 is hydrogen; 0 5R4 is ~ each R6 is independently sel ected from
hydr ogen, al Kyh residusof inp L+ aping |agid) selegted frons plaing t aigianeapsppragey Asppig| |

subst i tut I I - j & Lt roal . heteroaryl,
subst iat&{lﬂif g}%tﬁ%‘%{gﬁl&g}é y[gl,u@ﬁ?ﬁel? ée’ﬁ%rgﬁca?%?lﬁ%%%’ gg%@?@?’l}?@ﬁg%@bar yl al kyl ,
or optmehiahing, pieGylandineyprlotige tshgiie, Wit dnihderyptopisn, ttgrovine ahd vilay, are bonded

forma ggcloheteroalkyl or substituted 10cycl oheteroal kyl ring;
residue of an N-acyl defivative of any of said amino acids; or a residue of a peptide composed of

10 atleast two L-amino acid residues selected independently from alanine, arginine, asparagine,
aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine or a residue

of an N-acyl derivative thereof.

15 90. The pharmaceutical composition of any of claims 75-86, wherein the ketone-
modified opioid prodrug is a compound of formula KC-(IIla):
o R'R?
RS
N\ /N7
R° R'  (KC-(Ila))
wherein:
X represents a residue of a ketone-containing opioid, wherein the hydrogen atom of the
20  corresponding enolic group of the ketone is replaced by a covalent bond to -C(0)-NR’-
(C(RH(R*):-NR'R;
R’ is selected from alkyl, substituted alkyl, arylalkyl, substituted arylalkyl, aryl and
substituted aryl;
each R' is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
25  substituted aryl, acyl, and aminoacyl;
each R” is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacy];

or R' and R? together with the carbon to which they are attached form a cycloalkyl,

substituted cycloalkyl, aryl, or substituted aryl group, or two R* or R groups on adjacent carbon
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each Wis independently -NR8-, -0- or -S-; each R8 is independently
sel ected from hydrogen, alkyl, substituted al kyl, aryl and substituted
aryl, or wptoorshisy, each R6 and R8 independentl|y toget Rer/us2al0/ 081986 at ons
to which they are bonded forma cycl oheteroal kyl or substituted

cycl oheteroal kyl ring; 15p is an integer fromone to 100; and R7 is
sel ected from hydrogen, alkyl, substituted al kyl, acyl, substituted acyl,

al koxycarbonyl , substituted al koxycarbonyl, aryl, substituted aryl.

oy L Al Capbies SN (b uPye 4t Kith (B e allichen PR Gt BiREbF U bed

t her eQfclodRyD AryINE SRORIBE 8M1 kb, conposi tion of any of clains 75-86,

wherei n the” ket'one- nodified opioid prodrug is a conpound of fornula

KC- (111 b): nis ansrdegsi fronpB0 4;:epresents a resi due of a ketone-contai ni ng

opi oi d, whejsej he hydrogen atom of the correspondi ng enolic group of the
Koot e

ketone is ag%§ a covalent bond to -C(0)-NR5- (C(R1)(R2))"-NR3R4; WO
2011/ 031350PCT/ W52010/ 031956 R5 is selected fromal kyl, substituted
al kyl, aryl al k wstituted aryl al kyl, aryl and substituted aryl;

each R is und peddeniNgy sel ected from hydrogen, al kyl, substituted al kyl,
ar§l, substR'tiut edRaryl, acyl, and ani noacyl; 5each R2 is independently

selected fro ydr.ogen, .al kyl  —substituted alkyl, aryl stituted aryl,
Syt and SRTHOAEySkoEpaY Yitieds PRt o iRt AT YRR ch oy
are_athpginged bl MrAalkyr kosstikictd nylaﬂg@,%kér@élﬁﬁ, Sbedieddiicter 81IRH Phet@batyo Rl
or R2 groups on adjacent carbon atorns, t;fet er with the carbon _at ons

t 0 whisebstitited heferoant thetdrearylatkyl.and sebstitwed Reteroaryladkiys e epitoadlls e lapd IRy |
group ;tog]é%]er iwslthati-l'e iatr(])%n%qg rwhficrhotﬁ]ey2 arte%oﬁ'éied form a cycloheteroalkyl or substituted
10 cycloheteroalkyl ring;
each W is independently -NR®-, -O- or -S-;
each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl and
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 p is an integer from one to 100; and
R’ is selected from hydrogen, alkyl, substituted alkyl, acyl, substituted acyl,
alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl, and substituted
arylalkyl;
or a salt, hydrate or solvate thereof.
20
91. The pharmaceutical composition of any of claims 75-86, wherein the ketone-
modified opioid prodrug is a compound of formula KC-(1IIb):
0 R'R2
X/H\N{ysﬁ\N’Rs
R R' (KC-(IIIb)
wherein:
25 X represents a residue of a ketone-containing opioid, wherein the hydrogen atom of the
corresponding enolic group of the ketone is replaced by a covalent bond to -C(O)-NR’-

(C(R"(R).-NR'RY
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R3 is hydrogen; 0 1)rWR7 R4 isR6 each R6 is independently selected from
hydr ogen, al kyl, substituted al kyl, aryl, substituted aryl, arylal kyl,
substi t utwo 2aryd3adskyl , het eroal kyl, substituted het eroalPkylus2tieersar yl ,
15substituted heteroaryl, heteroaryl al kyl, and substituted heteroaryl al kyl,
or optionally, R6 and R7 together with the atons to which they are bonded
forma cycl oheteroal kyl or substituted cycloheteroal kyl ring; each Wis

i ndependent|sy -NR8-, -0-_or -S-; eac i.s.independent | | ected from
ydr bgen. | by bbb B ieyed S R Do SoR et B G gy
opti0@§$§um£@g§h R6 and R8 independently together with the at ons to whi ch
they are bonded forma cycloheteroal kyl or substituted cycl oheteroalkyl
ring; p isea¢h Rntseg@Pemiétﬁlﬂb’Gﬂlect?d)f@Oﬂiydamn alkyl, subs@utddsallsd| @t.ed from
hydr oge | bstituted al kyl, acyl, substituted acyl, al koxycarbonyl,
subst% &¥@®'§¥Q% %»a‘%%HUOwaﬁ substi t ut ed aryl, aryIaIkyI and

substit ut e¢adbr? M'lﬁdlépkfhdenﬂ& séleét@dl Fron Byl &ded, AkylS gtbsatt@edameylegtyl 92. The
pharmaceuti cal conposition of any of clains 75-86, wherein the ketone-

nodi f isebstigged gl perd prdgamnioaconpound of fornmula KC(1V): WO

20111 03135 PRTLNBROIUARH 38 MOBLELY which il sFERLERRNFpd L ERLAYPo0, 2

ket one- contalnlng 0 om o orr pondlng
enol i cultioutpd o;tclcbdmleyl lgedugner iveo Rept R%gdutmyomacgmat @borbaos { togetkrGyitHNRB -

5(C(R1) )% R5 is selectedfrom(l 6C) al kyl , (1 6C)
subst it E&OémWIWhld(@ﬂ?)aE?(f’@@%d Es cxelqadiy) Py sebstiedcsoierontky! gioyp:

- (gH2) q( C6 ere g is an integer fromone to 10; each
16TL |ndeE§%3enti% %kﬁécted from hydrogen, al kyl, substituted al kyl, aryl,

substltutedRasyM$ogmyl and am noacyl; 10each R2 is independently sel ected
from hydrogen, & kyl, substituted aIkyI, aryl,

5
R*is Re PR
each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl,
15 substituted heteroaryl, heteroarylalkyl, and substituted heteroarylalkyl, or optionally, R®and R’
together with the atoms to which they are bonded form a cycloheteroalkyl or substituted
cycloheteroalkyl ring;
each W is independently -NR®-, -O- or -S-;
each R® is independently selected from hydrogen, alkyl, substituted alkyl, aryl and
20  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;
p is an integer from one to 100; and
R’ is selected from hydrogen, alkyl, substituted alkyl, acyl, substituted acyl,
alkoxycarbonyl, substituted alkoxycarbonyl, aryl, substituted aryl, arylalkyl, and substituted
25  arylalkyl;

or a salt, hydrate or solvate thereof.

92. The pharmaceutical composition of any of claims 75-86, wherein the ketone-

modified opioid prodrug is a compound of formula KC-(IV):
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substituted aryl, acyl, and am noacyl; or R and R2 together with the
carbon to which they are attached forma cycl oal kyl or substituted

cycl oal kywogopoungsi3sor two Rl or R2 groups on adj acent caPb®USat10/08195¢ oget her
with the carbon atons to which they are attached, forma cycl oal kyl or
substituted cycl oal kyl group; 15n is 2 or 3; R3 is hydrogen; R4 is a
residue of an L-am no acid selected from al ani ne, argi nine, asparagine,
aspartic acid, cysteine, glycine, glutamne, glutamc acid, histidine,

i sol euci ne, |eucine, |ysine, netﬁioﬁ' e, pgenylalanine, proline, serine,

t hreoni ne, tryptophan, tyrosineX n}@@, or a 20 residue of an N-acyl
derivative of any of said amino acifgs; ar, a residue of a peptide conposed
of at least two L-am no acid residues s ecﬁgﬁpﬂﬁﬁbpendently from al ani ne,
argi ni ne, 3sRaLipgi ne, aspartic acid, cysteine, glycine, glutamne, glutamc
acid, histidine, isoleucine, |eucine, |ysine, nethionine, phenylalanine,
proline, seXiapessenthnecnduesyf atkeyqueaphtaming ypiosl, mbeandthe dlydogematom ofebe due of
an N-acyl derivative thereof; 25or a salt, hydrate, or,k soly tsher eof .

03. TheoPRMPRCE GEPLSSORB AL EIEIoBR o PATA B @ Friaran b9t 85 C(HEReT n ¢ he
keSOH?C&I{fggizﬁi@q{WJ oid prodrug is a conpound of fornmula KGC (V): WO
2011/ 031350RC1/ US2010/ 031956 wher ei n: ' X represents a residue of a

ket one- contRaiinbalerteshireind | -ophalkel nl-6Gesubydiutrgetkids -dmthl(Cdk)-€ 610 spondi ng

enol i (0] etone i.s.r coval ent bond to.-C(0)- -

5 o RIS PSSRt R84 e CRLERTOCH s MR 1 *ei st ol i )
aryl al kyl, es¢tbrt istime@en@ernﬂ?aakwed frahyhydasinsaRel kibdti@dedadIvyl; aryl, each Rl
is indeﬁgndentl sel ected from hydrogen, al kyl, substituted a?kyl, aryl,
subst it %ﬁﬁ%ﬁgiﬁméh9mimawewaﬁinoacyl; 10each R2 is independentiy sel ected
frgm hydro a i y S ! , acyl, and
a%?noacyl;Q%QIEHkﬁ%é?ﬁgﬂggg5ggé§9aﬁkﬁm%%%£%é?%%%H?%h&%#% ]ﬁéétare attached
f or m aubyichted hiky,lacyls aibiminoh@d; cycl oal kyl, aryl, or substituted aryl group,
or two R or R2 groeups on adjacent carbon atons, together with the

car bon at ot R 879 Egethseyitaitee carboitiveuhich Biepnage lach Oma,cygl%&tﬁ Pt ed

15cyclopldiitbd cfidiicy Qrodh BS S Rt SR 2EBLp 5P GaceRt dSbAMibt 498 nd M et © 4:
carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl group;
15 nis 2 or3;

R’ is hydrogen;

R* is a residue of an L-amino acid selected from alanine, arginine, asparagine, aspartic
acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine, or a

20  residue of an N-acyl derivative of any of said amino acids; or a residue of a peptide composed of
at least two L-amino acid residues selected independently from alanine, arginine, asparagine,
aspartic acid, cysteine, glycine, glutamine, glutamic acid, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine or a residue
of an N-acyl derivative thereof;

25 or a salt, hydrate or solvate thereof.

93. The pharmaceutical composition of any of claims 75-86, wherein the ketone-

modified opioid prodrug is a compound of formula KC-(V):
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R3 is hydrogen; R4 is a trypsin-cleavable noiety; or a salt, hydrate or

sol vate thereof. 20 94. A nethod to treat a patient conprising

adm ni st ewpregr1z03pdsar maceut i cal conposition or dose unit Pofl/tsrg100819561€
preceding clains to a patient in need thereof. 95. A nethod of naking
a dose unit, the nethod conprising: 25conbining in a dose unit: a

ket one-nodi fi ed opioid prodrug conprising a ketone-containing opioid

coval ently bound to a pronoiety cleayable by trypsin, wherein cleavage of
the pronoiety by the trypsin)ggéi t8s regease of the ketone-containing
opioid fromthe ketone-nodifi QA1 Pig,-Br odrug; and WO

2011/ 031350PCT/ US2010/ 031956 RO a Lypsin inhibitor that interacts with
the trypsin that nedi ates enzynatical%&-céﬁ?ﬂap}ed rel ease of the

ket one- cont,g.pdifg opioid fromthe ketone-nodified opioid prodrug; wherein
the ketone-nodified opioid prodrug and trypsin inhibitor are present in the
dose 5unit X repasscatrouerdduefdf @ddcione-dootaatingopiatde whetegathe hglirogheatom of the

ket one- cont ai.ni ng opi oid fromthe.ketone-. nodified, opjoi sug such that
oes PO oRE TP E8uBp BEdenit EhByeLoNRr vl OB b BT Je
prgpoq@hgggy»gghgﬁﬁp of ket one-containing opioid. 96. A nethod
of claim95, wherein said release of drug is decreased conpared to 10

rel ease of Rinugelespechfiomaliiy.aubstituigd stiyb anflalsylbdubsgtited aallabsenigadof
inhibktggi ed arvl: 97. A nethod for identifying a ketone-nodified opioid

pr odr (8P 4442 ypsin i nhibitor suitable for formulation in a dose unit,

the method egeRl isShdipen&cdfPistlerdd aroketiymeremPai{i, athsapita dikyll agr,ug, a
trypsin inhibitor, and trypsin in a reaction 15m xture, wherein the
ket onsubiidited ayl.asylopef YpB@REM: conpri ses a ket one- cont ai ni ng opi oi d

cqgal ently d. t. i I Sf a ittty - b noi ety,
V\ggl’ ein cl gg%ﬁgelséﬁde?)ﬁgé%%r ng%%t? % eav@ﬁ%ﬁbi‘%@?@ﬁ{l&uﬁ%ﬁ@gﬂ’ !rlrrgldl at es

r el easebwituttderyketoneacaninaheyilng opi oi d; and detecting ketone-nodified
opioid prodruggggnyersion,-mherein a decrease in ketone-nodifje pioid

: d
prodrug cory&r $NoR it‘?ﬁeflﬁéwbt}lég%‘ﬁ?éﬁorbﬁo "t’}h‘%}_l ﬁ@ygfwgapheq RS qyﬁbaggfconpar ed
to kel,gnenmdlb{d6apigl, & RIRGLAG FONUEESI R R LAR BRSSOER aBhcdiEnbby PSi 1

i nhi bitor 1ndicates ket one-nodi fi'ed opioid prodrig and trypsin
i nhi biatams, éogetteuimithithecdrben dtommid whichrihéynara atladed Uiith a cycloalkyl, substi@ged A

o Lok 0oRL1 (109, 5. Kelpnesod fTed opiold prodrug and o trypsin
n is an integer from 2 to 4;
R’ is hydrogen;
R* is a trypsin-cleavable moiety;
or a salt, hydrate or solvate thereof.
20
94. A method to treat a patient comprising administering a pharmaceutical

composition or dose unit of any of the preceding claims to a patient in need thereof.

95. A method of making a dose unit, the method comprising:
25 combining in a dose unit:
a ketone-modified opioid prodrug comprising a ketone-containing opioid
covalently bound to a promoiety cleavable by trypsin, wherein cleavage of the promoiety
by the trypsin mediates release of the ketone-containing opioid from the ketone-modified

opioid prodrug; and
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admnistering to an animal a ketone-nodified opioid prodrug and a trypsin
i nhi bitor, wherein the ketone-nodified opioid prodrug conprises a

ket one- combanniasgsopi oi d coval ently bound to a pronpi et PCEAISRII0HBII6 a
trypsi n-cl eavabl e noi ety, wherein cleavage of the trypsincl eavable noiety
by trypsin nmedi ates rel ease of the ketone-containing opioid; and

30det ecting ketone-nodified opioid prodrug conversion, wherein a decrease

in ketone- containing .opioid conversion in the presence of the .trypsin
i bi tor as. coryairat ipBRet BAENRS DY IR TR L OT A PSEE Mont ai ni ng
opi oi d conveh@sIRA kRadeT (RPRRBEEcRHaikiAE opl¥P &b thoREBHL-Blodidi Spdigs t he

ket one-nodi fied opioid prodrug and trypsin inhibitor are suitable for
f or mul at i oprediugy dose unit. 99. The nethod of claim98, wherein

sai d adm ni st er.i [ ris dm nj sterin 0 5the.animal _increasi doses
or 1 nint bi 1 oesn HRJEiTR edRed Bl ShEhe 8a 1S el e R e T e B o1 o
pr dr G@it in an amount ek@BtivelldtteRidottlake 6f @k Kbt%ﬁe—c&‘lﬂ@iﬁﬁifbp’i@ﬂ@rdﬂ@ﬂﬁ%idﬂg—
facilitates identification of a dose of inhibitor and a dose of

ket ondnqebided orieidaspding syrhghatuipeasHan opmaltindesof e wnitshy aspatigat dags ot

phar I i I ) . . ..The nmethod of claim 98, wherein
Car o LT Rsper iR BLEs oS cgntaipind Shoid 1 OG0, 0T LB hot of
claim98, wherein said nethod conprises an ex vivo assay. 15 103. A
met hod for identjifying a ketone-nodjfied opioid prodrug and a trypsin

i nhi bi tor i t an} Bethe of slai Pat VBseinsaid iglsate of s isidsecaradirompatiddPi si ng:
aqpmi ni ri I i Lid ani-old prodrug and a
t ?91 psirﬁlE%ﬁ k??%ﬁgg[?%v\ﬁgl}g?ér? ‘ Fﬁsz“%ggf gr ﬁ?ﬁ%ﬁﬁ%b@dgﬁ%ﬁ@ﬂ%@gm ug conprises a
ket one- cont ai ni ng opi oid 20 covalently bound to a pronoiety conprising a

trypsi n-cl egvabl e iety,. wherein cleavage_.of the trypsin-cleavable noiety
by Eryps! n Oed &t BETPRITULGEN G e TR INOT Bh RO HEUGBIe0T . Savg mibter °
det ects|,igb1K &S Po@mIRAn ith QP LA, dhPhedod dompAYiRE:Si on, wherein a decrease in
ket one-nodi fi ed opioid prodrug conversion in the presence of the trypsin

i nhi bi tor aembonpm? ketonomedifiedeopiaidipfadeel, opiyosia iplibden gndt oyt Bi Diga¢tont he
atiien(%nelx ufre ¢ eeréir'i ﬁ%ﬁiert] r{e[]rpli cPlhE:c? b ii01n irC § escot h%s 285ak1§e On%géorﬁ?aclllgli%jg %}qi P | oi d.
prodr dgaRha TP TNRIhI P or Care s P apES e o uf Bt 1 on 1 ne aPddse unit.
covalently bound to a promoiety comprising a trypsin-cleavable moiety, wherein cleavage of the
trypsin-cleavable moiety by trypsin mediates release of the ketone-containing opioid; and
detecting ketone-modified opioid prodrug conversion,
wherein a decrease in ketone-modified opioid prodrug conversion in the presence of the
20  trypsin inhibitor as compared to ketone-modified opioid prodrug conversion in the absence of the

trypsin inhibitor indicates the ketone-modified opioid prodrug and trypsin inhibitor are suitable

for formulation in a dose unit.

98. A method for identifying a ketone-modified opioid prodrug and a trypsin inhibitor
25  suitable for formulation in a dose unit, the method comprising:
administering to an animal a ketone-modified opioid prodrug and a trypsin inhibitor,
wherein the ketone-modified opioid prodrug comprises a ketone-containing opioid covalently
bound to a promoiety comprising a trypsin-cleavable moiety, wherein cleavage of the trypsin-
cleavable moiety by trypsin mediates release of the ketone-containing opioid; and
30 detecting ketone-modified opioid prodrug conversion, wherein a decrease in ketone-

containing opioid conversion in the presence of the trypsin inhibitor as compared to ketone-
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containing opioid conversion in the absence of the trypsin inhibitor indicates the ketone-modified

opioid prodrug and trypsin inhibitor are suitable for formulation in a dose unit.

99. The method of claim 98, wherein said administering comprises administering to
the animal increasing doses of inhibitor co-dosed with a selected fixed dose of ketone-modified

opioid prodrug.

100. The method of claim 99, wherein said detecting facilitates identification of a dose
of inhibitor and a dose of ketone-modified opioid prodrug that provides for a pre-selected

pharmacokinetic (PK) profile.

101.  The method of claim 98, wherein said method comprises an in vivo assay.

102.  The method of claim 98, wherein said method comprises an ex vivo assay.

103. A method for identifying a ketone-modified opioid prodrug and a trypsin inhibitor
suitable for formulation in a dose unit, the method comprising:

administering to an animal tissue a ketone-modified opioid prodrug and a trypsin
inhibitor, wherein the ketone-modified opioid prodrug comprises a ketone-containing opioid
covalently bound to a promoiety comprising a trypsin-cleavable moiety, wherein cleavage of the
trypsin-cleavable moiety by trypsin mediates release of the ketone-containing opioid; and

detecting ketone-modified opioid prodrug conversion, wherein a decrease in ketone-
modified opioid prodrug conversion in the presence of the trypsin inhibitor as compared to
ketone-modified opioid prodrug conversion in the absence of the trypsin inhibitor indicates the

ketone-modified opioid prodrug and trypsin inhibitor are suitable for formulation in a dose unit.
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