PHARMACEUTI CAL COVPCSI TI ONS W TH ATTENUATED RELEASE OF PHENOLI C OPI O DS
Cross-Reference to Related Application 5This application clains priority
benefit uwOden10dEs399S. C. 119(e) to U. S. Provisional PaterCTASpltooatos©N NO.
61/ 106, 400, filed on Cctober 17, 2008. Introduction Phenolic opioids are
susceptible to abuse. Access to these drugs therefore needs to be

10control l ed. The control of access to the drugs is expensive to adm nister
and can respiiARMA EEDTREA RICONMPRISTRIONS WITRRATSRINU ATYED RETSEANH 0Pl € to
present thenselves for dosing. For exanple, patients suffering from acute
pain may be denied treatment WPHENGLKp Bl@llﬁ‘iﬂ ess they have been adnmitted
to a hospital. International patent application, publication nunmber WO
2007/ 140272 descri bes 15certain prodrugs that afford controll ed rel ease of
phenol i ¢ opi oi ds. The pr a@fidgReRi&hcl ESRAMRAN Ppficatse, being stable in the
presence of household chem cals such as vinegar or baking soda, and require
enzyn® act i vatthisarplisaideclams prigrity henefigprsder & Hade $319@He Iphdhiovisienabpi oi d.
The prodrpu&ﬁt@ﬁepgics&%n'w%ﬂas&m(ﬁfiﬁea%ﬁ JcpePen@ls ¢ opioi d through an
enzyne-acti vat cyclisation release nechanism Thus, enzyne-induced

cl eavage of an am de bond is believed to afford a 20nucl eophilic nitrogen
atom which then undergoes a cyclisation-rel ease reaction. The prodrugs
described in WD 2007/ 140272 resi stInfrefuefionng phenol i ¢ opi oi d when subj ect ed

to conditions Pﬁ&m%i&dyﬁ gusleéfptﬁ:)_niocﬁ %b%’@.o%é%s% rE(l) ths@&%g%qh&%req{e%1 to Bt

rel ease phenolic opioid en admni stered orally. This provides substanti al

pr ot et i santzdai.nide canirm ef adeenaty/ e drughsreapensivre & adnunistonandican wivileh or al
ti t ' j t
consunp 'd?fﬁalodcf u%&tﬁ%?@f&ﬁ%a?%tg ﬁg?ﬁg hS‘t BRYLUE Bfeké%'t g?eémgéfe%%ﬁj &osﬂng.o pyerexposure 1o

t he phenolic opi ol y abuse or accidental over- nsunpti on.
Sunmary TFhanpe.gseents gifschoEom ecyie parn tes bptanateceuwancalth eoopodivhieens, and
their nmethods of 30. use ere the pharnmaceutical conpositions conprise a
phenol i c I(l)e glgyéébeﬁ?g%ﬁtﬁd{%%%}%vi des enzymatically-controlled rel ease of a
phenol i ¢ opi olmgmaivdalaatcenaphientionpublidaden tustier WD 2046274 dekeribee enzyne( s)

t hat di at t tically- trolled rel f t henol. i ioid
e R g T L e
Accor di ngo hitus@mein@s@bletin tht pekaico bEhoutdheldaiibaith RBithss @fnefdi@r bakngdotlQn

i ncl har i cal ition i [i r in inhibitor an
Ia g Olrjrggu%ag Epﬁﬁ]é%%%&éga(ftg/g Oigltl%ell %(IJJI tso’ ini\{\lfgtle(%e ea?sgo thle Isal?englié 0]}{&3} Thflz Ibitor and

X- C( 0) - NBrodiéels R2) HeRVell to Nidase(t8) penb R4 pi RSIgh a6 kehzyie- 2t Pl seERubh cal |y
acceptable salt thereof, in which: X represents a residue of a
phenol i ¢ TFSBMEChapiBY SilHs-CRE ARG Alcarsntion A imdidiefieveyiriégr group
i's repl aggdedPhilR H@%R_h 80k, RARE ted undergoes a c%clisation—release reaction,
-C(0)-NR1- (C(R2) (R3)) 11- NH 0)-CH§R4)-NH(2R )
The prodrugs described in WO 2007/140272 resist releasing phenolic opioid when

subjected to conditions commonly used by those who wish to abuse the drug, but release

phenolic opioid when administered orally. This provides substantial protection against abuse.

However, there are situations in which oral consumption of such a prodrug could potentially

25  result in overexposure to the phenolic opioid, whether by abuse or accidental over-

consumption.

Summary
The present disclosure provides pharmaceutical compositions, and their methods of
30 use, where the pharmaceutical compositions comprise a phenolic opioid prodrug that
provides enzymatically-controlled release of a phenolic opioid, and an enzyme inhibitor that
interacts with the enzyme(s) that mediates the enzymatically-controlled release of the

phenolic opioid from the prodrug so as to attenuate enzymatic cleavage of the prodrug.



10121 represents a (1-4C)al kyl group; R2 and R3 each independently
represents a hydrogen atomor a (1-4C) al kyl group; n represents 2 or 3;

R4 repr eswot2810/0@5CH2 CH2NH( C=NH) NH2 or - CH2CH2CH2CH2NH2 pctrhus2aonbiogair at i on
of the carbon atomto which R4 is attached corresponding with that in an
L15am no aci d; and R5 represents a hydrogen atom an N-acyl group, or
a residue of an amno acid, a dipeptide, or an N-acyl derivative of an

am no aci d or AdiRERE IS aspect, thERFor€ TROGhBTRNAG SV M ifGenBoPRfupBceut i cal
conposi tion, which conprises a trypsin inhibitor and a conmpound of general

formul a (Pharmacoutizal composiRns. (VA FR)ONREYY 2 UG PiEdoea yorNpgurd pf ganpmal or g
phar naceq#linﬁ@a{%y acceptabl e salt thereof, in which: X represents a
resi due of a phenolic opi oi d,1 vvhezrei3n t he hydrog§n at om of the phenolic
hydroxyl group is repKdo@u-NR -(& R oRaDeNH-GEhd H& )-NH(R")

-C(0) 4NR1- (C(R2) (R3) ) 11- NH25 C(0) - CH( R4) - NH(R5) ; 121 is selected from
al kyl, substituted al kyl, aryl al kyl, bstituted aryl al kyl, aryl and

subst i t utoed pharhgeutically ae@ptabRRali theienepemdent | y sel ect ed from hydr ogen,

al kyl, substituted al kyl ., aryl. . substituted aryl, acyl and.am noacyl;
Soech rore KBRS iRk pudRe b Fhadh Yo BR¥ n 8RS BT, MOSCY

al kyl , ampjnolis ipdrbistl wtoad isaeylhceddsylcovae bami me@EPINR'-(C(RH®)RNHNd R3

t oget her S@ ?ﬁ on to which they are attached form a cycl oal kyl and
substi t ut i yH(té m 'group, or two R2 or R3 groups on adjacent carbon

at onsio t oget h&f reprasédtda t1ha)aiaylh@supat oms to which they are attached, forma

cycl oal kyl or _substjtuted cycl oal kyl group; n represent integer from 2
to 4, R4 reprgsélﬁflg Qa%—@@?@@?&ﬁ(@%@%&%?g@ﬁw%%@é growphe 5

confi gurati onn@fprdsh@s cafpon atomto which R4 is attached corresponding with
that in an L-am no acid; represents a hﬁﬂréﬁﬁen atom an N acyl

and R5
group (i ncl udRnPRsEbh <t EREHNE(HNIDNTh @ G T Hy ndCacid, a

di pept i deon@irdNof ey ihe d8bby AbinE whicARH tdiiehelho S ddist wich @dth afler 1 vati ve)
of an am no acid or dipeptide. 10The enbodi nents provide a pharnmaceuti cal
conposi t i2BWno gkl el conprises a trypsin inhibitor and a compound of general

formula (I'11) )5 Xpfdslhhs Ny arddeh Rl B3N)acy b 8 1 R4 bR acld, | 1) - or
pharmaceutically acceptabl € salt theredf, in which: 15X represents a
resi due ofdipeppdre adn ¥-agyideiiditivevhieaneinnng 4ved enydipepida at om of t he
The embodiments provide a pharmaceutical composition, which comprises a trypsin
inhibitor and a compound of general formula (II):
20 X-C(0)-NR'(C(R*)(R)),-NH-C(0)-CH(R")-NH(R’)
an
or a pharmaceutically acceptable salt thereof, in which:
X represents a residue of a phenolic opioid, wherein the hydrogen atom of the
phenolic hydroxyl group is replaced by a covalent bond to -C(O)-NR'-(C(R*)(R?)),-NH-
25 C(0)-CH(RY)-NH(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,
substituted aryl, acyl, and aminoacyl;
30 each R? is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, acyl, and aminoacyl;
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



phenolic hydroxyl group is replaced by a covalent bond to

-C(0)-NR1- (C(R2) (R3))11-NHC(0)-CH(R4)-NH(R5); R represents a (1-4C)al kyl
group; WO 2010/045992 and R3 each i ndependentl|y represent eCca/tusgawogmes at om or
a (1-4C) al kyl group; 20n represents 2 or 3; R4 represents

- CH2CH2CH2NH( C=NH) NH2 or - CH2CH2CH2CH2NH2, the configuration of the carbon
atomto which R4 is attached corresponding with that in an L-am no acid;

and with %ca&&wa%ﬁl%% %vh@ehhu@ra@gmc@édoma@y&bﬁﬁwor SRRl L RGb el NG
N-substituted acyl), a 25residue of an am no acid, di peptide, an N acyl

derivati w&4Yincl udi ng N-substituted acyl derivati ve) of an am no acid or

di pepti de. Ihe.e ,H&E $, provide a pharnmaceutical conposition,
whi ch conpri sgéepéestr asilrf;% In itzt%r and a conpound of general formula (IV)

OB N (IR E‘(DresmsafGMéhﬁﬁalﬁH(@Fl\H@b@bthbCﬁz(“sIézl(leGHehﬂémhe in which: Ra
h T |
I S yqr Ogﬁlgf g%l}atlgl}{gg ﬁléxéboﬁg)w@;(i%ﬁhﬁ{ QS)att%hegxgrié%ﬁéé{dg}gk\&ﬁl tﬂgﬁﬁ'g{gL ine is a

double b ond; represents a group; 10R2 and R3
each md@p&tmjae‘nthlydrepresents a hydrogen atomor a (1-40 al kyI group; n
represents 2

o crocrpcrof i duie RGBS R R SR B o 1 <
at t ached residue @ pomdinn gcmM a dipdpkiad, ah IN-agl dgnamwecﬁmahndﬂig l\amlistixﬁt!aﬂi atyépresents a
o an e 48Tl oA s B "aci d or i peptide. - The embod ments
provige a pharhaesbddirGalts HowpeOs plidr@iceutidal Chinweiph,i viech @nipriygi tiypkiahi bi t or
and a conpound. o &ENRLAY of RhdY Bl i, S8 N
X-C(0)-NR'-(C(R*)(R?)),-NH-C(0)-CH(R")-NH(R?)
(1)
or pharmaceutically acceptable salt thereof, in which:
15 X represents a residue of a phenolic opioid, wherein the hydrogen atom of the
phenolic hydroxyl group is replaced by a covalent bond to -C(0)-NR'-(C(R*(R?)),-NH-
C(0)-CH(RY-NH(RY);
R' represents a (1-4C)alkyl group;
R? and R? each independently represents a hydrogen atom or a (1-4C)alkyl group;
20 n represents 2 or 3;
R* represents —CH,CH,CH;NH(C=NH)NH, or -CH,CH,CH,CH,NH,, the
configuration of the carbon atom to which R” is attached corresponding with that in an L-
amino acid; and
R’ represents a hydrogen atom, an N-acyl group (including N-substituted acyl), a
25  residue of an amino acid, a dipeptide, an N-acyl derivative (including N-substituted acyl

derivative) of an amino acid or dipeptide.



20(V) or pharmaceutically acceptable salt thereof, in which: Rais
hydr ogen or hydroxyl; Rb is oxo (=0) or hydroxyl; the dashed line is a

doubl e bowd 20r10/8535%g| e bond; 121 is sel ected fromuskéoglos1068
substituted al kyl, arylal kyl, substituted aryl al kyl, aryl and 5substituted
aryl; each R2 is independently selected from hydrogen, alkyl,
substituted al kyl, aryl, substituted aryl, acyl, and am noacyl; each
R3 is 'ndepen¢ﬁ@&rhyod%ﬁé1§§§r§Qdé £91§Qr1|ﬂ¥é$ﬁé?&?5bm§t‘)|s1‘&$h ,wtﬁapcstﬂptlgésaqr}atlkyl aryl,
substituted aryl, acyl, and am noacyl; toor and R3 together with the

carbon t énhabifos And hesmpopad af geaerRaTIg? VX cycI oal kyl and substituted

cycl oal kyl group, or two R2 or R3 groups on adc|a3cent carbon atons, together
with the carbon atons to which they are attached forma cycl oal kyI or
substituted cycl oal kyl group; n represents | meeger from2 to 4; 15R4
represents - CH2CH2CH2NH( C=NH) NH2 or - CH2CH O&s‘— NH2, the confi gurati on of
the carbon atomto which R4 is attached @ ing with that in an

L-am no acid; and R5 represents a h dOog at qivr—an N-acyl group (i ncluding
N-substituted acyl), a resi degRo %‘noam b acRl, a di peptide, an N-acyl

derivative (including N-substdtutgt ﬁ 20deri vati ve) of an am no acid or
di pepti de. The enbodi| e provRde a pharnaceutical comnposition,
whi ch conprises a trypsin ij biit or and a conpound of general formula (VI):

,CH3 N (\VI) 250r pharnacButiedlly accept able salt thereof, in which: Rais
hydr ogen or hydroxyl; Rb i S 0x0 (=0) R hydroxyl ; the das hed I ineis a
doubl e bond or single bond; R represents a (1- 4C) al kyl group; R2 and R3
each isndepehdantcuycallgpees@blt Salathbiydi; ogeliictat om or a (1-4C) al kyl group; n
represents 2 ﬁl; 1s§1ydrogen or hydroxyl;

R” is ox0 (=0) or hydroxyl;

the dashed line is a double bond or single bond;

R! represents a (1-4C)alkyl group;

10 R? and R? each independently represents a hydrogen atom or a (1-4C)alkyl group;

n represents 2 or 3;

R* represents —CH,CH,CH;NH(C=NH)NH, or -CH,CH,CH,CH,NH,, the
configuration of the carbon atom to which R” is attached corresponding with that in an L-
amino acid; and

15 R’ represents a hydrogen atom, an N-acyl group, or a residue of an amino acid,
a dipeptide, or an N-acyl derivative of an amino acid or dipeptide.

The embodiments provide a pharmaceutical composition, which comprises a trypsin

inhibitor and a compound of general formula (V):

CHs

N
0] n Il?1
H jr}t
N
R® R4 H
20 V)

or pharmaceutically acceptable salt thereof, in which:



5R4 represents - CH2CH2CH2NH( C=NH) NH2 or - CH2CH2CH2CH2NH2, the confi gurati on
of the carbon atomto which R4 is attached corresponding with that in an
L- am no awodpioamassoRS represents a hydrogen atom an N aegh/use@sps(osscl udi ng
N-substituted acyl), a resi due of an amno acid, a dipeptide, an N-acyl
derivative (including N-substituted acyl 10derivative) of an amno acid or
di peptide. Brief Description of the Figures Figure 1 is a graph that
conpar es neaanlsqlgglmg‘gmql@glrogyﬂ ons over tinme of hydronorphone (HV
follow ng PO agdmi nistration to rats of Conpound 1 alone and 15 Conpound 1
wi th various Bnture&§@rortydiesylh i nhi bitor from dyci ne max (soybean)
(SBTI). g]':ﬂh%d%n.ﬁa%o 188 dtdl;?ﬁl\%ngq,@@r es nean plasma concentrations

ol  ow ng

over time of f.rom)rp one (HM Tt PO admi nistration to rats of
Conpound 1 al Bne,sclegapondlkyl, witishtugpdalkyl riddalkdwapstitetpdiargobpyband and wi t h
oval bum l,, Figure 3 is a graph that conpares individual blood
concelr%trg?l?sglﬁlée%ggyelf time of 20 hydronorphone (HVM follow ng PO

adni ni st r at i opach®’isindepofide@dyrpdesnd flonahyinezeardkyCorpitine! dkyhi aryl, Bownan- Bi r k
trypsin-c [ in.jnhibitor (BBSI). Figure 4 is a graph that

conpar es Sgrreelsgﬁﬁeﬁ%lag haé:yiigrﬁ%%nrll Y& l|(’ons over time of hydronorphone (HM rel ease
fol | owi ng PO egthiRiiisindgendntly feldadpmunilyd?ogah oiiey] anbktiCosixakyichrl, wi t h SBTI to
rats. 25Fi 5 i.s a graph that conpares nean plasna concentrations over
time of ﬁﬁ}%ﬁ%%oﬁél’gﬁﬁfmwﬁ% se foll owi ng PO admi nistration of Conpound

3 al ope and ConpoanadR’3ogsthichw BB chidoi &t which they are attdchgUfoem @ cyQodk@r aph t hat

conpar es a | asma .concentrations,ovey tinme of hydronor phone rel ease
fol | ow ngﬂg@@”ba@mﬁ%@?%x SHPUBTOT SR B0l Foups SRAYATHAL 6P ’Wégtg‘%vi th SBTI
to rats. vinghs @sbobAteicto HBidhltReydir@ahshddn@imiargiisaka of AdstiteedliGoMfyl exposur e
of a certain conbination of Conpound 4 and trypsin, in the absence of any

trypsin ieflPbitor or in the presence of SBTI, Conpound 107, Conpound 108,

or Conpound 1Q%prdst@YELintedeteith 8t$4;t he di sappearance of Conpound 4, and
Figure 7B depi ¢cts the appearance of hydronorphone, over tine under these

condi ¥i ons. R represqjigyrldo (BLEELMHGrAHWNh af ~eHrid & d5CHelih:: ficas ma

concent r abh@ngac@¥ Of tht ABoPftoM¥E HAIR RP RORE HelMrrdsBb RAREYiPhAQHLN Y. PO

adm ni stration of Conpound 3 alone and 5 Conpound 3 with Conpound 101 to
rats. amiffj ggtk end i s a graph that conpares nean plasma concentrations

over time of Ry g A RO 1 Ni i on of
Conmpound 4 al gn%%%{t%%%gﬁgmfn{wﬂg ﬁaﬁl%@yn@%%%gtfsﬁ%&d%@%i nitions
The fol | awidvg of r arsinhacid, a dhipepfidd, laoM-avgl desiaativedingluling N-abhenwid seli ndi cat ed.
Any defj ned t.er, have thei.r _ari recogni zed nmeani ngs. As used
hereiu%, tdﬁlévaglér)rﬁf@ngﬁw%o"acdf?fhtpg@ﬁe' or as part of another substituent refers
t o a sat ur at edhdemamelechtoprogtie aplginhachadahcampsiviah eviticthyodrpoisarabompsinadi cal
derived b .t.ge rciem)val 1(? ff 0 %{(j‘grggﬁn atom from a single carbon atom of
a parent HIRER&TUPTROLT %%?Wr%(gaff) 8 Y%icl ude, but are not limted to,

met hyl; ethyl, propyls such as propan-I-yl or $@Hopan-2-yl; and butyls such
as butan-1-yl, butan-2-yl, 2-nethyl-propan-I|-§1 or 2-nethyl-propan-2-yl. In
sonme enbodi ments, an al kyl group conprises f Rf to 20 carbon atons. In

ot her enbodi nents, an al kyl group conpri \( @TT to 10 carbon atonms. In
still other enbodi ments, an al kyl 20 az}o

atonms, such as from1l to 4 carbon2 £t ORS. 0
part of another substituent refeRS to nCunsat ur afled br anched,
straight-chain or cyclic alky r |;;,a|?l1 havi ng at | east one carbon-carbon
doubl e bond derived by theirepowal of "one hydrogen atomfroma single
carbon atom of a parent al . HThe group may be in either the cis or trans
conformation about the doBbl e%ond(s). Typi cal 25al kenyl groups incl ude,
but are not limted to, ethenyl; propgemyls such as prop-l-en-1-yl,

25  or pharmaceutically acceptable salt thereof, in which:
R* is hydrogen or hydroxyl;
R” is ox0 (=0) or hydroxyl;



prop-1l-en-2-yl, prop-2-en-1-y1 (allyl), prop-2-en-2-yl,

cycl oprop-l-en-1-yl; cycloprop-2-en-1-y1; butenyls such as but-l-en-I-yl,
but - | - en-Weoywb10/@ssvet hyl - prop-1-en-1-yl, but-2-en-1-yl, PorAR2@/0b10%$ ,
but-2-en-2-yl, buta-1,3-dien-l-yl, buta-1, 3-dien-2-yl, cyclobut-I|-en-1-yl,
cyclobut-l-en-3-y|, cyclobuta-1, 3-dien-1-yl, etc.; and the |iKke.

30"Al kynyl " by itself or as part of another substituent refers to an
unsat ur at ed bpRRGiedinsthaoht béhrRingle veX&! | ¢ al kyl radical having at

| east one carbon-carbon triple bond dérived by the renopval of one hydrogen
at om from a sRngPesseds bdr@elbm &pura parent al kyne. Typical al kynyl groups

ol ude, DUt R )0t i Rldnly DY B¥c{?fé%ﬂ>é%§r§(@%'@)ﬁﬁy1§E g Ly

prop-2-yn-1-y etc

but - 3-yn- 1- ylnr@m@mﬁSénd3the li ke. Acyl by itself or as part of
anot her subst f s hydr ogen,
alkyl% cyclank&%ﬁggggﬁg%%¥%roélﬂ&?Nﬁﬁ yf %ﬁ?ehﬁgﬁgygalkyl

het er oar ybpfigvhetor 0Ot phrbbikgtbmas wilieh iRIAi(E{thth@TGé corresRaplirgsieirdt thativen bx arrpl es
include, but are npt limted to fornyl, acetyl, cyclohexylcarbonyl,
cyclohexyphé%%(fcarbonyl benzoyl , benzylcarbonyl, pi peronyl, and the Iike.
Substi t ut ed aRy tepreaémey shitdoogen b®in, amNee(dyI\@maj (@ehudofy Meysti@red abyfi): laude, f or

cramL . B0k LSS B RSk eI LB o e oo end

indepmndemﬁ%MV@Rﬁaﬁ@h&@bﬁﬂmﬁﬂ@ﬁ@hﬁﬁ group consisting of hydrogen, al kyl ,
substituted al kyl, al kenyl, substituted alkenyl, al kynyl , substituted

al kynyl , aryl, substi t ut ed aryl . cycl oal k substituted cycl oal kyl
cycl oal kenyl, substituted c§¥#% %%Wypnoﬁé?é?%ﬁP§l substituted heteroaryl,
heterocyclic, rabg 1slgb§£dﬁhmae@brﬁ@&e@rn@wﬁiob@c@ﬁantyyﬂ@ﬁseova&hn@aﬁ R22 are
optionally jOIned together with the nitrogen bound thereto to forma

het er ocyélwﬂr@m@mhe%@ﬂél follpwiag PRerdgrigeiatiPy & igis ob pomaerndvitiensiapd al kyl |

subst jst utehRliky] witRARIRY hmoSHPSdyhuh Sthilok 8OM! G @héw@)ydwybw@%sw t ed

al kynyl, cycl oal kyl, substituted cycl oal kyl, cycr kenyl’, substltuted
cycloalkenyl FéﬂyﬁzB§ﬁﬁ@hﬂ?ﬂﬂ§@”&$y$mnﬁ@@é%@éﬁ?ﬁmngﬁbéﬁﬁﬂmﬂ@ﬁ het er oaryl ,
heterocy AIkoxy
L e R et T G S U L e
R31 20 répv@s@ﬁtbynlan(Ca\ka),rhndﬁornwh@élwk@llovglbmum aad SBét.i ned herein.

Repr esent at | v GXAMR b AL UGk tho: Bl BRba LLAGf Qe BHESXY, et hoxy.
pr opoxy butox r gxy (% P oxycar bonyl "

i t selfo bmyélsmpmhbnm{M)llbtlh\@mg PObsiniisenon roke0s Coopandddigalnd c(0) 0R31
where R3% 1 oRLEREINS pRRaRhANk: Bhs EXFYAALIY, (HiGHR gssielined herel n,

RepresentaPlve exanp es 1 nc not nmet hoxycar bonyl ,
ethoxycarbonyFgu@Bhpagp@hmmaabmnyknthpmmymambanmhmmawahnhemyIoxycarbonyl

and the Li or, as anot her. substi t uent
o er 0% avSigmbons AN klealpi e R bo Suf Rt R THeR B  her emoval
of one hyﬂmqgem1aWQmSBTthasslngle car bon aton1of a parent aromatic ring

system Typic a i ncl ude, are not limted to, groups derived
fronfﬁceanthr@ﬁ@ﬁ is 3 gﬁggﬁfﬁﬁmﬁﬁﬁrm%EB HEhEHCHIp RO veLifftPlacene, azul ene,
30 benz e'h@dro&'@fﬁh@ﬁﬂ(&&Mﬁ@fe@é’é&Bﬁ;mﬁé pOnantiwagen bl LKL 3 IBXOGRNE,

hexaphene, hexal ene, as-indacene, s-indacene, indane, indene, naphthal ene,
oct acene CogpeurhenEh SBEL Wirdlve  oval ene, pent a- 2, 4- di ene, pent acene,

pent al ene, peP&ﬁﬁhﬂ@%gn@ﬁﬂ%&&ﬂﬁmﬁﬁ%ﬁﬁﬁbﬁﬁﬁaaﬂ@&ﬁﬁﬂ&ﬂ&%&ﬂun@bﬂene
pl ei adene, pyrene, rant hrene, rubicene, triphenylene, trinaphthal ene and

the Ii ke hyfimembenceibbuickasselloving BQng}i%fl&bOIb‘éfrﬁPﬁlﬂpé)é%d $tloms ®dt 0 20 carbon
at onsy, I@dﬁﬁﬁgdggpggB@pgggs an aryl group conprises from6 to 12 carbon
atons. Exanples of an ar group are phenyl and naphthyl. "Arylal kyl" by
itself or as papresdf aaﬁth@rgrsphbﬁtait indiate theafwlts of expasvraehacdeiteinal kyl radi cal
in which t .cally a
ternlnalcggﬁgg%xgg E%ﬂ&ggﬁﬁﬁqﬁﬁgﬁég|agﬁgm%??ﬁm§%5§ Iﬁg@%ﬁ%“MQ§ i cal
aryIaIkymﬁgmwapﬁsBﬁhKhdewﬂbuw7a®3mﬂmndﬂ@hpt@dnpumdb@hﬂypyeZAphpmykmah-l-yI,
napht hyl met hyl , 2-napht hyl et h-1-yl, napht hobenzyl, 2-naphthophenyleth- 1-y1
and the like. In sone enbodi nents, an arylal kyl group is (C7-C30)

arylal kyl, e.g., the alkyl noiety of the arylalkyl group is (Cl-CID) and
the aryl noiety is (C6-C20). In other enbodinents, an arylal kyl group is
(Cr-C20) arylalkyl, e.g., the alkyl 10nviety of the arylal kyl group is
(C1-C8) and the aryl noiety is (C6-ClR).



Conmpounds may be identified either by their chem cal structure and/or

chem cal nane. The conpounds descri bed herein nay contain one or nore
chiral cewmbenm/@asdbor doubl e bonds and therefore, may erCIUSa®I/061068

st ereoi sonmers, such as doubl e-bond isoners (i.e., geonetric isoners),
enantiomers or diastereoners. Accordingly, all possible enantioners and
15st ereoi soners of the conmpounds including the stereoisomerically pure form
(e.9.., 9eRABihiah@ )X dRiphEnd £ARNFiARER EBiclhPippearice df RREGHEPRGRE! cal |y
pure) and enantioneric and stereoOisoneric mxtures are |ncluded in the
descri pt oo e yrer besgseuhiédsher ei n. Enantioneric and stereoi soneric

m xtures can P%ufe%@h:éﬁghm& Qrhfl Rl RN £0In-ERANbICQRE! Gndbr St er eoi somers
usi ng separation tech ues or ¢ esi s techniques well known to
the 20 shiyiliomdrriond GBYA) relPhse felmpogm@@dmagstlah@rooféianmoun% sleyead t aut oneric
forms . n I r keto formand m xtures thereof.
Accorélng#éﬂbt Qﬁ%ﬁ?@%PL@thgﬁgges depi cted herein enconpass all possible
t aut omeric fomenﬁ%magemhMhugHMEMEdmmmpb@umdsmmﬁhemwawpound@?descrlbed al so
I nCl Ude I Sgt alf! f%ﬁ:aseq ﬁOW Oﬁa%amlms?ragon&% m ouncifalo egl% have an
atom ¢ nass HL ere hie m ¢ hess convent iona foliid in nature.
25 ExanpKE&qmﬁmi$®ﬁbﬁbm@mmdUOMamabe i ncorporated into the conpounds

di scl osed herein include, but are not limted to, 2H 3H nc, 13C 14C,

15N, 18 o etc. Compounds may exi st unsol vated forns as mell as sol vated
forns'® i ncl udi ng hydrated forms. F W09 opounds may exist in nultiple
crystal | i ne orharnbRMQuSH@avVEShe follogiReiahing ahlesspiiykswisalndfcakas Aay e

equi val ent for the uses contenpl ated herein and are intended to be within

the scopddtinehirmappiveditiargrognsedpeanings. " cycl oal kyl" by itself or as

part of anot hag usdddsteid, uRNEml i1 ShyliRel bR P AT BEbukY ShtsGuadckstbrs t@gi cal .
Typi cal cycl oal kyl groups include, but are not limted to gﬁoups derived

from cyclSyprREdRRICchah s SEHEtehEn mapeyasie Rydiprerboaydich dstivied bu g reteval i ke, 1 n
sone gmbdbAEafogeh ABmAYh 9§h§1¥ lcaIQBIQMQm'o? a p&r3ntGlQhe. C”chﬂlc%?-ﬁﬂ@'llgrodpg ot her
enbodlnents t he cycloaléép group is -Cr) cycloal K

"Qycl ohetiglsls| tay jare nigi limgt fm@hyla%*hxiawp)dff sugh 8t PFéPanshIzilsQflplfQ]Péﬁr@ Yiraaflers to a

sat ur at e GXGl LiFadhulnl 19159& 19 o RLREI, 84 PiBsdund any
associ at ed 55 hroﬁé# ato%s t5ar epeﬁﬁgﬁ §rrepﬁﬁg§ ﬁmﬁmh ?ﬁe %ane or
differ enmmbedlewo@tanrﬂlkyTglpun acbmmgf:&eﬁr@atl ¢or80 mbmamras: dnpoker gabddonenst ony( s)

i ncl ude, 0 t

cycl ohet e?gg(y%ﬁuﬂq L]J&S&:f%gl?lh)em rbogﬁognsno% Stﬁl %hefre OJXBhtggaﬁlﬁékyderl ved
fronrmpognﬁe$pm32ﬁ$ﬁnesLwﬁhmﬂmaa@mm Junhh ekalzah il ¢e hegrberoatghel | ne, pi perazi ne,
pi peri di ne, pykazolidine rro |d| ui.nuc

10" FbteroalkyIA ler%gFE PalH 5Pg%ugenqumqoa?H%%%% %nggpa%s part
of anot herralghtbskmmtou endlic alkfyﬁradltaﬂ hahhg/ ht, leaat damrcydboamakbalh d&yuhid bogd derpe

respecti e or nore o e rb ons a d a associ at ed
oo ooen POt Bl e lGe bt Ry S A e R oy AL B A ey oot

hﬁt er oat Qu® r@ryajlangelthﬁymta@alor hehfa"ofnairm?mmél agbmumdouhletbbna@n Ttyplchlng I gded in

t hese ro S I NCl ude are no Imrte

-0-5-2 9 E%‘?ﬂ%’u?s “&E%“ﬁe mlted&&ﬁ%%ﬁwnylsﬁﬂllas Pmpp]( By 1‘21 poR42

9 -01) O)p?-Qp 1-S02.y1, pR§P22-en-1 S0 BAIS1) Retép- 2@ﬂacfnh@rc1bpﬂ@9 .1-sdheye R37, R38, R399
R409 R419 R429 R43 and K-44 are indepen dr ogen, aIkyI substltuted
al kyl , arcgf?lopfgﬂrﬁseﬁltﬂt '@Hené(}s;ﬁPCh %§er éneRwyl '%UBSGPIQ}/XJt %Hle‘éll?/bl’f&l?ﬂ;ﬂn

cycl oal k.2 Sshhsfidubed 1C>M03u@@1elﬁ>d yl, Gk ohgdner- 91aiall&w1;3 A4hsLjtuted

cycl ohet eroal kyl’, het er oal substituted heteroal k het eroaryl ,

substit utCé%lotnéﬂ@rnolaylywclqbé%é%ﬁryylcwlkwa b3-dabkh et é@dtﬁ@il@r oaryl al kyl .

20" Hegoer oar yl %Ry, ¢ B el a@farFHaboflr sasg(a&daﬁ{re%%fah T
nonoval ent heteroaromatic radical derived by the renoval of one hydrogen
at om f r orsiraigkiiahgingr aycdimalifl radlpdﬁlemlg hideast omrcarpanicerbpi wigloshsd denvedppi cal

het er oar i from
acr di e heiORRS) bidaidBen b RhEa Qb e by P bR RS CTapkEF

ci nnol i nalkyhyrgaeups inglude.Zol a&e nbﬂdmizadlte,ethyn}zﬂop@pyny&@@bh meprop-hgoilidi ne,

i sobenzof uran, 25isochronene, isoindole, isoindoline, isoquinoline,

i sot hi azol e, isoxazol e, naphthyridine, oxadi azole, oxazole, perimdine,
phenant hri di ne, phenant hroline, phenazine, phthal azine, pteridine, purine,
pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimdine, pyrrole,
pyrrolizine, quinazoline, quinoline, quinolizine, quinoxaline, tetrazole,
t hi adi azol e, thiazole, thiophene, triazole, xanthene, and the like. In sone
enbodi ments, the heteroaryl group is 30 from5-20 nmenbered heteroaryl. In
ot her enbodi nents, the heteroaryl group is from5-10 nmenbered heteroaryl.
In still other enbodi ments, heteroaryl groups are those derived from



t hi ophene, pyrrole, benzothi ophene, benzofuran, indole, pyridine,
qui nol i ne, im dazol e, oxazole and pyrazine. "Het eroaryl al kyl " by
itsel f orwaopansssef another substituent, refers to an acyaiscaombiogs

radi cal in which one of the hydrogen atons bonded to a carbon atom
typically a termnal or sp3 carbon atom is replaced with a heteroaryl
group. In sone enbodi ments, the heteroarylal kyl group is a 6-30 nenbered
het er oar ygl. iﬁ%hll -y, ,buth@s@tdﬁyds bR{-§h-Y- y@fbut fp%@ netenaatylalkylnd s 1-10
menbered and the "heteroaryl noiety i5 a’5- mbered Heteroaryl. In other
enbodi mefissliket he het eroaryl al kyl group |s 6 20 menber ed het eroaryl al kyl ,
e.g., the al kVAcﬁDbﬁﬁéélf%‘} aézﬁb?t A}%L&ﬁ lys'uﬁteht%fefssco Fd fé?é@lgd \ﬁg ¢ the

heteroaryl noi ety I's a ere et er oar refers to
a chenic&®’ elhb@peﬁm elktflhestcloeket excloheterquient, mdoﬂrﬂgkmlaheter@tlkﬂnhdfo@,roaryl

10i nt er ag| t or, subset of
t he ogl oi geepotaﬂﬁélkﬁg%t@{afﬁlﬁé Eé:rgllgahgn resenFﬂ@@&JaE%le?ﬂcgfg gofu t%{%%@ﬁ@edg%l oids are
provi ded fomiybwcetyl, cycldh@asrleimltonm omhe&ylmethglcsjvem}erﬂbnbyl |btel$zeflcarbonylas part of
anot her subst | s.to.an. u | ¢, Fing
system ha‘?\}’e“’“yg cdcq)&rtf Bféat i Rispi g R S Ossus E‘ﬂe“c‘\émons a%Rﬁ‘na/t“%c 0déd within
t he deflmenmatmtmxmanemn)amnnmlmthmmglsystent are fused rlng 15 systens

in which one re of the rings.are.aronatic a 8:.0F . the rings
e ont ur ot oo s L Sufipiy £ ant RS e A MR e amal O R HET ety Kl ane
i ndene, pheéR&ieMPendehly ard y@éotal frqdathe rgtou@rcemlng ofhyag)gsy&t@tr&ubsﬁﬁimﬂde but

ant hr acento alarnib AT Uk AT puohENES) Rk o IPARERBNE. 1 | uof ene.

hexaceneﬁyél@éiﬁgﬂ%ﬂﬁttut@@é(}%l(ﬂrkﬁl cPSodlIREAC ametitu@d L NARUeAd, hdtdane, 20i ndene,
naphthalene octacene, octaphene, octal ene, oval ene, pentg-2, 45di ene,

pent acend!PsHEtdeirRar! %Fp(h]écmén %léttyvté%%eteratvéhaﬁ%\éherepﬁeﬁa%hr%e

pi cene, RLESRAUEEnedRYIEHIE witR WettdYE £ BSund hhis &Brm b hb BR8N epe,
trinapht hal ene and the |ike. "Parent Heteroaromatic Fa@ﬁ ﬁé;tent by itself
or aslSparebsgfutesdsteresyclicugseun anbyiereip alkel subsuigd gl atkemil siattiwed | ng syst em
in which aﬁi&?loﬁkﬁi@zf %u&ﬂ(u%@ll@hﬂn&c(cﬁﬁgl bt fhR=RIQ ?&1@&1@;‘1 SrloBxEf,Q9en at ons)
are independent|y replaced wth the same or different heterodtom Typical
het er oat onstitugedrerploalsenyl. heyl.cabshionedarpbet¢rpayl sebstityied hetewarybt | i mi ted to, N,
P O S ioractlft. anREGk IRl OF! HdEithlfdiphe defini tion of = par ent
heteroaronatl ring systens re fuse rrng systenms in mhlch one or nore of
the rings are“amonﬁﬂwomdﬁdr@ﬂ@nofmnﬂmemﬂﬁmnhenﬁmﬁgsaaﬂeabéMMrWMEdRor

unsat yr at for [;9X ran, 30
chro r%éne gpr?| Ie%t:slrgn aelﬁsl or 8@1051%& t% u IH?’I @‘e,fl Xcrl; ﬁ%r 1§neRQ]§re%eggt 1 ea)‘gamgféglncﬁlgg t
heteroar@u&heomﬂnmgm$qsmﬂmnynﬂnkudgqxhuﬂnmn@ kambwmmyeddmehkar3|ndole

ndazole. i ndsk GO I AEY [ RTbe B T eaiseRUBRT R pedifibene, -

i soi ndol eC(()®®’ nelindré RE reprssaqus analkine ,cy¢1samt}h igpmplhedefinsOKazial e,

napht hyri di ne, oxadlaz zol e, di ne hepant hr.i di n

phenant hrSPRRAIh er el i peoh B il r PhB BRI GREAY pyr azi ne,
pyrazsl e,pr(rpmyodﬁ;z)hﬂebutmmdbm,cyaysmdxmody@aaonplyarnﬂqteqlkepyr rolizine,

qui nazol i ne, quinolin qui nol i zi ne, quinoxal ine, tetrazole, thiadiazole,

t hi azol e, thi opH&n?y, “Sﬂfl"{:ﬁscﬂaét of gna{iads syRsURAR} TEIRE @ f RENOBIPhAPRAL L | cal
conposi t inQlirocdrBdehdicl AeAbed AR re RO Gal GOHRANALD BN SloR RIARE HRAE BirbGrAdthiM
acceptable vehicle, with which the conpound i's admnistered to a patient.

" Phar mac @i PESRY orygic aing Aliten.s Bypical arét gpepstigrlydeshyt pregiot AmierhisofAYPs whi ch
possessegfing fﬂfr&é&e%ﬁh@i&ﬁé BGAbIRGIGR ac%ﬁﬁén!ﬁtﬁ:édeﬂ@ dhihEacPRY 8RfencOnpound.  Such
salts include: (1) acid addition sal forme I norgani ¢ acids such as
hydr ohl deasnaehigsenhyadrabne hiieraaibend, ﬂllf@@t@t haxpgepe, é@mhem hexalengici d,
phosphori oS- uﬁﬁtbfgle S ack ,idd'aulfe?'indgﬁe, g%’h&ﬁ Wo%ﬁc&%%@gﬁet@cbﬁﬁe@uwleﬂ? ace.t I C
aci d, propionic aci exanoi'c acid,” cyc opentanepr piohic acid g 'ycolic
aci d, pymamae adem; pftn@ae;tniecpeml@e pralaphdne, eylehe, pheodim, pheaeithirengral i ¢ aci d,
mal eic a I i i i trjc i i [

(4 hyarsy eiiEot pRGs gl Sk LipEhihd G RRTAGLE 1BE f
nethanesubmemmmxmmmdsaeahag@smbmmmmesﬁ@nﬁtom)auahhmme&dhsukfonic aci d,

152- hydr oxyet hanesul foni ¢ aci d, benzenesul foni c acid,

4- chl or obenzenesul foni ¢ aci d, 2-napht hal enesul fonic acid, 4-toluenesulfonic
aci d, canphorsul fonic acid, 4-nethylbicyclo[2.2.2]-oct-2-ene-1-carboxylic
aci d, glucoheptonic acid, 3-phenylpropionic acid, trinethylacetic acid,
tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamc
aci d, hydroxynaphthoic acid, salicylic acid, stearic acid, nmuconic acid,
and the I|ke 20 or (2) salts forned mhen an aC|d|c proton present |n t he

T o . .



The term "sol vate" as used herein refers to a conplex or aggregate forned
by one or 25 nore nolecules of a solute, i.e. a conpound of the enbodi nents
or a pharwacewidi4s®abl y- acceptabl e salt thereof, and one ecTmse@neioegul es of
a solvent. Such solvates are typically crystalline solids having a
substantially fixed nolar ratio of solute and sol vent. Representative

sol vents include by way of exanple, water, nethanol, ethanol, isopropanol,
aceti ¢ aGhfbodifhs M&r1igkip YMBAsek h@m%"l@@ﬁrbb1§at¥9@1§ eﬁxanme o0 ¥gte formed is
a hydrate. 30"Pharnaceuti cally acceptable vehicle" refers to a diluent,
adjuvantg“@?@ﬁﬂﬂ@hﬂaé¢nﬁéﬁwier with, or in which a conpound is

admi ni stered. «sryjaikyl %ts%ﬁtor ISLQJ df%éthé}léﬂ%ﬂﬁle @PRrsab %ﬁ’a@&ﬁ@ﬁk such
as livestock, zoo ani s an npani on anlna? suc a cat, g or
horse. inwhichPneefehe hydgogen rltomg rbemtedtt@ oearbaratom, rtmmbgllyawrennal efgrs to a
reductlo K. a

" br odrugn 4 B s REE AL IREG1 BlopR ARG by lyt BUER, RRERarenor

t ransf or rmuiedltp \lm:rtzml a- mlhleflebbdlwl tmaphtkylmahel, chlepIamth:thd -ygenphthottnpdy ugs are
frequentl,y nece r macol unt|I
convert e I%agf?tkl%%r}len (ta eyl anc(ie ﬁ][ ?1% in sXmE) BQ Jlm{ents ¥y(fﬁf§ylérou {gy
protectimgdgkﬂu@gtmaumyhemewsedmmgdﬂﬁﬂ@nmpﬁu@hﬂhgnad&@mgupmmnyhln an active

agent co e he actjv ent 0.a rodr 1y, t pronvoi ety
ST be e Getely s® oS 0h abBRa Rub 1K Y SMBIER A s Myt <
non-emzymaild:tgzoﬂmaa@mll{ylgto\ap;s (@Q(Efahﬁelﬁﬁdrﬂgn(gétsbwitd(}ﬂ)ers to a grouping of
atons that when attached to a.reac e functional group nol ecul e
masks, reduce Oﬁpmﬁéegﬁﬁpg“?@H%?FVFF&Y3%”Fﬁ@nF6H@FgﬂﬁadeFHﬁﬂnc anpl es of
prot ect i Rgm@r PHPSHNHROndIRciAYaThdrdin Fag@shtah oAl or mOrPLmiER Gt Sarfd QU ps in

Organi c Chem str Wl ey, 21d ed. 1991) and Harrison et  al " Conpendi um
of Synthé@?@ebﬂﬁéﬁmﬁtWEFWb&&YGXWUP§m“EM§HF§o%ﬁ vw@e@eéﬁedeeﬁem<@e71 1996) .

Repr esentuahdBe R0BR), BhitiShbis DYdiARGEAHAS ABGkdiERy, dPossHCeMfliohdrihied to,
fornyl, acetyl, trlfluoroacetyl benzyl , benzyloxycarbonyl ("cBzY),

t er t - But esyoseBeII theeygeunds fneludimg Wy ssqrpajsomerigaligppre form (e.g.,
2-tri met hybsidivlin$uRaneatbharyhy 1§ur§€1%&s,ter&6ﬂ1é‘rbé£11ﬁ%ﬂe)%ﬁ@éﬁa!nhé;ﬁl@& dnfii Yl

groups, aIIonxycarbonyI 9-f | uor enyl met hyl oxycadr bon
nitro- versmqoyspmﬁy@amn@nyare (eNg@ON) theagegentitien of tlhecmﬂepméfsl@nmat ive hydr oxy

protecti ng, ol QRS ah@ﬁerg(qgome%ﬁg:ﬁélgﬁ%rs @grf lf(é el qntB 190%91%8%%%&1&13 3 I’ | tyl

hydroxy group is either acy yl ate suc enzy
et hers asr Welteblsemerabkyg Se@alhmrstecltrleluaam:mipymtaw}sl te(éltlhleesswelt krnoanky thsi | yl

et herz% anf(il a 1sanetI%g ouniis M?dé Vera tgutg hﬂ?ﬂ[ﬁ Qé{g%‘[ehgg:_fll\éll Ch one

or nore h ro en atons y re aced
differe ntfomu ldsethetafenn (mzj) mlxﬁqu thabofs mbsmmmglent&ls chennctall sleyctdvestdepicednot |imted

to, alk Ienedlo =0, oR 5R609R619
_No), Cy- %1{%@1(53 %?g)ss }% enc )%é%'\llllusw%d coans I\El INB, S(0) 20-
-S(0) 20H,com§6&;ﬁ2%6r;bed@ﬁ() Ochle Jsotdibﬁ(aﬂy\' RB86J con{odndsOnhezs one B¢ Blofldemay ( 0- ) ,
OP(0) (OR60) (ORB1)., c(0). S 0) NR60R619 C(0)0-,
-Q(S) ORGRg‘ ) “1\?#2%}‘22‘&(“%5‘)(g ﬁﬁ%ﬁf?(m %Qéé%f(l% %ﬁé@%ﬁ@"n  REYY'RIR60- 61 K and
- C(NR62) m&ﬁ%ioﬂi@(ﬁbﬁs 139mBp BOinB&Egorard ihs tMcbBphlaldogienoseRberkinafi@ude,
i ndependent |y hydro en a&#m» BSUQStBtU&eqja|§¥|

but art not’limite Compounds may exist in
unsolvated forms as well as solvated forms, including hydrated forms. Certain compounds
may 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
30  present disclosure.
“Cycloalkyl” by itself or as part of another substituent refers to a saturated cyclic

alkyl radical. Typical cycloalkyl groups include, but are not limited to, groups derived from

cyclopropane, cyclobutane, cyclopentane, cyclohexane and the like. In some embodiments,



30 al koxy, substituted al koxy, cycloal kyl, substituted cycl oal kyl,
cycl ohet eroal kyl, substituted cycl oheteroal kyl, aryl, substituted aryl,
het er oar ywoani1oaub®bi t ut ed heteroaryl, or optionally R6 aou/uRédotnenes her
with the nitrogen atomto which they are bonded form a cycl oheteroal kyl or
substituted cycl oheteroal kyl ring. "Treating"” or "treatnment"” of any
condition, such as pain, refers, in certain enbodinents, to aneliorating
the condigd QR1oklkyBoroupAik (@3&@1 519ycwau<ry@%%m%9emﬁwa¥§ el emﬁfgra; 8s
condi tion In certain enbodi ments “treating"” or "treafnent ers to
arel i or at’n§avclpdldt one physical paranmeter, which may not be di scerni bl e
by the patient t" refers
to inhibiting ? %@§%%§ tloﬁgelttﬂﬁﬁh§§gﬁ%%%ﬁakh?&n]gﬁng%agg%ﬁggtlon of a
di scer ni Ishdicsyiybradivp] inpHychi aok oginers] daspon gemy (andsing hisbéizted hyshiogsh awnphysi ca
par anet er, {.a4 I ) at ment
refepg tohae@%§ﬁﬁéﬁgﬁ:ﬂ%%ﬁ%%@%ﬁS%ﬂQQg%%%Q%?gﬁﬁﬁﬁﬁhgbgggugggm%%ﬁééffect|ve
anount " meaas therartenalont(s)oficlalecpruedlimhed to, Mhg®), Sosidatrilypicel ed to a
pati ent f ey nt| or treatin con |t|on S i.s sufficient
o eff oo QoA eRERE S Bl AEp AT e SitidefFoB¥Ruuht- Wi 11 “vary
depend|ngmmmaihmnm@nmmmMﬂMdﬁh@m@pm@nm”nmnamdspm&uﬁmwpwnhyMamd t he age,
wei ght, etc. : of the atleﬁ?h1 Eﬁtalled Description 15Before the present
|nvent|oﬁng“Pﬂ?9ﬁ%?c 2P B8Rt is to be understood that this invention
is noto |im tedH&teroplaylt Heuafoan(e@mﬁdemh&yﬁgesw thb@eklvea or st oMayathedf cour se,
vary. It is also er st ood th t the ternlqoLo . used herel? is for
BB s :

t he purpé@@“&?n ylan 6&§W’§ﬁﬁBﬂFﬁﬁﬁP§ ity Mg PS™HSt> i nt ended

to be |inhddaf@®n aﬁanﬁqanctah@ a§00RRd afdrbHta an@s Qﬂ@ﬁnde@é’rﬁl@ﬁtlﬁﬂpl‘d&dd'wdh&hé imted
only by the apci)ended claims. 20It _nust be noted that as used herein and in

t he” apperitf@tiocdieTrgt hefeppatanin giquay TyRFatheterpatomiggroupsach qap ge inchidedide pl ur al

ref er ent shddOb@§ss 1hf18deC BitaeX ot Gh@ad Loy -li 8% ates-, 0§-Rerviss eNRPIR®-s=i{N her
noted that the claing pay he drafted tp excl ude any opti onal pl ement. As

such, 15t hi-¥=Nt.aNaMeWR K's. PRt enBéd:t €0Rerv&- E@)antsé)ceé@m -$9Rs RS -gpg thase of

such exclisiyierd R7RAPGEOGY 3! REOREl Y4 RO i)ﬁd&:l&ﬁ'dénhg h&rdrggen' AkHON nection
with the recitation of clai'mélenents, or use of negati ve" Ilnltatlon

|t shoul guitseituiadcidiyyd, ta®ddsut>ﬁatete<h@yhslé/éiﬂlwérselvstitutftdwéylﬂléwlmy@@all@htsuhsytumd an"
entity r 0 r I conmpound refers
to one o?§ﬁ%%§hc g%gﬁﬁgmﬂﬁ.ﬁm@&gﬁ&@%ﬁgﬁkg% Lﬁgkﬁﬁﬁgggyﬁwgﬁg or nore" and
"at Ieasthemmelkyh aﬂeﬂ@eryuswtltumdémwt@mgdwbirwylskﬂi dramﬂsytutddéletemarmalkyl
corrpgl sing”, . e %l ufj’lc}ontsel?‘nldas agv% nrg)thegg‘g)stltu n"fsrg% sI tgta \%leg]?abl y. 30 The
publlcatlons i scussed nérern ovi de P&y For “therrdi scl osure
prior to hhhmafqniatlngaddat éeriobd b)lflme p&’rﬁSz&]’ltf oappydrc@hlacum erntahmg@almef nisto
be construed m ssion th ? lgtg g i nv (% Q S nﬁttqptltled to
ant edat e P%ﬁBHlegeﬁ%ﬁ“?fB {8 SBYe FRig! BfIgEy %“’?R?\}% PR Et 1Y Phe dates
of publ i gadup®lerpl@oaedridmy, akenddicf EebL0Mk, ﬁﬁﬁmlinhech&ﬁﬁdi@chﬂullﬁnbcatl on dates
which may need to be independently confi Unl ess defi ned
ot her wi s&inngiine, {uaum, Hpidagoley fdazols, é’r‘ilf)lef ‘iné‘)ltf’érlﬁ%‘)l‘&g’@d‘s%iﬂ@ Hakave the sane
nMeani 89 as LSRR Evindodatsh@mde Q%q@ﬁl@h&f 1s8&1ﬁk61@r1yox§¥~dlé haﬁH&lﬁﬂﬁleart to which
this invention belongs. AIthoua@ﬁ mef hods and materials simlar or
equi val ewa@ﬂoteh@?éolaé@efmcb%p ehfdigg phenagdrdime erpzing, ihwlasigct i ce or
testing ofo{die, RGSSHtan PHEMI, Pltardidl SyRESTE! yad ffsnangrquBt erial s are
nom1desc%(%%d ]ﬂﬁ g&ﬁPlggtlongﬂﬁ%nt?%néanhéﬁglﬁggﬁg|n30?ggrated herei n by
refer enceoytr@llzelmes q'luogzehmwdum@lsr@r useolizive. quentchalens, @hayolsy thadiaaple athigzéley
connecti h W se
not ed, tﬁ@o (%g %%h%nX%ng ﬁﬁgﬁgékéﬁﬂﬁﬂgég?ggéﬁ%“%§§ &%m' §9£Eg£generally
perfomnedmmcﬁéﬁdmn@mtéh@gnmehﬂh©ﬂatmnbthndssMeﬂkwkmqmﬂnmplim@néﬂﬂ and as
10descri Al cifhc references .th re cited
and di scgrés st thSﬁo HE OﬁleF ‘g%gor@%“%%%?t fouiy] frglss o GO d%me‘ﬁtﬁ%fﬁdon
Or gani ¢ @hiephiest, lpyrrolEmenZdnhlEphehe @anzoﬁleam Yalblk; p}@&diner qinhdﬂmvenﬁdatz@/le Press, 2002,
pp. 360-361, .1084- 1085 Smth and March, March's Advanced Organic
Cheni st r <40 PYRE Mechani sns, and Structure, Fifth Edition
W ey-1I nterscience, 2001 15The nonenclature used herein to nane the
subj ect conpounds is illustrated in the
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Exanmpl es herein. Wen possible, this nonmenclature has generally been
derived using the commercially-avail abl e Aut oNom software (MDL, San
Leandr o, wWal2nfo/g4ssobt has now been found that attenuat edprelusase/oefocs

phenol i ¢ opioid can be achi eved by adm nistering a trypsin inhibitor
derived from soybean in conbination with a particular 20 prodrug descri bed
in WD 2007/140272. Representative Enmbodi nents The present disclosure

provi des phar RRGEWL IRy CRMREE b AR of aﬂuéhetr b@isliubRt RRAS QA ablRBe amer e the

pharmaceutical conpdsitions conprise a phenolic opi oid prodrug that
25pr ovi déddiesh el ensl qf jhedydtogen dters pandadioer fPoa ajsie Hiqally apirsingl orand an

enzyne i r ragt t e iates the
enzynatlgg1 ykggﬁ%?%Beg%&ﬁgﬁggggﬂ%&ﬁyﬁgﬁlhgﬁ%ﬁgg§%0%§?ﬁ8$§%n1the prodrug so
as to at theterratidallen 2yavats £6-80 ewagred bfterolrelaybdrughe afkd niicteblobar e provi des
phar mace 0 i a
Banor: o e AETRCEAS b il RE i Bely Y PP AR b B

cl eaved, Ik athﬁﬂ armtwldemnmthr: bttemswyladifyl ptoep ol 6- EO mpllnbftrctl he@raarpllabrsl ok., pihtenol | c

opi oi d pr ﬁ( }&Cy orf(tih tl{e¥err) riaﬁ%yt a? 8tn(1)er %:)e dan&lgle%r {eﬁoaryl mme? Phen0| i ¢ opioid

pr odr ugs in Pdvi ded a
phenolicsepamEMM@wdmﬂﬂmpw%uch prOV|des enzynatlcally controlled rel ease of
a phenolic opi, olic,opioid prodru orr ondi ng conpound
i oh ¢ e, SRS IR USRI AP S5 Lo BT BT EAR B S pacer

| eavi ng glﬁtaualdnaabplalg r@:epuotsr Ogl@dhoﬂuﬁﬂlad’pfﬂfdretotmt)set of tp¢ oficids ¢dt Wi t h an
enzymatical |l y- c| eavabl e nnleéxgg%he confjguratiqn ﬁL t he spacer |eaving

group an&OWFPF6§@W°hHBW%SﬁﬂPW’ FPliE QRIS A Proidsg PelONY yat i ¢ ¢l eavage of

t he cl eavabl e“p@éfRiAYomitheRing §¥RGETOYEK 6PRYalt®f hiotfer aRahER, ©ferf @R Ng a
cyclic urea, liberating the conpound fromthe spacer |eaving group so as to

provi de angtened Fxcliegr oIy Chthneewsiprdiaeiap aspauagicddl desion gystae
enzynat i Hlﬂca@lbr %Ytﬁll@{i g/ltﬂqﬂl e CYeﬁg}g]I?én %F“Iﬁre%?ﬁ{)an%ﬁ% Sr%tgﬁe 816: hf}l ed nn§|I trogen

enzymati call y-clfeavabl e noiety I nked to t
t hr ough amsteand idevhich qge opmpeeptf itperings Mel@@i)atlb@mﬂonelqn ngonet tbfnmgﬂlarfe nts, the

enzyme | atﬁragﬁ(a%'r Pﬁ%ﬁﬁé{&l %E'%Pefxal% Brﬁ’ o‘?@%mﬁ@g {jé%% e V\%%ene e, AS_shown

herei n, Fornu escri bes conpoun is (1-
4C) al kyl Tgpmallgnaremaramdtid%&lmeihms nd@perhﬂem htyt lmp@«de(s@cﬂasthwldwdr ogen atom or

a (1 4C)a|k oup e re ents a, en . a 1 N—acyl gr oup
(|nclud|ngl%fm%% %“ﬁh aé%?[ , Bresi ue o %ﬁegnl act d™y di pepti de,

an N—acyﬁmdﬁmﬂwmiﬂu@eﬁih@huﬂnn@xwm@mbhbmkmbeﬂ1aﬁy&mdemﬂM&h¢vmmn@f an am no
aci d or d| e rmula 1] scrlb S €O Formula Il, in
ahi otk R Pl pePise o AETRS bRl RIBL BRI PE Y eaent 5 a
hydrogenIﬁmmmh@pmaqﬂﬁmﬂﬁ%gkﬂybh@mﬁu@phamdmR5enﬁ@meqﬁﬁ&ﬁnaphmdéogen atom an
N-acyl grou i ncl udi ng N-substi t ut acyl ), resi due of an 20am no acid,

a d|peptPd@gm%WeNPQ%VF’ﬁ%$?W' Fﬁ%mﬁﬁﬁﬁkﬁ%?ﬁdh§i%hbstltuted acyl derivative)
of an am no aepfedHetrPeHhdARing SystenfWyAléiford Y paf SEiHRRS subORGHNERrsOf
Formula I, wherein "X" is replaced structurally with certain phenolic

opi 0f ds. A3 PHPHGTRRHGAINE SYSEIHIN VEisTHeNe AT PYrraEonape (Rt dresiast For mul a v,
i n whisch ro%eqn Acthsh afecal@ép&/den@)'f RYRced iRl 7% GaciréMdBPRILENYYichepr esent s
a hydrogen atomor a (1-

heteroatoms to replace the carbon atoms include, but are not limited to, N, P, O, S, Si, etc.

Specifically included within the definition of “parent heteroaromatic ring systems” are fused

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

saturated or unsaturated, such as, for example, arsindole, benzodioxan, benzofuran,

30 chromane, chromene, indole, indoline, xanthene, efc. Typical parent heteroaromatic ring
systems include, but are not limited to, arsindole, carbazole, B-carboline, chromane,

chromene, cinnoline, furan, imidazole, indazole, indole, indoline, indolizine, isobenzofuran,

isochromene, isoindole, isoindoline, isoquinoline, isothiazole, isoxazole, naphthyridine,
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4C) al kyl group; and R5 represents a hydrogen atom an N-acyl group

(i ncluding N-substituted acyl), a residue of an amno acid, a dipeptide, an
N-acyl dewowatoossdi ncl udi ng N-substituted acyl deri vat iPeE)usedomsioasti no
acid or dipeptide. Formula VI describes conmponds of Fornmula V, in which R
is (1-4C) al kyl group; R2 30 and R3 each independently represents a hydrogen
atomor a (1-4C)al kyl group; and R5 represents a hydrogen atom an N acyl

group (i r@)%diﬂéol&oﬁ‘z&@ gﬁhhwﬁ@gheﬁﬂthﬁdm@ ph&ﬁahéﬂﬁﬁm@fph@ﬁhzﬁl@‘ pHehadGid, a
di peptide, an N-acyl derivative (includi N-substituted acyl derivative)

of an aniPHeidHE] RITHP RITA9epTAERE; Pyralole PP@Q‘aZPé{HYﬁFl@é nyripyigine, XW@B’r esents a

reS|due e o) nolic
o v RSO ROLSh A 1l e GO0 Rk

( C( R2) ( Ryipphen-HG(z0k, CH(tRAY aﬂﬂl—d(lme As di scl osed above 'opioid" refers to
a chemi cal SUD%a%Ec%u&%ﬂéonﬁsg%E thfefs &58{‘1%?’8&040% nﬂ%yhgr?nagﬁltwﬂ eraction

at op|0|d receptors I ol ers to a sub i oi ds
t hat contaedeptablephieniel wighr whiph tﬂéapmemmdpst almlmlsteredltw &prapnbl ds incl ude but are

not limted top buPr enOﬁghl ne hlE’ﬁ" ne tor phi ne,

v.dr or e,
hydr onor phone evocremﬁcal ﬁccel?‘rt%ble Fﬁt ‘f R%a Palttor%a ch{)(g)un Wer e%?s)géss na rref ene,

nal oxone deN‘eﬂtphg»rhmedlogqm activitglof the>pmneet cohdpmﬁtdh )Sluciaiaﬂts axde, (1 oacyhor phone,
o Bt I EAPESI S8R 95 GEL R BATLIEGELAS RUPARASRHIR: B orPhane
st r uctour 8slf@fc dclieniaicicRIpidspiitie deidhaidahd ickeppi fointls \aﬂeorghmlcbeh@mm
Bupr enor pr‘:tlr(]:eal(ndngop'lom% acid I_I|1€xan01c acld, cyclopent[elnep\rloplonlc aca g ygorl%e;}c%r )brlu\r/}g Ho . OH
acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric
acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl) benzoic acid, cinnamic acid, mandelic
acid, methanesulfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid,

15 2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid,
2-naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid,
4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic acid, glucoheptonic acid, 3-phenylpropionic
acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid,
glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the like;

20 or (2) salts formed when an acidic proton present in the parent compound is replaced by a
metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates
with an organic base such as ethanolamine, diethanolamine, triethanolamine,

N-methylglucamine and the like.
The term "solvate" as used herein refers to a complex or aggregate formed by one or

25 more molecules of a solute, i.e. a compound of the embodiments or a pharmaceutically-
acceptable salt thereof, and one or more molecules of a solvent. Such solvates are typically
crystalline solids having a substantially fixed molar ratio of solute and solvent.

Representative solvents include by way of example, water, methanol, ethanol, isopropanol,
acetic acid, and the like. When the solvent is water, the solvate formed is a hydrate.

30 “Pharmaceutically acceptable vehicle” refers to a diluent, adjuvant, excipient or
carrier with, or in which a compound is administered.

“Patient” includes humans, and also other mammals, such as livestock, zoo animals

and companion animals, such as a cat, dog or horse.
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"Preventing" or "prevention" or “prophylaxis” refers to a reduction in risk of
occurrence of a condition, such as pain.

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

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

“Protecting group” refers to a grouping of atoms that when attached to a reactive
functional group in a molecule masks, reduces or prevents reactivity of the functional group.
Examples of protecting groups can be found in Green et al., “Protective Groups in Organic
Chemistry,” (Wiley, 2™ ed. 1991) and Harrison ef al., “Compendium of Synthetic Organic
Methods,” Vols. 1-8 (John Wiley and Sons, 1971-1996). Representative amino protecting
groups include, but are not limited to, formyl, acetyl, trifluoroacetyl, benzyl,
benzyloxycarbonyl (“CBZ”), tert-butoxycarbonyl (“Boc”), trimethylsilyl (“TMS”),
2-trimethylsilyl-ethanesulfonyl (“SES™), trityl and substituted trityl groups, allyloxycarbonyl,
9-fluorenylmethyloxycarbonyl (“FMOC?”), nitro-veratryloxycarbonyl (“NVOC”) and the like.
Representative hydroxy protecting groups include, but are not limited to, those where the
hydroxy group is either acylated or alkylated such as benzyl, and trityl ethers as well as alkyl
ethers, tetrahydropyranyl ethers, trialkylsilyl ethers and allyl ethers.

“Substituted” refers to a group in which one or more hydrogen atoms are
independently replaced with the same or different substituent(s). Typical substituents
include, but are not limited to, alkylenedioxy (such as methylenedioxy), -M, —R60, -0, =0,
-OR%, -SR?, -§, =S, -NRR®', =NR?, -CF3, -CN, -OCN, -SCN, -NO, -NO3, =N, -Ns,
-5(0)207, -S(0),0H, -S(0),R*, -08(0),0", -OS(0),R*, -P(0)(O),, -P(O)ORP)O),
-OP(0)(OR™)(OR®"), -C(O)R®, -C($)R®, -C(O)OR™, -C(O)NRPR®,-C(0)0, -C(S)OR®,
-NR®”C(0O)NR*R®, -NRZC(S)NR*R®", -NR”C(NR*)NR*R® and -C(NR*)NRPR®" where
M is halogen; R® R®, R® and R* are independently hydrogen, alkyl, substituted alkyl,
alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted
cycloheteroalkyl, aryl, substituted aryl, heteroaryl or substituted heteroaryl, or optionally R%
and R®! together with the nitrogen atom to which they are bonded form a cycloheteroalkyl or

substituted cycloheteroalkyl ring.
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"Treating" or "treatment” of any condition, such as pain, refers, in certain
embodiments, to ameliorating the condition (i.e., arresting or reducing the development of the
condition). In certain embodiments "treating" or "treatment” refers to ameliorating at least
one physical parameter, which may not be discernible by the patient. In certain embodiments,
"treating" or "treatment" refers to inhibiting the condition, either physically, (e.g.,
stabilization of a discernible symptom), physiologically, (e.g., stabilization of a physical
parameter), or both. In certain embodiments, "treating” or "treatment” refers to delaying the
onset of the condition.

“Therapeutically effective amount” means the amount of a compound that, when
administered to a patient for preventing or treating a condition such as pain, is sufficient to
effect such treatment. The “therapeutically effective amount” will vary depending on the

compound, the condition and its severity and the age, weight, etc., of the patient.

Detailed Description

Before the present invention is further described, it is to be understood that this
invention is not limited to particular embodiments described, as such may, of course, vary. It
is also to be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be limiting, since the scope of the present
invention 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 intended to serve as antecedent basis for use of such exclusive terminology as

"o

"solely," "only" and the like in connection with the recitation of claim elements, or use of a
"negative" limitation.

It should be understood that as used herein, the term “a” entity or “an” entity refers to
one or more of that entity. For example, a compound refers to one or more compounds. As

e 2 G k-1

such, the terms “a”, “an”, “one or more” and “at least one” can be used interchangeably.
Similarly the terms “comprising”, “including” and “having” can be used interchangeably.
The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that
the present invention is not entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided may be different from the actual publication dates

which may need to be independently confirmed.
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Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described herein
can also be used in the practice or testing of the present invention, the preferred methods and
materials are now described. All publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or materials in connection with which the
publications are cited.

Except as otherwise noted, the methods and techniques of the present embodiments
are generally performed according to conventional methods well known in the art and as
described in various general and more specific references that are cited and discussed
throughout the present specification. See, e.g., L.oudon, Organic Chemistry, Fourth Edition,
New York: Oxford University Press, 2002, pp. 360-361, 1084-1085; Smith and March,
March's Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, Fifth Edition,
Wiley-Interscience, 2001.

The nomenclature used herein to name the subject compounds is illustrated in the
Examples herein. When possible, this nomenclature has generally been derived using the
commercially-available AutoNom software (MDL, San Leandro, Calif.).

It has now been found that attenuated release of a phenolic opioid can be achieved by
administering a trypsin inhibitor derived from soybean in combination with a particular

prodrug described in WO 2007/140272.

Representative Embodiments

The present disclosure provides pharmaceutical compositions, and their methods of
use, where the pharmaceutical compositions comprise a phenolic opioid prodrug that
provides enzymatically-controlled release of a phenolic opioid, and an enzyme inhibitor that
interacts with the enzyme(s) that mediates the enzymatically-controlled release of the
phenolic opioid from the prodrug so as to attenuate enzymatic cleavage of the prodrug. The
disclosure provides pharmaceutical compositions which comprise a trypsin inhibitor and a
phenolic opioid prodrug that contains a trypsin-labile moiety that, when cleaved, facilitates
release of phenolic opioid. Examples of phenolic opioid prodrugs and trypsin inhibitors are
described below.

Phenolic opioid prodrugs

According to certain embodiments, there is provided a phenolic opioid prodrug which

provides enzymatically-controlled release of a phenolic opioid. The phenolic opioid prodrug
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is a corresponding compound in which the phenolic hydrogen atom has been substituted with
a spacer leaving group bearing a nitrogen nucleophile that is protected with an enzymatically-
cleavable moiety, the configuration of the spacer leaving group and nitrogen nucleophile
being such that, upon enzymatic cleavage of the cleavable moiety, the nitrogen nucleophile is
capable of forming a cyclic urea, liberating the compound from the spacer leaving group so
as to provide a phenolic opioid.

The enzyme capable of cleaving the enzymatically-cleavable moiety may be a
peptidase — the enzymatically-cleavable moiety being linked to the nucleophilic nitrogen
through an amide (e.g. a peptide: -NHCO-) bond. In some embodiments, the enzyme is a
digestive enzyme of a protein.

Formulae I-VI

As shown herein, Formula I describes compounds of Formula II, in which R!is (1-
4C)alkyl group; R* and R? each independently represents a hydrogen atom or a (1-4C)alkyl
group; and R’ represents a hydrogen atom, an N-acyl group (including N-substituted acyl), a
residue of an amino acid, a dipeptide, an N-acyl derivative (including N-substituted acyl
derivative) of an amino acid or dipeptide.

Formula III describes compounds of Formula II, in which R'is (1-4C)alkyl group; R’
and R® each independently represents a hydrogen atom or a (1-4C)alkyl group; and R’
represents a hydrogen atom, an N-acyl group (including N-substituted acyl), a residue of an
amino acid, a dipeptide, an N-acyl derivative (including N-substituted acyl derivative) of an
amino acid or dipeptide.

Formula IV describes compounds of Formula I, wherein "X" is replaced structurally
with certain phenolic opioids.

As also shown herein, Formula I'V describes compounds of Formula V, in which R'is
(1-4C)alkyl group; R? and R? each independently represents a hydrogen atom or a (1-
4(C)alkyl group; and R’ represents a hydrogen atom, an N-acyl group (including N-substituted
acyl), a residue of an amino acid, a dipeptide, an N-acyl derivative (including N-substituted
acyl derivative) of an amino acid or dipeptide.

Formula VI describes componds of Formula V, in which R'is (1-4C)alkyl group; R’
and R® each independently represents a hydrogen atom or a (1-4C)alkyl group; and R’
represents a hydrogen atom, an N-acyl group (including N-substituted acyl), a residue of an
amino acid, a dipeptide, an N-acyl derivative (including N-substituted acyl derivative) of an

amino acid or dipeptide.
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For Formulae I-III, X represents a residue of a phenolic opioid, wherein the hydrogen

atom of the phenolic hydroxyl group is replaced by a covalent bond to -C(O)-NR -
(C(R*)(RY))»-NH-C(0)-CH(R")-NH(R”).

As disclosed above, “opioid” refers to a chemical substance that exerts its

pharmacological action by interaction at opioid receptors. “Phenolic opioid” refers to a

subset of the opioids that contain a phenol group. For example, phenolic opioids include, but

are not limited to, buprenorphine, dihydroetorphine, diprenorphine, etorphine,

hydromorphone, levorphanol, morphine (and metabolites thereof), nalmefene, naloxone, N-

methylnaloxone, naltrexone, N-methylnaltrexone, oxymorphone, oripavin, ketobemidone,

dezocine, pentazocine, phenazocine, butorphanol, nalbuphine, meptazinol, O-

desmethyltramadol, tapentado, nalorphine. The structures of the aforementioned phenolic

opioids are shown below:

Buprenorphine
p P HO
,;‘;\\;;?i\\‘
Q L
SN
L
~o /\\ //
0" KW oH X7
H v
Dihydroetorphine
Diprenorphine
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Nal orphine HO o HO I n certain enbodinents, the phenolic opioid is

oxynor phone, hydronor phone, or norphine. Fornulae I - VI are now descri bed

in nmore deoaniodasdsew. Fornula | The compounds of fornmul actigs2aensmspond

wi t h conpounds di sclosed in WD 52007/140272 in which the nucl eophilic

nitrogen atomis bound to a residue of L-arginine or L-lysine.

Exanpl es of values for the phenolic opioid as provided in X are

oxynor phone, hydr pgpypaRAAR&IT]r Pisne. Exanples of val'pes for 121 are

met hyl and et hyl groups. 1()Exanpgl eg_of values for each pf R2 andR3 are

hydrogen atons. Ap exanple of a Va for nis 2. In one|enbodi nent, R4

represents - CH2CH2ZCH2NH( C=NI - 1) NHi2t _An am no acid can be a naturally

occurring amno agid. It will be |appreciat€dthat naturally occurring am no
L,

aci ds usually have the L-configurlatio Reflerring to Rb, exanples of
particul ar values|are: for an N-gcyl up: an N-(1-40C) al kanoyl group, such
as acetyl, an N-a @é%ng&gup, Sucty as NbenquL, or an N-p| peronyl group;
for an am no acid ani ne, argirjine, aspariagi ne, aspart|c acid, cysteine,
glutam c acid, glytam ne, glycine,Hbjstidi ne, isoleucine| |eucine, |ysine,
met hi oni ne, pheny| al ani ne, proline, : t hieoni ne, t rypt ophan,
tyrosine, or valipe; and for a dipeptde: a“conbinationfof any two am no
acids selected independently from al ani ne, arginine, asparagine, aspartic
aci d, cysteine, g|Nulamphmeaci d, gl{ut@uoing, gl ycine, histidine, isoleucine,
| euci ne, |ysine, pethionine, pherylal proline, ser|ne, threonine,
trypt ophan, tyros|ne, and valine.| 5EXa es of particular values for RS
are: a hydrogen atom for an N—acyIQgr an N-(1-4C) al kanoyl group, such
as acetyl, an N-afoyl group, such as [Nog yalror an N-p| peronyl group; and
, \Q

for a residue of an amno acid, g gi-pey or an N-acy| derivative of an
am no acid or 10d| peptide: glycinyl or N-acetylglycinyl.|ln one enbodi nent,
R5 r epr edetdriid\enat@@ingdnss, Gk pa¢doyt opibids ac@ioyprghy,Giytipmorphuad) ofsofshine.

Formulae I — VI are now described in more detail below.

Formula 1
The compounds of formula (I) correspond with compounds disclosed in WO
5 2007/140272 in which the nucleophilic nitrogen atom is bound to a residue of [.-arginine or
L-lysine.
Examples of values for the phenolic opioid as provided in X are oxymorphone,
hydromorphone and morphine.
Examples of values for R! are methyl and ethyl groups.
10 Examples of values for each of R”and R’ are hydrogen atoms.
An example of a value for nis 2.
In one embodiment, R* represents —CH,CH,;CH,NH(C=NH)NHo.
An amino acid can be a naturally occurring amino acid. It will be appreciated that
naturally occurring amino acids usually have the [.-configuration.
15 Referring to R’, examples of particular values are:
for an N-acyl group: an N-(1-4C)alkanoyl group, such as acetyl, an N-aroyl group, such as N-
benzoyl, or an N-piperonyl group;
for an amino acid: alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid,
glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline,

20  serine, threonine, tryptophan, tyrosine, or valine; and
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acetyl. An exanple of the group represented by -C(0)-CH(R4)-NH(R5) is
N-acetylarginyl. In a particular enbodi nent, the conpound of formula (I) is
hydr onor plworze10346399 15met hyl - N- (2- N - acet yl ar gi nyl am nopLTashylooaros@anat e,

or a pharmaceutically acceptable salt thereof. This conpound is described
in Exanple 3 of WD 2007/140272. Formula Il The enbodi nents provide a
conpound of general formula (I1):

X- C( 0) - Nigoyr a(d;éé%?l)lé %é&nblﬂlfk)%mny% Bfﬂl)nouki(dﬁ@lec%’&(lhde})er%n@y ﬂ%}ﬁ hRGeutical ly
acceptabl e salt thereof, in which: X represents a residue of a phenol iC

opi oi d, \RFEBRIBS, ﬁsnar?élmy@p@g@ﬁ%t%ﬁ%? gﬂ%@nlsﬁ@ﬁiﬁlﬂtéchﬁltﬁx% highding i s

repl aced quRt RNy sihongd. la] I hr

o) Nm&{%?m R R s ey o B s VRSP om a byt
subst i t utterdsieg, I%lydvahaﬁyl al kyl , substl tuted arylal kyl, aryl and substituted
aryl ; I el ected from hydr ogen, al kyl,

substl tuted a?ﬁﬁ?ﬁ&d@ﬁh@gﬁ‘g@g%?%gg gryl acyl, and am noacyl ;

each R3 iagyimdepsgmdent|y sel ected from hydrogen al kyI substl tut ed al kyl,
YL SO SRt RO PTG sy PRy G et e
substi tutbedzogyofmabeﬁercgwbg:pup and t wo R2 or R3 groups on adj acent carbon

at ons, ether with the ¢ n atons t they are attached, forma
Cyel oal kyT S ynfrer e bR SR BT gb Suo| i Fosdh Su Bl coer f rom 2
to 4;10 dipepiik: B pPih@Ise MN-scetyldiing CH2 NH( C-NH) NH2 or - CI-lZCI—lZCI—lZCI—lZNHZ t he
configuration of th arbopsatomto which R4 is tac rr dlng wth
that in an L- H}T‘?IW(?“E’E&HwntaﬁdeﬁﬁeI}tse%raées%ln%@mﬁylwgﬁ%fﬁ'é&? Sﬂ acyl

group (inedtudi ng N-substituted acyl), a residue of an amno acid, a

di peptide, an N-acyl derivative (inc|ud (g N-substituted acyl derivati ve)
of an am no alfPg*ypp! Einp‘@E)g’iOHBrepresemed '?ynq( HeHBR)NHRs Nace¥lagtingal ues f or

the phenol i c api QirGeuds eRHOYMERIhE Bofp@g oPPYIRIA drdhdpRRp s pRone and
nmor phi ne. 10In f%irrrul all, 121 can %ﬁé sel ected ?ﬂ?%@al kyl, substl tuted

al kyl 15 amyatll(2-N'sussddrginylaming)yethylqashamaigy gna phapmasensisally aee e bl $it. In
certain ifStRANGRS corkBohnll & delermBEAALKKIbie 3 & WODBD7/ABEANces, 121 is (1

-4C)al kyl. In other 1nstances, 121 is nethyl or ethyl. In other instances,
121 i s net hyl Formulgdbre instances, 121 is ethyl. In certain

i nstances, 12 yances, 121 is an al kyl
group 155ubst?t%?rg%&b@mﬁ%dr]}%{gﬁgoggﬁ%qunéégfr%giéﬁogﬁlg? In certain instances,
121 is - (CH2)5- COOH, X-Q(Oni2yRo-(COTBIRA)).-BH-C (OB I CH3. I'n
certajn instances, in formula I, 12144y aryl al kyl or substituted

aryla kyI In certain i nstances, in f(0|)rrul all, 121 is arylalkyl. In
certai n iongpbarmesutida?ly ab@p&hlesal't thmteef:hrawlgablal kyI In certain instances, 121

is an aryl al k# rou sub %313-1 rbox car ster In 20
certain insta crgéese Sar?sé ??%1(3@6 X %IX% Ik%?—%) , or
- (CH2) q( Qhtib)ic CRPEHR2 CHap 1%@1&@:d®yla&o%ent Bt)l&ger C(fO)mlo(rqER%)qz3J;QNH n certain
i nst ancesE i%éig% Fﬁlﬂg)( C611)- COOH, -CH2(Co6H4)-COOCH3, or -CH2
( C6H4)
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 aminoacyl;
each R? is independently selected from hydrogen, alkyl, substituted alkyl, aryl,
30  substituted aryl, acyl, and aminoacyl;
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;
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In certain instances, in formula Il, 121 is aryl. In certain instances, 121

is substituted aryl. In certain instances, 121 is an aryl group substituted
wi t h car bweybioousdar boxyl ester. In 25 certain i nstance®CTRIS2000961068
-(C6H4) - COOH, - (C6H4) - COOCH3, or -(C6H4)-COOCH2CH3. In fornmula I, each R2
can be independently sel ected from hydrogen, al kyl, substituted al kyl,

aryl, substituted aryl, acyl, and am noacyl. In certain instances, R2 is
hydrogen or ahlféﬂresellltglalpelr & fforh P @nces, R2 is hydrogen. In certain
instances, 121 is alkyl. I'n certain instances, R2 is acyl. In certain

i nst ances, R2Ri EGPWW)&I%CEQEMHWWZIOF CB%%CHdﬂHb@el ndependent | y
sel ect ed éf)ﬁf%@nﬂ%gr ‘f“)@l@ Rarb& &¥hto %HQE‘}%“E&&&&eﬂ'cMésp%rﬁl d,rgl wittHRSh %ufr Et ed ar yI

acyl , noacyl. I'n certain instances, R3 is rogen or
certai n iansncasekend R3 is hydrogen. In certain instances, R3 is aI kyI In

certain instapegs, i @rcg&r%h ﬁ%)hln aft Rl de %%%?&Cﬁ.ﬁ]ﬁ%% s&m‘uﬁzd%}lg‘aacy'

In certain instances, are hydr ertaln 1 nstances, R2 and
R3 on t heesshwef eaabion agf.e dpdphidalak N-acy] derigetviedinaluding hanbetgpte®2eydnd R3 on

the sane car n certain instances, R2 and R3 on the same

car bon ardgnveteveloef PamfnoaXIdordllprtl and R3 toget her with the carbon to

whi ch they ar Blﬁ)htuaeIt[eekacr@nbsfoﬁvmdsdoxay@pmblkydpi@mds moded inK &#d cycl oal kyl
group, or t wo 522 e; (ﬁB g (? acent carbon atons, together with the
carbon aSHECPE RO Fe ap can form a cycl oal kyl or

substiot ut ed cyctoaahlkyl Rycamup. selbaed:ﬂdsmalkm, butstiardayl, E&Bﬂaﬂl@d IBsti@get her with
t he carbon_to which t are attached . can fo I rou Thus, in
certain iPHAEHcEY anﬁ?ﬁ‘mﬁﬁdteﬁ?rﬁnh’c%eta‘é‘éwéanﬁ%ﬁ {)n’ﬁ%r g&?ﬁlﬂ%’? |°F15’ aficesy
certain iRis$ @nyslkylRIn 8Mek if3ardcag Rt Refietil bhethile I&@th&QﬂstélrQéQlerﬁéﬂh}H.hey are

attached can forma substituted cycloal kyl group. In certain instances, two
R2 or R3IBpuppaseirendy &8 carbon atons, together with the carbon atoms to

whi ch they ar g @thRGhefcess RNisf@siuRedYigh. Oﬁlldéﬁ!nngﬂs&ﬂ&s kRNs gLk odpnst ances,
two R2 or R3 groups on adjacent carbon atons, toge her with the carbon

at oms!5t o swtisked gy cashoay aricabped csteran £t instansps & a6 ey OPhIkyl  gr oup.
151 n Cert(@HE%U@)‘Ei%@@(CH%gC@O@%C@ﬂd R3 is am noacyl. In certain

i nstances, one of | i s am noacyl conprising phenyl enedi am ne. In
0, RLO A- 11- - NIn gqreaiRjigstancese rfprivia [Nk tia Aovédkyl onsbgiutRpanistkyRanicomin |

wherein ea dﬁ @nn Srmd1 LA SRS gl?ﬁrcl}l edeﬁ&ifnﬁrﬂ aﬁl&gnkh HREGR é?}héﬁ%%}] In

substitute , and acy |sa stltute
certain |cn1e¢1mmesqesa{ 11; angylabybgrofp Rmtrtste@wh carbwyd;erctadromyI ast. alnces at

Ieast 200n lgﬁstances §Hﬁ? (Filu)bébpﬁ’t ﬁgk )Cbag@grta%n%r ces, at

| east’oné&"d certarni hydrogen
0 ""IN COOCH,CHs3, where q is an integer from one to 10. In certain instances, R' is -CHy(CgHy)-

COOH, —CH(CsH4)-COOCHS3, or -CH, (CsH4)-COOCH»CHs.

In certain instances, in formula II, Rlis aryl. In certain instances, R! is substituted

aryl. In certain instances, R is an aryl group substituted with carboxyl or carboxyl ester. In
25  certain instances, R! is -(CgHy)-COOH, —(CgH,)-COOCH3, or ~(CgH4)-COOCH,CHs.

In formula II, 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? s aminoacyl.

30 In formula II, 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

. 3. .. 3. .
instances, R” is acyl. In certain instances, R’ is aminoacyl.
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N up In certain instances, one of R2 and R3 isR ; wherein Rmis hydrogen,
al kyl, substituted alkyl, or acyl. In certain instances, Rmis acyl. In
certain iwetamoassj99Rm i s al kyl or substituted al kyl. | nPpcenisasn/os51ss ances,
R is hydrogen. 25In certain instances, R2 or R3 can nodul ate a rate of

i ntranol ecul ar cyclization. R2 or R3 can speed up a rate of intranolecul ar
cyclization, when conpared to the correspondi ng nol ecule where R2 and R3
are both hydr BOQRain!ifs LS R fhdl ISh@RRSen R QFtaiR3nsEARR! R3&dA on the

el ectron-w t hdraw ng grou or an el ectron-donating group. In certain

i nst ancesamproarpm a3deBAsYE Je ceritieingarceo i whd Rdrail singiag.arq relb¥r t ai n

| st ancesy ofidthuifteE RTBEd Rl ELRELEQR - donat ing gr oup. At ors
and groups capa f functl oning as el ectron withdrawi ng substituents are
wel | known i nIItfl@emlﬂﬂéILB @fdlbrtmecweth@lmogthoy to Whlelythemellewd@ched emfpomegat i ve
at oms .an Igagﬂ;g unction to
| ower thg g%lg%dc tagggﬁb%tp{g? g%atl n Ig){a g%%é{ﬁ nuct eoy phi de%eﬁlp%r%%%en in the
beta pos |atqrmnt0gctheriwiduh¢ carleonvtaroo avkeadh thdy aad amphaylnc:@demsa tycloaBytbr gr oups
can al so siti.o on other pasitions.a y ain.

Exanpl es s?l?,]sgﬁl %lecyﬁl egﬁougt 1) Cer P 1nstances ancPIQgtngl}%%r w1t% fle,[ca%o,n 0 3y| gr oups
(for exangliéh they at ktmah)qdl cag If(ﬂmpa, cya]tba]atylchbupg rihug,in eertaanbslmcbs & enpR’ @n

(suioh aa ol 630y P ARG BEaraany <ot A s iRk b Ay O O

aryl ami nec ahkbimely agr k)l palafmmﬁn@ulisﬁﬂl)edl@smiaﬁy‘zllgtrm@nlln cartalil ihdthdces, grOUP, a

nitro grqup, .ether groups exanpl e an a rou nyl groups
beari ng 3‘ StiBs EiopRie ad&feftt%%rg?ﬁ 1Ry pessier BHL iiteﬁérbg%lﬁt& b%YVglF}gHwéS fbot h t he
ortho andhdhed,Ras BorRATyEIbARS,gr c mn suaftihdiaiesd, vkeRNg IB'ekapt efladjndapendent |y
froma halogen atom a fl uoroal gr oup such as trifluoronethyl), a nitro

gr oup, acéﬂl}’%%toﬁ‘?dﬁ%?t%éwg ﬂl‘?aﬁaﬂﬁﬂﬂonﬁrt‘biybwh ¥ fregttaghsd @R &N wi t hdr awi ng
substi t ugplssiutN yPBalR@lBGlped i ndependently from 15these. In certal n

i nstances, -1(( R%/ R3) ] 11 is selected from - CH(CHZF)CH(CHZF)

CH( CHF2) CH( cnﬂr‘-r;zc)enam@ti(n@szy@%@:aydli w@mz@are _: - CH2CH( CHF2) -

CH2CH( CH2F) - 2 h\!ﬁg{g ;

CH2CH( C( 0) omz)%g%@n%c? ) Ofg&{-% g -ECH( o F) o cﬁﬁ(l ﬁéﬁ% a%{lﬂ)me fn

- CH( CHF2) CH2CH( CHF2) - CH( CF3) CH26H( e R@HZCHZCH( CF3)

CH2 CH2 CH( CHF2) - -04204204(0429 &JL @(0) NR23R24) -
CHZCHZCH(C(O)ORZS) and - CH2CH2 i n which R20, R21 R22 and R23
each mdép’é?n@éﬁ‘tam;ﬂ&r@ppégemdsl{ h§/drod°en or (1 60)*@?4@51163013331@24 and R25 each

'”depe”d h}é’nd’éﬁ@&%ﬁ:@ﬂé& Frofnhya %g%@faﬁ(ﬁ su‘t%étluﬂ: aﬁ&ﬂ‘dh@aéézl andnrk1II KRIGPENTS an

i nt eger 4. An exa val ue ,or e of a

val ue forsubﬁtltu$ed3ﬂkyAnInec>@awpIu@taotesaat\katlsmebbR ns dogl. 4ln certain lnstlamceﬁm ladta 11, in
one ejtbo 10 I ()] nbodi rrent

R4 r e%J;)eg)lIelgryIIE %&gwﬁmﬁlk%%%&ﬁ?&ﬁ%%yw INQ%OHG %}Ra 1(gthg((i’\lro‘%l%nat urally
occur ri ndn esriaoingiaicds, bbth okl arbleydapneci at ed t hat 30nat ural ly occurring

am no acids usually have the L-configuration. In fornula Il, referring to

R5, exanples of particular values are: %LN/\

N« 51 . .
In certain instances, one of R?and R%is R 0; wherein R is hydrogen,

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

25 In certain instances, R? or R? can modulate a rate of intramolecular cyclization. R’ or
R’ can speed up a rate of intramolecular cyclization, when compared to the corresponding
molecule where R” and R? are both hydrogen. In certain instances, R* or R’ comprise an
electron-withdrawing group or an electron-donating group. In certain instances, R” or R’
comprise an electron-withdrawing group. In certain instances, R* or R’ comprise an electron-

30  donating group.
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for an N-acyl group: an N-(1-4C)al kanoyl group, such as acetyl, an N aroyl
group, such as Nbenzoyl, or an N piperonyl group; for an am no acid:

al ani ne, wogbmvmss9aspar agi ne, aspartic acid, cysteine, Pgiraisamocwes d,

gl utam ne, glycine, histidine, isoleucine, |eucine, |ysine, nethionine,
phenyl al ani ne, proline, serine, threonine, tryptophan, tyrosine, or valine;
and for a dipeptide: a conbination of any two am no acids sel ected

i ndependent | y Atdi@MnglofRb0€paRBbOfuRE RingdS PREGH WithdrARRA b fudfed He CYstei ne,
glutam c acid, glutam ne, glycine, histidine, isoleucine, |eucine, |ysine,

met hi oni el kapwn i the Seld 9B orgprie Fhamistrys diey icludp pleginagative pigps apsherAups
tyrosine coﬁtml %%lécﬂ?&qegétfbe ARInfEU 'sﬂcﬂ gm ﬁ%&{mb% 18%%% bdsteit %f ﬁr\é%h{ for RS

are: a hydrogen atom for an group: an anoyl group,
such as atétdflanugpotilarmtyeseyimoip! bets nehicas/iNpdetioy Wlthdmwelmf Rlepirqrer onyl

group;s angd,d,Qr sf?ch a%?néd dug, &’}3 gl%?e% d;'tt%r Bﬁsltgdn%{%h%ﬂl%ﬂkgfen@gi?a'hﬁ acyl

derivative o 0 acl i peptl ycl ny cet yci nyl .
In for nuIEaampl,es 1nn1udtnm1%cb@dmméfnr ex4Riple, @rﬂuelsmﬁt@n]\laadgtoybs (fgfl examply lan or
Nl5acetyl gl yci such.as N-ac an exanple of the
aroup. 1 oaPata Mo iR But Al e =tk RueBbg¥ Fobhn G,

N-acet yl Iay;&mxyy:irbonyl group bnarf amtinadagbohyl, gmup (mhtaaa narbm;(tyances R5 represents
substi t ut

d. ac i n.instan R5. ca ccinyl. 20In
Formil o FronisarpR kS el DR i B e R g
-C(0) 1-00‘|(sﬁl§|5)1tdéﬂﬂ( Rbi}rile grodp,needi @6 gﬂoap @kHey kroups (f@le@nyplk WS hIRYAy, group) and
N succl nyLar L 00 % SUoeh Y SN ool T Bl LicThe, BTR gDt
25X-C(0) aththe(p@(a&élﬁaﬁ) dach thbs%@atb@fﬂg RAdctdHuEDEndehtly fro@ra halo aaatt&ﬁcaeut ically
acceptabl e salt thereof, in which: X represents a resi due o henol i ¢
opi oi d, wheroalkyl gragp Q%W’raéé‘éfﬁloé‘%%%} afifffo group. @ QARG IFRIP YR RE)T Xyg roup is

repl aced émﬁ p2E&R bR liRRiecRONithBawitl MtsiNBdm{ (dnfBRkERIA ihdedi@y from
C(0)-CH(R4)-NH(R5); 121 represents a (1-4C)al kyl group; R2 and R3 each

i ndependé®¢.y represents a hydrogen atomor a (1-4C)al kyl group; n

represents 2 @f .3 ¢ 13 SeRtSectéd RGN feTNON2 or
-CHZCHZCHZCHZNH% altnﬁrés %lg%sf ﬁ%lgrggwgn of %Che carbon atomto Wiich R4 is

attached GHKQ%W@PEQ) WQH{CFkiﬁﬂ(@Iﬁs) ArCHLGAKEC RO acH g HERE)-; R5

r epr esent ge u Hl()ibgg substituted acyl),
a 5resi dugH(a)(f‘ﬁgq{zam n%gﬁg%@Cﬁn I\bﬁcd(th)gho pCI(I eri atl ve (i ncluding
N subst i tGHe@H@iﬁWOltlze)rl (EéhCHéQ(Oo(f)Han (&IfCth)éZﬁzﬁH(EHﬁD pept i de. I'n

or e Ly 3R SRl e G ANE BICOR A ARLBIS oo provi ded i X
-CH,CH,CH(CHE,)-; -CH,CH,CH(CIH,F)-; -CH,CH,CH(C(0) NR™R*)-;
-CH>CH,CH(C(O)OR>)-; and -CH,CH>CH(C(O)OH)-, in which R?®, R?!, R*? and R* each
independently represents hydrogen or (1-6C)alkyl, and R** and R* each independently
represents (1-6C)alkyl.
25 In formula II, n represents an integer from 2 to 4. An example of a value for n is 2.
An example of a value for nis 3. An example of a value for n is 4.
In formula II, in one embodiment, R* represents -CH,CH,CH,NH(C=NH)NH,. In
another embodiment, R* represents -CH,CH,CH,CH,NH,.
An amino acid can be a naturally occurring amino acid. It will be appreciated that
30  naturally occurring amino acids usually have the 1.-configuration.
In formula II, referring to R’ examples of particular values are:

for an N-acyl group: an N-(1-4C)alkanoyl group, such as acetyl, an N-aroyl group, such as N-

benzoyl, or an N-piperonyl group;
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10ln formula 111, exanples of values for 121 are nethyl and ethyl groups.
In formula 111, exanples of values for each of R2 and R3 are hydrogen
atonms. | rwbanmul4ssobl |, an exanple of a value for n is 2PCT/US2009l06106%r mul a
[11, in one enbodinment, R4 represents - CH2CH2CH2NH( C=NH) NH2. | n anot her
enbodi ment, R4 represents - CH2CH2CH2CH2NH2. 15An am no acid can be a
naturally occurring amno acid. It will be appreciated that naturally
occurri ngmadﬁ'aﬂﬁn@é‘cﬁ(ﬂ%laﬁﬁb’aalr%ﬂlng%ylﬁr Lsp%efdélgwyetmh@ryutmm egmul a 111,
referring to R5, exanples o articul ar values are: for an N—acyl group: an
N- (1- 40 eﬂ%wawgbgrr@ulysudﬂﬁc ﬁogsmaft dugine, lgsinenmgihépinegphsnyalagios preligeNbenzoyl
or an N-RipRr @lpa()hmgrtgg Roon &R 1,364 RN0AMIAR o1 d: @l anine, arginine,

aspar agi ne, aspartic cysteine, gl'utanmic acid, glutanine, glycine,

hi sti di néora@mped‘cl en@mbll@tuen pleany|tye pmeno amds Bﬂl‘tymdnedepprtdemw faoramlap@g, prol i ne,
serin y i [ i ne: - peptide: a
conbi ﬁatl gﬁ&? %ﬁraghlre ﬁg%ﬂﬁg&céc&%&ﬁé e%r{llgSCIE{’?#é{étg@ngg?ﬁlée lrsgdﬁgéil ani ne,

argi ni ne 1som1p1a¢ dglcne, lysispamethicniag ipbknybyesitrei prelinegbantnarthreomnd, dypigbhamani ne,
glycine, hi sl;tlé ancpel 25i sol euci ne, |eucine, |ysine, nethionine,

phenyl al anrn I'he, serine, threonine, trypt ophan, tyrosine, and
valine. In fo[mﬁwhaulhlll exampmsrpfpmnmlarpa]uthURéareval ues for R5 are: a

hydr ogen ﬂ‘tﬁf. for an N-acyl group: an N-(1-4C)al kanoyl group, such as
acetyl, AMYNPEFHI™Myroup, such as N30 benzoyl, or an N-pi peronyl group: and
for aior eSocHueN- ecfyl gmugmnm(awﬁlkaﬂo}dgmptsudeas a0ktylain Neaa@) krodprsupteds Ne of an
am no acid or e lde C|n or N-acetyl glycinyl. In formul a
111, in &ﬁ%méhﬁb%\lﬁ@mem &ents N-acetyl, glycinyl or

Nacet yl gliycd lyliue Fus Bma aNdaﬁ?@Jp tide, or an N-achNddri@htXil R ah hthinoaidexanpl e of the

group represented by CH(R NH( R5) is Nacetylarginyl or

N- acet yI [NRSPYHIA: glycmylor ?’Fefyé%}‘ﬁlﬂlyé Il in certain instances, R5 represents
substit ut ed aﬁyﬂommncfﬁraneleﬂlbbdiﬁmnﬁfe&pre&%tsqaacéaﬁ Signyt Nor succinyl . 5In
formula I'll, in certain instances, the group represented by

- O 0) CHErAYlevFinRs yuchgs Neasavbny | ar gi nyl , N-mal onyl | ysi nyl |
N succi ny1 ar g g, M USRI bloksh it eﬁ{eH%aC(b\fcﬁtﬁ“)eNﬁ@@ [eqts provide

a conpound of general fornu
acetylarginyl or N-acetyllysinyl.

In formula II, in certain instances, R’ represents substituted acyl. In certain instances,
R’ can be malonyl or succinyl.
20 In formula II, in certain instances, the group represented by —C(O)—CH(R4)—NH(R5) is
N-malonylarginyl, N-malonyllysinyl, N-succinylarginyl and N-succinyllysinyl.

Formula 111
The embodiments provide a compound of general formula (III):
25 X-C(0)-NR'-(C(R*)(R?)),-NH-C(0)-CH(R")-NH(R?)
(1)
or a pharmaceutically acceptable salt thereof, in which:
X represents a residue of a phenolic opioid, wherein the hydrogen atom of the
phenolic hydroxyl group is replaced by a covalent bond to -C(O)-NR'-(C(R*)(R?)),-NH-
30 C(0)-CHRY-NH(RY);
R' represents a (1-4C)alkyl group;
R? and R? each independently represents a hydrogen atom or a (1-4C)alkyl group;

n represents 2 or 3;
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(I'V) or a pharmaceutically acceptable salt thereof, in which: Rais

hydr ogen or hydroxyl; Rb is oxo (=0) or hydroxyl; 15the dashed line is a
doubl e bowd 2010/855%gl € bond; 121 represents a (1-4C) al kylpcgruso@y/oRdegnd R3
each independently represents a hydrogen atomor a (1-4C)al kyl group; n
represents 2 or 3; R4 represents - CH2CH2CH2NH( C=NH) NH2 or - CH2CH2CH2CH2NHZ2,
the 20 configuration of the carbon atomto which R4 is attached

cor respondi ngRMép&s&A%@Icmg@}geﬂgvﬁmim{mz%r @H%tHZCHZCHB@H{ @Rresents a
hydrogen atom an N-acyl group, or a residue of an am no acid, a dipeptide,
or an N-&eyiigugsion phthp gerbort atgm i prhich Rads adaghed gpimspending wiglsthw inap frul a |V, a
certain g K. 9fq Ra i's hydrogen. In formula IV, a certain exanple of Ra

i s hydroxyl. In formula IV, a certain exanple of Rbis oxo (=0). In
formula 1V, aRCepresims elioangen agm, PabNr@ylkg}@lrpo(wludmgN substipyteflgeyhulaa 1V, a
certaign I S ! V a
cortaim o ofubymbdiGANEG IR N £y R TG N LA AL

exanpl es defivayigé)ud sn fimimoRkidar dipagtdeyl and et hyl groups. In forrrul a IV,

exanpl es of values for each of R2 and R3 are hydrogen atons. In fornula IV,
an exanple of a value for nis 2. In fornmula IV, in one enbodi nent, R4
represents - CBM@ﬁﬂHHNH@MMaIuémeatﬁeqmemﬂibdpio'air'aslpeavaiedat Kraad |y occurring
am no aci d. eC| ted that 10naturally occurring am no acids

| t d
usual |y r?é%‘”?h%le th]b?W? ah Worplhﬂlef ormula 1V, referring to R5, exanpl es
of paroticul ar In/i@htiﬂs II&reQamlﬁleiofaflaluBk @@RF 1@ ety aﬁr\etngrl(gﬂmﬂ@) al kanoyl group,

such as acety N- rou s _Nbenzoyl or an N- pi per onyl
group; for a&iﬁﬁﬂl@?ﬁ?ﬁﬁ@% Cﬁoﬁg “géi) né@B‘értl c acid,
cyst ei ne, gI utlamrﬁu@mdmeigﬁgﬁwbmr&mfogﬁmq ne, histi d| ne, i sol euci ne,
| euci ne, lysin met hi oni ne, phenyl al,ani ne, prolj serine, threonine,

t rypt ophan, W@gp‘ﬂé ILdp O%ffniﬂ??éhm%lhdl figpresgnty r%&ﬂzﬁgﬁ HGOHONYS: fbn of any

two ani nqn@cﬁm%nb%&h%ﬁtt edrdppdependpotiyifciprs! ani ne, argini ne, asparagine,
aspartic acid, cysteine, %I utam c acid, glutan ne, ci ne, histidine,

i sol eldci ne, | Auenyirg, acidegn e a niraHy SFFUFNg %@‘h%ﬂ@l%ﬁ”ﬁh > appresiajedhat ser i ne,
t hr eoni NGty REQRRA amigP LHILR AR hadlhe Y lohASuration.

In formula III, referring to R’ examples of particular values are:
for an N-acyl group: an N-(1-4C)alkanoyl group, such as acetyl, an N-aroyl group, such as N-
benzoyl, or an N-piperonyl group;

20  for an amino acid: alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid,
glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, or valine; and
for a dipeptide: a combination of any two amino acids selected independently from_alanine,
arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine, histidine,

25  isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine, and valine.

In formula III, examples of particular values for R’ are:
a hydrogen atom;
for an N-acyl group: an N-(1-4C)alkanoyl group, such as acetyl, an N-aroyl group, such as N-

30  benzoyl, or an N-piperonyl group; and
for a residue of an amino acid, a dipeptide, or an N-acyl derivative of an amino acid or
dipeptide: glycinyl or N-acetylglycinyl.

In formula III, in one embodiment, R’ represents N-acetyl, glycinyl or N-

acetylglycinyl, such as N-acetyl.
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In formula 1V, exanples of particular values for RS are: a hydrogen atom
for an N-acyl group: an N-(1-4C) al kanoyl group, such as acetyl, an N-aroyl
group, suwb2am/iE®PzOyl, or an N-pi peronyl group; and 2%Corisaomwesiodtie of an
am no acid, a dipeptide, or an N-acyl derivative of an am no acid or
di peptide: glycinyl or N-acetylglycinyl. In formula IV, in one
enbodi nent, R5 represents N-acetyl, glycinyl or Nacetylglycinyl, such as
N-acetyl. In formula k1, shQ@kAhI& of Me /N YN rigrent ed by
-C(0)-CH(R4)-NH(R5) is hBOgg%ty arélngﬁ%ﬁgggﬁﬂﬁgcgbﬁhg(enbo ??éﬁﬁé provi de
a conpounectyrrggeher Miacqyhisiivh (V):  CH3 N (V) 5or a pharnmaceutical ly
accept abl e sa fin Y Rob is oxo
(=0) or hydro?io?ﬁﬁaﬂ? %EH%@?%QE%S gkgﬁgﬁg&ggﬂﬁggaqhs?%d%%l%ond
R is seh@@m@@ Rr@mﬂamkthl®umgnmﬂuted al kyl, aryl al kyl , substltuted

aryl alkyl, r

selected fro ﬂhbgﬂ% h?%HQ Ehﬁﬂ&ggﬁgp¥¥%mgﬂe%?§ﬁﬁgbg%jCB(hﬂ%Stltut aryl
acyl , andiamkmmb@yWiPJHmbn@asmyRﬁlmsmnﬂdgpehdehﬂkymseﬂambéd fron1hydrogen
al kyl, substituted al kyl, aryl, substituted aryl, acyl, and am noacyl; 15or
R2 and R3 together with the carbon to which they are attached forma

cycl oal kyl and#losumidatrvt ut ed cycl oal kyl group or two R2 or R3 groups on
adj acent carb 0 er with car to which they are
att ached, forﬂﬁ% @%ﬁB%V% P“g?a§HW§PP %ﬁméﬁgFHQP@§5 group; n represents
an integer from2 to 4; 20R4 represents -CHZC}QH}QNH(C;NH)NHZ or

- CH2CH2CH2CH2NH2, t he conflguratlon of the cgNbon atomto which R4 is
attached correspondlng with that in an L-amao\ & i d; and R5 represents a
hydrogen atom an N-acyl group (includin ‘L; (tuted acyl), a

(0]
R2 R3 >_O O\ Rb
0 N
H N R
5N H
10 R R
(Iv)

or a pharmaceutically acceptable salt thereof, in which:
R"is hydrogen or hydroxyl;
R" is oxo (=0) or hydroxyl;
15 the dashed line is a double bond or single bond;
R' represents a (1-4C)alkyl group;
R? and R? each independently represents a hydrogen atom or a (1-4C)alkyl group;
n represents 2 or 3;
R* represents —CH,CH,CH;NH(C=NH)NH, or -CH,CH,CH,CH,NH,, the
20 configuration of the carbon atom to which R” is attached corresponding with that in an L-
amino acid; and
R’ represents a hydrogen atom, an N-acyl group, or a residue of an amino acid,

a dipeptide, or an N-acyl derivative of an amino acid or dipeptide.

25 In formula IV, a certain example of R® is hydrogen. In formula IV, a certain example

of R* is hydroxyl.
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residue of an amno acid, a dipeptide, an N-acyl derivative (including

N-substituted acyl 25derivative) of an am no acid or dipeptide. I n
formul a \Woaomausapn exanpl e of Ra is hydrogen. |n formeca/usyoomacmest ai n
exanple of Ra is hydroxyl. In fornmula V, a certain exanple of Rb is

oxo (=0). In formula V, a certain exanple of Ro is hydroxyl; 5In forrmula V,
a certain exanple of the dashed line is a double bond. In formula V, a
certai n examplrogfulh e ARENAAxdhfEof R® i8oRd 29} 1POAAula IV, a celdlinfeR4mpib a V, 121
can be sel ected fromal kyl, substituted al kyl', arylal kyl, substituted

aryl al kylof Rapsywydgrg: substituted aryl. In certain instances, 121 is (1

60 alkyl . I NPl 1S ARG RSkt of o Gdnsdaal K¥buoid sbnfl RbmhzbAnCEs, 121
is nethyl or ethyl. In other Instances, 121 iIs mat%yl. 10l n sone | nstances,
121 is etchydin exampéeefttad dpshaddingmrcesnglabondi s substituted alkyl. In certain

i nstances, 121 i I i1 ] r | or carboxyl
esterg I n cer'gn aﬁoﬁnﬁgé\?ae%%%glgg%{%luﬁgg)ﬁ{clg—%ﬁwetﬁﬁ(g@@?SCOOCI—|3 or

- ( CH2) 5- COOCHROIdBulh iV garmplenof vabieafis esch of R fror Ridrahydrogt® atons. ar yl al kyl or
substituted ahyfloal 1‘1‘1%(&&1 An gnelrlggw %{541%?}1% es, in fornmula V, 121 is

arylal kyl . Incértaln ifistances, 1 12¥ s " Substituted arylalkyl. In certain

i nstances, 12In fosmainériybad dybodinaumR ‘sesents uE . TCHINHET-BEONH0r  car boxyl

ester. In certain.instances, Rl is -(CH2)q(C6H4) - .
o) o Coria) BB GRRE wra) pl R T el Wb WO n eger
f r om mne nh@rallf) .ocduirigednhias AcidNstidnarse tht 2configurfida( C611) - COCH,

- CH2( C6R) - ,_ar CI—£2 (Co6 SCOOCHZCg& 20l n certain instances, in
formula Vv, 12%n%ognylply. relepingde Ryjexamples ofpapigulanwjues areg ynstituted aryl. In
certain ifesinaNe8s grobp:lani N-(RACRAIKYhoyY BRUP, stetDEtacEWl e6INVirdyD ofap Aty As Mr
carboxyl ester. In certain instances, R - is -(C6H4)-COOH, -(C6H4)- COOCH3,
or - ( CBRPEEEHICLPEHI PICHPWHFAA a V, each R2 can be i ndependent!ly sel ected
from hydr@g@nmif 4d: alafBstdihint @dpaaddk! aspai¥ heid SyBSihb ta@dicatyl . acyl, and
am noacyl. In certain instances, Is hydrogen or 25alkyl. In certain

i nst aticeglutyping.glyeingr kgiiine. jsplepens, Fuping.dgtingn Bigduonine] phegylalapipe. prolifecer t ai n

I nst ancege 2k nAENtyptdplarf §rbdielof RHhaRGEs, R2 is amnoacyl. In fornula V,
each R3 can be i ndependently sel ected from hydrogen, alkyl, substituted

al kyl , arf¢dadipapyde:i a2 epmehanagipy bf anydyp ammedicidfrbaiessadyndependentsr freih alapinst ances,

R3 is hy y . rtakn.i : , I ogen:. |l n certain
i nst anceg?gq%g&l iagaé LI%I %SpTrhgécgér?’tc %ﬁlﬂ%@W\%@gﬁgg’sgl%ln?éﬁ%%@ﬁ’ ggﬁﬁn%er tain
i nst ancegsoldrging.dewmmienlysiog; Imethionine, phenybdtangienprolist smioeghre@ina piptRehaar e

hydrogen. ln certain instances, R2 and R3 on the sane carbon are both
al kylg Irtlyrgsérrlet’grll&rl%hﬁl%t ances, R2 and R3 on the sane carbon are nethyl. In

certain i nst ahclesnulRPV andmf8s aipattivelas artecsdarlbaine:ar e et hyl. In formula V, R2
and R3 together with the carbon to which they are attached can form a

cycl oal kyVERE“ 58t i t uted cycl oal kyl group, or two R2 or R3 groups on

adj acent feeunloacydonp; anthogetOrrlkaiéyl BroupesucbashoetyiahioNsardyd gitlnp Gach iay- ar e
attached, can form.a.cycl pal ka(l Cﬁ)r substituted cycl oal kyl group. In certain
i nst anced*™4Y §h lpt%og%fg{@f ‘Wt h the carbon to 5which they are attached

can fBr mfar CyGH@adriey hm@HoQuia, a dipeistide, 07 af B4R MerivAslcaNeR sminBacidd R3 on
dipeptide: glycinyl or N-acetylglycinyl.
In formula IV, in one embodiment, R’ represents N-acetyl, glycinyl or N-
acetylglycinyl, such as N-acetyl.
In formula IV, an example of the group represented by —C(O)—CH(R4)—NH(R5) is N-

30  acetylarginyl.
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the sane carbon forma spirocycle. In certain instances, R2 and R3 together
with the carbon to which they are attached can forma substituted

cycl oal kywognougssobn certain instances, two R2 or R3 gr @gpaiseendmejosgent
carbon atons, together with the carbon atons to which they are attached,
can forma cycloal kyl group. In certain instances, two R2 or R3 groups on
adj acent to carbon atons, together with the carbon atons to which they are
attached, cangfgsmpd substituted cycl oal kyl group. In certain instances,
one of R2 and R3 is amno acyl. In certain instances, one of R2 and R3 is
ani noacyl conphe $rbrglimenenpefedramiarad of sengrhiormily (Cer t ai n i nst ances, one
of R2 and R3 isRll; wherein each Rl is 15|ndep@ngently sel ected from
hydrogen, alkyl, substituted alkyl, and acyl And RH is al kyl or substituted
alkyl. In certain instances, at | east one of (8 Res acyl. In certain

i nstances, at |east one of Rl is al kyl or Ituted alkyl. In certain

i nstances, at |east one of 121 is hydroge tain instances, both of
R1 are hydrogen. 0 41N In certain |nsﬁ ncesi Qre<of R2 and R3 isiol0 is
hydr ogen, 20al kyl, substituted aRkK §;0acyﬁ) InRBertain instances, Rl is
acyl. In certain instances, Rl is or substituted alkyl. In certain

i nstances, Rl is hydrogen.qln talnR1nstances R2 or R3 can nodul ate a
rate of intranol ecul ar cyclnz@atilon. R2 or R3 can speed up a rate of

i ntranol ecul ar cyclizati oR® wrén conpared to the correspondi ng ol ecul e
where R2 and R3 are both hydrogen. IQ ertain instances, R2 or R3 conprise
an 25el ectron-w thdrawi ng group or an €l ectron-donating group. In certain
instamce&raB@n@@aﬁBaﬁ@ﬁﬁk@&b&&ﬂtabmomtmmmwﬁihdramﬁng group. In certain

i nst ances, R% a qn el ectron-donati ng group. At oms and
gr oups capablg'S@"B &ﬁ’ﬁé as el ectron withdrawi ng substituents are well
known in the RPaldoetOmrggmogylcheni stry. They include el ectronegative atons
and groups 30 containing el ectronegative atons. Such groups function to

| ower the basﬂ@‘?ﬁwgpn%géf%WQ? ‘gﬁﬁ¥@%ﬁF&a nucl eophilic nitrogen in the
beta posi ti oNRVisaecleftédGbm\ikyWsttidivaitalky® fary@diRa { fuefiteled &htalkyl, 2H¢ bn@r OUpPs can
al so be positioned on other positions along the al kyl ene chaln Exanpl es

i ncl ude ﬁé@%@@%“%ﬂons (for exanple, a fluorine atom, acyl groups (for
exampl e an al kaR@ylis GiPeRdend s BN rodf BRPogeR, 81 RAXYitudr AUR, ar@n

al koxycar bonyl group, an 5 aryl oxycarbonyl group or an am nocar bonyl group
(such as sabsswdseamdyacyl. andamiasdcbcar bonyl | dlalkylanlnocarbonyl or
arylanlnocarb Iy 3 ( ﬁﬂ&i group, a
nitro group, gt é?%gggﬁkkh %ﬂéggégg%han a Q%?%ﬂﬂ§i£%%zﬁﬁenyl groups
beari ng aukstibyad aryleasyl, and athi@oasyt ho p05|t|on the par a p05|t|on or both the
ortho,sand t he par ﬁdﬁ?%éfgﬁfﬁm Fh%% 9%1&&1&%%?} aIQ%{u{&ﬂe g&ioeh ependently
fron1a hal ogen atom a uor oa group (such as hyl), a
nitro gr@u@wﬂmmu@anwﬂgﬂbwgmmdeaWQ Iogmwupma&mchmmmauma glgetber on

Wt 2w g, DS R 50 eyfgs[&!ltache%d % aggﬁq ARG

certain i nst ances - 'S Se ecte
CH( CHF2) @GrBHF2) - ;- CH( CFS) CH( CFS) - CH2CH( CF3) -; - CH2CH( CHF2) -

n represents an integer from 2 to 4;

20 R* represents —CH,CH,CH;NH(C=NH)NH, or -CH,CH,CH,CH,NH,, the
configuration of the carbon atom to which R* is attached corresponding with that in an L-
amino acid; and

R’ represents a hydrogen atom, an N-acyl group (including N-substituted acyl), a
residue of an amino acid, a dipeptide, an N-acyl derivative (including N-substituted acyl

25  derivative) of an amino acid or dipeptide.
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15 - CH2CH( CH2F) -; -CH2CH(F) CH2-; -CH2C(F2) CH2-; - CH2CH(C(0) NR20R21) -
CH2CH( C(0) OR22) -; -CH2CH(C(0)OH)-; - CH(CH2F) CH2CH( CH2F) -;

CH( CHF2) GMRGbHI(0@HEFDY - ; - CH( CF3) CH2CH( CF3) -; - CH2CH2CH( CFBLT/US2009/061068
CH2CH2CH( CHF2) - ; - CH2CH2CH( CH2F) -; - CH2CH2CH( C(0) NR23R24) -;
CH2CH2CH( C(0) OR25) -; and -CH2CH2CH(C(0)OH)-, in which R20 , R219 R22 and
R23 each 20 i ndependently represents hydrogen or (1-6C)al kyl, and R24 and

R25 each 'ndeﬂﬁfaﬁlﬁﬁlEL'vYaE&%?e%ﬁﬂlbﬁ: deke sﬁf;}@%&ylm formula Ivl ac&@dlimaﬁlpié n
represents an integer from2 to 4. An exanple of a value for nis 2. An

exanpl e ¢f Raisafligeylfor n is 3. An exanple of a value for nis 4.

In formula V, 1 3,008 vereadi M BaMh 1e%4Rb%Wx%&2&§T%W%WS%MW In 25

anot her errbodl ment, R4 represen S - An amno acid can
be a natlkasﬂl)ylrmburrl ng amino acid. It will be appreciated that naturally

occur i ng am no acids %é-i&"lfé&aﬁl }é%fhf%%a&heﬁ‘[?ﬂé ls%‘%foﬁﬁlla%nd IHer&‘hﬂh%,gc;/i

referring to , exarrb tlcu ar val ues ar
group: ameﬂsailéixan@@)dltlkeacta@lyddlglﬁmﬁpalngumndas acetyl, an N-aroyl group, such

as N30 benzoyk OrulaQ/ NI Qan esglné/ted %r 31% tltalllpedaalﬂ{yp%ry?quq s&gstl%ﬂ

ar gi ni ne, aspar agl ne, "aspartic ac am ne,
gl yci ne, amlaﬂkyldarmlemdlsmhmtmilamé In (&l:[ﬁllnﬁlﬂlanbt}sSRhﬂ (1-6€jaliiiyd ningher pimngels,al ani ne,

i pept 0l S ek DR Gy BB s R IF caPnd Bty Raisiming 1

fromml anh Etﬁne At das, RE is @lppar agi ne, aspartic acid, cyst ei ne, gI utam c acid,
gl ut am ne, CI ne, .histidj i sol euci ne, | euci ne, | ne, t hi oni ne,
phenyl al ani ne ??Ftﬁ‘ln 1?Féan0%selr{| eubsfiedgivhen CFVVBP&BH%F& t‘fff“b@lgﬁegmué’nd

val i ne. 5h15guﬁmdrmhﬁca%oxmmbs@1@itelpaﬁ tdrei iagtancad, Re & f(or,)Reowig - a hydrogen
atom for an ac§ rou an N-él 4C) al kanoyl group, such as acetyl, an

N- ar oyl QH@PE)C ~ ﬁl Sitban N- pi peronyl group; and for a residue

of an am no agf &y 1ﬁj§t£91@&t il VaR! g garlkyl @?§db¥tﬁﬁﬂe&§ryﬁﬁky@nln%}tﬂﬁ acid or
10di pepti de: glycinyl or Nacetyl gl yci nyl . In formul'a V, in one

enbodiSmeatstanRes, dpradett B iNagydady)| n CgrtgdeulwgﬂmwﬁrRNaé@isy'lugﬂdwlﬁwl Isych as

N-acet yl .corain instahdds 10T y¥ik ﬁﬁo@ﬁ%‘%& tﬁ’te&’fmth Q%b&(;@HPcaElﬁﬂ&lee%%Ptﬁd by
-C(0) - CH(R4) - NH(R5) i s NacetyP]argl ny N-acetyl I'ysinyl . 15ln formula V,

in cert aicatdimsancest 1R5(%hf%ﬁ@h€@0§ﬁdb@H2ﬁq@6éﬁ) QOYICH:| a1 -¢ kb ablsl-nst ances,
R5 b
can %d@éﬁz 3, Rhe Jé Hcfsceing%( %er &F‘R Zﬂe tﬁnl_é %lrg)%}tﬁn stahfboclglrlg adTErI] C&:ﬁ;—ances

the group represente nyl arg|
N- mal ony|JGQ/H nﬂHz((NlBHGODﬁ/\}‘IaarrgCHy(CabImHC(&F)@H@@HnyI | ysi nyI 20Formul a VI The

errbOdﬂomsnt S PG certgl% 11?3&3&1963 RHnlqnucl)a Vgﬁnl Iayll fn ce 1n (anc S, 1193_1%smuted
aryl. In certain instances, R is an aryl group substituted with carboxyl or carboxyl ester. In
certain instances, R' is -(C¢Hy)-COOH, —(C¢H4)-COOCH3;, or -(CgH4)-COOCH,CH3.

In formula V, each R* can be independently selected from hydrogen, alkyl, substituted
alkyl, aryl, substituted aryl, acyl, and aminoacyl. In certain instances, R’ is hydrogen or

25 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.

In formula V, 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

30  1instances, R?is acyl. In certain instances, R?is aminoacyl.

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.
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(V) or a pharmaceutically acceptable salt thereof, in which: 25Ra is
hydr ogen or hydroxyl; Rb is oxo (=0) or hydroxyl; the dashed line is a
doubl e bowd 2010/855%gl e bond; 121 represents a (1-4C)al kylcTgrsean/o6f88s and R3
each independently represents a hydrogen atomor a (1-4C)al kyl group; n
represents 2 or 3; R4 represents - CH2CH2CH2NH( C=NH) NH2 or - CH2CH2CH2CH2NHZ2,
the 5 configuration of the carbon atomto which R4 is attached

cor r espondi ngyobdulh RaR? hifll BNosaRMWAR (RGdafhon @0 @hich the aB%ua&@a esSehs a
hydrogen atom an N-acyl group (i ncluding N; sub StItU%/ acyl), a residue of
an am no ageflgalky agd pbstitnge cyderling groyp. Aéve Ba@lilwr@tipﬁ@pa@nmgt MWbst it ut ed
acyl deri f i aVl, a
certain ealﬁdgﬁs ?égéth& Wl&q?%%ﬁb%r%ggﬂoq{hﬁ&ftg%% Q&Ch%docéancf 8?1% %%%l%x g% e of Ra
is hydr o>sy11>st1tuted cyclogliy fanpupu lmcanain iastenses, &7 ﬁanRatngﬂﬂ@er@flthm ¢agbamte (=0). In

evampl'e O TASGH RENTATRN QoS GO in e B Kl & Ter el

exanpl e dic sahe carheh &aimlaispigodyslea Irs¢enginendonek, R andflbrtngﬁltlwr Wllth tlexariphes of

val ues for and eth r for es of
val ues fgrwelé{ hegfa r%ta(%gc %5@§Sﬁbsdglée%e Slo%lohgmulp Ifcertaml m&%ﬂcgspltan exanpl e

of a val &8 of BF goupsson2idja2&it varbor amﬂna tage;her with e cen’mbm diorme it whiF4 thee preesent s

- CH2CH2CH NH2. t h nmbodi t
_crocrea bttt o v es BRI AETRRRIT R Nk SRR BR 0D arm no
aci d. 1ol t cuibbh addssapgiiee with @k datbah aaisus ahicy (1R¢ aty ditadt@d aiah h@maci ds usual |y

have t he con ulaa%llon In formula VI, referring to R5, exanples of
particul af S\}E{‘It‘?ﬁlepg 1eY 8%%or an N-acyl group: an N-(1-4C)al kanoyl group,
such as acet yin ceadinthsdnoys, owau@an@ui‘:i@ adsnodtylbenzoyl, or an N-pi peronyl

group; for an_am no acid: al anip ar gi ni ne, asparagl ne, aspartl c _acid,
cysteine, gl uf%‘fﬁ“&lnéﬁt%lcesg%ﬁ%fr]ﬁ ﬁ% R 153?E]iuf?écy ﬁP@PlilSd‘?gdélenY stsliapiiiendn
| euci ne, |ysine, nethionine, pheny(g al e, proline, serine, threonine,
trypt ophan, tyrosine, or valine; d 0 f—e+Na d| peptide: a conbination of
any two am no acids sel ected i ndépe y flRom al ani ne,

certain instances, one of R and R*is Rﬂ ; wherein each R'is

15 independently selected from hydrogen, alkyl, substituted alkyl, and acyl and R is alkyl or
substituted alkyl. In certain instances, at least one of RYis acyl. In certain instances, at least
one of R'? is alkyl or substituted alkyl. In certain instances, at least one of R™ is hydrogen.

In certain instances, both of R'® are hydrogen.

(0]
—%LN/\
(oo

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

In certain instances, one of R?and R%is ; wherein R'is hydrogen,
alkyl or substituted alkyl. In certain instances, R is hydrogen.
In certain instances, R? or R? can modulate a rate of intramolecular cyclization. R® or
R’ can speed up a rate of intramolecular cyclization, when compared to the corresponding
molecule where R” and R? are both hydrogen. In certain instances, R? or R’ comprise an
25 electron-withdrawing group or an electron-donating group. In certain instances, R or R’
comprise an electron-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

30  containing electronegative atoms. Such groups function to lower the basicity or protonation
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argi ni ne, asparagine, aspartic acid, cysteine, glutamc acid, glutam ne,

gl ycine, histidine, isoleucine, |eucine, |ysine, nethionine, phenylalanine,
proline, wernma4sidbr eoni ne, tryptophan, tyrosine, and vacirns2obnefoes mul a
VI, exanples of particular values for R5 are: a hydrogen atom for an
N-acyl group: an N-(1-4C)al kanoyl group, such as acetyl, an N-aroyl group,
such as N-benzoyl, or an N piperonyl group; and for a residue of

an am no (3¢ ¢ta rﬁcl@bﬂiﬁﬁ&tﬂl@?g’en%th@ﬂet&lpé’s@t}’dn #@fnw&i% mhaafawarbf@mm aci d 5or
di peptide: glycinyl or N-acetyl glycinyl. In formula VI, in one

enbodi rreﬁtenm%Sv@mf@wéﬁ@%alw'%f:d@wpnedgqny%heﬁwltmns Riseethglaliyiees A such as

N-acet yl I by
oy skl PR P R Pl D AR PSSEMER DY, )

in certala&an%égmupe@ argyb groppracgthor sl cseipsn alkexedarb@yl gropp ager t ai n i nst ances,

the aroug TasebmP kB SPlEbocson el (e Sestbamd B CFLL G Ry 1o A0S
N- mal ony lalky&innydcarbayd udiglk ylyhamogarbonlyl arvdylaﬁlmucm‘quyl grygpyh oxd&GBner al
rticul ar, pr odr ugs

Synt heti ¢ cedur a

doscr bed THEGE 2063 paynr EREOE Rt oY S ShE BRI Al hura 1 %are
descr i beght¢rtydpeups bearing a substithent stythd brétol msmoﬂnemtepareapuiltmn ockahitte ortho WO

2007/ 140272 .can al so be t o synt hesi 0 s, of fo mul ae 1-VI. The
omoendan g B oy iR Sihab R b SIS SOTRRRR Pl bR ASrital 1

i |1 ustor atfmdrdamyﬁg}b@w(euch as trifluoronldiiyl R & @i @bupes c gds @rdupand heseixyl may be
prepared and #1 ﬁﬁd to dr cont ai nin g)h%nol S b&/. roc der s known to

t hose of SR ot éeé‘ir?nW avgig su S@’@g% ag;be selecte 'IPB‘??F%%PW °® oups in

Organic Ghem stry,” (Wley, 2nd ed 1991) Harri son et al., "Conpendi um of
Synt heti c Organl ¢ Met hods, " Vol hn 5%% and Sons. 1971- 1996) ;
"Bei | stein 25IHgRARdBKanGss. dcé%ﬁ R:) Cfféﬁ‘?l‘éctt‘?‘&/fr@m (CGREIGHCReEt ut e of

Organi ¢ Chﬁ(@ﬁr:zlym(cﬁﬁqpkf@ﬁ(ttp Eeramiy .cirgirgery eteplcncifiepgent s for Organic
Synt hesis,” Vol unes 1- f | nt ersci ence); Trost gtial

rrpk%heﬁHﬂM@ﬁhm@@ﬁ )ﬁé[m SCHZQ(ﬁ@%Iamﬂ{:@*H%O)W 'Thei | hei mer’ s
Synt het i | ccﬁ% 8 @{22)0' @@p@g(@@?@'ig @H\&'C dngy, (Karger, 1991);
str

March "Advance gani c em I nt erSC| ence), 1991; Larock
" Conpr eheﬁH(QIéFz’B@H:@Pgé?ﬁFe) TE&E@FWH&H(@H@ CH&@%@H@H)sher s, 1989);

Paquett e, |a Bhesis,” (John Wley &
Sons, 199%1%@063*%2 ﬁﬁﬁﬁtﬁgg €s of@hl%J ?ﬁgm?hgs " (Sprl nger

Ver | ag, 1954@&@&6@)@«3» ah@f(%{d:zﬂh@H(ﬁ(Q?@HﬁtuhewlﬁynR e&l sR andSPr eavger _
verl| ag 11?(% gndentyrrleprgsegl 8r0%e [r%?ﬁal y?‘la%d R %2 h1n F5)enc§en [n conmer ci al

sourcés or syn i’C proce ur €s, ¥31-41-5
Schene 1representsRe6@)al’klyhg now to Schene 1 and formula |, supra, where for

illustrative is NH Y.is i s, NH i 121, .R4, and R5
e as orevt olEEBRRER: Aatressit aniptelalitm 210 AR Fkandd & <8Rk A58 2nc | g
group, am?ld&(hm@lea)fh.e_alw:ﬂagngsmu@nemmmumb | ovalue Yorimaiy 4be acyl at ed V\nthdan
appropriate car box acCl r_.car X | C acCl rovi de
conpound- 1. 2 RHOBHYE Neif ey Rt BERr B: Keraoy byt i ORboUNONE: 3 Compound
1- 3 i® t henh&reambaithew, Rhrepiesétd ICHBUeHCHATIDNM,C aci d equi valent 1-4 to

provi de corrpound 1-5. For conpounds of fornula |-V (C(R2¥(R3))11-
correspond t o \MEEHER qSigpyan bE)BlnﬁtPB‘Hy PEFUFRAMIERC 8¢id iy WAl beﬁi’ﬁ‘éema <gthd he

synt hesi a@fa1s Q0RLHNI SRS adiy HhIBMald mViLcoafpRatypd 1-1 woul d have the
appropriate entities for -(C(R2) R3)}11- to result in the synthesis of

conpounds of frofornlads referng tofy yeyepiples ghpastiqudn galisige:used herein, the term
"trypsin gnRiNghEQbroup €HN-$1-40)a kN0 ERAD, stAPARLEY LN NP bEJuPSuch as N-

30  benzoyl, or an N-piperonyl group;
for an amino acid: alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid,
glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline,

serine, threonine, tryptophan, tyrosine, or valine; and
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the action of trypsin on a substrate. The ability of an agent to inhibit
trypsin can be neasured using assays well known in the art. For exanple, in
a typi calwaessayussdpe unit corresponds to the anount of ipamius2acon6tohst
reduces the trypsin activity by one benzoyl -L-arginine ethyl ester unit
(BAEE-U). One BAEE-U is the anmount of enzynme that increases the absorbance
at 253 20 nm by 0.001 per mnute at pH 7.6 and 25C. See, for exanple, K
Qzawa, MrodAgEQWak a cobfuiod of ﬁ'ﬁr%o afi®kidd &deciedIRR paRncK, r&h afininl 976,
Met h. Enzynol. 45, 700. . There are many trypsin inhi'bitors known in
the art, 2HBRIAC RHBFRINS PR acid.¢YHteipY Slviangis @cit hdeaming aglyqing hisiding. r ypsi n and
ot her prQleaAsHs ISKE, RSinS WEMRESYL ShdhylakhRShDiide Ak LRk Snif@ iy B pifa! | ved
froma var {%g‘tly ’o%ua.ni%ﬂfl ‘or vedet’g‘tﬁhg asgur’zéers:l %or e’xarefp e g@y%ea’n, corn,

| i ma and t@8siog, hed vadbieans, squash, sunflower, bovi ne and ot her ani nal

pancr eas and i Fte, soy-based infant formula,
and ngmml i anhﬁtl%%glggWT(ré%}g@lle%%?Rﬁﬁ%ﬁ%ﬁ?@g%%ﬁﬁa%b be of mcrobial origin:

for exanplhygdrogertatpai n; see, for exanple, H Unezawa, 1976, Meth. Enzynol.
45, 678. A trypsin_inhihi can also be an arginine or.lysine nmnc or
other sy rteY B SrsBuinat Pac ABIaR BB BT RES B R

3, 4- di chlbotioys ocallmigerpnydérogopndpyl f | uor ophosphat e, gabexate nesyl ate, or
phenyl met hanesul f gnyl fl uoride. As used herein, an arginine qr lysine mmc
' & conpGunEniiAL 4 eming 35 ETBroe R T kY £ BEAREE 8O {ypsi n

and/ ofo i wiepfi®s pyGinWi driN-fdeypgidiny@dct i ve site function. I n one

enbodi ment, the tr in inhibitor issderived. from soybean, Trypsin

i nhi bitors dePIi R?Eﬁglgi}o}ﬂ %ﬁﬁ‘g%ﬁfmﬁ@ éc’feﬁ@s 'a%Frt’g! %%%ﬂﬁl"{/Navai | abl e and are
consi der @ekty10lybRyS Afch af Sracbigman consunption. They include, but are not
limted to, SBTI, which inhibits trypsin, and Bowran-Birk inhibitor, which
i nhi bits trypSHermady Ve Ay sl sraiparpiesepisd ioh -¢(hi GLERor NHgy ¢ iy

avai | abl gcef10feixaMagecfilymySi gnma- Al drich, St. Louis, MO USA It

wi Il be appreciated that the pharmaceutical conposition according to the
enbodinent s nlyfofmle Nein ceBapirssacenB sprepsesubtiieed aoyly d8 cortaimmpBnaesr s.

Smal | Molggeyl 6 hh¥RilPsdcbiypi tors As stated above, a trypsin inhibitor can

be an arginine or I'ysine mimc or other 15 synthetic compound. In certain
enbodi nent s, {hiermely s inceitpihiitsianegs, the gepnp aapadspiteebyniGrOECOKR arNH&i e mi mi ¢,

wherei n th I N 1‘57]-':1{3]' ; LI 0 Blo s oR E I cconpound. Certain
trypsin iwnﬁ}a@%?l%%@?’nc ué)geiyl%n %zdn%sc g}dg]]?gglly;r%}dgﬁ%mngﬁ%é@é \\ w0 QTh HN
\"0 NH NyNH2 NH wherein: 20QL is selected from-0-Q4 or -Q4-COOH, where 4
is G;CG4 al ky%rmqlzlaiﬁ N or CH and

The embodiments provide a compound of general formula (VI):

0]
R2 R3 >—O
H 42\-51 R
N
R R4 :
(VD

or a pharmaceutically acceptable salt thereof, in which:
25 R"is hydrogen or hydroxyl;
R" is oxo (=0) or hydroxyl;

the dashed line is a double bond or single bond;
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@ is aryl or substituted aryl. Certain trypsin inhibitors include
conpounds of formula: NH NH2 wherein: @ is -C(0)-COCH or

- NH Q6- QWwbQR10@asH®9 where 6 is -(CH2) p-COOH, WO PCT/US2009/061068

2010/ 045599PCT/ US2009/ 061068 Q7 is -(CH2)r-C6H5; and p is an integer from
one to three; and r is an integer fromone to three. 5Certain trypsin

I nhi bitors i ncl ude the foll ow ng: Conmpound 101 R OS HN ,sb \ H

: . NyNHg! }\Jﬁre(g@m @(clm,@)alﬁyl(gﬁo@uam di no- 2- (napht hal ene- 2-
suI fonam do) pegt anoy!l ) pi perazi ne- 1- carboxyl ate Conpound 102 0 % Sl
ONHN--?" N H RandR each 1ndependent1y represents a hydrogen atom or a (1-4C)alkyl group;

n represents 2 or 3;
R* represents —CH,CH,CH;NH(C=NH)NH, or -CH,CH,CH,CH,NH,, the
5  configuration of the carbon atom to which R” is attached corresponding with that in an L-
amino acid; and
R’ represents a hydrogen atom, an N-acyl group (including N-substituted acyl), a
residue of an amino acid, a dipeptide, an N-acyl derivative (including N-substituted acyl

derivative) of an amino acid or dipeptide.

10
In formula VI, a certain example of R is hydrogen. In formula VI, a certain example
of R* is hydroxyl.
In formula VI, a certain example of R is ox0 (=0). In formula VI, a certain example
of R" is hydroxyl;
15 In formula VI, a certain example of the dashed line is a double bond. In formula VI, a

certain example of the dashed line is a single bond.
In formula VI, examples of values for R are methyl and ethyl groups.
In formula VI, examples of values for each of R”and R’ are hydrogen atoms.
In formula VI, an example of a value for n is 2.
20 In formula VI, in one embodiment, R* represents -CH,CH,CH,NH(C=NH)NH,. In
another embodiment, R* represents -CH,CH,CH,CH,NHo.
An amino acid can be a naturally occurring amino acid. It will be appreciated that
naturally occurring amino acids usually have the [.-configuration.
In formula VI, referring to R’ examples of particular values are:
25  for an N-acyl group: an N-(1-4C)alkanoyl group, such as acetyl, an N-aroyl group, such as N-
benzoyl, or an N-piperonyl group;
for an amino acid: alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid,
glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, or valine; and
30  for a dipeptide: a combination of any two amino acids selected independently from_alanine,
arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine, and valine.

In formula VI, examples of particular values for R’ are:
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ONi I NH2 NH (S)-ethyl 4-(5-guanidino-2-(2,4,6-

triisopropyl phenyl sul fonam do) pen tanoyl) pi perazi ne-| -carboxyl ate Conpound
103 R 00WOQofkddssp) H O-.",....,NIINH2 NH (S)-ethyl 1-@6Tgisa000051968 2-
(napht hal ene- 2- sul f onam do) pent anoyl ) pi peri di ne4- car boxyl ate Conpound 104
o0io HWS ° Ho 11 NH (S)-ethyl 1-(5-guanidino-2-(2,4,6-

triisopropyl phenyl sul fonam do) pen tanoyl ) pi peri di ne-4-car boxyl ate Conpound
105 HOY\ 0 \ Ry h{RosMidih;

for an N-acyl group: an N-(1-4C)alkanoyl group, such as acetyl, an N-aroyl group,
such as N-benzoyl, or an N-piperonyl group; and

for a residue of an amino acid, a dipeptide, or an N-acyl derivative of an amino acid

5 ordipeptide: glycinyl or N-acetylglycinyl.

In formula VI, in one embodiment, R’ represents N-acetyl, glycinyl or N-
acetylglycinyl, such as N-acetyl.

In formula VI, an example of the group represented by —C(O)—CH(R4)—NH(R5) is N-
acetylarginyl or N-acetyllysinyl.

10 In formula VI, in certain instances, R’ represents substituted acyl. In certain

instances, R’ can be malonyl or succinyl.

In formula VI, in certain instances, the group represented by —C(O)—CH(R4)—NH(R5) is
N-malonylarginyl, N-malonyllysinyl, N-succinylarginyl and N-succinyllysinyl.

15 General Synthetic Procedures

Compounds of formula I are particular prodrugs described in WO 2007/140272 and
the synthesis of compounds of formula I are described therein.

The synthetic schemes and procedure in WO 2007/140272 can also be used to
synthesize compounds of formulae [-VI. The compounds described herein may be obtained

20 via the routes generically illustrated in Scheme 1.

The promoieties described herein, may be prepared and attached to drugs containing
phenols by procedures known to those of skill in the art (See e.g., Green et al., “Protective
Groups in Organic Chemistry,” (Wiley, 2™ ed. 1991); Harrison ef al., “Compendium of
Synthetic Organic Methods,” Vols. 1-8 (John Wiley and Sons, 1971-1996); “Beilstein

25 Handbook of Organic Chemistry,” Beilstein Institute of Organic Chemistry, Frankfurt,
Germany; Feiser ef al., “Reagents for Organic Synthesis,” Volumes 1-17, (Wiley
Interscience); Trost et al., “Comprehensive Organic Synthesis,” (Pergamon Press, 1991);
“Theilheimer’s Synthetic Methods of Organic Chemistry,” Volumes 1-45, (Karger, 1991);
March, “Advanced Organic Chemistry,” (Wiley Interscience), 1991; Larock “Comprehensive

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

well established synthetic procedures, supra.
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J"N'NH2 11 NH (S)-6-(4-(5-guani di no- 2-
(napht haI ene- 2sul f onam do) pent anoyl ) pi per azi nl-y1) - 6- oxohexanoi ¢ acid
Conpound WwO@oias3ddl 4- ami nobenzi m dam de NH2 WO  PCT/US2009/061068
2010/ 045599PCT/ US2009/ 061068 Conpound 107 NH2 HN
3- (4-carbam m doyl phenyl)-2- oxopropanoic acid

P P 0]

| . I .

Y\/\T'H Acylation Y\/\T)LH/W]\ " Deprotection
4 P

1-1
H O i
O
Y- —_— T R®
N T)LE/W]\ R” + X)J\ M \ﬂ/ R
R4
1-3 1-4 1-5

Scheme 1

Referring now to Scheme 1 and formula I, supra, where for illustrative purposes T is

NH, Y is NRl, W is NH, p is one, Rl, R4, and R’ are as previously defined, X is a phenolic
5  opioid, P is a protecting group, and M is a leaving group, compound 1-1 may be acylated

with an appropriate carboxylic acid or carboxylic acid equivalent to provide compound 1-2
which then may be deprotected to yield compound 1-3. Compound 1-3 is then reacted with
an activated carbonic acid equivalent 1-4 to provide compound 1-5.

For compounds of formula II- VI, -(C(R»)(R3)),- correspond to —(CH,-CH,)- portion

10 between Y and T. Thus, for the synthesis of compounds of formulae II-VI, compound 1-1

would have the appropriate entities for -(C(R»)(R3)),- to result in the synthesis of compounds

of formulae II-VI.

Trypsin Inhibitors
15 As used herein, the term “trypsin inhibitor” refers to any agent capable of inhibiting
the action of trypsin on a substrate. 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 is the amount of enzyme that increases the absorbance at 253
20 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.

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. Trypsin inhibitors can be
derived from a variety of animal or vegetable sources: for example, soybean, corn, lima and

25  other beans, squash, sunflower, bovine and other animal pancreas and lung, chicken and
turkey egg white, soy-based infant formula, and mammalian blood. Trypsin inhibitors can

also be of microbial origin: for example, antipain; see, for example, H. Umezawa, 1976,
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HO Conmpound 108 OOHNH H NONH2 0"sON O (S)-5-(4-

car bam m doyl benzyl am no) - 5- oxo-4-((R)-4-phenyl -

( phenyl mewbybsul4smnan do) but ana mi do) pentanoi ¢ aci d Compouru$2@0960B82 N H2
H2N OS NH 6- car bam m doyl napht hal en- 2 y1l 4- (di am nonet hyl eneam no) benzoat e
Compound 110 H2ZNNH2 io O, ..........."...... ""0 io NHNH 4, 4' - (pent ane-1, 5-

di yl bi s(oxy) | di benzi m dam de

Meth. Enzymol. 45, 678. A trypsin inhibitor can also be an arginine or lysine mimic or other

synthetic compound: for example arylguanidine, benzamidine, 3,4-dichloroisocoumarin,

diisopropylfluorophosphate, gabexate mesylate, or phenylmethanesulfonyl fluoride. As used

herein, an arginine or lysine mimic is a compound that is capable of binding to the p! pocket
5  of trypsin and/or interfering with trypsin active site function.

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
Bowman-Birk inhibitor, which inhibits trypsin and chymotrypsin. Such trypsin inhibitors are

10 available, for example from Sigma-Aldrich, St. Louis, MO, USA.

It will be appreciated that the pharmaceutical composition according to the
embodiments may further comprise one or more other trypsin inhibitors.

Small Molecule Trypsin Inhibitors

As stated above, a trypsin inhibitor can be an arginine or lysine mimic or other

15 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.

Certain trypsin inhibitors include compounds of formula:

]
Q \\ 03
QZ’\ NS
H
0 N\H/NHZ
NH ,
wherein:
20 Q' is selected from —0-Q* or —Q*-COOH, where Q* is C;-Cy alkyl;

Q2 1s N or CH; and
Q’ is aryl or substituted aryl.

Certain trypsin inhibitors include compounds of formula:
NH

v(j)‘\NHz
5
25 Q

wherein;
Q’ is —C(0)-COOH or -NH-Q®-Q"-S0,-C¢Hs, where
Q° is —(CH,),-COOH;

s
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In certain enbodi nents, the trypsin inhibitor is SBTI, BBSI, Conpound 101,
Compound 106, Conpound 108, Conpound 109, or Conpound 110. Pharnaceuti cal
Conposi t iwo0ARs®pscussed above, the present discl osur @Cpruseeodms1068
pharmaceutical conpositions which conprise a trypsin inhibitor and a
phenolic opioid prodrug that contains a trypsinlabile noiety that, when
cleaved, facilitates release of phenolic opioid Exanples of conpositions
contai ni ng a phanetig -epiQhd prodrug and a trypsin inhibitors are described
bel ow. 10Combinations of Forrulae 1-VI and Trypsin |nhibitor The
enbodi nent s ppeaﬂndéteépréwa?m@ﬁmeca}d conposi tion, which conprises a trypsin
i nhibitor and.f gemgral Formula (1), or a pharmaceutically
accept abl e sart thereopgmq}cne The enbodi ments provi de a pharnmaceuti cal
conposition, which conprises a trypsin 15inhibitor and a conpound of

general Formu ically acceptable salt thereof.
4 b@ﬁan( slpé 1\\/{#1%?“0[? 1r.10ﬁ1d9 Ia?e m %fé

Certai n enbodi nents on of a conpound of Formula |

and a t rypsipounch Hhor in t he phédedthyd 4dpigoarddiod-2Fornmul @ | and t he
trypsi n |il6hi bi t or shown, i @ fol | wiaphthblatd-2. WO

2010/ 043599PCT/ US 1Q§$\\ PAlendl i ¢ opisdichamidppghtaneydfpigerazme- Oxynor phone
SBTI Oxynor phone BBSI O Bhone Conpolneatdiyl@¢ynor phone Conppund 106
Oxynor phone Conpound 108 m)nprmne Conpound 109

Compound (S)-ethyl 4-(5-guanidino-2-(2,4,6-

102 triisopropylphenylsulfonamido)pen
tanoyl)piperazine- 1-carboxylate

Compound (S)-ethyl 1-(5-guanidino-2-

103 (naphthalene-2-
sulfonamido)pentanoyl)piperidine-
4-carboxylate

Compound (S)-ethyl 1-(5-guanidino-2-(2,4,6-

104 triisopropylphenylsulfonamido)pen
tanoyl)piperidine-4-carboxylate

Compound (S)-6-(4-(5-guanidino-2-

105 (naphthalene-2-
sulfonamido)pentanoyl)piperazin-
1-yl)-6-oxohexanoic acid

Compound 4-aminobenzimidamide

106
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Oxynor phone Conpound 110 Certain enbodi nents provide for a

conbi nation of a conpound of fornmula | and trypsin inhibitor, in which the
phenol i ¢ wpiz2eioh4ed99f orrmul a | and the trypsin inhibitor ace/ush@seionst he
followi ng table. Phenolic opioid Trypsin inhibitor Hydronorphone SBTI

Hydr onor phone BBSI Hydr onor phone Conpound 101 Hydr onor phone Conpound 106
Hydr onor phone Conpound 108 Hydr onor phone Corrpound 109 Hydrom)rphone

Compound cbhfound Gey tain enbodi menys_ (@rc%h&lﬁmh&fl &nﬁ@gm nation of a
conpound g% formu| ani<and 5trypsin i nhi bigk QropahBic W ch the phenol i c opioid
of formula | and the tyyRsin inhibitor are shovvn In the foll ow ng table.
Phenol i g opioid Tyypsi hi bi t or Mor phiine SBTI
O
O
HO
Compound OCH NH (S)-5-(4-
108 L0 H\/©)LNH2 carbamimidoylbenzylamino)-5-
©/\//S\:N N N 0x0-4-((R)-4-phenyl-2-
o0 oo (phenylmethylsulfonamido)butana
mido)pentanoic acid
Compound N\\rNHZ 6-carbamimidoylnaphthalen-2-yl 4-
109 OTKQ/ NH; (diaminomethyleneamino)benzoate
NH
Compound OO 4,4'-(pentane-1,5-
110 HN NH2 | diylbis(oxy))dibenzimidamide
NH NH

In certain embodiments, the trypsin inhibitor is SBTI, BBSI, Compound 101,
Compound 106, Compound 108, Compound 109, or Compound 110.

Pharmaceutical Compositions
5 As discussed above, the present disclosure provides pharmaceutical compositions
which comprise a trypsin inhibitor and a phenolic opioid prodrug that contains a trypsin-
labile moiety that, when cleaved, facilitates release of phenolic opioid. Examples of
compositions containing a phenolic opioid prodrug and a trypsin inhibitors are described
below.
10 Combinations of Formulae I-VI and Trypsin Inhibitor
The embodiments provide a pharmaceutical composition, which comprises a trypsin
inhibitor and a compound of general Formula (I), or a pharmaceutically acceptable salt
thereof.
The embodiments provide a pharmaceutical composition, which comprises a trypsin
15 inhibitor and a compound of general Formulae (I)-(VI), or a pharmaceutically acceptable salt
thereof.
Certain embodiments provide for a combination of a compound of Formula I and a
trypsin inhibitor, in which the phenolic opioid of Formula I and the trypsin inhibitor are

shown in the following table.
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Mor phi ne BBSI Mor phi ne Conpound 101 Mor phi ne Conpound 106 Mor phi ne Conpound
108 Mor phi ne Conpound 109 Morphi ne Conpound 110 Certain enbodi nents
provi de fwo 2ai0@sdpnati on of a compound of fornula | anectrogspewmeioshi bitor,
in which the phenolic opioid of fornula | and the trypsin inhibitor are
shown in the follow ng table. Phenolic opioid Trypsin inhibitor Tapentadol
SBTI Tapent adol BBSI Tapentadol Conpound 101 Tapentadol Conpound 106

Tapent adol  ConpoUpe b8 ofidRENT @001 | Trypsin inhibitor

Oxymorphone SBTI

Oxymorphone BBSI

Oxymorphone Compound 101
Oxymorphone Compound 106
Oxymorphone Compound 108
Oxymorphone Compound 109
Oxymorphone Compound 110

Certain embodiments provide for a combination of a compound of formula I and

trypsin inhibitor, in which the phenolic opioid of formula I and the trypsin inhibitor are

shown in the following table.

Phenolic opioid Trypsin inhibitor
Hydromorphone SBTI
Hydromorphone BBSI
Hydromorphone Compound 101
Hydromorphone Compound 106
Hydromorphone Compound 108
Hydromorphone Compound 109
Hydromorphone Compound 110

Certain embodiments provide for a combination of a compound of formula I and

trypsin inhibitor, in which the phenolic opioid of formula I and the trypsin inhibitor are

shown in the following table.

Phenolic opioid Trypsin inhibitor
Morphine SBTI

Morphine BBSI

Morphine Compound 101
Morphine Compound 106
Morphine Compound 108
Morphine Compound 109
Morphine Compound 110

Certain embodiments provide for a combination of a compound of formula I and

trypsin inhibitor, in which the phenolic opioid of formula I and the trypsin inhibitor are

shown in the following table.

Phenolic opioid Trypsin inhibitor
Tapentadol SBTI
Tapentadol BBSI
Tapentadol Compound 101
Tapentadol Compound 106
Tapentadol Compound 108
Tapentadol Compound 109
Tapentadol Compound 110
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Compound 109 Tapent adol Conpound 110 WO 2010/ 045599PCT/ US2009/ 061068
Certain enbodi nents provide for a conbination of a conpound of formula |1
and trypswo 2omii4ssobor, in which the phenolic opioid of fPormst@9olotioand t he
trypsin inhibitor are shown in the follow ng table. Phenolic opioid Trypsin
I nhi bitor Oxynor phone SBTI Oxynor phone BBSI Oxynor phone Conpound 101

Oxynor phone Conpound 106 Oxynor phone Conpound 108 Oxynor phone Conpound 109
Oxynor phone  CopRghl Bilbddifents provide f&%rct)ﬁlbﬁat%mg@ceﬁp&ﬁldwﬁaﬂnqﬁ if &fa @

conbi nati on of a compound of fornmula Il and 5trypsin inhibitor, in which

t he phendlyPgn ghitgior inwhich theyphenali opigyl qfﬁ@ﬂtlli%ém th FpsEn BIbItarEEe shown i n

the fol | QuhgintiBLl-RowfB &M@l 1 ¢ opioid Trypsin inhibitor

Phenolic opioid Trypsin inhibitor
Oxymorphone SBTI
Oxymorphone BBSI
Oxymorphone Compound 101
Oxymorphone Compound 106
Oxymorphone Compound 108
Oxymorphone Compound 109
Oxymorphone Compound 110

Certain embodiments provide for a combination of a compound of formula II and

trypsin inhibitor, in which the phenolic opioid of formula II and the trypsin inhibitor are

shown in the following table.

Phenolic opioid Trypsin inhibitor
Hydromorphone SBTI
Hydromorphone BBSI
Hydromorphone Compound 101
Hydromorphone Compound 106
Hydromorphone Compound 108
Hydromorphone Compound 109
Hydromorphone Compound 110

Certain embodiments provide for a combination of a compound of formula II and

trypsin inhibitor, in which the phenolic opioid of formula II and the trypsin inhibitor are

shown in the following table.

Phenolic opioid Trypsin inhibitor
Morphine SBTI

Morphine BBSI

Morphine Compound 101

Morphine Compound 106

Morphine Compound 108

Morphine Compound 109

Morphine Compound 110

10 Certain embodiments provide for a combination of a compound of formula II and

trypsin inhibitor, in which the phenolic opioid of formula II and the trypsin inhibitor are

shown in the following table.

Phenolic opioid Trypsin inhibitor
Tapentadol SBTI
Tapentadol BBSI
Tapentadol Compound 101
Tapentadol Compound 106
Tapentadol Compound 108
Tapentadol Compound 109
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Hydr onor phone SBTI Hydr onor phone BBSI Hydr onor phone Conpound 101
Hydr onor phone Conpound 106 Hydr onor phone Conpound 108 Hydr onor phone
Conpound W02ottydssdaor phone Conpound 110 Certai n emoodiso®ats1ops ovi de

for a conbination of a compound of fornula Il and trypsin inhibitor, in
whi ch the phenolic opioid of fornmula Il and the trypsin inhibitor are shown
in the followng table. Phenolic opioid Trypsin inhibitor Mrphine SBTI

Mor phi ne BBSI MipRiRfc GRBROUNd 101 T RiiRGmtRMpound T

Tapentadol

Compound 110

6 Mor phi ne

Certain embodiments provide for a combination of a compound of formula III and

trypsin inhibitor, in which the phenolic opioid of formula III and the trypsin inhibitor are

shown in the following table.

Phenolic opioid Trypsin inhibitor
Oxymorphone SBTI
Oxymorphone BBSI
Oxymorphone Compound 101
Oxymorphone Compound 106
Oxymorphone Compound 108
Oxymorphone Compound 109
Oxymorphone Compound 110

Certain embodiments provide for a combination of a compound of formula III and

trypsin inhibitor, in which the phenolic opioid of formula III and the trypsin inhibitor are

shown in the following table.

Phenolic opioid Trypsin inhibitor
Hydromorphone SBTI
Hydromorphone BBSI
Hydromorphone Compound 101
Hydromorphone Compound 106
Hydromorphone Compound 108
Hydromorphone Compound 109
Hydromorphone Compound 110

Certain embodiments provide for a combination of a compound of formula III and
trypsin inhibitor, in which the phenolic opioid of formula III and the trypsin inhibitor are

shown in the following table.

Phenolic opioid Trypsin inhibitor

Morphine SBTI

Morphine BBSI

Morphine Compound 101
Morphine Compound 106
Morphine Compound 108
Morphine Compound 109
Morphine Compound 110

10 Certain embodiments provide for a combination of a compound of formula III and

trypsin inhibitor, in which the phenolic opioid of formula III and the trypsin inhibitor are

shown in the following table.

Phenolic opioid Trypsin inhibitor
Tapentadol SBTI
Tapentadol BBSI
Tapentadol Compound 101
Tapentadol Compound 106
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Conmpound 108 Mor phi ne Conmpound 109 Mor phi ne Conpound 110 10Certain

enbodi nents provide for a conbination of a conpound of fornula I

and

trypsi n iwbi2bioi@s399i n whi ch the phenolic opioid of fornmecauskooandioshe

trypsin inhibitor are shown in the foll ow ng table.
I nhi bitor Tapent adol

Tapent adol

Conmpound 106 Tapent adol

SBTI Tapent adol

BBSI Tapent adol

Phenolic opioid Trypsin
Compound 101
Conmpound 108 Tapent adol

Conmpound 109 WO

2010/ 045599PCT/ US

>¢yg§mggﬁggp Phenot

TrARinhElnildrYPST m i ni

i bi t or Tapent adol

Tapentadol Compound 108
Tapentadol Compound 109
Tapentadol Compound 110

Certain embodiments provide for a combination of Compound 1 and trypsin inhibitor,

in which the trypsin inhibitor is shown in the following table.

Compound Trypsin inhibitor
Compound 1 SBTI
Compound 1 BBSI
Compound 1 Compound 101
Compound 1 Compound 106
Compound 1 Compound 108
Compound 1 Compound 109
Compound 1 Compound 110

Certain embodiments provide for a combination of Compound 2 and trypsin inhibitor,

in which the trypsin inhibitor is shown in the following table.

Compound Trypsin inhibitor
Compound 2 SBTI
Compound 2 BBSI
Compound 2 Compound 101
Compound 2 Compound 106
Compound 2 Compound 108
Compound 2 Compound 109
Compound 2 Compound 110

in which the trypsin inhibitor is shown in the following table.

Compound Trypsin inhibitor
Compound 3 SBTI
Compound 3 BBSI
Compound 3 Compound 101
Compound 3 Compound 106
Compound 3 Compound 108
Compound 3 Compound 109
Compound 3 Compound 110

Certain embodiments provide for a combination of Compound 3 and trypsin inhibitor,

Certain embodiments provide for a combination of Compound 4 and trypsin inhibitor,

in which the trypsin inhibitor is shown in the following table.

Compound Trypsin inhibitor
Compound 4 SBTI
Compound 4 BBSI
Compound 4 Compound 101
Compound 4 Compound 106
Compound 4 Compound 108
Compound 4 Compound 109
Compound 4 Compound 110
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Compound 110 Certain enbodi nents provide for a conbination of a
conpound of fornmula Il and trypsin inhibitor, in which the phenolic opioid
of fornulwol2bio/asdt he trypsin inhibitor are shown in tireTfUskéoomsregs t abl e.
Phenolic opioid Trypsin inhibitor Oxynorphone SBTI Oxynorphone BBSI

Oxynor phone Conpound 101 Oxynor phone Conpound 106 Oxynor phone Conpound 108

Oxynor phone Conpound 109 Oxynor phone Conpound 110 Certain
embodi ment's pfQyide a{aﬁ’ém@te@@ﬁnh@%é&ﬂ)ngfso%c@tﬂ@?fﬁﬁfﬁgo@fof Btﬁéﬁ@ﬂkﬁnés' | and
Strypsin inhibitor, I'n which phenol i c opioid fornmula I'll and the

trypsin iipelisH ipprofgineassipuRKOT thattcwebef el Bugontpinagpn ‘é“th PREWBIZINeVIBBiroi d Trypsin
i nhi bi t OrfOIIﬁ%‘flJ 6%%9& BM?CO%%HSIHEMH ﬁﬁ)imragi}a%@glamne, arginine, asparagine, aspartic

acid, cysteine, glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, lysine,
5  methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, or valine.
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
10 composition can contain components conventional in pharmaceutical preparations, e.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.
The pharmaceutical composition according to the embodiments is useful, for example,
15 in the treatment of a patient suffering from, or at risk of suffering from pain.
The patient can be a human or a non-human animal, for example a companion animal

such as a cat, dog or horse.

Methods of Administration

20 The amount of compound of formulae (I)-(VI) to be administered to a patient to be
effective (i.e. to provide blood levels of phenolic opioid sufficient to be effective in the
treatment or prophylaxis of pain) will depend upon the bioavailability of the particular
compound, the susceptibility of the particular compound to enzyme activation in the gut, the
amount and potency of trypsin inhibitor present in the composition, as well as other factors,

25  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 in the range of from
0.01 to 20 milligrams per kilogram (mg/kg) body weight. For example, a compound
comprising a residue of hydromorphone can be administered at a dose equivalent to
administering free hydromorphone in the range of from 0.02 to 0.5 mg/kg body weight or

30 0.01 to 10 mg/kg body weight or 0.01 to 2 mg/kg body weight. In one embodiment, the
compound can be administered at a dose such that the level of phenolic opioid 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 phenolic opioid when administration of a compound of formulae (I)-
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BBSI Hydr onor phone Conpound 101 Hydr onor phone Conpound 106 Hydr onor phone
Conmpound 108 Hydr onor phone Conpound 109 Hydr onor phone Conpound 110

Certai n ewbadimeasdss provi de for a conbi nati on of a conpeamarsedoosfoerntil a | |
and trypsin inhibitor, in which the phenolic opioid of fornula Ill and the
trypsin inhibitor are shown in the follow ng table. Phenolic opioid Trypsin
I nhi bi tor Mor phi ne SBTI Mor phi ne BBSI Morphi ne Conpound 101 Mor phi ne

Conmpound ({861d¥e WR1dNE2dEe SR sukO 8 YD piRiAbRELHATPRMINE pdddQpon the effective

dose of the particular compound and the potency of the particular inhibitor, 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 of inhibitor

5  can be in the range of from 0.05 to 50 mg per mg of compound of formulae (I)-(VI). Ina
certain embodiment, the dose of inhibitor can be in the range of from 0.001 to 50 mg per mg

of compound of formulae (I)-(VI).

Therapeutic Applications
10 In another aspect, the embodiments provide a pharmaceutical composition as
described hereinabove for use in the treatment of pain.
The present disclosure provides use of a phenolic opioid prodrug and a trypsin
inhibitor in the treament of pain.
The present disclosure provides use of a phenolic opioid prodrug and a trypsin
15 inhibitor in the manufacture of a medicament for treament of pain.
In another aspect, the embodiments provides method of treating pain in a patient
requiring treatment, which comprises administering an effective amount of a pharmaceutical

composition as described hereinabove.

20  Thwarting tamerping by trypsin mediated release of phenolic opioid from prodrugs
The disclosure provides for a composition comprising a compound of formulae I-VI
and a trypsin inhibitor that reduces drug abuse potential. A trypsin inhibitor can thwart the
ability of a user to apply trypsin to effect the release of a phenolic opioid from the phenolic
opioid prodrug in vitro. For example, if an abuser attempts to incubate trypsin with a
25  composition of the embodiments that includes a phenolic opioid prodrug and a trypsin
inhibitor, the trypsin inhibitor can reduce the action of the added trypsin, thereby thwarting

attempts to release phenolic opioid for purposes of abuse.

Examples
30 The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the embodiments, and are
not intended to limit the scope of what the inventors regard as their invention nor are they
intended to represent that the experiments below are all or the only experiments performed.

Efforts have been made to ensure accuracy with respect to numbers used (e.g. amounts,
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Mor phi ne Conpound 110 10Certai n enbodi ments provide for a conbination of a
conpound of fornmula Il and trypsin inhibitor, in which the phenolic opioid
of fornulwol2bio/asdt he trypsin inhibitor are shown in tireTfUskéoomsregs t abl e.
Phenolic opioid Trypsin inhibitor Tapentadol SBTI Tapentadol BBSI

Tapent adol Conpound 101 Tapent adol Conpound 106 WO

2010/ 045599PCT/ US2009/ 061068 Phenol i c opioid Trypsin inhibitor Tapentadol

Conpound (& raf@pent. m@kor@meﬁmﬁé&%&;am Qb A& Rhs %m%%lco%md for. Certain

enbodi ments provide for a conbination of ound 1 and trypsin inhibitor,
i n whi ch Urkess indiegsil Athemtisep pargrarg gartg F@wmgihh s uipPeighi inyeiRhisverage

molecular weight, temperature is in degrees Celsius, and pressure is at or near atmospheric.

Standard abbreviations may be used.

Example 1: Oral administration of Compound 1 and SBTI trypsin inhibitor to rats
Hydromorphone 3-(N-methyl-N-(2-N’-acetylarginylamino)) ethylcarbamate (which
can be produced as described in PCT International Publication No. WO 2007/140272,
published 6 December 2007, Example 3, hereinafter referred to as Compound 1) and SBTI
10 (trypsin inhibitor from Glycine max (soybean) (Catalog No. 93620, ~10,000 units per mg,
Sigma-Aldrich) were each dissolved in saline.
Saline solutions of Compound 1 and SBTT were dosed as indicated in Table 1 via oral
gavage into jugular vein-cannulated male Sprague Dawley rats that had been fasted for 16-18
hours (hr) prior to oral dosing; 4 rats were dosed per group. When SBTI was dosed, it was
15  administered 5 minutes (min) prior to Compound 1. At specified time points, blood samples
were drawn, quenched into methanol, centrifuged at 14,000 rpm @ 4°C, and stored at -80°C
until analysis by high performance liquid chromatography / mass spectrometry (HPLC/MS).
Table 1 indicates the results for rats administered a constant amount of Compound 1
and variable amounts of SBTI. Results are reported as maximum blood concentration of
20 hydromorphone (average + standard deviation) for each group of 4 rats.

Table 1. Maximum concentration (Cmax) of hydromorphone in rat blood

Compound 1 SBTI Cmax (ng/ml
(mg/kg) (mg/kg) HM)
20 0 16.5+5.3
20 10 8.9+ 1.8
20 100 6.0+4.0
20 500 <5
20 1000 <5

Lower limit of quantitation was 1 nanogram per milliliter (ng/ml) for the first group
and 5 ng/ml for the other groups.
The results in Table 1 indicate that SBTI attenuates Compound 1’s ability to release
25  hydromorphone in a dose-dependent manner that can approach approximately 100%
attenuation at higher SBTI concentrations.
Data obtained from the rats represented in Table 1 are also provided in Figure 1 which
compares mean blood concentrations (+ standard deviations) over time of hydromorphone

following PO administration to rats of 20 mg/kg Compound 1 (a) alone (solid line with
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Compound Trypsin inhibitor Conpound 1 SBTI Conpound 1 BBSI Conpound 1
Conmpound 101 Conpound 1 Conpound 106 Conpound 1 Conpound 108 Conpound 1
Conpound w020 Gompsvand 1 Conmpound 110 Certai n enbedirmsedam/opreyi de for
a conbination of Conpound 2 and trypsin inhibitor, in which the trypsin
inhibitor is shown in the follow ng table. Conpound Trypsin inhibitor
Conmpound 2 SBTI Conpound 2 BBSI Conpound 2 Conpound 101 Conpound 2

closed circle symbols), (b) with 10 mg/kg SBTI (dashed line with open square symbols), (¢)
with 100 mg/kg SBTI (dotted line with open triangle symbols), (d) with 500 mg/kg SBTI
(solid line with X symbols) or (e) with 1000 mg/kg SBTT (solid line with closed square
symbols). The results in Figure 1 indicate that SBTI attenuation of Compound 1’s ability to
5  release hydromorphone suppresses Cmax and delays Tmax of such hydromorphone release

into the blood of rats administered Compound 1 and 10, 100, 500 or 1000 mg/kg SBTL

Example 2: Oral administration of Compound 1 and SBTI trypsin inhibitor, in the
presence of ovalbumin, to rats

10 In an effort to to understand the role of SBTI, ovalbumin was used as a non-trypsin
inhibitor protein control. Albumin from chicken egg white (ovalbumin) (Catalog No. A7641,
Grade VII, lyophilized powder, Sigma-Aldrich) was dissolved in saline.

Saline solutions of Compound 1 and SBTI (as described in Example 1) and of

ovalbumin were combined and dosed as indicated in Table 2 via oral gavage into jugular

15 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 1 pl of formic acid. The tubes were
vortexed for 5-10 seconds, immediately placed in dry ice and then stored until analysis by

20  HPLC/MS.

Table 2 indicates the results for rats administered Compound 1 with or without
various amounts of ovalbumin (OVA) and/or SBTT as indicated. Results are reported as
maximum plasma concentration of hydromorphone (average + standard deviation) for each
group of 4 rats.

25  Table 2. Maximum concentration (Cmax) of hydromorphone in rat plasma

Compound 1 | OVA (mg/kg) | SBTI (mg/kg) | Cmax (ng/ml HM)
(mg/kg)
20 0 0 13.3+3.7
20 20 0 11.0+5.4
20 100 0 9.7+ 3.1
20 500 0 11.6 +2.5
20 1000 0 10.3 +3.5
20 500 500 1.9+ 0.9

Lower limit of quantitation was 12.5 picograms/ml (pg/ml) for the first group, 25

pg/ml for the last group, and 100 pg/ml for the other groups.
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Compound 106 Conmpound 2 Conpound 108 Conpound 2 Conpound 109 Conpound 2
Compound 110 5Certain enbodi nents provide for a conbinati on of Conpound 3
and trypswo 2omi4ssobor, in which the trypsin inhibitor i ecshusesnionoshe

foll owi ng table. Conmpound Trypsin inhibitor Conpound 3 SBTI Conpound 3 BBSI
Compound 3 Conmpound 101 Conpound 3 Compound 106 Conpound 3 Conpound 108
Compound 3 Conpound 109 Conpound 3 Conpound 110

10

15

20

25

The results in Table 2 indicate that ovalbumin does not significantly affect Compound 1’s
ability to release hydromorphone or SBTT’s ability to attenuate such release.

Data obtained from the rats represented in rows 1, 4 and 6 of Table 2 are also
provided in Figure 2 which compares mean plasma concentrations (+ standard deviations)
over time of hydromorphone following PO administration to rats of 20 mg/kg Compound 1
(a) alone (solid line with circle symbols), (b) with 500 mg/kg OV A (dashed line with triangle
symbols) or (c) with 500 mg/kg OVA and 500 mg/kg SBTI (dotted line with square
symbols). The results in Figure 2 indicate that SBTI attenuation of Compound 1’s ability to
release hydromorphone suppresses Cmax and delays Tmax of such hydromorphone in
plasma, even in the presence of ovalbumin. Rats administered 20 mg/kg Compound 1 with
500 mg/kg OVA and 500 mg/kg SBTT displayed a plasma Tmax of 8.0 hr, whereas rats
administered 20 mg/kg Compound 1 alone displayed a plasma Tmax of 2.3 hr. The results in
Table 2 and Figure 2 also indicate that SBTI is acting specifically by inhibiting trypsin rather

than in a non-specific manner.

Example 3: Oral administration of Compound 1 and BBSI inhibitor to rats

Compound 1 and BBSI (Bowman-Birk trypsin-chymotrypsin inhibitor from Glycine
max (soybean), Catalog No. T9777, Sigma-Aldrich) were each dissolved in saline.

Saline solutions of Compound 1 and BBSI were dosed as indicated in Table 3.
Dosing, sampling and analysis procedures were as described in Example 1.

Table 3 indicates the results for rats administered Compound 1 with or without BBSIL.
Results are reported as maximum blood concentration of hydromorphone (average + standard
deviation) for each group of 4 rats (n=4) as well as for 3 of the 4 rats administered Compound
1 and BBSI (n=3).

Table 3. Maximum concentration (Cmax) of hydromorphone in rat blood

Compound 1 | BBSI Cmax Number of
(mg/kg) (mg/kg) | (ng/ml HM) Rats (n)
20 0 16.5 + 5.3 n=4
20 100 10.6 + 5.9 n=3
20 100 18.7+ 17.0 n=4

Lower limit of quantitation was 1 ng/ml for both groups. Cmax of rat not included in
n=3 analysis was 43 ng/ml; range of other rats was 6.8-17 ng/ml.
The results in Table 3 indicate that BBSI can attenuate Compound 1’s ability to release

hydromorphone.
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Certai n enbodi nents provide for a conbi nation of Conpound 4 and trypsin
inhibitor, in which the trypsin inhibitor is showmn in the follow ng table.
Conpound wWoypsveasssahi bi t or Conpound 4 SBTI Conpound 4 BBEIr/USeemposrvds 4
Compound 101 Compound 4 Conpound 106 Compound 4 Conpound 108 Conpound 4
Compound 109 Conpound 4 Conpound 110 It is to be appreciated that
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administered 5 min prior to Compound 4. At specified time points, blood samples were

15  drawn, processed and analyzed as described in Example 2.
Table 4 and Figure 4 provide results for rats administered 20 mg/kg of Compound 2
with or without 500 mg/kg of SB'TI as indicated. Results in Table 4 are reported, for each
group of 4 rats, as (a) maximum plasma concentration (Cmax) of hydromorphone (HM)

(average + standard deviation) and (b) time after administration of Compound 2, with or

20 without SBTI, to reach maximum hydromorphone concentration (T'max).

Table 4. Cmax and Tmax of hydromorphone in rat plasma

Compound 2 SBTI Cmax (ng/ml Tmax (hr)
(mg/kg) (mg/kg) HM)
20 0 14.2+2.6 2.0
20 500 7.3+3.5 3.5

Lower limit of quantitation was 0.0125 ng/ml for both groups.

25 IFigure 4 compares mean plasma concentrations (+ standard deviations) over time of
hydromorphone release following PO administration of 20 mg/kg Compound 2 alone (solid
line) or with 500 mg/kg SBTT (dotted line) to rats.

The results in Table 4 and Figure 4 indicate that SBTT attenuates Compound 2’s
ability to release hydromorphone, both with respect to suppressing Cmax and delaying Tmax.
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10 (trypsin inhibitor fromdycine max (soybean) (Catal og No. 93620,

-10, 000 units per ng, Sigma-Aldrich) were each dissolved in saline.

Sal i ne sovotoomasd Conpound 1 and SBTI were dosed as i mdrast@d/osredabl e 1
via oral gavage into jugular vein-cannul ated nal e Sprague Dawl ey rats that
had been fasted for 16-18 hours (hr) prior to oral dosing; 4 rats were
dosed per group. Wen SBTI was dosed, it was 15 admnistered 5 mnutes (M
prior to Conpound 1. At specified tine points, blood sanples were drawn,
quenched into_nethanol, centrifuged at 14,000 rpm @4C, and stored at -80C
until anal ysi 5ighie @ﬁogwaﬁémeém PRSTRAECONFUREONS o éfﬁ%ﬁatfbﬁleé(ﬁﬁynsl) O¥igigne of

spect r omg %&r%m()ﬁﬁlng M@ase S Rlife ﬂ*o'aH%hﬁﬂxtaﬁ {a n%ﬁ%?éﬁ%gu% ATafng g’%ﬂﬁ‘ ni stered

a constan oun 1 an varl f SBTI. Results are
reported has)mihrﬁﬁﬁmtﬂ/l@o‘tBHddr@@dﬂln@ttDmﬁs of 20 hydronorphone (average +

concent rat on Py S BnARRdR bl Ao A R M Mg oy smm
(rmg/ kg) @hdixy ©Omejtast h}‘MmQ@hﬁlelﬁ.l@St-FWﬁl Bs[R0t wdeByidg ¥mﬂx8 20 100 6.0 + 4.0 20
500 <5 20 1000
Example 7: In vitro 1C50 data
Several candidate trypsin inhibitors, namely Compounds 101-105, 107 and 108 were
10 produced as described in Examples 14-18, 19 and 20, respectively. Compound 106 (also
known as 4-aminobenzamidine), Compound 109 (also known as nafamostat mesylate) and
Compound 110 (also known as pentamidine isethionate salt) are available from Sigma-
Aldrich (St. Louis, MO).
The half maximal inhibitory concentration (IC50 or ICsg) values of each of Compounds
15 101-110 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 7 indicates the IC50 values for each of the designated trypsin inhibitors.

20  Table 7 IC50 values of certain trypsin inhibitors

Compound IC50 value
101 2.0E-5
102 7.5 E-5
103 23 E-5
104 2.7 E-5
105 4.1 E-5
106 2.4 E-5
107 1.9 E-6
108 8.8 E-7
109 9.1 E-7
110 1.8 E-5

SBTI 2.7E-7
BBSI 3.8 E-7

The results of Table 7 indicate that each of Compounds 101-110 exhibits trypsin

inhibition activity.
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<5 Lower limt of quantitation was 1 nanogramper mlliliter (ng/m) for
the first group and 5 ng/m for the other groups. The results in Table 1
i ndi cat e wbab10883399at t enuat es Conpound |'s ability to reCease002561068

hydr onor phone in a dose-dependent manner that can approach approxi mately
100% at t enuati on at hi gher SBTI concentrations. Dat a obtai ned from
the rats represented in Table 1 are also provided in Figure 1 which
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(dashed line Wb BoQRGNWARURALHSHBRRESLs gebGinelid BxahR: GAKO; (flpt t ed
line with opent?gl)angrtesn%]i)%lr ?Sdeﬁgoo a}ﬁ) {% gﬁieél Ine with
X synbol $iypsn frpm)bowing rarkde ((EﬁgallkggNSBﬂ&OO% slope 8 ~|10 fe0 BAEE umtxime draguar e
synbol.s) e I i f
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hydr onor phone (average + standard devi ati on) for each group of 4 rats.

Tabl e 2. Maxi me§ oncagﬂwBaﬁdléa& thErmX)s DExpryete @M PRRALI (dingoahd Ptasma

Conmpound 1 SBTI / kg) Cmax /m HV) 20
P 22. 8(nr§§ml trypsm in the a sence of any trypsglqnhl 1)tor (dlamor(ld sgymbols) (';/r9 in the

25

15 presence of 10 mg/ml SBTI (circle symbols), 1.67 mg/ml Compound 107 (upward-pointing
triangle symbols), 1.67 mg/ml Compound 108 (square symbols) or 1.67 mg/ml Compound
109 (downward-pointing triangles symbols). Specifically, Figure 7A depicts the
disappearance of Compound 4, and Figure 7B depicts the appearance of hydromorphone,
over time under these conditions.

20 The results in Figures 7A and 7B indicate that a trypsin inhibitor of the embodiments
can thwart the ability of a user to apply trypsin to effect the release of hydromorphone from

Compound 4.

Example 9: Oral administration of Compound 3 and Compound 101 trypsin inhibitor
25  torats
Saline solutions of Compound 3 (which can be prepared as described in Example 12)

and Compound 101 (prepared as described in Example 14) were dosed as indicated in Table
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0013.3 + 3.7 20200 11.0 + 5.4 20 100 0 9.7 + 3.1 20 500 0 11.6 + 2.5 20
1000 0 10.3 + 3.5 20 500 500 1.9 + 0.9 Lower limt of quantitation was
12.5 pi cogyoamsymbsssdpg/ m) for the first group, 25 pg/ m pCwrustéve/obmss group,
and 100 pg/m for the other groups. The results in Table 2 indicate that
oval bum n does not significantly affect Conpound |'s ability to rel ease
hydr onor phone or SBTI's ability to attenuate such rel ease.

8. Dosing, sampling and analysis procedures were as described in Example 4, except that
Compound 3 and Compound 101 were combined for dosing.

Table 8 and IFigure 8 provide results for rats administered 20 mg/kg of Compound 3
with or without 10 mg/kg of Compound 101 as indicated. Results in Table 8 are reported as

5 Cmax and Tmax of hydromorphone in plasma for each group of 4 rats.

Table 8. Cmax and Tmax of HM in rat plasma

Compound 3 | Compound Cmax (ng/ml Tmax (hr)
(mg/kg) 101 (mg/kg) HM)
20 0 9.0+3.1 2.3
20 10 3.8+29 3.5

Lower limit of quantitation was 0.100 ng/ml for the first group and 0.500 ng/ml for
the second group.
10
IFigure 8 compares mean plasma concentrations (+ standard deviations) over time of
hydromorphone release following PO administration of 20 mg/kg Compound 3 alone (solid
line) or with 10 mg/kg Compound 101 (dotted line) to rats.
The results in Table 8 and Figure § indicate that Compound 101 attenuates Compound
15 3’s ability to release hydromorphone, both with respect to suppressing Cmax and delaying

Tmax.

Example 10: Oral administration of Compound 4 and Compound 101 trypsin inhibitor
to rats

20 Saline solutions of Compound 4 (which can be prepared as described in Example 13)
and Compound 101 (prepared as described in Example 14) were dosed as indicated in Table
9. Dosing, sampling and analysis procedures were as described in Example 4, except that
Compound 4 and Compound 101 were combined for dosing, and Compound 4 without
inhibitor was administered to 7 rats.

25 Table 9 and Figure 9 provide results for rats administered 20 mg/kg of Compound 4
with or without 10 mg/kg of Compound 101 as indicated. Results in Table 9 are reported as

Cmax and Tmax of hydromorphone in plasma for each group of 4 rats.
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Data obtained fromthe rats represented in rows 1, 4 and 6 of Table 2 are
al so provided in Figure 2 which conpares nean plasna concentrations (+

st andar d wewhrii4s5¥8) 5 over tinme of hydronorphone fol | oRCcmgISB09/061068

adm nistration to rats of 20 ng/ kg Conpound 1 (a) alone (solid line with
circle synmbols), (b) with 500 ng/ kg OVA (dashed line with triangle synbols)
or (c) with 500 ng/ kg OVA and 500 ng/ kg SBTI (dotted line with square
synbol s) Ta];h,ep r@mh& LS TﬂlaEIOgHMEeralt pAkmat e that SBTI attenuation of
Conmpound |"s ability tao release hydromorphone suppresses Cnmax and del ays
Tmax of such hGamppwirdrhonEompound p| Goves (ngipkn i nTmae prvwebrreof 4t oval bumi n
Rat s admi ni stler eang?ke) ny/ kwldmgﬂcg)ndHM)\Mth 500 ndhkg QvAat@) 500 ng/ kg SBTI
di spl ayed a p|l asnme@0Tnmax |of 8.0 hr, | whéreind3r at|s addi nijstered 20 ngy/ kg
Conpound 1 alpne di0spl ayed alpl asnp T bft 2.]3 hi.0 The rebultg in Table 2
and Figure 2 abse linmdoftahstithidatwSBBO0 ng/ndcdntoth gpesi fically by inhibiting
trypsin rather than in a non-specific manner. 15 Exanple 3. O al

adm ni stration of Conmpound 1 and BBSI inhibitor to rats Conmpound 1
and BBSI ( BowrmgiareBi ¢dfnplafey pehmpladiyn@intdnsiichs i(-0 Baitiat Ddeviations) aetctlirr@e)f max
(soybean), Cat al qu 77, Sigma-Aldri wer e ach di ssol ved_ in saline.

Saliné sdpdopgrbo re@BWﬁBWn%PQﬁSmB’E%‘iaU%?f)@ %‘%‘W‘Wﬂ%a 6N Tabl e 3.

20 Dosi ngl,ne Imihll@gngpgc@{ﬁ?dlmallgl pfoqg@myja)sra@ere as described in Exanple 1.
Table 3 indicates the results for rats adm ni stered Conpound 1 with or

wi t hout BBSI Thepreslisdn 4pble P apbyiewy 9a%dl??é%<ﬁhﬁﬁﬂﬁnm06%1@cﬂﬁté@rﬁqs AtorpAuRsk

hydr onor phofgid %V@fe%%ydroﬁfoﬂ:m% do@eMinatipefo bppresd fég‘cﬁiﬁﬁh&{h Rlaythgr at s (n=4)
as well as for 3 of thé 4 rats adm nistered Conpound ['and BBSI “(n=3). 25

Tabl e 3. T mum concentration (Crax) of hydronorphone in rat bl ood
CorrpoMnd 1 (ng/ kg) BBSI (ng/kg) Cmax (ng/m HM Nunber of Rats (n) 20 O
16. 5.3 n =4 20 100 10.6 + 5.9
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n =320 100 18.7 + 17.0 n = 4 Lower limt of quantitation was 1 ng/m for
both groups. Crmax of rat not included in n=3 analysis was 43 ng/nl; range
of ot her watein®sso. 8-17 ng/m . The results in Table 3 ipadiusados/ottvas BB S
can attenuate Conpound |'s ability to rel ease hydronorphone. Dat a
obtained fromthe individual rats represented in Table 3, rows 1 and 3 are
provided in Figure 3 which conpares individual blood concentrations over
time of hyd phone followi ng PO adm nistration to rats of 20 ng/kg
Compound 1 (a) alone (solid lines) or (b) with 100 ng/ kg BBSI (dotted

| i nes). Tiyathegis of R<(9)r2-Fnimgriegumnidige-pentanqyiaming)-ethyl-methydsaehanie agid
Conpound . ,ﬂ@h it hydr onor phone suppresses Crax and del ays
Tmax of gﬁgﬁ) y bgﬁ%?%ﬁ%ﬂgbﬁﬁﬁﬁ?ood, at least for 3 of the 4 rats

adm ni stered Qonpound %Faq%tBB$1 Exanple 4: Oral adm nistration of
Corpound 2 andw3gT| tryﬁ%ﬂn*inhrghk§iglo r g% M0Sal i me<sotuti pns of
Conmpound 2 (whi ch ¢an benpkepar eds asygescri bed in te 1Z)Tdnd SBTI
(whi ch can be prepared as described®i i Exanple 1) e désed s indicated
in Table 4 via oral gavage into jugul ar vein-cannul ated mal e Sprague Dawl ey
rats (4 per group) that had peen fasted for 16-18 hr priE%iro oral dosing.

When SBTI was dosed, it wag imstered 5 mn prior to npound 4. At
specified tinme point s/ Nk pl es were 15 drawn, processed and anal yzed
as described in Exanple/Q. ° Table 4 and Figure 4 vide results for
rats adm ni stered 20 ng/ kg of Conpgu ' or wt t ng/ kg of SBTI
as i ndi cat edy " Re “sui N Table 4 gﬂ&ﬂmgHM%& —for Ogroup of 4 rats, as
(a) maxim _as cganc ration (Cmax) of hydrono onec(HV) (average +

st andard devi ati on)and {b) tine after adm nistration of Conpound 2, with
or 20 wit SBTl, to reach maxi mum hydr onor phone concentration (Tnax).

Table 4. Ovéix and TE@quLmhydronnrphon yin rat plasma Conpound 2 (ng/kg)
(ng/ ™ EM %\Q §
H

SBTI (ng/ kg) Cmax N _°
I e
9 o QN‘O’OTO
z © d

2. 2M HOVether

5  Preparation 1
Synthesis of 2,2,2-trifluoro-N-(2-methylamino-ethyl)-acetamide (A ).
A solution of N-methylethylenediamine (27.0 g, 364.0 mmol) and ethyl
trifluoroacetate (96.6 ml, 838.0 mmol) in a mixture of acetonitrile (350 ml) and water (7.8 ml,
436 mmol) was refluxed overnight with stirring. Next the solvents were evaporated in vacuo.
10 Residue was re-evaporated with isopropanol (3 x 100 ml). Residue was dissolved in

dichloromethane (500 ml) and left overnight at room temperature. The formed crystals were
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Tmax (hr) 20 0 14.2 + 2.6 2.0 20 500 7.3 + 3.5 3.5 Lower limt of
quantitation was 0 0125 ng/m for both groups. 25Fi gure 4 conpares nean

pl asma comoentwesisens (+ standard devi ati ons) over ti nepafi/usgawosmsphone
rel ease follow ng PO adm nistration of 20 ng/ kg Conpound 2 al one (solid
line) or with 500 ng/ kg SBTI (dotted line) to rats. The results in Table 4
and Figure 4 indicate that SBTI attenuates Conpound 2's ability to rel ease

hydr onor pheRa, whAthwith bibnibRaRERbe 51 SHBR €286 RDrGIRX APSuEA @6.31%_ Tmax. 30
Exanple 5: Oral adm nistration of Conpound 3 and SBTI trypsin inhibitor to

rats Sal i94&) 8oWhitd he revdaonpound 3 (whi ch can be prepared as described in
Exanpl e 12) and SBTI were dosed as indicated in Table 5. Dosing, sanpling
and anal ysis procedures were as described in Exanple 4. 5Table 5 and Figure
5 provi déremmswions for rats adm ni stered 20 ng/ kg of Conpound 3 with or

11, SOOI 90 ST 295 ) B TR 15 P0r Lo o2
Cmax and Tmax Agblutip pevorpohiohd (968 g.2340 FInas ol ar@opididudé. 33n1( ). kiginoBBT |
(mg/ kg) THF (350 ml) was cooled to ~5 °C, followed by addition of a solution of N-
(benzyloxycarbonyl)succinimide (84.0 g, 337.3 mmol) in THF (150 ml) dropwise over the
period of 20 min. The temperature of reaction mixture was raised to room temperature and
10 stirring was continued for an additional 30 min, followed by the solvents being evaporated.
The resultant residue was dissolved in EtOAc (600 ml). EtOAc was extracted with 5% agq.
NaHCOs (2 x 150 ml) and brine (150 ml). The organic layer was separated and evaporated to
provide compound B as yellowish oil (103.0 g, 340.7 mmol). LC-MS [M+H] 305.3
(C13H;55N203 +H, cale: 305.3). Compound B was used without further purification.
15
Preparation 3
Synthesis of (2-amino-ethyl)-methyl-carbamic acid benzyl ester (C).
To a solution of compound B (103.0 g, 340.7 mmol) in MeOH (1200 ml) was added a
solution of LiOH (16.4 g, 681.4 mmol) in water (120 ml). The reaction mixture was stirred at
20 room temperature for 3 h. Solvents were evaporated to 34 of initial volume followed by
dilution with water (400 ml). Solution was extracted with EtOAc (2 x 300 ml). The organic
layer was washed with brine (200 ml), dried over MgS0O, and evaporated in vacuo. The
resultant residue was dissolved in ether (300 ml) and treated with 2 N HCl/ether (200 ml).
The formed precipitate was filtered, washed with ether and dried in vacuo to provide
25  hydrochloric salt of compound C (54.5 g, 261.2 mmol) as white solid. LC-MS [M+H] 209.5
(C11H16N-O, +H, calc: 209.3).

Preparation 4
Synthesis of {(S)-4-({amino-[(E)-2,2,4,6,7-pentamethyl-2, 3-dihydro-benzofuran-5-
30 sulfonylimino[-methyl}-amino)-1-[2-(benzyloxycarbonyl-methyl-amino)-ethyl carbamoyl]-
butyl}-carbamic acid tert-butyl ester (D).
A solution of Boc-Arg(Pbf)-OH (3.33 g, 6.32 mmol), HATU (2.88 g, 7.58 mmol) and
DIEA (7.4 ml, 31.6 mmol) in DMF (40 ml) was maintained at room temperature for 20 min,

followed by the addition of compound C hydrochloride (1.45 g, 6.95 mmol). Stirring was
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Crax (ng/m HV Trmex (hr) 20 0 9.0 + 3.1 2.3 20 500 2.3 + 1.7 7.3 10Lower
limt of quantitation was O 100 ng/m for both groups. Figure 5
conpar es weaniopl4a®pa concentrations (+ standard devi at i @a3)useasnctossre of
hydr onmor phone rel ease foll owi ng PO adm ni stration of 20 ng/ kg Conpound 3
alone (solid line) or wwth 500 ng/ kg SBTI (dotted line) to rats. 15The
results in Table 5 and Figure 5 indicate that SBTlI attenuates Conpound 3's

ability Tc@ntﬁﬁe‘ula@ﬁ)? @d&}é{&{apmrmq&%tlomtxhurwabdlﬁ&&p@% Emcs(g@(pﬁmﬁa ng Cmax and
del ayi ng Tnax. 6: Oral adm nistration of Conpound 4 and SBTI

Y pai R Y HC AR S0 FIHETBI (R BB EhearedigaanES drMArCHESan be |
br epar ed 3 FSGRLARA 1 BroRTR Gk @0.4andr ST werdRaGHoRolOdi cat ed i n

Tabl e 6. Dosi ng Si's re as descri ed in

Exanpl e 4011€bk€e1]d§ [MHéﬂ 7@ﬁ®3HdN43&&4tPh@@ﬂP 1AW).bi t or was administered to 7
rats. ;Table 6 and Figure 6 provide results for rats admnistered 20 ng/kg
of Conpound 4 with or without 500 ng/ kg of SBTI as indicated. Results
i n Tabl eP@fe;wrrmméported as Cmax 25 and Tmax of hydronorphone in plasma for

(eﬁ'gykg; Oé‘%&ir?;s ﬁéy.ﬁ-%ﬁa (?aml}no— é,ff' 9 7- rmtémgt;zylw dl%ycgrgtbegzoﬁtmn 5- Gonpound 4
sulfonylzmmo [-methyl}- ammo) -pentanoic acid (2-methylamino-ethyl)-amide (E).

Compound D (4.14 g, 5.77 mmol) and AcOH (330 ul, 5.77 mmol) was dissolved in
10 methanol (40 ml) followed by the addition of Pd/C (5% wt, 880 mg) suspension in water (5
ml). The reaction mixture was subjected to hydrogenation (Parr apparatus, 75 psi) at room
temperature for 2.5 h. The catalyst was filtered over a pad of Celite on sintered glass funnel
and washed with methanol. Filtrate was evaporated in vacuo to provide compound E (1.96 g,
3.2 mmol) as yellowish amorphous solid. LC-MS [M+H] 483.2 (C;H33NgO4S +H, calc:
15 483.2).

Preparation 6
Synthesis of {(S)-4-({amino-[(E)-2,2,4,6,7-pentamethyl-2,3-dihydro-benzofuran-5-
sulfonylimino[-methyl}-amino)-1-[2-(hydromorphylcarbonyl-methyl-amino)-ethyl

20 carbamoyl]-butyl}-carbamic acid tert-butyl ester (F).

A suspension of hydromorphone hydrochloride (332 mg, 1.03 mmol) and DIEA (179

ul, 1.03 mmol) in chloroform (4 ml) was sonicated in an ultrasonic bath at room temperature
for 1 h. This was followed by the addition of 4-nitrophenyl chloroformate (162 mg, 0.80
mmol). The reaction mixture was sonicated in an ultrasonic bath at room temperature for

25  additional 1 h, followed by the addition of solution of compound E (400 mg, 0.67 mmol) and
1-hydroxybenzo-triazole (154 mg, 1.14 mmol) in DMF (4 ml). The reaction mixture was
stirred overnight (~18 h) at room temperature, followed by the solvents being evaporated in
vacuo. The residue was dissolved in MeOH (5 ml) and precipitated with addition of ether
(500 ml). The formed precipitate was filtered and dried in vacuo to provide compound F (520

30 mg, yield exceeded quantitative) as off-white solid. LC-MS [M+H] 894.6 (C4sHg3N7010S +H,
calc: 894.9),
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HM Tmax (hr) Nunber of rats (n) 20 0 7.7 + 2.3 2.3 7 20 500 7.5 + 2.1 6.5
4 Lower limt of quantitation was 0.500 ng/m for both groups.

Fi gure 6 worpavmsssoean pl asma concentrations (+ standar @Caias2@pioesy over
ti me of hydronorphone rel ease followi ng PO adm ni stration of 20 ng/ kg
Compound 4 alone (solid Iine) or with 500 ng/ kg SBTI (dotted line) to rats.
5The results in Table 6 and Figure 6 indicate that SBTI attenuates Conpound

4's abi lighynb@ Jreb 8358 YR QORERRNSoni @by lifBDY-e I el IERRESLmA Qcde] ayi ng
Tmax. Exé?&rrptl e 7:f?l ?I’?l@;\i_l taro 1050 dat aﬁegévJaI cgﬁfgi&zjatge@tryps’%ﬂn iCnhi bitors,

nanel y Cdvigrouatdyactr: (@ poved 2and 108 were 10 produced as described in
Exanpl es 14- 1%0m&331ﬁ@(639m [@5@&?&02)%%@63 Sf%ﬁ%ﬁ%@n&& e 62998 -SRI AS
e), Corrpo§ I Ii

4- am nobenzam di . . nd 109 (‘al so known as nafanostat nesylate) and
Conpound (1000 (‘Blhestoadkino wnixters vwie ntagdigidrie rdogetempanaatedos hhitpllewad tavhd | abl e

concent rarran eyt 50n ey Glam e Ao LB AL DA s el
as of SBTFiedindvaBRSb preide cieleermpoed 2(d4 hggayichddideeded quanyipsive) asdlay as
descr Dot L =R € 2y AR7f, el fodagp Enymcic Analysis
New Yor k, NY. Crude compound 2 was dissolved in water (10 ml) and subjected to preparative
reverse phase HPL.C purification. [Nanosyn-Pack Microsorb (100-10) C-18 column (50x300
10 mm); flow rate = 100 ml/min; injection volume 10 ml; mobile phase A: 100% water, 0.1%
TFA; mobile phase B: 100% acetonitrile, 0.1% TFA; isocratic elution at 0%B in 5 min.,
gradient elution to 6% B in 6 min, isocratic elution at 6% B in 23 min, gradient elution from
6% B to 55% B in 66 min; detection at 254 nm]. Fractions containing the desired compound
were combined and concentrated in vacuo. Residue was dissolved in i-PrOH (20 ml) and
15 evaporated in vacuo (procedure was repeated twice). Residue was dissolved in i-PrOH (2 ml)
and treated with 2 N HCV/ether (100 ml, 200 mmol) to provide the hydrochloride salt of
Compound 2 (80 mg, 17% yield, 98% purity) as white solid. LC-MS [M+H] 542.0
(Co7H39N705+H, calc: 542.9). Retention time*: 2,04 min.
* - [Chromolith SpeedRod RP-18e C18 column (4.6x50mm); flow rate 1.5 ml/min; mobile
20 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]
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Table 7 indicates the |1 C50 values for each of the designated trypsin

I nhibitors. 20 Table 7 1050 val ues of certain trypsin inhibitors Conpound
1050 val weo20/@sBE-5 102 7.5 E-5 103 2.3 E-5 104 2.7 EPBTAB2004/041068 5 106
2.4 E-5 107 1.9E-6 108 8.8E-7 109 9.1 E-7 110 1.8 E-5 SBTI 2.7 E-7 BBSI

Example 12

Synthesis of (S)-2-Acetylamino-6-amino-hexanoic acid (2-methylamino-ethyl)-amide
hydromorphone ester (Compound 3)
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Preparation 7

Synthesis of {(S)-1-[2-(Benzyloxycarbonyl-methyl-amino)-ethylcarbamoyl]-5-tert-

butoxycarbonylamino-pentyl}-carbamic acid 9H-fluoren-9-ylmethyl ester (G ).

To a solution of Fmoc-Lys(Boc)-OH (2.0 g, 4.26 mmol) in DMF (50 ml.) was added

10

DIEA (2.38 mL,, 13.65 mmol) and stirred for 15 min at room temperature, The reaction

mixture was then cooled to ~5 °C, followed by addition of HATU (1.95 g, 5.12 mmol) added
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3.8E-7 The results of Table 7 indicate that each of Conpounds
101-110 exhibits trypsin inhibition activity. Exanple 8. Effect of trypsin
i nhi bi t orwoamomssgptro trypsin-medi ated trypsin rel easepafi/usgawosmsphone
from Conpound 4 Compound 4 (which can be produced as described in
Exanpl e 13) was incubated with trypsin from bovi ne pancreas (Catal og No.
T8003, Type I, -10,000 BAEE units/ng protein, 5Sigma-Aldrich) in the

absence gf ﬁ&%eda@ &irdfa 9P Bfn, thecheld a%ml@@ 57y Bk Bnh g R da@E o aRBT!
Compound 18 npound 108 or Conpound en a trypsin inhibitor was

part of tr%tlvm@u@a@ peshstigiedt fifiPem (TBRAFSLTA éorz:? Rndbe gaefen ngxi wistdivtedhe ot her
| ncubat i QRGq Qfa%a)trﬁ , WSl SRR W00 2306018 £ BAHCLSH nb. ﬁ%%r%aﬂfc 14 T

Sanpl es were col lecte at specified tine points, transferred 1nto 0.5%
form c aociad S¢mraaﬁt§1e¢1mmh avel N@SOo agd m;mowlyﬁsherwh@ntl iy vaopo affdrded emepuad G10 | ess

consi 31 od2ar Far PSRN I 0 Phcubat i on Component s
I nhibitor Tris pH 8 CaCl2 Tryp sin Conpound 4 Control 0 40 nM 22.5 nM
0. 0228 r‘rgjr%n?tw%lg ng/mM 107 1.67 ng/nm 20 nM
Synthesis of {(S)-5-Amino-5-[2-(benzyloxycarbonyl-methyl-amino)-ethylcarbamoyl]-pentyl }-
carbamic acid tert-butyl ester (H).
10 To a solution of compound G (2.3 g, 3.49 mmol) in EtOAC (50 ml) was added
piperidine (0.34 ml., 3.49 mmol). The reaction mixture was stirred for 18 h at room
temperature and then the solvents were removed in vacuo. The residue was dissolved in a
minimum amount of EtOAc, and then was precipitated with Et,O. Precipitate was filtered off

and washed with Et;O and dried to afford compound H (1.4 g, 94%). LLC-MS [M+H] 437.6
15 (CoH36N4Os+H, calc: 437.5).

Preparation 9
Synthesis of {(S)-5-Acetylamino-5-[2-(benzyloxycarbonyl-methyl-amino)-ethyl carbamoyl]-
pentyl}-carbamic acid isopropyl ester (I).
20 To a solution of compound H (1.4 g, 3.21 mmol) in CHCl5 (10 ml) at room
temperature was added DIEA (2.6 mL., 15 mmol) followed by Ac;0 (0.85 mL., 9.0 mmol).
The reaction mixture was stirred at room temperature for 2 h. Solvents were removed in
vacuo and then the residue was dissolved in dichloromethane (100 mL.). The organic layer
was washed with 10% citric acid (75 mL), saturated NaHCOj3; (75 mL) and brine (75 mL).
25  The organic layer was separated, dried over Na,SO4 and solvent removed in vacuo to afford

compound I (1.45 g, 99%). LC-MS [M+H] 479.5 (C.4H33N4O¢+H, calc: 479.5).

Preparation 10
Synthesis of [(S)-5-Acetylamino-5-(2-methylamino-ethylcarbamoyl)-pentyl]-carbamic acid
30 tert-butyl ester (J).
To a solution of compound I (1.4 g, 3.00 mmol) in MeOH (40 ml.) was added 5%
Pd/C (300 mg). This reaction mixture was subjected to hydrogenation at 70 psi for 2 h. Next,

the reaction mixture was filtered through a celite pad, MeOH was removed in a rotary
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22.5 MM 0. 0228 ng/nL 0.51 ng/mM 108 1.67 ng/nL 20 mM 22.5 nM 0. 0228 ng/ nL
0.51 ng/mM 109 1.67 ng/m. 20 nM 22.5 mM 0. 0228 ng/nL 0.51 ng/m SBTI 10

ng/ mL 20 wdi28/@s3y 0. 0228 nmg/ nL 0.51 ng/m Fi gures/Us2002/061068
indicate the results of exposure of 0.51 ng/m Conpound 4 to 22.8 ng/m
trypsin in the absence of any trypsin inhibitor (dianond synbols) or in the
15 presence of 10 ng/m SBTI (circle synbols), 1.67 ng/m Conpound 107

(upwar d- ra%ﬂa}dt&go aﬂffdnaraglhgg oud TR b@% 6Lc1mé i+ @psmodind 1108, d, sAURNE
synbol s) or 1. npound omnmard pointing triangles synbols).

SpeC|f|c§H5§- Flgure 7A depicts the dlsappearance of Conpound 4, and Figure
7B depicts the appearance of hydronorphone, over tinme under these
conditions. 20The results in Figures 7A and 7B indicate that a trypsin

i nhi bi t orPrefareffve Iénbodi nents can thwart the ability of a user to apply

Lrypsisn tgs 8ti8 ‘ianbl?o% (%%n%@ffzm%o Jg%;géfa‘?b‘}gﬁo%@%% Ofaméz%?m%% By, . Example

9: Cra nls ratlon npoun trypsin |nh|b|tor
25t o r at $wdromorphone-di-ester (L).

Hydromorphone HCI salt (1.24 g, 3.86 mmol) and DIEA (0.67 mL., 3.86 mmol) were
suspended in CHCls (12 ml.) and sonicated for 1 h at room temperature. 4-Nitro
phenylchloroformate (600 mg, 2.97 mmol) was added to the reaction mixture and was then

10 sonicated for 100 min. To the activated hydromorphone reaction mixture was added a
solution of compound J (1.02 g, 2.97 mmol) and HOBt (0.52 g, 3.86 mmol) in DMF (12 mL.)
dropwise and stirred at room temperature overnight (~18h). Solvents were then removed in
vacuo and the residue was dissolved in a minimum amount of MeOH and precipitated with
an excess of Et;O. The precipitate was filtered off, washed with Et,O and dried under vacuo

15  to afford compound L. LC-MS [M+H] 656.9 (C54H49Ns5Og+H, calc: 656.7). This crude
product was purified by preparative reverse phase HPL.C. [Column: VARIAN, LOAD &
LOCK, L&I. 4002-2 packing: Microsob 100-10 C18, Injection Volume: ~ 15 mL, Injection
flow rate: 20 mL/ min, 100% A, (water/ 0.1% TFA), Flow rate: 100 mL/ min, Fraction: 30
Sec (50 mL) Method: 0% B (MeCN / 0.1% TEFA)/ 2 min/ 75% B/ 96 min/ 100 ml/ min/ 254

20 nm]. Pure fractions were combined, solvents were removed in vacuo. Residue was dried via

co-evaporation with i-PrOH (4 x 100 mL) to afford compound L as yellow oil (0.90 g, 46%).

Synthesis of (S)-2-Acetylamino-6-amino-hexanoic acid (2-methylamino-ethyl)-amide
hydromorphone ester (Compound 3 ).

25 Compound L (0.90 g, 1.37 mmol) was suspended in dioxane (~ 2 mL), sonicated and
treated with 4.0 N HCV/ dioxane (~20 ml.) at room temperature. White precipitate was
formed immediately. Next the mixture was diluted with Et,O (200 mL), hexane (20 mL.) and
the precipitate was filtered off and washed with Et,O (100 ml.), hexane (100 ml.) and dried
under vacuum to afford Compound 3 (0.67 g, 78% yield, 97.5% purity). LC-MS [M+H]

30 556.3 (CyoH4iNsOg+H, calc: 556.6).
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Saline solutions of Conpound 3 (which can be prepared as described in
Exanpl e 12) and Conpound 101 (prepared as described in Exanple 14) were
dosed as wodbmeat4ed9i n Tabl e WD 2010/ 045599PCT/ US2009/ 0@t ®A52008/06106%1 Ng,
sanpling and anal ysis procedures were as described in Exanple 4, except

t hat Conmpound 3 and Conpound 101 were conbi ned for dosing. Table 8
and Figure 8 provide results for rats adm nistered 20 ng/ kg of Conpound 3
W t h or\@ﬁJﬁ&gtﬁo mg/ kg of Conpound 101 as indicated. Results in Table 8
are reported as Cmax and Tmax of hydronorphone in plasma for each group

of 4 rat §yntbamef [3: (Vrdadcetamimpai geniding ipantapeylpmingprathghretatsartantiery/ kg)
Cbnpound§éﬁﬁgﬁ> #ﬁ&lﬁ@@%ﬂQ@ﬁﬂl ﬁmﬁ Tmax (hr) 20 0 9.0 + 3.1 2.3 20 10 3.8
rmt

+ 2.9 3 guan tatlon was 0 100 ng/m for the first group
and 0.500 ng/m for the secona\ oup. 10 Figure 8 conpares nean plasm
concentraf?gegd(+ st%BHAE d_devi at ) RS overzasie of ronor phone rel ease
fol |l ow ng KA, NI Sik atsd on of 28 FConpound 3 ne N sk I|d line) or

with 10 ng/ kg Conpound 101 (dotted Firfe) to rats. @ JT € results in
!l!u

Table 8 and Figure 8 indicate that Conpound 101 at ates Conmpound 153" s
ability to rel ease hydronorphone, both with respec 0 suppre55|ng Cmax and

del ayi ng Tmax. 1.LioH
2. Hd

Boc-Arg(Pof)-OH, HATU, DIEA

5  Preparation ] 2
Synthesis of 2,2,2-trifluoro-N-(2-ethylamino-ethyl)-acetamide (M).
A solution of N-ethylethylenediamine (10.0 g, 113.4 mmol) and ethyl trifluoroacetate
(32.0 ml, 261 mmol) in the mixture of acetonitrile (110 ml) and water (2.5 ml, 139 mmol)

was refluxed with stirring overnight (~18h). Solvents were evaporated in vacuo. Residue was
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Exanmpl e 10: Oral adm nistration of Conpound 4 and Conpound 101 trypsin

i nhibitor to rats 20Sali ne sol utions of Conpound 4 (which can be prepared
as descriweaoiom4E9anpl e 13) and Conpound 101 (prepared @asTdss@wiobmdsi n
Exanpl e 14) were dosed as indicated in Table 9. Dosing, sanpling and

anal ysis procedures were as described in Exanple 4, except that Conpound 4
and Conpound 101 were combined for dosing, and Conpound 4 without inhibitor

was adm R é@@aﬁ%dtv@thz FreHy3 X%J@rﬁj @egdms%wm@d 8 dmhp)%ﬂé&hgn@%wotrﬁl for rats
adm ni stered 20 ng/ kg of npound or w thout Cbnpound

101 as i i@ ktenigReuPYs ([GHpCPEP-¢f h9 f%ﬂméd EBpolk e falser%msllﬁgamrrax of

hydr onor phane él rHl'e igﬁd &4 91y Rbvide Edgﬁp%und 4.6,8 824 mmol) g
2010/ 0455 SEIiptathe CR00 ) dhd B In DA X and Tmax P e Fasm

Conpound whit¢ sgfidaepwdeonpound 101 (ng/ kg) Crax (ng/ m HM Trrax (hr) Nunber of
rats () 20 0 7.7 + 2.3 2.3 7 20 10 4.8 + 1.4 6.0

Preparation 13

Synthesis of {ethyl-[2-(2,2,2-trifluoro-acetylamino)-ethyl[-carbamic acid benzyl ester (N).
A solution of compound M (24.6 g, 82.4 mmol) and DIEA (14.3 ml, 82.4 mmol) in

THF (100 ml) was cooled to ~5 °C, followed by the addition of a solution of N-

10 (benzyloxycarbonyl)succinimide (20.3 g, §1.6 mmol) in THF (75 ml) dropwise over 20 min.
The temperature of the reaction mixture was raised to room temperature and stirring was
continued for an additional 30 min. Solvents were evaporated and the residue was dissolved
in EtOAc (500 ml). The organic layer was extracted with 5% aqueous NaHCO; (2 x 100 ml)
and brine (100 ml). The organic layer was evaporated to provide compound N (24.9 g, 78.2

15 mmol) as yellowish oil. LC-MS [M+H] 319.0 (C14H;7F3N>O; +H, calc: 319.2). Compound N

was used without further purification.

Preparation 14
Synthesis of (2-Amino-ethyl)-ethyl-carbamic acid benzyl ester (0).

20 To a solution of compound N (24.9g, 78.2 mmol) in MeOH (300 ml) was added a
solution of LiOH (3.8 g, 156 mmol) in water (30 ml). The reaction mixture was stirred at
room temperature for 5 h. Next the solvents were evaporated to 3 of initial volume followed
by the dilution with water (200 ml). The solution was extracted with EtOAc (200 ml x 2) and
the organic layer was washed with brine (100 ml), dried over MgSQO, and evaporated in

25  vacuo. Residue was dissolved in ether (200 ml) and treated with 2 N HCl/ether (200 ml). The
formed precipitate was filtered, washed with ether and dried in vacuum to provide
hydrochloride salt of compound O (12.1 g, 46.7 mmol) as white solid. LC-MS [M+H] 222.9
(C12H1sN>O, +H, calc: 223.2).

30 Preparation 15
Synthesis of {2-[boc-Arg(Pbf)]-aminoethyl}-ethyl-carbamic acid benzyl ester (P).
A solution of Boc-Arg(Pbf)-OH (3.0 g, 5.69 mmol), compound O (1.62 g, 6.26
mmol), DIEA (3.17 ml, 18.21 mmol) and HATU (2.59 g, 6.83 mmol) in DMF (20 ml) was

stirred at room temperature for 1 h. The reaction mixture was diluted with EtOAc (300 ml)
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4 Lower limt of quantitation was 0.500 ng/m for both groups.

Figure 9 conpares nean plasma concentrations (+ standard devi ati ons) over
ti me of Swbydroassophone rel ease foll ow ng PO adm ni st r aPcorusedod6iongy/ kg
Conpound 4 alone (solid line) or with 10 ng/ kg Conpound 101 (dotted |ine)
to rats. The results in Table 9 and Figure 9 indicate that Conpound
101 attenuates Conpound 4's ability to rel ease hydronorphone, both with

respect taﬁd %%(e@%v‘%ﬂh%te@'@% 7808) ﬂﬁlbﬁﬂé 78 ol ;n% Q%ch @s@mésednﬂeé owynt hesi s of
-et

[2-((S)-2-am no-5- ciguanl di no- pent anoyl am no yl -carbam c acid
hydr onor @ﬁg&%%kteé@ rdshpoarerayd tomrvidengappeyrsid? 6 ﬂleléﬁzceew THF NH 0

ACN,  wat @hantitative) as yellowish oil. LC-MS [M+H] 731.5 (C3sHssNeOsS +H, cale: 731.7).

Compound P was used without further purification.

Preparation 16
Synthesis of {2-[ H-Arg(Pbf)]-aminoethyl}-ethyl-carbamic acid benzyl ester (Q).
Compound P (5.69 mmol) was dissolved in dioxane (20 ml) and treated with 4 N

HCl/dioxane (100 ml, 70 mmol) at room temperature for 1 h. The solvent was then removed

10 in vacuo, followed by suspension in i-PrOH (50 ml) and finally, the solvent was evaporated
to remove residual solvents (procedure was repeated twice). The crude reaction mixture was
dried in vacuo to provide compound Q (5.97, yield exceeded quantitative) as yellowish solid.
LC-MS [M+H] 631.5 (C51H46NgOgS +H, calc: 631.2). Compound Q was used without
further purification.

15
Preparation 17
Synthesis of {2-[Ac-Arg(Pbf)[-aminoethyl}-ethyl-carbamic acid benzyl ester (R).

A solution of compound Q (5.69 mmol), Ac,0O (649 ul, 6.83 mmol) and DIEA (2.97

ml, 17.07 mmol) in chloroform (20 ml) was stirred at room temperature for 1 h. This was

20  followed by addition of 2M EtNH,/THF (1.71 ml, 3.41 mmol). The reaction mixture was
stirred at room temperature for an additional 30 min, followed by the dilution with EtOAc
(300 ml). The organic layer was extracted with water (75 ml), 2% aq. H,SO4 (75 ml), water
(3 x 75ml) and brine (75 ml). The organic layer was then dried over MgSO, and evaporated
to provide compound R (3.99 g, yield exceeded quantitative) as yellowish solid. LC-MS

25  [M+H] 673.6 (C53H4sNgO7S +H, calc: 672.9). Compound R was used without further

purification.

Preparation 18
Synthesis of N-[Ac-Arg(Pbf}]-N'-ethyl-ethane-1,2-diamine (S).

30 Compound R (5.69 mmol) was dissolved in methanol (50 ml) followed by addition of
Pd/C (5% wt, 1 g) suspension in water (5 ml). Reaction mixture was subjected to
hydrogenation (Parr apparatus, 80 psi) at room temperature for 1 h. Upon completion, the
catalyst was filtered over pad of Celite on sintered glass funnel and washed with methanol.

The filtrate was evaporated in vacuo to provide the compound S (3.06 g, quantitative yield)
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5 Preparation] Synthesis of

2,2,2-trifluoro-N(2-nethylam no-ethyl)-acetamde (A). A solution of

N- et hyl ewbybhswmasioam ne (27.0 g, 364 0 mmol ) and et hyl tcirfuscavwosmes at e
(96.6 m, 838.0 nmol) in a mxture of acetonitrile (350 mM) and water (7.8
m, 436 mmol ) was refluxed overnight with stirring. Next the solvents were
evaporated in vacuo. to Residue was re-evaporated with isopropanol (3 x 100

ml) Resi,dugioMas ofﬂlLS@MvaH 539 Isqbisﬁazmgégshmecaf&% gyl boﬁ@guddfg \tvasover ni ght

roomtenperature. orrred crystals were | tered, washed with
d| chl or ot ‘alﬁ@uhf\’&h%frnuéﬁcquﬁnvacuo to provide corrpound A (96.8 g, 94% as
white solid powder. Preparation 2 5Synthesis of
[methyl -[2-(2,2,2-trifluoro-acetyl am no)-ethyl]arbam c acid benzyl ester
(B). Sylheseyl aft -6hA oftylgoinporgudnifing Ygn@neylangaQ)- eThhoh)-carbdmil &€ (59.3 m

340 7 cooled to -5 C, followed by addition of a
sol ut| on g%lmh? er%‘{s%@%ar%"é‘\ﬁ??’ succi nimde (84.0 g, 337 3 mol) in THF

(150 nl) dropw SEPGOSIGI ofdfyérqn&mplmde bydr@®lamda (ZHeg, t8c¢Hpemal) emdeDBIA tle®ct i on
m xture S ise rature and 10stirr.i ntin edfor an
addi ti onarfﬁl é@mmo l? Oliﬂ (grﬂﬁf & 5ol C%@ nsanﬁletlrar%%m(ég%hg{aa gempfﬁg resul t ant
resi due uarsl ldifslkoted bgl adahtldit ﬁmnl(rmﬁnyﬁb)llor&mﬁﬂhm (WS ge&m amtoe)dTm th 5% aq.

NaHCOB (2 x.150. nd d br 150 i ted and
by npor at Stk BrBYT a Rattalsh R kB R Ea I R T Loy "
LG NEtof 1éikill b9 4116131 L3N Anptkhd 526,05 ¢, 308.3ho)) Gampound B was used
wi t hout urt ur i C on e (0] n esiIs o

(2- ani no- héflrﬂ/ﬁj)epf?élfarﬂ?ie-@gi ﬁa?ﬁ%mﬁle[)d‘? ﬁ&ﬁ}z@lnﬁé:j&l@%&:a@@n mixture wegstigred o ¢ j o
of conpouwrenBh( @@@hpatgoor@%pzmtm@lfaudwad M?@@Ive{nlsa&%grﬁv)tpdﬂa@d added. ansol utl on
of L|O-|(164g, 681.4 mol) action mxture

stirred & Qesea%%hmt%w%ﬁﬁoye%wsoﬂ i P w%ﬁf&?ra@%m% 314 of

initial viokywel ?}ek@vt@cel wRY fifldrbdidaQiicWirt $heWPoQIroVidOth Fllotected@biibbnia 41as
extracted with EtOAC x 300 ne. The organic | ayer was washed with brine

(200 Wi ) (6. aégwlm@edwﬁsmtﬂaw)éwféwﬁ &elid RCE (M +HTR)-¢ EaellpMieSr esi due
was di ssQlyeQuirts @bhgr (300 ml) and treated with 2 N HCl/ether (200 ni).

The formed precipitate was filtered, washed with ether and dried in vacuo
to provide 25 W@r@@md@pmm@él%waﬁfdl%dmmdmm(ﬂﬁf5570glC@@HT@AMQQIH)D as white

sol i d. %hy?eau\é%l rlnx?qu W§s I(l&gltjahﬂs@ [a\tlzrggm Te!_r&’lpe?a%nllrg forzlqi(9 fc)?I?OWeE IE)? Hﬁﬁtﬁ)ﬁllvﬂfﬂ 4

Synt hesi
[ (S) - 4- ([ctmT (2d-)] 65)6023112@64’\{86 fotmpe nm@sumdqydnﬂ? fGtetdrrl Iwydrsunebahglm‘slfunnah 5- 30

sul foﬁyl I\Xjasl?e%]w1ELe &l} 200 Od) drled%nz}/ ?Vl econ%fJBI)Jn H%yi g,@%/oﬁ'gg et hyl

car banoyl ar ba C acl
off-white solid. Crude compound 4 (5.2g, 5. 54 mmol) was dlssolved in water (50 ml) and

subjected to HPLC purification. [Nanosyn-Pack Microsorb (100-10) C-18 column (50x300
mm); flow rate = 100 ml/min; injection volume 50 ml; mobile phase A: 100% water, 0.1%
TFA; mobile phase B: 100% acetonitrile, 0.1% TFA; isocratic elution at 0%B in 5 min.,

25  gradient elution to 6% B in 6 min, isocratic elution at 6% B in 13 min, gradient elution from
6% B to 55% B in 76 min; detection at 254 nm]. Fractions containing the desired compound
were combined and concentrated in vacuo. The residue was dissolved in i-PrOH (50 ml) and
evaporated in vacuo (procedure was repeated twice). The residue was dissolved in i-PrOH
(50 ml) and treated with 2 N HCl/ether (200 ml, 400 mmol) to provide hydrochloride salt of

30  Compound 4 (1.26 g, 32% yield, 95.7% purity) as white solid. LC-MS [M+H] 598.4
(C50H43N706+H, calc: 598.7). Retention time*: 2.53 min

- [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]|
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A sol ution of Boc-Arg(Pbf)-OH (3.33 g, 6.32 mml ), HATU (2.88 g, 7.58 mmol)
and DIEA (7.4 mM, 31 6 nmmol) in DMF (40 m) was naintained at room
t enrper at Wwe 2004209 m n, foll owed by the addition of conpPoEN$269/061068
hydrochl oride (1.45 g, 6.95 mmol ). Stirring was continued for additional 1
h. The reaction mxture was diluted with EtOAc (500 m) and extracted with
water (3 x 75 m) and brine (75 ml). The organic |ayer was dried over MySO4
and then evaporated to provide conmpound D (4.14g, 5.77 mmol) as yell ow sh
anor phous solid. LCM [MtH 717.6 (C35H52N608S +H, calc: 717.9). 5
Pr epar at iEsgmplesidt hesi s of
(S)-2-am a b D= 4B ; A 6, /- o4 hyl - 2, 3-di hydr o- benzof ur an- 5-
sul f onyl isﬁlﬂﬂgilg meﬁyié@ ﬁ%@%fe}%?a(ﬁ%ﬁmg%ﬁi (2- met hyl am no- et hyl ) -am de
(E). Conpulfienhnidd¢)penianeyl)piperFzimpbicrbandaedOpmpgdal 1011) 5. 77 mmol ) was
di ssolved in 310 nethanol (40 m) followed by the addition of Pd/C (5% w,
880 ny) suspef$iaon in water (5 ml). TRESreaction m xture was~sybj ected to
hydr ogenat i on rr apparatus, 75 psi) roomtenperature fo <5 h. The
catal yst was fidtered oygr g.pad of Cellte on siptered glass el and
washed wi th nethawol . i was evapecated i n—vacuo to prowgte conmpound
E(1.96 g, 3.2 1) as>yel | owi shoanor phous solid. LC-Ms [ MrH ™483. 2

A

(C22H381\ 1604S-+H, calc:o 83 2) A Rreparation 6 Syt Ifesi s
[(S)-4- ([ amme- XL @v 4, 57 pent éﬁs Yt ﬁQ hydr o- %ﬁe@&-&
sul fonyl i m noj -'fhet @ ) -am no) - 1- [ 2- ( hydfo .@ yl car bonyl - Oy[NHam' no) - et hy
| 20car banoyl] -bu )-carbamc acid tert-bwyl ester (F). U

suspensi on of hydronor phone hydrochl oride (332 ng, 1.03 nmol) and DI EA (179

ul, 1.03 nmol) in chlorofor m ) was soni cat in an ultrasonic bath at
roomtenperature for 1 h. Th s followed by t ddition of
4-ni trophenyl chl orof ornate ng, 0.80 nmol). reacti on m xture was

sonicated in an ultrasonic bé’fﬁp t room tenper at gge for 25 additional 1 h,
fol |l onwed byt ttion of so‘[g| i on gfocenifpound E‘E 400 ragy! chide ool )  and
1- hydr oxybenzgs, zo&ejﬂ 154 , 4 mol) in ). The reaction
m xture was stirred ovét ,,(?S- ) at rod;'l’h“pwe, e, followed by the
sol vents bei ng evaporated 1 if Vhouo. The resi dielw§s di ssol ved in MeOH (5
m) and precipitated with addition of ether (508WrrfL). The forned
precipitate was Nl tered and dried in vacuo to provide conmpound F (520 30
ng, Yyield exceede antitative) as off-white solid. LGMs [ MtH 894.6
(C4A5H63N7010S +H, c: 894.9). Synthesis of
[ 2- ((S)-2-am no- 5<$stani di no- pent anoyl ani no ™™ et'hyl Trret hyl - car bami ¢ aci d

r

t

hydr onor phyl  est er e poundiid fey Conpopiy, F (679 ny, 0.76 mol) was
di ssolved ind¢he m o%%%rrrc(éso@Tml‘:ﬁ’pc% ). The reaction mxture
was mai nt ai ed at Q nperature for “t" , Nfol  owed by the 5dilution with

et her (500 rri).k’ i‘pffad precipitate was fiftered, washed with ether (100 ni)
and dried in vacdb to provide crude conpoulfi 2 (441 ny, yield exceeded
quant it ative) as &ff-white solid. LC-MS [ M+H] 542.4 (C27H39N705 +H, cal c:
542). Cruyde co qlénd 2 was dissolved in water (10 nl) and subjected to

pr epar at il#\%e HETErSe phase HPLC purification. [Nanosyn-Pack M crosorb

(100-10) Seua&iscghynt)-X-@BOx30Q (A2, ), 7-fAdnowmeriat-2 3dilhOMd-dntafuran-5t nj ect i on
vol une 10 . .nmobi | e ase A %P’ch% wat er g' 1% TFA;, nobj | e phase B: 100%
noetoni ¢ ATk SeR0 A o R G e Do Do o B R b S PR T ent el utt on
t o 6%0B ipipe@azivietl,-cdrBOSli@didid teed hiinil ofleral').6% B in 23 mm gradi ent elution from
6% B to 55% B_in 66, et ect| 254 nnmj. _Fract.i taini ng the
desi r ed Corrpogﬂa solutlm)f moc—Arg%P%%—gfl 1 (35.0 g,n:vl.S.S mmol) in %TV?F &88 mi) at robm

temperature was added DIEFA (13.41 mlL, 77.1 mmol). After stirring at room temperature for

10 min, the reaction mixture was cooled to ~5 °C. To the reaction mixture was added HATU

(16.11 g, 42.4 mmol) in portions and stirred for 20 min and a solution of tert-butyl-1-

15  piperazine carboxylate (7.18 g, 38.5 mmol) in DMF (50 ml.) was added dropwise. The

reaction mixture was stirred at ~5 °C for 5 min. The mixture reaction was then allowed to
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wer e conbi ned and concentrated in vacuo. Residue was dissolved in i-PrCH
(20 mM) and 15 evaporated in vacuo (procedure was repeated tw ce). Residue
was di ssovoediomsioPrOH (2 m) and treated with 2 N HClpetrhmseooohedesri , 200
mol ) to provide the hydrochloride salt of Conpound 2 (80 ng, 17%yvyi el d,
98% purity) as white solid. LCM5 [M+H 542.0 (C27H39N705+H, calc: 542.9).
Retention tine*: 2.04 mn * - [Chronmolith SpeedRod RP-18e C18 col um

(4. 6><50Tm)amftt a)wn{t@ﬁl er&m{e alﬁh/sﬂmrém foﬁpﬂléo@vegpwgmevea 'in Qackad i vaigee . obi l e
phase B 0. 1% TFA/ A gra ient elution from5%B to 100% B over 9 6 nm

det ect i Oﬂ/azgkﬁs(ﬂmd in {580 !E‘QJ) sy,%tl%\gqtlgwg)tpr (2 x 750 mL), 1% H,SO,4 (300 mL)
(S)-2-Acg hé’ AP (7% ﬁlL?nPh@ B q’%@f %asas%féﬂaté@ <B4 BYdr }iT Hzﬂﬂ “afill Eﬁﬂfe)n't am de

hydr onmor phone ester (Conpound
Pr epar at irgnoved 8yvache & asto@f volume of 100 mL. Compound T was taken to the next step as

1(9S) [ 5-tertbutoxycarb
onyl a%‘l nggt&ﬁ)gﬁ?@?{]"%g@@%ﬁ? mk@ﬁ fgﬁﬂg?@%ﬁHﬁw sﬁﬁ‘;}&ﬁ es%g)r (G. To a

sol ution of Frnoc-Lys(Boc)-CH (2.0 g, 4.26 rrm)l) in DI\/F (50 nmL) was added 10
Dl EA (2. 3, L, 13,065 mmol ) and stirred for 15 mmat roomtenperature. The
reacti on mX{Ur€ “Was then cooled to -5 C, fol |l owed by addition of HATU

(1.95 g, @nt&&lmfm[mmmo Sk(fharpiavy { (E)n?sz 406,d-pghiamed- Zbdzhwomemzoﬁmen-
CBZ- di am I lél f} )o‘%ﬂ / ddedtothgﬂr act{q!on mx ure and
stirred 2{5’5?’% VK ”‘f”%y HRYFBRGEEER reg’ edfef’ut ed with
Et OAcio( 250). m.), washed with water (250 nlL) and brine (250 m_) The organic
| ayer was separated, dried over SHA, a re | of the solvent in vacuo
af f or ded conpgﬂ ﬁd‘)l{":ﬁ‘g’(‘f C@%OUI@M%-%L@R}%H{%C@@@ TEXM FBNEBYEH, cal c:
659. 7).  was added piperidine (4.57 ml,, 46.2 mmol) and the reaction mixture was stirred for 18 h at

room temperature. Next the solvent was removed in vacuo and the resulting residue dissolved

in minimum amount of EtOAc (~ 50 mL) and hexane (~ 1 L) was added. Precipitated crude

15 product was filtered off and recrystallised again with EtOAc (~ 30 mL) and hexane (~ 750
ml.). The precipitate was filtered off, washed with hexane and dried in vacuo to afford

compound U (28.0 g, 46.2 mmol). LC-MS [M+H] 595.4 (CsH4sNsOsS+H, calc: 595.3).

Preparation 21
20 Synthesis of 4-[(S)-5-({Amino-[(E)-2,2,4,6,7-pentamethyl-2,3-dihydro-benzofuran-5-
sulfonylimino[-methyl}-amino)-2-(naphthalene-2-sulfonylamino)-pentanoyl|-piperazine-1-
carboxylic acid tert-butyl ester (V).
To a solution of compound U (28.0 g, 46.2 mmol) in THF (250 mL.) was added
aqueous 1N NaOH (171 mL). The reaction mixture was cooled to ~ 5 °C, a solution of 2-
25  naphthalene sulfonylchloride (26.19 g, 115.6 mmol) in THF (125 ml.) was added dropwise.
The reaction 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.) and brine (1 L). The organic layer was separated, dried
over Na;SO4 and removal of the solvent in vacuo to afford compound V (36.6 g, 46.2 mmol).

30  LC-MS [M+H] 785.5 (C5sH5NgOgS»+H, calc: 785.9).
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Preparation 8 Synthesis of

{(S)-5-Am no-5-[2-(benzyl oxycar bonyl - net hyl - am no) - et hyl car banoyl ]

- pentyl j caokamvasaei d tert-butyl ester (H). 10To a sol utcomssedosoermpound G
(2.3 g, 3.499 mol) in EtOAC (50 m ) was added piperidine (0.34 niL, 3.49
mmol ). The reaction mxture was stirred for 18 h at roomtenperature and
then the solvents were renoved in vacuo. The residue was dissolved in a
m ni mum appuaL;sf22Et OAc, and then was precipitated with Et20. Precipitate

was filtered off and washed with Et20 and dried to afford conpound H (1.4
g, 949 . Svehwl gk 6, 487rigmasyled dispke gBua/urgap sulfas ) I-apiepgal(8k{-on 9
Synt hesi hh{q@z% ME A0 55 fiperaRN GALDP 4 e Aino) - et hy|
car barroyl?ﬁ“%ft ! ayy{)am C gm%glrs%pré% %stgr ?Tl}é ) To a so‘f]uti on of
conpound (W) 1. 4 g, 3.21 mol) in CHC13 (10 nl) at roomterrperature was
added ;DI EA (2 a The
reaction mxt Ergé%jvgtsl&lstl rrg%iundq;%ﬁvge #Er&rpnggé?ﬁlgcgoxg @“EL%“% vents wer e
r em)ved iHClvadiggargrigh mhedropwse.r'sirchaeonvas e wgodtivied ai nowitahpeoatawedthane (100
The i was wi.th 10% citr.i urated
Neviccs (18 T b0 S P RIRE sl Bt SRR T Bl 3o b “ar e
over Na25&4healwdtlslﬁtll®emttfmaﬂyrdmadundnr mcmtdaffmd t@ngbuad Mp G, 31(5:2 45 g, 99% .
g&{\/ﬁ e[s:\/l+ h%?lf'i% 1@[8([&\7&%%%98 H4NC 6SZ+H cac géS’ 9)'3re %(gllaf}dl\se’rl)va]s'%sed
[ (S) - b- Acethyhtaaitng pbrificatioiet hyl ami no- et hyl car banoyl ) - pentyl i - carbam ¢ aci d
30tert-butyl ester (J). To a solution of conmpound 1(1.4 g, 3.00 mmol)
in MeOH (40 nL) was added 5% Pd/ C (300 ng). This reaction m xture was
subj ect ednrgﬂr&})@rzggenati on at 70 psi for 2 h. Next, the reaction m xture
was filtered th ? a cel ermved in a rotary evaporator
to afforcfy%f(ﬁwﬁcﬂﬁﬁfd - 5c(iAW0g{(E)9%3/6‘6 7I'_R§‘”W€ ’M\%f dgndropee(§BPNA04+H, cal c:
345. 4) . RL&R&LAmb ARk 2-(naphthalene-2-sulfonyl tanoyl -1-
5[(S)-5- Ac%?@llam ﬁo 5¥ 2a1n rlrlzso )hy(F%pm naoenét h?llfg’gr%ng’rir%)yplen agoeyn]tf/lfﬁmélger bam c acid
t er t - But yrrbokwfdasidsrphovs (Kl - ester (L) . Hydr omor phone HC1 salt (1.24
g, 3.86 mml) WQSO@hEﬁ‘O@Q@I@EWH&W?S@@ 1%%0W@§H%mﬁ%s bS] (12 )
and sonicated for 1 h at roomtenperature. 4-Nitro phenyl chl orof ormate (600
my, 2. 97 (fakolD), 248 nmaeldatdoqny tempperatusa end stirvedrortl fmun.alid nustgret wasisodled ®oni cat ed

for 100 o’ R Iy t dded a

sol uti onmclé:c Eggngoc&zgggfg}[r%gggyﬂq m%ﬁag Q&%hl-@t‘ﬂ%@(%&u 6 mml) in
DVF (12 mb9m wnr@prmseo‘ainmglst(f}&Iédsoastentrmmnvetdenp@uat Thegespdu@rweis Qtssolﬁedlls h) .

Sol vept s AV e resi.d i.sS0lved in a
i i AR oF MEBEPIEH Pt AR IR T QU R g SR T

preci pi t dillered@s!, vhdhtéwahl EQDfa,nduiasd]mﬂer/watcho et 2OrdacvohpbondeN (8Ifderl.vacuo 15 to

o1 ude. pr OAHAL M SRt BRIV CVeD st opraeE Y B o

VARI AN, WoAbu&ukleCKyrificgtiort002- 2 pack| ng: Mcrosob 100-10 C18, Injection
Volume: - 15 nmL, Injection flowrate: 20 nL/ mm 100% A, (water/ 0.1% TFA),
Flow rate: 100 nL/ mm Fraction: 30 Sec (50 nL) Method: 0% B (MeCN / 0.1%

TFA) 1252 iyithe st $LetB6 405 -Rliart@Ro-M(hapmialend 34 ulfhamido)ptngy L fpipediens wer e
conbi ned, solvents were renoved in vacuo. Residue was dried via
co- evapor“ﬁ’f’%oé)ﬂaf@\f@f”ﬁ"”wm)(4 x 100 n) to afford conmpound L as yellow oil

(0.90 g, 469 A soMRbLASES & BlerdsS)TIx e%@@ﬁlybvamaa@d@c@mp&s}rdbe@sﬂ?nq jaci d
(2- net hyl am no- et hyl ) -am de hydr onor phone ester (Conpound 3 25Compound L

(0.90 g, MMmgyatipgm }ewgat%s‘}sf&ﬁ déang #rdibe g nraciion mixgry wasyReipigevighd
treated Wfdy-4509 n?i) Hﬁie Iﬂé&m&ewa(s fa@rema)ld AhsHe @ Qi TIPS BndeYPUchE

precipitate was formed T medi ately. Next the m xture was diluted with Et20
(200 L) o péord e oty praduciaibhioe eride ppdiet Wit pridiedihs peparatsiegev e rhasad washed

wi th Et 2Qq 0 ?C(gﬂn)nn: \Iﬂgﬁﬁﬁﬁ@, M&Q@E@cﬁf‘ﬂ&ﬂ&b@ﬂz, Packing: Microsob 100-10 C18,

Injection, Volume: ~ 15 mL x 2, Injection flow rate: 20 mL/ min, 100% A, (water/ 0.1%
TFA), Flow rate: 100 mL/ min, Fraction: 30 Sec (50 mL), Method: 0% B (MeCN / 0.1%
TFA)-60% B/ 60 min/ 100 ml/ min/ 254 nm]. Solvents were removed from pure fractions in
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under vacuumto afford Conpound 3 (0.67 g, 78%yvyield, 97.5%purity). LC M
[ MF1- 1] 30556.3 (C29H41N506+H, cal c: 556.6). Exanple 13 Synthesis of

[ 2- ((S) - 2Woeetwi4s399 no- 5- guani di no- pent anoyl am no) - et hyl pcetusgdosoaroban c

aci d hydronor phone ester (Conmpound 4) HNI--\ _NH2 cF,cpce NH M F Z-C 3u,
11-1F ACN, vvater

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 HCl in
Et,O. Product was filtered off and washed with Et,O and dried under vacuo to afford

Compound 101 as HCl salt 7 (3.78 g, 63% yield, 99.4% purity). LC-MS [M+H] 505.4
5 (C538Hs2NgOgS-+H, calc: 505.6).

Example 15
Synthesis of (S)-ethyl 4-(5-guanidino-2-(2,4,6-
triisopropylphenylsulfonamido)pentanoyl)piperazine-1-carboxylate (Compound 102)

o) Q o)
N\\r NHs L NQr NH. in dioxane N*( NH,
NH NH NH
I N
R L a7 OJENO Q Lk /\O’RN’\
,,NJLO NG LUN N
o H o H o)
Y z

1. TFA/Cresol
2. HCV EtzO

oSO
Nﬁ,Nl-b
2. NH
ao%}{ R
O N
N

O
10 AA

Preparation 24
Synthesis of 4-[(S)-5-({Amino-[(E)-2,2,4,6,7-pentamethyl-2, 3-dihydro-benzofuran-5-
sulfonylimino[-methyl}-amino)-2-tert-butoxycarbonylamino-pentanoyl[-piperazine-1-
15 carboxylic acid ethyl ester (Y).
To a solution of Boc-Arg(Pbf)-OH (13.3 g, 25.3 mmol) in DMF (10 ml.) was added
DIEA (22.0 mL,, 126.5 mmol) at room temperature and stirred for 15 min. The reaction
mixture was then cooled to ~5 °C and HATU (11.5 g, 30.3 mmol) was added in portions and
stirred for 30 min, followed by the dropwise addition of ethyl-1-piperazine carboxylate (4.0
20 g, 25.3 mmol) in DMF (30 mL). After 40 min, the reaction mixture was diluted with EtOAc
(400 mL) and poured in to H,O (1 L). Extracted with EtOAc (2 x 400 mL.) and washed with
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M./ r\I-12 NHO 00 4 5 Preparation 12 Synthesis of
2,2,2-trifluoro-N(2-ethylam no-ethyl)-acetamde (M. A sol ution of
N- et hyl etwpl2ervadssmi ne (10.0 g, 113 4 mmol ) and et hyl t pclusesoacwtat e
(32.0 mM, 261 mmol) in the mxture of acetonitrile (110 mM) and water (2.5
m, 139 mmol) was refluxed with stirring overnight (-18h). Solvents were
evaporated in vacuo. Residue was re-evaporated with i-PrOH (3 x 100 nil).
Resi due wag HiE0), \Q@QH%SQ)A;%ME)" Pi'}@f(@%@o fnd! ahcmp)negm dﬂgf br dgam%rmyeght at
roomtenperature. Th ormed crystals were | tered, washe

di chl or ores kenseteda drpdraviT MasOcrridealven remeed it vepe- e asuleonpibuisddm (24. 6 g,

82 4 |
T0lss O EnciPhirthaRaMHa PORUGPAE0LAD AdpLESLCN

{ethyl - 2-trifluoro- |'am no) - et hyl Fcar bam ¢ aci d

(N). [MAHééﬁh?- (GnHoNs@SnHocald 6M SQAC@IE@UIKBY s pppd WithanduhEA (14.3 nl
824 I)pmﬂ '[Iaq (100 M) was cooled to -5 C, followed by the addition of a
sol ution ﬁ- 0 (benzyl oxycarbonyl )succinimde (20.3 g, 81.6 mol) in THF

(75 m) dropvvl se over 20 min The tenperature of the reaction mxture was
rai sed tq, room t egperature and stirring was continued for an additional 30
m n. Sol vert's Weré evaporated and the residue was dissolved in EtOAc (500
ml) . The Songats of 4}/68)exAmas-Sebmiacy @4-21, 4,6, 7 9Vaagué a5 3-NMaHiGoD e (2fitak00 m )

o0 BT T3S0 IR GO ol B S LR R AP oo N
+H, cml c: 319 AZplutiCo op@uipdui WaZ0. 218,630, 2whinbly i difhlorom@ tha o indl g atak oN.

treated with 4.0 N HCI in 1,4-dioxane (90 ml., 363.3 mmol) and stirred at room temperature

for 2 h. Next most of the dichloromethane was removed in vacuo and Et,O (~1L) was added.

The resultant precipitate was filtered off and washed with Et,O and dried in vacuo to afford

compound Z (17.8 g, 30.2 mmol). LC-MS [M+H] 567.8 (C2sH4:NgOeS+H, calc: 567.8).

15
Preparation 26
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 (AA ).

20 To a solution of compound Z (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 solution of tripsyl chloride added drop wise (2.2 g, 7.3 mmol) in THF (5 mL.) and
stirred at room temperature overnight (~18h). The reaction mixture was diluted with HO
(130 mL), acidified with 2% H>SO4 (15 mL) and extracted with EtOAc (3 x 80 mL.). Organic

25  layer were combined and washed with H>O (2 x 400 mL), saturated NaHCO; (100 mL.), H,O
(200 mL) and brine (200 mL.). 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 AA (0.52 g, 1.0
mmol). LC-MS [M+H] 833.8 (C41HeaNsO3sSo+H, calc: 834.1).

30
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 AA (3.73 g, 3.32

mmol) at room temperature. After stirring for 45 min, solvents were removed in vacuo.
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Preparation 14 Synthesis of (2-Am no-ethyl)-ethyl-carbam c acid benzyl

ester (0). 20To a solution of conpound N (24.9g9, 78 2 mmol) in MeOH (300
m) was awlidedic4sdbuti on of LiOH (3.8 g, 156 mmol) in waCerwse@o/oebys The
reaction mxture was stirred at roomtenperature for 5 h. Next the solvents
were evaporated to 3/4 of initial volunme followed by the dilution with

wat er (200 nme. The solution was extracted with Et0OAc (200 mM x 2) and the

organi ¢ |rayiRte Was:iWeRBEH dbridtoREhAR ({ dPRH MW dshe AL H,OYVEL zmgfa@nd
evaporated in 25 vacuo. Residue was dissolved in et her (200 ) and treated

wi th 2 NbAg 280 ey Tiroueanio layeThas seppizied: Picd OvpiMat (& apd shepjthe sebver, washed
with eth - Ar i : i rd I npound O
(121 g, RS0 ELIRE 0 RN b g R e 5 P Db BT e
223.2). 3028 mpawat 4ddnd 418l aQyrertipitags wasgprmed. This was washed with hexane and dried

12-1- - 1 t - - 1 i . est . A
sol ut fon “ruaaiops PR e h R T JATRPEIAASIER BT R 6 26
mrol ), Dipkdse BLL7 Gulymnl § ARTANYDOA Dagd QAT W.&T124BR - Padkig@3 Migrodop 106-1DVF ( 20

m i d.at 1t t ur. - . ' '

il uted wierPECEREVOS08 LT REL R Dl 2l 0P (SN ANHES 205 b ne
(75 ml). THAg, Idogane:d 0D ay ¢ mimdsactdon: S0 Sov 10 iy)SMFethotli 13% Be&Me@Nd Ot I¥en

el Tow sravt TP B RS RRY inp ind B o SRR E T Feptuna

was used vatdohOtate dfuyddrevas panidved 6ato-evapofatibi @pa e atiiPeOH 180 SYNTasiiducof

12- 1- H Ar g( Pbf) Tani noet hyl ) - et hyl - carpami c aci d benzyl este :
Conpound "%(S (‘%??%l’ée%dﬂﬁlff)m‘ﬁ%g LRIV P‘ﬁnﬂlﬂ)@aﬁé”a(‘ Q{?Céftﬁteii"(&iﬁ?&\gﬁcéal with 4
N HCL/ di gx@nerddbO0yadifilteré@ ofmmdl Jvagied W@ MUCEIRARKRY Uhdr Qo o diford e sol vent
was then renoved 10 in vacuo, followed by suspension in i-PrOH &450 m ) and

finally, ProsuciasHidntlt gidcomnarennd 182 473 & 3pénpsld Pk ary)- 56iNe st pr ocedur e

was repeaked EWHERLOSHIE cA:Ude 75 eaction m xture was dried in vacuo to

provi de conmpound Q (5.97, yield exceeded quantitative) as yell ow sh solid.
LC- M85 MkH] 631.5 (C31f 146N606S +H, calc: 631.2). Conpound Q was used

wi thout flubhhelqgeurification. 15 Preparation 17 Synthesis of

12-[ Ac- Arg( PoT ) Tam noet hyl Fet hyl - carbam ¢ aci d benzyl ester (R). A solution
of conpodmthepis 8f @ qipding-240ap gne% nmol ) and DIEA (2.97 nl,

17. 07 m@hﬂfoﬂlarﬁliﬁ&lptgﬂ&ﬁmﬂe%%i@-icﬁﬁ%@ﬁ_@l@%@fr ature for 1 h.

This was 20 tof rowed 0y dddrtr o o 2w . . 3.41 mmol ). The
reaction m re was stirred at room erature for an additi 30 mMm
fol |l onwed by dilution with Et 0Ac ( ). The organic | ayer

extracted w ter (75 m), 2% aq. (75 M), water (3 x Z and

brine (75 migLJThe obf&HIA ayer was thkp dried over MySO4 and eydporat ed
to provide co d Ré\(S. 99 g, yield exgesded quattdaEat. ve) as yeRiowi sh
i M#H] .

solid. LG M 25 6 (C33H48116075n+H, cal c: 672.9). Conpou R was
used w t hout further N cat/Lan\.Cgre ration 18 ~
‘ i J< NH N ‘ ﬁ J< )KG\I K4
N NO e
O O O

(o]

BB cC

I—Nﬁ,NI-b
1. Base o Je] 1. TFA/Cresol

o NH
N NHo 2. HCl/ Et,O
T gaeVsise
rNe
103

20
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Synthesis of N-[Ac-Arg(PbM N -ethyl -ethane-1, 2-diam ne (S). 30Conpound R

(5.69 mol ) was dissolved in nethanol (50 m) followed by addition of Pd/C

(5% wt, IwQrosump®nsion in water (5 ml). Reaction m xtuPeTHB30m0bjoegt ed t o

hydr ogenati on (Parr apparatus, 80 psi) at roomtenperature for 1 h. Upon

conpletion, the catalyst was filtered over pad of Celite on sintered gl ass

funnel and washed with nethanol. The filtrate was evaporated in vacuo to

provi de the conpound S (3.06 g, quantitative yield) as colorless oil.

LC- M5 [ My, 2392 7( C25HAZN605S +H, calc: 539.9). Conpound S was used

wi t hout further purification Synt hesi s of

[ 2- (2- Ace§1y’9fh®€|lﬁQfd-[gogﬁ&’tﬁﬂtﬂ]dﬁpqﬂdmea%@wmlﬁ@yd etirespr @yl - carbanic acid 5

hydr onor phon f one

v ochl or i dar (5 Jen PERCHRTE}O 34 ¢ 0B THIRE IR PTG T BTRRY

chl or &f onmPDME (P mlviass sddeid ddEAd7 |4m11a|42ﬂlmm@lé;€mi the t@factti@nannlxtmmmStSeWxér ature

o Nl et @dRlbLRoAL b HRANERBL AN QLOL BT fof RO, 6 82
THE reaction mxture was Soni ca I'n"an ultrasonic bath at room

t errper at 6 enlf) ens adilddl ta aadactionhmix@ge dropwicsdiie mpcmdmemadmﬁ wammd agodrat i on of

conmpound .S (3. 06 5 69 enzotri 1 ~ 9.67

nmmol ) in T’W&’ rr?q[) e ggtg%%”ftgn%%}acfta%gli%% n|drpr03r (%% PRl fg@& -18 h) at

room t enpde @tddnﬁ wab oktrowe dvithyettgohacent @ 00N )eVeanic dyedwaswasaelwith The crude

reactjon m xtu in MeOH (10 d with ether
(500 1 e DI NAG hEER L FhpuRoaopiarByhaf uR G R BERL Y or ovi de
Pbf pr ot egihe 200 AP onivthréanilh fer Yas gne;d @bdsoanpeadad, Guaat, kidheye) as
off-white solid, LC T&?er 850. 6 (C43H59N7 9S +H, rqugl‘lﬁres 850. 2).

Pbf prot é&%@@t%ﬁﬁé%’ﬁd (apfjodl¥ Braaet VA dHCinYReHOP VEIZBE A8 esol / TFA (100
n). The cbRp&ind®B (B %¢, ¥I5w rﬁ&ﬂ@l)ﬁ@dmc@b@@ﬂidaﬂCWmlﬂerﬁNs@% 1 h,
followed by dilution with ether (2 Prem pitate was fornmed and
subsequertt ﬁ/c%l‘f I6@@%()C‘H’(ﬁé’tun‘éBﬁt"éf’tsé-‘éf3 ighout fugthgigrrniliciopashed with et her (200
m ) apd dried in vacuo to provide crude conpound 4 (5.2 g, 97% as
off-white solid. Crude conpound 4 (5.2g, 5.54 mvl) was dissolved in water
(50 ml) dheraselsjiedt ed to HPLC purification. [Nanosyn-Pack M crosorb
(100-10) | njection vol une
50 i ¢ b o adar s PSR A < B PR B RURC ) To0os
acetonitrile, TO a3otenrof compeyndtBE (4el gjtﬂ(ﬁrmlat)l) OQ@Chlq’fOEletlhﬂfﬁi (25 p6gmaseli ent

elution t i adi ent

el ution f ?oe%%gigﬂtn%(g%ﬁ% (I_g>5 %%ﬁ s Hﬁh étagé(i:] h?%(ﬁl@ta{%nﬁa’ggl rel%fmt r gg{i ons

cont &ioni mgpnh kkenpdegire &a 2dio ﬂ‘]h@madlumnmtma)wm qeackngaEdd oovecentor-d0 @d. ¢ofn vacuo.

The residue was |ss and evaporated i.n

(pr ocedurd V%Sanfl ep e etgg &lrale)thyﬁ)#& &é&mgh S RMAS™¢ awgg @edp re(:lpua\{%% (50 m)
and tr eatrexdtio Ilnhctlﬂe MNatTikredtfdrelrh {riziGBe sullid me)@amm Withtethep(SOvildendiidediahl or i de

salt of 3 ound 4 (1.26. 32% 9 % lid.

[o e | MR Ptk oRuer ey € dawe 37 hebilbina s ol LENIRS' Ui

- [ Chr ompMi+1h 5&6pe edRadNRR;- SL8e ctSseeah.um (4. 6x50rm) flowrate 1.5 m/mn;

nobi | e phase A 0. 1% FA/ wat er; nobile phase B 0. 199FA/ ACN, gradient elution
fromB3% B to 100% B over 9.6 min, detection 254 nm WO

2010/ 04559, éd,JS@OOQ/ 061068 Exarrpl e 14 Synthesis of (S)-ethyl

4- (5- guani di no- napht hal e

sul fonadeWﬁéYrﬂf ér{é It |B@rg#2F’H@0&2 CHPBEU el sui s detdpr epar at i on
19

4-1(S) - 5?](A}Am n arboxyhc aad eﬂéyl eStere(EtDa)met hyl - i hydr o- benzof ur an- 5-

sul f onyl i m nofl 0#@%9@9@%&%@%@‘5 91H15|%méw1)9m91\1ﬁ@ 883/ Mar bOMICAH Ao) - pent a
noyl I3~ 1QxRiPGN87 BGard: aﬁ@(x}a%}‘sl IhE) @&‘s‘ ﬂdécﬁs{ §o]19f6§136k 2 %%@ﬁalc(s@fon 1 To a

sol ution of Fnoc-Arg(Pbf)-CH 0 g, (3/ m.) at room
t enper at ghleridad®.Hdd éé IIDFIEAID(TI@F 2!11) P, erlie Wirﬁlbiitymngﬁétbér Csfli h¢ reagipnat room
ronott on Mgkl nlh hIGEREMER T bR GUREREPRIEE LA Rafeoud BN "
stirred flrl(20lyivas advidd & @t@dlmpHoﬁ Hiditenrt wivat wis-alldedl(80 pil peand thene

car boxyl a ded The
reaction %ﬁ)di]%t e e\’/‘\}g%cwgit |1?1re%ly %etat%(%\@ &Eg Tﬂt)}rﬁ\é\@é 1ay9 ur rg?lg‘g\énta?%n was t hen
allowed to
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warmto roomtenperature and stirred for 2 h. Solvent was renoved in vacuo
and the residue was dissolved in EtOAc (500 nlL), washed with water (2 x 750
m), 1% HEBQ41(@8D9InL) and brine (750 mL). The organi c lpayas2e@ecBepar at ed,
dried over Na2504 and sol vent renoved in vacuo to a total volune of 100 ni.
Compound T was taken to the next step as 5 EtOAc solution (100 nL). LC M5

[ MFH 817.5 (C43H56N6085+H, calc: 817.4). Preparation 20 Synt hesi s of
4-1(9) - ZTMMnér\ﬁa{mqqde()@ sodiudn lﬁea@b&laeqm RIMBLIYdr 12 Rr fhdahefenzof ur ans-
sul fonylim no% yl) - am no) - pent anoy perazine-1 -car bogall ic acid
tert - but yale§ ee?"“i@("@f dried over almdr@uwdm mﬁwf filgseep achniasevergaed npl ) i n
ELOAC (1 GRedtLincHonfi Q0T RIREN f il Sy RUASHBLRES L%k AfhdofnPBDIs 46 2 mrol)

and the reaction mxture was stirred for oomterrperature Next the
sol vent Vesmmehwy atoiiynfogmmgaolahdCtMé [Medllil 6. h - rldsNedd-di.salol 16éd)i n mi ni num
amount; of EtO0Ac (- 50 ni) and hexane (- 1 L) was added. Precipitated crude
15 product was filtered off and recrystallised again with Et0OAc (- 30 nlL)
and hexarfent(iesistg0S rdh)yl 1 Tf‘rguqmcém pi(hathéalwas 2 fsidfdnemeth hiapoylipgiredingi4t h hexane

and dried i.n ford ound U (28.0 g, 46.2 mmol ). LC M5 [ M+H]
595. 4 (Cfglgﬁ@f\@f)é@lﬁ% Al ou'ggg&g Preparation 21 20Synt hesi s of
4-[(S)-5- ({AmrnaﬂaﬁE)MaQachﬁdp@nﬁoupéM)a(mg;ylfrrﬁmalad]hmmdrmeal&elnmdfi%an 5-

sul fonylim - et hyl Eam no ahthleeZSIfon e anoyl]

® i per sz ieheointr g TR, ATt TR B Preb e ga sy Brdgt aRREIG
conpownd rédc(lé.’[BmQ(tLge wﬁﬁc&lcmte)l in Vacthdifo { hind o] Wasietagdadr OUaYSvad N NaO-l
(171 nm) reaction m xt s cooled to - C, a.soluti f 2- 25
napht hal e agﬂﬁdf R ‘?"d‘ 1pg wgte ErfﬁlPéatﬁﬁiF)PrﬁcfPltﬂ*ﬁﬁVaf ilié)%reﬁﬂﬁf was
added dr qpavvaged Wi efh@AQId TN, XItHd r@ul@s s§itd wdsdie@tn vac® évefridht Igitd N, Wi th
stirring continued at roomtenperature for 2 h. The reaction m xture was

di | ut ed wicryle pragsagal. (vhiqhywas pue hedPyarensrasiye sy erse RIRSNEBHC ( INanpsynReckr  (1L) and

brine (1 NubrosdB10L B0 R doRUET (SVRDOTRATBHGEe =A0D 8/maNShjcNRASRhnRNG renoval
of the solvent in vacuo to afford congound Vv 6J 2 mol). 30 LG M

[ MeH] 15785018 DMSSBvasp Nigo 853 -1gbile ahase A7 88)%yvater, &r%&th mehilepagthitlRe%i s of
2,2, 4,6, ixdent aretRY bndiest eﬂitﬂa}{%"oﬁl Beng b %9@@'1@9@ wlif, Qb Gk 8547,@M no- 1-

[ (S)-4- (naphthal ene2- sulfonylanino)-5 -oxo -5 -piperazin-1 -yl-penty

| am no | Fraggonsreop@ining] degiegadecampoend(waye c@imtune and concefratslfin gerwpolivd V (36. 6 g,
46 2 mmol (: ~ dr opwi se.
The r eactrié%dr?gn‘%%tgfégdg‘%\?é‘gpgfq}% (M regvg é%%@p%vrag%‘? g@@%g@ﬁi\&g@)h%&a 20 (600
m.) was aehitkd wag n¢tdiss@acltin oRrORl xI mbepd peae pith aNeIdiClmﬂ@dﬂkﬂO a0 il tered

of f, sh th Et2 nd..f.j nal | N nder v nmpound W
(a4 S5 MRt R e oy B AR RS bl GREE 5
Conpound (W(wag, 30 &edeld DAL 19 purity f asratwiete split. iLt}Mst[M}th 56%.8 e ld:NegDsS28,

Synt hesi S, o

4-1(S)-5- ]?A?ﬂ 3 [(B)-2,2,4,6, 7-pent anet hyl - 2, 3- di hydr o- benzof ur an- 5-

sul fonyl i m no]

- met hyl Fam no) - 2- ( napht hal ene- 2- sul f onyl am no) - pent anoyl Tpi per azi ne- 1-
15carboxylic acid ethyl ester (X). To a solution of conpound W (8.0
g, 111 mmol) in CHC13 (50 m ) was added DIEA (4.1 ni, 23.3 mol) at room
tenperature and stirred for 15 mn. The m xture was cooled to - 5 C, ethyl
chloroformate (1.06 ni, 11.1 mmol) was added drop wi se. After stirring at
roomtenperature overnight (-18 h), solvent renoved in vacuo. The residue
was dissolved in 20 MeOH (- 25 m) and Et20 (- 500 nlL) was added. The
precipitated crude product was filtered off, washed wth Et20 and dried
under vacuo to afford conmpound X (8.5 g, 11.1 nmmol). LG Ms [ Mtl-1] 757.6
(C36H4811608S2+H, cal c: 757.9). Conpound X was used without further
purification.
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25Synt hesi s 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 ave 20@capsdand 101 ) A solution of 5 % m cr @solUSToAVO(EOS M ) was
added to conmpound X (8.5 g, 11.1 mmol) at roomtenperature. After stirring
for 1 h, the reaction mxture was precipitated with Et20 (- 500 nL). The
precipitate was filtered and washed with Et20 and dri ed under vacuo 30 to
af ford thﬁaﬁ{wjﬁ product. The crude product was purified by preparative
reverse phase HPLC. [ Col um: VARI AN, LOAD & LOCK, L&L 4002-2, Packi ng:

M cr osob SyothesigotsBpethyh]£x-evamidint@ehé- - 15 nL x 2, | n] ect| on flow rate:

20 bR e R BT G 43 Pt el ot on 20

nm . Sol vEnmpoywst 04 enoved from pure fractions in vacuo. Trace of water

was renoved by co-evaporation with 2 i-PrOH (50 ml). The residue was

di ssol ved | m ni mum anount of i-Pr and product was precipi ed with 2
MHCL in Et roduct was filtered o nd washed with Et20 an i ed
under vacuo f f ordndsomeaund 101 as salt 7 (3.78 g, 63% yrefd;: 99.4%
purity). LC o11\4 5(C38H> |%2+H 8 dfexan05. 6) . Ex%iﬁr‘ﬁl,\lgb 15
Synt hesi s of hyI 4- (5 guani di no- 4,6- — T

triisopropylp E | sul f gn do)pe t anoyl
102) 10AA Pr i on®2

4-1(9S)-5- 'ﬁ@j{(a-z, '21H6 7- %,gkz 3- di hydr o- be Ra5-

sul fonyl i maoT - net hyl )-am no) - 2-t ert <Abut oxycar bonyl am no- pent anoyl ]

- pi perazi ne-1- 15carboxylic acid ethylesester (Y). To a sol ution &f

Boc- Arg(Pbf)-OH (13.3 g, 2 mml) in DM (10 nmL) was added DI EA (22.0 ni,

5

/\O

'Eh'peram ne- 1- car bo%I;:te &dnpound

126.5 mmol ) at roomtenpera and stirred for 15 mm The reaction m xture
was then cooled to -5 C and (11.5 g, 30 3 mmol) was g\g(rjﬁg in portions
and stirred gor 30 min, fol Ieged by the dropw se addition

0O nm). After
)Qa d poured in
H20 (800

et hyl - | - pi perazire car boxyl at® 0 20 gFA@Bse8 nmol
40 mm the.r tion mxture ﬁgﬁlutea%up@_ﬂo%

to H20 (1 [:'. ack i (2 x 400 nL) and wa¥ .
m), 2% H2S 00 ni), 00 nL) and brine (8000r)= gani c | ayer

was separated, dried over sol vent renoved in vamauo. The resultant
oily re5|due was dried in vgﬁfzuo to afford conpound Y (16.4 g, 24.5 mmol) as
f oany solid. LC-MS 1M+11] 6 2 (C31f 150N608S+H, calc: 667.8). Conmpound Y

was used without further 5purification. Preparation 25 Synthesis of

4-1(S) - 2-Pmangids-30{ am no- [ (E) - 2, 2, 4, 6, 7- pent anet hyl - 2, 3-di hydro benzof ur an-

5 sul f ony, no] th 0 entan erazi xylic acid
b R N
di chl oromemh@ay&’ ;(zﬁd)zchﬂzﬂ mboxlyheatzedthy\ﬁetsdarmﬂj N HCL in 1, 4-di oxane (90 ni,

3633mm|) adstl urefor of the

di chl B omet haﬂg a\ﬁ%% v Bo?ﬁ%égﬂ@g’a mEohEng N%Q?‘ (ﬁg@& add di

r esul t antin p hetriiot EHE (vas.) hnd tvaele(d ndlffwanddadasordombt 14, E&r&@o;ﬁtﬁ[@fl-dr ied in
ng&;&@g%ﬁ%ﬂlf@%mo%%f%é 81Q5mglol) 3cgop wise w1&1 stulh%:g IXEd r]fl:!dl\nﬁarn]éd ]él 55 ‘6C7 -8

The reaction mixture was then stirred at room temperature for 1 h, monitoring the reaction

progress, then diluted with water (20 mL), and acidified with aqueous 1 N HC1 (5 mL) to pH
15 ~3. Additional water was added (30 ml.), and the product was extracted with ethyl acetate (3

x 50 mL). The organic layer was washed with 2% aqueous sodium bicarbonate (50 mL.),

water (50 mL) and brine (50 mL). The organic layer was dried over anhydrous sodium

sulfate, filtered, and was evaporated in vacuo. Formed oily residue was dried in a vacuo

overnight to give compound EE (1.0 g, 1.2 mmol) as an oily material. L.C-MS [M+H] 832.8
20  (CyoHgsNsOgSo+H, calc: 832.7).
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Preparation 26

Synt hesi sof 4-[ (S)-5-({Am no-[ (E) -2, 2, 4, 6, 7- pent anet hyl - 2, 3-di hydr o- benzof ur
an- 5- sulwonglooass] PCT/US2009/061068

-met hyl Fam no) -2-(2,4,6-triisopropyl -benzenesul f onyl am no) - pent anoyl ] -

pi perazine-1 -carboxylic acid ethyl ester (AA). 20To a solution of conpound
Z (1.0 g, 1.8 mol) in THF (7 nL) was added 3. 1N aqueous NaCH (4.0 nL) and
stirred f@;;thg,ggfrps) e'ﬁt]@]f(?g%,hcg% gn(gglgre was cool ed to -5 C, and then a
solution of tripsyl chloride added drop w se (2.2 7 3 mol) in THF (5
m) and dtisenrardiefienyobiore edpler e Briovetivd-ier (wiceﬁﬁCl e Cowgeandon i xt ure
was di | utg )vmth H20 (130 nL), acidified with 2% H2SO4 (15 nL) and

extract eJ with EtOAc (3 x 80 nL). Organic 25 | ayer were conbi ned and washed
with H20 (2 xTﬂ@(ﬁlaﬁi\yaS adlded roatpeundNBEICES 2 (29 qumpl))and HRQ te@odwih p%and bri ne
(200 ni) I t ol vent

r em)vgh |Cﬁe-£€1§rc}8%at% gﬁ L?f ng%? af%&gn&%pé\?&csﬁﬁ gﬁt‘g‘?%ﬁ?&ﬁﬁfer%@g& v@g qtp%rl fied by
nor mal phesaorf llna@he olas bomtogempleyd 114 Bacti0 9% dMelihe MLt bleadne 2@ wompound AA
;(3,8 gﬁn?h géclilegl gduléca} Q/Eec&r:l‘t\fg-l-fé ltJ % 1V€8 gn%ﬁga@%p%%tgéafﬁﬁpor%dcﬁ%?whs Igu%]fled b834 1).
triisopr cpmplapheamyekzmﬁ ;ﬂmmaliﬂfi’lc[d)[memnsmnﬁydk)Mmmomz(n(D(B}O)G:138d‘mmmh ee3(0Conpound

102 A | ut f | [ TF add AA (3.73
£92) o Tl R 50 bk b Rl Vo T PR SR L S T B & s e
renoved A 196%Waater, Mo 2@]&0&@6&5}5}&5&3—/ 1U82000N0G 192618 AR sddibuieelivas febinssol ved i n

The or gance I By RauD bisaf R usn sl cit ol g S ARE VLB CORE vent |

renoved iwerd@mitned BRE coRen B inegeudi BRoby@d wad ddiaiddas oresiane nfly akl ML) and
t hen hexane (- 250 nlL) was added and a precipitate was fornmed. This was

washed vmet’?POF?é‘%jdH & a%’ﬁdrea‘?qt%]dwgeh e residye was gigsobyet! §t iaP OB grd Hrsduct

(1.95 9) .witheNEHtdgeP mglﬁﬁtzo%ﬁncnwol \’eea(il résRNEI B RaPRAEn FRLE [ Col umm:

VARI AN, LOAD & LOCK, L&L 4002-2, Pac crosob 100-10 C18, Injection

Vol uni: ovargight (o givsjGanapasndfl0d il 9%e, é28 apr iseavs sAgobE ALS (Matiep30.0. 19 TFA)
Fl ow rat g¢ ﬂi% @}ng}mlcl-‘g'ggcg;l on: 30 Sec (50 m.), Method: 25%B (I\/ECN/ 0.1%
TFA) / 70%@ mn/ 100 m/ nmin/ 254 nni. Solvents were renoved from pure
fractions in 10 vacuo. Trace of water was renopved by co-evaporation with 2
X i-PrOHYR0 s The residue was dissolved in a mnimumanount of i-PrCH
and product \Ras precipitated with 2 MHCL in Et20. Product was filtered off
and was heégnthiesik oiS20- (4163 gdanidito2n(@ephthalens2-sulfafnude peitengylpihecazims HCL

salt un 350 I d, 99.8%purity). LC-M5 [M+1l-1] 581.6
(@8@81%32@2@‘ °‘é Q%‘ﬁc‘g?l"’“f?]éx Anple 16 Synthesis of (S)-ethyl
1- (5- guani di no- 2- (napht hal ene- 2-

sul f onam do) pent anoyl ) pi peri di ne- 4-carboxyl ate HCL salt (Conmpound 103)
BBCC
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DD Preparation 27 Synthesis of]-[boc-Arg(Pbf)] -piperidine-4-carboxylic
acid ethyl ester (BB) To a solution of Boc-Arg(Pbf)-OH (3.4 g, 6.36 mmol)
and HATU w9.2010¢45%963 mmol ) 5 in DVF (15 nlL) was added PCEAISeM9AcIoES 42 4
mmol ) and the reaction m xture was stirred for 10 mn at roomtenperature.
A solution of ethyl isonipecotate (1.0 g, 6.36 mmol) in DVF (6 nL) was
added to the reaction m xture dropw se. The reaction m xture was stirred at
roomtenperaturg for 1 h, then diluted with ethyl gcetate (150 ni) and
poured into wat dr3 (500 nL) The product was extracfel with ethyl acetate (2
x 100 nl). CXganTGSIayer was washed with 10 aqueousﬂj 1 NHCL (200 n), 2%
aqueous sodi um bi.gaybonate (200 nL), water (200nL)(§q d brine (200 nL). The
organi c |ayer mastkued over sodiuymsulfate, filteredy~nand then evaporated

i n vacuo. The res hnant 0|L { was drle in va overnight to give
conpound BB nnDD) as a Vi seQ [ VI tidh 666.5

( C32f 151N50 %6 rrpoundoBB Wasﬁiggé t “frdoher
purlflcatlon r%paratlon 28 Synthe3|s

of ] - 1Arg(PbN1p|pﬁr|d|ne 4- carboxyllc acid ethyl ester HC1 salt (CC) To a
sol ution of conpound BB (4.7 g, 7.07 mmol) in dichloronmet hane (25 ni) was
added 4N HC1 in di oxaneo(25.0 nL 84.84 mmol ), and the reaction m xture was
stirred at 20 roomte ture for 2 h. The reaction m xture was
concentrated in vacuo ~20 nL of solvent, and then diluted with diethyl
ether (250 nL) to prodtigEPa white fine preC|p|tate The™Nyé8ct i on m xture
was stirred for 1 h and ﬂhe solid was washed mntziether 80 nL) and dried

in a high vacuum vernl glve conpou Q |) as a fine
powder . d*NS\r*vﬁ IR HES6 S+ cal c . Prepar at i on
29 Synt hesi s°

O H

of 1-[5(S)-(N - be-guaﬁldlno)-2-(naphthalene-2-su|fonykanino)-pentanoyl] -

pi peri di ne- 4-carboxyldec acid ethyl ester (DD) To a solution of conmpound CC
(1.1 g, 1.6 mml) and NaCH (260 ng, 5 9 nmmol) in a 30 m xture of THF (5 i)
and wat erp %%”&b%fﬁfs added a sol ution of 2-naphthal osul fonyl chloride (0.91
g, 2.5 nmo F (10 nL) dropwise with stirring at -5 C. The reaction

m xt ure Wawhets rragd a4 (ddrm( ffbwpet[@ﬁ)dr%456’1pefitafrn¢thtlkﬂeﬁdiﬂi\/dru{benkoyfurﬂrh5mt er (5

Aque H 5 a jtional, water was
ited (20 Dy Mkl 2 Skt B QLR 28R e Bl oy B0 P 5o
m). The6amgdmmnwka¥emnmaﬂeﬁenﬁved and then washed mnth 2@6aqueous sodi um
bi carbonate (50 r|n he ex s dried
over anhydrou §§§%B%ﬂ§%PP8%E%‘§R%?ér% @ &ggKgHQB %%Qiggﬁﬁ The
f or med oi(l.g1 piodue imnwasfollsweaibyi aahpb&mlﬂbrﬂlvwmglht69$)mg10%&lrwmmﬂmd DD (1.3
g, 1.6 nnnlg as.an oily. fogam ng solid. LG NB »mgﬂ §§6.5\$C37H49 0882+H
cal c: 75dcasiion 1@1@?"?/'&1%%[}@ & rot)%)terg]et—ﬁ%ﬂlre overnight (~13h). Solvents were remove
1- ( 5- guaraélionad are(raﬁwatv&hahﬁ&emz}eﬁwcﬁ@mmodnh@e@ﬁ@m&FFQ@ per irtlbune- 4-

carba, glate HCl salt RP
exceeds quantative). LC S [M+H 827 5 (CyoH54NsO9S,+H, calc: 827.3). Compound FF

was used without further purification.

Preparation 32
15 Synthesis of 6-{4-[(S)-5-({Amino-[(E)-2,2,4,6,7-pentamethyl-2,3-dihydro-benzofuran-5-
sulfonylimino[-methyl}-amino)-2-(naphthalene-2-sulfonylamino )-pentanoyl]-piperazin-1-yl}-
6-oxohexanoic acid (GG)
To a solution of compound FF (2.1 g, 2.08 mmol) in THF (5 mL), H,O (5 mL.) was
added 2 M aq LiOH (6 mL). The reaction mixture was stirred at room temperature for 2 h.
20  Solvents were removed in vacuo, then the residue was dissolved in water (~ 50 mL), acidified

with saturated aqueous NaHSO, (~ 100 ml) and extracted with EtOAc (2 x 100 ml). The
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To a flask, was added conpound DD (1.3 g, 1 6 mmol) and then treated with
5% nctresol / TFA (10 nmL). The reaction m xture was stirred at room

t emrper at Wwe 2bmw04359h. Next, the 10 reaction m xture was EQmASREMAEEES | N
vacuo to a volune 5 nL. Diethyl ether (200 nL) was then added to the
residue, and forned fine white precipitate. The precipitate was filtered
of f and washed with ether (2 x 25 nL). The resultant solid was dried in

vacuo ove)mhghﬁ/e} QafirYR ReNHIO, MRLEMbA of t’ﬁ@'s(ﬁt;l@:n‘(\’%a%efé%g @& @Y1 Bf gpar ative
reverse phase Nanosyn- Pack M crosorb 8 colum ( 0x300

m ; fIO\?quaWI@OB:Lﬂ) SrhMH] &1315613985%%&1&1 1823%%1113 I e eped

v/iv); no h%umﬁﬁe? AirikA0Y water, 0. 1% TFA, nobile phase B: 100% ACN 0 1%
TFA; gradi ent |pon from25% B to 55% B in 90 mn, detection at 254 nnj.
Fracti ons cont ai ni ng desired conpound were conbi ned and concentrated in

vacuo., i n vacuum
(repeat e WS% C?l(l“%‘lé\fll\@s(jgéu%u ng%d(na}gr}leélﬁlglrl sscf? ’8"&5}1 g)ﬁ%%gwe?gg}ﬁ? )and
treated \&'rdmh@cahbl&m#@dmou(zd@@i)m 200 20 rrm)l) to give a white
precipitate. It S din v 0,,QV. n ve d (306 ny,
31%vyield, 95 pur| ?néscregdmgg ei fé?@é&[j Fﬁ%"gg@u@ E%

( C24H33N3hBy i, ro@a kenpebidide. 6y ier stifng 03100 Mﬁ&%@ﬁbﬂﬁﬁﬁﬁ&/v@@ bochitkixanpl e 17
Synt hesi s S)-e 1: (5- guani di no:

Cr1 sopr SEegNER, PLER shalT Bl BRPRBI bib re Wkt R e sal

( Conmpu ndln&.@éi)der Vacﬁ’ﬁ epdfoad iholrud product. The crude product was purified by preparatlve

Synt hesi sof 1- n trilsopr sul f onyl
ami no) - ‘eVr‘?fsﬁ P&%F‘é@n&@lgg ﬁéé@ ‘}(‘ioi‘ég 'Qegg%l‘ng(ﬁ% To a

sol ution 10@ 19%%1&&&@&1&411@ -5 rﬂ}LGInjEBﬁUn)ﬂ(ﬁﬁﬁtel\@ﬂﬂL( 20 98% My (wdldd mol) in
a mxture of TH ﬁ and wat er éls?sad ed a solution of

2,4, 6-tri%SopFop Owﬁéeni%’é‘éﬁ‘inf%ﬁwu%ﬁ el pd) Mgthod S BMe§Ndr op wi se

Wi th stiiongrand h@) MHoaBnesimay 25% B215 hhe J0eA8150Rin/M oL HY Giy@s4 hign stirred
at roomtenperature for 1 h, nonitoring the reaction progress, then diluted

Wi th Wat SOV Wt remayd Tl PHTE {TagHons invagiu d e O WaNeTHEE reBoved Py e pH 15- 3.
Addi ti On%'vaﬁﬁ?alu%ﬁ wias-paddess &%Qre%)ted t@z‘ft‘é? e rRIREWEE 1R e8X] § AGfiSEmW th

et hyl acetate X 50 nmL). The organic [ayer was washed w th 2% aqueous
sodi um blae@nniowﬁafé)f(lsberrﬂl)/l Helan &t (560 mil) wanaldod prdedifugd wiih) ELTR€50r gani ¢

layer wag,drped f?a‘&@ orfﬁ@&‘%&'{ WS SRPAHM R ARG hhd &Ee%%d@r”vchﬁ% evapor at ed

in vacuo. II(Z—Borme yre5|dﬁe was drie aSlnavacuo overnight to give
conpound aHErd(the p)rogqct as RChsab|Qongouad 103 {0y74ne@ 8ei yadld, IBGIMB{tVNLT-N8B 2. 8

20(04%H6§M§9ﬁ§gby% 36 6o6§§?1; Dhe: sewythesis of (S)-ethyi

1- (5-"guani

Example 19
Synthesis of 3-(4-carbamimidoylphenyl)-2-oxopropanoic acid (Compound 107)
Compound 107, i.e., 3-(4-carbamimidoylphenyl)-2-oxopropanoic acid can be

25  produced using methods known to those skilled in the art, such as that described by Richter P
et al, Pharmazie, 1977, 32, 216-220 and references contained within. The purity of
Compound 107 used in Example 7 was estimated to be 76%, an estimate due low UV
absorbance of this compound via HPLC. Mass spec data: L.C-MS [M+H] 207.0
(CI0H10N203+H, calc: 207.1).

30
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triisopropyl phenyl sul f onam do) pent anoyl ) pi peri di ne-4-car boxyl ate HCl salt
(Compound 104) To a flask was added conpound EE (2.3 g, 2 8 mmol) and then
treat ed vWOROERE4RI995 cresol / TFA (16 nl). The reacti on mPKIraIseoosms10ss i rred
at roomtenperature for 1 h. The reaction m xture was then concentrated in
vacuo to a volune of 5 nL. Hexane (200 nlL) was added to the residue and
decanted off to give an oily precipitate. The product was purified by
preparatqyﬁn{ﬁygfse phase HPLC. Nanosyn-Pack M crosorb (100-10) C 18 col umm
(50x300 MM ; flom1rate = 100 nm/mn; injection volume 15 nl (DVBO water,

1:1, v/ v)Synmsm p%(Sﬂrﬁa(éealthanmmmmmﬁ@mO) BroxoAKAN-4-pbeiyl-é- phase B: 100%

A0 o0 S O Gh AR b AR O BABIOR 0 (B uhe 19 1 octect i on a

254 nm esir oun ned and
concentrat ed-#n vacuo. The reS|d was dlssolved ini-ProHf(%00_ nj) and
evapor at ed jn vasunchnepeat i og) e \resiHdue wag gf Si$o ved i - PrOH
(5 mM) and tﬁ%aned¢mtxh 2 W/ 100—H=—2 ] ) to gi¥%e an oily
residue. It has dritd in vacu \ nlght to givgCo 494 (1.08 g,
62.8% as a Viscous solid. L [W1-1] 580.6 (C29H49 S+H, cal c:

580. 8). Exanpl 8 Synt hesi's I
(S)-6-(4-(5-gu di no- 2- ( napht hal ene- 2- sul f onam do) pent a oyl)plpera2|n20
1-y1) - 6- oxohexarnoi ¢ acid (Conpound 105) FF 105 GG Pr p&ﬁatuon 31

Synt hesi sof

6-{4-[(S)-5- kno-[(E)-2, 2, 4,6, 7-pent anet hyl - 2, 3- d|hydroobenzofuran 5-
Ssul fonyl i m nef - nethyIFanlno) 2 (n hthalene 2- sulfo anoyl]

- pi perazin- 1 -ylj=~6-o0xo0- he hyl @%EZEaﬂ]T as S ution of
conmpound W (1.5 g,~2!08 ggéﬁ%i_mesl dded (1 21 .,
4.16 mol ) follpwe by ad| i (0.83 i, opw se. The

reacti on m xtureanls stlrr d at onltenperatureo ern| t ( 18h). Sol vents
were renov in 10 vacuo‘énd the residue was dried under wdcuo to afford

t he conpouggzgg (2,1 g, anount exceeds guantative). LC-M5 [M+H 827.5
(C401- 154N60 X cal c: .3). Conmpound FF was used w thout further
purification. ®rgpafation Sy ntiedFs of

6-14-[(S)-5-({Afn , 6, 7- pent anet hyl - 2, 3- di hydr o- benzof ur an- 5-

sul fonyl i m no]
d (qE§§ To a solution of compound FF (2.1 g, 2.08
at

6- oxohexanoi ¢
nmml) in THF (b nm), (5 m.) was added 2 Maq LiOH (6 nmL). The reaction
Mom tenperature for 2 h.

m Xture was stirred
PP
o H
N
FO g
©/\)\O‘/I /\©\KN\OJK

NH
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20 Sol vents were renoved in vacuo, then the residue was dissolved in water
(- 50 m.), acidified with saturated aqueous NaHSO4 (- 100 ml) and extracted
wi th Et OAF0(B1004330 ml). The organic |ayer was dried over/uSa@8@4d10and
renoval of the solvent gave conpound GG (1.72 g, 2.08 mmol ). LC M5 [ M+H]
813.5 (C39H52N609S2+H, cal c: 813.3). Conpound GG was used wi t hout further
purification. 5Synthesis of

(S)-6- (4;@@,—09&@;;@& no- 2- ( napht hal ene- 2- sul f onam do) pent anoyl ) pi perazin-1-yl
) - 6-oxohexanoi c aci d (Conmpound 105) A solution of 5 % mcresol/TFA
(25 ) \ﬁa@h@wd@‘ﬁ?)twﬁrﬁywwr@ykaml@% tf-copno8ervetPagey-oBrie @ber at ur e.
After stiy r{,éyp&tgrg §0 mn, the reaction mxture was precipitated with

addi tion of "Et 20 200 m_) The precipitate was filtered and washed with
Et 20 and 10 dAisetitiondeBooyai(dBlpO8f 7 d8d, 2 hemerolld BOBr(®dig £22.0Teolg andde

Conb & ﬁﬁf‘%ﬁé 1B RERRO B SRRy BR0E o2V e

25 m., mljlie,(ﬁ)llwadfﬂydw ad@itt'@n (2fO4 (ﬂ_miinmﬂhylﬁﬁ%omtnl(a\lmdrecﬂlomle]@/cﬁSEA@O 0 Fl ow
rate: 100 Fract % B 0, 1%
TFA)/ 5 MR ) 98 Reap FO R0 R G b ldepagE G W aadiibe § Mot 16,

nm . 15 SathviaOis (Yerml). rﬁmbmdleﬂ samiguuva ektrandd vadswater (VACmD, 5% nqce of water

rosi doo it EOT GHARTRL! BN Ml e DR e Mo TBRETE Les [ 20

(-50 nlL) evawradoad dasdindiabuid ©@roMdelompathd HR 3D 6L, )yielPeetded gaintitdioe)red was

filtered off an ) it ried. under__vacuo to ord the
product &8 Ygew %i%Wﬁg] %)71236) @9%2}9655 &b@@ﬁﬁ@?é? @QTPQ% iY4). LC M
20[ MrH] 36 WitHouRBENRAGStbh. cal c: 561.2). Exanple 19 Synthesis of

3- (4- car bam m doyl pheny1) - 2- oxopr opanoi ¢ aci d (Conpound 107) Conpound 107,
i.e., 3-(4-carbam m doyl phenyl)-2-oxopropanoic acid can be 25 produced

usi ng metthadsadgaown to those skilled in the art, such as that described by
Richter P et al, Pharmazie, 1977, 32, 216-220 and ref erences cont ai ned

wi thi . Phiehgir i t yof Corfpeimhaorgrhegdamina-ExdadMpher orywakarasidonpbedyt o be
76% an %g;ya%'\;‘,r _bgggcbgwby,\g laég,gpgg)ance of this conpound via HPLC. Mass spec
data: LC M5 Ii’] 0 Cl H1ION203+H, calc: 207.1). 30 Exanple 20

Synt hesi s of (%S;))luﬁio(lﬂﬁ@arpl@amd HHJ89h ez manpnlydrSeytpppnahydfRplozidp ey | - 2-
(phenyl t i ) ' . [ [

o O?O/ gg&g nﬁﬁe'ﬂgﬂg (??& B ARNBE N ARYoFAE! BobHPARCLA A 6 .

(S)-4- terTﬂlemmtmwuanm@m adlvivad todcophtogyan eniperanyd aal diamd ot pdduenat ich,aci d

?Snéy e;lie%ghe( slz)"l_\i)ejlts %ﬁ %&d %;-Vélgli(g Tg }‘leg\% él)eSIQ_A‘] \§/as &%mvaf%t% mm)mlN)a BOP

mai nt al N etovaxte qoomnmrtddtfpbﬂréag lyueslzd Eaeed2@ quanyitatiod) agweltbwish diheCadsli|Miolh  of

m xtur o s RSOt e PR e el Pl e R ieRa ol tated
wi th Et0Ac (500 nil). The obta| ned solution was extracted with water (100

m), 5%2)?. NaHCCﬁ (100 mM) and water (2 x 100 ml). The organic |ayer was
dried over® :

25  Synthesis of (S)-4-tert-butoxycarbonylamino-4-{4-(N-acetylhydroxycarbamimidoyl)-benzyl

e

carbamoyl]-butyric acid benzyl ester (JJ).

A solution of compound II (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 evaporated in vacuo. The resultant residue was dissolved in EtOAc (300 ml) and

30 extracted with water (2 x 75 ml) and brine (75 ml). The organic layer was then dried over
MgSQ,, evaporated and dried in vacuo to providecompound JJ (9.58 g, 18.2 mmol) as
yellowish solid. LC-MS [M+H] 527.6 (C»7H34N4O7 +H, calc: 527.9). Compound JJ was

used without further purification.
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10 evaporated and dried in vacuo to provide conpound HH (9.65 g, yield
exceeded quantitative) as yellowsh oil. LGM [ MH 452.0 (C25H29N305 +H,
cal c: 452v0)no10@aspPound HH was used wi t hout further puri PcTats2an/061068
Preparation 34

15Synt hesi sof (S) - 4-tert - but oxycar bonyl am no- 4- 1- 4- (N- hydr oxycar bam m doy1) -
benzyl carbanoy[ 1l-butyric acid benzyl ester (I11). A sol ution of
conmpound ﬁﬂ%a(r,g)tm@fgég, 20.0 nmol ), hydroxyl am ne hydrochloride (2.10 g, 30.0
mol ) and 5.22 m, 30.0 nmmol) in ethanol (abs., 150 m) was refl uxed
for 6 h. STWéesllSeaQﬁ i(Shd-H-RY-aseey hnelsoxasarbmmeicnidonl) desd ! + eirbasen i aacik e and
stirred f,0r  pddi.{kgnal 16 h, 20 then the solvents were evaporated in vacuo.
The resulta t resi ue was dried in vacuo to provi de conmpound 11 (14.8 g,

yi el d exceede@onill;l@mtleﬂai? ﬁ&e)lSa%mylel)IW§kplmdlin 1Adioang (kL) ggigregted

( C25HIZNGO 4+ﬁ' c‘ifi‘l anct8 ngézogg@%fﬁqgorh nﬁ%ﬁauﬂé R 1 KBQUGe LD REs

purification. epar ation
(S) - 4- t ertafoutiaky wwuboﬁyal Iasmltam-rmqu& wWablirgumtey vhthathex ZOA MG A ﬁ”herbloi@i}aac) benzyl

car banoy| b ric benz S conmpound 11
(1.5 g, 0 GGk SRR b SRR by ama e CRB I SRR W SRIE0TCC g

(100 n1 ) tmmvslt: lccnmmimatKK oot 4, eivpbrxatade@qdantitad &e) avpffarhite kbieh LEMSent was

evapor at e uI e idue di sso t 0OAc (300 nl)
and 30- ex AR5 e SR (5 e BK e Ry B or gani o

| ayeriowagputifieiionlr i ed over MySO4, evaporated and dried in vacuo to

provi deconpound JJ (9.58 g, 18 2 mmol) as yellowi sh solid. LG M [ MtH|
527.6 (C27H34N407 +H, calc: 527.9). Conpound JJ was used wi thout further
puri fi catgy, m;t%rnejpar ation 36 Synthesis of

(S)-4-1-4- N-acet hydra carbam m doyl) - benz car barmle butyric acid
benzyl estdf es(%f %ﬁlu%ﬂheﬂ ”(657“5@”60”?8””20 19 aGiad-Lai ssol ved in

1, 4- di oxane (momu)mam hbﬁﬁ%@@lﬁaﬂmet@oé N5 3 maneorha.38lg, 8290 nmol ) at

roomtenperature for 1 h. Next, the solvent was evaporated in vacuo. The
r esul Bantmpely mom@lXM%OﬁH flwmeé&() whtand saie (S0l prangopledtpes dbtialiaved

preci pi t &t auRse aadlamf%dmlu\@@eﬁaﬁqumwhc@tygw@ds 3(Sh00nitb) saRicherpge o 50 )

and dried’in vacuo to provide conpound K 64 g, yreld exceede
quant i t atahg &) 2 ¥ Ne®H-(hind. 85 annel; 5 pELNS byl 1\91m11 Vard DG n plIC2WHABRA05 +H,

cal c: 42% 1%11719%&}}9 Wﬁgac}%ﬁ 1tﬁ'§%‘1q"¥1}s?ﬂ‘ﬂc§ pr{QIQt. I?‘ﬁé O]i;]tQIHé'H goidti%ﬁ‘WaQn'

Prepar ati on thesis o
(R) -4- ph@nV*oteZl-Vpﬁelﬁl@lAW?- hane sl Thnyreams hperbyes yasledagibdvatdrl(y x 7Angpl ut i on of

D- h_O - P Ql%n 0 %r 3&]%@)6 ar(dl t%elt %18 501\5/35nt gvas \(I%B%raég t N% T(hg re%slta%t {eglgu 8Wg.'85 mol) in

a mxture o dxane -5 C
fol | owed dhydmlxtaemmtpeovahbdnompoumdde 612t6og genesublf m‘wlhltecshhd)HJ(HMS([ll/Blr}D g, 83.8

Toni ) ke AR OseE b: 2 raRedii T b e D T el R 256 aq.
H2SO4 to pH=-2. The obtained solution was extracted with Et0OAc (2 x 200

mL). The or anlc# ayer was washed with water (3 x 75 m), 20 dried over
I\/gSO4 ancfrf EH'Y'HE sol vent was evaporated in vacuo. The resultant residue

was disi eQyhResvsau)-4-04-N- @wgd@dmm@bmﬂmugyb%znﬁlclnba%zy15 -AMR)-Y-pps&nybi t e
solid. LGMs [MAI] 334.2 (CL7H19NO4S+H, cal ¢; 333.4). Conpound LL was used
wi t hout PUFPHERhetilprdae eRityplapae it asel brasy sy dtéMM). of

(S)-4-[4- (N agebphiby df wﬁsp%aﬁdogmm doy/l9 m%nzwngjaﬁmﬁkyddhydmchmnde
-4-((R) -4-phenyl - 2- phenyl net hanesul f o Xl am no- butyryl am no% butyric acid
benzyl edt égQ m@m{b 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 diluted with EtOAc (750
30 ml) and extracted with water (200 ml). The formed precipitate was filtrated, washed with
EtOAc (200 ml) and water (200 ml) and dried at room temperature overnight (~18h) to
provide compound MM (8.2g, 11.0 mmol) as off-white solid. LC-MS [M+H] 743.6

(C30H43N505S +H, calc: 743.9). Compound MM was used without further purification.
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A solution of compound LL (5.9 g, 17 8 nmmol), conpound KK di-hydrochl ori de
(18.0 mol ), BOP (8.65 g, 19.6 nmol) and DIEA (10.96 m, 19 6 mol) in DW
(250 m) we0srd4s39ed at room tenperature for 2 h. The r eaTitiseewnsrbair e was
diluted with Et0Ac (750 30 nl) and extracted with water (200 ne. The forned
precipitate was filtrated, washed with EtOAc (200 m) and water (200 m)
and dried at roomtenperature overnight (-18h) to provide conpound MV

(8. 29, 115y9méEMf)(S)aﬁ(40JafrbdM)hﬁa%yz% anio%'l\@oh )14 PitRy6-(C39HA3NS08S +H,
calc: 743 ound MM was use wi t hout further purlflcatlon Synt hesi s
of (S)- 5@@%@%& itandeige e rrgrgringtyege é%érqwfez(wdﬂﬁhenyl 2-

(phenyl met hyl syl &nﬁrmp 3P HBV PEAL RO RGkTic( fHRRed
Conmpound MM ( 8. 0E é%op was )g\lgs d?Sigved l?ln age?ﬁac amg (708 m )

fol | owed bbjyhetddéltladdf Pd/GNS%fth?d@g‘) {s50spensicn 0 vepter4%) ml sRepeesnginie n wat er
(50 i) & appar at us,
5 pS|m)]5 at“ﬁrgoo C?%&g%ﬁ&?%ﬁaéw%@y‘ﬁ; ?a%] 98 t@éﬁ?ﬁ%@@ﬁ#&%’{%?@ﬁver a pad of
Cel i te omaglyntvessddegtlass a“fpatlt)éCelaﬂdn washedglass ﬁ]nerraredl Wash@di witkinletlraatle was
evapor at I N _vacuo t pr o nmpound 103 S, OI [ M+H]
594, 2 (c%glF 155N5 068 d“c‘:V C“"? e%%”t‘pé)?“ﬁe%&ias « Oresséf Iécélh{llseg\%%ﬁjv\%at er
(150 m) 5and (@mngseI@(‘Dm}ﬁ @a]cIPjS_()@) @bt&lﬂ&MWBMlSS‘[)]Wh@WMKHIYW oDS- A

vol ure. 15t RAHTE BN nTubirseh B 0507 B R ophite s Toose

acet oni t (73x800 ﬁmﬂ)%@FA,te + 3R AiG igdaibh Osluat 13OMB nidbild phae A: goedi ent

elution to 24‘V m ocr tlc el t|o 4% B i radi ent
el ution f‘YaEﬁﬁ(k §Rt g’é%/grlgs‘?ﬁ “rﬁ‘ﬁFtOHIgf ‘é’(pr 6ﬁ%ét isoeral tlonrgng@fgons
cont ai ni ig4 desi glﬁ&ielﬁQIﬁ]ﬁ@MﬂﬁZWBQn ql@ﬂihi m&a@@aumrh@@m%mm@ nhif, MBBH.

Resi due was dissolved in i-PrCH and evaporated in vacuo

(pr ocedureélt%goime?ﬁg%@é‘ﬂ5§%\ﬁdéf8w p‘?eé‘??flﬂléaté’éﬁﬁ%r?daci‘@%s qoatagning desiged, v el d,
98. 0% purchinydurdswetdddntbifealahd codeCndMR dliMiddho 384idée (ESAEBRNG @6 o (762l C:

594). Retention tinme*: 3.55 mn * - [Chronplith SpeedRod RP—18e C18

col umd ( Mlpxsiaypgorated imyapust @rogedsirgvasieppateice o proagls Gomppundgfd4at er ;

nobi | e p@aﬁ@% Bicll, d§BFA SgtaQ@hftJ dohi; L@WEI\@ 5@'4‘@((?9@&5&@”3 2P0 &0 to 100%
B over 9. detection | e t e present 'nventi on has been
descri bed%\i Rutenteefingineaic &5% oin. he specific errbodl ments thereof, it should be
under stoqd e nade and
equi val ent s@rg%)y&g&lesﬁgis%d?ﬁ)t i% é\}&l%fcﬁ(%%n (%Igg%?ﬂtﬁ?w%%atgH%qgﬁ‘??nﬂg%'%% rit and
253cope ohasehie 0i &Y/ vetar; niabilagatist Bon, % Fégcediife; gradienredntionyroneSrde t o
adapt | ar. uati rial, conposition of matter, process,

pr ocess s(?(ﬁa%dqgrg s?r%}mf et?ﬁionggﬁg hl ve, spirit and scope of the present

i nventi on. such nodifications are intended to be within the scope of
the clains ap 1.

A phar maceut | @%”E?&n%%smveﬁﬂ%%s@ﬁe Rt e Gis 3 TR (o and a 5

conpound eaifbodjare aerdodrindhbald bk hinderstood by those skilled in the art that various changes

Accept abisd Btk T abrvldrs Rt AR pheibolind b aBORETPE kol 1 ¢

opi oi @, Whekel elil@niiod e g@nti@, dahPholifieatbds PAEBOMhde tbydarp@wbmgmw i's

repl aced by a coval ent bond to

C( 0) - NREUEAHORINFUEEE ) COMPRIYEI MAHETRATOCKISY(HREISS S{eP10T SR M3BRPYIEHIVE1 - 4C) al Ky
group; RZpigRghdBofastind freenandantd. YAl §RA 8RN chs INARRERQA GHOMIRR 1R

(1-40) al kyI group n represents 2 or 3; 15R4 represents

- CH2 CH2 CHoNEI© IqiaNP&aRE?ndﬁ@:PE@QZCI-lZCI-lZNHZ the configuration of the carbon
atomto which R4 is attached corresponding with that in an L-am no acid;
and
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R5 represents a hydrogen atom an N-acyl group, or a residue of an am no
acid, a dipeptide, or an N-acyl derivative of an am no acid or dipeptide.
20 wd.20TesPhar maceuti cal conposition of C ai m 1, pamarsesna/ostves
phenolic opioid is selected from oxynorphone, hydronorphone and nor phi ne.
3. The pharmaceutical conposition of Claim1l1, wherein the conpound of
general 25formula (1) has a general formula (I1V): ,CH3 N (lI1V) or a
pharmaceutically acceptable salt themgmiﬁs, in which: Ra is hydrogen or
hydroxyl; Rb is oxo (=0) or hydroxyl; the dashed line is a double bond or
si ngl e bdwa: Wige isclipesisnt s a (1-4C) al kyl group; R2 and R3 each

i ndependently represents a hydrogen atomor a (1-4C)al kyl group; n

represents 2 or 3; R4 represents - CH2CH2CH2NH( C=NH) NH2 or

- CHRCH2CH2CH2NH2, 4 ipbaroseduitigal campaiticnf whiklecaapriyon? ayim inlgbiiapha R4 i s
attached Cgﬁg&ﬁlﬁg’?%%ﬁgf%m fhat in an L10 am no acid; and R5
represents gen atom n N-acyl group, or a resi due of an am no acid,

a di peptide, or an N Xey(O)det )R oNER Q& e HER or - di pept i de.
4. The pharmaceuti cal conposition of a?y one of Clains 1 to 3, wherein R

15represents a nethyl or ethyl group. 5. The pharmaceuti cal

conposi t iooa phdrmacvyiticatle acdep@blaisatsthired®) idwhivkher ei n each of R2 and R3
represents a Qydroge ato 06, Th har ceuti.c Slt n of any one
of P Cra s 1t & EetAB A diAts of 8 ghebfi o S b A Somposi 11 on

of any ompaemiic &) dbis gﬂoupﬁs Iﬁplat\idde)lyalcﬂvﬂéht b@[ﬂl’ O SE(M)SNR' (C(R )(R ))n NH-

- 0420420&5?&1 ﬁy é\hg([l\{l 8. The pharnmaceutical conposition of any
one of C fR}) Wnerel n RS represents an N-acyl group. 9.
The phar naceurt? g@}esmm)gm@)hm?l g@asupo aim8, wherein the N-acyl group is an
30 N-(1-40) al kgn C%/ » N-benzo i peronyl group.
R” each indepen ently represents a hydrogen atom or a (1-4C)alkyl group;
n represents 2 or 3;
15 R* represents —CH,CH,CH;NH(C=NH)NH, or -CH,CH,CH,CH,NH,, the
configuration of the carbon atom to which R* is attached corresponding with that in an L-
amino acid; and
R’ represents a hydrogen atom, an N-acyl group, or a residue of an amino acid,
a dipeptide, or an N-acyl derivative of an amino acid or dipeptide.
20

2. The pharmaceutical composition of Claim 1, wherein the phenolic opioid is

selected from oxymorphone, hydromorphone and morphine.

3. The pharmaceutical composition of Claim 1, wherein the compound of general

25  formula (I) has a general formula (IV):

av)
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10. The pharnmaceutical conposition of any one of Clains 1 to 9, wherein RS
is an acetyl, glycinyl or N-acetylglycinyl group. WO

2010/ 0455906RCI0482009/ 061068 11. The phar maceut i ealr/useommsioss on of
Claim 10, wherein R5 is an acetyl group. 12. The pharnmaceuti cal
conposition of any one of Clains 1 to 11, wherein the group
-C(0)-CH(R4)-NH(R5) is Nacetylarginine. 5 13. The pharnaceuti cal

conposi t ie@R pRErm&@liENY acMBRbRIsA Kededt, By WHiOROr phone; 121 is nethyl; each of
R2 and R3 is a hydrogén atom n is 2; R4 is -CH2CH2CH2NHC(=NH) (NH2) ; and R5

represents anRNisdwdiogen ¢hydiexyl1014. The pharmaceutical conposition of any
one of C ai mepl;ftQ,120) WMrShSkY), the trypsin inhibitor is derived from
soybean. 15. The pharnaceutical  conposition of any one of Clains 1 to 12,
wher ei n t he t thepgleshed linhiskidoatle bendzn saelgibaidie minmic or a lysine minmic 15
16. The phar mageyt i i i of Claim 15, wherein the arginine mmc
or | ygi ne m mﬁc%ﬁjgeggltss%ﬂmtgl?(@ gg(g(;hr}rzbound. 17. The pharmaceuti cal conposition
of any one of RCuai Reath indepRdenvii eapeisents hbyd2Gzenryopsimn (1 ihdktlgroups a
conpound of fgrrgrul Qﬁtsg 9_Q2Th N wherein: QL is selected from-0-Q4 or

-Q4- COH, wher &P 1'8°812°C4 alkyl; @ is Nor CH and 25Q8 is aryl or
substituted aRyleprek&tsTHET B HASHUI=NIHN S ompOBLEHLOH,0H NIy ttene of O ains 1

to 12, wherel bl Sr hE YRR Mab Al BhiR R LS Bt TR0l il ik i§n 1L
10 amino acid; and
R’ represents a hydrogen atom, an N-acyl group, or a residue of an amino acid,

a dipeptide, or an N-acyl derivative of an amino acid or dipeptide.

4. The pharmaceutical composition of any one of Claims 1 to 3, wherein R!

15  represents a methyl or ethyl group.

5. The pharmaceutical composition of any one of Claims 1 to 4, wherein each of

R”and R represents a hydrogen atom.

20 6. The pharmaceutical composition of any one of Claims 1 to 5, wherein n

represents 2.

7. The pharmaceutical composition of any one of Claims 1 to 6, wherein R*
represents -CH,CH,;CH,NHC(=NH)(NH>).
25
8. The pharmaceutical composition of any one of Claims 1 to 7, wherein R’

represents an N-acyl group.

9. The pharmaceutical composition of Claim 8, wherein the N-acyl group is an

30  N-(1-4C)alkanoyl, N-benzoyl or N-piperonyl group.

10. The pharmaceutical composition of any one of Claims 1 to 9, wherein R’ is an

acetyl, glycinyl or N-acetylglycinyl group.
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wherein: B is -C(0)-COCH or -NH Q- Q7-S02-C6H5, where Q6 is -(CH2)p- COOH;
5Q7 is -(CH2),-C6H5; and p is an integer fromone to three; and r is an

i nt eger fwormomnmasiv t hree. 19. The pharnmaceuti cal pcorgsee9smes of any
one of Clains 1 to 12, wherein the 10trypsin inhibitor is selected from
(S)-ethyl

4- ( 5- guani di no- 2- ( napht hal ene- 2- sul f onam do) pent anoyl ) pi per azi ne-| car boxyl a
te; (S) - ¢t hyl Tlfe‘ﬁhﬁr‘ngié_@lmcﬁlﬂ JRipdsifich Qaim 10, wherein R’ is an acetyl roup.
triisopropyl phenyl sul'f onam do) pentpanoyl ) pi per azi ne-| - car boxy a%e;

15(S) - et hyl

1- (5- guani di ng, 2- ( 525 F 40) i L di-ng-.4-

car boxyl at e; 2S') - e?ﬂi?ﬁa?ﬁ%?g gcﬁgﬁﬁoﬁfgp fgmé %81409§B Fenm ) BIRSHhALR B
triisopr@pyprphenyC A T-DbaR) doY perylargoyie) pi peri di ne- 4- car boxyl at e;
(S)-6-(4-(5-guani di no-2- (napht hal ene- 2- sul f onam do) pent anoyl ) pi perazin-1-y1l
) - 6- 50 oxohexanoi ¢ aci d; 4-am nobenzi m dam de;

3- (4- car bam nildoy| Brearipi)ac@utoxiagpmppanal o (daindl, wherein X is hydromorphone; R!
(S)-5-(4-carbam ni doyt b | aji no) - 5- 0x0-44(R).- 4+ i )

Cpheny! mit ISRSUHFBAEK B8 SRR fin ST s g fEFR AC N

256- car bani RT chpydserapdnt NateyloPoupl 4- (di ami nonet hyl eneamni no) benzoat e; and

4, 4" - (pentane- 1, 5-di yl bi s(oxy)) di benzi m dam de. 20. A pharmaceuti cal
conposition, which conprises a trypsin inhibitor and a conpound of general

formuloa (11): 180X-THehhaMRicedtCaIR2pRINion' of ity GO ThilnR4 o NH(WRB)ei( thé) or a
pharmaceutically . acceptabl e salt thereof, in which: X represents a residue

of a pheﬁ@??lﬁu’&&l@fﬁ,de’(}\ﬁélrf@nhsotyh‘é@nhydrogen atom of the

15. The pharmaceutical composition of any one of Claims 1 to 12, wherein the
trypsin inhibitor is an arginine mimic or a lysine mimic.
15
16. The pharmaceutical composition of Claim 15, wherein the arginine mimic or

lysine mimic is a synthetic compound.

17. The pharmaceutical composition of any one of Claims 1 to 12, wherein the

20  trypsin inhibitor is a compound of formula:
1
¢ e

02\02’\ HN’S\‘O
LN

0

ZT

NH,

wherein:
Q' is selected from —0-Q* or —Q*-COOH, where Q* is C;-Cy alkyl;
Q2 1s N or CH; and

25 Q’is aryl or substituted aryl.

18. The pharmaceutical composition of any one of Claims 1 to 12, wherein the

trypsin inhibitor is a compound of formula:
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phenol i ¢ hydroxyl group is replaced by a coval ent bond to

-C(0)-NR1- (C(R2) (R3))11-NHC(0)-CH(R4) - NH(R5) ; 121 is selected from
al kyl, suwetntumesdoal kyl, aryl al kyl, substituted aryl al legirjusasoglocrngl
5substituted aryl; each R2 is independently selected from hydrogen,

al kyl, substituted al kyl, aryl, substituted aryl, acyl, and am noacyl;

each R3 is independently selected from hydrogen, al kyl, substituted al kyl,
aryl, substituted aryl, acyl, and am noaeyl; 10or R2 and R3 together wth
the carbon to which they are attached fgtm a cycl oal kyl and substituted
cycl oal kyl group, or two R2 or R3 g hs Rz adj acent carbon atons, together
with the carbon atons to which Bhey~aFe attached, forma cycloal kyl or
substituted cycl oal kyl group; n represents an integer from2 to 4; 15R4
represents - CBREEPCHONH( C=NH) NH2 or - CH2CH2CH2CH2NH2, the confi guration of

the carbon at gmd @@hiconiRd: iNaT-aliFoied grrwigsponding with that in an
L-am no acid; an 5 represents a hydrogen atom an N-acyl group, a

d R
resi due of aan i 1oHac®OE di peptide, an N-acyl derivative of an am no
acid ar di pepy de.ch9,-eda.Th& phar maceutical conposition of O aim 20,
wherein the conpound of general fornula (11) has a general forrmula (V):
,CH3 N (V) 2Boyangniggeadioacengtty thadel gndaccept abl e salt thereof, in which: Ra

i's hydrogen of.hydr : LSmR%0 (=0) or hydroxyl; the dashed line is a
doubl e bond orms¥n5%%¥E8ﬁ§Pe ' 121 is selected fromal kyl, substituted

al kyl, arylal kyl, substituted arylal kyl, aryl and substituted aryl;
h R is i I t . : I i d al kyl,
CoT Posubst 110k canErfb Sl RE S ORI RS Cithi g YRR B0

aryl, 5substituted ar I's I ndependent | y
sel ectoed typomirthydioogeciectal ftyth, substituted al kyl, aryl, substituted aryl,

acyl, and am nga ; . 0r a R3 together with the. carbon to which
Ty are att abHan sewmifhe-oa Rk SEEer R oMb ey BRI ar oup. o
two R2 orcafBx@iteups on adj acent carbon atons, together 10 with the carbon
atons to which,the e attac forma cycl oal kyl or substituted

cycl oal kyl grgaﬁgnx4%%§P%§ﬁﬁfgﬁgﬁﬁinteger from2 to 4; R4

r epr esentusisofebRBHR RN LembIpMZn 9T pipeiaia (-2 G2, the configuration of

the carbon atomto which R4 is attached_corresponding with that in an
L15am®no aci d®)=thy! 1-(5-guanidino-2-(naphthalene-2-sulfonamido)pentanoyl)piperidine-4-

carboxylate;
(S)-ethyl 1-(5-guanidino-2-(2,4,6-
tritsopropylphenylsulfonamido)pentanoyl)piperidine-4-carboxylate;
(5)-6-(4-(5-guanidino-2-(naphthalene-2-sulfonamido)pentanoyl)piperazin-1-yl)-6-
20  oxohexanoic acid;
4-aminobenzimidamide;
3-(4-carbamimidoylphenyl)-2-oxopropanoic acid,;
(S)-5-(4-carbamimidoylbenzylamino)-5-ox0-4-((R)-4-phenyl-2-
(phenylmethylsulfonamido)butanamido)pentanoic acid;
25 6-carbamimidoylnaphthalen-2-yl 4-(diaminomethyleneamino)benzoate; and

4,4'-(pentane-1,5-diylbis(oxy))dibenzimidamide.

20). A pharmaceutical composition, which comprises a trypsin inhibitor and a
compound of general formula (II):
30 X-C(0)-NR'-(C(R*)(R?)),-NH-C(0)-CH(R")-NH(R?)
an

or a pharmaceutically acceptable salt thereof, in which:
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R5 represents a hydrogen atom an N-acyl group, a residue of an am no acid,
a di peptide, an N-acyl derivative of an am no acid or dipeptide. 22.The
phar macewocalo/assyposi ti on of C aim 20, wherein the compouru2@b/oz®gener al
formula (11) has a general formula (I11):

X-C(0)-NR -(C(R2)(R3))"-NH-C(0)-CH(R4)-NH(R5) (Il11) or a pharmaceutically
acceptable salt thereof, in which: X represents a residue of a phenolic

opi oi d, wher eixncbR&nANIELARN AHRARRE ofibie, WierQR eyl Y AEQ%Y Ihedr OUP 'S
repl aced by a coval ent bond to

- C( 0) - NRPh¢roliRbyqrRa) propp fHeplaged bmeRraylpgupms) to -GE)-NR &R HR '9:-AH-1- 4C) al ky!
group; I _q\@mindependently represents a hydrogen atomor a

(1-40 a::\)%g?pgrﬂ(f;ﬁuég; n rjépresents 2 or 3; 30R4 represents

- CH2 CH2 CH2NH( B=NrpIRiried ipm-alBivik OHBOMRGHMNH2Tylalhd, swbsiftatgdirratalkyh aot andhe car bon
atom t,0 %ﬁﬁltm&ls attached corresponding with that in an L-am no acid;
and represents a hydrogen atom an N-acyl group, a residue of an
ani no aci d, aecahRépt independentiNsadeyed fber hydasdenaliof, sabstianededkydcirgd, or

di pepti desubsi 6%01C1/aq:4g5r?d9£q1ﬁ()5}8512009/ 061068 23. The pharnaceuti cal

conposi tion of e dr g 2! erern the compound of general formula (I11) has
a general for mch®’(Mhdependeptly ddechd fronbiiMirdgearalieyl phistinaakatylcayll y accept abl e

salt thereof., in i ch: 1s hydrogen or hydroxyl; Rb is oxo (=0) or
hydr oxyl ;" Sﬂ@tﬁlﬁmﬁyrﬂggql@m&y%oubl e bond or single bond; 10121 represents
a (1-4C) al kyl ofgr0ai;R’ R cairtwiRB the aatboh ROoependenik wiacBpd ReRAtcsclaalkyidr ogen

atom or %né él'u-bésltlC t%ld léyclloa%gy? lél%;up,nor rtv?/(g) [iggre gsrouzps %L a j;acent carbon atoms, together
with the carbon atoms to which they are attached, form a cycloalkyl or substituted cycloalkyl
group;
n represents an integer from 2 to 4;

15 R* represents —CH,CH,CH;NH(C=NH)NH, or -CH,CH,CH,CH,NH,, the
configuration of the carbon atom to which R* is attached corresponding with that in an L-
amino acid; and

R’ represents a hydrogen atom, an N-acyl group, a residue of an amino acid, a
dipeptide, an N-acyl derivative of an amino acid or dipeptide.

20

21. The pharmaceutical composition of Claim 20, wherein the compound of

general formula (II) has a general formula (V):

r2 R O>—o
o MY
H ‘?—N R
R5N R4H
V)

25  or a pharmaceutically acceptable salt thereof, in which:
R* is hydrogen or hydroxyl;
R” is ox0 (=0) or hydroxyl;
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R4 represents - CH2CH2CH2NH( C=NH) NH2 or - CH2CH2CH2CH2NH2, the confi gurati on
of the carbon atomto which R4 is attached corresponding with that in an

L15am no woi2d10/0e6599 R5 represents a hydrogen atom a@oTNSaegloegsOUp, a
residue of an amino acid, a dipeptide, an N-acyl derivative of an am no
acid or dipeptide. 24. The pharmaceuti cal conposition of any one of
Clains 20 to 23, wherein acyl 20is substituted acyl. 25. The

phar maceut i calhecimR@%hd isQoQble BHHE LRE gfbogl ains 20 to 23, wherein nis 2.
2526. The pharmaceuti cal conposition 01g one of Clainms 20 to 23, wherein

121 is met hyl Rois seletigd fromv\lbyz@11'@!1@2?515@%@13714}32oqybﬂt%i‘be‘slalkyl arylamly  The
phar maceufi Gk dc;ﬁ)ﬂpom tion of any one of Clainms 20 to 23, wherein R5 is
acetyl, benzo ﬁ mal onyl, piperonyl, succinyl; N-acetylarginine or

N acet yI | ysi neachR is indépendepgy Se'l?t@éedrfm nvleastj g, suntrpugsi alkydrardf  any one of
daing 2 d R3 are hydrogen. 29. The

phar maceg}tﬂgisg% e’%lar)%&élftm?do%%g acgp one of Clains 20 to 23, wherein R2 and R3
whi ch are on thé R asrmdapanMﬂy mlmedlfk)yﬁhyditﬁg’e@ alihye, sphrtitutaicaditli acdl conposi ti on
of any ongbsgtutegar B, g néa 3 y\/nerel n R2 and R3 which are on the sane
carbon féima spito x}/cfa n@lf dﬁ}{é phar maceuti cal conposition of any one of
Clainms 20 to BBR m@mgatlﬁﬂwmme%bMtammdrmey)areratu&:h&aﬂnn(a&ydﬂoamﬁre nmet hyl .

wher ei n 480 At s BT R b 4f B B i R R moRERLr ey Dahen.

33. Tie phard@eebin abdhs © WHROShdy @hatatha@nonaneydbalar hibs@Otet ch‘Z&lky\l\:her ein
R2 20 and R3 conprise an electron-w thdraw ng group or an el ectron-donating
group. &Y 34, The pharnaceutical conposition of any one of CI aims 20 to

23, wherein -nl@&ggﬁtg B{%Melgarfrdrﬁzw&ect ed from - CH CHZF) CH( CH2F) -

- CH( CHF2) CH( CHEZ) 3% 1& CH2CH CF3 CH2CH( CHF2) -

- CH2CH( CH2F) - R reppp P"a LCH, Iéé?%ﬁi)@iﬁz@; cag@wa denRoOR2) . ;)
CH2CH( [ Qm%@mn of sﬁ@zghtsrqt@aﬂ%mch REE( RN amh fatinan I

- CH( CHF2) CHZCH( CHF2) - ;- CH( CF3) CH2CH(CF3) - CH2OH?

- 04204204(@@# and CHZCHZCH( CH2F) -; - CHZCHZCI—I_( c(0) NR23R24 )
CH2CH2CH( C( 0) ﬁ%)esent@@ﬁ’yd’r(%é‘g %izn,qﬂ( ﬁa@}%ﬁp, a kddidPbedh K480 a& 19 R22 and

dipeptide, an N-acyl derivative of an amino acid or dipeptide.

22. The pharmaceutical composition of Claim 20, wherein the compound of

20  general formula (II) has a general formula (I1I):

X-C(0)-NR'(C(R*)(R)),-NH-C(0)-CH(R")-NH(R’)
(1)
or a pharmaceutically acceptable salt thereof, in which:
X represents a residue of a phenolic opioid, wherein the hydrogen atom of the

25  phenolic hydroxyl group is replaced by a covalent bond to -C(0)-NR'-(C(R*)(R?)),-NH-

C(0)-CH(R*)-NH(R’);
R' represents a (1-4C)alkyl group;
R? and R? each independently represents a hydrogen atom or a (1-4C)alkyl group;
n represents 2 or 3;

30 R* represents —CH,CH,CH;NH(C=NH)NH, or -CH,CH,CH,CH,NH,, the
configuration of the carbon atom to which R” is attached corresponding with that in an L-
amino acid; and

R’ represents a hydrogen atom, an N-acyl group, a residue of an amino acid, a

dipeptide, an N-acyl derivative of an amino acid or dipeptide.
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R23 each i ndependently represents hydrogen or (1-6C)al kyl, and R24 and R25
each 30i ndependently represents (1-6C)al kyl. 35. The pharmaceuti cal

conposi t iwo 20fo/@pspoone of Clains 20 to 23, wherein one eCTRA2@m@6188S i S

am noacyl. WD 2010/ 045599PCT/ US2009/ 061068 36. The phar nmaceuti cal
conposition of any one of Clains 20 to 23, wherein one 0,R10 -VIL-N--N,

RI () of R and R3 isRl111; wherein each Rl is independently selected from
hydr ogen, al kyl, substituted al kyl, and acyl, and RH is al kyl or
substituted al kyl. 537. The pharnmaceuti cal conposition of any one of C ains
20 to 23, whePéi n birehgrmacgiticproppesimem ofd Npimi22p whergidheiomprand &f sel ect ed

from hydrg@&‘?ﬂfoﬁﬂu‘%@ﬂ)%Q%&ﬁéfé{%&ﬁuﬂ KkxJ., and acyl. 38.The pharnmaceuti cal
, e

conposition Claim eln RL I1s acyl. 10 39. The pharnaceuti cal
conposi tion of any one of Clains 20 to 23, whefdin the trypsin inhibitor is
derived from soybean. 40. The phar macti cal conposition of any one

of Clains 20 to 23, wherein the 15trypsin iRtor is an arginine mmc or
a lysine mmc 41. The pharnaceuti sition of Caim 40,

wherein the arginine mmc or |ysine 51 m nt heti c compound.
2042. The pharnaceutical conpositigprsof\agy org of ;& ainms 20 to 23, wherein
the trypsin inhibitor is a COH‘DO%_QN formula: Q O QTh N wherein:
O n |1
R

H 4?-51
R5N R4 "
5 (VD
or a pharmaceutically acceptable salt thereof, in which:
R"is hydrogen or hydroxyl;
R” is ox0 (=0) or hydroxyl;
the dashed line is a double bond or single bond;
10 R' represents a (1-4C)alkyl group;
R? and R? each independently represents a hydrogen atom or a (1-4C)alkyl group;
n represents 2 or 3;
R* represents —CH,CH,CH;NH(C=NH)NH, or -CH,CH,CH,CH,NH,, the
configuration of the carbon atom to which R* is attached corresponding with that in an L-
15  amino acid; and
R’ represents a hydrogen atom, an N-acyl group, a residue of an amino acid, a

dipeptide, an N-acyl derivative of an amino acid or dipeptide.

24, The pharmaceutical composition of any one of Claims 20 to 23, wherein acyl

20  is substituted acyl.

25. The pharmaceutical composition of any one of Claims 20 to 23, wherein n is
2.
25 26. The pharmaceutical composition of any one of Claims 20 to 23, wherein R'is
methyl or ethyl.
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QL is selected from-0O Q4 or-4-CO0H, where 4 is CL-C4 alkyl; 25Q2 is N or
CH and B is aryl or substituted aryl. WD 2010/ 045599PCT/ US2009/ 061068
43. The phworramadsioeal conposition of any one of C ai ns POTHUS288/06Wk€r ei n
the trypsin inhibitor is a conpound of forrmula: NH S5wherein: B is
-C(0)-COOH or -NH Q- Qr-S02-C6H5, where @6 is _(cH2)p-COOH, Q7 is

-(CH2),-C6H5; and pis an integer fromone to three; and 10r is an integer
fromone to thyee.The pharmdtfuticINSmPHHiSBARHY b@éf@ﬁm@%w zmh&felmsone of
Claims 20 to 23, wherein the trypsin inhibitor is selected from(S)-ethyl
4- (5- guaﬁpwlnb@lzoxlﬂaﬁﬁwamqai@wzswmybrk\éme@dars@wwqucwﬂwaz| ne-1- 15

car boxyl at e; (S)-ethyl 4-(5-guanidino-2-(2,4,
trllsopropylphenylsulfonanldo)pentanoyl)plpera2|ne I-carboxylate
(S) - et hyl 28. The pharmaceutical composition of any one of Claims 20 to 23, wherein R’

1- (5-qua ) ht hal ene- 2- sulfonanldo)pentanoyl)plper|d|ne 4-
carbo%ylg%l(gk %8%§%B§9h 1- (5-guani di no-2-(2, 4,

trllsopropylphenylsulfonanido)pentanoyl)piperidine 4- car boxyl at e;

(S)-6-(4-(5- 999 ni d’i"ﬂ] hZI‘A?[(aCG 1ca com£031t1(al O%Lzllaf%gr?eao anl}npﬁ{ﬂoafg))é/h&%mq@r azin-1-yl

) - 6- oxohexan0i'c acid’
253- ( 4- can@aﬁwhmﬂamkmhmnwﬁkc&%oxm@mﬂpan0|c aci d;
(S)-5-(4-carbaninidoy|benzylanino)-5-oxo-44(R)-4-pheny1-2-
(phenyl net hyl sul f onam do) but anam do) pent anoi ¢ aci d;
10 30. The pharmaceutical composition of any one of Claims 20 to 23, wherein R’

and R® which are on the same carbon form a spirocycle.

31. The pharmaceutical composition of any one of Claims 20 to 23, wherein R?
and R® which are on the same carbon are methyl.
15
32. The pharmaceutical composition of any one of Claims 20 to 23, wherein R?

and R? can modulate a rate of intramolecular cyclization.

33. The pharmaceutical composition of any one of Claims 20 to 23, wherein R’

20 andR’ comprise an electron-withdrawing group or an electron-donating group.

34, The pharmaceutical composition of any one of Claims 20 to 23, wherein —
[C(R*)(R)]4- is selected from -CH(CH,F)CH(CIHLF)-; -CH(CHE,)CH(CHF>)-; -
CH(CF;3)CH(CF»)-; -CHCH(CF3)-; -CH,CH(CHE,)-; -CH,CH(CH,F)-; -CH,CH(F)CH,-; —

25 CH,C(F>)CH,-; -CHCH(C(O)NR*R*)-; -CH,CH(C(O)OR™)-; -CH,CH(C(O)OH)-;
-CH(CH,F)CH,CH(CH,F)-; -CH(CHF,)CH,CH(CHF?,)-; -CH(CF3)CH,CH(CF3)-;
-CH,CH,CH(CF3)-; -CH,CH,CH(CHL,)-; -CHCH>CH(CH,E)-; -CH,CH,CH(C(O)
NRZR?)-; -CH,CH,CH(C(O)OR?)-; and -CH>CH,CH(C(O)OH)-, in which R*, R*!, R*” and
R” each independently represents hydrogen or (1-6C)alkyl, and R* and R” each

30  independently represents (1-6C)alkyl.

35. The pharmaceutical composition of any one of Claims 20 to 23, wherein one

of R* and R* is aminoacyl.
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6- car bam m doyl napht hal en-2-y1 4-(di am nonet hyl eneam no) benzoat e; and

4,4' - (pentane-1, 5-diyl bi s(oxy))di benzi m dam de. 30 45. A

phar macewocalo/assyposi ti on of any one of Cains 1 to 44PConsa®e/051w6s he
treatnment of pain. WD 2010/ 045599PCT/ US2009/ 061068 46. A net hod of treating
pain in a patient requiring treatnment, which conprises admnistering an

ef fective anount of a pharnmaceutical conposition of any one of Clains 1 to

45. 5 446, USﬁleoghaﬁﬁbxema c%inpgi}@om%yaﬁe%ftdmis zgwwhuegmleof d ai s
1-45 in the manufacture of a medi canent for treatnent of pain. 48. A
met hod for reduci ng drug”a sefﬁotentlal of a conmposition containing a to
phenolic opioid prag ~~d ihiod conpri si ng: conbi ning a conpound of

formul ae 1- Vi mnth a trypsin inhibitor, wherein the trypsin inhibitor
reduces toh& amsiRiisy ofRa user to w@meas@thﬁhemdﬂwm¢@@V@ﬂdxﬁi@mnthe phenoi ¢

opi oi d prhg?&'Ifoge%, Q%yﬁg%lstﬁthgg a&@rl, L z[%?d, Bnd R is alkyl or substituted alkyl.

5 37. The pharmaceutical composition of any one of Claims 20 to 23, wherein one

O
iJ\N/\j
of R? and R? is ) I:{10; wherein R is selected from hydrogen, alkyl, substituted

alkyl, and acyl.

38. The pharmaceutical composition Claim 37, wherein R' is acyl.
10
39. The pharmaceutical composition of any one of Claims 20 to 23, wherein the

trypsin inhibitor is derived from soybean.

40. The pharmaceutical composition of any one of Claims 20 to 23, wherein the

15  trypsin inhibitor is an arginine mimic or a lysine mimic.

41. The pharmaceutical composition of Claim 40, wherein the arginine mimic or

lysine mimic is a synthetic compound.

20 42. The pharmaceutical composition of any one of Claims 20 to 23, wherein the

trypsin inhibitor is a compound of formula:

]
Q \\ 03
Qf\j HN” 0
H
0 N\H/NHZ
NH ,

wherein:

Q' is selected from —0-Q* or —Q*-COOH, where Q* is C;-Cy alkyl;
25 Q2 1s N or CH; and

Q’is aryl or substituted aryl.
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43. The pharmaceutical composition of any one of Claims 20 to 23, wherein the

trypsin inhibitor is a compound of formula:
NH

NH,
QS

wherein:

Q’ is ~C(0)-COOH or ~-NH-Q®-Q’-S0,-C¢lls, where
Q° is ~(CH,),-COOH;

Q' is ~«(CI),-CgHs; and

p is an integer from one to three; and

r is an integer from one to three.

44, The pharmaceutical composition of any one of Claims 20 to 23, wherein the
trypsin inhibitor is selected from

(S)-ethyl 4-(5-guanidino-2-(naphthalene-2-sulfonamido)pentanoyl)piperazine-1-
carboxylate;

(S)-ethyl 4-(5-guanidino-2-(2,4,6-
triisopropylphenylsulfonamido)pentanoyl)piperazine- 1-carboxylate;

(S)-ethyl 1-(5-guanidino-2-(naphthalene-2-sulfonamido)pentanoyl)piperidine-4-
carboxylate;

(S)-ethyl 1-(5-guanidino-2-(2,4,6-
tritsopropylphenylsulfonamido)pentanoyl)piperidine-4-carboxylate;

(S)-6-(4-(5-guanidino-2-(naphthalene-2-sulfonamido)pentanoyl)piperazin-1-yl)-6-
oxohexanoic acid;

4-aminobenzimidamide;

3-(4-carbamimidoylphenyl)-2-oxopropanoic acid,;

(S)-5-(4-carbamimidoylbenzylamino)-5-ox0-4-((R)-4-phenyl-2-
(phenylmethylsulfonamido)butanamido)pentanoic acid;

6-carbamimidoylnaphthalen-2-yl 4-(diaminomethyleneamino)benzoate; and

4,4'-(pentane-1,5-diylbis(oxy))dibenzimidamide.

45. A pharmaceutical composition of any one of Claims 1 to 44 for use in the

treatment of pain.
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46. A method of treating pain in a patient requiring treatment, which comprises
administering an effective amount of a pharmaceutical composition of any one of Claims 1 to

45.

47. Use of any one of the pharmaceutical compositions of Claims 1-45 in the

manufacture of a medicament for treatment of pain.

48. A method for reducing drug abuse potential of a composition containing a
phenolic opioid prodrug, the method comprising: combining a compound of formulae I-VI
with a trypsin inhibitor, wherein the trypsin inhibitor reduces the ability of a user to release a

phenolic opioid from the phenoic opioid prodrug by addition of trypsin.

93



