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overdose with prescription and over the counter drugs

is a serious health problemw th thousands of

fatalities occurring each year as a result. The

present invention relates to pharnaceuti cal

conpositions conprised of a chem cal npiety attached

g o an acti;fpﬁmmkdﬂ%mmnmnm?mm Fgmt ally
ecr eases llikE)gE me E m 0O cause
to eﬁgg 8‘.#0 \(ﬁ{ 4

over dose or use When delivered at the

proper dosage the pharmaceutical conposition provides

FIREDROFUNVENTDONvVi ty simlar to that of the parent

active agent. wever, when the conposition s

(6N visclingt grentiogakexerdess Wi erseiRrtiopAnd e dg gounter
id 16 S/ithQnbidendd dMtagfl ing each

¢ |gosg\gl’f%’ii%lgrél%llgl}l{etg;l/illrl gﬁ)@t%g éctive agent as gso%?pcg%ncg ?ag tyﬁ%r »®

aaesulty §ha pessentdeVéntion eelateaso phamadeutigal AGEROONCOmprised of

[ 002]. ug.overdase |s a significant and grow n .
aprsmniah iy el o el € Hapifen bl Syppegneiatty
de¥Rhde e itk WE IR Qitivel RS B 8l BYerib&: or to be abused. When
consequences, or intentionally as with suicide

delivereg esthe proned dpsaige the pharindequtigtl compesition @refides thergneutic
unusual |. ent. batch .of ..a str drug . illici e
Y it B 8 by ot B Ho Vs, dblrd th lgbosition is

delwdre@ BEhigRENddsEs thegiod@tRl €asRerdode lordbusetiB@educed due to the
ubi qui tous aqver-the-counter anal gesics acetam nophen,
lwm%éueqva&wl}ltwadhﬁgﬁwq ggent gy eqneparerbtor the aelive agephdelivered
ag%ﬁ%ggh{ ed drug anong adol escents in cases of

el'rberate self poisonings (Lifshitz et al., Isr.
BAOOKGROUND J., 4(4): 252-4 (2002), aspirin is perhaps
nor e _dangerous because there i§ no antidote (Jopes,
001°” Prighayerdeipats. 54588 Cans gBd) BORRREIPPNCThe B By ggour

aPQBtALY, 0l  YhUB'S aMRRild OfswalowsPhilGatpighdul BRIGSRAAAS the
I nclude  psychot herapeuti c drugs, cardi ovascul ar

canseguences adrgimtintionalhd asrwith switidgnatterptsy  Idragdg#tionp rageidental

hypogl ycem cs_and fheaphylline (Kl ein-Schwari.z, et _al .
oBFRGE A5 IR, S pRShat) SRB Palshord it aRfR U iy Bugsers is
quRé b@mohh Wonmodratimplasesdropettat geatén thusvetdbse cases include

> overdose is averted, there appears to be extensjve

throptiaitauy oxersibeicavrier agelgesics pestapineshqn@piaestamal) erd ggpirin.
i s AR O S AL e
pbBbMREK (IBAKAEt dlgfar Med. Assobuhp4@):05520h (2008), aspisih is perhaps
rq[cgg A get:rg)gsn gggfég%gﬂ%é %S %g)%/ ggt?&)oaté t(?(?nr\]?,ts, SXE’)D) J .\/Jl“lr?elr.t 5(3):245-57
(2002).

[003] In the elderly population, drugs most often implicated in poisonings include

psychotherapeutic drugs, cardiovascular drugs, analgesics and anti-inflammatory
drugs, oral hypoglycemics and theophylline (Klein-Schwartz et al., Drugs Aging
1(1):67-89 (1991). It is important to realize that in many cases where death due to
overdose is averted, there appears to be extensive morbidity associated with

overdoses (Warner-Smith et al., Addition 97(8):963-7 (2002).



was presented for 8-year trends from 1994 to 2001. The
follow ng summari es were provided: |n 2001, there
woes/osses 638,000 ED visits related to drug BOIES20041032131
the contermnous U S. This translates to 252 visits
per 100, 000 popul ations or 0.6 percent of all ED-
visits. Seven categories of drugs accounted for 85%
of the ED nentions in 2001. The ED visits related to
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Anxi ol yti at i vés, and” hypnotics, including
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nar cot ic most frequently (narcotic analgesics-NOS, 32,196 mentions,
up 24% from 2000 to 2001), followed by those containing
hydrocodone (21,567), oxycodone (18,409, up 70%), and
methadone (10,725, up 37%). Narcotic
analgesics/combinations containing propoxyphene (5,361),
codeine (3,720, down 30%), and morphine (3,403) were much
less frequent and not increasing.
[005] Bmergency department reporting for a number of drugs rose substantially
from 1994 to 2000. These include: amphetamines (10,118 to 18,555, up 83.4%),
anticonvulsants, including carbamazepine (9,358 to 14,642, up 56.5%), muscle
relaxants, including carisoprodol (12,223 to 19,001, up 55.5%), psychotherapeutic
drugs, including SSRI antidepressants, tricyclic antidepressants, and other
antidepressants (190,467 to 220,289, up 15.7%). Anxiolytics, sedatives, and

hypnotics, including benzodiazepines (74,637 to 103,972, up 27.7%) and narcotic
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[0Y9]/ 9830484, 032ilinphetamine used in the treatment of obesity in single oral
doses of 2.5-15 mg. After the administration of a single dose of 10 mg of
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methamphetamine, a maximum blood concentration of 30 ng/mL may be observed
at one hour. A 12.5 mg dose may produced an average peak blood level of about 20
ng/mL at 2.5 hours, about 16 ng/mL at 6 hours, and about 10 ng/mL at 24 houss.
Methamphetamine urine concentrations after the administration of 10 mg are
typically 500-4,000 ng/mL during the first 24 hours. It has been reported that the
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administration by snorting or injection. Compositions have been coated with emetics
in a quantity that if administered in moderation as intended no emesis occurs,
however, if excessive amounts are consumed emesis is induced therefore preventing
overdose. These methods, as well as conventional control release formulations, are

insufficient and can be easily circumvented. Consequently, improved methods are



Brief Description of the Figures [013] Figure 1.
Synthesis of am no acid anphetam ne conjugates. [014]
wo-e@ans2424 Synt hesi s of |ysine anphetam ne conPCyES®N4/032131
[015] Figure 3. Synthesis of serine anphetan ne
conjugate. [016] Figure 4. Synthesis of phenyl al ani ne
anphet am ne conjugate. [017] Figure 5. Synthesis of
triglycine anphetam ne conjugate. [018] Figure 6.
Pl asma concentrations of d-anphetam ne from i ndivi dual
ngedadatos malse atrigs withi teiducedr potentioh foh everdpsrethet are resistant to
L%}%Lﬁl ne-d- anphet am ne. [019] Figure 7. Plasma
#Pati ons of d- anphet am ne fol |l owi ng oral

B s S ﬁtna eﬂtm,fm @gphet ani ne sulfate or

ySI ne-d- etamne (1.5ng/ kg d- anphetam ne base)
lﬂlﬁ]r dtigure EL$m%smf>amls9 acifl gmphetpmingreonigatos.as ma
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[013]y Figge d: Qﬁﬁﬁk&isafﬂseﬂne( dnplghdegind cogupdiet am ne base)
to rats (ELI SA an quSIS) | 021] Figure 9., Plasna
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@Pﬂ] %%%gt%ﬁ‘g]ﬁ& am ng@%@%ﬂ%ﬁ&a@m ﬁlggam ne base)

[018)r &Higuré BL P&émart@hyalt&)lone{ mhlnlﬁhqmmelﬁomﬁhéw{mlal animals
concentratio of . d- &da.g} 3}(1) nm nut es

o5elbt adaguistersdyf-apphef P’é‘tfieﬁ)d Siog- -?rnp etamine.

blé ysf‘lgﬁ') d7agg %mceﬁcéﬁ&aﬁowtcﬁ% BRetSieat 116 % ngSAdral

I ys Figure 11. Plasma conhcentrations o
adﬂmnrplimtoamfr@aﬁxphbtammgmdfam or helysing-dianathetaming (1.5mg/kg d-

IyS| ne-d- het or d- anphet ami ne sul fate (60
l%ﬂf‘ér‘?é @%ﬁlystlsg rats (ELI SA analysis). .
[b@(ﬂ“]FlﬁlrgurSe i—’l%smﬁ' Q:‘éﬁ@erﬁ@ﬁ6ﬁ1téfatd-&|ﬁ§hélﬁmme following oral
d-anphetam ne following intranasal adm nistration of

adniigigiratisndofadphwheiamine silfae afghbsieidempiatueing @amgks d-
mo/ k ts (ELI SA anal
T[umg%ﬁie&@&r%@ggg‘g&g%%&%n: ?afl S)ns of analysts).

[02gMHigiramon ePfa@dnlaDWoﬁ@adn@hblms ofitd-amphetmnine following  oral
admnistration of L-Ilysi ef am ne or
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f%ggl%g Si]falé tglﬁag (grl n S neS(l)Jrl -ampgg’tléjuln?nsd sulfate P}:elSjISA
?,ylgj ne- d- arrphet am ne (3 rrg/ kg d-anphetam ne base) to
ELI SA

[023] Flgure 11. Plasma concentrations of d-amphetamine following oral
administration of L-lysine-d-amphetamine or d-amphetamine sulfate (60 mg/kg d-
amphetamine base) to rats (ELISA analysis).

[024] Figure 12. Plasma concentrations of d-amphetamine following intranasal
administration of L-lysine-d-amphetamine or d-amphetamine sulfate (3 mg/kg d-
amphetamine base) to rats (ELISA analysis).

[025] Figure 13. Plasma concentrations of d-amphetamine following bolus
intravenous administration of L-lysine-d-amphetamine or d-amphetamine sulfate

(1.5mg/kg d-amphetamine base) to rats (ELISA analysis).
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anal ysis). [027] Figures 15A-B. Plasma concentrations
of d-anphetamne in ng/n. (Figure 15A), and in uM
W@ Biogsr745B), follow ng oral adm nistration oPCT/US2004/032131
L-1ysi ne-d- anphetam ne or d-anphetam ne sulfate
(1. 5ng/ kg d-anphetam ne base) to rats (LC/ MS/ M5
anal ysis). [028] Figures 16A-B. Plasnma concentrations
of d-anmphetamne in ng/nL (Figure 16A), and in uM
(Figure 1613), followi ng oral adm nistration of

[ Yﬁg‘iﬂe d4, BiRhetdftdfrafibnd ofdRAGhefintife $elelsafdtlowdng oral
anphet am ne base) to rats (LC MS/ M5

| a@mans?ﬁ@’ugsl of Pepdingitrsssuly Acapsules. asisheh deedriag | Spppsule

BT EE PEnp s il Blmebfiindfiie] 8 4l erisa

alhalysygl ne-d- arrphet am ne or d-anphet am ne sulfate (6
het am ne base) to rats M5/ MBS, - .
[@Hu %&ﬂugﬁs FoBoPlasmg, fossenfrapnons Ofaff ef@@%‘em pgpiloffgure
N r
gur ! 8@)91“1(#:%?']1 Ol?ﬁ% ni“oll()@ug% dral. %&ﬁ}mstﬁﬁgn' 8 $Mysine-d-

or al m ni stration of
amphgtsmn&- de deampitetaatine eulfatedClaimpgikg alvimphaahinat kasg) 20 rats

/ - h ' b t t LG M5/ M5
(MW%?QRXS%T? rl;iegu?:g) 192\- rBa I%I agma concentrations
[6(58 d ?gﬂ?&ef %s&ar&fn%ﬁaﬁbﬂyﬁﬁd—aﬁﬁ)ﬁ tanfﬁ'ﬂéjlri Hg/HM (Figure

gure 19B owi ng oral adm nistration of
ldA)armﬂrrbtlamMe (Flguﬂef él6B),( Blowk cpral- adlphmtatmoneof) d&b)sme-d—

h%g%ﬂfm( I@g ga%ﬁ%?/ﬁ% ffsi{? 3[(1159@ ur}?etazxgme base) to rats

(LeNsMSagkdgaghet ani ne  and d arrphet am ne in
roportion to_escal ati ng human equi val ent doses in

(428 s Figungs/ Keh-B- Rlasmetconrendrabioeyl diaowdptaming inengml (Figure

172 ?Isgliicﬁtem\éﬁglb n_{g]ﬁ%%ﬁ%'ﬁ:l 2@ | lf tllémé%% Ele%gl?xn.flnﬁsetratlon of L-lysine-d-

ampﬁa@mﬂeoar ldeangstetinsihé nYifdRs 65 nngzkg al-smplie@drdime base) to rats
a het am ne base). 6 WD 2005/ 032474
egls$)131 [034] Figure 22. Corrpar at i ve
a (LG | e
[‘E”#ﬁ HASATSALDY Pl conbdtliohs b 21 BRERERC At A (Figure
184)i wad antuMoélégunenISB),sfoll(on@mg opral- admiesteatione o dsbysine-d-

o{PRSHCHR (aTheEBIR G e LA 4EEIE SARPhRIEpIng PRiD) gp rts

e atkiyighet am ne or d anphet am ne sulfate (3
ng/ kg d- anphéetam ne base) to rats (LC/ M5/ MS A
(0344 Yigusgs. 19A-B. Plasma concentrations of d-amphetamine in ng/mL (Figure

19A), and in uM (Figure 19B), following oral administration of or d-amphetamine
sulfate (60 mg/kg d-amphetamine base) to rats (LC/MS/MS analysis).

[032] Figure 20. Comparative bioavailability (Cpax) of L-lysine-d-amphetamine
and d-amphetamine in proportion to escalating human equivalent doses in rats
(mg/kg d-amphetamine base).

[033] Figure 21. Comparative bioavailability (AUCjys) of L-lysine-d-amphetamine
and d-amphetamine in proportion to escalating doses in rats (mg/kg d-amphetamine
base).



[036] Figure 24. Plasma concentrations of
d- anphet am ne and L-1ysine-d- anphetam ne in ng/nL
w@ Eiogisra7£4A), and in M (Figure 24B), foll ow npCT/US2004/032131
i ntranasal adm nistration of L-Iysine-d-anphetan ne
or el -anphetam ne sulfate (3 ng/kg d- anphetam ne
base) to rats (LC M5/ M5 anal ysis. [037] Figure 25.
Pl asnma concentrations of d-anphetam ne follow ng bol us
i ntravenous adm nistration of L-lysine-d-anphetan ne

[034]d-FgRRkeEDaTRPatHyE Bicavaildbility (B, PRy idicadian®hetamine
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mnistratio
[D36]y diigered ZAnmiaﬂrmn cvacéiranghk gdf idrarnphesamios s and| B-lysine-d-

beagl e d 3 040 Fi 28. Pla

TR BH, (FESEP S AL g ok RS olpingifgnasel
AR YN0 4 AR o SR I o
&qﬂ@ta@ndeb&ei 13 (LCMS$IMSiagalyss. 29A— B. Mean pl asnm
concentration tinme profile of L(hd Iiﬂtamne
9%t dapisheparh #ing PBFIRHORS) &ﬁaémégA olloyyige j hplus
H%\(e’r:lbﬁéj raﬁ?m%gﬁm f& 1.yd 1ﬂ8-d3%19nsﬂﬂef5nhﬂé ro?Vcﬁ%Bﬁetamlne sulfate

usi on I n consci.ous nal e beag e

(L 5=8Y/kg [don2heingine baseBOyyaB. (LXEHS/ MBasalysisbncent r at i on

lhﬁﬂﬁaﬁé‘?ﬁs'ﬁ#ﬁﬁ it eSO g aP iR Re in pe/mL (Figure

VIBhE in M‘@&Qx@%@? foltbwreg iMr2add/ H38di3tatioc3O8 L-lysine-d-

foI ow ng or al adm ni'stration of

amphymnnae ar adrpmphetamine lfate)/(Rgnglkg daowhelanuse base to ‘rats

[043] Figures 31A-B. Individual
@&Z@E&@&ﬁ%@%&atl on tinme profile of L-Iysine-d-
[esmhatigirene7f oMeanV pRstAt CayRAMESorANiIMEI piofaéi A L-lysine-d-
(Fl gure 31A) or ora adm ni stration (Figure 31B)

apfphetamjae n@ﬂhl“éh@hépéhmn einfrAvenghs c infisioral(2 @%{Ez)e or oral

gl 2 LY S P S50 e o

ﬁ#&a)srm concentratl on time profile of d- anphetam ne
follQwi ng intravenous adm nistrati r
0403 Flgurg 28. Plasma concenﬁargon t?me profcl)le o(de gmpleletarmne %llowmg

d.lll

—

30-min intravenous infusion or oral administration of L-lysine-d-amphetamine (2
mg/kg) in conscious male beagle dogs (n=3).

[041] Figures 29A-B. Mean plasma concentration time profile of L-lysine—d—
amphetamine and d-amphetamine levels in ng/ml (Figure 29A), and in uM (Figure
29B), following 30-min intravenous infusion (2 mg/kg) in conscious male beagle
dogs (n=3).

[042] Figures 30A-B. Mean plasma concentration time profile of L-lysine-d-
amphetamine and d-amphetamine levels in ng/ml (Figure 30A), and in nM (Figure



adm ni stration (Figure 32B) of L-Iysine-d-anphetam ne

in conscious nmal e beagle dogs. [045] Figure 33.
wob@sose4toncent rati ons of d-anphet am ne fol | owremyUs2084/032131

adm ni stration of L-Iysine-d-anphetam ne or

d- anphet am ne sulfate (1.8 ng/kg d- anphetam ne base)

to mal e dogs. [046] Figure 34. Plasma concentrations

of d-anphetam ne follow ng oral adm nistration of

L- 1 ysi ne-d- anphet am ne or d-anphetam ne sulfate (1.8

30B) K GoltbwiaBP6@l alinfifiskAf) of O @ifd-£afPBstamift4 (2 mg/kg) in
- Figure 35. Mean bl ood pressure follow ng intravenous

cppicipsimgle beaghmdess (n¥her easi ng anount s “of

7 .. ne- ds; mone; or d-anph Lhe._in l e gang .
et P PP G Pl ORBFAT bRl TG Bpine-<-
afiphetahige T Gllodhd g itk ERue N edmitiolration | (Bigeti GNAYf or oral
i ncreasi ng amounts of L-1ysine-d-anphetam ne _or
agmimsiratioanitigre 3 1Bygll d-lysimefdesraphetaipigs in [qonsioys; galecbeagle

C AR . | i .
by HREHI L BuREbh dseoRlprs &SI AN B in water
[e44) mph@tresTi 3BA-B5  halividiidl mplasmiar sepcenfrihdl] fuingupSHidS. of d-
Lo&gmator ?(i{?I vity.of rats fall ow ng or&l,
HRRPIATIRG afqloNIRS  INTaVGaqUS o AdUURBRRHCEN (Tdewe 32A) or oral
- ﬂll!![!&f a r‘ a -_ C ]ﬁﬁ! . . r‘
aglgcom)t o? ac |§/|!3té ]3512 Lr%’tﬁggfg@i Wi ngmiégtﬁgdgﬂgdé%# ﬁal%goeagle
deghri ni stration of L-1ysine-d-anphetam ne or

- het am,pe (.1 hour time-.coursg) 052] Fig 40.

(4 ot B 1 AT oore s P0R | ot P REPaiBsadpllowing oral
adHigta$ioh A QR sideW-hp SRS YFRL b EGRhhine 08 EhteQl .8 mg/ke d-

L-| ysi ne- d- anphet am ne or d-anphetani ne (2 hour

amphetamingrbagy), tognaldogy05/ 032474 PCT/ US2004/ 032131

3L: Fi gu 0 .actiyity of .rat o} L.owi n
4T i A o SRR SRR o | Yeipte Rl ol QiR oral
adrhirdst@biph @If A yRhe(Bahphitarhing®r Chathpledtamine Sdl fatel (918 Bg/kg d-

42. I ntranasal bioavailability of abuse-resistant

amppetans heee)dnifemale degd- | di-, and tri-peptide
j ( NN j et
(GO SGRE5 ruymag o ol05el HAVERE A Bnion o
impdading ardounts arfdLtlysingdmniptietacing wgatf-esiph&iainG® in male and
anal ysis). [056] Figure 44. Intravenous
femag%.é%gsr abi ity of an abuse-resistant anphetanine tri-
(8Pt Fibars B8 UKH ehidleliaP BIOGH YoésSire FARMing i@hRnb® bolus

I ntranasal bioavailability of "an abuse-resistant
ingeepibntafningeeasing amounts of L-lysine-d-amphetamine or d-amphetamine in

male and female dogs.

[049] Figure 37. Locomotor activity of rats following oral administration of L-
lysine-d-amphetamine or d-amphetamine (5 hour time-course).

[050] Figure 38. Locomotor activity of rats following oral administration of L-
lysine-d-amphetamine or d-amphetamine (12 hour time-course).

[051] Figure 39. Locomotor activity of rats following intranasal administration of
L-lysine-d-amphetamine or d-amphetamine (1 hour time-course).

[052] Figure 40. Locomotor activity of rats following intranasal administration
(with carboxymethylcellulose) of L-lysine-d-amphetamine or d-amphetamine (2

hour time-course).



am no acid conjugate (ELISA analysis). [058] Figure
46. Oral bioavailability of an abuse-resistant
w@ephesam ne am no acid conjugate (ELI SA anal BSI/5%2004/032131
[059] Figure 47. Intravenous bioavailability of
abuse-resi stant anphetam ne amno acid-, di-, and
tri - peptide conjugates (ELISA analysis). [060] Figure
I ntranasal bioavailability of an abuse-resistant
anphetam ne _amno tri-peptide conjugate (ELISA
[&% yaguss 41 [I@@womr@mv@m@ft ratSrfpP%@gamr%/eaawsaa%msrrﬁw of

d
LE{Y-S ﬁg%ﬁﬁé&%ﬁ’}lg%f’ g@}%@@@gﬁﬁ;s' se)&)"El 0%2] ar[;i gure

[634] [Piguradas aitrdnaaﬂnbmdvaﬂ)aﬁﬂmyyofodbuaﬂr@mm -amgdiehAng amino

anphet am ne di - t| de gat ntai ning D and L-
aﬁ&ﬁirrﬁé %@W-P%Hi@rcg E@S@gﬁgl S SS) [063] Figs.

éﬁy Si %P e 3§ Brd @&&Q{lﬁ}ﬂh{yo&sab%e_%sﬁ%h %@Hbtﬁﬁmﬁr%mno acid-,

he tamne rn ng/nL for the serumlevels

di-Feyd tlﬁﬁdp)tl,deannjugattem@ﬂgSAoqnakysm) ntissue (Fig. 51B),

TN TRTR I (TN —————
d brai

I{e?g%l J% @;@j\_ggg%g@,s@pse) to rats. Serum and brain

tam né and L-I|ysine-d-anphetam ne
[68Tic diigurat 4 Dnkntmessal esvailebiliby of |4y nBrEegisonh Ginetamine

i ndi cated .in hesi s [064] Figure 52.
W‘P‘P‘&@‘E’ é‘(?’@gg"ﬁgg%@:étést?w P Gal act o- Hydr ocodone. [ 065]
%u g 46 Dl biiaQavilitgoif kh biuselredtasemiftdhhias tmino acid
rocodone carbohydrate conjugates, neasured as free

dﬁ?;lmgaf@(ﬁﬂbb?eﬁ evdlysis)reasured pl asna | evel s by ELI SA).

(B8 gy 47E g 0 BB ORLE Bl amphetarpin amino
defiB,di-, Rh@ Ui -peptide donjugatea $BLISH m&tlfmsl)abl lity of
ARl 165 P OS5 i s i
AnANE b Q}ﬁd@%ﬁ_ﬂéate[(ﬁﬁﬁAﬁhﬁ y§§. 56. illustrates

prepar t| on o eu- Hydrocodone. [069] Figure 57.
[[)61]usﬂ1gua’eet9 @nteqmsdtblowadabmt}aofbnbuswmlﬁwd@mehetqm@]ammo

‘e B fﬁlwra&gzgiﬁeﬁgﬁf ?)?tglu?g ng il lustrates

[l523]p Figire 00, htrdda¥al Biavailibiflyy of etlablc-RsieRan emphétbiiitie di-

Fi gure 60. Intranasal b|oavallab|llty of
reptideconiegdata contaitipg Ly wd dnemine a@ lsameas (EirISAaﬂ@alysw)
t d
g I R

aﬁlﬁ‘jﬂfeﬁaﬁﬁﬂ@ﬁﬁng/ﬁm foephd steumdevils QﬁgeSIfA))L lam&\nmgg/g for bram tissue

| ntranasal _adm nistration, asur ed
& §tBh ofdlowing oral admlmstrrarxgon ofe -? sme-c? -amphetamine or d-

amphetamme sulfate (Smg/kg d-amphetamine base) to rats. Serum and brain tissue
d-amphetamine and L-lysine-d-amphetamine concentrations were measured by
LC/MS/MS (compound indicated in parenthesis).

[064] Figure 52. illustrates preparation of Galacto-Hydrocodone.

[065] Figure 53. Oral bioavailability of abuse-resistant hydrocodone carbohydrate
conjugates, measured as free hydrocodone (with measured plasma levels by ELISA).

[066] Figure 54. illustrates preparation of Ribo-Hydrocodone.



[074] Figure 62. Anal gesic effect of abuse-resistant
hydr ocodone tri- and penta- peptide conjugates
wo eioso%d4my subcut aneous admi ni stration, neasurkBdI/as2004/032131
free hydrocodone. [075] Figure 63. Anal gesic effect
of abuse-resi stant hydrocodone penta-peptide
conjugate follow ng intransal adm nistration, neasured
as free hydrocodone. [076] Figure 64. Intranasal
bi oavai l ability of abuse-resistant hydrocodone tri -
[ﬂﬁ‘w Figerd aSpefbiratmsao rijion;raﬂds’lityrreds urbmse-aesistang e hydrocodone
: r codone 077 r anasal
PG ey, redmbitet, 88 bRt SeihoResred. plasma
le@ggb yaika) peptide conjugates, neasured as free
hy rocodone [078] Figure 66. Intranasal
[068H aF@uteaﬁﬁ |1]lh!SyI'at§3'B pedpasation of Leu-dlydréppdens odone an

9 PR bt el B B ARA el ¢ e fect

[(fo] abissee 5@311@&1@&% RSt PSRRI GISTGB-DaiHyE®codone.

conj ugate follow ng intravenous adm ni stration,

(s Brawee 58 illystraten pemetatian 0é Gly- (B EilyGgres-Hpirocodone.

SRR AR AP A BB R g i
a1l 4 aPGad e eptiddcbhjuga s BedaBred|ad ffed hgdmcodone.
bloavallabll|t of an abuse-resi stant hydrocodone

[(73ht Higupe li: déna,lgeﬁua fffest qfeakuseaasigantf pydrocodone tri-peptide
|
RAERE Rt g jodisaL AR oblion, WEEARAAE bee hydrgoodone, |

[zt Filmre 6D) Agaligesic rffestusfeabuae-résistant hydraodoon &i- ddd pdta-

2005/ 032474 PCT/ US2004/ 032131 [083] . Fi qure 71.
PPPYea $9RIBatET ORIV U warzﬁpu%l njsirafiQn, o preasured as free

Rggg&ﬁggone tri- and penta-peptide conjugates,
asured as free hydrocodone. [084] Figure 72.

[(Wﬁ] r Ftpsal63biomigesicatfidct tof @hs@cms@@m dyilmcadone penta-peptide

cP e PR e BB Ry byt AR AN 0.

(16} a\Fagdr@Bnl Irwmcsfal amaaéiwéﬂrty of lasm%smﬁkrw&@mne tri- and
pent a- peptide conjugate, neasured_as free
pnvtarme@&m@uqa@@;apew wdras freg hydiocpdanenous

i I
A 2] kel Ba0NBRe] 57 BLAT (Ut BARHARER
pEﬁétg*yeptuYéc_onjug‘atee;I}asahrddj as&ealthlydimbdctr%e gf an
se-resi st ant OoCcoO | de Co u e, .
(28] Fisstie 66 Ifl%r@s%ﬂa?qyegﬁgﬁef [abs%y egisiant By J@CO ¢ pn amino
aBid0aYRIn kéf, 10t oRle AL YRGS 'a§h@9h &xé&&aedone

penta- pepti Conj ugat €, measur ed as free
0@&3 r Fegulered. A[rﬂ@};lcFﬂ:fM ef 7abns¢-resistané dyidrocodone penta-peptide
cgrlg%gf\i/tg Ifcl)lﬂ)wmg r}{ra%no%g a&m&jnslsGtrart%%! r?ltegsrl]ltredh s%e%%%glgoncce)dér{é

[080] Figure 68. Intranasal bioavailability of an abuse-resistant hydrocodone tri-

peptide conjugate, measured as free hydrocodone.
[081] Figure 69. Intranasal bioavailability of an abuse-resistant hydrocodone penta-
peptide conjugate, measured as free hydrocodone.
[082] Figure 70. Intranasal bioavailability of an abuse-resistant hydrocodone tri-

peptide conjugate, measured as free hydrocodone.
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pent a- pepti de conjugate, neasured as free hydrocodone.

[090] Figure 78. Intranasal bioavailability of an
w@bws®3xesi st ant hydrocodone penta- peptide coPgTIY81084/032131

nmeasured as free hydrocodone. [091] Figure 79.

I ntranasal bioavailability of abuse-resistant

hydr ocodone penta- peptide conjugates, neasured as

free hydrocodone. [092] Figure 80. Intranasa

bi oavai l ability of an abuse-resistant hydrocodone tri -
[088pt F@ﬁra‘:’@hjlﬁ@ﬁia@aldﬁ&h&llﬁﬁuh’gr &F gbude-tesissaiddrocodarurie dnd

as free hydrocodone. gQSé F# gure 81. Intranasal
P%’r%ﬁ%ﬂ%ﬁﬂ“ﬁ?*ﬁs Sreagyred gt Hee hwlipeadgne. hydr ocodone

i
Qeg?e Q‘F%’g%?i 'H_ﬁ»gﬁﬁlgbgg? %? r?tﬁ\gsaeﬁrggla{aﬁfe hydrocodone penta-
p@trdavcanjhghed infepsuaed amfre&ahmbecrodenest ant hydr ocodone

[q%gﬂt %&}Eﬁgﬁe &19 ?3@5%1] al 'fagllgg 0 el?ugg zgsfés,rtglﬁ hydrocodone penta-
ﬁ%@%&@h%ﬁbhh&%w&ﬁa@ﬁe@ﬁ%ﬁ%c&ﬁﬁkstant hydr ocodone

pent a- de conj ugate; neasured as free
[GSﬁbIr Elgunk)’h‘le Int[r%ﬁﬂxusiiblgwada’&my ofdrr shae-agsistant hydrocodone tri-
ava| lahilit E@ g eS| t ant hydrocodone pent a-
p??é cgyue Fﬂ%ﬁ%’("@gas q3¥e §‘efree hydr ocodone.
[dsep 7i~“1gEfeg s, exn%nashnblba&haﬁaﬂup b%ﬁadbhéélfdsistam Qb dRBodone tri-
abuse-Tesi stant hydrocodone penta- peptide conjugate,
pepsids gpriugats, theasurelyd fige bpidneeodone. WO 2005/ 032474

ST AR 45 SFer iom iy o, el pisyhiibiRchBlrSBodone pente-

thaeblgngatégnﬁé‘e@ure%@@]ee hiy@roe&iché. Oral bi oaval lability
abuse-resi stant_ hydrocodone gl yco-peptid

[0§8h j figuree 4. Intaasakbiogwailapiity ﬁyaﬂ&@aw?élstqni dygiroepdaneetri-
i resi st ant
pﬁgﬁ?ﬁ%@%&?gﬁgﬁgﬁg&gg%@ cra€2ﬁ§g§§?§ conj ugat e,
[0898h sBigart s Iftramesah }bmaomtaﬁdttg of pd Biftjsefresjstaret iyBrocodone penta-
illustrates nucle & nj ugation sites. [103]
DeBH COM GRS RPN B8P SF FABPPIGaeT o 1 s 1 or

[00Y I Pispelone M%ana%gl’:g'%!wiﬁbﬁft ?f aﬂﬁs%ereﬁétaHQBWbcodone penta-
approxi mating a th eutic uman dose equi val ent

qmdsgmedgai@s,mee@red] @ﬁ:lmmdo{mqoq Figure 91. Oral

(08 0. et SR RiRLS R BUPREsn ArbroRala -

peplide cOguiMatNiinIRITUAE U-i86més aaeashwdragetw:ememcb&&&d
F| ure 92. Oral bioavailability in rats for ‘
lgjrfigMe Inpranasplpiopyailebily @bamabuse-resigtan frydrocodone penta-

p&%@ﬁég&gﬁh rﬁ?eagulteﬁ% AREHYdGodbRn dose equival ent

asur
[094] Figure 82. Intranasal bioavailability of an abuse-resistant hydrocodone penta-

peptide conjugate, measured as free hydrocodone.

[095] Figure 83. Intranasal bioavailability of an abuse-resistant hydrocodone penta-
peptide conjugate, measured as free hydrocodone.

[096] Figure 84. Intranasal bioavailability of abuse-resistant hydrocodone penta-
peptide conjugates, measured as free hydrocodone.

[097] Figure 85. Intranasal bioavailability of an abuse-resistant hydrocodone penta-

peptide conjugate, measured as free hydrocodone.
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hydrocodone. [106] Figure 93. Oral bioavailability in

rats for hydrocodone vs. DDI-HC at a dose (1 ngy/kg)
w@ppsoxi4mat i ng a therapeuti c hunman dose equi vaP@mnuUsS2004/032131

nmeasured as free hydrocodone. [107] Figure 94. Oal

bi oavail ability in rats for hydrocodone vs. YYFFI-HC

at a dose (1ng/kg) approximating a therapeutic human

dose equi val ent neasured as free hydrocodone. [108]

Figure 95. Oral bioavailability in rats for

[088]r diégutoneBov s illiskEie - Hitbmtraton dofS e 1253 4rdi-gisopropylidene-D-

aggroaching a human overdose equi val ent neasured as

2RlagOPYIPscodone. [109] Figure 96. Oral

[ﬂ)(ﬁa\f@gdr@ 187! Dby bidavhiBlbit) OF abYlBGNERNS dYSoodd glifbo-Bbptide

a dose” (5 ng/kg) approaching a human overdose

ceqjugstes, entaswned syifrecihyalsodadene.hydr ocodone. [ 110] Figure

AR A i
aBMEer dﬁa@@édhﬁ\%@fﬁ ni¥BaFed f0fréshydieddbyelr ocodone. 12

WO 2005/ 032474 PCT/ US2004/ 032131 [111] Figure 98.
(192 HgwadQi illagratesijclensides andfognjugpiioneitedone vs.

Fl- S /. '
AT e 3, Bual RS il e LA PRERe § ST C at 2
db3el@] mE/kg) aspr88mabee i Baseutic hinday dodeadyulvialeyit Mkasured as free
EEFFF- HC as conpared to hydrocodone by the intranasal
bydiocadeste: adni ni strati on measured as free hydrocodone.

3T Ei o . - ( ! "
U isle Y5 Ot bioRRRRSE Sl Aol BBcBtinc def BRRFEHIC at
dossiflen gk g)aegbpraxiimbtinet 4 iherapeatiainedarndosereqeivakytmeasndine. free
&%114 Fi gure 101. Decrease in bioavailability of
bygsoceones conpared to hydrocodone by the intranasal

t - 3 I od .
E%OP}S%%&G @Q.n@)ﬁ!i(l) gk{a%eglagﬂﬁ?%@?étﬁ £ 198rdcb&he \HYWYQ?@ a8 dose

i gure . crease in bioavailability o
gHaprroxiomtipa ree therapeuthy dnmendinse dopiveleat meerupdsal free
r(?ut edofe adm ni stration neasured as free hydrocodone.
hP' 1:f’g‘]" H gure 103. Decrease in bioavailability of

- [HOTFIFigize 83. Oppvaeslability iy ehtofe g cbiordehs. DDI-HC at a dose
(L%&@éﬁ gg;fzg{irrr?alflitng aoIhe?a%g]utri]clz ?1&1121%9 c?or;e n%%isvl;{egg n?esésgrreg eas free
hydrocodone.

[107] Figure 94. Oral bioavailability in rats for hydrocodone vs. YYFFI-HC at a
dose (1mg/kg) approximating a therapeutic human dose equivalent measured as free
hydrocodone.

[108] Figure 95. Oral bioavailability in rats for hydrocodone vs. EEFFI-HC at a
dose (5 mg/kg) approaching a human overdose equivalent measured as free
hydrocodone.

[109] Figure 96. Oral bioavailability in rats for hydrocodone vs. YYI-HC at a dose
(5 mg/kg) approaching a human overdose equivalent measured as free hydrocodone.
[110] Figure 97. Oral bioavailabﬂity in rats for hydrocodone vs. DDI-HC at a dose

(Smg/kg) approaching a human overdose equivalent measured as free hydrocodone.



[117] Figure 104. Decrease in bioavailability of
EEFFF-HC. as : conpared to hydrocodone by the
WO niosasRamous route of adm nistration neasured BST/U$04/032131
hydrocodone. [118] Figure 105. Decrease in
bi oavail ability of YYI-HC as conpared to hydrocodone
by the intravenous route of adm nistration nmeasured as
free hydrocodone. [119] Figure 106. Decrease in
bi oavail ability of YYFFI-HC as conpared to
[Tdr HegyaoA8. @yaltm@vamhﬂatvsnaaﬁ fenbydroeddong msnYéfFrFénH(é Bt a

d d 120 107.
IBRO TN EAET | e ashRhy b SED AL APHSHE mipbiet & frec
hi@eBs®Mer at i on vs. tima) foll ow ng adm ni stration of

drocodone bitratrate or YYEFI-HC at 1 ng/kg
llﬁﬁuﬂ’m«ar% oBeeregset in dipavedahilify ebEEBIEF-BIC as compared to

B s R L e
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r Sesaont00i Pﬁ%neasm én oblowriﬁblhht: oft Y¥I§kgs compared to
h&&%ﬁbd&' an, dc%ﬁgsin‘ﬂfahﬂaﬁquhyeﬂl ﬁqtadﬁfﬂlts{ggﬁ?xfgne}easured as free

roco € base) in rats, measured
h &‘I@bahmdone [122] Fi gure 1009. Oral bi oavai l abil ity of

r onor phone (concentrat.i on,vs, |l owi ng
ﬁé% HE¥S ot flon BETeRSFd D C a%wéa‘b%f i%’%‘f € eoretupged to
K «?rog:ocgﬂ/o Koy (RAUiRhaGE] IRRES §f taanﬁﬂié&m&r@ %egsafgderas free

one base) i n rats, neasured free
th@cmimdone [123] Figure 110. Oral bi oaval lability of

Wﬂg%?golgg n]g%p lﬂgec & Ogﬁlpg{)aﬁ%ﬁﬂ@ Cﬁn mg&g as \clzompared to
h?diﬂbf:@ddn@t ®yOlthe Yi¥fofahadadC Afute? &0/ amnﬁﬁﬁuﬂusml RbaifieSas  free

th equival ent content of hydrocodone base) in rats,
hmémsmé as free hydrocodone. [124] Figure 111. Oral

it r €O trd v
(PGt b RACADGS 200 RO Sompared
hbdrotedonat 8y OtheY hirhvehiuatrodtenpfk gdmimistation| ateasivedsas free
W|th eqw val ent content of hydrocodone ‘base) in rats,

-as free hydrocodone. [125] Figure 112. Oral

it r ( [y
lﬂ@e}f?é“#@%wf’neg&é PG cMpared to
hipdrocatonat by otheY Y  vehiisatrogtengf k gdmingsjuation| arcasivedsas free
%th gw val ent content of hydrocodone base) in rats,

[118] Figure 105. Decrease in bioavailability of YYI-HC as compared to
hydrocodone by the intravenous route of administration measured as free
hydrocodone.

[119] Figure 106. Decrease in bioavailability of YYFFI-HC as compared to
hydrocodone by the intravenous route of administration measured as free
hydrocodone.

[120] Figure 107. Oral bioavailability of hydrocodone plus hydromorphone
(concentration vs. time) following administration of hydrocodone bitratrate or
YYFFI-HC at 1 mg/kg (equimolar doses with equivalent content of hydrocodone

base) in rats, measured as free hydrocodone:
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free hydrocodone. [126] Figure 113. O al
bi oavail ability of hydrocodone pl us hydronorphone
W@ camsosars ati on vs. tinme) foll ow ng adm ni st r ap¢DOSWN4/032131
hydrocodone bitratrate or YYFFI-HC at 5 ng/ kg
(equi nol ar doses with equival ent content of
hydr ocodone base) in rats, neasured as free
hydrocodone [127] Figure 114. Oral bioavailability of

drocodone (concentration vs. tine) follow
[ ki Higeee 408 oR @t bingvailebibith o€ Imichati%ﬁ @oaﬁemgm Vsictime)
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[183] h Fegpué vEIGe nOrad ohiloemﬂabﬂltﬁyccfr dudsnéoneh pius) hiydrommirghone

d f d
(EPORFRPRDTY | E RSP OO TETh CEr GG Siitate or
YWrmHc#12 /i ?zegﬂﬂi‘ldlb S4dsas Wath &Luﬁ%léﬁt%ﬁf&ﬂ ®f hydrocodone

bitratrate -or HC at .25 ng/ (equi nol ar doses
beded in rtsmeasused ascier lardroceflons dr ocodone base)' in rats,

@is i ede aﬁﬂ | Hra?lelfu%%\g% ﬁgs?%ﬁohﬁh%’%c%hofé g I:Ha%on(% time)

ty o conce |on Vs

féliowihg dd@dihidwhtivch ad nhyﬂr@doﬂaﬁe Qiiltralfat@}dirmﬂm at 2 mg/kg
bitratrate or YYFFI-HC at 25 ny/ kg | ar doses
(wutraolea@?%M@wteqesme@ﬁfwwntmf@wé@sa%qt@a  1ptg, ggsyred as

ﬁnégﬁg free hydrocodone. [132] Figure 119 O al
val abl]lty (AUCo- 4h) of hydrocodone pl us

[1254r GigmrehdDeOrfat biveeailabiity of hydrontopkine (copeanpetien wn time)
d fall I ni St . f h
i R R LR i S

@fﬂﬁn&& A8k Frith e%lqwamlt %nt&ﬁ%ﬁ%y&&dchd&ﬁ%a‘éé}' 8btsCRABASARK as
hydr ocodone base) rats, nmeasured as free

fieg Yydrooetlome. [ 133] Fi gure 120. Oral bioavailability
AR 1 GACRARDRBUE o YSEBTRABESI By
(concentration vs. time) followmg administration of hydrocodone bitratrate or
YYFFI-HC at 5 mg/kg (equimolar doses with equivalent content of hydrocodone
base) in rats, measured as free hydrocodone.

[127] Figure 114. Orai bioavailability of hydrocodone (concentration vs. time)
following administration of hydrocodone bitratrate or YYFFI-HC at 5 mgkg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone. | A
[128] Figure 115. Oral bioavailability of hydromorphone (concentration vs. time)
following administration of hydrocodone bitratrate or YYFFI-HC at 5 mg/kg
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adm ni stration of hydrocodone bitratrate or YYFFI-HC
at escal ating doses (1, 2, 5, and 25 ng/kg -

weowsosd4zd doses with equi val ent content of hyPeDUSINONE32131
base) in rats, neasured as free hydrocodone. [134]
Figure 121. Oral bioavailability (Crax) of hydrocodone
pl us hydronorphone (concentration vs. dose) in
proportion to dose follow ng adm nistrati on of
hydrocodone bitratrate or YYFFI-HC at escal ati ng doses
(¢quimplar Spsea rvd thi2&uingldry contenofiyldenrcodasctsasel ihfrats, measured as
%%g]iéﬁal egt content of hydrocodone base) in rats,

o8 free hydrocodone. [135] Figure 122. Oral

[M%a\ﬁédr@biié.t Drdl CBRoaVaifhility 60 RARNB AR Slus hydromorphone
hydr ondr phone in proportioh to human equi'va er¥t é%srgs
(couepitration| v tiyendoilowingr admioistration 1§ WerdgRlohe Itrauate or

PRI A SSRGS ERLES, SR ST

bdes @S ra, nltafigbd ¥ofredThydzedtiaens. of hydrocodone base) in
rats, nmeasured as free hydrocodone. [136] Figure 123.

(13- &¥gme ud 7biQsaly hicrwsilability off hysdyenodonel ¢emmepituation vs. time)

. £ ..an FEl - HC (¢concent r atd tjne)
O BB B SYlakorotiond, SARGEBL SR PRFIAL, pL 2% e
(SQifmblaHdosts whth@fulkehl drt GunteRt dhydfee8onW Bale)Eid hié dneilured as
content of hydrocodone base) in rats, measured as

&ydpgedas€odone. [137] Figure 124. |ntravenous :

a [ 0 .
(PHC AR L G Bipa PR3 X1 o FRRBHR Bhhiukon vs. ime
follawiag r alneinistratiod-lof -Hydrabddnenhitiagrate| of| W YBFRHCas @S mg/kg
wi th equi val ent content of hydrqcodone base) in rats,
(crmizplap foses Wity eqbt 6%8@%%3/?@8 o1S; Rse)gin ois, measured as
fleBhiy@ehmise, bi oavail ability of hydronorphone
(concentration vs. tine) follow ng adm nistrati on of
(132 fegydond 19i t Onalr dbieamilaM¥iBF| (AUCatin)1 ofy/ kgglrocodone  plus

| mgl ar doses w.th equiyalent content of .
A HsERisB ey iR, S6. bty oRSHop tp dose following
alinti 9L6d0 ¢ hylrbd8dorkel tat#iteatd 36 Y YFRIIIO a6 @dcalating doses (1, 2, 5,
bi gavai | abil 1ty of hydrocodone plus. hydronorphone

an¢ g dRe(ke atadyimelar desepsyitl equivalpricontent f bydreepdsmedtase) in
r{iéé/%e%ﬁ%@g?g@é ﬁi(ﬁb&?fﬁ)ﬁe.or. YYFFI-HC at 1 np/kg
qui nolar dosés w equi val ent content of

[133dlr Bignoond20.baOedl ibioaallabilityeagAiegads i elgydrocodone  plus

hydrocqdone, [140] Figure' 127. |ntranasal .
hyfromoERNone; i (RORTHAR di% dBEH opeisAleBht daes JRIER), following

; ; Ry r,

oLk NIRRT b I ERERRe gors 12,5
and 25 negfkg v aqeimolandeses twith equjvhiadt adoteat bfibgdrocodanattase) in

neasur ed. as
rats, mieasuted as free hydrocodone.

(134] Figure 121. Oral bioavailability (Cnax) of hydrocodone plus hydromorphone
(concentration vs. dose) in proportion to dose following administration of
hydrocodone bitratrate or YYFFI-HC at escalating doses (1, 2, 5, and 25 mg/kg -
equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone.

[135] Figure 122. Oral bioavailability (Crey) of hydrocodone plus hydromorphone

in proportion to human equivalent doses (HED) following administration of
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free hydrocodone. [141] Figure 128. Intranasa
bi oavail ability of hydronorphone (concentration vs.
wa 2owsp3fed | owi ng admi ni stration of hydrocodonePCT/US2004/032131
bitratrate or YYFFI-HC at 1 ng/kg (equinolar doses
wi t h equi val ent content of hydrocodone base) in rats,
nmeasured as free hydrocodone. [142] Figure 129. Oa
bi oavai l abil ity of hydrocodone pl us hydronorphone
(concentration vs. time) follow ng adm nistration of
hﬁé@ﬁ@@cﬁ@dn@atmt@ pairERHE-HE at vxmiatingdoges @, @g/Sk gnd 25 mg/kg -
ch e YRR St} el B Bl F g Bosef p rots, measured as
ﬁ&y@,@@@&g@@ 16 MD 2005/ 032474 PCT/ US2004/ 032131

i % Figure 130. Oral bioavailability of %ljdrocodone
m dntrguenoyy bipgvailpbilifyoof glregedprg Blup Ayiliemosphone

o P05 o Yoo P, b B yavocodone
bttyaﬂxra&coﬂmmaae)at I INmigAtes (equiaslar’ @okes switll e@@valent content of

h drocodone, [144] Figure 131. Oral bioavailability of
cofase H%?ﬁéﬁ{%meéﬁ%fﬁ%@ﬁ fee wdrogad, ﬁ@t) fol | owi ng

'i“ln%.\}i 4k OfhtQe grﬁ]&%‘ﬁgﬁhw hf ﬁg 091% X(Yﬁ:é: #gﬁgbn VS.

(equi rm doses Wt uiva ent con
tmfe) Hyltsvoiag ddméniftession dfrhydaicsdonaela&uﬁrad oa Y YFWI€4C at 1 mg/kg

%OC Og%gg "‘B{htfélslﬂ?gﬂ‘gur i 12}%@3’%0&8 %aﬁéillp g%IS,l\,llggasugd as

g\r;amfcgddngvm ng adm ni stration of hydrocodone
atrate or YYFFI-HC at 2 ng/ kg (equi nol ar doses
[1/381 h Fegyué V24. dntlramqmsebibav;ﬂlab@d@br oClydwermorphasefconeentratien vs.

R R A R R S GROfee OREURCY S Y G At 1 mafke

(dquitBolar H&ek Qi) uﬁ@[ﬁnﬂ b&{téﬁtdf%?’dﬂfcomﬁ ©daRSs, measured as
bitratrate or FFI - HC at kg (equinol ar doses

figk bydiogedonal ent content of hydrocodone base) in rats,

PSSRSO B Brions

(déjnﬂa)tratlbﬁl drsovum@ &dmmngtichﬁmﬂﬁa@(ﬁn h’fdhl @tfiﬁﬂﬁe bitratrate or
itratrate or a ui ol ar

Yy Rt ameie @amlgqf%r éﬂseﬁ% %awﬁ%ﬂwgg?p iog ?‘ygriogodone

%E%oﬁwafsd uréd ?Wgﬁ)&&@gﬁ@ [148] Figure 135. Oral

avalf |ty rocodone pl us hydronor phone
[{40bn Eigure dQV omtvamasal i rejvailebilityviof ghyledodose r(eenicentrafon vs.

G RO B ErPRie Siropdf ot iRt oF Yo HITHC at 1 mgike

(MEhAEPERBE with equivalent content of hydrocodone base) in rats, measured as

free hydrocodone. '
[141] Figure 128. Intranasal bioavailability of hydromorphone (concentration vs.
time) following administfation of hydrocodone bitratrate or YYFFI-HC at 1 mg/kg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone.

[142] Figure 129. Oral bioavailability of hydrocodone plus hydromorphone
(concentration vs. time) following administration of hydrocodone bitratrate or
YYFFI-HC at 1 mg/kg (equimolar doses with equivalent content of hydrocodone

base) in rats, measured as free hydrocodone.
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base) in rats, nmeasured as free hydrocodone. [ 149]
Figure 136. Oral bioavailability of hydrocodone
W@ ewnoenrs ati on vs. tinme) follow ng adm ni st recT/082004/032131
hydrocodone bitratrate or YYFFI-HC at 5 ny/ kg
(equi nol ar doses with equival ent content of
hydr ocodone base) in rats, neasured as free
hydrocodone. [150] Figure 137. Oral bioavailability of
hydr onor phone (concentration vs. tine) follow hg

[&‘éﬁh Migweat3lerOret bippurilrbdit et bydrp%ﬁdpa% écwemnmp Yic time)
4 2
Py EriEAnghal ARG B TIR o 1 moe

Byt mole WoBe Wits equivdlert &bﬁt@nﬁﬁﬁ@dﬁ@ﬁ)dame bdse)im rats, measured as
hydrocodgne. [151] Figure 138. Oral bioavailability of
TrRpdiv EsQaoRs. pI us hydr onor phone (concentration vs.

[gh{'je )Fléﬁjt el F \Q@ﬂi %@E’(Q&'}l%ﬂ Igﬁﬁ 8{3%10 atlo% s, Stlme)

folldvingq udmahmhoxm osft aydrooddony dritcatvatener YOASSHHC natr at mg/kg
measured as free hydrocodone. re, 139 al
(B%g\%ﬁf |9QB5S| with, C‘BFX%VH PSE*&HB%‘LY(%E%‘;?Q%‘% Wa(;smeasured as

rodo@bdW Ng admi ni stration of hydr ocodone

atrate or YYFFI-HC at 25 (equi nol ar doses
[\M5]h Kiguiev aB2nOralo Mcawaila}ﬁlituyg% omoh!moéobmﬁ\)ls |hydrfamsrph0ne
neasuy ed as dr ocod
ErBRUaTIB NP EPeSroNaPenaTBRETETOb oo SR PRedbgR pifefute or

YVPE)IHC & b Mg/ Y% 'géqiﬁihﬁla? {dbsdsi With %ﬁuﬂﬂéﬁp&ﬁﬂ&ﬂ &f hydrocodone

bitratrate or HC at 25 ng/kg (equinolar doses
haise)in safsimedseied ag &re Bydroeddonpdr ocodone base) in rats,

[gﬁ@; %gr a ?1{(?/ Fkt%gai%?ﬁt&nﬁ/ B&oco gﬁgg(g{ir?ceﬁé&tlonoilgl time)

foMewBigD bmhﬁﬂf&ra(ls@rksiehycﬂmbmdﬁﬂevmtrada&ea)r iYW RFIGECr 6 @nmg/kg
to dose follow ng dm nistr éall‘ of hygr ocopdone
(taimgkar dogesgw ity VAl PR capicate PoRGoRsRES) pyratsymegsured as

qw%g)cr(‘gg ]? equi rml ar doses with equival ent cont ent
dr ocodone base) - rats, neasured as free

[hﬂlr dhgut@rilém ptzﬂ5110ﬂagablhtﬂdﬂhyﬁombmhpoamnbaﬁralhpnyvs tlme)

e PR ke BoBosibas MH0RE PR FIEHCom Agmere

( 'la?td'&)@és' With @imhal&[t%ﬁ@ﬁﬂ@f Wy drb@dons Bas@} inYréks tnebiired as
escal atlng doses (1, 2, 5, and 25 ng/kg -

ﬁmhmdmoa omfpses with equival ent content of hydrocodone

L 1 L A T

(pbruntiyibmoRver fieh efollowing administration of hydrocodone bitratrate or

-.«
-’

YYFFI-HC at 5 mg/kg (equimolar doses with equivalent content of hydrocodone
base) in rats, measured as free hydrocodone.

[149] Figure 136. Oral bioavailability of hydrocodone (concentration vs. time)
following administration of hydrocodone bitratrate or YYFFI-HC at 5 mg/kg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone.

[150] Figure 137. Oral bioavailability of hydromorphone (concentration vs. time)
following administration of hydrocodone bitratrate or YYFFI-HC at 5 mg/kg

17



(concentration vs. dose) in proportion to dose

follow ng adm nistration of hydrocodone bitratrate or
WOBE03HEG at escal ati ng doses (1, 2, 5, and 25remUkmo04/032131

equi nol ar doses with equival ent content of hydrocodone

base) in rats, neasured as free hydrocodone. [157]

Figure 144. Oral bioavailability (Crax) of hydrocodone

pl us hydronorphone in proportion to hunan equivalent

doses_ (HED) fol | owi ng adm nis ti o
(CouBis 2% WETPUISIIEY COB's ﬁ ]) i tefsgmpeaguged as

Pl iR bable. @t escal ating doses (1 2 5, and 25 ny/ kg
- equi no Far doses with equival ent content of

[a§Hr ddguené3fairyl ibvavailabilitye af uryeldocadond rdes hydromorphone

hyd d 45. t .
(swp%ﬁ%? oty oy Use sdBRisBRES iy By Sherdons itrpig or
Ucat(@g%ﬁ{é; ﬁﬁ infilarVdosed WilR)eqhRbaleBWedtent of eldrocodone

adm nistrati dr ocodone bltratrate or YYF
tase) in mag#, kgea(sm@dlanﬁeahydmgekmw th equival ent content of

éﬁr 8@%@%2@35) ﬁ@g]blqgva@qt,bzﬁngaﬁﬁﬁegﬁgﬁzfﬁ(gnecentration vs. time)

fGn@w@ h&ﬁitﬁdﬁaﬁo@fomyh’r@é‘dadﬁé‘ Ditc RS VP VIFFRBY St 25 mg/kg
| owi ng adm nistration of hydrocodone

(qumlacrabeesothWalm cgntent pighydgocodengibans) by ratfp Hegsured as
éﬁ\a&e q:wdval ent content of hydrocodone base) in rats,
ANIRIT free hydrocodone. [160] Figure 147.

LEL qwgﬁk@umob RaVibavallbbilityy o Oliydiyrelolion (@heentration vs tlme)
%concentratlon vs. tinme) foll ow n% adnmi ni stration
@

qum@oa@ﬁ@nsﬂamatqfah@r@@demﬂr tor 1Y yFF|HIC at 25’ mg/kg

(GO Bles PG St Bne oL AN GQI0 DY) i rats, measured o3
Mﬂmdﬁﬁ [161] Figure 148. Intranasal

58h cBiea: 14" VGl (e RO RS WD Geth 1o PRRGHoge  plus
}{jbﬂgd' %gﬁ&{@ RohéAthahe . d¥sdhFlin (?:brti'od'r%k @ose following

[ar doses with equival ént content of
diydnistatitonel hiskieelona bitzatrete areR¥EFeHCagt dsealating doses (1, 2, 5,

SRS o850 G e RO gem s
%tsnﬁ}:ag‘ueéd ﬁvﬁda;glyaghvom)@t ration of hydr ocodone

tratrat YYFFI - HC at 1 | d
63t alaé%pi alnt @hi SiemaHahiyGr oCUIGRS baE easm%’s&@ plus
TR AP 5360, APl i oy i

e(d@rﬁm@ﬁdiﬁdrﬁtbﬁ h‘miru&doné bm)rafecﬂrlmﬂgflﬁdm ascalbting doses ()1‘ 2,5,
hy drocodon es%gtg{@ d?)tﬁeese‘%hp \\%}fg:a}l(en‘b S?Ht%tﬁ't rpé,éykdgocodone base) in

aeé%egsﬂm RRI/UrdBdéRL S, Mmeasured as
[156] Figure 143. Oral bioavailability (Cmax) of hydrocodone plus hydromorphone

(concentration vs. dose) in proportion to dose following administration of
hydrocodone bitratrate or YYFFI-HC at escalating doses (1, 2, 5, and 25 mg/kg -
equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone. | |

[157] Figure 144. Oral bioavailability (Cmax) of hydrocodone plus hydromorphone

in proportion to human equivalent doses (HED) following administration of
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free hydrocodone. [164] Figure 151. depicts oxycodone.

[ 165] Figure 152. depicts oxycodone with |ysine
whe@sosmm pepti des. [166] Figure 153. depi ct SPEI/US2004/032131

gl ycosyl at ed oxycodone. [167] Figure 154. depicts

formation of an enol ether with serine. 19 WO

2005/ 032474 PCT/ US2004/ 032131 [168] Figure 155.

depicts niacin and biotin. [169] Figure 156. Oral

bi oavai l abil ity of abuse-resistant oxycodone

hydroapdamethitratepte of YPERITIE 8 spqalabneclosesda2udeand 25 mpglke -

. . P . . Lt
NGRS A R Snk oo a0 Bl Bl o
fiee hyd@abdshe, measured as free oxycodone. [171] Figure

158. Oral bioavailabi]jity of. abuse-resistan xycodone
(478 uFégure &ﬁ%&ntrﬁvqng%bﬁoa@ﬂ@@maéhéwq%a%afu_é33Y§gom ne
aﬂ%WﬁﬂjﬁC ({c&ﬂ%ahtrgﬁ&y L8 tAnd: foflhb@inLhRANAHLARM ok ngodone
abuse-Tresistant oxycodone di substitute tripeptrde
biteatjateg ad &Y FRTEAC wateld napgkd (ezeinoodyc dosenewith F@ivalentgooment of

160. al. bigavail abili f abuse-resistant oxycodone
h&&@ﬁ%@%qetb@?@dn ral“?&i“}?)"é*ﬁ’t“ieélés g?)‘?ﬁ%(fgﬁ B measured as free
[gﬂgg‘?@?@ﬂ%;frﬂ}a‘/@h&ﬁr BiodRdabif bt _lh?'@l@)\é@ddréb(cbhée‘{mﬁﬁon Vs.

esi stant oxycodone .disubstifuted tripeptide
tinos) jfollestiag, admasistmatan efshydravedong/bitatate or [ IVEF1-BCqirlemg/kg

162. Oral biaogvailability of abuse-resi.stant oxycadon
(ESaelet fpirsents iR ciRte R R Rl e pa B SR o
fRENGRB&onel 176] Figure 163. Oral bioavailability of
abuSe-resi stant oxycodone di substituted tripeptide

[tej Figured47 Matrevaneds hivayailability 9 byl pmorghong (concepiration vs.
164. al bi.oavajl.abi|d f - i St

3 o Ping AR B 01 oD Bk 1 e B AtOR e
(6quiFOP A6ses [whlBEquirvgett Rofltet ofyatodotoma/adskpdni tats] seadured as
abuse-resi stant oxycodone di substituted tripeptide
freshydipapdane. reasured as free oxycodone. [179] Figure
[é@ubs |% ul? Eaﬁﬁ?"?‘}“%zé’i“?a éem%gl#?ugat gg@ﬁégggiruesd as fregOne
(concentedion. v§.186ik) HoJowinglédtninBtationi afahpdioadddnet hitrefrate or

SRR ke LS B L SRS P e
bégb‘; in fA@mdAk@aY 8k F8Oh{drb¥odehe.abuse-resi stant oxycodone

I Substi'tuted tripeptide conjugates, nmeasured as free
[163]c ddgne. 149. Intranasal bioavailability of hydrocodone (concentration vs.

time) following administration of hydrocodone bitratrate or YYFFI-HC at 1 mg/kg

(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone.

[163] Figure 150. Intranasal bioavailability of hydromorphone (concentration vs.
time) following administration of hydrocodone bitratrate or YYFFI-HC at 1 mg/kg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone.

[164] Figure 151. depicts oxycodone.

[165] Figure 152. depicts oxycodone with lysine branched peptides.

[166] Figure 153. depicts a glycosylated oxycodone.

[167] Figure 154. depicts formation of an enol ether with serine.
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[182] Figure 169. Oral bioavailability of
abuse-resi stant oxycodone di substituted tripeptide
wa@oemsspRres, neasured as free oxycodone. [ 183]PEI/ys2004/032131
170. Oral bioavailability of abuse-resistant oxycodone
di substituted tripeptide conjugates, neasured as free
oxycodone. 20 WD 2005/ 032474 PCT/ US2004/ 032131 [ 184]
Figure 171. Oral bioavailability of abuse-resistant
oxycodone disubstituted tripeptide conjugates,

[ISBRSPioBet 1855, ddpi@s Arviof@Motinl 185] Figure 172. Oral
bi oavail abi ity of abuse-resi stant oxycodone

IJéDh ubigoiet 16 dDral biop*ewiabdéy obapusgaesstanihexisodeny disubstiseed

done. ][186 173 bi oavai l abil ity of
R Pt el ek Carelbt (e ¢ rrpeptlde
[1G0]] eels57 map chﬁdm%ﬂft?%f abyseciesionst oxybddbnd-dBubgituted
174. bi oavai | abi l.ity of abuse-resi stant oxycodone

trmesmqnxuaa@a,m@asuﬁé ifege ogidoB@t es, neasured as free

[]gﬁ; 19%8%:})52{ ](?r§ b@agéaag)élﬁzeyagp%e; I?Qgt)%ﬁl!c gy%codone disubstituted
trideptidesdonfughes, xhéasﬁgaatasdﬁemwoldgﬂé es, neasured as free

codone. 189 Fig 176, Lntranasal
[lﬂﬁﬁ aE,lgp;eabﬁ Qr§1 yoagg@gnyég abpseriesisialc gedone disubstituted

ng é ‘Ldéldﬁgé‘hfds ds‘ﬁ%f§$§‘éddgﬁ‘é es, measured as free

gur e I ntranasal
[138p aFgufaab&O iQral bfoaaiul@dityeff i abtigeAtesisteyt oxlynodone disubstituted

di substituted tri tide conjugates, nmeasured as free
’é‘%o?ﬂ‘i‘&‘ga i:g&?%%eg‘l?ﬁ &ef pgyéq%ﬁm ‘avenous

[1?“? ar@itaPh1. id4 BloadRiubRity &F bhisiHesidtane 8LRBAone disubstituted
subStituted tripeptide conjugates, nmeasured as free

tripepiodectompigafes Ondashiegiasdret pycadene-anasal

Do e O PioeR P G Bl R ke SHESE T Bane gisppgiured
tripépiRARRfigated dB¢astited s Frek BRycddohe.anasal

bi oavai l ability of abuse-resjstant oxycodone

[136k ubignset 13 d)mlr bisapeilability o abysa-resistant §XYRodENG dispbgiuted
t?&%%ﬂgxga{eg' %l:as@eqlﬁrs et Bk C(Jdghé anasal

ava| ABUSe e st ant oxycodone
[ldl7]5 ubigtitet 164 cOfar bmpmiaﬂadltymﬂ abysd-resistant asyroddna disibstduted

oxycodone. 195 18 | nt ranasal
wipe OPW{GF’H? eg %epég?@pgﬁt oxycodone

(1985 UBShiel 1458 ‘br'éf bﬁ)ﬁ%ﬁa@ﬁu Qm AHUSL-RSistaliP 8 }oREn @ disubRRuted
oxycodone. [196] Figure 1 I nt ranasal

tripeptideaionpigates, iyeasfirediag depe 1063¢Q§k)a¢}t oxycodon e
[ lggi u%g%l%,?tey éé[e %}ﬁ{ B%agﬂ ag)elit al%ﬁ?etr %ﬁlg%ag %}S(}%r one %1suﬁs‘,‘atﬁuted

trig,emde&uohﬁigade%Wea@ﬁreaaumerog§¢oﬂbﬁat oxycodone

[1§QLS/ g%lu&e Orfalr Lﬁaﬁ%ﬂa%ﬁlt; oon a%%satet-recaglstagte 2)Siygo%gnea %1sfu{)st1tuted
tripeptide conjugates, measured as free oxycodone.

[181] Figure 168. Oral bioavailability of abuse-resistant oxycodone disubstituted
tripeptide conjugates, measured as free oxycodone.

[182] Figure 169. Oral bioavailability of abuse-resistant oxycodone disubstituted
tripeptide conjugates, measured as free oxycodone.

[183] Figure 170. Oral bioavailability of abuse-resistant oxycodone disubstituted

tripeptide conjugates, measured as free oxycodone.
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[198] Figure 185. Intranasal bioavailability of
abuse-resi stant oxycodone disubstituted tripeptide
w@omssres, mnmeasured as free oxycodone. 21 WPCT/US2004/032131
2005/ 032474 PCT/ US2004/ 032131 [199] Figure 186.
I ntranasal bioavailability of abuse-resistant
oxycodone disubstituted tripeptide conjugates,
nmeasured as free oxycodone. [200] Figure 187.
I ntranasal bioavailability of abuse-resistant
[184Y c Pitune 17 i Otab Sidal aifl bdlitlyr o fpebpibd-theistanh jongetdese disubstituted
measuyred as free oxycodf?ne. ‘deg)é% Fi gure 188.
R HAH SRNPLAs oG A eS| TTae,Pxg¢0d0Btis e- r esi st ant
C | tr _ . J . .
Y FHARe 175 O Bl M PO REEAR LN fakRe disubstitted
tiipeptide emghgddspmeasiulralis| fraeyoxytodmase- r esi st ant

AR 2 SRR TN PSR e i
uﬁ;{é&ﬁ@@@&ﬁﬁga@&?ﬂé@é&eﬂ)&l fideYox9boddpEse- r esi st ant

oxycodoné ~di substituted trlfFepti de conjugates,

(1874 s igade 434.f Owé bioayeidatilily. of] Zhm4d-resistant @xygudone disubstituted

L. nt ganasal i oavai | api Iegaetey of b%se- resi st ant
UREPEEE S s BE T U PY BN de conj ugat es,
SEiRHe a375." SRtrAXKEI0 dBIBEVailabiliPSbf FhlusegesiSlant oxycodone
I nfranasal bioavailability of abuse-resjstant
disxhsisated ripeptideieonjugatasemeaurgegstffegoxyerdongat es,
syted as-fr xycodone. . FQ _
(RS Re b7y P RHEL SO RabE 8L hRehdisat? Drycodone
dRAb4tNteDiysopeloh onjidates, theairdPasTrewmxyoddomppr oxi mat i ng
a therapeutic human dose. equf' val ent nmeasured as free

(130} c Fémwe . 1720 Antrenagal cbipgvailapility o € ¢ abype-resistant  oxycodone
] ' e - P2l (2).- adone, ared to

d%%‘g%}ggﬂgﬁ ﬂ%hﬁce&fﬂ%a%sh%g&%% ute o a%(}}nﬂlglpst ration-

[Hg e Fsue ny7& g Imeevsniovesd tasavaflalwbtyo xofc @bioseeresip2a08] oxycodone

Fi gure 5. crease. i n_bioavailability.of

st enatn AN & TEEHRE: by ¢ he

(192" FYRAOUF7H.0 %ﬁa&fsaladmoﬁba‘ﬂabﬁﬁtrj’ 0Bf @BSR-18sifaf/ &fcodone
nmeasured as free oxycodone. DETAI LED DESCRI PTI ON

dissbstitoiERneptid¢ cogiearisemspssedas fepaxyeodoner el ates to
(P8 e . 160 AR EER, BB eRy BT C A0RRAERSEE oxyeodone

disapitititea tdgpptid Cootghgatds, mehdeelimide wdycadakeni cal
' to an active agent ca]gpc_hangg_tg e rate and
[

nol et .
(94 e Ftevse 18hsdnpenasal bicevmlgpility, ofi abysepgsistant rgodone

i [ [ é@hﬁﬁr i ni stered at
dghhgcyrtﬁ]n%{l hﬁ%gﬁg%é%%?%b}é%aﬁg%ﬁ%av al Ic% ility (area
[195feFigube 1 82re-Intrenssals - bioavalabildy i ofi cbmseapsistald) afycodone

thg active ag nt i.s simlar tpo that of the parent
disubstituted tripeptide conjugates, measured as free oxycodone.

[196] Figure 183. Intranasal bioavailability of abuse-resistant oxycodone
disubstituted tripeptide conjugates, measured as free oxycodone.
[197] Figure 184. Intranasal bioavailability of abuse-resistant oxycodone
disubstituted tripeptide conjugates, measured as free oxycodone.
[198] Figure 185. Intranasal bioavailability of abuse-resistant oxycodone

disubstituted tripeptide conjugates, measured as free oxycodone.
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active agent conpound. As the oral dose is increased,

however, the bioavailability of 22 WD 2005/032474
weEFansea004/ 032131 the coval ently nodified ace¢TmEs2004/032131

agent relative to the parent active agent begins to

decl i ne. At suprapharmacol ogi cal doses the

bi oavail ability of the active agent conjugate is

substantially decreased as corrpared to the parent

() o1 o, o il bt ERNE D 3F o ePpsparesistpnto, yeodone
RRLIIRRA tripR ﬂe@&ﬁﬁgat&f nlclSuréEhd & @gRbdonkoNj ugate are

taken above those of the intended prescription. This
[200]t (Higurdi ntiSdi shdsnesak hivavalabiitentof alabusgtiesipfant oxycodone

ni nt.e i nt.ent,i onal | ou Per sons
L T T T SR L ot A
(200" Gag&et NBRI IAMARAL | Bloﬁyalfdbﬂftyl Y @budejesistahingotyredone
dr ugs. These routes of adm nistration i ncr ease the

disubetitaing tarentide conjugatesy nm&usecbas BPe ARHGOMMSYi de a

50 S Y PR PRSI P oS i

dyibbetedwtipemide comjagated, meaﬁlfred:hs frésioxycpdorel cul ar
odi nent of the i nven%l on e b| avagl lability of

enb
[g% dtigeee n]tg\oy FbeEnsab g bipay i g&e “%ﬁﬂ?é‘@@ﬂ I%chdone
AL gegqué(}%tlﬁlte%rghQétééﬁ?eﬁélreﬁggfrb@&@\é&&{éus routes as

conpar eént “active agent hus the illicit
[po‘ta]ctmgareoﬂ%noﬁttrangsahn ioahaitbility tdfe abnsegresistet oxwodone

ant szi]ag ccor danc(e th the resent
étn‘t"it%rtna §°’Eﬂ§g 5 SHEFYH© f‘%%e‘? B¥YE8 ‘terms are
ésél NEgu t 190t NenifaRbda® Wb REy MBI of %h@&ﬁ:si@?éﬁt | 6k$dodone

st at ed otherw se. For additi onat? met hods of attaching
dgbstimtadopentide sonjugates measyed anips PEWOHOIE- nunber

0/ 1 5 nd/ CT/ 3
i, it oo A SRR, gy apvten
aparaby (2.9 8RO ppatkiminged Hefupesatic huhins deset dqublalent measured

[212] The invention utilizes coval ent nodification of
agAreg OFYGdoagent to decrease its potential for causing

[gg ;ﬁg%ﬁey%pn%g&? Sﬁ' BfAvaildbRit %tf'PQE zﬁgﬁgéodoﬁe as compared to

|namannr t hat reases its
opfyesdome diyothie datrarmsdli roiteyof anioistrptiorediase 2thegkg measured as
unm)dlf ed active agent, at doses above those
®@§- t herapeutic, e.g., at doses inconsistent
[ﬂ)ﬁ]h Flgﬁreni@ﬁuf)@&%é%% ‘bfoak/ b1k ?tdf QJQL(Z -HRr§EoddhY ﬁ@ c@h ared to
| ower doses, such as those in ended or thera
oacgv@doexmuyythﬁrmraﬁ'ﬁmdm acutewd adgénistrationaidpge 0.5 me/kg measured as

%ﬁarnacffl Qgical activity simlar to that of the
P99 act i ve agent. The covalent nodification of

DITAICED/DESCRIPTION OF MHEINVENTRONachnent of any
chem cal noi ety through conventional chem stry. [213]

[wipdured@re@@hpwrﬁtoangelat@a tret ghaasingf thenPheppasekinstic” and
p%a{q}e{ ct%?oaﬁq&a? %?o%@tbheg ak S&Ne gelfltathrgﬁ n%r frﬁ‘)ﬁ}ﬁ‘tﬁﬂox}] Covalent

use or a I’ mprove t
attachment of a chemical moiety to an active agent can change the rate and extent of

absorption, metabolism, distribution, and elimination of the active agent. When
administered at a normal therapeutic dose the bioavailablility (area under the time-
versus-concentration curve; AUC) of the active agent is similar to that of the parent

active agent compound. As the oral dose is increased, however, the bioavailability of
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23 WO 2005/ 032474 PCT/ US2004/ 032131 active agent's

characteristics with regard to high toxicities or
waaiwspsidmal rel ease profiles. Wthout w shi ngp@DUR®04/032131

limted to the bel ow theory, we believe that in sone

i nstances (e.g., wth anphetam nes) overdose

protection results froma natural gating nechanism at

the site of hydrolysis that |imts the rel ease of the

active agent from the prodrug at greater than )
thehegvaprailyi medifipd pedecagant gelatinsuior he prsat aclye age sgins to
- Jresistance | vided,b |t Aarush'a or i
o5 AP b A BB 5D 00 ot ogn
cbijage Qs sulktaitially i datichdtd dsheongfdral to venpasntoictive agent. The
alternative routes_of _ adm nistration. [2Q114] ) X
relativsh decapasaan BiRavailabilitsn ak highet dpses abfdivphes obtained
. - der | . o |
R bF B StV el Lo g e O Mo R b o T R
ptescrigtivah ftasTim eurnnditricisipdsethardbosg potential, whether unintended or
_p- met hgxyar nphet am ne, net hyl enedi oxyanphet am ne,
intenfiopaly BoREby- 4- net hyl anphet ani ne, 2, 4, 5-
' hetRai k to i thej
Y TPy ekt e S S Ry "
e@pidririphetoaimger Mpcting fecdriiga (Thesq @ugkd oftaderinistration increase

NG G0 GG OF 00 SRoPEAPD R TroT S h B ik i feous,
cE¥St AR inlebé%Seg:ﬂ%@ frdéa)dﬁﬂ BEdABPRSE ARLIS, th&AMrral dérvous system

anphet am ne, , 6- di am nohexanoi c

véheral -if Thaveith y¢fféz>1-_pﬁ@n@/| rartiglgr- grmbedinens- @fydhe invention the
Phenyl. al. anife- ' = .. .
b?agﬁ;?zﬂ)gh@_o&ﬁ% )c/;\ﬁg%atfe%tgg%&ﬁﬁed: %e dgent is substantially decreased by

ropanoil c

tlg@irfﬂraﬁészﬂﬁlﬁmmwai’remg nyhted by bomparedieo theSpareringetive agent. Thus
er i ne- Anphet am ne, SAMP = 2-anj no- 3- hydr oxyl propanoi c
Al erasteRery Suertipi b SOy Shealmaiosetty afvaliage.

T RSl R PR LS 1 ) ey g o e
teratshart Xefinad efithnthe dolj 316} ri¢anngghueniesst ¢xpdicilypitated othsnwise.
the . yse of "opjoid' is meant to.ipclude any drug,. that
Fag ol et e s o PR B P o Bthber
158! NA/1565 2, andd/eHt PCTNES(B/@9524, and/or PCT/US03/05525 and/or
PCT/US04/17204 each of which is hereby incorporated by reference in its entirety.

[212] The invention utilizes covalent modification of an active agent to decrease its
potential for causing overdose or being abused. The active agent is covélently
modified in a manner that decreases its pharmacological activity, as compared to the
unmodified active agent, at doses above those considered therapeutic, e.g., at doses
inconsistent with the mahufaculrer’s instructions. When given at lower doses, such
as those intended for therapy, the covalently modified active agent retains
pharmacological activity similar to that of the unmodified active agent. The covalent
modification of the active agent may comprise the attachment of any chemical
moiety through conventional chemistry. |

[213] Compounds, compositions and methods of the invention provide reduced

potential for overdose, reduced potential for abuse or addiction and/or improve the
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24 WD 2005/ 032474 PCT/ US2004/ 032131 three broad

cl asses of opioids: naturally occurring opium
w@bdalsd4ds, such as norphine (the prototypi caPCOPE®N4)32131

and codei ne; sem -synthetics such as heroine,

oxycodone and hydrocodone that are produced by

nodi fyi ng natural opium al kal oids and have sim | ar

chem cal structures; and pure synthetics such as

fentanyl and met hadone t hat are not 8Toduce fro

oeldy U BV SPRACHREO, B1) TapRe dp el (eYiBHFG ST SWhoniEt) relgase
p%&ggs tﬁffthgﬂ Thitighgbe 'hgrﬁfﬁd% Bfbe Pfieglsy '\xféodeﬂg% that in some

r oxy m)rp one oxynor one, nethadonég, Ievorp anol ,

ﬂhtmcds @cpowith emphetamares)obwﬁiosd pritemion yd:sattss from a natural gatmg

rHEPBRIEI e i OF wfﬁ{al'afﬁls%aﬁyﬁ SHPERT ek Thefi AShRgteent from
tgfﬁér eg‘?ge %R%ﬁer IClPhr oug ﬁ%@ﬁtﬁ&ﬁ Y\ PleRABEP baBls S alfictefore, abuse

ut .this application the use of
régdstyrmeoid qneﬁded: bgrdamtmgcthe Acusbder ai‘hlghar@@ﬂalde dram|the @ctive

(chen cal mJI a, Cl8 deriy, ves. suc
arentyRleased e BE oG End HPiing B leb eSS elifing Hdos of
Jaglidkesidn® codeine and is used as an anal gesi ¢ and/ or
a sedative. Oxycodone is a powerful and potenti a”g;i'lx

[atui d‘tAtImdieta@pn@i shath aege siny @fyﬂmh@mmé@mlmﬁptniw mine

b
‘J;?}lﬁ?tb‘f?ér i‘ﬁﬁ% ﬁ%‘gmg '6‘?5’8?‘1" E%St&ﬁtsgﬁgu o ?%e or a %3?} t not
1Bhfed S &t enamlﬁl’ﬁdfé‘irﬁlhéd | hefiRRiphBaigg) W p-hle&mwmmphetamme

e I
tl& ! ﬁ}ol‘ig%n hettﬁﬁm%raﬁﬁi 4%@@1 1ei8d %étﬂ%’é% hetdthineOf these

F Vi or C&0nbi nati ons o OXycC ne are
encorrpassed by the present inventi olsCPR18} | Thr oughout

this applic tio lm.,use of "hydrocodonel |5Nrreant to
i nclude a thétic narcotic @ '
antitussiv epade from codei ne

actions qualitatively simlar to those of codeine. It’
is conmonl y uged far the relief OfM@’gSijh@ﬁﬁa{eo
noderately s vere paln Trade nanes | nclude

@gﬁfs(g@(ﬁ éml-,%r Col?t A Qﬁ:}]hetkhﬁﬁl%r%é‘?ése#b‘? (:8@16%90 he following

Wbeahtiahs.) . Derivatives of hydrocodone, such as

hydr ocodone hitartrate and ne | i rex
e R A R e b ! %?prtrﬁlsﬁ shific, KAMP,
Thr oughoutKt hi s application the use of " glJtl de" is
meant to iamphstheniae,spm gl %0-dinsinehaxenqic a‘élddi pegthylde, a
tripepti deghenyletiyl)gopidpt i de, a pol ypeptide, or the
carrier peptide. Oigopept ant to include
r gh?%%* ﬁ’ﬁe:ggglagmfa-éﬁggheg %‘g %‘% . Further, at
t i mes= phgmihdr8Phehypropancie acid(hatethyl- bphergfleihylaiahiidﬁe
agegrt_A%tpt g Qr?r(lje-};mp%etamme, SAMP
= 2-amino-3-hydroxylpropanoic acid-(1-methyl-2-phenylethyl)-amide, Glyg,-
Amp = GGG-Amphetamine, GGGAMP

=2-Amino-N-({[(1-methyl-2-phenyl-ethylcarbomyl)-methyl]-

carbomyl}- methyl) - acetamide

[216] Throughout this application the use of “opioid” is meant to include any drug

that activates the opioid receptors found in the brain, spinal cord and gut. There are
24



WO 2005/ 032474 PCT/ US2004/ 032131 amno acid, a
di peptide, a tripeptide, an oligopeptide, or

w@oioppspri de to illustrate specific enbodi meneGI/182004/032131
the active agent conjugate. Preferred |l engths of the
conj ugates and ot her preferred enbodi nents are
descri bed herei n. [220] Throughout this application
the use of "chemi cal noiety" is neant to include at

| east am no acids, peptides, glycopeptides,
thrae Ry rdasses, of i qmiés peterallys perasting ropiym t gkelgids, such as

' ngoq'?l#lle éserﬁ8 d&;r %Itl g)?) hf]&ljldj gcgcf] %ﬁl?—syxﬁﬁ%&&%?, ,a,s heroine,

owpwdenm andi hydtbcbdtmegﬂfat Iafté g@bdﬁd@dnb? oodiBying HaAMhal | opium
More specific exanples include

th 5,
a%@ﬂl@%@%dgﬁ?%grsm%gbswa 1 ghryciges and pUroeE qu%lﬁﬁF ferheas fentanyl
and Ctﬁ&ﬁfdonglt}i eér@'ﬁi)? Q ceg M Cﬁlﬁoﬁlﬁ lﬁ'if¥t\ré{'}p%?fferent

ribose, rlbu ose, ose ose nnos
cherdm:hb pstrbaises rtharr amhenl opaai d alkakxdsr [ rOthand ogiqrdsogﬁmlude

h&é%&w@gﬁg%w@{ Ot erlgllgod}% > ng s %;J P&vpgpﬁt ahn! ggmydrocodeme

mg)‘éﬁ@i'ng dTﬁfenGﬂlQ@hyﬁ{fﬁ{t&‘mﬂalegﬁaﬁlp RS ok9piBne! fentazocine,

osacchari de,” di sacchari de(s). ol |gosacc ari de(s)
npﬂﬂuplslac,chabutde)bsgql or bmbrenmphme,r i vmeptaemo]( e. glezetunef,o and

ho- subs ut 23] A "glycopeptide" is a
pg%‘??%& @3%‘?63 f? ﬁ? Herdonydrate 1inked to an
[217]9apeRiche8: GRRPEEAId thbusé B8 exydeoddtienas afdafiSto clude a

glyco-am no-acid'is a saccharide attached to a single

nareptie adileid Highemigalk forenudr CodlalNOnk apdalg. dexivgliyesosyph-as the
R RE M oSSR SRR AL RSB o
aﬁﬁlfgésﬁﬂ ﬁgd/aﬁ Ig?sedé,t&%] Okytedvapdsid powérfialsands potehitalyi addictive
refers broa t co 03|t|on ining. a

ogici¢ ﬁpﬂé‘%ﬁlqﬂ’%}éﬁf@gc{%‘w Bp s Sersﬁfo@. ?ngwenhyft is more
poRAP Hu? fad aqhgh &?Eﬁﬂggl&é gﬂtenﬁ{tl ARUE QR CHRA Bl nandolfs Ghen

sterile conpo sitions conprising
nmarketed ire sordbsamorbwdbthmp'nfim(ﬂmdbm@$ oD aeeiammophen (P ercocet®)

ta 5 o0 P g Bt B0 CHAAE S UE B Oy BPR ™ PRy e tradgpame

CRYORRE.| OB ligesd e Qe ek noﬂ%o%ﬂii@&iéﬁs S@f WxiyBdone are
containing salts, e.g., NaC, detergents, e.g.,

encsainassed ety presentimeatiosDS) . and ot her conponents.
[%1028% f5 ]é[ggorugflgﬁ}ttﬁl%l aé?ﬁca%%%%@ & of J‘l-?y ?Qﬁé A %?aiypd ﬁl%fude a

requl fon of T{S ure,

sethisyiitherid Ir@fbd&ec Mgesnf dnfie agtitheive @lre}faﬁdfd, fem peoded@  with
evi dence of, buse; .because of |ts_potential for
Yrlpiastions Wsaiﬂapldgﬁn@&ﬁr Weihesrieh eedeinse diaisseomponly used for

tﬁ;eﬁféﬁ&f Bfﬁl%ﬁeﬁtdofébﬂnbge Pl%?)} Eébegé ﬁ% ?%gg;ﬁ%%fg _}lﬁél{l‘(?e Anexsia®,

entifirc evidence of Its
HRCIddd8? dvidondRd®,1 Lorcet®, Lortab®, Norco®, Tussionex®, Tylox®, and

Vicodin®. Derivatives of hydrocodone, such as hydrocodone bitartrate and
hydrocodone polistirex, are encompassed by the present invention.

[219] Throughout this application the use of “peptide” is meant to include a single
amino acid, a dipeptide, a tripeptide, an oligopeptide, a polypeptide, or the carrier
peptide. Oligopeptide is meant to include from 2 amino acids to 70 amino acids.

Further, at times the invention is described as being an active agent attached to an
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phar macol ogi ¢ effect; or because of its role as a
precursor of other controlled substances. [226]
WO pq@snsAmM note regardi ng stereochem stry: Thi BCPEsmNg/032131
is meant to cover all conpounds di scussed regardl ess
of absolute configurations. Thus, natural, L-am no
acids are discussed but the use of D-am no acids are
al so included. [227] The follow ng abbreviations nay
be in this application: BOC = t-butyl oxycarbonyl CMC

arBinoaddid)xy aBpkprider al tripbstide, abldidpeptide; bﬁp@l@p@ﬂde&bhﬂhstrate
amine np.= nelti %pm nt NVR = nucl ear. nagnet

sne@@@narﬁb@lmeﬁﬁ for {1 o85Yes aget neom WEsice s Paperag alerxgths of the
t I t
c nﬁ"@;&b{% aglrl] §th€ﬁ leflrte ?eérﬁ%ﬁ% i€ dtegc‘f‘%g&i néfgin cal noiety

m ca ance t ha ecreases the
[228hr ThRooklapt dad apptxt:atmrt the wisé of “dhhmlcabtriowalg @mdant ® include

rel eased. Pr eferably the chem c ety a single
atJgash gmaRg geid %llpﬁ% quglys?pqpflfl% 584 BléYrH%Pt@%rla’é%pﬁ“G]éOSldes or
viegharepti de, or hexapeptide. The active agent binds

to specific sites to produce various effects (Hoebel,
[224] afCarbdif@estes” Tindudes tsagdrsesteirclek, clutoae,randhelatedabmpounds.

an. t heref ore m nj,sh _.or pr nt binding t
e En G oy B Pod 5 i feerdpiBet o gt S s LB Erichen
5.0MdrB8p éb?ﬁ@&?dxﬂ 1&%&1{1&@ fdrhﬁst@ﬁéé' Hubt%sé’ rgﬁié%@é ?&t&*e maltose,

subst antl al I m ni shed ot del ayed
sugedsey eb@eralﬁphydmtthlsycbompetpn@;newtlubseambpm,smbtdoseo rkylulose,

229] The atta hem cal noie
esfonr, Catnb Pl R R S ooy i Bfogennces.
[22Dj SAV\ﬂglllyQoﬁrGt@inUd% RucomPpottt dohfiidi@e datbdhf@rate (or glycan)
attachnent of an acti ve agent to one or nore am no
coyeleatly biekedi desprofaipi die exbolbrljaeamay, be in the form of a

d C a .
i USBARR0L BecdHRUGHE ARSR O] T acdBRREG), gy deir
derszla'&mse(elgnsmfa)eogplsdspm-sﬁmmtetal tract and pr event

onset t.he desir act] vi ty, par ul a
llaﬁﬁng calycppenl ehyis ﬁa’fww% cqnsigtiag of afrat {mkeé to an
oligog_ f&a@&ﬁﬁosegtofat 4nliARID-amiMb CEQEN. a}\yglgé 0- —F&d oig a
brain norepl nephrine, serotonin, and dopam ne rel ease

sadclrairidg attanfred ta v ginplelmineacid Pieoy dirideef| cowalentdiondi Aalycosyl-

ariBe it 4 CPIERP U BT 009191 o DRe BOFeC R o Fvcosyl
lirkabe dD BN o$ SH)as ah @ehiktea®d.n, the am no acid or peptide
[ZrZrEf/ A “composition” as used herein, refers broadly to any composition
containing a described molecule conjugates. The composition may comprise a dry
formulation, an aqueous solution, or a sterile composition. Compositions
comprising the molecules described herein may be stored in freeze-dried form and
may be associated with a stabilizing agent such as a carbohydrate. In use, the
composition may be deployed in an aqueous solution containing salts, e.g., NaCl,
detergents, e.g., sodium dodecyl sulfate (SDS), and other components.

[225] A “controlled substance” is a substance subject to federal regulation of its
manufacture, sale, or distribution because of the potential for, or proved evidence of,
abuse; because of its potential for psychic or physiological dependence; because it

constitutes a public health risk; because of the scientific evidence of its

26



conpri se of one or nore of the naturally occurring
(L-) am no acids: alanine, arginine, asparagine,
W@3Wansiscs aci d, cysteine, glycine, glutan c acPcy/US2004/032131
glutam ne, histidine, isoleucine, |eucine, |ysine,
nmet hi-oni ne, proline, phenyl al ani ne, serine, ‘
tryptophan, threonine, tyrosine, and valine. In
anot her enbodi nent the amno acid or peptide is
conprised of one or nore of the naturally occurring
ph@magelogis effectisor bataust 06, itsarale rfisne PreEYpaF £ ¢iber controlled
' spartic acid, cysteine, glycine, glutam c acid,
Séh ‘ne, histidine, isoleucine, |eucine, |ysine,

[20%] hi@Pofignt ndtellekMBingPhiereydhdhagtiyieThis paéntrie meant to cover all
tryptophan, threonjne, tyrosine, and valine. In )
compowsis disepenes! regerdless of absalvis capfignrationse Jihpgenatural, L-amino
2§V R B8 s 2 b3 B Qe FAO SO ALY Ble i BsNdar d or
synhthetiCc am no acrds 'such as, am nohexanol ¢ aci d,

[1270 h ahy lfell awih g ebbrediyidzhinagybeinahisapplication:
cycl ohexyl gl ani ne, diethyl gl ycine, dipropylglycine,
2 BOCqHr thvtylosyeasbonshi ¢ aci d, ~ hormophenyl al ani ne,

h Lich®oxAGRYkEIRZbe,  napht hyl al ani ne,
norl euci ne, ornithine, pheylal ani ne(4-fl uoro),

phe A A FatiiseptapyBethylsimgingent af | uor o) ,

p*}?xgﬂr%l;l%ﬁg g{#-nitro), phenylglycine, pipecolic
aci d,

sarcosi ne, tetrahydroi soqui noline-3-carboxylic
aclNMR amdclearmagnetic resenanckn anot her enbodi nent t he
am n%aﬁac;ﬁ &r yegt.i.de coqgrri ses .of one or nore am no
acid oHOTTExYSH Clﬁlﬁ%fl?lg? enbodi mrent the am no acid or
pept Nig=q0Bghi ses of one or nore N nethyl am no
acids”‘[%gl, I n anot her enbodi nent, the specific
carr P S BIPER uti | i zed as a base short chain anino
(28] d The QHEdHed cRaHicAdRbietPal bdihp @haficdbsubktanaditietddeeases
thé term nus or side chain. |In another enbodi nent,
theh pharbweelogishh activdiydustilg thenaetiviengeenhiie 18lgesedpr Brefgmbly the
he. am no .acj d ti ed -wi :
chelFisareScisuf - Tinge b *deithy Ubope U Ihpech, rcmppeptide
pélﬁ‘t@p?}jﬁﬁs,_t it hiéxiapeptide. VTHd‘Iac&iI:leaag'eﬂDb'mdb do \gpeoﬂrlﬁlc Eﬁes to produce
simlar in_structure_ or charge conpar to the am no
variqus sifpetsEloshel enie 1980) T fiasEIont ebecsiath shpmical moietics
.S : r . 3
ob{AEY S il baky g e potiy
abdoeptydnad frthe nempditedn| iEjo, thetbeain asprowented o Sbstahidily diminished

o 5 _ Sv .
ot ey R RE by B, RS PR L PG cas
[BA9RNTRE attAbRlAbmic] Sidittyahay Gurttidh idBmptivé@hifuMlly occurring or

whereas lysine (Lys)[K] is simlar to arginine

symhefid sbstangesr wg%ériaglud@ bpiisiot Amited tejthy attachment of an

L ut ami €] wher e ' i i
oG AR 6 D ) ol PG R BpfaR S Bhylcs
cRROpdided Tdudibid / 4drR00A/IBAlR. Mhedel dhedeichlHnwjidtkds ceuld be

simlar to proline (Pro)[P], and glycine (Qy '

.

expaetadde atfect delaypd epbansm iy the gppiygintepiing] Héctaﬂnfiéar%v[&ﬁ Kﬁéisd onset
oF AR RS LISy ARG SnetBsiHet et ByPPstedTBMI routes. (Hoebel, B.

G., L. Hernandez, et al. (1989). "Microdialysis studies of brain norepinephrine,

serotonin, and dopamine release during ingestive behavior. Theoretical and clinical

implications." Ann N Y Acad Sci 575: 171-91).
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be sel ected according to hydrophilic properties (i.e

polarity) or other commobn characteristics associ ated
wowak/osaes 20 essential am no acids. Wil e prefpeT/Es2004/032131

enbodi nents utilize the 20 natural am no acids for

their GRAS characteristics, it is recognized that

m nor substitutions along the amno acid chain which

do not effect the essential characteristics of the

am no are also contenplated. [232] |In one enbodi ment

[2303 Far chdy of tha gmbodiniratswseitedohereine theangine @pidagr peptide may

* Rpfb P cbot RO of e el SroRhEdr L bl Bl Hanine

apdihideN asharssing| £p46 AdidMeykteids, dycifie, §1ut@mc0ﬁ01d7,, gletainine,
I'n anot her enbodi ment of the inventi on t he nol ecul ar

higtidigies ismleudiee, dawainesrlypioe.t methiening harolipgnphggylataning, serine,

R BBy AR g b 0 s

oE® | {si AprisetloNBid@dacrf oft the natuvadiyt sconrrmgy(D)emino acids:
applied to various, theaar{)eutl caIIy val uabl e actlve
alggings SAEHIIRP, | APPIIGHIP, ASPRTHACRGIde CYHBiNCe ¢, glutamic acid,

g?h' éxﬂ}ﬂeaﬂfs dﬁ‘lgcﬂol@&mm TG, n?e‘ﬂhbﬁﬁ@vﬁijoﬁﬁ’é"?ﬁenylalamne,

re axants anti epfessants anxi o
s aeyaasian, dﬁﬁommj aiyrosme ahg prating.c sin amthm embodiment the

st,eroi,s, res r at | udi
a51R P B B ot oo o PR et Shpecrsls pepstiogiesd or
gﬁ)}ﬂeﬁ@n%&rﬁﬁ@' dﬁidsanédch' nfl.J. a”ifﬁfn@ﬁékaﬁgi@nt 8eid| 28fphenylalanine,

enpl ary narcotics i nclude opioids, hydr ocodone,

cwdthw&mnmr pmlwi@xylgtmm n lethykgimmrcbhr@nélglycme 2,3-

hone nmet f.ent | e I
SR RRRAGE o 2o o P e THEY B ox LT APRING, ; gpagtyrosine,
n@phtBlaRRid pr onm&mhﬁlee pesyhitiipe) ne, ngtehlapding4-fluoro),
but or phano éjrenor phl ne, neptazinol, dezocine or

Phranesibatio, aenEfiame swRRddeRgelpiTopoaFhenylelycine,
gﬁ%gﬁ% gy pf&ﬁgg' %ﬁgﬁyﬁgﬁo%\ﬂﬁélﬂfé‘% @z!lr%)gﬂﬁl #218, and tert-leucine.

or di azepoxXi onazepam cloraze di azepam
Iﬁ&hﬂheﬂ etﬁbodﬂmnﬁﬂne patino hell ar gpptide Cammisep a;llhone Or more amino

atslldI aiczcglpgqm oxaté uazt)e}ﬁ% g]qqg{ogqggfgg mcidg [:omprises of one or

n?d}glN‘ggg mooz[cydsagent s include ibuprofen, naproxen
thacin, aspirin or a salicylic aci d

[234]i Vanhetber embaientnibe spéaific carpg@m]re Eikized] ag;a;base short chain

>~ anti-depressants l.ud C|talo X
aqu Pﬂaxsgglfuﬁlge anﬁi @E@ ﬁ]aﬁlgno 518 n% ia%&e% et}x telmlr}]ués or side
cBsiht Th RhytheNEmbstEHeRt, 818 dWve doi@phdid Sa@lem ﬁﬁg) Ha0S3de thore
PCT/ US2004/ 032131 im pramne, nortryiptyline
off ther aspine reidgisvbsiiies With one phthsddratuially opIBTIRS aino acids. It

if P th e LA ol WAL o ARlido R SR ASilalIE! HYructure
; prne,

al’o
or charge compared to the amino acid in the sequence. For instance, isoleucine

-11)

(ITe)[1] is structurally very similar to leucine (Leu)[L], whereas, tyrosine (Tyr)[Y] is
similar to phenylalanine (Phe)[F], whereas serine (Ser)[S] is similar to threonine
(Thr)[T], whereas cysteine (Cys)[C] is similar to methionine (Met)[M], whereas
alanine (Ala)[A] is similar to valine (Val)[V], whereas lysine (Lys)[K] is similar to
arginine (Arg)[R], whereas asparagine (Asn)[N] is similar to glutamine (Gln)[Q],
whereas aspartic acid (Asp)[D] is similar to glutamic acid (Gluw)[E], whereas
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queti api ne, or risperidone. [239] Exenplary

anphet am nes i ncl ude anphetam ne, nmet hanphetam ne, p-
woreiokoxasadrphet am ne, net hyl enedi oxyanphet am nepPCT/US2004/032131

2, 5-di met hoxy-4- nmet hyl anphet ami ne,

2,4,5-trimet hoxyanphet am ne and 3, 4-

nmet hyl enedi oxynet hanphet am ne. [ 240] The conpositions

and met hods of the invention provide active agents

whi ch  when bound to the chemi cal noiety provide safer
hidAGhe (1Y efsietird teereiasades) Pl and igheimh(@lg)[Géds sierlar to

active agent classes through inproved bioayvail abil.it
trppipplean (BRUIGr 18 ARe AllecRiveARRIPBHOF TR0 APk R HBORS ey

oS RERA AR BEBbIAL w0 on

clariaistics dsheiated widsithd @0sessadialremiiodsacids. t &hile preferred

i nvention pay provide |nproved t hods_of reat nept . .
embedigieptsritiligh thfet| Batpr SRR F @’,elfa?ﬁé%? _Fﬁcgeé'ﬁﬁ%%’ ghis
r«%l}ﬁ%g%%gfrﬁa}/ %r%ﬁ&ftgt%ns a(d?\?gg% anfnd 868 icARn ARGt 46 not effect

cognitive [ine associated with
theeysdntielcharctenstiesf ofdthemvinosynalso cmnt¢mplBEy. or

(A SIL AL GOTR! B o e A AR it

Wil Rt sasdiefibd 8BinggireRAed. SN arddtlie? dretstlymermie Gfumber of
anal gesia. [241] In one enbodi nent the chem cal npiety

chemicanprieties] atbdchad inntledediiotn dr 2a3, hobyPepnt 7.dec. In ancther

RS 1 8 S0 0y oG B b o
cbljRedts Qs Rlow RbeutPRB00) grord/refiiably byleowlyboutd,960 and most

A@y-1le, Phe-Phe-lle, Phe-Phe-Leu, Thr-Thr-Val,
prferably belgay abopy 00y r - Phe, @ u- d u-Val, Asp- Asp-Val,

- - . - ) - . .
35T P58 cpiposifiols fid mpiRat YE ol el oS MREE 6 Vious
theydpeilti¢alllyy salliyhle Tyutive Phgentsh ée.py sdruf)eahenciude, for example,

A u-d u-Phe-Phe-Ile, (Lys-Lys-d.y-Ay)2, and
stirpylpnis, o S S‘jl) - 1&s- E@Q}?%?%PW& s@ﬁéx‘&}mﬁ%’flﬁe ntBus¢, g relaxants,
| Nhndiglydbs Upehi it Bediveq)’ hYPRRIc] dabdtics,
a%?%e@iéeg?%%?cheﬁlgg@mmﬁgitﬁé%? ﬁf%!iZ] e‘Ano?he_r 5)(gl}in‘oloc_d’ i ment tl.cs
stefoidsherespivatontyi egetits, inchwhing sAintihistantioes, partipsyiehotigs including

.over,dose conpri Si n. ive a whi ch has been
rigRPR g PanyH PR i B Bty 30 W
[22%8515931%ﬁ13ﬂy RGOS IR Ihidids, hyUddodsngt dfcodone, morphine,
enbodi ment of the invention is a conpositjon for

cedeing, y hydipryraeiphene, a X yeeTpRene o Sithadsnpr ifeptagyl, levorphanol,

B T R
péhemiciie] mbuphinepHenephamdi dupeherphine| meptezigoly etbroese or

the rate of absorptipon_of the active agent as conpared
phq;maceutical(fy accepta{)f% salts thereo%. g P

[235] Exemplary benzodiazepines. include alprazolam,  chlordiazepoxide,

-

clonazepam, clorazepate, diazepam, estazolam, flurazepam, halazepam, lorazepam,
midazolam, oxazepam, quazepam, temazepam, or triazolam.

[236] Exemplary nonsteroidal anti-inflammatory agents include ibuprofen,
naproxen or indomethacin, aspirin or a salicylic acid derivative, or acetaminophen.
[237] Exemplary anti-depressants include citalopram, fluoxetine, norfluoxetine,

fluvoxamine, paroxetine, sertraline, amitriptyline, desipramine, doxepin,
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delivering the unbound active agent. [244] Another
enbodi nent of the invention is a conposition for
w0 e@so3nag drug toxicity conprising providi ng BCPES10041032131
with an active agent which has been covalently bound
to a chem cal noiety wherein said chem cal nviety
increases the rate of clearance. of an active agent
when gi ven at doses exceedi ng those within the,
t herapeutic range of said active agent. [245] Another
ifipeaninee mortefipiylige,i bwgopioaN mistagapimeypostazddone,f tazodone, or
- reducing drug toxicity conprising providing a patient
veplefaxing act i ve agent which has been covalently bound
I e S m t
8 ERAHIR alEodR R, PR (SRR Wlanzapine,
qhﬂﬁ@ﬁ&$mﬂaﬂﬁmﬂmﬁﬁld active agent toxicity level when

iven at doses xceedl n ose thin the therapeutic
[ qu@xsmp@r GreiApEnes tholpie Foiistatains: e dREoRiHE o

rrgeft ﬁk‘éﬁ’ﬂfﬂeon | S pRIeAdRARXVARPhd@hine€dUCi NG-dimethoxy-4-
| oaval Ity of acti've agent conprising active

n&gmampimaihmn,t |y boRsb-trimeshoxyrmphetamineni ety @ibrein 3,4~
e@?i und atlvFlaent mai ntai ns a steady-state serum
e, 105@1”?’\9 g™ %vi des a therapeutical ly

0] ©aht ¢6m! ?bﬁﬁ&iﬁ Ardlhbthbds Hthe BIvRMEST ProvRd deting agénts which
| ncr ease bl ood serum concentrations conpared to

vdeh bonutl tecthe wheraigehmoisinpievifievefer and/goswse ebfectivaidagages for

t hose wi t hi ther.apeut

a3 R S5 HAPCRBU PR ok BTty e
aB@EPSffbd CQN ah@or pIdRVE Bileh NEder the curspifbiebibavailability eparncularly
agent while still providing a therapeut

I
fait Hesed wEbSEY NCALR qasgs amev@e@a C%E SAS Aoyl the
8&?8 1t13¥ﬁ' Fﬂ%&ﬁe@f nﬁmlggl:iﬁ uf)}@vfdé A6 GRthods of

ot her f thelnventlonlsa
tmatmms tfdrl aitenfion dpfiel bypdrangivityt aitenhon deficia byppprahiityedisarder

tient conpisin.aciv ent coval ent.ly bound, t.0
uine ey i (ATIPE st erin A’ with
lifaal ﬁﬁmﬁl réifé UTAIDS Lase UDRerelatdd V\dmplex,
2 05/ 032474 PCT/ USQ@O?@BZlBlI(AWhIEh provi des a

depressiqre LAnixisdy |apd efitxéty i relatad disordetsa tpisy¢hoyish gicofipe \addickion,

b PiCiop. thERTRAE st EOR-AFhUPY SROEER Wt her

[241190% BBE Embbdifeat vl mosets ix comprised offanfaminvlaeid or a
A-X"Zm wherein A is_active agent as_defined

pﬁb'ipépttde X Preferred amine ACitrand iePHIS ¢eniral meigtes frcldg. for
eQaIJPﬁl bﬁg eﬁ}ﬁagpﬂ o, otk PG PLAEEE BB o IR RBRNal Ak-Kys) Sly-
Gly-lle, Phe—Phe—Ile Phe-Phe-Leu, Thr-Thr-Val, Tyr-Tyr-Val, Tyr-Tyr-Phe, Glu-
Glu-Val, Asp-Asp-Val, Lys-Lys-Val, Glu-Glu-Phe-Phe-Ile, Glu-Glu-Phe-Phe-Phe,
Tyr-Tyr-Ile, Asp-Asp-Ile, Tyr-Tyr-Phe-Phe-Ile, Tyr-Tyr-Lys-Tyr-Tyr, Pbe-Phe-Lys-
Phe-Phe, Glu-Glu-Phe-Phe-Ile, (Lys-Lys-Gly-Gly),, and [(1)-Lys-(d)-Lys-Leu],. In

some embodiments, the active agent is disubstituted with one or more of the

preceding chemical moieties. _
[242] Another embodiment of the invention is a composition for preventing
overdose comprising an active agent which has been covalently bound to a chemical

moiety.
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noi ety different from X which acts as an adjuvant and

mis between 1 and 50 and increnents thereof. In
w@p@thex7enbodi ment n is between 1 and 10 and PCT/BSDN4/032131

It should be recognized that the conmpounds of this

formula may be used alone or in conbination with any

of the recited enbodi nents of the invention. [2501

Enbodi nents of the invention provide conpositions

which allow the active agent to be therapeutically

[243] e dtriother winbndigeht vBthedneentivhés prcopppsitions fyesafily delivering

reduces the rate of absorptpon or.exte f .
o A5ty B SR SOHE PRSI 1 BSpaHicallh cegts, Amgpnt of said
aBIPRLSoAK FRRM NG BRIV VATeAY Bodditd & Ch@RRHL ndidtp MdRréM said

the. active agent. Enbodi'nents of the invention also
chemigalimotetintroluraesi tha satared rabporptivre of Higaactine lagent(as pempared to
dcﬁem’ C%ié @ﬂ}io%&% i hereases the rate of clearance of
SEYSPE Y BSiPEN at  doses exceeding those
[244] hiAhotiee ehitRdRREN ofChe anantioh ié Aecoagiositonale ftducing drug
[251] In anot her enbodi ment the conpositions have
texigist £AMPERing providing @xpaieny wigh Mpap@iyet e2eihivisly has been
BEYAT Ty o eRRE! Hithord TARATRNN ORGP IRIRY 1h@HRes the
r&te dlf cRerintd 6f arahdtive.agbm it gieen ateddsedexveading kieose within the

conmpositions reduce or elimnate the possibility of

theracyte eangg of s PSP adni ni stration. I n anot her

o s - i o nat |
(E15] 0 PSRy il GRARIT e phReniG U6 5 WmpdSiioh PRSI drug
texititd icomptising heroviiggl gapaeno fwitlheni activet agent mulich has been

further. conprise, a. pol r . bl end igh conprises at.
PG & SherricRl PUIaYDesitn A TERUCH R piovides o
SR Feldals ShivB veni 8P H¥eERot idd8ase UbYI® Eaill ¥t RE agti€ foxicity level
according to industry standard to further enhance the

véhentgiveredt desee gxecedingpthoss sdthis thentherapentie rangemf said active
acoqj ugate W thout reducing the abuse resistance. For
Pt ance, a conposition mght include: about 75%to
246) UtA B aghbotmagie df thenjnigatien by aedogtpositfono forabediicing
0.5%to. about 10% of a hydrophilic polyner ?(Ble. g
brRNRADILEY 0Pk RCtifer AT cPQTENIRG aCkYS MeEcnipeialgniizopeund to a
00 : I d: DGO, | Ml : i VAN

oFARGY oty M BRSBTS 07 Sisgf e Serom
relbasatcubredwhitio pedvides althEespeadticatlylieffestos Hieavgilabilinewiprenents
stearate), anlc&ilf omabout 0.0 1%to a 3ut ‘J/%‘i(gl rant ;
sPgesTgRFteeit, Rlpesh AFPITC CosFYRiLiogs Shmpati dogpoadagtye agen
WHRR gitas halloRS okde@RHeitofs Wlhat RN tHePpetSle rarB€ofOdaid active
nore natural or partially or totally “synthetic

aperdr ophi | i ¢ guns such as acacia, gumtragacanth,

ust hean qum a um ..or . ; i fi
(i g ERE S St B me P8R iR B SR ehfif o Com
sgﬂté 6P Ré Bydnt Slhlile|seH roviihicaxtierapent callp effdtdel Bicdvatisbility
ydr oxypropyl cellul ose, - hydroxyethyl cel | ul ose,

ceEeRempsing Anceqtiv| agset Whichthas beer sokalentbs beyndete & ghemical
Irﬁﬁety. '

[248] Another embodiment of the invention is a composition for preventing a toxic

release profile in a patient comprising active agent covalently bound to a chemical

moiety wherein said bound active agent maintains a steady-state serum release curve
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agar, pectin, carrageen, and al gi nates; and ot her

hydr ophilic polyners such as carboxypol ynet hyl ene,
WwW@ei0asaa74 casei n, zein, bentonite, nagnesi um aPCIUA2NNF/032131

silicate, polysaccharides, nodified starch

derivatives, and other hydrophilic polyners known to

those of skill in the art or a conbination of such

pol ymers. [253] These hydrophilic polyners gel and

woul d di ssol ve slomtégln aqueous aci dj.c = nedia thergehy

velrel g deshe thesanepiacalyeceffectiynhiepyedatidty iyt rRIgwenfy spiking or
8ol b B AFRER, MBI athnt aERSghE e |

[R49]t helld’th@‘h:ﬁ’(boﬁhhdﬁe df theniheentibh e consfcmndefiFomiwdage.

Preferred hydrophilic polynmers are the hydroxypropyl
nmet hyl cel | ul oses such as hosémnmanuf act ur ed by The

AR SR AR B (RS B Y4 OREBralhDRLPas defined
Hetwit hmd niobgweael phbfhackintfensntsattieicof, and Ziine furthen ghemical
but nat_limte .. Jubricants. such as nmagnesi u

e, APBron] B 3ot ke A S o AR AR dF JO B0 and
1ﬁ$r€fiﬁ%ht§ tA&GkoE RYHaRe RAIRBHiInIEY ot BYeBvdth! Sand 80 Gnd m is 0. It
pol yet hyl ene glycol, and mneral oil; colorants;

shovldéresresogriizedsthaiuibe semponmadst Qfstéls fggna]talmay Be apashalone or in

B e R

[296] irElBddifichts G htin@htilm lﬁ’ﬁdld% &Joﬁnpo&ﬁbﬁﬁ@ﬁloﬁ@lllowethe active
agents such as sodiumlauryl sulfate, di ocr@q sodi um

@Qﬂﬁ@é’(@d&bf#rpmlécal}mq‘f&chgﬁwﬂlamrﬁﬂeverqu@%kryg@ ut reduces
tﬁ? Iate < ?g $ 1091)(&] Q%nrt o b QR %;rrlﬁ*tﬂe e L%léﬂ@ whtd Siven at

bil'i zers: ents s
dosed osReediig nihbm , withiuc ke, thiafapemms er,ange(ydyibs}:he actlve agent.
al act ose, sucrose,, maltose, ,xylitol, sorbjtaol

besimeats' of e AREETAR bt BisHideLcompasions hsseiaste spyalently
aggﬁ léﬂémﬁzgﬂmgﬁg}nﬁéfe%gs tﬁ@fyt@éf él@é’raﬁ’éertﬁf acWﬁé%@ SMEh gRlen at

Itives owi to those of skil In the art
dasbmﬂtcﬁng‘ thoberwthinihe therapentae ralngmaf thd active agenter al d

B i S35 e 38 Y o it

&En fatddiGo %nﬁ@uﬂﬁ%ct&e t Ol &lothic lenthedinGeit thef doﬁfbo@ﬂioﬁﬂ reduce
itives (See 21 CF Part 74). In one preferred

cen’glwmmtthe possibiliay rfdoyaeses éWf erah AdmipisHation. h&t another
I S t

SRS TSSO 059 DAL e 5 e

ih@snashlabédinttiakiog X Clipiagofher rembodimentaihef cmbposiibns reduce or

according to_any appropriate nethod known to those of
elipippte the pasaibiliy of %‘fer‘%ﬁ‘ﬁ rbh‘dﬁléﬁtf(?rb al manufacture. For

[Egglr Jhenp thtep ?&ﬁfn}éﬁt ﬁl%%h Hgﬁfe%@éﬁﬁoﬁ may. fulﬁher comprise

I c polyner nay be ed In m xer Wt
eﬂﬂaolgmet blehd weiticir cdmprfses 1 bawe:me lgdmphilwt ptﬂymer'r 4rwl at least one

vgv]artgrr-lllillls&ulble poﬁm e1‘hdr o )gmgromg)tz) %Iugerp Xc‘:jc[)? %o mdgg:r}y $&hdard
to further enhance the sustained release properties of the active agent conjugate
without reducing the abuse resistance. For instance, a composition might include:
about 75% to about 95% active agent conjugate by weight, from about 0.5% to
about 10% of a hydrophilic polymer (e.g. hydroxypropyl methylcellulose), from

about 0.5% to about 2.5% of a water-insoluble polymer (e.g. acrylic resin), from
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encapsul at ed granul es of active agent-conjugate. The
resulting granulation may be mlled, screened, then
whb@sdad 7w t h vari ous pharnaceuti cal additi vesPCTEE®04/032131
i nsol ubl e polyner, and additional hydrophilic polynmner.
The formul ation may then tableted and may further be
filmcoated with a protective coating which rapidly
di ssol ves or disperses in gastric juices. 1256]
However, it should be noted that the active agenﬂ
atemh Jowgétte abouit I Fesoft additives (o gsmagiesig sigaraigyethd frpmoabout

he estl e tra over . a Xt
O LBty B AT il 4 e
sustRY A1&isE %ﬁﬁﬁﬁldﬁoﬁfbluﬂéft b 8r nivrel rfaﬁﬁiAIC@Spamaﬂ}o or totally
prevents abuse w thout the addition of the above

syentlufitici hpgsophilic gumsp pusheasraseciantsaitigatanty 19qst hap sum, goar
t d I t ;
R e A

hj@orGRehFENasdes hodloggdbpythinethyl@ilhioss;i Ingiroxypropyl cellulose,
therapeutically effective amunts of, active

hydpeveoq T, HECTRMIAGIOT: PHACIATEHY (LIRS Sach o
ot PRy eFife R, dnd bl nd CRO DGR, pOhors such as

c@booypdlyindtlrylska, | pelatim belmmnartmn,arbdntonﬂ@l n@lgnemgn aluminum
t her eof nt enpl d. es.of su osa

sHighige ROEFEREIdS DR e (Y BucAife FRR | Bydrophili

pOt lgio%ﬁpéo os%%?lslﬁilsm theShf &' avﬁﬁﬂﬁﬂéncﬁﬁh"sﬁé}ﬁﬁ»olymers

réconstitutabl e powders, elixirs ui ds, sol utions,
[2535} pé’hssedwslrophdmpcziymﬁs gel ansl would dllﬁs’rPlVP sloxgJin aquspay acidic

ets,. capsul es sof e &
i B T B i, S e ne SRETAE Bl in e
slofB8RIeWhehefdSgel @@Mﬂ@ rthe ifffestites ei$, wid tdissobe, in controlled
m croparticles, dispersible granul es, cachet

qummem the highsopi meadius to aliesy ﬁ%s"alf“?ﬁp‘iekf‘éﬁ% Prﬁf?ﬁrgfl hydrophilic
OSO' . &g%ﬁ?&%@? %Itb?ff‘)l( cé?ﬁﬁ&s'e s&ch b{) IEKHSQ'htla?nufactured by

ngestl I Nnj ect abl es
"Dhb rrofbw Ctlllmmealb@oﬁlpm@oami knowi raamAsﬂmbequﬂmrm sush casoMisthocel
and intradermal ), infusions, health bars, confections,
E3@MAD 2005/ 032474 PCT/ US2004/ 032131 ani mal f eeds,

< Nadditides Yecluding,
[{Selg d?tﬁ?r uﬁﬁg)?llﬂéttrl]ﬁ n‘?af%{) %gtgexg%%{ n%haﬁx%@@tlca itidds Vfcluding

i nati ons t hereof.
b2 b8{ litddiee \ter 1ubnhmt$n§3¢h e fmagnesiempwiearates ezlciya F‘i@@,fﬁ% @mc

t he abuse:r ant ounds f th n t
SREHS P PG i TR B8 e gPrapleo UG b obyetpytene
tyaop ra8¥ i et %ﬂa@&ufan@s difdRed suBnRSsiceized/ xactose;sgemtme dtarch
rrel ease whil e maintaining abuse resistance.

pst.i scaried tiegacend, ppuidondpelyetiiengslysal: BgeHen .agc? corn syrup;
gég%ngggg% | ntcgll%}%lr ﬁtﬂ:d"ht hf?)';hdepﬁlﬁf ?a'i@bélﬁ‘fagé’ %Eﬁ@enagents such as

ime as conpared to actlve agent
s6dighe . 1&172@19] stigsteu| aidcvyls @cﬁdltulne isul¥esat¢inaie s uittietbarmlamine,

pi)loyz)x%tﬁ}lflegg msgrlb?ttalrl,at i)glgxalla(lol and quarternary ammonium  salts;
preservatives and stabilizers; excipients such as lactose, mannitol, glucose, fructose,
xylose, galactose, sucrose, maltose, xylitol, sorbitol, chloride, sulfate and phoéphate
salts of potassium, sodium, and magnesium; and/or any other pharmaceutical
additives known to those of skill in the art. Colorants include, but are not limited to,

Emerald Green Lake, FD&C Red No. 40, FD&C Yellow No. 6, D&C Yellow No.
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presented as discrete units, such as capsules, caplets

or tablets. These oral fornulations also can conprise
W@ 2®6/08247HN Or a suspension in an aqueous | i quPdI/082084/032131

non- aqueous liquid. The fornulation can be an

ermul sion, such as an oil-in-water [liquid enulsion or

a water-in-oil liquid emulsion. The oils can be

adm ni stered by adding the purified and sterilized

liquids to a prepared enteral fornula, which is then

10| ar ED&E Hltee Nbe & dind gthenberiofs cerpified eolor afdbtives (SpaBl £FR,

ol P0E I8 pavBeop S e et o Supiofs Bk, SERTHLSR e
cg?%ﬁgéﬁhhg&siuﬁa A ABRAP P G ke, (vegetabl e oils

omonly used) to forma high viscosity mxture.
[756]s An activesagest camisrpaten wdipchuis fivdberformulated stith exeipients may

based fi |l musi ng technol o and [ o
B Aot P BE Rty g sAaeed BRAP of Sillin the
a80of SHatRdccutialt Matufabhired Hop iggaikathe avti¢@agent [c@jbkate and a
Chewabl e tablets, for exanple may be prepared b

hyisaphdicnedymermay be mired in wnaiﬁerewgh Bl elquot 9f wiatsh gﬂuf% a wet
f | af t . £
rtificbel ] The buplin mody BEOCRRd |6 Mot (ARRGTIAC ! fymer

cnbapsalatedograhuleadl stiveaghitnenjngaied Theresdting gspulation may be
both direct, conpressiaon and granul ation, ji..e.,. Or
millgdgisprgensle f 1@%‘#& &4y gfgriops, P %ﬂePTl‘Fajeﬁqd?%s gvater
hipld i ' yofed! 130! foflnulSAGPERAY th
1#\%?‘?%\%% et %ﬁoéad}agﬂ)\? g?lé%ﬂgéﬁgﬁ? ﬁgf pr ocelzng es and t_hgﬁly ) -
tatdefed readymarg dartles HehBlm chawd biigh dowatestifocoating whigh rrgpidly
0 n d sa%e f.ormin.the pharmaceutical industry.
‘{i%gg']%s BT 5P Beét“é&aslh%l_“écie§‘, for exanple may be prepared
[B¥6)C a2bwaer, ARNSA BShh@d thACthRi A0S apefNcafuda® bntRTs the
pan coating nmethods or air suspension nethods to, )
rdlepsss Pf aetiveoagent; dafosthe jdigestisg drachaver emsriepdedgenjgy of time
2005/ 032474 P U 2 C ot
P Bty e PP Mo pera S Herh QL G588 cpmbinations
dn@rrBatlcat hedior weténtexinisp iwdthoat ihetadditied dfehaslsbvbiadditives. In a

ualities to disintegration qualities.. The mxtyre i
ReFiErEd cRPpBEIan) ne SiFDE SeRane TrR PdiuE FRgRIITed 10 achiove
aICgﬁpﬁﬁs&eﬁdﬂéédn&#%ﬁm%tﬁca&ﬂvm@ RelYed BEMdrik Qofted SWhile

e industry. The resultant conpressed tabl et
adhieaipg therbpetiaalty ¢ffetivpankege df agivsragemgeleasenar ket
need, .i.e., unit se, rolls ulk .battles, bliste
(388 s stoaibissal 85 Sivehfen fins i it it Bn el B dosase
fHiiBs. OhnP b1 OGLABLAKeRAE BbaHe S0l khbWh o p¥Rb LATAinRE skill
prepared froma'wi de range of materials. Wthout being
ihithé edand pembinationstberepdhtaze rentemplatddy dBxamplae af such dosage

i nder nd adhesi ves,..lubri ¢ , Sti.clz
SRS ripQyfan cotienn) HPlaiet LS g ShEL " Bhsuive  tablets,
JefeP)EREdnD bl ets Weeinshitableapsivders, elixirs, liquids, solutions, suspensions,

emulsions, tablets, multi-layer tablets, bi-layer tablets, capsules, soft gelatin

capsules, hard gelatin capsules, caplets, lozenges, chewable lozenges, beads,
powders, granules, particles, microparticles, dispersible granules, cachets, douches,
suppositories, creams, topicals, inhalants, aerosol inhalants, patches, particie
inhalants, implants, depot implants, ingestibles, injectables (including subcutaneous,

intramuscular, intravenous, and intradermal), infusions, health bars, confections,
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m scel | aneous materials such as buffers and adsorbents
in order to prepare a particular nedicated
W@ up03a4v4 on. [ 2651 Bi nders may be sel ected frpor/asuwodes2131
range of materials such as
hydr oxypr opyl nmet hyl cel | ul ose, ethyl cellul ose, or other
suitabl e cellul ose derivatives, . povidone, acrylic and
nmet hacrylic acid co-polyners, pharmaceutical gl aze,
guns, mlk derivatives, such as whey, starches, and
alfhl Yedds) e&realgSyd@irds, asreflt BRiings; Obuds) trivtritite Eioddefimctional
known to persons skilled in the art. Exenplary
faods and pombinatipnsdbsreednt s are water, ethanol, isopropyl
t j.d t :
AT OBy Y0 S8 s K AUREA o g sesian
cap&inds o€ theiifteention isoighy, to pleamt ﬂﬁimmlga Irelease of sheaactilve agent
and silicon di omf?e., 2661 Preferred sticizers n?a}z
iop prasade SHeaEDeUHiB nf ot VoS Bue B SHEIPG e S| maiiining
RN A @hfe. ARRLD )ﬂ:hv% @ ordl rrbﬁtte hﬂé a&iv"erﬁﬁﬁt ,is released into
cronotic acid, propy gl ycol utyl phthal ate,
ciléiattopl, psaédsrab]gt @er amsx‘mndedl periad d)f fimet 8 egnpared toodctive agent
without imtation. As is evident, the plasticizers
§ be hydrophobic as well as hydrophilic in nature.
2(?9? thﬁlﬁ%éﬂ%l 8f NHET RREAINC sSitdEd FDE VFal ath@thiftfation can be
et pht hal ate, diethyl sebacate and castor oil
pmseltcﬂaeas discrets) awts,hsldlea%@spsulﬁs waplets- eptaiets. These oral

roEiegt 1o i spmpriie BB S §Ehetap T Larfaauilus tipid o o

n¥hglicous MYAAUbTRe Vorirailitioa @hecapbmiBibnysicthasin oflvin-water
di ssol ving the encapsul ated film _making gan els in
ligwie esuylsige 6T aviterinagibiligwd erpulsion. o e 0@6&% £ e Iaﬁnstered by

SR BRSSPl i i e
phloed i, the [”&dfngrﬂmé aof 4 patEnboWho viwmableve mWaﬁmwc an incl ude
her 6,, WD 2005/ 032474 PCT, 2004/ 03
(R0 caR ik A ela PR RGN 6 P LTS B spersing
tl?enf‘drﬂlﬁlaﬁﬁﬂtlﬁ anSRSitopMt Q/Ehl@&név%get%lbl'dilsbﬁefdéﬁﬁnonly used) to
acceptabl e and could include vitam n E, carotene, BHT

fom etltigh wsansltyomlmrq s Thisowixture is Hbere cegapsulated with grgelatin
bg{fh]@} 26211%‘598&41 aﬁg%r’le\:@}%ﬁ H}w ltlpo%e g ‘c‘]{eus%?tdgéﬁndusﬁy.

ThB HRGirRMSits 0. Brm&Diredhaaritieditel Udnd;taiit kwglit s uch as
| act ose, dextrose sacchar ose, cell ul ose, rch or, .
a'ue ogp]llatlons

[264] c Chewplble d8itieis ofor sxampls|masb %preearﬁédm@maﬁ
V\H{h extgltaog%fhs @ésfﬁ%g 1§ RrmSLielatival g%Hheﬁa\ﬁ'ﬁ] &rdo%ge form that is

or suspension emul Si o
nhtekhiedaatbertglea@é mhtﬁelsﬂrah savallsweéd.c é?,ontfeﬂtmna]stabbt nachinery, and

magnesi u C ium stearate nd/ ol.yet hy] ene
PERCS SIS tﬁ% PPﬁgdc TG FATEPIESHAIN ad FARY Ahidnit ¢|OLyieging, before
c&;ﬂg&%ﬁ@ﬁ Wi AREH19:c81C T MHAGERIRGAREA i E)h&ﬁi&cé\mcal solid

I nat €, binding agents such as starches, arabic
dgsags ,foge pmduntlomatdwdrsmil inthe pmcessas Ian&ylmemylhn@yl used ge the

cﬁewable dosage form is a very common dosage form in the pharmaceutical
industry.

[262] Film coated tablets, for example may be prepared by coating tablets using
techniques such as rotating pan coating methods or air suspension methods to

deposit a contiguous film layer on a tablet.
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pol yvi nyl pyrrolidone; disintegrating agents such as

starch, alginic acid, alginates or sodium starch
w@blopsosare; effervescing m xtures; dyestuff; PCT/US2004/032131

sweet eners; wetting agents such as |ecithin,

pol ysorbates or |auryl sul phates; and ot her :
therapeutically acceptable accessory ingredients,

such as hunectants, preservatives, buffers and

anti oxi dants, which are known additives for such )
[be8]MOcaipresssd tabRES ForFexampicapteprepsted dyiroiingf the formulation
powders, or .granul es containing._dilutin L sper.sin
veifl PR Pise fiieadot o odd gg@ﬁtgsq e S}Sgﬁ%%ﬁ% QG fipafes.  The
rﬁl&ﬁﬂﬁhste'tﬂef‘ dﬁ@&fg/rco% rBssed ¥F BRnulaftdABES sdBsrefed S8RBah&hods
I'n the dry staté€, & non- gueous suspensi on wherein
amd spachitieny kagentte these methenintiustiyd, The resyltantsepppsgssed fablet
jn water or_.a syrup.  \Wer esi rable or _n

CaRF ORGP AR SR S UL, PR ke i TRt olls, bulk
@qﬂgssﬁﬁsyérﬁcksgg@nts can be included. [270] Liquid

I spersions for oral admnistration may be syrur%s

[6dil <Thensventionsalsp eorseopletes The uss plipislogigpllymiseentsble sarriers
carrier,. for ex | e, saccharos .SACC Lt R
5h vt oS RepeBr-Cnn @ S8 AR St Bpiorpy °BORE btk Nimited
tRafetd, CHAr nfateridld/Pintiide  diladed, i bindaisi @nd s adiasivegntlabricants,
as carriers only products, for exanple sorbitol, which
plesticizersidisaibedrinie qolprantsRling sulyances: oV IBRES SWeFIgs and
a.V snal | u t nsi

FirkSlatetE mrutiR, S s HEED 360  oLRGOPHS ARISIR G0 Hitparce 2
pebistlalm@licated@aiposiioal um al gi nate, pectin,

t hyl cel | ul b t hyl cel.l ul [ vvi nyl
s Sl el e 8w
%ﬂﬁ&)@&?ﬁ)ﬁ@éﬂ?c&?ﬁloﬁg E"{h 1cBiBE:, BEbINESsiitable cARBIBRSId&Vatives,

ctors including the age, weight and
poidting] acryté ahdengibadrdint acid dotedyraers phasmaerutical glagy, egums,

Taplets and ot her forns of esent.at.i Vi '
‘Gﬁ cg Vé‘%‘lﬂ?ﬁ’t?c O Dt SRS (A0S r‘%elg{;]aé%fre gy L‘% 3@%? rhoS , otber
HhvaRRnaPhingtR KnbdaltoPerdonssRitled ivftheome. Exetnpiarpmesdimiting

conpounds. For exanple, units may contain fromb5 to
&eentsyare buatennsthanels isoprapyl alcghels mefylens Sueride,or n’gB‘i‘?é and
of .t.he. present.c .7 2] ' i

RSB SEG BB el g bl el g ReEP el s

1660 stlRtipataonsndkiliepdidivxide. ski |1 in the art. These

i nclude i nredi ate rel ease, . extended, rel ease, pulse. ,.

1266k o T BT O 8 B8 SeleCh BT die P Bansiopoe B dietny
e gi ' - - e dof, ledePBcol, butyl

SERPRRC SRR 8k pe Sl Srg) &, gappiclogico, by

piithaiate, dibuiytsditeate,alastas oil and fraxivea thespefawithoyJimigation. Asis

LSS HaRN SRS AELBEBroriEPl, 1 BESMprgly b
Eﬁ%ﬁﬂsﬁ%@ﬁ g?%??@b% k@tssta06k, §adHPAsdibihgnphthileteg dfetliyd sebacate
and castor oil are used to delay the release of water-soluble vitamins, such as
vitamin B6 and vitamin C. In contrast, hydrophilic plasticizers are used when water-
insoluble vitamins are employed which aid in dissolving the encapsulated film,
making channels in the surface, which aid in nutritional composition release.

[267] It should be understood that in addition to the ingredients particularly

mentioned above, the formulations of this invention can include other suitable
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[273] Conpositions of the invention nmay be

admnistered in a partial, i.e., fractional dose, one
W@roos03R74 i mes during a 24 hour period, a singPEr/Usme4/032131

during a 24 hour period of tinme, a double dose during

a 24 hour period of tinme, or nore than a double dose

during a 24 hour period of tine. Fractional, double or

other multiple doses nmay be taken simnmultaneously or

at different tines during the 24 hour period. The
agasesudngs favoning\agantsopeservitivis ped) antipxidantsn eSeghottiexidants

or th.regard th i.ndi vi dual. a

i o cop® Siamiaols ot g, nrlsde B ERlhel BHT, or other
aﬁﬁ&saeé{t&m@fm&d@%fisﬁ\neiﬁtth@mnay be provided in a
bl'ister pack or other such pharnmaceutical package.

[268]t [ther edmepaodp sdiich oay hsr mchded by sadxture, gisy d9r, grample,

subj ect. matter.. further i : [
SR o L AP B 56 AL ks,
saURRRSE, [de DS s StafshQstealcsurh phosphite deciabloidr camsatespolive oil or
The indicia may further_ additionally jnc utic(l)e an . ‘
efhylli daate ofer ofoft epsalssvands yedsrt Ped/egpiARie ﬁlher Hdyspegsions or
-ni st.erd i td. E . .

A 51 DS, 80 e APkl o i
sgangs adndldrnpolybthgieye f glycalemigellmir agénts soth tase colloidal clays;

o aE PR g B (R OO ATAes PRI such as
s})z@ SOTRABILE | Riths, TBElaRh ShethyREGH0&, RhbBkyROHYICERiILS or

ackage may 7also i'nclude a Second pharnmaceutical |
poiydnsdpyrr@iion) digosEesRg pgemCTIdSROtarin3aigie acid plginates or

N A N T e e
senoastiegigsl polysrbatednear Iimglﬁﬂ | ogidc ajtherodisdrapeutically
that are known in the art. Furthernore, it will

b
anpqtaile apeassarkidngiedienisnpaeh jay Mumestaps PISSEYEIESn ngfefS and
I ncorpqr [ I8 pol ymer
RRETORRS lth s SREARIMRLE R PR BHURARS B2V or can
[269]f Unet brahaldndeidtratidn) fipegiohiders ar ggahwlgs cagtantisg diluting,

St lor S s Sestn G o HESHET) v peror o
sg{n?)f E\gl:éps{ﬂ%g WP shdhefsNB tBE lry #4660 d ﬂo@ﬁ@ie’&ﬁf SRR MErein

I'nvention, the solubility and dissolution rate
sufpentiing agentp syt bomclwled udrsinemsispénsjorcinavigiedons dEmup. Where

e pe Gy AESetnd R PRGRE MufieBfine, Ruliing su opulsiing

dggntg@g{’g@fncﬁla’e&di ment the solubility and dissol ution
rate substantially decrease the bioavailability of the

[270]d Iihuidndigearsipesifor gl t admminiskpiiorn mayo be SYRRSY STulEeRs or
i nt ended [ a I n . [ {

BBFREE TR SRR, e B SE A0 S8R ctarse o
sa6dharyss twit Fl@'ﬁerol hiiid/ e priakigito] exmid bt so¥bitol.t Inepatidar &ras eyriup for
bi oavai | abi ity occurs upon intranasal

dighetiapstien{s PeshcontRnATSERERS eRORIPHRTE Tohexamaplp sgibliol, vhich
(ﬁ)‘ Q8 AletBBlide! 1o/ gREGH Gr WARM metabolize only a very small amount to

glucose. The suspensions and the emulsions may contain a carrier, for example a

natural gum, agar, sodium alginate, pectin, methylcellulose, carboxymethylcellulose

or polyvinyl alcohol.
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i ntravenous adm ni stration. [277] Another particul ar

enbodi nent of the invention provides that when the
weowalsardy nodi fied active agent is provi ded POF/US2084/032131

dosing in the form(e.g., a tablet or capsule) it is

resistant to mani pulation. Crushing of the tablet or

di sruption of the capsule does not substantially

i ncrease the rate and anount of active agent absorbed

when conpositions of the invention are ingested. [278]

[Fnl] Saehiosé rirge foeainlt lnehrebdingsi withdespend ener numbpes offfactors

 SRRIEE (B DiSh BHp GG oL e SR eaf 15 PEREfsrRf poute
’I;aEEEs Qﬁﬁl toger UghRy r%g aﬁé&s’gﬁﬁéﬁo@g)%’&idedﬂﬂ? deeietd @Rty YoR@iAshtly

em cal noiety s or elimnates the possibility
cofitaiy ar ke dbse, or a&in aphropriate rfeactiom . tharpef, ofownsl ehitle present

HEBBIRY o SRS 2ty B fm SRt S0 e Bt mgre pioally
fPHh@ngﬁa@g%blrﬂg, %@Hﬂ@oﬁhs?}e@,a{t cBRipBEadst educes or

elimnates the possibility of overdose by injection.
[27219]1t Thelsp massibieofor fthe tdassgepforni igecombing say fpaps of release

altering actiyv ent . - er I

bG8 AR 8 RO TS AE BRER e
RiAHb ecl¥RE] PilSe reléys, TRiabROdlcatE dohaoliaiCmldase atimed release,
dosage t hrough coval ent attachnent qof act.ive agt%nt

39
svetniped Ieivasey elapet relsprso dom 24ie, and eprbigptigps thereof.  The
a%ﬁﬁgk& ?{)ta{mﬁécﬁﬁe re(@a%e,em&ﬂ'eﬁaéﬁe r}%lﬁééjx%ﬁzaée, aiine rtase,

preventi ng i

OVEerdose conprising a Istering to an
conddVddd veléasantimed i releaskg engtainkd ablehses dolgad relowssl dong wcting

bound to a chenjcal. nojety.. [280] .Anot her enbodi nent

%Wﬁeﬂé%csénaﬁ%ﬁafi?msﬁb?r@g@ls%@PW_ A HeF™an active agent

[gﬁgﬁ@&h itRInR VoG i enhEh %ﬁ@;ﬁtﬂeﬁ alinifbfe8CH e partial, i.e.,
C

nt of an active agent whi as been covalently
firotionh] tdose ook eminord times duringsh24 bouy petied,chungle dpseditigyp 24

reduces. the rat bsofptio ct i

T Gt o AGRTBb A ool R, f o o
dogBit]doA AufiReE acbiRsi- RHbd B Giviell €Bradtidl, dudiblf orf @tlercinnliple
drug toxicity conprising providing a patient w %h an .
desesi may hgsaken\gimeliangeuslp eeat dibigrang %me;? dujgg ke 24 hgur period.

o o . . : Cncr
SRR T SRR S B brerepago ue
iaditidual @agonends endiffereatadhinitmtien tmeeedi ng  t hose
within the therapeutic rapnge of active ent. .[282] .
(R3] HAkewRe e OMPOBHEN Sbaws THeRih gy TR o flister
ABRDELA RO B 40308 g0 e
invemtiive atibjedineatier whgrfeithertindudéh enbe a¢compianiey byriadictieallogying

individuals c|> ?&%ﬁfy the compositions as products for a prescribed treatment. The

indicia may further additionally include an indication of the above specified time
periods for administering the compositions. For example the indicia may be time
indicia indicating a specific or general time of day for administration of the
composition, or the indicia may be a day indicia indicating a day of the week for
administration of the composition. The blister pack or other combination package

may also include a second pharmaceutical product.
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curve which does not increase above the active agent's

toxicity |level when given at doses exceedi ng those
wowaokiose4rhe t herapeutic range for the unbound BCT/US®04/032131

agent. [283] Another enbodi nent provides a nethod of

reduci ng bioavailability of an  active agent

conprising providing active agent covalently bound to

a chemical noiety wherein the bound active agent

mai ntains a steady-state serumrel ease curve which
[275bvitdes] be tpreecigedthat did phasmhedogiod astiviy af theb¢ampogitions

ot B ENE e dridBhred s Rert i, BT vaSa kel madsls et
aidl ¥&dwn 8h GRSAE CRGERHNHE, iNQRR ¥é Lppreciahd tHAErtAY divdntive

range for the unbound active agent. Anot her .
canpesiionsnanpreoincerperatednen dnsapsyfatest By @ switade golgmex matrix or

ke f ti C o whi | ! s . .

R % PRE P 0, B Ok cgRA S it wrsoin

afDEApabledf effebiigldifRGpadifia dbliveey.apest teshhighed)as wetier other
coval ently bound to a chem cal noiety. In another

dmavwﬁeghfmhw@%kwinﬁ%m-i on provide
A b5 S i 0 R, LGl e o

therbhpdsition ipsubgrantiallyochangadxinder physadegipal @bnditions enceuntered

_patient conprising admnistering to a patient. an )

inpeiiiyiestifige At MueRAAT BRIELT BbUWHe bi@%@@o%v grosher pmbodiment
e%\g&?ggfé‘r{cp 3Rdctdtion Rt sHRERHER dBRESEYMYMSRhilabiRlydof the

oun lve agent nal ntal ns a ‘st eady- $t ate serum
saié | phasmaccutivd, phitichlagy o iddess sbavisethape intergdetl| fpr therapy. In

ef fecti.ve,.bi oggvai,l abi | Lty. but, prevents _spi Ki or . .
s o e S i HiaRvpiaBiy 0% padofal finfthistration.
IHnheRE RddvBeRonRt decréad€Sh HRaliRbilRFDEW e BporD finfidiRsal

i nvention is a nmethod for reducing or preventing

adminisiragipna Ip kaethecenbedimentebadeartsedn bieayapahikityrepcurs upon
. provi ding., . L.istering, or prescribing said
ugrgﬁ‘ﬁ%03|stalgglﬁr%?%atgmhunan in need thereof, wherein said '
[P QSiothie rparticilger érmieslimenthefriteea inventied yproddes €t [when the
attached to an active agent .su that .the .
%\rﬁmﬁla{crapéﬁiegaqcﬁé{% tag%ttlg Pé?"léi‘f ?qreora{; dpging dn the form (e.g., 2
it lidis 965 he: ém{gmsm' £ ket io? diPEH
taﬁ]&?g& 2 nsngé? ktylﬁg%?]%ﬁ?(gﬁ}am&?tﬁﬁo%he runranu acturer's on
of ttet capstiealvss not\sdistretialninockiase tite xate afyk apyadnefi astive sgent

a t.hod for reducing,or preventi.n use of a
alb"rc?geﬁia‘g]%??ﬁoé%ﬁosg’(?ﬁf)f} i ilrb‘%?n%‘b%rl?%sﬁa' consuni ng said
[Z8TP 8} L, of AR @isBribedie bMbE@IRARI bhe®or CRABRY b &Be Following

chemcal noiety covalently attached to an active agent
charadienistizs mayeepealizedc dhe goxdeity efcthe gpmpowid is iabsigntialiy lower

agent . i ubst ant. e d t Q R
o ke, o ¢ B AR Pk SeRL STRE oo eRty 0fnd URBARL ety

redaes of tlinfhatss the)pbssitlityoos .ovErd86d bANnoiaheidngnibstionentThe
of the invention is a nmethod of preventing ov?rdo e of

covaionalyrhavad chemicab Brises radness, or chimpntes My Rassbildy apoverdose

b?qﬂi!rmaﬁlegdrﬂigdsn%{ioﬁr e’ é:(pz'afégtly bound chemical moiety reduces or

eliminates the possibility of overdose by injection.

[279] The invention further provides methods for altering active agent in a manner
that decreases their potential for abuse. Methods of the invention provide various

ways to regulate pharmaceutical dosage through covalent attachment of active agent
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sai d pharmaceutical conposition to a human in need
t hereof, wherein said conposition conprises a

W@ h@si0sar4 noi ety coval ently attached to an actPUBUSIHe$1032131
in a manner that substantially decreases the
potential of overdose from active agent. Another’
enbodi nent of the invention is a nethod of preventing
overdose of a pharmaceutical conposition, conprising
consuni ng sai d pharmaceuti cal conposition, wherein

ts diftero mbemidal owiiesp Oreesntdihentipsayidernd sieghod of preventing

oGBS H HRERELehE R G R kB R B0 I e
cswaatty_hﬁ)uﬁa%xeh@antén?ig@m] Anot her enbodi ment of the

i nvention is a nethod fofr reducing or. preventing the
[2803 h dwriothes fefbedinesht proyides manethed ebsafelyrdstiveningogn active agent

conpr.i si_ng .provi di n .adm nj st.er 0 [ .
o§EPRtoE B R B @ MR T Ot B B8k dteEwhicn
hafitders @BPASHily BBURDEPMI SiREnidal CiAGTELE thepdh hy chemical moiety

covalently attached to an active agent, such that the
resigesthe grts oif ebsorption; afjagjvetgeatas sansgehio delivering the unbound

L ially decreased when the conposition is used
agﬁkékﬁg%ner i nconsistent with the manufacturer's 41
[292] 20013 2 41 o AEEN ISRO01ES 32 1 Bibthddn stfr wedvicongs .drug  toxicity

Anot her enbodi nent .of the invention is_a t hod for
CPRRTISNG PTYIding & RSHERNYIR HE SHOREE! SYtRey hap,peep covalently
BRI 15 G Hildntitht SOIRP HHetAD thd CABRICE! Bbict§ ARSGEME IS 3htd of

conposition, wherel'n sald conposition conprises a
cihemmice af a phaineicylogivally ectiveyactive agdné whiep gitvrenzat dpses exceeding

agent. .such 1hat t.he pharngcol ogi,cal activity of
ﬂﬁ%?ﬁ@@“% ﬁﬁaﬁgwhgﬁﬁgFgﬁg&BFF§% ecreased when the
[E2]P A ihe? N elrbolisRet | ProRideBNACmethdlC AT irsdRilg Wirb tdxeeity
manuf acturer's instructions. [288] Another enbodi nment
comptikiagi prowidingon rafeninyithfan peiver ageatiiviachbiphbazn covalently
wh i . ol T L ¢
i) B8 cRah e OISRy SOIRAF h D ol Bl it Heace
cﬁﬁ&ixslﬁalm tdoésondtéheearse atéas\_mmhs abﬁivegdi@rr't’s wxiﬁqir Ilewl mlzmﬂgiven at
the conposition is adm nistered parenterally, such as
dpsrsreareRding o itHR R/ BAERSH rangst jof _ﬁ%mi’w? 3fitiye agent.
(263! ViGoRae r&nﬂmﬂag Br 'gé’ssQ%&B@@o%%@u&ﬁgeﬁio%@éﬂdgmtftdf an
In“the presence of "acid and/or enzynmes present in the
astiveragént dontpeistngnplovidinmg activr agind owvalsatlyibound to a chemical

sy gttt s Paia GRS Secs fdis 8Pl auupion® curve
WGP brobivs N hepapeagéamBnétictive beodvaNilifyobuti Sreddiits piking or
the preceding nmethods wherein said chemcal noiety is
ingreaspiblapdassium condegipigsiceapared| to papeyngeactive agent when given
bohydr gt e, ' c| el ' i 4 a0
SBRRE Dl SRR gl Bl 35 M AL gt

Aot ReDbiEeent @fovidds wpagthbd ef pikeriting § € ¢l wpiliechl active agent

noi et
while Stl)il providing a therapeutically effective bioavailability curve comprising

providing an active agent which has been covalently bound to a chemical moiety. In
another embodiment, methods of the invention provide bioavailability curves similar
to those found in Figures 1-195.

[284] Another embodiment provides a method for preventing a toxic release profile

in a patient comprising administering to a patient an active agent covalently bound
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is a pol ypeptide, preferably said pol ypeptide

conprises fewer than 70 am no acids, fewer than 50
w@piono3acs ds, fewer than 10 ami no acids, or femer/Usivas1032131

6 am no acids. [290] Another enbodi nent of the

invention is any of the precedi ng nmethods wherein

sai d coval ent attachnent conprises an ester or

carbonat e bond. Another enbodi nment of the invention

is any. of the preceding nethods whereih said active
tag@h@m@emp@féw erSH%Mé GCtivecaEeR, AR Biiga Yrﬁi%aaﬁum
t r
Bl oy A Yol aptilicd 1&%??5%';@3?%‘?‘?%‘%"“ rovents
spfkmgmr inoreasetilomd sesum nmwﬁuﬁtMS pompectd rig untedund dstive agent
ald c osi t.ion yields a therapeutic effect
ST Ao Ra AR O gHBInaon ek etk iDg To-uging o5 Bravpating
r h c q@n&yg
AL e R e e R A A Sy
raesCubiag satd eimprogiigntte aj hunmmphmeeé ther¢afowherdinosalik composition
enbodi nen he.i.nven thod f.or reduci.n
GREpeE AupRlpel ittt eSrenafaehed i P Seieh afsGL Soitbfat the
haFRAdoRd gihl Odchivity &t AttiveS taBrtNeh %awarﬂ&ny\w@&&'éww the
PCT/ US2004/ 032131 conposition to a human in need
qompe@pn isvheadeinre BwNREr dBeRRSISTent mthcfbﬁgnar%@ttaﬁr s Hfrhetions.
At er l{%}%ﬁﬁenq or TR ﬁbgrﬂ olnyls %téf‘&gg‘? (flor rgd& Pr%ggtﬂmg abuse

stic pharnaco
oa“gtqﬂtarmsceatibeﬂtoaﬁipbahbm ddﬁmﬁfgadmsﬁtﬁﬁhgtdaﬁl ccﬁﬁp‘d@hﬁ)lnt wherein

is used in a manner inconsistent with t

1108 (COMPIIFRS: & ST G otety zgmlenﬂy&mehedéﬁﬁaépmgent
b BB SN, B 4000 Bl LPIRCARGAN ddRiased
vgitmr e camposaloncis mped it i mmannermnchmmﬁenti with ébel manufacturer’s
. ger eof , wherein said conposition conprises an am no
MYFUFHIONS: peptide covalently attached to active agent
[286]2 ARSIRG enidoMm&H RF iR Thidtion 158G ARSESS preiénting overdose of
potential of active agent to result in overdose. [2
mmmweu@nﬁdmnmﬁttlonsccanmmganrow&m&e&ﬁ@@nwgenog, or prescrl ing
ga&'{ &ca? c%%’ﬂ%%ﬁm efa{ %%}nagf if &h@r{ﬂ%&%%'t %vgérem said
conprising orall m hi'st ering Sa

o@ﬁifmgﬁbﬁ lc@ﬂﬁpﬁgesat dlﬂéﬁMl tididhg e@ivdléiﬁlyemfacheﬂh@ ra@liabti éagént in a
conpos| ti on Cog@wl ses an am no aCI r ep tide
r%emax it | sy %Ff“i't efecressec theyRotengiah t° Osf aﬁom [pstive agent.

&?xin o2 @l vk flsagtﬂl&ﬁo@%?gﬁreﬁe?ﬁmg overdose of a
subst antially decrease sitiron”is ed
pharnaaceviicad r eonmmlsmom erbmprikingt heom:mmnﬁ@ctsatder pharmaceutlcal
i nstr, ctlo %mg For.each of .the recit d
CBF‘PPH orn¥i ﬁ"ﬁ‘b e FROSTHGR; FREIBIsED &r F’i‘eé’%lce'mﬁvl%ﬁé covalently
aBade@ViBtadine Adeit RO Rdefial “E0BARANY tdécfeﬁ&scthg Pofetial of
noi ety. In one enbodi nent, the toxi C|ty of
OW@Mpsvﬁdmnhya@E@Qg@@tant|aIIy Iomer t han that of t he

B8h! n RS HanER Bk nean iR i § Sr AP RbRE Br Blevating

the euphoric effect of a pharmaceutical composition, comprising providing,

administering, or prescribing said composition to a human in need thereof, wherein
said composition comprises a chemical moiety covalently attached to an active agent
such that the pharmacological activity of active agent is substantially decreased

when the composition is used in a manner inconsistent with the manufacturer’s
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enbodi nent, the possibility of overdose by ora

adm nistration is reduced or elimnated. In another
weedsasaent , the possibility of overdose by i neCHOS®a4/032131

adm nistration is reduced or elimnated. |In another

enbodi nent, the possibility of overdose by injection

admnistration is reduced or elimnated. [296] Another

enbodi ment of the invention provides nethods of

treating various diseases. or .conditi.ons conprising .
PR o AR SRIOUTOE R C5iPURTPRoRe: BEHTLor roshing or
| PrBveitth OtheWahsHbricUeHB&T of OMPHaRBaRAAPANLIMPEABE, | Bftfrising
active agents for the respective illness or diseases |
cohewming s4ié compiesitioni rvehdrein cenidh| comriogitian t eghieréses o ghemical

hem cal \ moi ety EFor i dj f the .. .
LR TBY Hbened 20 b SRR PR SRR s e
stedctioé hodhy ReadslahiallyydesiBéd whagthadipositieh ii$1gseGn @ manner

patient anphetani ne coval ently bound to a chenical
inpensisjent miildtthe magwiBeiyr@wsipstrustions: des a net hod of

R A%E HEPbBErDES. 54 inHRBRo oo b 11 17EEing methods

whérpini Sdid Ghachidceitdat icom@osition ipatamed feroomb adasnistration, and
conpositions of the invention, uch as anphet am ne
vhersinewid 3ctiye gaentayresstbin s Pt %ﬁ!ds cieBtigRl pmotety when the

e . trenh] ¢ .
SRR o RO GE rdRENRY ! 6 GhiABafy! S bicuss
hefdrsbly, sadmotivid ageant manpe seleasedsfrah taid cherueal mwigty in the
anphet am ne coval ently bound to, a chenjcal iety.

PORTFS AhGORA TGt TRER PSP R SRRt TBY: Gy of blood

§BLRO DR onkll§ Al SomFAMN 4 HEGE thé) orAS§OE ki capistild, oral
acqul red i munodefi ci ency syndrone (AIDS) or

AlD®; ef etabshspenspitex conprising adnministering to a

jent conmounds o nmpasitions of t ' [.on
8Ly RSP gt afrBERRTHORTR, Bl P h HGRELE ethoas
WhérbRd seid ichéaichNnoidBpriess Gimife muid,sioligopeptide, polypeptide,
adm ni stering to a patient conpounds or_cqnpQgsiti.gn )
SEbQLErelf, G BSRACBHAC, AR e IEHE. oPTekAEDlY n i Ghgical
oA B35 Pl 08 ool dpFll, oA LAkt Bbthhial moiety
pat paippeptidarpoferabdy said polypostide amsprizes fdveerithare ™ amino acids,

D%k PIRSEL TERL RLet | PR S, B PR B R4 B

[m]'g eAhothO BRBHHHSenP 'ofCORPIRSEAHoANE Sy Rahé Preddiin@Nmethods
299] Anot her enbodi nent of the invention provides a

wherkwdsagd covadentiatigelmhendtdomprisesdan esteoar ewhprate bagd. Another

adm ni st erd 10 atient .conpounds or .c sit.iqn .
GBodiiath ot B i GanfioRit R bt ERCBAr LR B BT RGh AR ptive

 eavislafenty aRAdMes! t0f chientiad] ndetyiiRdotgh b ke ufid/bolydroxyl in a
conprising adm nistering to a patient conpounds or
plewmpaedutic hacceptable oral dosage form.

[291] Another embodiment of the invention is any of the preceding methods

wherein said composition yields a therapeutic effect without substantial euphoria.
- Preferably, said active agent provides a therapeutically bioequivalent AUC when

compared to active agent alone but does provide a Cpax Which results in euphoria.

[292] Another embodiment of the invention is a method for reducing or preventing

abuse of a pharmaceutical composition, comprising orally administering said
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of the invention. Another enbodi nent of the invention

provi des a nmethod of treating al coholismconprising
w@eivsnsRvering to a patient conpounds or conpRGI/USINE032131

of the invention. [300] Another enbodi nent of the

i nvention provides a nethod of treating narcol epsy

conprising admnistering to a patient conpounds or

conmpositions of the invention. Another enbodi nent of

the invention provides a nmethod of providing,

camargeen & @dwmansmn@eeédthﬁm’é tvelrareiy el eprppasitéon compnses an

ounds o) s of [ |on [30 ]
or’gz’D ‘% (P ?8‘?‘2 CSOVB ¥ea%a(‘f‘h%(fett°e %\éﬁger%%e gfat the
phhtﬁhdcﬂl‘()@i’bhl @ﬁtlwtﬁmtﬁ& agant Pis OMtibdReltifIe) Qiﬁcrebﬁé@e\ésﬂfen the
t he scope of the inventionis not limted to 44 W

COmpSYiBaIpis rsedbnTy ey 1qossistent widhideimangiackiserls nsiuefions.

L

cbink)dsﬁmmtcedlphymg hﬁatlh}a@dikmmdmg saiduphaemasdutibal composition to a
anphet am codone, and oxycodone, that have

hyeen 1 eﬁm? g?qemeaaléycoamoa@ﬁﬁfe?ﬂmnrbses \illr fI9ipe acid or
PR ANCME Rl O, LRBR b SR fcrncs

sequences suc

tlanpbteeiat afetive dgsnt toresclairboleydbset es such as ri bose,

di d h ki net.i c eval uat.i on
(" s o i agPDRS TFORTISE oF dHC Y iR b pgphoric
ekfattr 8nas fﬁham@d@:guﬂlé&l F dgiRHRN! QUhPPisingObraBlGt h&ﬁirﬁst&ﬂﬁ% said

conpounds denonstrate that active agents may
camgpgitien thy Tuwnenl isnneedt ﬁlatzehfrevheremcsawawromsﬂm e@mmses an

dre |nthe t her ut | ue at..normal . dos .
ofiif I8 &, tplide,' SSRRARY L poachB) o ol e CRRE® that the
phskMadoldgical iadtivianbfpaanentpan ef s1ﬁi@t$§‘aﬁall}t hteott@bed when the
i ntranasal and intravenous adm ni stratl on. CARRI ER

CRDPAFH OSSN NBAIRY Fjcopsisie Veidh the prpydaghnrgs mstructions.
[BY3TORSE kAo fifR fj%ﬁe@ﬁ%ﬂﬁ)fdg CFtthy Hentio ﬁ’fth@@o fd%ﬁﬁ% ‘i)?(h)ertles

norety conjugated to an active agent Por u0|
nEot ke bcldevddothrewghr Hm&hng\m:hm agmtrtbaﬂhaldhgmmﬂ; moiety. In one

t her.apeutj c. val.ue erein the am.no Cld| sj ne ) IS
R b 1o BE PRt ey SronBramiiY Tower tish the of
ﬂ{eK&cﬁV@ REIAR IR )deliF Ve Ve fts uhRtRn@6BAPbLad & salt tHeHREr ﬁ hiiSther
of the attachnment of anphetam ne to any variety of

emibednmat, thoi mss@shty ¢luoverdose byaonal etsinnms@iatmneusarredwed or

nme I ude [ nst apce a
@ afcwgly ;[8 66 u‘aﬂlf’%cf“ﬂﬁeP %rpggg yes d%‘éegq?sgelay iiptranasal
a@mﬁimfaﬁﬁn 1s reddcaner élhhﬁlu@hOQh anbfher &RB6difdcattth€ Possibility of

overdose by injection administration is reduced or eliminated.

[296] Another embodiment of the invention provides methods of treating various
diseases or conditions comprising administering compounds or compositions of the
invention which further comprise éommonly prescribed active agents for the
respective illness or diseases wherein thé amphetamine is covalently attached to a
chemical moiety. For instance, one embodiment of the invention comprises a
method of treating attention deficit hyperactivity comprising administering to a
patient amphetamine covalently bound to a chemical moiety. Another embodiment

provides a method of treating attention deficit hyperactivity disorder (ADHD)
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A. Synthesis of Anphetam ne Conpositions Exanple 1.
Ceneral synthesis of am no aci d-anphetam ne conj ugates
W 3®4/0324m no aci d conj ugates were synthesi zed PYT/UB®04/032131

general method described in Figs. 1-5. Exanple 2

Synt hesis of L-1ysine-d-anphetam ne [305]

L- I ysi ne-d- anphet am ne was synt hesi zed (see Fig. 2) by
the following nethod: 45 WD 2005/ 032474

PCT/ US2004/ 032131 a. Coupling Reagents MV Vi

comptising Emiristedng ipad patiest comperside OB FPHBOFHANS stbe Fgmntion,

s PmRuaind o BGGARURE )2 Gy n e Al fecthtficnt
ploviddd @xaidthod b@Otrédting aftéfifeln THefidit sdibartiero(ADID) cornpnsmg

Boc Lys(Boc) - OSu (15. 58 g, 35.13 mmol ) .in diox t%
admjnisteideg n 4 meatientarGemaeNede M <COREIHOBS afh Pah‘i“f‘?@tl‘m

APRERAE cobafst Phout G d chBRGT mBR 0C al Towed o

[297]r Aadotliep Oemb@timertablir the omemghtpm\&&sv enietind efcessding
base were, then rermvegaﬁu& ng. reduc essur.e

cagrifiue 4eqlivR asspqited W ﬂlaaﬁﬁlclemwasoda\q@ NEEGIPEIHMRS) or
A?I t@%@e@'ﬁ%ﬂp@&d %gmgﬂ xgmlrﬁ‘s% ifgOlty MR faich W yIunds or

dai

l—q

4°cm w eluted wth et
campbﬂnmsoﬁhbemwexdmt vvas |soI ated; the sol vent reduced

R RO L —
déﬁe% &@%ﬁ@iﬁ%dn@inﬂst&%jg% %]paﬁgh C%Hlfohi{@s Ur@ﬂ?ﬁosuﬁms of the

1.04 3 (m 4H Lys-
lrmmﬁ@n CHjothg emipgima@Hpt B@cm\f@ﬂw@mpwdss 2 ggthod, treatmg :

aj%ﬁwylﬁnng A?ﬁgugty I_ﬁela%%; c&g’(ggg’lé é@a{)%s'_k%q}/ lglsgbn %H? pa\l;lent

c@mém@ldﬁbr (1579 Mlommfdﬁe MviEatidh. 7Aﬂé&h& e&ﬂ)oﬁmuerﬁfdftheoiniv&nhon
65-7.71 am de NH); ap .= 86-88 C. b.

prosiidest &aneth Réé@e@ﬁpg wwlmsg ROMRTIFIBE CSTNBISiEFnG to a patient

e 4 mol/m. 50 nL 200
@‘i{g@}&ﬂi ?Et’i“y‘g‘?%ag&m %%ﬁ%ﬂ'm. 84 g 32 1 1,4-Dioxane
[299%0 Amother cfnB6dneThef fhedhemtion peovidts avasthdd of tleatig finotine

nL of an i oxane and
agglctlon compns@{g a(?mlms(iier?ng fo a patlent compounds or compositions of the

invention. Another embodiment of the invention provides a method of treating
narcotic addiction comprising administering to a patient compounds or compositions
of the invention. Another embodiment of the invention provides a method of
treating alcohol)ism comprising administering to a patient compounds or
compositions of the invention.

[300] Another embodiment of the invention provides a method of treating
narcolepsy comprising administering to a patient compounds or compositions of the
invention. Another embodiment of the invention provides a method of providing
analgesia comprising administering to a patient compounds or compositions of the
invention.

[301] In order to facilitate a more complete understanding of the invention,

Examples are provided below. However, the scope of the invention is not limited to
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stirred while 50 nL (200 nmmol) of 4M HCl/di oxane was
added and stirred at room tenperature overnight. The

W@ 003082434 wer e t hen reduced by rotary evapor at PORUSI®04/032131
afford a viscous oil. Addition of 100 nL MeCH fol | owed
by rotary evaporation resulted in a golden col ored
solid material that was further dried by storage at
room 46 WD 2005/ 032474 PCT/ US2004/ 032131 tenperature

S unqier h. g&n\@égj @go%e 1%&%%@325 6‘@%%‘58 6ar% f&lzr6 f&?ﬂfs%se of
ﬂmgﬁratfdﬂm{}{s (3 and 6-CH2), 6 2.54- 2.78 (m 2H Anp
, ys s-CH2), 3.63-3.74 (m 1H, Lys a-H), 6

Efamles. 08 (m 1H, Anp a-H), 6 7.12-7.31 (m 5H, Anp

e The vt 5 Py priin BBl shhafs R apotimine
hy2bcdivhe, 2A8dxye8dond RatVIRie LB Bl ydifieé bidttathment to

met hod (see Fi g 3) except the amno_ _acid starting
Variaue rmcaptl%sycls@sc viluebaminosivich specifieshesirhained amanp acid

u t |
<S5 BB, o, AR PP, L LUABRGE iy 36 g .
Stildtes Aizlwies phyrideelsinatd dvylvatisasridfathen®tios (dsee donihgates

4) except. the amno acid starting material was
adspigistered cisl). theo,oaplp | 1Btranasaly nde Hitavepougy Tpyics= Goflegtively the
c%q}/ stﬁyglﬁlg?édtﬁ@ q§g¥ts fhatsy'l{@ ﬂl@&lﬁg@ Bg Qfv4isR&tthtnent

except e amno acid starting nmateri was
toB&aH@iBGnﬁﬁetles BandPhretnimn theki mlmrapmtlofvalue at normal doses while

L- | het am n EL] SA An Si s
R BRICHER] BUrgpoel by Br, SOmIERR A ST cof fpse
theoughTREAAM A8 istkveAd R dddldikird®ine Sprague- Dawl ey rats
vvere provi ded vvater ad libitum fasted overnight and
d R } i BNE - | ysi ne-d- anphet am ne or

[3§aﬁ Feg?%iﬁnl Tﬁhol%ﬁéﬁs ?%?era!)ﬂ]srt';%h etpg ?ﬁgen%{ e%%%%rsesg gf]zgnaél{éﬁﬁlcal
mofEey ebeiigdied aoac Eﬁi\feadgeﬁﬂﬁ)rwed@m?ﬂfé Lpoesimby foELdv&‘&ose while

(Amphetam ne U tra, ~ 109319,. Neogen, . Cor por at
MABHATRGE 3t meutlfrﬁ’élusmelnéh%ﬁ@qu%d PsiedR) is conjugated to

th@nggf%a@g&ﬁ angﬂet% n‘gk meta!h’ﬁﬂé’)t ' VHB%e(IQ‘ 6 9)Ianjiﬂ7§ is

maj or d m ne
11](uptmtaﬁergfcthe>a§tadmmmp Ioﬁtampheﬂm)mrm:toumy vagiety of chemical moieties.

L t
ko PRl G ASiEEns Attt e gL Fo s 354 pay, be
s;fnﬂreﬁl)ze@ |tlﬁr§ﬁ@1 ﬁﬁﬁ‘l@?ﬁidc@ddr@@d&s@ﬁy&ismoéxaﬂm?éiplh ghaifdBrodkhout

L-1ysine-d-
the specification.
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A. Synthesis of Amphetamine Compositions

Example 1. General synthesis of amino acid-amphetamine conjugates

[304] Amino acid conjugates were synthesized by the general method described in
Figs. 1-5. '

Example 2. Synthesis of L-lysine-d-amphetamine

[305] L-lysine-d-amphetamine was synthesized (see Fig. 2) by the following
method:
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anphetam ne are shown in Fig. 6. Extended rel ease was

observed in all four L- |ysine-d-anphetam ne dosed
wapiosmbz7and Crmax was substantially decreased BGT/US2004/032131

conpared to ani mals dosed with d-anphetam ne sul fate.

Pl asma d- anphetam ne 47 WO 2005/ 032474

PCT/ US2004/ 032131 concentrations of individual

ani mal s for d-anphetam ne or L-Iysine-d-anphetam ne

are shown in Table 1. The nmean pl asnma d- anphet am ne

concenoaplings are shown |n Tabl e 2. The time to peak
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bpsalpiokhA@® d- anpheff am nejdaayint ) - R
Lilysine-d-anphetanine (hg/nmd) | (hour Rat #1 Rat #21

Rat #3 Rat #4 Rat #1 Rat #2 Rat #3 Rat #4 0.5 144 157

[308] T8% Sfutiod MBEHALysIBAHDIS (15158 g83483 hiknolP itbdioxdnex(100
85 97 117 95 42 62 76 53 334457238 1. 60 71 43 ?
miQ updern an impriygnpsphene was agdesl d-amphetpmine irgebage (H &> 3213

e I
g SR (DT8R OB el SRS AL il il M
td_stirys iro@n derapahiaovenaighttl Selventdnd rmabess basawere then removed

uging JenvHed EraRTRe CoAPTRion e e SrateeRieey A, dissolveh igy7thy!
&%zﬁe 143 1aded Bn B8 3 HisiPeoluhn J(@ Gmwidd3 ﬁﬁéd 1!(42‘281!1 \Jiﬂ551ﬁ@&) and
13714758 14 25 47 17 36 11 19

eldfed ®ith ethyd ac‘i@te3 The praduce vs@s 1@1&@%@9 I{Sph@tﬂi l@duced by rotary

Par aagrst er g 1t o?}m&fegg’ 03%%%}; }é:({%ésg 'eﬁ%y%gl-vac to obtain a white

séhd. Y51 RevIR-(BNBEGIdR S Ne02-1.11 (m, 2H, Lys y-CH,), 8 1.04 (d, 3H, Amp
a-CH3), 8 1.22-1.43 (m, 4H, Lys-B and 8-CHy),  1.37 (18H, Boc, 6x CHj), § 2.60-
2.72 (2H, Amp CHy), 8 3.75-3.83, (m, 1H, Lys a-H)  3.9-4.1 (m, 1H, Amp a-H),
6.54-6.61 (d, 1H, amide NH), & 6.7-6.77 (m, 1H, amide NH), § 7.12-7.29 (m, 5H,
AtH), § 7.65-7.71 (m, 1, amide NH); mp = 86-88 °C.

b. Deprotection

~ Reagents MW Weight | mmoles | Molar Equivalents
4M HCl in dioxane |4 mmol/mL | 50 mL 200 6.25
Boc-Lys(Boc)-Amp 463.6 14.84 g 32 1
1,4-Dioxane - 50 mL - ' -

[307] The protected amide was dissolved in 50 mL of anhydrous dioxane and
stirred while 50 mL (200 mmol) of 4M HCl/dioxane was added and stirred at room
temperature overnight. The solvents were then reduced by rotary evaporation to
afford a viscous oil. Addition of 100 mL MeOH followed by rotary evaporation

resulted in a golden colored solid material that was further dried by storage at room
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Drug AUC (0-8 h) Percent Cmax Percent Mean Peak
Percent ng/m h Anphetam ne (ng/m ) Anphetani ne

W@ e@s0B47AMphet am ne  Anphet am ne 341 +/-35 10BCT/1$2004/032131
+/-27 100 129 100 Lys-Anp 333 +/- 66 98 61 +/-13 55 64
50 48 WO 2005/ 032474 PCT/ US2004/ 032131 [313] Exanple. .
6 illustrates that when lysine is conjugated to the
active agent anphetam ne the peak |evels of

anphet am ne are decreasgd whil e bjoavajl abil i
EPAOAT U deg ety XAt | i KDW%%%%% héﬁ (lﬂséH Lys v-

R8T R 2 ﬁf%ém@g@'ﬁﬁf iy 3P L5 8 o, 5 2.5

@W'@ﬁt ofl Aﬁlpsgﬁfzaiﬁ B{s é-@ﬂzm%s\@b@r(ﬁl dPlS Tys Ky, & 4.00-4.08
L-1ysi neZd-anphétani ne maintains its thérapeutic

(m;lllih Affip GL-I@),@deIZ -T.21 usiH,oftmp ApHRt &8l B 33 @8H, Lys amine)
e-d-_anphet ani ne and decrease in peak |evels

éaaécsem@elao@me.m it Ldtdidee. Exanple 7. Oral
E*amgblg més SyofcgerMym ne- d- anphet am ne at vari ous
qoses pproxrmatrnga 1Tange of therapeutic human doses
39811 SéVEf&ﬂp (vﬂiséls)rnmleﬁsmbﬁa) sieilak meethoai(seeiFige3) efcept the amino

d- anphet am ne vs. L- ne- d nphet anj ne are sho
a6 starding pF %1419%&&#1 f‘é& lsancgéh gﬂ?amée%en w‘gﬂsm;ne using

f%&ﬁuoncgtﬁﬂu&‘la?cgﬁ a"cﬁﬁ &E&d ¢t Extended release was
observed at all three oses or L-lysine-d-
Exaiysie dnSyighalosePhepdmpl s.  The nean pl asnma

BB ol Aty e @esiogy b by ki (e Bl ALERE 1 amino
mm&gr@tg@lwﬁwc_ﬁg@g\h stration of d-anphetam ne -

vs. L-lysi ne d anphet am ne at the various doses are
AmMITabl e 4 I\/ban Pl asma

FTEEIETN T T -

&al@gtaﬂm@nﬁdiaﬁawa@@men@sat ions (ng/m) Hours
d- anphet am ne_L-1ysine-d-anphetam ne Mean +/- SD CV
Be Dhauymacokineties of alysing-daamphets nine 103 22 21 31 11 37

%55&%@‘?5%%316 51 23 45 1 101 27 27 68 23 34 1.5 116

14 3 66 13 2091 55 5 40 7 18 75 16 22
Example 6. Pharmacokinetics of L-lysine-d-amphetamine compared to d-

amphetamine sulfate ,
[311] Male Sprague-Dawley rats were provided water ad libitum, fasted overnight

and dosed by oral gavage L-lysine-d-amphetamine or d-amphetamine sulfate. In all
studies doses contained equivalent amounts of d-amphetamine base. Plasma d-
amphetamine concentrations were measured by ELISA (Amphetamine Ultra,
109319, Neogen, Corporation, Lexington, KY). The assay is specific for d-
amphetamine with only minimal reactivity (0.6%) of the major d-amphetamine
metabolite (para-hydroxy-d-amphetamine) occurring. L-lysine-d-amphetamine was
also determined to be essentially unreactive in the ELISA (<1%).

[312] Mean (n=4) plasma concentration curves of d-amphetamine or L-lysine-d-
amphetamine are shown in Fig. 6. Extended release was observed in all four L-
lysine-d-amphetamine dosed animals and Cy.x was substantially decreased as
compared to animals dosed with d-amphetamine sulfate. Plasma d-amphetamine
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8 17 2 15 39 13 34 49 WD 2005/ 032474
PCT/ US2004/ 032131 Table 5. Mean Pl asma Concentrations

L-1ysi ne-d anphet am ne Fe(1T/082004032131
Adm stration (3 ng/kg) Plasma Anphet am ne

w@boodozaphet am ne vs.

O al

Concentrations (ng/m) Hours d-anphetam ne
L- I ysi ne-d-anphet am ne

Mean

+/ -

SD CV Mean +/ -

SD CV

O 00 0.25 96 41 43 51 49 97 0.5 107 49 46 36 35 96
1 121 17 14 -81 44 54 1.5 120 33 27'97 32 33 3 91 30
c@Bce@fatinsid indiviginal2ahidels For 2-bmpBetaBirieoorcl-b3inked-aBipBetamine

Tahl e 6. Pl Concent r.at i
TR

ih §aB18/X OThe tith@ 8 Beak BONELAALIOR firANBRHeL AhmORG

Hours d-anmphet am ne L-Iysi ne-

d- anp

het am ne

Mean

s SRR a4 thevn
af vVﬂ/s) similar

+/ -

tSthabwf Hearphetamiigh Rharmpcakigetio. preanpgers far qralzadmgigisgration of d-

TeBlelB Pl&ma Céncditratidnd 3f I amphétaiiih206h/ OB G4l Animals Orally
ﬁ&ﬁinié%%@&)ﬁfaﬁﬁpﬁééﬁnneT@hi-fstne-ﬁ%mammer(s&mgkfaraﬂ{r&bﬁfrﬁne
0

37 1 167 12 7
apphetagingearg gum

sl Tl &

5

b%g?d anphet am ne Fol Il owi'ng Oral " Admi ni stration

161

11 134

-anphetamine or L-lvsine-d-anphetanine. Parapeter 1.5
miineg B ng/ k gd-&mphgtaogne (ng/mi) L-lysine-d-amphetamine (ng/ml)
(hours) | Rat#1 Rat #2 Rat#3 | Rat#4 | Rat#1 Rat#2 | Rat#3 | Rat#4
05 || 144 157 101 115 52 62 74 44
1 152 78 115 78 48 72 79 57
1.5 85 | 97 117 95 42 62 76 53
34 45 72 38 61 60 71 43
20 14 12 15 49 33 44 22
8 3 3 2 2 15 14 12 8
Table 2. Mean Plasma Concentrations of d-amphetamine Following Oral
Administration of d-amphetamine or L-lysine-d-amphetamine.
Plasma d-amphetamine Concentrations (ng/ml)
Hours d-amphetamine L-lysine-d-amphetamine
Mean | +/-SD cv Mean | +/~SD cv
0.5 129 25 20 58 13 22
1 106 35 33 .64 14 22
1.5 99 13 14 58 14 25
47 17 36 59 11 19
15 4 24 37 12 32
8 2 35 12 3 24
Table 3. Pharmacokinetic Parameters of d-amphetamine Following Oral
Administration of d~amphetamine or L-lysine-d-amphetamine.
Drug AUC (0-8 h) [Percent Cmax Percent Mean Peak[Percent
ng/ml h Amphetamine (ng/ml) Amphetamine (ng/mi) Amphetamine
Amphetamine | 341 +/- 35 100 111 +/- 27 100 129 100
Lys-Amp 333 +/- 66 98 61 +/-13 55 64 50
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d- anphet am ne L-I|ysine-d- d-anphetam ne L-Iysine-d
d- anphet am ne L-|ysi ne-d- anphet am ne anphet am ne
wa@pphesam ne AUC (ng/ml 481 538 587 614 807 10PGI/UBA004/032131
Percent 100 112 100 105 100 125 Cmax 133 93 587 614
807 1005 (ng/m ) Percent 100 70 100 105 100 125 Tnax
0.938 3.5 1 1.56 0.563 2.625 (hours) Percent 100 373
100 156 100 466 Exanple 8. Oral bioavailabilit of f
L- 1 ysi ne-d- anphetam ne at various doses gpproxi mating
[513!] apgemple 6 RistpRytthe WHERysdRS €8s oﬁﬁjﬁ@&b&do tthe &ctlve agent
ﬁraphar macol ogi cal dose [3151 Mal e Spragu
efampinedhe) perk; lguels ﬂé@@ph@tammetﬁr@ desregsgd emvmlﬁmhty is
nﬁﬂﬂilﬂgéeg%ﬁgpﬁﬂgaﬂl g%\égﬁle L Oéhe?arm e. elzblo%zﬁlaﬁﬁlty of
atnphstainiie- crefeaedet fomn el Sysiiead-ainpethinetsyusintlaento that of
am)unts of  d-amphetam ne. = Concentratio
agpherpREeH [t Bkt dasephusiyaine ag%nhqt%mwa@amtams
n te h [ t
ﬂ?ﬁ@%@%“@&én TP ghafdl? #%f%@ b PrapiORLRH 1 fsine-d
anmphetpindteaunt decrasse3n paakﬂlﬂvds reins¢ thegobsibitityr eftaverdoae.e
decras/ed b . telfy 0% over a | dose r ange. of
ample havailabi -lysine-d-amphet amus,.doses

ma—oupt Pllal IIbUI Uyl

apReLint 9, of'tﬁer e‘ﬁﬁ@hjﬂﬂﬁnhgéé@ S Of d- anphet am ne
om ysine-d-anphetam ne onl'y reached 8% of those

[ii;lddanMean (nfl4)a1tﬂp$ma ammtratmn fuves erérbmheianmﬂjvsa L-lysgle-d-
10 The su i al ase . n b| ok ai l.abi
hegartyhe ¢ ol for Bt POy SRR Tt el po bif Y B ik . 8
aﬁd b)ﬁ%’sﬁh@h%l? n&h&i@ﬁ‘r@l@asew ¢bs&ved @Nﬂl ﬁhr&f doses for L-lysme-d—
d- anphet am ne vs. Dosage at 0.5 h Post Dosing with
amphetemine desedunimels. The seeapypplrgna conceniatignseor Indy 3»1 and 6

o BBl 52 g ool BB Al o

o) Qah{didHatbnP6IT HldbRhethii8? 18.1L-1¥sii-g-athphktawdhes abthe various
d- anphet am ne _vs, lg\fo,?age at 0.5 h Post Dosing with

dpses gtg FERATZSASh LeblRi ne

Table 4. Mean Plasma Concentrations of d-amphetamine vs. L-lysine-d-

amphetamine Following Oral Admistration (1.5 mg/kg) -

Plasma Amphetamine Concentrations (ng/ml)
Hours d-amphetamine L-lysine-d-amphetamine

Mean +/- 8D cv Mean +/- 8D cv

0 0 0 0 0 | 0 0
0.25 103 22 21 31 ™ 37
0.5 126 20 16 51 ‘ 23 45
1 101 27 27 68 23 34
1.5 116 28 24 72 10 14

66 13 20 91 5 5
5 40 7 18 75 % | 22
17 2 15 39 13 34
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Dose nmg/ kg 1.5 3 6 12 60
129+/-46 172+/-113 266+/-18 Percent 41 44 44 50 8
wEx@spsr79. Decreased oral
L-1ysi ne-d-anphetam ne at a high dose [
PK study illustrated in Fig. 11 shows

addi ti onal
t he d-anphet am ne
an 8 h tinme course.
bl ood | evel s quickly reached a very high | evel

over

or al

ng/ m 0. 5h 45+/-10 86+/-26

bi oavai | abil ity of PCT/US2004/032131

317] An
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Plasma Amphetamine Concentrations (ng/ml)

Hours d-amphetamine L-lysine-d-amphetamine
Mean |+/-SD cv Mean [+/-SD cv
0 0 0
0.25 204 14 74 38 51
0.5 186 9 106 39 37
1 167 12 133 33 24
1.5 161 24 15 152 22 15
11 29 26 167 15 10
78 11 134 18 13
35 15 79 12 15
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Exanpl e 10. Oral Bioavailability of d-anphetam ne
follow ng adm nistration of an extended rel ease
wo orosBar4 on (i ntact or crushed) or PCT/US2004/032131

L- 1 ysi ne-d- anphet am ne [318] Doses of an extended

rel ease fornul ati on of d-anphetam ne sulfate

(Dexadrine Spansul e capsul es) were orally adm ni stered

to rats as intact capsules or as crushed capsul es and
TableCR PR&FRLokdeidc PRERetefs df'd-éiﬁﬁﬁé@mﬂin@[ﬁ‘@%@&ﬂ@h@?l -

£ . CRkin8 MRS heRimide amPhet am ne base
Admlﬁ ?@br‘{ﬁf@-@ﬁ@d%@ﬁg‘#@%ﬁ?&ggul es hegagr(])lvﬁﬂngw increase in
Pare@etex |[and AUG nos§ 84 ajd 13 pérmekd, respgcti vel Pmgikg

conps ?-l F:?h sl ""’E-Iy@iﬁe’-:_ﬁ'a‘5 d-amphetamine |  L-lysine-d-
contr _ “or d- aljrﬁhﬁ'te_&ﬁilnBE f ol | owi ngamphetamine
AUC (pg/m} 1 ifhg tB 1005
terjded relegse is infjerent to tthe conp¢und itself
Pe@sat dan nod be cintunvgnt edody sijnpl &5mani pul 400 on. 125

12— Fre€o se gonceptratijonsggf —danpiggyam e =505 |
(S@T J3 A(?Tj r?ﬁ 8 ?gndedzl o >

)I dwi ng al ni gtration off Ex Rel ease
xadrine Spansule Capdqules or Clushed EXtended

PeRentedse MB%adrf ne 8pandul e "@psulles ¥ . 100 125

That Yy ey §heAfTET &5 Ne [at _[§0Ses [Corq 86 ni 1g 3p.588 Kg| 2625
(hdd;rﬁmdhet am ne [Base. Hoyrs Pl asnma |Concentration (ng/ i)

Ll ntag nsuyle-Capsul-4--Crashed—Ipansl-e—Fapsuyle
Poicerly di ne 00 anphet AA ne] 0 008 0 o, 22005 J6 3100 5 43 466
g5 b 180 147 34 1.5 61 101 60 3 64 66 76 5 46 39
66 8 34 12 38 53 WD 2005/032474 PCT/ US2004/ 032131
Exanipih8.cOraRbiogyaabidigye Jo-l Ysite-damphetamire avagousdases i
soprc b 10 8 e AJIUSLAI0 Gl EaiaRded Fel case
e oSpansut € Capsul es of

suprapedreaselopexiaibse ne Spansul e Capsul es or
L- 1 ysi ne-d- anphet am ne at Doses Contai.nin kg .
31519 Mplsripragverieavesy gats Paraperided Wﬂt%f&daléaawg freds t

ot OB L S g o

L-lysine-d-amphetamine containing the equivalent amounts of d-amphetamine.

Concentrations of d-amphetamine were measured by ELISA.

[316] It has been demonstrated that when lysine is conjugated to the active agent d-
amphetamine the levels of d-amphetamine at 30 minutes post-administration are
decreased by approximately 50% over a dose range of 1.5 to 12 mg/kg. However,
when a suprapharmcological dose (60 mg/kg) is given the levels of d-amphetamine
from L-lysine-d-amphetamine only reached 8% of those seen for d-amphetamine
sulfate (Tables 8 and 9, Fig. 10). The substantial decrease in oral bioavailability at a
high dose greatly reduces the abuse potential of L-lysine-d-amphetamine.

Table 8. Levels of d-amphetamine vs. Dosage at 0.5 h Post Dosing with d-
amphetamine Sulfate.

Dose mg/kg 1.5 3 6 12 60
ng/ml0.5h | 109 +/-59 | 196 +/- 72 | 294 +/- 202 | 344 +/- 126 | 3239 +/- 73
Percent 100 100 100 100 100
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Crmax (ng/m) 80 147 76 Percent 100 184 95 Tnmax
(hours) 1 1 3 Percent 100 100 300 [319] Exanple 10
w0 bdoamsxsat es t he advant age of the invention ovRCT/US2004/032131
conventional <controlled rel ease fornul ati ons of
d- anphet am ne. Exanple 11. Decreased intranasal
bi oavai l ability of L-I|ysine-d-anphetam ne vs.
arrphet am ne [320] Mal e Sprague-Dawl ey rats were dosed

|ntranasal adm nistration with kg of . .
Lenelnef dmpheianine ys. Ppsagsat 8- 53}%?%2@8%?‘&8“&1 L-lysine-d-
: ah;;ﬂbﬁtanhnfarl de cont aining the equival ent ampunts of

2;1 tpxs, ”%C;h‘a STe 1[ —HystTE=d=prpieg AT e g not T egFas
W\ ¢an aDunL of d-anphetanmine into

ci rleng/raltd. o | By -+ N0 [adfi+hi26t | al2%t- 46 MEWR H-i123) 2§P 4518

anygh ﬁé\‘b.n't'“ CORFENtTaom turvygg of arrprsgt amne \33. [
| yqine- hetamiine are shown in Fi

Phar macokl netic paranmeters for IN adm ni stration of

cl dl II e

MJ& %ﬁlll)ﬁdlﬁsneq F@m@s mm;stﬂ@ﬁédhﬁwgi mlruhatvrs ahé gampbetagine
er cent X Percent ng/m d-am

thesdadéves pf (angfb mg/ke dlasensiver ani i timp ﬁ@ifaem hetheocasef d-

%ﬁ@{a@ég‘% ?%%%B%}fﬁfg%ﬂ%?q ngﬁ?@@e\%l Gnd $ 1§t4 1Ghimals

élﬂhkfiatédablewew aherihed dugsiongeuts S?mptdngaabﬁdomat}t Helood levels

active agent d- anphetam ne the bi oavail abi I|ty b
GTﬁblﬁaﬁaslgD of @mn@ls aginipistoraghk 1l ygne,d @w}aiefa@él&’ opiths éﬁﬁfhh

(?lg E'OE ng%( Dt éﬁﬁﬂ‘gp a*nél %é/acﬁéh 8113 fr&&ﬁmdcf e li’é/vetshéisthe animals

raveno u I oaval
x@e@ﬁ@gmmtanane I(ndtysvamd dhta pagd3et o dren{pBQ@]nmmtceﬂd not be

Spr ague- wer.e sed i ntravenous tail

dﬁ‘é‘?fﬁmil‘?ﬁij &'ﬁPéﬁa af‘ Sa"’fﬁ@eﬁg - d- anphet ami ne or

Fab1d $0. rm :91ﬂH%ﬁ@b@H&eﬂ&aﬁ&ﬁt@drunﬁﬂmtéﬁﬁnswIDL skt d-

A Fgﬁm&gftﬁ? ﬁdmﬁﬁs%ﬁfo\fﬁ%gl Dosé (4 gﬁkgp
ugate did n re

ease _a signifircant anpunt

c

d-Janphet hnmi ne. Me&lesiaAxphghmivefonesntations 419/H cur ves
of Hours d-amphetamine L-lysine-d-amphetamine
Mean +/- SD cv Mean +/- 8D cv
0 NA NA NA NA NA NA
0.25 2174 | 907 . 42 35 17 48
0.5 2643 578 22 81 33 41
1 2828 1319 a7 212 30 14
1.5 2973 863 29 200 79 40
3 2944 95 3 440 133 30
NA NA NA 565 100 18
NA NA NA 410 206 50
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anphet am ne vs. L-I|ysine-d-anphetam ne are shown in
Fig. 13. Pharmacokinetic paraneters for IV
wa@eaoosismr4 at i on of L-I1ysine-d-anphetam ne are PCT/US2004/032131
summari zed in Table 15. Table 15. Pharnmacokinetic
Paranet ers of d-anphetam ne vs. L-1ysine-d-
anphetam ne by N Admi nistration. Drug AUC (0-1.5 h) %
Crex (ng/m) %ng/m h Anphetam ne Anphetani ne
het am ne, 190 _100 169 100 K- a het ne 6 353
Tablg BbJhapyagekinetie Baapetrsy old-aupheiap ? Iydeend i s
' amplmtmjlmgat ed to the actlve agent arrphet am ne the

e Hye T e T R IE TPy rbér‘ R Rﬁ%&r\'?éé’k . Percent
route ils subbt antially fecreased, ereby I'm ni $hi ng )
t he abi[Indy! h pd-ampksamipe | diale) by Whgtamrfm dno/miy \eremBhetamine
d-mpRRRd [S sBEXETPI € gy Or al- gdz@avarl al ey 11 1) 0be73 100
L-1lvs] -d-anphet am ne cpnpared-to—d- anpHetamnelat————

L-lgsieeat|i rig dobes. [324] Bs sholn in Figs. |15-19, {he
amphetaginegn 3pi3i ht act 3¢ - | ys| nssz- anphetiani ne | ats6ér bed 19

PV adia i ct r bt an o ot o o oxloocad
Tt oot raecrrort 1T T AU o TTIerrovaotTtu

lS)
non-linearly in proportion to escalating doses from
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Tablé @b/ 'pimenam@seatmﬁeﬁtedﬁoa@ of Mrfphé@nmmlcﬁhhgﬂrﬂn at

nﬁﬁ%ﬁloﬂfof -Ex@entded ﬁeféﬂée!@exaﬁﬁﬁé S¥Ari¥alel CHpsHE§BN Crushed
Extegﬁléﬂ I¥ SR tDexd % ab%léstlﬁ' It B@fr@Qﬁb&hbﬁetélﬁﬁﬁeat (HED
Doses (?oq}galﬁllng@ Iﬁg/kﬁ

bﬁetarh?ne%efsg
Hours Plasma Concentration {(ng/mt)
Intact Spansule Capsule | Crushed Spansule Capsule | L-lysine-d-amphetamine

0 0 0 0

0.25 32 46 3

0.5 33 85 5

1 80 147 34

1.5 61 101 60
64 66 76 -

46 39 66

34 12 38
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ng). HEDs are defined as the equival ent dose for a 60
kg person in accordance to the body surface area of
wo besasa4mal nodel . The adj ustnent factor for rBCBUS®04/032131
6.2. The HED for a rat dose of 1.5 ng/kg of
d- anphetam ne, for exanple, is equivalent to 1.5/6.2
X 60 = 14.52 d-anphetam ne base; which is equival ent
to 14.52/.7284 = 19.9 ng d-anphetam ne sul fate, when
adjusted for the salt content. [326] At doses above
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. S . .
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anphet am ne as conpared to d-anphetam ne at the higher
doses decrease the ability to escalate doses. This
WO pgsosR34 t he saf ety and reduces the abuse |i abCT/U83000632131
L- lysine-d-anphetamnm ne as a nethod of delivering
d- anphetam ne for the treatnent of ADHD or other
i ndi cated conditions. Exanple 14. Intranasal
Bi oavai l ability of L-I ysi ne- d- anphet am ne conpared to
et am ne [ 329] shown i n, Fi
[mﬂa{gﬁ

. 23-24,

ampls 11 iljpsisateyy ﬂ'é‘ﬁﬁﬁ‘é’@ éYﬁllr?eleCBgJ‘l&%eg e g‘%ﬂ #fdive agent d-
a\rl\n/ra% éathea&p&\{yﬂﬁ‘%ﬁlgj bg (?ﬁnuLan!aééﬁ e ?s APREEAITY MRoreased
tHerafSDﬂhﬁilﬁllﬁhlﬁg fisudbility o alase th drbg BYEHS idutesal ues of 56 |

pr oxXI ma at of the equiVval ent
and 1032 respectlv%ly . x of .d- 4 het am ne

U.—

Gn AYENAUS 4 by -lysine-d-
mtnél_t@m_&%masal route was aI SO about 5 percent of that

t | &@%@&1%1{ &tion with

5571, i AP IR e BRI B B on i

1r$s@k:g Df/é-lamphélﬁmd br Ldymmfémpretadmmmmtmamgdhe equivalent

het t
st Shemragm e A SPFETrn B g BRentfn BB hen it pusgptesse
aas?%mﬁ&{m AfRent &F JLAFR %fhéi’ﬁmﬁﬁe SNRRE L) PRisihd I cbAdedtrafion curves of
utes), again reflecting the gradual _hydr 0I8¥5| s of

amﬂhwmee a's. ahﬂmmaanmhemmeghrecﬁwwm Bigi 43 Bharmpealgipetic

i nezd het t g
R SrAcRT oRTng ColpRat iy TGP TRt R maacd in
TdblPipavai lability of d- arrphet am ne was due to m ni nal
hydrol §)5| s of L- lysine-d het am ne when_del i yered-
hpghpcekingtic é@g@awgs ltarmBRALmIRe Y el VS Bunt s
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[324] As shown in Figs. 15-19, the fraction of intact L-lysine-d-amphetamine

=)

absorbed following oral administration in rats increased non-linearly in proportion to
escalating doses from 1.5 to 12 mg/kg (d-amphetamine base). The fraction absorbed
at 1.5 mg/kg was only 2.6 percent whereas it increased to 24.6 percent by 12 mg/kg.
The fraction absorbed fell to 9.3 percent at the high dose of 60 mg/kg. Tmax ranged
from 0.25 to 3 hours and peak concentrations occurred earlier than for d-

amphetamine in L-lysine-d-amphetamine dosed rats. L-lysine-d-amphetamine was
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anphet am ne by the intravenous route is substantially
decreased and del ayed when given as
wa@.2008982324 d- anphet am ne. Moreover, bioavail abi PCT/YS2084/032131
|l ess than that obtained by oral administration of the
equi val ent dose of L-Iysine-d-anphetam ne. Summary of
LC M5/ M5 Bioavailability Data in Rats [3311 The
followi ng tables sunmari ze the bioavailability data
collected in the experinments discussed in exanple
clkfed SnorGabpidly than Wramspheteming evlﬂheearbhm&mtaklm%q%ntratwns
par anet er.s of hetam ne follow ng oral, intransal,
ﬁhﬁmsﬁmqlﬁwpg@gg%us adnmi ni stration of d-anphetanine
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aneters of “d-anphetanmine Follow ng O
héulwian |csmpaated &m 05ftoll-§ fodlomangadminirdietion ﬁgd-@fnphetamme sulfate.

T%,aﬁphet ami E}&%t é%% al atin F“?‘ C@%%&@A%%a% eggt B%ﬁ@r doses.

L’[(gék gl)axﬁﬂ%fdﬁi}le (ﬂﬂlm(/ﬁhgﬁélfah Melivgyridth].-1ysfie-d-amphetamine was
ng. h. kg/'nL./ ng L-lysine

rggiugeB bysappr@mn@my 7ha 9a87 cmamtﬁét onme @HQIW%%%PEW?{%‘“

e el 5035, P B b iy

068 EIEDY) e {Re ibfapeutic Ang8 5H9;mczampaemnﬁne7mmue 59.9\0 39.9

gy
2005/ 032474 @){F;CT/ us,ﬁzooe;}l{1 %s;%g%ﬁ?;r%ute%g% a;%ggoon?ﬁgaﬁ O%gr e o
t f\&l{gg‘s}xrﬁ%@ mferf kRl %?od&/ﬂ,)e o} mﬁé}ﬂ ottt HR)6.2. The

ysine O 1,680 1, 797 82
B f&r & tat3osawphct mngikgeow ainphﬂpmmeaiﬁ@rr@iaalpdﬂ s gquvasnt to

157623 2@3?3}&2 SApfisriing hass: Mﬁégg%vﬂgmég 1452938 2199
ng«};- i L- rﬂl%lel&lflﬁ&%ﬁeﬁlad}uﬁéi for 22saft.c63Rnfl 01 369.0

ysi ne O al 60 2,164.3 5 9995.1 11,478 52
[3%6]. 2\t3®sas above HEDs in the targeted therapeutic range (12 and 60 mg/kg;

HED d-amphetamine sulfate 79.8 and 399 mg), Cmaxx Was reduced by 73 and 84

percent, respectively, as compared to d-amphetamine sulfate. AUCs of d-
amphetamine following oral administration of L-lysine-d-amphetamine were similar
to those of d-amphetamine sulfate at lower doses. As observed with Cmax, however,
the AUCs for d-amphetamine from L-lysine-d-amphetamine were substantially
decreased compared to those of d-amphetamine sulfate at higher doses with the
AUC;y¢ reduced by 76% at the highest dose (60 mg/kg; HED 399 mg d-amphetamine
sulfate.

[327] In summary, oral bioavailability of d-amphetamine from L-lysine-d-
amphetamine decreased to some degree at higher doses in rats. However,
pharmacokinetics with respect to dose were nearly linear for L-lysine-d-
amphetamine at doses from 1.5 to 60 mg/kg (HED d-amphetamine sulfate; 19.9 to
797.2 mg) with the fraction absorbed ranging from 52 to 81 percent (extrapolated
form 1.5 mg/kg dose). Pharmacokinetics of d-amphetamine sulfate was also nearly
linear at lower doses of 1.5 to 6 mg/kg (HED; 19.9 to 79.7) with the fraction

absorbed ranging form 62 to 84. In contrast to L-lysine-d-amphetamine, however,
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anphet am ne Oral anphetam ne 60 13,735 1 32, 323 48, 707

223 811.8 228.9 Table 16. Pharnmacokinetic Paraneters
w@boodhzaaphet ani ne Fol | owi ng Bol us | nt r avenousPCT/US2004/032131

Adm ni stration of L-Iysine-d-anphetam ne. Route Drug

Dose Cmax Tmax AUC(0-24) AUC(inf) (mg/kg) (ng/nL) (h)

(ng.n./h) (ng.nL/h) 1V L-lysine d-anphetanmne 1.5

99.5 0.5 237.8 237.9 1V d-anphetamne 1.5 420.2 0.083

546.7 546.9 _Table 17. Phar macoki etlc arapeters of .
namamﬁmét\mfﬁ rﬂésnr%wqrawaﬁ@y |1ﬁ%fP%9ﬁ§§éI %?Ss?q?a”? ﬁ%}?mme
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/L h
forg 1 slhpkg dohb)l.rebp@tmdy,dfor . sﬁﬁraﬁ)ﬁar(ﬁla)ﬁolsglcalldoses of 12 and 60
IN d-a e 4. 62,9 0.083 1032
m%a?ﬁ?% e&f“@?ef n@rﬁ‘rﬁlﬁ R&)-phar macoki net i ¢
[Efif]a MR eEleSul su ggésy Shafd efliéjc Bﬂ?‘ %Iaéﬂzeﬁ@ncfeo&ﬂ A¥nPEetShidle when

us i ntraven or. int nsa adm ni stration of L-
delisémé -as- thaptubfatensalic becoSen\BaROasd %Zhemlgher doses whereas the

PCT/ 0321 abl e, 18. . Phar macokin
Ee?‘@&g BB L yISI e AMBREFRIRC neprE%IP ovm Sr?alr jo of &
Rinsihé dlim@fatieh at highéd diRed ’Iaimhﬁbﬁﬁbenﬁl &5ioAdlRY ioff
aﬁlé)g@gs Dosé Dru1 Ifa)osegMCrTaxeTrrax AUC( (; @f)p |1nf ﬁ$l;0 Gose
A

t(’ Wanl)‘ab@h@/(ﬁmaX(anéﬁm) fong- amh@)anvn@ ]q‘)lys(l%—d-agpaptannne

VOB ST S e Sy e (9
doiptletdmihy 8¢ eanphredphBiaphaeniett thethighe? dodebTeciaskltii® aliility

12.8 Oal L-1y d het
tggefgalqtezcg)sgs ’J@;agiuggnoygsg g{%& efggln and rec?iuc:%ESthg %use %ﬂlty of L~

lysine-d-amphetamine as a method of delivering d-amphetamine for the treatment of
ADHD or other indicated conditions.

Example 14. Intranasal Bioavailability of L-lysine-d-amphetamine compared to d-

amphetamine
[329] As shown in Figs. 23-24, bioavailability of d-amphetamine following bolus

intranasal administration of L-lysine-d-amphetamine was approximately 5 percent of
that of the equivalent d-amphetamine sulfate dose with AUCiys values of 56 and
1032, respectively. Cpax of d-amphetamine following L-lysine-d-amphetamine
administration by the intranasal route was also about 5 percent of that of the
equivalent amount of d-amphetamine sulfate with values of 78.6 ng/mL and 1962.9
ng/mL, respectively. As with intravenous administration, Tyax of d-amphetamine
concentration was delayed substantially for L-lysine-d-amphetamine (60 minutés) as
compared to Tpax of d-amphetamine sulfate (5 minutes), again reflecting the gradual
hydrolysis of L-lysine-d-amphetamine. A high concentration of intact L-lysine-d-
amphetamine was detected following intranasal dosing suggesting that the large
decrease in bioavailability of d-amphetamine was due to minimal hydrolysis of L~
lysine-d-amphetamine when delivered by this route. It appears that only minimal
amounts of d-amphetamine can be delivered by intranasal administration of L-

lysine-d-amphetamine.
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d- anphet am ne 60 1870.3 3 8234.3 8499.9 9.3 Table 19.
Phar macoki neti c Paraneters of L-I|ysine-d-anphetam ne
wo-0050834mg Bol us | ntravenous Adm ni strati on OPCT/US2004/032131
L- | ysi ne-d- anphet am ne. Route Drug Dose Crax Tnax
AUC(0-24) AUC(inf) (mg/kg) (ng/mL) (h) (ng.nL/h)
(ngnmLfh) IV L-lysine d-anphetamne 1.5 4513.1 0.083
2,282 2,293 Table 20. Pharmacokinetic Paraneters of
L IyS| ne- d anphet %m ne Follliovm ng Intran sal

' ' xeTrmx AUC(0- 1) AUC(inf) (rrg/kg) (ng/m_) (h)
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obtained by oral administration of the equivalent dose of L-lysine-d-amphetamine.
Summary of LC/MS/MS Bioavailability Data in Rats

P'-.\

[331] The following tables summarize the bioavailability data collected in the
experiments discussed in examples 13-15.  Tables 15-17 summarize the
pharmacokinetic parameters of d-amphetamine following oral, intransal, or bolus
intravenous administration of d-amphetamine or L-lysine-d-amphetamine.

Table 15. Pharmacokinetic Parameters of d-amphetamine Following Oral
Administration of L-lysine-d-amphetamine or d-amphetamine at Escalating Doses.

Route| Drug Dose Cmax Tmax AUC(0-8) AUC(inf) F AUC/Dose  Cmax/Dose
(mg/kg) (ng/mL) (h) (ngemL/h) (ngemL/h) (%) (ng.h.kg/mL/mg) ng.kg/mL/mg
L-lysine-
Oral d- 1.5 59.6 3 308 331. |61 220.7 39.7
amphetamine
5 .
Oral amphetamine 1.5 | 1422 | 0.5 446 461 84 307.3 94.8
L-lysine- . .
Oral d- 3 1269 | 1.5 721 784 (72 261.3 423
amphetamine
7 '
Oral amphetamine 3 2172 [ 1.5 885 921 84 307.0 72.4
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IV 24 NA NA NA NA IN NA 4 NA NA NA (3341 Tables

23-28 summari ze the tine-course concentrations of
wal2espsmram ne  and L-1ysi ne-d-anphet am ne f ol POWUSIY04/032131

oral, intranasal or intravenous admnistration of

ei t her d-anphetam ne or L-1ysine-d-anphetam ne. Tabl e

23. Time-course Concentrations of d-anphetan ne

Fol | owi ng Bol us | ntravenous Adm ni stratl on of
Lo \/cl ne-d.g .

Rewdes Rt ai Hoffy
Con centr at | o(mgﬂmgdg/m)) (hI Hummsl)l) ngsmy/gx (%é(ngdk@(wp’mtfmﬁm’ﬁ\b/mg
S "Plzrjﬁ ||| e SU —0—"06 202075

W 2005 0324 ZfSP# 2‘5 92?04/ b%ﬂlgl{)?%{g & st raii o'

(ndPRPY M Burs) -1 ysli ne{ d-apmphet aninel d- anphet ani ne

Sullf at e 8 3. % 4| 81532481 11,6102 | Takdoe |84 Themy coUr s@s.9
CorlGBRSeNeons of L- |lysi he-d- afphet ai ne_Fol | owi g

Bol|usL-lysimet r gvenops Admi nijstration of
drall ysi ng- d- anphet armene saf 242805 €2, 00Nt 82 ni n@2511 5 | nyBsky
d- ampbmaamer e Bage. Ti me | Concentrati ¢n (ng/m)
f\nuh'r:qu l_yoi Ae—a=—at phctamﬂt 66 6108345133165
2048, 1 Ehetamine 12 |1,533.1{0.25| 4,252 | 4,428 {101 369.0 127.8

L-lysine-
Oral d- 60 (2,164.3| 5 | 9995.1 | 11,478 |52 191.3 36.1
| amphetamine

d-

Oral | o phetamine 60 |13,735| 1 | 32,323 | 48,707 |223 811.8 228.9

Table 16. Pharmacokinetic Parameters of d-amphetamine Following Bolus
Intravenous Administration of L-lysine-d-amphetamine.

Route Drug Dose Cmax Tmax  AUC(0-24) AUC(inf)
(mglkg) (ng/mL) (h) (ngemL/h)  (ngemL/h)

v L-lysine-
d-amphetamine 15 99.5 05 237.8 237.9
v d-amphetamine 1.5 420.2 0.083 546.7 546.9

Table 17. Pharmacokinetic Parameters of d-amphetamine Following Intranasal
Administration of L-lysine-d-amphetamine.

Route Drug Dose Cmax Tmax AUC(0-1)  AUC(inf)
(mg/kg) (ng/mL) (h) (ngemL/h)  (ngemL/h)
IN L-lysine-d- 10.16 78.6 1 56 91
amphetamine
IN d-amphetamine| 4.12 1962.9 0.083 1032 7291

[332] Tables 18-20 summarize the pharmacokinetic parameters of L-lysine-d-
amphetamine following oral, bolus intravenous, or intransal administration of L~

lysine-d-amphetamine.
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1.5 131.4 3 19.3 5 17.9 8 8.7 24 11.5 Table 25.
Ti me- course Concentrations of d-anphetam ne Fol | ow ng

W@e@bs/0324a411i ni stration of L-Iysine-d-anphetan neCHUS2004/032131
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BohBlgts? T8 sl 53] 18280k, T

306al (. 5L44&Re-2 198.4 462.7 1216 7?31.6 1 105.7

.3 304,43 Sirime L 3735. R 4511 5i 23b4.72 |31 04

I1bis o 1o 6 135 F b Wh ahal B 398 RN T S
4_0 .QralA | glysingg 25 7 31|18 115/4 NA Tabl e 27.
Ti pre- courlgamflerase] r agi ohss7els (- apphetiase.ee Ford.o®w ngs
In

Oral L-lysine-

d-amphetamine| 12 855.9 1 4238.6 | 45104 | 246
Oral L-lysine-

d-amphetamine| 60 1870.3 3 8234.3 | 8499.9 9.3

Table 19. Pharmacokinetic Parameters of L-lysine-d-amphetamine Following Bolus
Intravenous Administration of L-lysine-d-amphetamine.

Route Drug Dose Cmax Tmax AUC(0-24) AUC(inf)
' (mgkg) (ng/mL) (h) (ngsmbL/h)  (ngemLih)

1\ L-lysine-
d-amphetamine 1.5 4513.1 0.083 2,282 2,293

Table 20. Pharmacokinetic Parameters of L-lysine-d-amphetamine Following
Intranasal Administration of L-lysine-d-amphetamine.

Route Drug Dose Cmax Tmax  AUC(0-1)  AUC(inf)
(mgkg) (ng/mL) (h) (ngeml/h)  (ngemL/h)

IN Lysine-
d-amphetamine 3 3345.1 0.25 2,580 9,139

[333] Tables 21 and 22 summarize the percent bioavailability of d-amphetamine
following oral, intranasal, or intravenous administration of L-lysine-d-amphetamine

as compared to d~-amphetamine sulfate.
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Adm ni stration of L-Iysine-d-anphetam ne or

d- anphet am ne Sul fate at Doses Containing 3 ng/kg
wal2espsmram ne Base. Tine Concentration (ng/ mpCT/US2004/032131

(hours) L-lysine- d-anphetam ne d-anphetam ne sulfate

000 0.083 31.2 1962.9 0.25 45.3 1497.3 0.5 61.3

996.2 1 78.6 404.6 AUC 56 1032.3 Tabl e 28.

Ti me-course Concentrations of L-Iysine-d-anphetam ne

Foll owi ng Intranasal Adm nistrati
TabloSh Rettanta Rt iopisg (AL Ca s sieesintadting Rellowing i
. Atireimjsitvetiomdhle-| Binsed-amiphetaipine booYierious Repies ps Compared to

B10hqaﬂabndit)dFolhxmngAdmlmetratﬁ)nO)fﬂ-Zﬁﬂﬁlemae $ulfge.25 3369. 7

o 5 (]OE ‘I’)Eﬂ L“ﬂ’) AV .V AN Ya¥al il AN aVa¥alW ]

UI VOO ZOJJ7 Voo~

pcT/ Ps2 E?@%@ Exan'pl e 19. |LC/ NS/ M8 anal ysis of

Bi oa\ atdmpbethining base |DAgs [ 333] HExarfpl e| Exper i nenilal

Desi gm—{33fH This We§g Fglgl dIORgH Zed75d JV0F TFgrat nent
crosgover study, Alll _ani s Jere maintained on their
nor mgl di etOraind werle #ast ecBBover nidht | prfbr to #hach
dose [radmmT Mt Tat T oM 43-- I YHNATE-|d- RRPNET aA ne| dage Was
based_an the bhody weight! neasured onithe nornipg—of
each |dosi ng™ay. THe Nttual Tdoge N8I ver ¥ was Wisel

before and at

on SyTTnge wer gnt ter dosing. Serial

bl ood sanpl es were obtained from each ani mal by

Thble22. Perent By ailability (Emjgld-amphetpmingFiollgwing ut ai ner

A&hBsstration bALAysige-gadiphmahepely Warcust Ruitessi Gosgaueditor .

BRhvaRpilRy BSlGyiaa W@lhﬂﬁlsbi@lﬁcﬁl ofsd-anpliktdminz Snlfutet i |
epnt to the Q

Shl pr Qlest lt_l_ga_l__gar\ll &5~ !_n%
( Newdr kDose (mg/kg) d-
amphetamine base 15 3 6 12 60
HED 19.9 39.9 79.7 159.4 797.2
Oral 42 58 38 27 16
v 24 NA NA NA NA
IN NA 4 NA NA NA

[334] Tables 23-28 summarize the time-course concentrations of d-amphetamine

and L-lysine-d-amphetamine following oral, intranasal or iniravenous

administration of either d-amphetamine or L-lysine-d-amphetamine.

Table 23. Time-course Concentrations of d-amphetamine Following Bolus
Intravenous Administration of L-lysine-d-amphetamine or d-amphetamine Sulfate at
Doses Containing 1.5 mg/kg d-amphetamine Base.

Time Concentration (ng/ml)
(hours) L-lysine- d-amphetamine
d-amphetamine sulfate
0 0 0 -
0.083 52.8 420.2
0.5 99.5 249.5
1.5 471 97.9
21.0 38.3
9.0 13.2
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Table 25. Time-course Concentrations of d-amphetamine Following Oral
Administration of L-lysine-d-amphetamine at Various Doses (mg/kg d-amphetamine

base).
Time Concentration (ng/ml)
(hours) | 1.5 mglkg 3 mglkg 6 mg/kg 12 mglkg 60 mg/kg
0 0 0 0 0 0
0.25 20.5 25.3 96 54.3 90.9
0.5 34 40.9 140.2 96 175.1
1 46.7 95.1 225.9 233.3 418.8
1.5 40.7 126.9 268.4 266 440.7
59.6 105 310.8 356.8 1145.5
38.6 107.6 219.5 412.6 2164.3
171 48 86 225.1 1227.5
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[348] Followi ng a 30-m nute intravenous infusion of
L- I ysi ne-d-anphetanm ne, the plasna concentration

wo e@sioad7a peak at the end of the infusion. PCT/US2004/032131
Post-i nfusion L- |ysine-d-anphetam ne concentration
declined very rapidly in a biexponential manner, and
fell below the quantifiable limt (1 ng/nL) by
approxi mately 8 hours post-dose. Results of
non- conpart nental pharnacoki neti c anal ysis indicate
that L- lysine-d-anphetamine is a high clearance
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éaa%é h‘ﬂtuam g esitel a2kt | e profiles of

OWI ng | ntravenous [ oral

# ofBﬂQ)Slak“ ptr Rtolutmoiof Tréatmient- DreWoaicani neDose Yol erly Dose Level
si m | anaaifidiberefigy|. Thex |and A al yes f ot H
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caonp. read to 1l |\/c1 Beo—g—ai et arae RESY LT

LILILP™

ey units iyt ﬁeswccawﬁmt@m 8 Qa6 L8 40 GyAores.bagp form of
tst%tc?et' me period. Due to rapid clearance of

i IyS| ne-d-anmphetamine it is likely that

Admanai-aidyi of the Tkt Artielphet ani ne from

(338 ed“g*l?rrﬁﬁahet el P oo SO0 Gocaoh, alproHE +-3ipgle oral
%bg%p 9bY §5hy2E als HEAEH ANhE Beal kﬂo@@lﬂ?' ghtdel hding & esophageal

hetam™ne from L-1ysi ne-d-anphetam ne di d not
tebeatedhedtata syringe.s Dosing tubgs wisregilusbad wiithl approgimatelye20 mL tap

ime to pe conc atlo u tially delayed.
WP’stod’B?‘g ﬁlﬁrteﬁ\é‘F %‘i?ﬁ t‘f’ﬂéﬁassd fyésr?%e d- anphet ami ne
[§§§]0 [ aPerdRET EOREDEY &, fhﬁnﬂﬁl’sl&@céﬂreﬂb [ Hiytiyie-@famphetamine as a

d- anphet am ne by intravenous injection. Table 29.
sirgle ArouRite mtrayep@rsanﬁls@nsnf@fa qephalisi ¥ d- anphet ani ne

[]399]Nbg‘amp§e %%le ction:

[340] Dosing Formulations: Post-dosing, remaining dosing formulation was saved
and stored frozen. ,

[341] Blood: Serial blood samples (2 mL) were collected using venipuncture tubes
containing sodium heparin. Blood samples were taken at 0, 0.25, 0.5, 1, 2, 4, 8, 12,
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Dogs Following Oral or Intravenous Admi nistration of
L- Il ysi ne-d-anphetam ne (1 ny/kg d-anphetam ne base).
woReuwse3Bose Crax Tnaxa AUC(inf) ti,2 MRT CL/F RCT/US2004/032131

(my/kg) (ng/nmi) (h) (ngh/mi) (h) (h) (nl/hkg) (ni/kg)

(%9 1V 1 1650 0.49 964 0.88 0.33 2087 689 NA (0.00)
(178) (0.49- (97.1) (0.2) (0.03) (199) (105.9) 0.49)

Oal 1 328.2 0.5 319 0.39 0.81 6351 NA 33 (0.00)

ggl 9) (0.5-0.5) (46.3) (0.1) (0.19) (898.3) (1.9 a

Hp dind 7 2( hewmy p9stTadl| dosBE.  Bload samples rveare co qirett@r&lm

3. R0 BTUOR g R EEE. 5RR987sTE! A4 0% ol
hburk YpdshertehvofmiR e ldngione stdkt. ngbbgect@& BIBHE @b e %&egchﬂled

Route Dose CmaX Tmaxa AUC(inf) tli2 (ng/kg) (ng/nL
impppdigtelih/ nL) (h) 1V 2 113.2 1.0 672.5 3.14 (0.00)

(4 i Bl ek fihaed S Frahgdion f Hd iyt

Dﬁﬁh&faté' hasmatda{plef Jabbidy 8. Z(ﬂm/ kath) (We@é tahsfehikd (1ﬁ1@hf,ﬂ§lal)eled
(h) (0.00) (21.8) (2-2) (204.9) (0.4) a : nedian

plepiimyals and logedaitoZepigh e RiaRky r7&g’cof

yelne hetam ne in Mal e Beagl e Dogs Foll ow ng
[#rsli 'éﬁ{ﬁﬁsag})m ni stration of L-Iysine-d-anphetam ne

[344] rrglals@adsampm eperd n:mala_@s@) forDOSBysR@U-emph&@mifieN dnd d-
I nfusi on Dose : a{r%lzg &ree form Cmax Tnaxa

amplytamine usig(3 Hid 3 mytod mﬂg anp-¢g/afil) ng/mlL for

(ngh/ L) (h) (mi/h/kg) (ml/kg) (h) 1 1470.3
bé@%gélgjg’gi 2 -900.2 0.72 2222 807.4 0.36 2 1826.4 0.49

(3457 2MBerbEIS Ex clpVERSS s,cxmao@fseorpa Reéibroridl, WA wad disdd for
n 1650 0,49 961.5 964. 4

%11§gt?oz{fgfo S%agéo %sn%tsgogxcentra ion and graphing of the plasma concentration-

time data. Pharmacokinetic analysis (non-compartmental) was performed using the
WinNonlin® software program (Version 4.1, Pharsight, Inc. Mountain View, CA).
The maximum concentration, Cyax, and the time to Cyax, Tiax, Were observed values.
The area under the plasma concentration-time curve (AUC) was determined using
linear-lég trapezoidal rules. The apparent terminal rate constant (Az) was derived
using linear least-squares regression with visual inspection of the data to determine
the appropriate number of points (minimum of 3 data points) for calculating Az. The
AUC(0-inf) was calculated as the sum of AUC(0-t) and Cpred/Az, where Cpred was
the predicted concentration at the time of the last quantifiable concentration. The
plasma clearance (CL/F) was determined as the ratio of Dose/AUC (0-inf). The
mean residence time (MRT) was calculated as the ratio of AUMC(0-inf)/AUC (0-
inf), where AUMC(0-inf) was the area under the first moment curve from the time
zero to infinity. The volume of distribution at steady state (V) was estimated as
CL*MRT. Half-life was calculated as In2/Az. The oral bioavailability (F) was
calculated as the ratio of AUC(0-inf) following oral dosing to AUC(0-inf) following
intravenous dosing. Descriptive statistics (mean and standard deviation) of the

pharmacokinetic parameters were calculated using Microsoft Excel.
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SD 178 0.49-0.49 96.0 97.1 0.2 199 105.9 0.03 a :
nmedi an (range); : not determ ned Abbreviations of

W@ b@s0sa3eki netic paranmeters are as foll ows: CnPCTESI001082131
observed plasma concentration; AUC(0O-t), total area
under the plasma concentration versus tinme curve from
O to the last data point; AUC(O-inf), total area
under the plasma concentration versus tine curve;
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Bt Bbea moitr bpiis STPRSEI IR, ] A GiRcpmine  plasma

PHREABG R HRL @g%fﬂgﬁr RIHhS A ButRSedRl | @V6ral B9RXof L-lysine-d-

maxi mim obser asma concentration; Tmax, tinme
winphetEnie achpreseneed, in A 09 tpd 30,aespectivadn Gomparatieprofiles of

DS Enadmhberine kg snmtiiming Fouswintchod Hhbs fe, abblEied in
tPlg@.S BR.080 nﬁaﬂﬁclhﬁl ipRits WS Qejsiclell B Tbs.V31-32. 1/The pHRPBA®Kinetic

ermnal half-life; CL/F, oral clearance; MRT, nean
pasingtencare summariged iniTedlesiZOa1- 1 i ty. Tabl e 33.

cpkineti of .L:1.ysine-d- ] ' .
R RO e Bl R SRR LRl LB fapine, the
Elgkﬂl&'oﬁﬁcéﬁtﬂﬁ&h edaghdde pedk epftegert ofhehiafimivinn ePdstdmision L-
se Route : 30-min iv Infusion Dose : 2

i : l.kg of. s
Lysings]-AraphRtaimiyg e CaRFCREatiqy élgc]pgﬁdmverwd{?né& ga Oblexponentlal

Sl e b B0y e YapeBRG Bpld RIS Bl dpPitpdiietly 8 hours
PofH06& SREsullE df hioB-cpadmental gharm@cd8net® BBlysits indigge that L-

lysine-d-amphetamine is a high clearance compound with a moderate volume of

distribution (Vss) approximating total body water (0.7 L/kg). The mean clearance
value was 2087 mL/hekg (34.8 mL/minekg) and was similar to the hepatic blood
flow in the dog (40 mL/minekg). Consequently, L-lysine-d-amphetamine is a
moderate to high hepatic extraction compound with significant first pass effects
(including the conversion to d-amphetamine) following oral administration.

[349] L-lysine-d-amphetamine was rapidly absorbed after oral administration with
Tmax at 0.5 hours in all three dogs. Mean absolute oral bioavailablity was 33%.
Since significant first pass effects are expected for L-lysine-d-amphetamine, a 33%
bioavailability suggests that L-lysine-d-amphetamine is very well absorbed in the
dog. The apparent terminal half-life was 0.39 hours, indicating rapid elimination, as

observed following intravneous administration.
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4?}- 223 T I8y 95. §4932]6 464 9 | 83600 3891. Bo&7. 6| 680 NA
93.6124.3 32. 1
' (0.00) (178) (0.49- (97.1) 0.2) | (0.03) (199) (105.9)
0.49)

Oral 1 328.2 0.5 319 ] 039 | 0.81 6351 NA 13

(6.00) (91.9) (0.5-0.5) (46.3) ©.1 | .19 (898.3) 1.9)

* » median (range)

Table 30. Pharmacokinetic Parameters of d-amphetamine in Male Beagle Dogs
Following Oral or Intravenous Administration of L-lysine-d-amphetamine (1 mg/kg
d-amphetamine base).

¥

Route Dose Ciax Thax AUC(inf) - tiz
(mg/kg) (ng/mL) ) (ng+h/mL) (h)

v 2 1132 1.0 672.5 3.14
(0.00) (3.2) (0.67-2.0) (85.7) {0.4)

Oral 2 104.3 2.0 728.0 348
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4 277.7 247.5 68.1 66 24.5 26.7 6 224.1 214.7 59.3

62.1 26.5 28.9 8 175.4 150 66.7 40.1 38.0 26.7 12
W@2004/080476 58.7 19 72.1 39.9 16 33 19.6 28.1 BCBBESD04/032131

45.9 24 7.2 4.5 4.5 1.7 62.5 37.8 Table 36.

Phar macoki neti cs of d-anphetam ne in Fenal e Beagl e

Dogs Following Oral Adm nistration of

L-1ysi ne-d-anphet am ne or d-anphetam ne sulfate (1.8

A kg—d 83— Ti-fB—MoaR—PacHy:

BovtedntPUt i gn St Smdar d [Devi Bwsi on ({sD) “Coeti ci ént of e
Var i th'mgmgi qgl) (né/hmmrs) d- ar(mheta ne (llu:’li/lydsl ne4d- )
QL nm P22 I V2 B IRV P-S - V- hbat - uI .
anphdt dfhe aané{%m neg anp(ﬁeil)am ne 0 %690 0 00 1 O
il (AW 8 14T 7 40. 7 65. 1T I13.2 2 273.5 308 113.7
29641696 4 266 260.9 132.7 37.3 49.9 14.3 6

204.7 212.1 84.5 38.7 41.3 18.2 8 160.1 164.3 72.7
Pabl®3 B Phrmd&cokineics ofLL-Hysh-damiphRadihe 52 MhlelBedgle Dogs
I?d‘_ﬂo'ivfﬁ TatrdhnfustAdmidstiatidd of L-lgﬁnéd@nﬁahétaﬂfﬁﬂe @.Ag/kg.d2
a}ﬁp Be WR2005/ 032474 PCT/ US2004/ 032131 Tabl e 37.
rmacoki neti c Paranmeters of d-a

%ﬁﬁkﬂéﬁ’aqoémnBé‘&bq‘O@ Dogs Fol | oviP9e;

etamine in Mle

h
r%%‘l*’%&?ﬁfﬂ‘inﬁt ration

of L-1Y U et gm neVs§u e
(1.8 ng hg"t“‘am n(§8 7 AUg(mfﬁ/g? gs Femal es ﬁﬂ
Par anet ndh)CoﬁPB'(%fM (mgegymIy i ol i kDL, B ne- d-
d- anphg - DysTN&sogh dnpoes qovzje 220p havedr) 033 |
AUCI nf 382 2 12664 256919 1Percemt 100 7% 100
96 Cne 29948 30%23 27365 NPgr ¢8Rt | £B 692100
89 049 | 9141 | 9169 |1.05| 2181 | 656.0 |0.30
Moan | 1650 | 049 | 0615 | 9644 |0.88] 2087 | 689.0 |0.33
D 178 [0.49-049] 960 971 02| 199 | 1059 |0.03

® : median (range); *: not determined

Abbreviations of pharmacokinetic parameters are as follows: Cpa, maximum observed plasma
concentration; AUC(0-t), total area under the plasma concentration versus time curve from 0 to
the last data point; AUC(0-inf), total area under the plasma concentration versus time cutrve; t),
apparent terminal half-life; CL, clearance following iv administration; MRT, mean residence
time; Vss, volume of distribution at steady state. ‘

Table 32. Pharmacokinetic Parameters of L-lysine-d-amphetamine in Male Beagle
Dogs Following Oral Administration of L-lysine-d-amphetamine (1 mgkg d-
amphetamine base).

Dose Route : Oral

Dose : 2 mg/kg (free form)

Cunax  {Tmax) AUC(0-t) | AUC(inf) | ty,| CL/F |MRT| F
Dog ID|(ng/mL)| (h) |(ng*h/mL)|(ng*h/mL)| (k) |(mL/h/kg)} (h) (%)
1 3502 { 0.5 2753 277.1  |0.24; 7218 0.68 130.8

2 407.2 | 0.5 367.8 368.7 |0.48] 5424 0.74 134.3

3 2274 | 0.5 310.8 312.0 (045 6410 1.03 [34.0
Mean | 328.2 | 0.5 318.0 319.3 {0.39; 6351 0.81(33.0
SD 919 | 0.0 46.7 46.3 0.1 8983 10.19%1.9

?: median (range)
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20. Del ayed Cardi ovascul ar Effects of

wh 2008882384 d- anphet am ne as Conpared to d- anphePEniUsm04/032131
Fol I owi ng I ntravenous Infusion [352] Systolic and

di astolic blood pressure (BP) are increased by

d- anphet am ne even at therapeutic doses. Since

L-1ysi ne-d-anphetam ne is expect ed to rel ease d-

anphet arp ne (aI belt slowy as a resul t gse %ﬂ“a nC  oon
m{ a 3
]atb) ] lzfpll;segrlv aZ{tota % ‘q’yp]agyl\ﬁg‘n ii%lllls e curve from 0 to
‘ thwgi E(ﬁl{m Qg $nf), otal rﬁ!leco&&ltratlon versus time curve; ty;, apparent
te i aMxSlrﬂf@ mad?ai) H@brIMRE, eth réldendeaigls, K, Boavaibiilinand 2 _
femal e). The results suggest that the ami de prodrug is

inactive and that slow rel ease of sone d-anphetam ne,
TEEIe 45 SPRA MBS Aticd Of mlysiﬁ@a-aa{pmetrarmmn MileBeagle Dogs
aﬁ% ! VWmﬁaQe&u@Mﬁﬁi@ﬁht% of IQWRMRIF- ?ﬁ:’cﬁﬁfn@%l SngeLd-
’ﬁéia

ahlst.y For exanple, the nmean blood pressure is
in Fig. 35. Consistent with previously
Dpwmou*shé%m@ar bzfuelmo hiDlose3 A dlg/é%Pfd-blé?“& d-af%%m%(ﬁ%ﬂ me’c)j oses

[N
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ur @mThe | BVEED doseYdn®02| ny/ kby:
.5 g/ kq qhgumbys| n@geaphet ani ap)
tH-e deu':' —Rg—at Dy
y o%/ 30 r;ﬁ%t es| [3 By| cont f3ast,
e-1d6.&anphet@m1 ng predaced| vergf3fitt| e chefge i
| n A + 1 QAN . " "
apu.Jd_UWI nmat %7% OUj T11 I%B.Fb d|l L el 2.65
infectjon. At ithat time, pressure increased by abou
20-50% Contirjuous rellease of dtanphetam phe is
WEEPOIST{ge f[OT ¢hla€ S| OW @nel St cady 3 7acr €age

, presdure overl the. repaini cour 39 of the
SBxper i ne-2 Upon '@ﬁﬂsequen%7 i njecti g'chs arrphg% am né
airged&@ 5}159)0 repeat Its errect 71 V\D 2005/ 32474

PCT/LJ in non- do ? ndent fag %
t 1 served . plasma
RRRpe o Mgkt gl 08 ¢ ng B L R oo

tdn@duﬁ@frdrrﬂﬂo pERM nta AUC(B-&t)I t6kal n&'eaiﬂ’EpM?ﬁ&%(doiEHﬁhtlon versus time

cyiveg s SApaeent téhhinad hatfaife; GLET dré dearapde MRt mdawresiqgiice tiggt EClveieilibiime

level s in nerve term nals upon successive stimulation

of d- anphetam ne bolus injections. Note that the rise

Tablend4n Phhmogokinesupt Istywsmesd-amphetaminse & i MaledBsagle dpogs

FoHbyiigne- OramAdhiaristratot Fof. Lagjinprietnpesmsinen (e mg/kg d-
%ﬁau@kn@ﬁ@e) | ess intense effect. Simlar results were

served for left v tr| cul ar{],?&ess re %e%ﬁee )

DegsdRonter Q&) 1 s furth 36%3{1(58 I ¢an
rd'em‘eaﬂse TTT—o=Tem Iea[dllﬂ loaval | Itd by
i nt r avenos r qut e"wher| glgg(é as AdCtiab I
Dok Y5 pengimBhphet @i ng. (ash/m) r psingeh/mke §api d®nset
of—tirer piggraqutogp cat| €f §sEsd O] O-ga&gdet quml Nes gsnat  1|s
sought] by perdons injdcting theldrug is elininated
TaBl e B8 12EF f dct s28f U- | y&F#e- df anphePani pe on>*

ine-g-am hg

—CagdioVasgyl ar| Papeimet|er Sihgr t Ne 54038 3.06
Mean 104.3 2.0 706.2 728.0 348
SD 21.8 2.0-2.0 222.1 204.9 0.4

¢: median (range)
Abbreviations of pharmacokinetic parameters are as follows: Cpay, maximum observed plasma
concentration; Tpax time when C,, observed; AUC(0-t), total area under the plasma concentration versus

time curve from 0 to the last data point; AUC(0-inf), total area under the plasma concentration versus time
curve; ty,, apparent terminal half-life; CL/F, oral clearance; MRT, mean residence time; F, bioavailability.
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Anest heti zed Dog - Mean Val ues (n=2) TREATMENT TI ME
SAP % DAP % MAP % LVP % Change Change Change Change

WO 28%08a74 ne 0 81 0 48 0 61 0 87 0 1 m/kg 30 BCT/USH44/032131

11 67 10 87 0 L-lysine-d- 0 84 0 51 064 086 0

51 1 67 5 95 11 25 104 25 55 8 73 15 105 22 30 107
28 58 14 77 21 108 26 L-lysine-d- 0 105 0 55 0 74 0
108 0 anphetamine 1.0 ng/kg 5 121 15 63 15 85 15 120
11 15 142 35 73 33 100 35 140 29 25 163 55 97 75 124

$5b14 63, Fharndsbokdrttied of H-adiptRtinine 14MAER Bedgl DY FFoldwing
2 %@_s ton_Of {4fyfg1§-agagﬁgge&%§hs €or® dAniPletthine kiHaté (1.8

X 130 37 184 28 25 196
Py “%éﬁ&§1 30 132 0 70 -1 99 4 163 13 SAP

-Tingsy s MedniPtas@a Cecerdrhtiop rje s3andard Dewietiign) (SIIAPY Coefiisient of Variation (CV)

@BJr -fshie-c
re AdiAEtg R It AkpRdtardie
%-Ch -8Rt —chan sspeetd

L-lysine-d-

2805} 032%74 pcT/ 9520047 032131 | Tab

d-tAnphet3am n¢ or2&ar dijovasxul ar Pab.anet

. br s32.6 t lhe 429
PrEsthetgyed [ Dogsrs e lgues (1585 T

32.1
SAP_P4 Changel DAP OAﬁlalqgg__m&

0.9 sd’{he b 17870 64 0%4 0 [105 & 1 n| 1/ kE°30]108%8%

E?A-S 82442 1012487 d-lanHest anh ne6@1111| 0 8950 §4 028.9
i 175.4 150 66.7 40.1 38.0 26.7
12 814 476 58.7 19 72.1 39.9
16 33 19.6 28.1 9 85.2 45.9
24 7.2 4.5 45 1.7 62.5 37.8

Table 36. Pharmacokinetics of d-amphetamine in Female Beagle Dogs Following
Oral Administration of L-lysine-d-amphetamine or d-amphetamine sulfate (1.8
mg/kg d-amphetamine base).

Time Mean Plasma Concentration Standard Deviation (SD) Coefficient of Variation (CV)
(hours) | d-amphetamine L-lysine-d- d-amphetamine L-lysine-d- ‘ d~-amphetamine L-lysine-d-
amphetamine amphetamine amphetamine
0 0 0 0 : 0 0 0

1 217.8 308.8 141.7 40.7 65.1 13.2

2 2735 308 113.7 29.6 41.6 9.6

4 266 260.9 132.7 373 49.9 14.3

6 204.7 2121 84.5 38.7 41.3 18.2

8 160.1 164.3 2.7 43.5 454 26.5

12 794 68.7 413 31 52.0 45.1

16 25.5 223 134 47 52.5 211

24 5.6 5.4 4.1 1.9 73.2 35.2
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0.202 ng/ kg 5 218 97 145 117 176 109 214 107 15 168 52

97 45 125 49 157 52 25 148 34 87 30 110 31 142 37 30
wa4@s588430 20 103 23 135 30 d- anphetam ne 0 13BCDUFB00032131

101 0 133 0 0.404 ng/kg 5 240 73 147 88 187 85 238 79

15 193 39 112 44 145 43 191 43 25 166 19 92 17 122 20

168 26 30 160 16 87 11 117 16 163 22 d-anphetam ne 0O

158 0 87 0 115 0 162 0 2.02 ng/ kg 5 228 44 128 48 169

47 227 4 107 23 142 23_200.24
fible 37. Phamineokigotia araguetars 0ty d-aguhgamisg in Myl an Female
- Bragle. Dggstliﬂlkomeet SrplaAdprinisieiion @imfrrlyyiofmPopheisne or d-
aanphetamihe prEds (1 mgfgdmpiisamingbasdol i ¢ arteri al
pressure (mrHg) LVP - left ventricul ar pressure ( mHQ)
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Au¢rryf3| ne; d aerBtm ani ne cmsﬁzaa ni nd the 28qébval ent 2569.9
ﬂ ¢ G'W('Jrcl afm fe: Jr’fﬁriurrt i Ubulléﬁ't ot agtvi t)ge

‘% $ recorded during the light cycle using

Qm@t ocel | act43dli4y chanber®1fSan |Di ego3¥&&t r ungnt s) .273.5

P“?ée?'r; OyMtS YEHE TEYOTr ded gVery 2 T nggs for [The gg
lon of the test] Rats were nitored in three

B@%ﬁ}omﬁe experilnents |[for 5,28, and 12 hdurs, 2

_rnErrJg 3138

P&FSIRECT | tel V. 14 e VY. HLAzgpuUNtS Jr or d-gpgphetam ne 200
ve l-lyvgine-d. a_r_;p.h,d i i

In each experinment the time until peak actrvrty was

@an@gx@g% qreea;zeh@a%rerr&ﬁeﬂﬁﬁem 6f eﬁ;sﬂé d%%%h%ﬁéhﬁﬁ@&s for

X [ as corrpar ed

lé%zryﬁv“%rﬁ E‘sdéas«elaﬁ“@ EEMTY b0y Bpgielamine
SveR SE thePibe R 4bes d-SammRed i e ainPh@hinirdelis @& pected to release d-
experinments (Tables 40 and 41) abl e 40, Loconpt or

gmenhietpmine cbaiatlewlo a5 pyesntinf ﬁY%%IéWéEe‘éb%h?th S RphpEapsstudy

wis done using equimolar doses of d-amphetamine or L-lysine-d-amphetamine to 4

dogs (2 male and 2 female). The results suggest that the amide prodrug is inactive
and that slow release of some d-amphetamine, occurs beginning 20 minutes after the
first dose. Relative to d-amphetamine, however, the effects are less robust. For
example, the mean blood pressure is graphed in Fig. 35. Consistent with previously
published data (Kohli and Goldberg, 1982), small doses of d-amphetamine ‘were
observed to have rapid effects on blood pressure. The lowest dose (0.202 mg/kg,
equimolar to 0.5 mg/kg of L-lysine-d-amphetamine) produced an acute doubling of
the mean BP followed by a slow recovery over 30 minutes.

[353] By contrast, L-lysine-d-amphetamine produced very little change in mean
BP until approximately 30 minutes after injection. At that time, pressure increased
by about 20-50%. Continuous release of d~amphetamine is probably responsible for
the slow and steady increase in blood pressure over the remaining course of the

experiment. Upon subsequent injections, d-amphetamine is seen to repeat its effect
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| ysi ne-d- anphet am ne (5 Hours) Test Material Total

Activity Total Activity Peak of activity Tinme of Peak
waeows/osfs74 ast Counts Counts Above (Counts perP@DUS004/032131

Above 200 Baseline (Counts per Per0.2h 0.2 h) .2 h)

O Vehicle 4689 4174 80 1.4 - L-lysine-d- 318 1.8 5h

anphet am ne 6417 5902 d- anphetam ne 515 0 291 0.6 2.6h

Table 41. Loconotor Activity of Rats Oally

.Ad - - t am
it 2508 doperde B THegiinl gt 08 £95er O SRd geim I girst
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of Gatachslapdme pevielsO irR mrveo tmdialsh upOn Zuviedssivt estiaBatoB bf d-

sfpofriamind ﬁélﬂsgmésf@?ﬁmg oer0R e 8% Mg Rlof plessie seén atter
sﬁ’&b@éd‘i@&&%ﬁ@ Qf'Lq QR elathiNTEREI B pAQIEEs a more Fradual and

L-1ysi ne- Ket am ne by I ntranasal Adm nistra

lgsg M]anvbﬁfﬁect&;pﬁ@g@é resalis axere abssrvedrier Hdseentibgular pressure (Fig.

t
b HBE s RO et Yihastite s tipriicon ¥ esdiin hgmphgemine
bfavhiViaR by theititivesdusdo@epitRhativéitas Llysines efaftfine. As
of simlarly , dosed animals_ carboxynethyl | ul ose

thin sapidi gBepttof ﬂlﬁdﬂ@ﬂngc%@l@ﬂluqfﬁgt of damphetamine that is

roxi mately 2-fold
Tﬁ;%hﬁg%;gg%ﬁgﬁ& Sl st AL N
a t ¢te0 ygng-diagh ne Qthgaratdyes a‘rﬁam%msm €
%tl‘ﬁeﬂ DogreMes Vakugg ( n'r‘gkmures wer e suspended

ESRACN GOSEpAES Ofl T |
: L(l ednhahgk I Ee t t;@hem%@c
[ t%?' vs. Ot rré"e‘( 1 hQ)'uF
a8m ne/@I\/C &&.| L-hysi
culuL ryghé)gl eth (‘0 gt of 0 51 0

amphetamine

0.5 mg/kg 5 | 87 4 52 3 66 3 87 2
15 | 93 11 51 1 67 5 95| M
25 (104 25 55 8 73 15 105 22
30 {107 28 58 14 77 21 108 26

L-lysine-d- 0 |105 0 55 0 74 0 108 0
amphetamine
1.0 mg/kg 5 |121 15 63 15 85 15 120 11

15 {142 35 73 33 100 35 140 29
25 | 163 55 97 75 124 68 162 50
30 (134 28 73 32 98 32 |144 33

L-ysine-d- 0 [132 0. 71 0 95 0 144 0
amphetamine
5.0 mgkg 5 [142 7 71 0 99 4 151 5

15 |176 33 98 39 130 37 184 28
25 1126 -5 69 -3 |9 1 160 11
30 |132 0 70 -1 99 4 163 13

SAP - systolic arterial pressure (mmHg) MAP - mean arterial pressure (mmHg)
DAP - diastolic arterial pressure (mmHg) LVP-- left ventricular pressure (mmHg)

% Change- percent change from respective Time 0.
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74 WD 2005/ 032474 PCT/ US2004/ 032131 anphet am ne vs.

L- Il ysi ne-d-anphetam ne CMC. As seen in Fig. 39,
w@odasosam of CMC to L-1ysine-d-anphetam ne deRCEHESEA4/032131

- the activity response of IN dosed rats to |evels

simlar to the water/CMC control, whereas no effect

was seen on anphetam ne activity by the addition of

CMC. The increase in activity over baseline of

L-1ysi ne-d-anphetam ne with CMC was only 9% conpar ed

to 34%for Lys-Anp without CMC when conpared to
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02 ] bt b oo APl 230 G | wioa 117> % o
Wat er CMC | 187168 0 #%anpPe| 2345 Phat#bdcodynani®’| 52
SPOTISE TP ANPAGT amsf1e Va7 | L- BYSI Nerod- aApheiady na7by
ntravenoug$ (1N _Adm nistration [356] (Male
Spr ague- Da 3@y P8ts Here %fsedz%y ﬁq3r av ous135 30
ﬂﬁdm;ihb@trr ron[1spth ol. O rg{kg oof dﬁ@ln*phemam mgsjor 0
Vel pe- Lo 1||| u r+ }.I T Tg eq'”—‘ﬁﬁl iy
ar?o@%tm%‘?gﬁ hbét\z‘g 23‘ szhct IB%II Tlg\73 ;glsms %ghoJPs)
s shown f ¢r15di19afphaa an ‘né vs44L- | 98 ne-43- anpPEt arfidne
g4t Toher @Bl TVidy [BBiUCeq7 by 5] 20  |168] 26
a substantiall v decredsed and
587 flel AYed] e d6tiif3 22
BY COLU]TS4Q)1&Y aot hrieezlhoug
eriod of ‘H—Pﬁ ! N Shn“A,ﬂ ip F: o 4_ _ ||\, Lnr-rnqec in
a&%‘i“?&%w? 52861 i Hb of 1% Iygf; 1169%a 4r?letai e s
4% for L-||yisi nmesg- apphet Wi neza,hem np&ded [R0O0 24
petv-ty—pbserwet—for—dr e segani s
Tabl e 43) 25-1185T ' 20 R Es v 1 19
30 (183 16 98 13 129 12 187 16

SAP - systolic arterial pressure (mmHg) MAP - mean arterial pressure (mmHg)
DAP - diastolic arterial pressure (mmig) LVP - left ventricular pressure (mmHg)
% Change- percent change from respective Time 0.

Example 21. Pharmacodynamic (L.ocomotor) Response to Amphetamine vs. L-

lysine-d-amphetamine by Oral Administration

[354] Male Sprague-Dawley rats were provided water ad libitum, fasted overnight
and dosed by oral gavage with 6 mg/kg of amphetamine or L-lysine-d-amphetamine
containing the equivalent amount of d-amphetamine. Horizontal locomotor activity
(HLA) was recorded during the light cycle using photocell activity chambers (San
Diego Instruments). Total counts were recorded every 12 minutes for the duration
of the test. Rats were monitored in three separate experiments for 5, 8, and 12
hours, respectively. Time vs. HLA counts for d-amphetamine vs. L-lysine-d-
amphetamine is shown in Figs. 37-38. In each experiment the time until peak

activity was delayed and the pharmacodynamic effect was evident for an extended
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75 WD 2005/ 032474 PCT/ US2004/ 032131 Table 43. Tot al
activity counts after d-anphetam ne vs.

wa@.2008882324 d- anphet ami ne Drug n Total Activity BOIOER04/032131
Above Basel i ne Percent d-anphetam ne 3h d-anphetam ne
3 1659 1355 100 L-lysine-d anphetam ne 4 767 463 34
Water 1 304 0 O Followi ng Intravenous (1V)
Adm ni stration. Exanple 24. Decrease in toxicity of
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0. Olehicd 3 % L468ysi ne- d4gsphefam /e 1.Q 0. 14 3 3 -
Eysiee-diamphetanime 101 P~ 438 3 1.8 5h
L -ahyrstarie- d amphet am ne@% 6.0 533 ‘
L-1ysi ne-d{ anphetamine 100 1p .6 .3 3
La-4pedtamise d} amt arfi ne 000 00 24'3581 Key® 26h
observaiitons of this study 1nclude: Al animals in
G oups 1-3 showed no observabl e signs throyghout th
Tobledllo LoeTmetReAsYitio! Raky Oraiiy Admusisredy supistanige vs. L-
lystie-diatplietaminec@8dtbundt or activity within two hours

oot ol al H Lok - = o e,
P et stial - féz&%' ity gﬁ? k\%ﬁ:i' Tpthk ofAdtivilg - | Tirte of Péak Time of Last
2 Oﬁ%y‘ %%?2147 Pr tx}g 0 to) 3 h. {Counts per Count Above 100
Baseline (Counts per
0.2h) per 0.2 h
0.2 h)
Vehicle 936 0 81 72 -
L-lysine-d- 8.6h
amphetamine 8423 7487 256 18
d-amphetamine 6622 5686 223 0.6 8.4h

Example 22. Pharmacodynamic Response to Amphetamine vs. L-lysine-d-

amphetamine by Intranasal Administration
[355] Male Sprague-Dawley rats were dosed by intranasal administration with 1.0

mg/kg of amphetamine or L-lysine-d-amphetamine containing the equivalent
amount of d-amphetamine. In a second set of similarly dosed animals
carboxymethyl cellulose (CMC) was added to the drug solutions at a concentration
of 62.6 mg/ml (approximately 2-fold higher than the concentration of L-lysine-d-
amphetamine and 5-fold higher than the d-amphetamine content). The CMC drug
mixtures were suspended thoroughly before each dose was delivered. Locomotor
activity was monitored using the procedure described in the section titled example 7.
As shown in Figs. 39-40, the activity vs. time (1 hour or 2 hours) is shown for

amphetamine/CMC  vs. L-lysine-d-amphetamine and compared to that of
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[356ki dals Spragueaaley ety wees dpsedleso indravemousf administration with
1.5'1£§/T<'g”o%'aqé1%5§er%§;£%@ or}eL-lysine—d-amphetamine containing the equivalent

amount of amphetamine. The activity vs. time (3 hours) is shown for d-
amphetamine vs. L-lysine-d-amphetamine (Fig. 41). The activity induced by L-
lysine-d-amphetamine was substantially decreased and time to peak activity was
delayed. The activity expressed as total activity counts over a three hour period of
time is shown in Fig. 41. The increase in activity over baseline of L-lysine-d-
amphetamine was 34% for L-lysine-d-amphetamine when compared to activity

observed for d-amphetamine dosed animals (Table 43).
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may al so be saturated at such high concentrati ons,

whi ch may suggest low toxicity due to limted
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In Vitro Assessnent of L-1ysine-d-anphetan ne
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the Jconmpound wfth various easily accessi bl e physical
and dhem cal nmethods by which to reIDg)gg,gs freeC entrations
Gapypsdt Mevofdnifplofn t he Tohjuigate. An a f@ oy esi st8 L)
prepdration wobl d have the additiona Bature of ot
rel edsi My ¢l- dhphet ani ne when exposed to 78 WO
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sédveral 3 3 L-lysine-d-amphetamine 1.0 0.1
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5 3 3 L-lysine-d-amphetamine ' 100 , 10

6 3 3 L-lysine-d-amphetamine 1000 ' 100

[358] Key observations of this study include:
e All animals in Groups 1-3 showed no observable signs throughout the
conduct of the study.
e All animals in Groups 4-6 exhibited increased motor activity within

two hours post-dose and which lasted into Day 2.
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tests with L-1ysine-d-anphetam ne and GGG Anp, no
anphet am ne was detected after the follow ng

woe@absmm s: Vi negar Tap Water Baki ng Powder Be&ki/ng2004/032131
Soda L-lysine-d- 0% 0% 0% 0% anphetam ne Gly3- Amp 0%
0% 0% 0% Sanples were heated to boiling for 20-60
mnutes in each test. Exanple 27. Bioavailability of
Vari ous Ani no Aci d- Anphet am ne Corrpounds Adm ni stered
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anmount 0{1 anphetam ne. [365] Intranasal

Admi nfESPEESi on. Mal e Sprague-Dawl ey rats were dosed by

' nt,r anasal o?dfmaﬁ'lﬁlhrﬂéﬂ % ok (o Vﬁgﬁn TG égeso(‘;f seventy on

anphet am ne or |ysine- anp etam n aining the
equi viheht anount of anphet ami ne. [3661 The rel ative

in vi erfor various am.no acid tam ne
oo Bel sk it o P00 e Eimasc A e D SOF 10
Tabl esﬁgg skinnbdisnasiAhe vEhipaasd abi l ity of anphetam ne
from was decreased to sone degree relative to

free AﬁmémMamgmmmaha@we;d tolningl &mmwrﬂdthvmhlﬂny 7.

[ i) t th het b t
S8 Ly e SRy T S el R Belo d 91 4 Posadpyp, and
&fﬂéh&h khe7 bd/ayE P @sideObhE @be-8dB1 dHselvhBénsO Were r%corded

howeve [ittlé or no decrease "In bioavailability by
puimests fuad deash vesacoiticedimonbund weiearecuopsied lond dwe@rded A total

ol sppesg et Hespediaee BhOEX Bt fdl autntoicdiith i
gzé]% Ca d ouxBBlatiyns ﬁ@@os@%cﬁi@@%ﬁﬂdﬁgﬂ&@@&ﬁﬁ%ﬂz@d in Table
i oavai | abi I|ty relative to a gg@etamne by intranasal

2andhe fatp axearns selficinnt &estab@xslml slog® hawever, the study indicates
SR HURRRRAS AR TR A BRSO AR focmse

éxipbne etk acews@t oot of agroap eh susanlﬁnaﬂbe Although Osedond ammal in

ntranasal Intr venous Per cent, AUC, Per
{bbr B SR RO P RO LSt DY oty MR ASTSCAOE BHIagarigasons and it

Mﬁﬁttﬁé{‘tﬂﬁ ﬂ%l%l&ﬂ%é%%&v&% YR afidndsuddestbif\drug-
mduced stress in Groups 4-6 that is characteristic of amphetamine toxicity (NTP,
1990; NIOSH REGISTRY NUMBER: SI1750000; Goodman et. al., 1985). All
animals showed no abnormal signs on Days 4-7 suggesting full recovery at each
treatment level. '
[361] The lack of data to support an established lethal dose is believed to be due to
a putative protective effect of conjugating amphetamine with lysine. Intact L-lysine-
d-amphetamine has been shown to be inactive, but becomes active upon metabolism
into the unconjugated form (d-amphetamine). Thus, at high doses, saturation of
metabolism of L-lysine-d-amphetamine into the unconjugated form may explain the
lack of observed toxicity, which was expected at doses greater than 100 mg/kg,
which is consistent with d-amphetamine sulfate (NTP, 1990). The formation rate of

d-amphetamine and the extent of the formation of amphetamine may both attribute
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activity and barbiturate anesthesia time in mice." Acta Pharmacol Toxicol (Copenh)

38(5): 474-89).

Table 45. Results From Radioligand Binding Experiments with I-lysine-d-

amphetamine

Assay Radioligand Reference Ki (M) for Activity*
Compound Ref. Cpd.

NE Transporter { [3H]-Nisoxetine Desipramine | 4.1x107 No
DA [3H]-WIN35428 GBR-12909 77x107 No
Transporter ' ‘

*No activity is defined as producing between -20% and 20% inhibition of radioligand binding
(Novascreen).

Example 26. In Vitro Assessment ‘“Kitchen Tests” to Release Amphetamine.
[363] It was anticipated that attempts would be made by illicit chemists to treat the

compound with various easily accessible physical and chemical methods by which
to release free amphetamine from the conjugate. An abuse-resistant preparation

would have the additional feature of not releasing d-amphetamine when exposed to
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WO 2005/032474 PCT/ US20Q4/ 032131 i nstance the bel ow ‘
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cs»;npbha@ e dhdyn ansﬁlgzt | @2—5®(mnldoshrmmnmd uhéfah}el ﬁl@ aIntuanasal
Star eri - - d y- OSu. nt hesi f
eyl BHOARE TEnitetePae AN V- AT, HES  ECag 10 Spffe dpeee
BRI 86 ﬁlﬁ héthgiRM HGw@et, Ahisotpound wiB ket bidbquiRdent with
Boc-Au(O B GIu(O:Bu)-OSu and the starting drug

amphetamine by e oral route of administration. Phenylalanine was bioequivalent

with amphetamine by the oral route of administration, however, little or no decrease
in bioavailability by parenteral routes of administration was observed. G1y3;Amp
had nearly equal bioavailability (90%) by the oral route accompanied by a decrease
in Cmax (74%). Additionally, Gly;-Amp showed a decrease in bioavailability

relative to amphetamine by intranasal and intravenous routes.
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conj ugate was Phe- Anp (see Phe- Anp synt hesi s).
Synthesis of Hi s-Anmp Hi s-Anp was synt hesi zed by a
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TO access the central nervous system site of action.

C. Methods of In Vivo Testing of Abuse resistant Amphetamine Conjugates

Example 28. Decreased Oral Cyy of d-Amphetamine Conjugates. ‘
[367] Male Sprague-Dawley rats were provided water ad libitum, fasted overnight

and dosed by oral gavage with amphetamine conjugate or d-amphetamine sulfate.
All doses contained equivalent amounts of d-amphetamine base. Plasma d-
amphetamine concentrations were measured by ELISA (Amphetamine Ultra,
109319, Neogen, Corporation, Lexington, KY). The assay is specific for d-
amphetamine with only minimal reéctivity (0.6%) of the major d-amphetamine
metabolite (para-hydroxy-d-amphetamine) occurring. Plasma d-amphetamine and L~
lysine-d-amphetamine concentrations were measured by LC/MS/MS where

indicated in examples.
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CARRI ER BOUND NARCOTI CS Exanpl es 33 through 83

Hydr ocodone Applicability of abuse resistance for the
Wma0080824¢4 anal gesi cs denonstrated through theP€iFESWN4/032131
.. hydrocodone. [372] Exanples 33 through 83 illustrate

the applicability of a nunber of peptide- active agent
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' sugsgltut Ed % !Qe 6 p03|t| on of hydrocodone are
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afkpiisored ONepleaihg DG b ofaier SoMaRREHTPREFAINg conjugate o d-
agl%hat%vgx}eo 0l £%nio3he nadap ﬁﬁ‘és K1t (13%9 cQgadedq @q@bil@ﬁtta'hﬁiﬁts of

one conj ugates con ai ning equival ent
dediBsHatasnin® fbabsy. dPlaemd oaiiemphastanﬁdnwncsmmtmais | werdeineaduzestl by
water. Oral adm |strt| n. was i 0.5.m .b

ERdS4| (é\n(ln‘lzefqmlflﬁ& Bac é@%ﬂgnNs‘Pgew OFReTatigh, J‘l‘%ﬂ% , KY). The
gsﬁg edne Sk Pd-aﬁﬂﬂgﬂe@aﬂuﬂe %h@bhﬁ« fmaal @ééctwitgat(o BHSEt the

rea ered by placing 20 mcroliters
najd10d- aimphetamaie meabaite Qﬁara—hyéroamdsmhldm‘taz@me)/\mqqmng Plasma

sof | ur ane. veno nistration wa
kRt iog apd Fy BEPE AR RS v RTOh dub fedild by
U@MS?MSWVE&E i OS] iRWRelples. under isoflurane
anest hesi a. Hydrocodone and .83 WO 2005/ 032474

;matlagoutg congentratl ons were determ ned by
e bel ow exanples are illustrative
(969 Jy Ml SphezueadHvien Fhis ved€ prbvidedquatac ad hhitumczhﬁcﬂdses were
rocodone 1s not neant- to he |im

;mmp,t@@dsby ARHAVRNORT: Aok ﬁ{eubﬂnjﬁgymnoe (ﬁ)oﬁ é'ﬂﬁ%} \Bzger containing
agni) st mﬁec‘ Qﬁg?%fﬁ)é ok Qﬁ#ﬁ%&%h@‘@’uﬁﬁ@ Ailothds@é""c&&amed equivalent

one nt heti ¢ Exanpl es
abaruneh y)ﬂ rdmmphetﬁnmep lbese3 3Plaggad adawphitamoso gongenfratinse were

52 il ;‘»g%ﬁé 83, qul@p% %Tlggﬁég g?%g{o or%i’onHLexmgton

I?Yfl)gﬁnxgoé%%ﬁg %péﬁﬁ@%& M@h&mﬁu& with nfiMRindmbrehtlvityM0.6%)

of the major d—amphetamme metabohte (para—hydroxy-d—amphetamme) occurring.

Plasma d-amphetamine and L-lysine-d-amphetamine concentrations were measured
by LC/MS/MS where indicated in examples.
Example 31. Attachment of Amphetamine to Variety of Chemical Moieties

[370] The above examples demonstrate the use of an amphetamine conjugated to a
chemical moiety, such as an amino acid, which is useful in reducing the potential for
overdose while maintaining its therapeutic value. The effectiveness of binding
amphetamine to a chemical moiety was demonstrated through the attachment of
amphetamine to lysine (K), however, the above examples are meant to be illustrative
only. The attachment of amphetamine to any variety of chemical moieties (i.e.
peptides, glycopeptides, carbohydrates, nucleosides, or vitamins) may be

accomplished through similar procedures described throughout the Examples. For
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2. Gal actose Chloroformate - - 1.49 2.0 2. DW - 3nl

- - 31IMHJ 1M 30nm - - 3. Acetone - 20m - -
w@0a08237Hydr ocodone [ 375] To a sol ution of hyreDUSIIONE32131
in DMF was added LiN(TM5)2 in THE via syringe. The
solution was stirred at anbient tenperatures for 5

m nutes then the chloroformate of gal actose in DVF

was added via syringe. The resulting solution was
stirred at anbient tenperatures for 2 hours. A TLC was
instdoen thechelow QBLRs MeGHhe atkdchesictossmptieBoYng wsing @igthods similar

roduat),.=~+0.5) ., Reaction was neutralized to pH 7
t‘??ﬁ’?’ﬁ*’%?%%dm&‘wgkz'ms renoved. Final product was
APl Syasione Ave@pRkat i ve TLC (0-10% MeOH in CHCL3).

Solid was ‘collected as a white powder (0.180g, 41%
Synthedis of Gy VRp DVSO- d6) b 1.28 (2s, 6H), 1.37 (s,

(. 5p-Abe g St oych e, ey Ghoope e it acia

strt@ thateriditWas Boc/GlytSly-G8%., 3.99 (dd, 1H), 4.14 (t,
1H), 4.26 (dt, 2H), 4.39 (d, 1H), 4.63 (d, 1H), 4.95
Systhesisjof GluxBh¢-dmp H) 5 68 (d, 111), 6.65 (d, 1H),

6. 74 dpt LR = d6 = . .
Cot” S YR RSB P35 oMo iming
staftigy nmatedile wias Budd@hi(GBu)-GiH(ABuHOSvardd Ataristarting  drug
acet one. e restll gbg% soluti.on was stirred at anbi ent

s
CORMBRP Hfag PaS-Argh AP DOGsP682474
S e@%@@ﬁg_%gl;m hours. Sol vent was renpved and

I'nal product dried under vacuum Solid was collected
as a HikriAmep ot syathaviBedhly esimiladnethed excepObe Brofanzrid starting

506. wrl 3L L] ~d&l gure 53 depicts oral

%Qﬂﬁgfa%ﬁ‘%@féﬁi%use- resi stant hydrocodone
fﬁg@ﬁyﬁmg.q;lygnhpgat es, neasured as free hydrocodone

S((;/\?vith nmeasured plasma | evels by ELISA). Exanple 34.

Ri bolpiydilyevap iesrygthesizel by |4 sigilanmethiod: exssplathe giniae acid
2 0o LSRRI R R ME bl 2 0M G s
MS 2 Gip-Abfc(skdGy-08nfl sphtkdis). 5 1. DVF - 8nml - - 2.
S?in?l?e%i% o?ﬂy(s)-rGolLPAIg%t e - - 49020 2. DW - 3m - -
Lys-Glu-Amp was synthesized by a similar method except the amino acid
starting material was Boc-Lys(Boc)-OSu and the starting drug conjugate was
Glu-Amp. '
Synthesis of Glu-Amp
Glu-Amp was synthesized by a similar method except the amino acid starting
material was Boc-Glu(OtBu)-OSu.
Synthesis of (d)-Lys-(I)-Lys-Amp
(d)-Lys-(1)-Lys-Amp was synfhesized by a similar method except the amino
acid starting material was Boc-(d)-Lys(Boc)-(1)-Lys(Boc)-OSu.
Synthesis of Gulonic acid-Amp
Gul-Amp was synthesized by a similar method except the carbohydrate

starting material was gulonic acid-OSu.
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3.IMHCL 1IM|IOn - - Ri bo-Hydrocodone [3781 To a

sol ution of hydrocodone in DMF was added Li N(TMS)2 in
WA REB508274 syri nge. The solution was stirred atPEROS®NL/032131

tenperatures for 5 mnutes then the chloroformte of

ri bose in DVMF was added via syringe. The resulting

solution was stirred at anbient tenperatures for 2

hours. A TLC was taken (9:1 CHC13: MeOH, UV and 5%

H2SO4 in MeOH, Rf(produot) -O 5) Reactl on was
Enembled A_::_gtg-wj P Ofigl Sl kA Sl , Sl
F 1ude ofsIN t s..taken up in CHClS (50ml) vvashed

), dried over MgS™4, filtered and

[$7ah Vv andle Sﬁfﬁ@ﬁ@@awld?l el wee Hed/\ﬁ!Step dd libited, %teﬁ vernight
préeparati ve HPLC (10mM CH3 MeCN, . O- 20m]
as@ﬂgspdbsombgavagso’vlﬂdLmn@:dfan&&ﬁ@an% 0 @P@&Ptamme sulfate.

oS%I% (gc(rﬁalgéga_‘écﬁn a(i)ejg %%mﬁgp‘ﬂ%ﬁ@%}?mhyﬁ’w é%%(ndﬁ)ﬁgs

S‘MBEI)B éinﬂ&rsfeg%éls Z»H}Zraxllﬂ)lﬁﬁm(lﬁe wetd deté’ctétDm( geyud Hy well 88n brain
tl(qsufz o ( wing) | ad@lr?ggtrg%on ipﬁz > dzpnygletagunq Hf‘ﬂ%aié 72)r( E,D lysine-d-

ohetgt! 8 ooy - BideSt.ubbhetacti) pbrovckpasSpfeent in

apprecidble abiintt if bérbin. buft 378 ]noif detetied priutimdiseut ndiveting that the
i nternmedi ate was .a of. IMHCL1. .The  resultin
cOBPEHR GO oK FEIon SRR EHE: PGS thefeaeliirvops sYstem
sﬁQHféctmﬁ'O' vent was renoved and final product dried
under vacuum Solid was collected as a waxy, 85 WD

_WOM 032131 slightly yellow solid
0. 0929, uanth. : vag DVEO-d6) S 1.51 (t, 1H),

, 2.27 (t, 1H), 2.63 (dd,
&ﬂiﬁhcagﬂﬁﬁ) of Sbusdbsistan&Siof the Ribcotid anflgesits deridnstatdd

3.82-4.34 (br m 12H), 5.15 (s, | H), 5.72
tb@ugh:;musecrfshxdaochony 6.88 (d, 1H), 11.37 (br s,

#—%aval 'Dhg%es %'3gtﬂfo%1gﬁ %8usl{e1§{?&teés ?Jéete%#h@%lﬁgf}/gﬁﬁ ré%nelber of peptide-

ac@vd et b@hposo:tmm,s U aedncingethe lpbmtitla]sfof oeerdhsedwhile dmealmng
(wth nmeasure | evel s by ELI SA

tlxéq &er@ggﬁf,w u§5wﬁq:_rgldl F]E?dPERI 8 1fike [0 %teg do gtlhe actlve agent
i h}o\%éc?%rﬁt(?@)PEf?@ﬁﬁlw ﬁm&?%ﬂﬁ%&@%ﬂ%@ﬁeﬁ@ﬁﬁl@m %)Sltlon

mol es Mol a val ents . dr ocodone
of hdotbae reetnec R AIVES SEFAF T 1 B RDISGCong) Y3 FFI-
HC.

[373] Oral, intranasal, and intravenous bioavailability studies of hydrocodone and

hydrocodone conjugates were conducted in male Sprague-Dawley rats. Doses of
hydrocodone bitartrate and hydrocodone conjugates containing equivalent amounts
of hydrocodone were administered in deionized water. Oral administration was in
0.5 ml by gavage needle (with the exception of YYI-HC, which was delivered as a
solid in gelatin capsules). Intranasal doses were administered by placing 20
microliters into the nasal flares of rats anesthetized with isoflurane. Intravenous
administration was in 0.1 ml by tail vein injection. Plasma was collected by

retroorbital sinus puncture under isoflurane anesthesia. Hydrocodone and
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1. THE - 25nml - - 2. Boc-Leu-OSu 328 3.28g 10.0 3.0
Leu- Hydrocodone [381] To a solution of hydrocodone in
wakiesma7added LiN(TMS)2 in THE via syringe. A¢EUS2004/032131
solution was stirred at anbient tenperatures for 5
m nutes then Boc- Leu-OSu was added. The resulting
reaction mxture was stirred at anbient tenperatures
for 18 hours. Reaction was neutralized to pH7 with 6M
HCl . Sol vent was renoved, Crude nmater.ial was ken
by AroTMEREPTL GBARS  SHae HBEhP ) SapCeITRPRO s ATged by
L@/mer MpSH4, filtered, and solvent renoved. Solid
was collected as a yell ow powder (1.98g, 95%yvyield):
[3F4]NKRe( BOB® dgymfed. 86 {lstrativeHpnlyl agd ths, beefy, amings acid

(s, 2H), 1.55 (m, 2H), 1,69 (m 1H) .87 (d 1 .
sbiippogAtachal o Warsgpne isqiey Mopniyy e finlfye! hs g gymthesis
ecompdishdddtfor ihstddce ¢ie@3the
a%‘ﬁ??“%"%&?‘i’.fs‘#’&%‘iﬁ‘i‘iﬁ",‘ﬁ%{ é;léH%d Ip&l—l), 6.65 (d, | H),
felld@ingaxempldyy métheds.(s, 1H). [382] To the
2 1 ( e Was S L of 4N HQ in
L He- Tt xture was stirred at anbi ent
B M WGAsctd-Oydidoliier s. Sol vent was renoved and
final__product dried under vacuum Solid was collected
Eigurg 52|illegtitatey preparation of Sefagtocllydiogodayeos yi el d) 1 1H NWVR
DVSO-d6) 5 0.94 (d, 6H), 1.52 ( 1H, 86 WD
005/ 032RddbeltsT/ US2004 MW2 [L eiglit. [Ahmibl &0 Viglar Eynivalehts
fiHydFdcodensd4 (dt, 1iH)2992] @026, | 16075 2. 75 (s,1.8H),
1% TR 3{ /(b3 | 3193 ([d, 111)1.54.07

, ;0. 10 (S, IH), 5. V254, [TIIL, 6 76 (d, - IA),
5 8B 8- 73hrts st Pigs56
. L i .l‘ -
=N f‘!,t?ﬁf"é%mwu?ﬁgforﬁ. thesis efsﬁ u—Hydrocedone [%g%]‘
LPME ocodone was pre od a-si--Har—ret-hod—to

3ot BCRS except  the BV ho30ml ol start g _mat eri al
MAsABdondd u( O Bu) - OSu. Exaip?@mB7, | Fe- Hydr ocodone
Synt hesis of |l e-Hydrocodone [384] Il e-Hydrocodone was

(grepared by a sinmilar nethod to Exanple 35 except the'
alaste-Hydepcelons j ng material was Boc-I1e-OSu. Dipe t~?

[%f'%s Td 9%51&71 dfl Hydsd doBbRS iP DRPR Fdts| 4dde® TLiN(TMS), in THF via
- Pro-Hydrocodorie. Exanpl e 38. Al a-Pro-Hydrocodone
syringe. The solution was stirred at ambient temperatures for 5 minutes then the

chloroformate of galactose in DMF was added via syringe. The resulting solution
was stirred at ambient temperatures for 2 hours. A TLC was taken (9:1
CHCL3:MeOH; UV and 5% H,SOs in MeOH; Rgproduety = ~0.5). Reaction was
neutralized to pH 7 with 6M HCI. Solvent was removed. Final product was purified
using preparative TLC (0-10% MeOH in CHCl;). Solid was collgcted as a White
powder (0.180g, 41% yield): '"H NMR (DMSO-d¢) & 1.28 (2s, 6H), 1.37 (s, 3H),
1.44 (3, 3H), 1.49 (m, 2H), 1.88 (dt, 1H), 2.08 (m, 2H), 2.29 (s, 4H), 2.40 (m, 2H),
2.90 (d, 1H), 3.09 (s, 1H), 3.73 (s, 3H), 3.99 (dd, 1H), 4.14 (t, 1H), 4.26 (dt, 2H),
4.39 (d, 1H), 4.63 (d, 1H), 4.95 (s, 1H), 5.48 (d, 1H), 5.68 (d, 1H), 6.65 (d,1H), 6.74
(d, 1H); MS Calculated mass = 585.6 Found = 586.4 (M+H).

[376] To the protected galactose intermediate was added 30ml of 1M HCI and

20ml acetone. The resulting solution was stirred at ambient temperatures for 3
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Reagents MW Wei ght mmol es Ml ar Equi val ents
Pr o- Hydr ocodone 468 0.25g 0.53 1.0 Boc-Al a-0OSu 286
wO28393247£2 2.26 NVM 101 0.50nml 5.38 10.2 DMFPET/USIM04/632131
- Al a- Pro- Hydrocodone [385] To a solution of
Pr o- Hydr ocodone in DMF was added NWMM f ol | owed by
Boc- Al a- OSu. The solution was stirred at anbi ent
tenperatures for 18hours. Solvent was renoved. Crude
material was purified using preparative HPLC
héiRbe nSoteend xwisuremo@ed an@ OX2b Grovuct ified umdy; vagami eﬁ@hd was

éﬁ@t s otissolid MEHIgTERY sk 7o et~ oPp e yrg. ¢
0 Fig%lréi) 53 ldépml_%? c(rm%adfﬁﬂalﬁht%r 13@ ﬂﬁlse-'f’édlstan]e BHdrbSodone

, 1.86-2.10 (m , 50 (m Qj
c&balalqutp qquugagasﬁgle@mredlm frez. Bgir@@p ogﬁ)(wfcg measufesly plasma
(d, 1H), 3.55 (m 1H), 3.67 (m 1H), 3.72
IE‘(‘@S aﬁﬁgé)so (s, 1H), 4.25 (m 1H), 4.43 (d. 1H),
E§a1Qéle(39LRlﬁ?D-Hv5ro5(%o&1€ 1H), 6 75 (d, 1H), 6.88 (d,
1H), 9.91 I H. 87 WO
Fmﬁ‘béhmatemp qﬁ@bg rowee? To the o
o f*'nd'F agentd . o ,\\ \‘Wel ) nifnoles’ C;f,iiglar uiValents’
T c~ ”rr:c (? 1@ II lil.‘i&un! ;I'Le;t D\L,Jitﬂltw at
MMMZEW pr dME+ :ﬁf&nh Jlm ar‘lumrLl‘ﬁqlLd
DMK ected as a s|ight|l y8mb| |lowsolid (0.56g, 71 %
i ZIRibose EhNbbiofmvisC d6) |S 1- 38 |(st.9BH), 1.482.0t,
B.DMFS0-2.29 (m 8H) ,» 2. 65m(m| 1H), 2.80 (s,-3H),
FaMuacet) . 3.23 (myeH) 1omi- {6 (s, 3H), 3.92

STIH 4227 (s, IH), 453 (S, 1H), 5.00 (S, IH, 5.84
(d, 1H, 6.77 (d, 114), 6.86 (d, 1H), 8.25 (br s,
R#b)-Hydreemlone39. G u- A u- Hydrocodone Synt hesi s of

lﬁsﬂ ToausUicr o Rrabonb B HE Brnia o Ubeg THRGvi

AHgRO Pird SoIRhGH WabGtifFBd 8f hidbicR ferl@atidel (F6¥ Buhimbiey tRétdthe

the conjugate starting material was @ u-Hydrocodone.

clamfpmata of ribogsyin IBYIE vmas@ddedrlgm pisgendhe sppltingsolption was
S8 ) o e AR AETh, e IRy cricipmeons

Unehid 894 HzmmoMeoBls Ry GRRE= +0.8). aRnemlommk Isduaﬁhzealgto pH 7

mat eri al was Boc
with 1M HCl. Solvent was removed. Crude product was taken up in CHCl3 (50ml),

D,

bm‘

-

=D

1@9:2c

gl \ SH <

washed with water (3 X 50ml), dried over MgSQ,, filtered and solvent removed.
Final product was purified using preparative HPLC (10mM CH;COONH, / MeCN;
0-20min: 80/20 = 0/100). Solid was collected as a clear, colorless glass (0.095g,
7% vield): 'H NMR (DMSO-d) & 1.26 (s, 3H), 1.39 (s, 3H), 1.50 (m, 2H), 1.89 (s,
4H), 2.08 (m, 2H), 2.29'(s, 4H), 2.40 (m, 2H), 2.88 (d, 1H), 3.08 (m, 1H), 3.25 (s,
3H), 3.73 (s, 3H), 4.12 (m, 2H), 4.28 (t, 1H), 4.58 (d, 1H), 4.72 (d, 1H), 4.97 (s, 1H),
4.98 (s, 1H), 5.70 (s, 1H), 6.66 (d, 1H), 6.75 (d, 1H). MS Calculated mass = 529.2
Found = 530.4 (M-+H).

[379] To the protected ribose intermediate was added 10ml of 1M HCI. The
resulting solution was stirred at ambient temperatures for 2 hours. Solvent was

removed and final product dried under vacuum. Solid was collected as a waxy,
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pyrogl utam c aci d-OSu and the conjugate starting
mat eri al was 4 u- Hydrocodone. Tripeptides Figure 58
WO kooa®s4at es t he preparation of PCT/US2004/032131
G y-d y-Leu- Hydrocodone. Exanple 41
G y-d y-Leu- Hydrocodone Reagents MW Wi ght mmol es
Mol ar Equi val ents Leu- Hydrocodone 484 2.21g 4.56 1.0
Boc-Ad -3 -0su 329 3 00 9 12 2.0 NwM 101 5. OTfL 45.6
10 DwWMF - 100nd - - - Leu- Hydr ocodone [ 3 To a
sltghﬂmeﬂﬂw(ﬁbhdé&DP%rq@wdo N SRsdehfdedl ), 1.83 (4,

P 2 B 4 2relolit G4 B a3 S 2R, A 526,

1H nwzg‘ 3@ U2 MEd £ (r dh, V), BUS EId) BSING, RHBPETSYd,VET),
Phenonmenex Luna C18, 30X2 Orrm 5M 1001;
6.88 4di 11.89 (bwest éH).10 0. 1% TFA-MeCN - 0/ 100;

. . C ' s .

TSR (St MR 3n 5l bRt Ay sl B done
catBohydrat ddonjulghkeNl‘tﬁea(sﬁWEQsj Bee hydr@BdGutd (whikl) medsutdl plsma
9+]|)6 1.53- (m 5H), 1.89 (d, 1H), 2.15 (m 1H),
leye ’PY(EJHISQM 2H§94 (s, 3I(—I), 3.H)05 (m 2I(—I), 3.H)25 (m(

3H), 3.76 (s, 6H), 3.98 (s, 1H), 4, 35(q,
Sildle Afhi§ Akl 1H). 5.59 (d. 1H), 6.77 (d, 1H), 6.85
EfsnpleHp. 1du-B4dfdeoddid), 8.01 (t, 1H), 8.30 (d, 1H),

F%‘%’g@( @u@ri‘ﬁei@g%ﬁ?{i Mgty%rgcmf was added 50nl of

N AT ReBedl®XaNe [ NG [WWeidht | Rindles %@a?%ﬁdléﬁt@d
‘?é EHydrdtodand "' & [156¢ |] Ti005° | T334 >
m;?% N T TS SN T o
yilelBHF & \ve (ovEo e) 25mlgd (dd M 1.50-1.87

(msz@-@@u(m 3287 8@8gn] AMO D 822 3P (m
3.21 (m 2H), 3.60 (m 4H), 3.88 (m 5H), 4.37

04 1H), 5.60 (s, 1H), 6.79 (d, 2H),
“ﬂ%Y‘PBFO‘i"“%HgS 8. 2)4 (br s, (iH) H23 66 (br(s, 1t|)|),

4817 290 (DEolBtior UF hyE6e0mire 42THE wasQhdde@ LINCYRIS)L SO TR vi
[ %t th| so OtflOGl u- é u-a u- " drocodcfne [ 391] via

singed Theqolptiapav e giedeat \aabignt dgapaatursy far §iminptes then Boc-
LIRS 38 BORIP! PRSI, AR o i
tebptratget Gorsitdatiduirs) gR eartion mak newtealizbd toyld r7ogitid 6MEHCL.  Solvent
was removed. Crude material was taken up in CHCl; (100ml), washed with sat.
NaHCO; (3X100ml), dried over MgSQ,, filtered, and solvent removed. Solid was
collected as a yellow powder (1.98g, 95% yield): 'H NMR (DMSO-dg) 5 0.86 (dd,
6H), 1.31 (s, 9H), 1.46 (s, 2H), 1.55 (m, 2H), 1.69 (m, 1H), 1.87 (dt, 1H), 2.07 (dt,
2H), 2.29 (s, 3H), 2.43 (m, 2H), 2.93 (d, 1H), 3.11 (s, 1H), 3.72 (s, 3H), 3.88 (dt,
1H), 4.03 (dt, 1H), 4.87 (s, 1H), 5.51 (d, 1H), 6.65 (d, 1H), 6.73 (d, 1H), 6.90 (s,
1H). :

[382] To the Boc-Leu-Hydrocodone was added 25ml of 4N HCIl in dioxane. The

resulting mixture was stirred at ambient temperatures for 18 hours. Solvent was

removed and final product dried under vacuum. Solid was collected as a slightly

yellow solid (1.96g, 97% yield): '"H NMR (DMSO-dg) 5 0.94 (d, 6H), 1.52 (m, 1H),
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Exanpl e 43. Pro-Pro-Leu-Hydrocodone Synthesis of

Pr o- Pro- Leu- Hydr ocodone [ 392] Pro- Pro-Leu-Hydrocodone
woa®spsrpared by a simlar nmethod to Exanpl e 4RCT/83me4032131

the amino acid starting material was Boc- Pro- Pro- CSu.

Exanpl e 44. Leu-Leu-Leu-Hydrocodone Synthesis of

Leu- Leu- Leu- Hydr ocodone [ 393] Leu- Leu-Leu-Hydrocodone

was prepared by a simlar nethod to Exanple 41 except

LR85 02 W 2. FE U T B 6 4 s

' &’ﬁ%@r%w(@ jmdg@qqaorm L;W(% d)OSFfnglnf; Sy/3r@c PaRHeT6 (d,

f epared a simlar le 41 7 exCept
IBi)e6a&6i(dplId);|8c73§1rar$th mat eri al was Boc Pr o- Pr o- OSu

nd t.h te .starting material was
M@%@%ﬁg&—%@m&o 2005/ 032474 PCT/ US2004/ 032131

i€of'Glu-B8Mdrftvdvheu- Hvdr ocodone Synt hesis of
Leu- Pro- Leu- Hydr ocodone [ 395] Leu- Pro-Leu- Hydrocodone

[383] pebpHydwcodonsi wias prepared hp dssimileepethoddo Example 3% iesicept

B By BT VR TR, =2 © 47

Emnﬂwsmh@m@;c@@mone [396] Lys-Lys-1Ie-Hydrocodone
was prepared %/ simlar nethods except the amno acid

Synthesinof racodens Boc- Lys(Boc) - Lys(Boc) - OSu and

0, ARG T PR Rl S R0 B
&hino Geid-stdrengitttpiabdanBof-B8-QSud u- G u- I | e- Hydr ocodone

ﬁgs Erepared by simlar nmethods except the amno acid
g material was Boc-d u(QBu)-d u(Q Bu)-0Su and

N=Td e- Hydr ocodone.
recﬁ;ﬂng%ﬁit_r ypré}}aﬁ'éﬁdﬂ"k‘ff ARIPRS Rlard@3odd. - Hy

e=Hvdr ocodone Synt hesis of

3~ 114 odwioge [ 398] Tyr-Tyr- 1| e- Hydrocodone
was prepared by simlar _nethods except the am no _acid
starfti ngReagents al WAEWBpWeight(|trBoolesyir Mdbay) EqQGiyabemés
t he (CPwj-Hgdi-6codbie {1468 | a2y ijal 0.88s |l | e- Hydr.@codone.

Boc-Ala-OSu 286 | 0.33g 1.2 2.26

NMM 101 | 0.50ml | 5.38 10.2

DMF - 10mi - -
Ala-Pro-Hydrocodone

[385] To a solution of Pro-Hydrocodone in DMF was added NMM followed by
Boc-Ala-OSu. The solution was stirred at ambient temperatures for 18hours.
Solvent was removed. Crude material was purified using preparative HPLC
(Phenomenex Luna C18, 30X250mm, 5pM, 100A; Gradient: 100 water/0 0.1%
TFA-MeCN -> 0/100; 30ml/min.). Solid was collected as a slightly yellow powder
(0.307g, 85% vyield): 'H NMR (DMSO-dg) & 1.16 (d, 3H), 1.35 (s, 9H), 1.51 (m,
2H), 1.86-2.10 (m, 6H), 2.50 (m, 1H), 2.54 (m, 1H), 2.69 (m, 1H), 2.88 (s, 3H), 3.02
(dd, 1H), 3.26 (d, 1H), 3.55 (m, 1H), 3.67 (m, 1H), 3.72 (s, 3H), 3.80 (s, 1H), 4.25
(m, 1H), 4.43 (d, 1H), 5.01 (s, 1H), 5.59 (4, 1H), 6.75 (d, 1H), 6.88 (d, 1H), 6.99 (t,
1H), 9.91 (br s, 1H).
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Pent apepti des Exanpl e 50.
dy-d~Ay_dy-Leu-Hydrocodone Figure 59 illustrates
w@e@pasari on of Ay-G3y-Ady-dy-Leu-Hydr ocodoneCT/US2004/032131
Reagents MW Wei ght mmol es Mol ar Equivalents d -d
-Leu-13 drocodone 599 0.580g 0.970 1.0 Boc-d -d
-OSu 329 0.638g 1.94 2.0 NW 101 1.06nil 9.70 10 | -
gomll -t- DI\/F]c Glgy Ady- GILy GIydLea EIydrocodone [399] To
solution o - -Leu rocodone in was a
[386M T6 ¢he Bma\lbyr@@dd@oyd@g@d@@g) Tise aéé?fﬁwg@h §A§dﬁ%? in
stirred a i ent
digxang eﬁ%?/ Ee(?u ‘&gdH Xu#gt eri giﬁ—}éﬁeﬁ‘ anfllj)rl ; Ei Bﬁressﬁ} {8Mours.
SHReRAy At leeved it P pestueetged Mﬁv@hﬁm B‘Bbmsﬁamollected as

5[tM 100A; G adient: 85 ter/15 90 WO [Q
a@nguuys@ammagxa'ﬁég,mwﬁ AT BYSRISTheh AL 148

e oh o2 2590, RED s 65 Rorp afDaRY () M52 98/ (P MG, 23 (m, 28D,

3 E}%C(s C§H/) 992 (S, 61 Y2 (£ UHHAIS DO UENES (O (3 0HY,) 5.8 &, ddDe .77
N HCl di oxane. The resulting m xture was
(@tlﬁ)r@lﬁﬁt 1&3’)b$%51(brtse3rﬁbratures for 18 hours. Sol vent

pla tfq EI& ho&roduct dri ed under vacuum
a slightly yellow solid
SUAtIRAIE Bf CHIGILBY dbocoddhe\NVR (DI\/ISOdG) S 0.87 (m 6H),
.23 (s, 1 1.51-1.86 (m , 2.18 }‘
1387 -Glp- rq@dogq_bwas ge@ge Qﬁbmﬂa% %9‘: ’_anto %%ample 38
Ot tHfeS n erkdllwak Bde-G(GBW S Hid - djugate
%?n% “%%’“ﬁgbaﬁbﬁitﬁj“ ﬁ AR, él.()74 (dd, 2H) e

s&rthfglﬁb)lbnsl wa(bl-ﬁ)}Lu-I&y&Bcc(ctmes 1H) 8.74 (br s, 1H),
l o e 1 d us- Hydrocodone

: & e [401] d u5- Hydrocodone
s}&ﬁ&&k%@@ﬁ@% @Ml—@léJHS]drﬁéoJJﬁEhOd to Exanple 50 except

e anmn dstartlng mat eri al was

(A Glhe( QBpgunl (T0)XSUY-Gimierodpre wasnpisgated by a similar
ci ngEg;r?ang_eHs i %cegontgg @/{9{ ﬁﬁﬁogﬁplr@(mkﬁaﬁ%ﬁs Boc-
p%d@ut@ni&add—%ﬂ)éﬂﬂ eostanezaterbting material was Glu-Hydrocodone.

| U2- 3 y2-11e-Hydrocodone was prepared by a simlar
St o Exanpl e 50

Figure 58 illustrates the preparation of Gly-Gly-Leu-Hydrocodone.
Example 41. Gly-Gly-Leu-Hydrocodone ‘

Reagents MW | Weight | mmoles | Molar Equivalents
Leu-Hydrocodone | 484 | 2.21g 4.56 1.0
Boc-Gly-Gly-OSu | 329 | 3.00g 9.12 2.0
NMM 101 | S.0ml 45.6 10
DMF - 100ml - -

Gly-Gly-Leu-Hydrocodone

[389] To a solution of Leu-Hydrocodone in DMF was added NMM followed by
Boc-Gly-Gly-OSu. The solution was stirred at ambient temperatures for 18hours.
Solvent was removed. Crude material was purified using preparative HPLC
(Phenomenex Luna C18, 30X250mm, SuM, 100A; Gradient: 90 water/10 0.1%
TFA-MeCN = 0/100; 30ml/min.). Solid was collected as a slightly yellow powder
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except the amno acid starting material was

Boc-Gu(OBu)-Ju(Q:Bu)-0su and the conjugate
wer@sosngs materi al was Gly2-il e-Hydrocodone. ERENpPEm™04/032131

53. 3 u7-3 y2-Leu-Hydrocodone Synthesis of

G ue-d y2- Leu- Hydr ocodone [ 403]

3 ue-d y2- Leu- Hydrocodone was prepared by a simlar

nmet hod to Exanple 50 except the amino acid starting

terjal was B Q Bu) - i |
<z$‘§gf%%%tg”ﬁ§aﬁfﬁw§<Rléwq%g@&is?ﬁé’ﬁﬁi“ B dima17
| f
g?éwg%é‘gg‘lgo éelﬁ% %9%9{1'%@6 2&!@ F%Ié)lo 508((m, 2H), 3.25
(Hnmi)ﬁﬁﬁd (By3H, 3176 (b, aﬁH)Jﬁl%C(d, 1), Eﬁérﬁﬂl B85 3.04(sc EH), 5t$9e(d

e ol ubac eSS 43701 gclany 31 el 630 & I, e s,

118LY2- | | e- Hydrocodone. 91 WO 2005/ 032474
CT/ US2004/ 032131 Exanpl e 55. d ue- Phei - Hydr ocodone
[Ssght’ﬁeshesBoé-G@:@y Predlydyohodonel (h@8g) 408) added 50ml of 4N HCI

ingdOxniite TSO NIRRTt TS SaHeh ! depi Cupeiiy e AT e s
SHREnt BRRrenb (& Bl firfdl pfdduBLariédSehd@ndadungn. Selfi wa@é(ﬂlected as

starting material was Phe3-Hy plrocodone Exanmp
a klightlyl yellow solsb GdBee 868y pickbs | 1 MYIR (DMSO- d6) 8 0 89 (dd 6H),

1B éi%%%@a%éﬁ (20 28 oo L 21D,

3.8 {hodH) 03, Eswfpbﬁ 37 GHCEH), 5,00 (s2 ) .05. a@m m)asﬂm(g 2H),
mat er i aI was Boc Boc Lys Bo OSu and
8. %lﬁhmﬁgéﬂé, &"5"3@5;}1}}% 06r(bas, 1 ghrysy bH)-Iydr ocodone

ERAIRS é?uG}gyglu]%&%a&o%emg;?cOdone Synt hesi s of
LYy SZ=TF10Z2=
SyaYthesiPoPShi-Glnlddc@eddeodonas prepared by a simlar

] By EE e et o TR E A  ELte
7%%@1 tlﬁP %ﬁg%oc‘ 5(%{1/ Isfgﬂ% &t@flél%as‘@& @ﬂb’tﬁﬁ%ﬂ(@fﬁﬁ)@% 8nd the

e- Hvdrocodone ‘Synthesi's of
com@t@mnglmmmmdrm@ne
l‘

e Was prepared by a simlar

gpt the am no acid starting

s%‘éhk aF Pm?r&%ulixyéﬂo&aoﬂévr (tBu)-OSu and the

conjugate starting material was_ Gly2-1| e-Hydrocodone.
[392] Pro-Pro-Leu-Hydrocodone was prepared by a similar méthod to Example 41
except the amino acid starting material was Boc-Pro-Pro-OSu.

Example 44. Leu-Leu-Leu-Hydrocodone

Synthesis of Leu-Leu-Leu-Hydrocodone
[393] Leu-Leu-Leu-Hydrocodone was prepared by a similar method to Example 41
except the amino acid starting material was Boc-Leu-Leu-OSu.

Example 45. Pro-Pro-Ile-Hydrocodone

Synthesis of Pro-Pro-Ile-Hydrocodone
[394] Pro-Pro-Ile-Hydrocodone was prepared by a similar method to Example 41
except the amino acid starting material was Boc-Pro-Pro-OSu and the conjugate

starting material was Ile-Hydrocodone.
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Exanpl e 59. dy2-Pr02-11e-Hydrocodone Synthesis of
A y2-Pro2-11e-Hydrocodone [409]

W@R002/08240L- | | e- Hydr ocodone was prepared by a sP@T/U8§2004/032131
nmet hod to Exanple 50 except the amino acid starting
material was Boc-G y2-0OSu and the conjugate starting
material was Prot-I11|e-Hydrocodone. Exanpl e 60.

Asp, - Phe, - 1| e- Hydr ocodone Synt hesi s of

ASSZl P!Eieg-lle-] d odone [410]
- 'M@M@%\as prepared by a simlar

SVRHAGY of PofyeGi - HyRresAR, Lhe amno acid starting
erial was Boc-Asp(QBu)-Asp(QBu)-0sSu and_ the

[3950] LgatPeo-deathidmpodene mas| preasredhe)-sipdarH{ehods gept the

92 WD. / 032474 . PCTLU I 6
s g BRng i S AR ee s Beanple 6L
ES?m%re%m iv!; [ 9s-HediREashdoge [ 411]

G ue- -11 e-Hydrocodone -was prepared by a simlar
Swthesiy Olfél ecHydrpcodenpt t he am no acid starting
:é?ée apdiholifexcept th
L AJ Lé/\ﬁfear?l Héadré(&?rlalpgev%ﬁ Par d%hgco g){r?gp ©

aﬁﬁmbﬁ Hakting ytsaterfsd pﬁasl Bee-ﬂ’:lyrsl(lBme}dws(BocB@Sum@ thegfonjugate
Lys2- Asp2-11 e- Hydrgr@ [412]
SLW%@Q&‘V@ TigrHy Sﬁ(g‘ﬁ‘é was prepared by a sinilar

g § %@_ﬂ q{:;&}g &1’6? gpt the amino acid starting
% @4 Qe coc -Lys(Boc)-0OSu and the

ngﬁthesgaifé}lut@mt-llﬂglydubmdoab was Asp2-11| e-Hydrocodone.

%ﬁm{l@ﬂéuﬂ%ﬁﬁé&f’ 881)%6{28 Lf%éﬁ?‘g(? %on%mn%n}r{éﬁ%dg 8Icept the

afih$ a@dléﬁarﬁﬁgemlzbéﬁapﬁ@éi%@-mwupmm(@rﬂabyosuanmtﬁeamonjugate
nmet hod to Exanple 50 except the amno acid starting

stretting Materinlawasde Hygrocedme. Tyr (t Bu) - OSu and t he
_E_céon Eg@éﬁ; StIag'Ell E? J{8¥ enh@l was G ue-1le-Hydrocodone.

codone Synthesis of

S%ﬂfesis'ﬁmﬁcndﬂyﬂrbéoﬁ%he%p4 | | e- Hydr ocodone was |
repared by a simlar nethod to Examﬁa:fme except . the.

[3981n D adya-Ler Bydrperflong ivas prgpagedby sim ods’except the amino
a@% rt@rﬁﬁg%gﬂé}xaﬁ/ S@-UJ?K;%H -?’gxfttﬁlgft)S&Qﬂdl lﬂﬁ@b@njugate starting

materi a rocodone. Exanpl e
whdieridBwas-TlRHEZdrbt@lobg.dr ocodone Synt hesi s of
d ue- Phdez I | e- Hydr ocodone

Pentapeptides
Example 50. Gly-Gly-Gly-Gly-Leu-Hydrocodone

Figure 59 illustrates preparation of Gly-Gly-Gly-Gly-Leu-Hydrocodone.

Reagents MW | Weight | mmoles | Molar Equivalents
Gly-Gly-Leu-Hydrocodone | 599 | 0.580g | 0.970 1.0 :
Boc-Gly-Gly-OSu 329 | 0.638g 1.94 2.0
NMM 101 | 1.06ml | 9.70 10
DMF - 20ml - -

Gly-Gly-Gly-Gly-Leu-Hydrocodone

[399] To a solution of Gly-Gly-Leu-Hydrocodone in DMF was added NMM
followed by Boc-Gly-Gly-OSu. The solution was stirred at ambient temperatures
for 18hours. Solvent was removed. Crude material was purified using preparative

HPLC (Phenomenex Luna C18, 30X250mm, 5uM, 100A; Gradient: 85 water/15
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[415] G ue-Phe2-11e-Hydrocodone was prepared by a

simlar nethod to Exanple 50 except the amno acid
wat@ssags mat eri al was Boc-d u( G Bu) - A u( O Bu) PCBUSENH032131

the conjugate starting material was

Phe2- 11 e- Hydr ocodone. Exanpl e 66.

Lys,-Ad u, -1l e-Hydrocodone Synthesis of

Lys2-d u2-11 e- Hydr ocodone [ 416]

Lys2- Glu2- 1| e- Hydr ocodone was prepared by a sinilar
08t ATA-Me(EX a?r;ﬁIOéSOS 00mbmdept Sohd vasi wwdleeted @s stdighiln gellow

' s(Boc) - Lys(Boc)-0OSu and the
P%ﬁ?ﬁ@%@é&?f ym(at er|) al ngs Gl)ue | | e- Hydr ocodone.
[409] WPo2R BoE-37 U‘r REAIp2 041 RBEJoAbne &X?(?Y@I) ab&dded 25ml of

Tvr - Phe- Pro- | drocodone Synthesjis o
4NyH@l PhdioRers. | Thﬁ rayulting ousiee piag plirred at ambient temperatures for

r2- P
bl S S GRN oPRBeRRAE Sk it S s
cHMcRId &la M@gﬁﬂﬁgenow gdndE’(o)zzﬁg rd7oBEield)OF NvIH (DIMSO- d6) 5 0.87

conjugate starting material was

(eheHRrla2d (e 1H).k- 5)bé§6r(él> AMYFRLS Ko, 1B%advpl engdH), 2.77 (s, 3H),

% mrsFDens Blleah S 5. Jron a8 SRAaR el £D3TAL LAY, 4% (m,

fo.8 wgﬁonﬁ),m 3oe(d} 1H), . "(44(ad;’>ﬂg) s (b3 ) 415 @.38(bBO,0IHD, 8.74
NaOH for 5 m nutes. SuspenS| on was split into 2
(hm EHb ! lefobest Hhet ed using CHC13 (2 X 250m),

E%&gﬁglﬁsgg%rﬁ L&Qnysi ng MgSO4 and filtered. Sol vent

uct was obtained as a white
Spoatkksis of ZluHBy)irododdrd To a sol ut| on of hydr ocodone

(TR Rt Bt B8 sl P o RGBT Ber
11RO lHfih @ TP Sstarfihd rrﬁaeshaat wmﬁnem(e@@t@tdgo%%f@su 1d the

m nutes then Boc-11le 79) was adde
comjpgate sﬂagmwadbmirwaﬁ(ﬂtm}le!dmg ek rred at ambi ent

te 1er Or .3 h ur s, Reaction was neutralized to
d for 10 m nutes. Sol vent

syﬁﬁlegigmmd -Gly, & Hydk&dodahe Was taken up in diethyl
et her (IOOn% 2Washed with sat. NaHCO3 (3X10

[402] e Glev6ly2 droggdopg Mg prepaeed! 4 arl Wéﬁebéenple 50
v
e} fhe"ind Bl Sk Blichalos BUCERNERBL) S Guilh O Sl e
céijuddtt startingdhatedadevas Trg,- ﬂe&Iydrmomgone xture was stirred
at aggi egé t ratures for 1 hour. Solvent was
E . 'ﬁélg«'i@-';f)@ﬁ%@%ﬁi ed under vacuum Solid
SYRfhes8lof eahRdIRSLeBSal &dlibie ye! | ow powder (10.43g) .
[403] Glux-Gly,-Leu-Hydrocodone was prepared by a similar method to Example

50 except the amino acid starting material was Boc-Glu(OtBu)-Glu(OtBu)-OSu and

the conjugate starting material was Gly,-Leu-Hydrocodone.

Example 54. Glys-Ile-Hydrocodone

Synthesis of Gly;-Ile-Hydrocodone
[404] Glus-Tle-Hydrocodone was prepared by a similar method to Example 50
except the amino acid starting material was Boc-Gly-Gly-OSu and the conjugate

starting material was Gly-Ile-Hydrocodone.
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[421] To a suspension of Boc-Phe-Phe-OH (10.0g) and

N- hydr oxysuccinimde (NHS) (3.06g) in acetone (300nil)
woamsastded di cycl ohexyl carbodii m de (DCC) (4. 8OQmys200heas32131

solution was stirred at anbi ent tenperatures under

argon for 18hrs. Solid dicycl ohexylurea (DCU was

filtered anay and washed with acetone. Solvent was

renoved fromflltrate Crude material was

recrystalliz g usi system of acetone and hexane.

M Cand the solid was coll ected

@E ’ﬁ lefvd . 94 WD 2005/ 032474 ,
ﬁg%ﬁo‘%l/ué%%%g?y E‘42§i o a solution of Ile-HGC 2HCL

[465]00G]u,-PheNHbE G ordenk yW dsoprepared dy (DbB)ilar (MGbod Jo Basmple 50

B TR RS E, (M, Il B e e

BIRIBR drRAD AL §5s IR, HiirbQibge. SOl vent vas

pproxi mately 1/ total volune, added to

pwﬁgmz_qmmmmmmsu rred for 30 nminutes. The
it il nd washed thoroughly with
%ﬁ?ﬁ @Y%\@ﬁ?hfyé’f Od'rel ed in vacuum dissol ved
[406 R WGlyz-ﬁa@%}oc@ﬁoﬁ Wi prepRbdbLa smcbrfmém&m@xmpb 50

Product was obtained as a slightly yellow

xgeBohy anfine 3pidTeertiog pesiabre) B@-L@(BQCEI;@(B@@)SO% ded the
CSP?W%%S@E%% 3 dJ aglﬁ%},é'lﬂ'éeH &rog (iotnI ng suspensi on was

Pt ur or Sy hour. Sol vent

Evafinplé §qus%§i(}mdﬂ@mdt&bdms dr| ed. Product was
obtalned as a yellow solid (2.60g). [424] To a

Syxthesivef Ieysré’d’ez-ﬂyrﬁx@@yome( 1.00g) in 15ml DVF was

B R ASEURIAAN Daclrdacdedog £ AR LA BTt S0

dXctper the Gmihe atidsstating ehdterad i veas, Bébt-Lys(BoBu:Ly<Bo¢)R08u 4gil the

|n 40 DMVF: di oxane: wat 2:2:1) was added. The
G fryuag BAS &%ﬁﬁé‘féw@ﬁ’%’? anbi ent
E)@dfmé%ﬁfﬁz- ,-He-PQHfczoddet €7 this time, water (15m)

was added and the rfesulting solution was stirred at
Smrmhmoft"ﬁﬁp&m%dﬂlf’MCWHﬁ nutes. The sol vent

8t T R SR brb e v oSibd 87 A Stlclefihd e Bxampte 50
dxdept the Qe{iihlho A0l starting patbBBINhs BoedTya(tBue TyiEBw-QSu Bhé the

organic layer was dried over MgSO4, filtered, and

eopiugata staring Materiabyay Slprisatydrogedoten ur i fi ed usi ng
F‘Eﬁ%ﬁr%é%@'élvzﬁHzoﬂ‘e My bERE hexane sol vent system

proguct was rsotated as a white solid (1.0259).
$y4ﬁ5}s1s'l'6f GlysPrpelisilydiotod®me- Tyr (t Bu) - Tyr (Ot Bu) - OH

it ST DR PR o R0 0 e s
éfx%git&er e%rﬂfn%sdciﬁ‘éiﬁﬁng H&@%ha\i,mﬁ{a% B3RIGYy,-O%iafid B Lofiizate startlng

material was Proz-Ile-Hydrocodone.

Example 60. Asp,-Phe,-Ile-Hydrocodone

Synthesis of Asp;-Phe;-Ile-Hydrocodone
[410] Aspz-Phez-Ile-Hydrocodorie was prepared by a similar method to Example
50 except the amino acid starting material was Boc-Asp(OtBu)-Asp(OtBu)-OSu and

the conjugate starting material was Phe,-Ile-Hydrocodone.
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acetone. Solvent was renoved fromfiltrate. Crude

materi al was washed with warm hexane. Solid was
wa@oelosesided as a white powder (6.659). [426] ToP@r/Uus2004/032131

sol uti on of Phe-Phe-11le-HC 2HO (2.63g) in DVF (100m)
was added NwWM (3.70nl) followed by

Boc- Tyr (tBu)-Tyr(tBu)-OSu (4.41g). The solution was
stirred at anbient tenperatures for 18 hours. Sol vent

was reduced to aﬁaprom mately 1/ total volune, added
E&M@Eﬁ@z stirred for 30 m nutes.

S2004/ 032131 t at
fsl(ff\eﬁél %gﬁﬁ %%ﬁggﬁo?oughl y with Waltocre:recI glol ?de
]e rGl&&-A\gpzSIZld-?ydfbcogﬁnaéﬁ@%l pfepafedd pua isfhidat thethoé ve Pxemple
ase HPL roduct was dep
i%@ccpm tor artnecacid Horing gl ver o GBX QLT 08 and

Tl.llI_I* - I’Tﬂ.) was added
R L R O e N Ay
Exhntple)d2. HbﬁA_@zl-m-Ehrdmméonstl rred at anbi ent

te eratures for 6L|i] Sol vent was reduced to
ofdevsrpspylisr OG?\'Bmeadded to sat. NaHCO3

%@0 S%-’A sAfle31 dwc%doﬁ@wa§9ré§afedtt%5a shfiBar rﬁéﬁﬁgﬂ? (EXafiple

d an washed thoroughly W th water
Sﬁaﬁmeptethe wamodicidedarting mmasﬁeﬁmyg(’ﬁm)ﬂb’s@ﬂc)r%\ll and the

nmet hanol , .and in id,. material was
‘?OPJ‘lgé"ree%am%‘é‘aé %&/ %éﬁlegggg’i%%?élg fromthe filtrate
E’:&?h be3 redust, meEydiesddst al | i zed using et hanol

e precipitate was filtered and dried in

Soaxthtsm Qi\/'@‘lm(ﬂm-lleﬂllm{)d% collected as a pale

@3@%&3@@5‘}4% ?‘i"g’%"'& A‘@é}f%areq bya F-}Bh{ néeéh(;d to Example 50

skepptohe Gindiflo Weidngartihly dGibrialnwes (BoaﬁEyr(tBﬂlI}(F_moBu):mSls and the
material was stirred a&l $ rrperaturesfor u
congate startiee Bgieriahvana: EIB;;IEB N8nd the product was
S ACbL A G3-1R- 3 rg&;dog@ yel l ow powder (3.64g). [429]

gh €

Frgures oU tNro nonstrate plasma |evels
Ssaﬂhesﬂseangm-E[ld—H&dnfcadunu ous conpounds described in

ﬁx‘?h sémgflg%‘l%(? 5&6%?18 (831'2 Eel?t Iads?u?mlar 'n%ﬁxo% 9 Example 50
&c@pt%hélaxﬁinu%id%&hﬁgM{alt&ﬁnerapsgam@@(@momgmu) -OSu and the

Reagents MN Wi g nmol es_ Mol ar Equi val ents
qonﬂzgatezstaa‘tmm@ap} wpy AspelieHpdrozedone: 00g 3. 85 1

gal aﬁt Eg)y@an_gﬁehne %@dﬂ&&gﬂeene in toluene - 20m. - -

Syth &idollGhR-FhepPledBydiddedend)- gal act opyranose [430] To

a stirring solution of 20% p hosgg{;eln olue né:l

445} n@}ug-g gﬁy drqeodone was prepared by a similar me od to Example 50

except the amino acid starting material was Boc-Glu(OtBu)-Glu(OtBu)-OSu and the

conjugate starting material was Phe,-Ile-Hydrocodone.

Example 66. LVSg-Glug-Ile-Hvdrocodone

Synthesis of Lys;-Gluz-Ile-Hydrocodone
[416] Lys,-Glu,-lle-Hydrocodone was prepared by a similar method to Example 50
except the amino acid starting material was Boc-Lys(Boc)-Lys(Boc)-OSu and the

conjugate starting material was Glup-Ile-Hydrocodone.
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was added
1,2:3,4-di -Oisopropylidene-D gal act opyranose vi a

wa@ 050874 The resulting clear, colorless sol uP¢DOSWaE032131
stirred at anbient tenperature for 30 mnutes. After
stirring, Ar(g) was bubbled through the solution for
approximately 20 mnutes to renbve any excess
phosgene. Sol vent was then renoved and product dried

under 96 W 2005/3474 PCT/ US2004/ 032131 vacuum f or
Example 67 Tynplher/rp-Lgst 40gRdamet hout furt her

S%gFﬂefsis%?tl‘yg%P é—Pr&'i%r ga cbdéd On. Exanpl e 69.

act ose- eu- one Synt hesi s of
[M]adtyoﬁﬁhe@)oli%}lbﬂmcodmnbo wms[ 4;8®]are'ﬁo tyhe similar method to

AN 05 SRk b ataisid i mopal s BRsrTarBu)- Tyr(Bu)-
sthitiBg nALshl %a@h@-ﬂé@%ﬂmwcﬂﬂoﬁﬂm

(6eq). The reaction was stirred at anbient
tures for 18 hours. Reaction was quenched by
_ er e renoved and crude

xlésfa%ﬁ Rﬂ -Pﬁ&iie- L waonieprot ect ed
I n ZTBIQ»—'fél‘?Ll@mTHE /%ﬂ'fﬁ% in hour s,

[;filﬂg?ltxdmmlon@ Bisartrats S48 590) SbrBe=riae S0MPL AN NaQH far 5

EpeSe SERARTa R B S 2 bdiRecdan Suridiad hesb ey, @ X

250 To@@@ro@@vd?é dZiell IuSmyyMgSOQ dad @ltemd. (Bodpat evhsiramaved and
manner simjar to npl.e 69 except

pdt W%0W6é%@memg’dﬁrs@8 028)-t he conj ugat ed
[éiaf]r 349 so fo‘ér bﬁh @rﬂ%’eeﬁg ase (7. 12g) in tetrahy(%croﬁn'an (THF)

act ose- rocodone” Synthesis 0
(&ﬂ)rabtvms ed @d EIN(Z‘MSQM 1rH9“H1Fc(¢brﬂ 3Aénjl) gis]syringe. The solution was

act 3 Sgw%;%géﬁ%@%ﬂr Big o{jeﬁ,&beﬁvﬁ%c-ﬁ?_%?l o@ g d gﬂ \g%s added.

’Fh%efésé‘lﬁn% heatRhi ModiRdwad Sfifréd @t ARbeInk &bmpelﬁ@@&;] for 3 hours
Figure 87 illustrates oral bioavailability

of
Rdsgtien wes ngmhtzemmlé Joudh éM HiC) @ad plised ffé 109RjouERst Selvent
nmeasur ed ags. f18 r
was rgrqolv%d (%eclgi t%}r{]lgl \Q,%O queS Eéo eﬁ%er (%IHBI (ashed with
€ 1 }MaHCes M[@Iﬁﬂl@p%ed éﬁé'r] Masioan IﬁiIered and solvent was removed.

aci d-11e-Hydrocodgone was prepared in a manner simlar
Sodidpseagrasil éCteds@ﬁ %X‘%JE’MP‘P‘V@GI ﬁ?@codone was used as the

20, G0 AL L 10 ke v

d?mgmee Bide résbllsﬂgrmiﬁsre@vas sthirechat iptobisink itergpesatuggs for 1 hour.
uéc’n% wrag ?’én?(t)\% tangyﬁlra? pro Q0 dried under vacuum. Solid was collected as

a slightly yellow powder (10.43g).

[421] To a suspension of Boc-Phe-Phe-OH (10.0g) and N-hydroxysuccmnmde

(NHS) (3.06g) in acetone (300ml) was added dicyclohexylcarbodiimide (DCC)

(4.99g). The solution was stirred at ambient temperatures under argon for 18hrs.

Solid dicyclohexylurea (DCU) was filtered away and washed with acetone. Solvent
was removed from filtrate. Crude material was recrystallized using a system of
acetone and hexane. Solvent was filtered off and the solid was collected as a white

powder (12.2g).
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am no aci d-carbohydrate conjugate, neasured as free
hydr ocodone. D-am no acids 97 WO 2005/ 032474

wEans082004/ 032131 Exanpl e 73. PCT/US2004/032131
(d)-Lys-(l)-Lys-I11e-Hydrocodone Preparation of
(d)-Lys-(1)-Lys-Ile-Hydrocodone [437] To a solution of
Il e- Hydrocodone in DMF was added NWM fol | owed by
Boc- (d)-Lys(Boc)-(l)-Lys(Boc)-0OSu. The solution was

55 Sl LS OSSPy MBIl
(BT e BT SROMBIRS SV S3om BORARNET S8 e

PROMOSUN{G03)g). Tilei wiutian vead stacetdeat asbientstemghbtatures ol 18ckhwurs.

Sglg’\ggt((a Epja_s [5%9%%3 - FopFoNiTaiely 4 - tRipl OLERG nddsA sto asrre ARG O3

(HGbpil)) HOXARR fol D EBSMES | MheprebipitBteVREs HifeFcdCshd@ivashed
anmbi ent tenperatures for 18 hours.. Solvent was

thozonghdyl wethdwhtien aSold owaterial dvasedtiadnigeyacyamiu dissolged inja small

opneh SEPOSF Bt Bl P o bl 04 9ERR) YRllow

pgﬁaélt(g@tggpn sites. Exanples 74 through 83 are also

descri bed t hrough fi&ures 90 through 128 &_Ivvit_h AQI asma
423} e(T® BexBhe-Bhe-lpyIQ (3-RB2VvEss addedrqfindl 40 H(Gyig  dioxane. The

T T L
réleceedand padduehwes dricdlt Pdodias evak 4BRinetaaapeRow4olid (2.60g).

il hat _wh h i des . EEFF bl e 48,
Hi4joiTe Geyittion Bt TAKIEIO (108 & Saml DMF e g O-(v-
. 4 i ; d
sfbiniii G5 £ 1 bl FGBhfond HetrddBiorale) (T TR OAT5) and
NagBh (0. 650D o itk ri® mowdds dfi astivatidog B-Tyt(§Bu)OHD B dgniaddOml

e e e aper sl The Pk ADRER s HHER o
aRfbikinY ¥rfpdratife for BUbARs, Aaseund ik, hatet 41311 als Aded and the
i ndi vi dual weighing 70 kg (148 | bs) according to Chou

resulting] solytinnewas stirvidedt amehibnti tomperaiire ey PY miputes. nghg golvent
k | [ i il akil.i f 1 <o

A N e

agggthalc&l ﬁﬁwakl)teti dzgtﬂﬂnlﬂx)vg&&cBWF%ﬂm]Zﬁsrﬂhm}e;{lﬂﬁnl)f The beganic

are_substantia ecr eased. ose i
laysr évaa;fbieéxwatl\égs%yfétﬁr FRdnsohvesy ETON &t C&zﬁf?epreﬁw_%)was
. L - at 8 be:

o SSRGS WAl BAHORIE Lk UL, PRt procuc

waslisdeated hoa white salidt(h&2pgrential for fatal overdose.

R R BTSRRI o

acetone (150ml) was added DCC (2.51g). The solution was stirred at ambient

temperatures under argon for 18hrs. Solid DCU was filtered away and washed with
acetone, Solvent was removed from filtrate. Crude material was washed with warm
hexane. Solid was collected as a white powder (6.65g).

[426] To a solution of Phe-Phe-Ile-HC-2HCI (2.63g) in DMF (100ml) was added
NMM (3.70ml) followed by Boc-Tyr(tBu)-Tyr(tBu)-OSu (4.41g). The solution was
stirred at ambient temperatures for 18 hours. Solvent was reduced to approximately
Y% total volume, added to sat. NaHCO; (~100ml), and stirred for 30 minutes. The
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surface area of the animal nodel. The adj ustnent

factor for rats is 6.2. The HED for 98 WO 2005/ 032474
weMsSAG04/ 032131 a rat dose of 5 ng/ kg of PCT/US2004/032131

hydr ocodone base, for exanple, is equivalent to 48. 39

nmg (5/6.2 x 60) hydrocodne base; which is equival ent

to 79.98 (48.39/.605) ng hydrocodone bitartrate, when

adjusted for the salt content. [440] Thus the

ept.i de-h ocodope conj ugat maintain gt heir ) .
RGeS TeS gl SesheriEorpBay aoetEy SRdggterial was dried
1ﬂ‘n’g§({<ugl)ﬁ§ RSB rélers® FRSEHRPROVE@. A o3 aPeoduRY @Igs thgprotected

bioavailability i's decreased as conpare
ubing ddcd Gbinedioxdne{~Hmi)ni shi ng the potential for

a2 ¢ stiich 5t B HRatoatg G PORIBERMT@somD was added
AN %’olWHdQQﬁBS@TW{Bﬁ)hé)@(ItBEF)ég}SdT(ID.G(DQ)Q ler@ugﬁﬁ was

frome’g) to’ 70 percent (Table'5 le 46. Ora i
stired ataarokicnietepsrabiresod ibolaaus n Solyent wsHreiuged to mpagpxigately

. ). ... .Hour n ) BeR.CRN P . u

R385 s Raceh SR bnd W B 3Bithinudly Trhe

p%c?pit‘ht&w&s B1t6red ad®whshdAhSrobghll  QvithEkhtkt. - $¥TidlRAa@risl Was dried
4.2 0 1.6 25.8 135 12.9 136 hydrocodone pl us

imyaeusim pyeraight, digpived i msthangl andyagy remainmgciolidfaiteEd was
d -
gl PP o R, Gl TRl P gl o
réeryialligédriusing dtyciob (o6mB. BThaptecipient® vas 4filfdrad A dried in
19.1 100 9.5 10 EEFFF-HC 11.3 4.111.211. 0.7
vagiim Qvernighh l}wamta@a&%%ct wﬁﬂﬁm éil‘t-ﬁ'{ﬁ )

I g I L 06t G1S .
! B ARS8 53,08 ypongni i

4L Bedivaae (~DOgl)0. Bhisimtegiabwas ghirgedrat @bigt tempatatures for

T O TERE R TR L R
vel& Petdend.igyls hydronmor phone (ng/m ) Table 49. Oral
Phar macoki netics of drocodone vs. DDI-HC (1 /K

[42$4 e Figurep 0P shmueh (B3gAemonsirapeplasnt loyelsmpasueehpy %{Iﬁé of

L
Gly. copepti&es . . ‘
Figure 86 illustrates preparation of 1,2:3,4-di-O-isopropylidene-D-galactopyranose.

Reagents MW | Weight | mmoles | Molar Equivalents
1,2:3,4-di-O-isopropylidene-D- | 260 | 1.00g 3.85 1
galactopyranose
20% Phosgene in toluene - 20ml - -

Chloroformate of 1,2:3,4-di-O-isopropylidene-D-galactopyranose

[430] To a stirring solution of 20% phosgene in toluene under an inert atmosphere
was added 1,2:3,4-di-O-isopropylidene-D-galactopyranose via syringe.  The
resulting clear, colorless solution was stirred at ambient temperature for 30 minutes.
After stitring, Ar(g) was bubbled through the solution for approximately 20 minutes

to remove any excess phosgene. Solvent was then removed and product dried under
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DDI-HC 14.9 5 -6T-0 0 17.4 124 14.9 173 hydrocodone
pl us hydronor phone (ng/m) 99 WO 2005/ 032474
weEFansea004/ 032131  Tabl e 50. Oral Phar macoki nB€T/0S2004/032131
Hydr ocodone vs. YYFFI-HC (1 ng/ kg dose). Hours AUC
(ng/mM h) Percent Chmax Percent Drug 0.5 1.0 1.5 3 5 8
0-8 h HC ng/m HC Hydrocodone Bitartrate 8.6 4.5 3
.1.1 10 1. 4 13.6 100 8.6 100 YYFFI- HC7 3.7 4.3 1.4
1.1 0 14.9 110 7 81 hydrocodone pl, hy@;tgnorph,one,
vqwgmn fpr Tb%| houss. c&raﬁuthyﬁmwﬂu Wé PEiES
' act alt:éznljc (5 nmg/ kg dose). Hours AUC (ng/m h)
cen X Percent Drug 0.511.511 3’5 8 0-8 h HC
to@@ﬂﬁbheu—ﬂ socbd@tee 9315. 31391 5 6.5 167
100 93 100 EEFFL- 6.515.714.214.5 68 41 44 47
Symehesis ofi GralactossC A HIAR9HE¢ ng/ n1 ) Table 52. Oral
r FRCAKI 1658
g o o) fen*‘?' HORSURLE LD, in YmetotniRigs OME)
(Tnlhgn®])5whs 51d6ecBLeIB-}E'dB)cbd¢ﬂ£é (lgf)randid-mitliymoadbeline (NMM)

(Opay1 Thi opcsor s et o Syl SRR JPRLLS holEs. Refition was

qﬂéﬁ%ﬁ@d"é& RR&A&ditibA /omvx)atéfagthﬁelﬁsg wefd RImdvea a8 ki Boldt was
dr ocodone vs / kg dose). Hours AUC

1s©bg¢ ypgnﬁz@tmmth@nmrs@aha@emw%m ug 0.5 1.5 358 0-8

o P P B D PER AR A, BARCR B (g0l & Fhghs.
bed%ﬂ@@ﬂwflﬁlrﬁidd%yfmﬁﬁrma@amdng/M) Tabl e 54. Oral
Phar rracoklnet| cs of rocodone vs. YYFFI -HC (5 ng/ kg

2 8¢ent Cnax Percent Drug
S%nfha%??g#eﬁ%% %zéﬁ’oli% g, ocodone

[488IF FIGal(Ctat6-(3-P3d:- IS Hydd cdddnel @5s Pepificdor ahyamee ciota to
Egamplehggrgxrcr:g{)tp ??cgeﬂe-ﬂgdrocgdone was used as the conJugated starting
material.

Example 71. Galactose-CO-Pro2-Leu-Hydrocodone

or

Synthesis of Galactose-CO-Pro;-Leu-Hydrocodone

[434] Galactose-CO-Proy-Leu-Hydrocodone was prepared in a manner similar to
Example 69 Pro,-Leu-Hydrocodone was used as the conjugated starting material.
[099] Figure 87 illustrates oral bioavailability of abuse-resistant hydrocodone
glyco-peptide conjugates, measured as free hydrocodone. |
Example 72. Gulonic acid-lle-Hydrocodone

Synthesis of Gulonic acid-Ile-Hydrocodone

[435] Gulonic acid-Ile-Hydrocodone was prepared in a manner similar to Example
69 except Ile-Hydrocodone was used as the conjugated starting material and Gulonic
acid-OSu was used as the carbohydrate starting material.

[436] Figure 88 illustrates Oral bioavailability of an abuse-resistant hydrocodone
amino acid-carbohydrate conjugate, measured as free hydrocodone.

D-amino acids
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Tabl e 55. Decrease in Oral Bioavailability at 5 ng/kg
vs. Therapeutic Dose of 1 ng/k . Bioavailability
w@e@awsa4rabi l ity Percent Decrease Drug 1 ng/ kpCBUSIKEBE2131
1 ng/ kg vs. 5 ng/kg AUC Cmax AUC Cmax AUC Cmax YYI-HC
78 100 46 40 41 60 DDl -HC 124 174 113 158 9 9
YYFFI - HC 109 81 86 62 15 23 EEFFI-HC 135 136 41 47 70
65 100 WD 2005/ 032474 PCT/ US2004/ 032131 Exanple 75.
Bi oavai a li ty,.qf pept.ide- gonj ugates by the

g4<5 : 75 illustrates that
PhGfrhfién

@115@5(1)1:‘1%%%-(1 bb@dafie figure 99), YYI
E‘;%ajbl e 57, figure_100), | (Table 58, figure 101) and
kI Torablatigpof lipibdrecodom ira DME grfsuasislieé dNMM foldowed by

cti agent r the bioayailabi lity.Db he ..
gﬁ?‘r((i\%%sgﬁ%%%ﬁ%&?(ggéu Lt ant i<l ‘T(%ilﬂbo ecrease lrf%le raibi‘}mblem
tnifenitelt R 118heuR0Seivehl wisirem@led VERMUS $eatdWie Rvds parifled Bsing
is adm ni stered by snorting. Table 56. Intranasal

PreRpRHES KiPhEL (Fhenerpenqrdiuse deldn 0¥ 0mmrPrMHE00A; figadient: 90

S5t o 58p R, O, L EE o T EOLERN s

Bellaw powder. Ao2he Bac-1d)2L yE(BASA)I(R6D)-HtocddohE wakiadded 4N
21 24 15 21 14 34 13 hydrocodone pl us hydronor phone
HSGmdjoxqng,| dhe yesujtng mixhug | wasishrgg @b RmbEnt npgratures for 18
0 . 3 . Al :
PSS DT RARAE 8 relibied S oD plAC08 G ppddrrggi Sotid was
eiillecptras alsiighthyyhlloeostide Bitartrate 446 553 244 103

8 100 553 100 YVYI-HC 31 17 12 2 12 4 31 6
@@P@%g%@one pl us hydronor phone (ng/m) Table 58. :
433 2PRsA sﬂmgﬁa&oﬂmcﬂ&%messmc%aa@@ 6i@Re Paampldst7atrongh
1 ng/ kg dose). M nutes AUC (ng %.Percent Cmax
preeglso @ysagbel theough famres-90 thraughigBrivithplassalieyels danasured
%llher/&/lg%g) 446 553 244 103 288 100 553 100

Example 74. Oral bioavailability of peptide-hydrocodone conjugates at a dose (1

mg/kg) approximating a therapeutic human dose and at an elevated dose

[439] Example 74 illustrates that when the peptides EEFFI (Table 46, figure 90),
EEFFF(Table 47, figure 91), YYI (Table 48, figure 92), DDI (Table 49, figure 93),
and YYFFI (Table 50, figure 94) are conjugated to the active égent hydrocodone

oral bioavailability is maintained or increased over an equivalent hydrocodone dose
when the dose is administered as 1 mg/kg. This dose is the equivalent of a human
dose of 10 to 14 mg for an individual weighing 70 kg (148 lbs) according to Chou et
al. However, when administered orally at 5 mg/kg peak levels and bioavailability of
EEFFI-HC (Table 51, figure 95), YYI-HC (Table 52, figure 96), DDI-HC (Table 53,
figure 97) and YYFFI-HC (Table' 54, figure 98) are substantially decreased. A 5
mg/kg dose in rats approximates an 80 mg human equivalent dose (HED) of
hydrocodone bitartrate; a dose that would be likely to be harmful to a naive patient
in immediate release form with the potential for fatal overdose. Human equivalent
doses are defined as the equivalent dose for a 60 kg person adjusted for the body

surface area of the animal model. The adjustment factor for rats is 6.2. The HED for
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DDI - HC 281 121 64 16 88 31 281 51 hydrocodone plus
hydr onor phone (ng/m ) Table 59. |ntranasal
w@b@ssaaoki neti cs of Hydrocodone vs. YYFFI - HC PAT/ngiokg032131
dose). Mnutes AUC (ng/m h) Percent Cnax Percent
Drug 5 15 30 60 0-1 h HC ng/mM HC Hydrocodone
Bitartrate 446 553 244 103 288 100 553 100 YYFFI-HC
28 27 16 21 20 100 28 5 hydrocodone pl us

NSl BB RORE NG ocdh 0.2 (APERRAL 4s canivalent 10 48.39 me

| r(s/m Fteég%hyﬁmco@m bssebw;']ﬁlble ik niquisatemo U 708 e(4B43@2§505) mg
e Il lustrates, that when the peptides EEFFI :
(ITVQ’EﬂC@d‘HI? bitartgaig, Ve ayljusteg fprrthe @qiggqnég figure 104),

40)(
Ur ?HT‘B?} Glz;aelp gﬁ%% j ugat eg Ct9 @Q‘Pyggg?ﬁlft%;gqggreg}%mpeuuc value at
hlged loeaddoe (1 hmg,ﬂngb)awherhabw[lm Bgl‘b?}’l att haosmubeneencats level (5

txﬁéf«&@as“‘b lﬁls,lyn 1 GecihsS bl Santald Ey%‘ﬁ%d M Einishing
atﬂé'”lp%{e?lhﬁlr er&&bsb}“ Rk iR PEkEEn QHE Qlecieatd @n @Roavailability of

avenous Phar macoKi neticS of Hydrocodone vs.
ByEFdcotithe( fromypekyde biydrejodont nonjegatpd Elqtivg/ tei hydyocodone ranged

Per cent Drug 5 15 30 60 0-1 h HC n /n
Heom ta?é:ma SWe(&é?%F§ﬂrate 170 204 201 132 173 100 179
PP le 48-Ithr Par@fcokbhetiBs SO RE0&H088 v EEFBIOGD Qe dose).

pl us_hydromor phone (ng/m)” Table 61__lntravengous
Phar fracoki neti cs of]__Hy d#o¥fndoniAUGng/mimiferegnt CmaxBerpent
dose) . M nBrgs AUC [P &] 3 15| 8er c OBt Crbx HBer|BYmY|~ HC
Dr ug Hydroepdane Bigriate 96 |#46]10|9] A HC 198y dr pcHfoned5 | 100
Bi t alEEFBtRC 179 204 | 5220 76| 10®5679 | 1%0 [ 1PEREH3
135 hydi¢od@s plehyspomephars: (npirdd ocodone pl us

hydr onor phone (ng/m ) Table 62. |Intravenous

e e e L

Hours AUC (ng/mi h)|Percent Cmax Percent
Drug 05|15/315|8 0-8h HC |ng/ml| HC
Hydrocodone Bitartrate| 9.5 [4.5{1.9] 0 | 2 19.1 100 | 95 | 100
EEFFF-HC 11.3}4.1[1.2{1.2]1.2 20.7 108 | 11.3| 119

hydrocodone plus hydromorphone (ng/ml)

Table 48. Oral Pharmacokinetics of Hydrocodone vs. YYI-HC (1 mg/kg dose).

Hours AUC (ng/ml h){Percent{Cmax|Percent

Drug 05(15{3[5]8 0-8h HC |ng/ml| HC
Hydrocodone Bitartrate|9.2]5.9|2.3|1.9| 2 26.1 100 { 9.2 | 100
YYI-HC 9.2|4.3|1.5{1.1]1.8 20.4 78 9.2 100

hydrocodone plus hydromorphone (ng/ml)

Table 49. Oral Pharmacokinetics of Hydrocodone vs. DDI-HC (1 mg/kg dose).

Hours AUC (ng/ml h)|Percent|Cmax|Percent
Drug 0.5{1.5| 3 |5 8 0-8h HC |ng/mi] HC
Hydrocodone Bitartrate| 8.6 | 3 [1.110|1.4 14 100 | 8.6 | 100
DDI-HC 149( 5|0 (0| O 17.4 124 | 149 173

hydrocodone plus hydromorphone (ng/ml)
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Drug 5 15 30 60 0-1 h HC n /m HC H drocodone

Bitartrate 238 182 136 77 138 100 238 100 YYI-HC 9 13
w@2003/03374 13 6 hydrocodone pl us hydronor phoneP¢nys2o04/032131

Tabl e 63. Intravenous Pharmacoki netics of Hydrocodone

vs. YYFFI-HC (1 ng/ kg dose). AUC (ng/m M nutes h)

Percent Cnax Percent Drug 5 15 30 60 0-1 h HCn /m

HC Hydrocodone Bitartrate 238 182 136 77 138 100 238

St S B nimhetetiarbodadlis Sods O o

/ U82004/ 032131 Boarpl e 77. [Aucr(og/oliniRe Pareent
[443] Bi peaugai | abi [bisiyo|{.HUC| arjé CmarPe hof aHComg/ml HC
pe FydiRodtyie BRapadane|4a) g [agadgs.d| r el1a®i ve| t 10t k.6 of 100
hy "aFpdone Di tarjtr @®4.anajistionn 1 n4Babl ¢ 64. [The | 81

I N'VERT4:88bdosie pNE dﬂoh{%ﬁ(ﬁ@ oy the in vivo
perfo mancg %F YYllé (Fi téues 107 through 128). At

the relatively | ow doses of 1 and 2 /k% human
daghledl Ol P@momew)oféiydwodawvssﬁﬁ& oRghgitose).
bitag

Htate)—YYFH=HC shgmed T )
to |that ru&ydroc#g 1 cl8llat88 Jab eH§5,nd;,|ngup@s
129 ) i iometis s ot éf?{c TeHOSTE T 8T 450
my/ kg SRR o st uuusg: ang Ty dr OXPT PTG

wer i conpared to that of
hydrBXﬂc}B Wan?%lhé‘ %)émlﬁl?od’ﬁc(%%ﬂml% t hr ough 150).
These doses (HED of 80 and 400 ng hydrocodne

babfy 32 @frﬁ)Phﬂﬁﬁacoﬁﬁl@tlb%ﬂmidrb@daﬁ@ uI YSY R (Sabgficg dodes.

avai lLable prescription doses of hvdrnnnnnnn
bitgrtrate which range 1oEm 2 L{cé)("Q/G‘TW(
del ilvered Y9 t he pi-AhP ?%Em&m tef8ht in
i nt r{Hypsecafoneditpipiet 37443 03| 3 [Qihst afl i al .
bi oavai | aHHG y ot 11&AB3tRI8AE _and® hydi odfr ghbhe Alan
YYFFhydiCcedone @tqsahryémmmphwr(og/@dbne bitratrate was
observed. These exanpl es establish that coval ent -

Ct
o 35 Ol el AR L N ek ST T 1 (SFnBRB U085
wher gi ven at dosep appiooms nath@alglnmmhﬁércwmerwém
dose. Whemrugdni ni fLE & 30\6 péul ent0es il r{oitCes|ngimijatHC
or al[HglleedonelBitarraie 573 (@l (@ e2)3] end&?8  pried@? i p7Bon 10Be
bi ogvai I @mHHG y 1 s|136fasl tift4 @lilly detsr eagedi3 | 115 | 158
Col | g ?aﬂowddﬁe pliR@ryarangpsne @kaan !y i1l ustrate the
utilify of the invention for decreasing the abuse

otential of
pTable 54. Oral Pharmacokinetics of Hydrocodone vs. YYFFI-HC (5 mg/kg dose).

Percent|.

A

Hours AUC (ng/ml h)|Percent|Cmax|Percent| '
Drug 0.5|11.0{15/3|5|8 0-8h HC [ng/mlj HC
Hydrocodone Bitartrate| 73|62 | 4216.7{1.2/3.8 123 100 73 100
YYFFI-HC 46133|34(13(8.3|4.5 105 86 46 63

hydrocodone plus hydromorphone (ng/ml)

Table 55. Decrease in Oral B10ava11ab111ty at 5 mg/kg vs. Therapeutic Dose of 1

mg/kg.
Bioavailability Bioavailability Percent Decrease
Drug 1 mg/kg 5 mg/kg im vs. 5 mg/kg
AUC Cmax AUC Cmax AUC Cmax
YYI-HC 78 100 46 40 4 60
DDI-HC 124 174 113 158 9 9
YYFFI-HC 109 81 86 62 15 23
EEFFI-HC 135 136 41 47 70 65
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opi ods. Tabl e 64. Mean hydrocodone concentrations
following oral administration of hydrocodone

whedaoansnat e or YYFFI - HC at escal ati ng doses. DPGBUS2004/032131
Concentration n /m Hours 1 ng/kg 2 m/k 5 ng/kg 25 m

/' k HC YYFFI - HC HC YYFFI - HC HC YYFFI - HC HC YYFFI-HC O
00000000 0.1 114.0 20.3 60.3 35.2 628.7 26.6
408.9 41.4 0.5 14.3 17.9 15.6 23 74.3 22.5 153.9 23.3
1.0 7. 0.4 12.9 14.4 80.8 15.1 86.2 31.0 2.0 2.6

o doilisy OF pentide HE Shmiuga i ]T 2 2 1'1% %e 3

' ‘ -""=‘ iabili (478772 r (Yl base—conte =
r j - . .
B 55000 LG s P (S e,
Y (Tabbo K7 nfigire 98),aDDH T'sble did, digungy 18h)aand YYFFI (Table 59,

adm njstration of .hydrocodone bjtart - .

tfaures 0003, 419 S egiedad e GaRe sl bfipllofie the Mibavdirabitey by

{%ﬁ@%@&rﬁfus ToltBAk S tamtiAly GedFedskd 2Rerdby dintikighil(Yhd pb¥Sibility
FFI- HC HC YYFFI - HC 'HC YYFFI - HC "AUC 45.1 26. 3

BOveddS Wieh the dengds adm@bst@ged by prating.HC + HM 100 58 100

T P L O R

dbse). hydr ocodone base content 2 - hydrocodone
bltartrate 3 - YYFFL-HC HJ = _percent re!at\le t

0
4

paraneter foll oling MiHiehi st r 1AUSHNgM! Pl de5cent bimax | Percent
bit artPwpe Tabl| e 6615 Nedth |80dr on8righ HC | ng/ml | HC

tydroeadonaBifagrate | 2821 [REOAF 430 AV |adni ¥Rstrari 499 of 262 | 100

FEEFHHGdone bi L BBt rialt 024 YWBH| - HC2ht escallitihg34 13

Idsesdomoges hydtonowhoneéngdn)n /M Hours 1 m g} k; 2 m
/k 5 m/k 25 m g/ kg

Table 57. Intranasal Pharmacokinetics of Hydrocodone vs. YYI-HC (1 mg/kg dose).

Minutes AUC (ng/ml h)|Percent|Cmax|Percent
Drug 5 [15(30|60 0-1h HC |[ng/ml] HC
Hydrocodone Bitartrate|446|553|244|103 288 100 | 553 | 100
YYI-HC 31|17112] 2 12 4 31 6

hydrocodone plus hydromorphone (ng/ml)

Table 58. Intranasal Pharmacokinetics of Hydrocodone vs. DDI-HC (1 mg/kg dose).

Minutes AUC (ng/ml h){Percent|/Cmax|Percent
Drug 5 }15]30|60 0-1h HC |ng/ml| HC
Hydrocodone Bitartrate|446|553|244|103 288 100 | 553 | 100
DDI-HC 281(|121| 64 | 16 - 88 31 281 51

hydrocodone plus hydromorphone (ng/ml)

Table 59. Intranasal Pharmacokinetics of Hydrocodone vs. YYFFI-HC (1 mg/kg

dose).
Minutes AUC (ng/ml h) | Percent | Cmax Percent
Drug 5 15 30 | 60 0-1h HC ng/ml HC
Hydrocodone Bitartrate | 446 | 553 244 | 103 288 100 553 100
YYFFI-HC 28 27 16 21 20 100 28 5

hydrocodone plus hydromorphone (ng/ml)
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HC YYFFI - HC HC YYFFI - HC HC YYFFI - HC HC YYFFI-HC 0 0 O

000000 0.11.950.27 7.61 1.13 9.03 0.49 44.36
W@206/03376 3.22 2.87 18.10 8.74 13.46 10.41 62rQuuUsDIBE32131

1.0 2.69 2.39 9.23 3.63 10.36 4.82 29.89 12.70 2.0

2.11 2.24 2.31 3.41 6.68 3.17 31.62 16.22 4.0 0.64

1.02 0.59 0.88 2.00 1.07 40.86 8.98 1 - hydrocodone

base content 2 - hydrocodone bitartrate 3 - YYFFI-HC

gat Qé(llln{ @E %%ra%@ﬁ&lﬁh@t‘és

42?“ E& §1e016 1Wﬁﬂtes|'ﬂ§até\ifh&stﬁé| pmcmg ERFFESTablO66efigure 103),
ncentrati on Parameter 1 g/ka 2 m/k 5 {)r
EﬁFﬁanhglem ﬁgum 1040: Yl (hatite GRCHgro M and YREL (Table 63,

Yo 5, ot oot YR

1R thuBvehots réutd & dibdéndallibderedsed dentbyHNnifichiBs tHOPosdibility
100 77 100 37 1 - hydrocodone bhase .con e t 2 -

of dvasdesgorhenshe drug isgdministered/yythis yen outener cent

AP b R ol Al PR AR YS BEXETIC Y moke

@bsey. hydr omor phone concentrations foll ow ng oral

adm nistration of h\/dr ocodone Hartrate n.f NFRR-HG
at escal ating doses. M '/ _Co egﬁ{r}ggp hy b P ﬁrﬁ q_q} Percent
r 2 mu/lké& 5 Hnliae L$0rr '[:|H LRg/m HC

NydFecodie Biartrater {70 o2y 2 [y r‘th 0 dog d 47y | 100
BEFFIN0 2005/ 0320479 |Peer] 1782060/ ha2156 Dode 38 | 80 | 44
Gydweodoratplorhydrémerphioner@g/mg/ kg 2 m/k 5 nmg/ kg 25 m
/k 0.1 116 20.6 67.9 36.3 637.7 27.1 453.3 49.4 -

Table 61. Intravenous Pharmacokinetics of Hydrocodone vs. EEFFF-HC (1 mg/kg

dose).
Minutes AUC (ng/ml h) | Percent | Cmax | Percent
Drug 5 | 15 | 30 | 60 0-1h HC ng/ml HC
Hydrocodone Bitarirate | 179 | 204 | 201 | 132 173 100 179 |. 100
EEFFF-HC 135 | 77 | 140 | 85 107 62 135 75

hydrocodone plus hydromorphone (ng/mi)

Table 62. Intravenous Pharmacokinetics of Hydrocodone vs. YYI-HC (1 mg/kg
dose).

Minutes AUC (ng/mi h) | Percent | Cmax | Percent
Drug 5 15 | 80 [ 60 0-1h HC ng/mil HC
Hydrocodone Bitarirate 238 | 182 | 136 | 77 138 100 238 100
YYI-HC 9 13 | 13 3 10 7 13 6

hydrocodone plus hydromorphone (ng/ml)

Table 63. Intravenous Pharmacokinetics of Hydrocodone vs. YYFFI-HC (1 mg/kg

dose).
AUC (ng/ml
Minutes h) Percent | Cmax | Percent
Drug 5 15 30 60 0-1h HC ng/ml HC
Hydrocodone Bitarirate | 238 | 182 | 136 | 77 138 100 238 100
YYFFI-HC 171 | 28 22 18 40 29 171 72

hydrocodone plus hydromorphone (ng/ml)
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0.5 17.5 20.;8 33.7 31.7 87.8 32.9 216.1 33.7 1.0 9.7
12.8 22.1 18.0 91.2 19.9 116.1 43.7 2.0 4.7 5.0 5.7
wQ@a 300202874 13.5 114.9 60.1 4.0 1.6 2.2 1.9 4.PCBUS2044/732131
98.7 34.0 1 - hydrocodone base content 2 -
hydrocodone bitartrate 3 - YYFFI-HC HC Table 69.
Hydr ocodone pl us hydr onor phone phar macoki neti c
paraneters following oral adm nistration of
blctgrtrateotr YYFFI - HC at escal ati ng
concentrati on (ng/m) Parameter 1 m

%@Y%l&\/ahab’ihm (AU@BdThnax) ofarbWE peptide-HaRoCouBHEY edrihgates
FFl - HC HC YYFFI - HC AUC 53 34 59 2
1@ veetoctbat of-Hrydroedene boartrp3areGHoYH lﬂ%bg 4 é‘a&mﬁ%“‘m 15

20..8..67.

T T i
Y hOPARBE 10l dbsty 6t iand32 mg)iﬁgl:(ﬂihrﬂdﬁlehm'ﬂvahnt- dqses GEEDS) of 16
relative to paraneter follow n ah istrati

S

Iay@l B3 oegfaydsogsidong bitastrate) YXBFE Oﬂ‘&pafaggeg@Bﬁveaﬂablhty to
@ba:ﬁ &g §¥ ?{}%%Ifsén?ﬂﬁfa@ Yldjb%c@ifj% re@ 099 (HYESHIRNPAP R elevated

owm'ng 1 ntravenous adm nistration of
A es asr ot e 2B inilk ¢ bivkaeaibabiliyBE hy#ocadont ang/ kygiromorphone were

e Rne b el STl g SRS 1

1 el A B2 g0 i, e

RqBiRakat fo 4Bodnts Ivell dbRvel thegavailablp prescaiption, dpsepaofthydgocgdone
jmgrtx?aﬁ?prg CL% g‘ox% 26 5 %o ?0 Ir:llg \Xﬁ%glrcf%ﬁgggg %ybdlé @&%ﬁﬁ[’a@ routes

of intravenous and intranasal administration a substantial decrease in bloavaﬂablhty

of hydrocodone and hydromorphone from Y YFFI-HC as compared to hydrocodone
bitratrate was observed. These examples establish that covalent modification of an
opiod via attachment of a peptide provides a method of delivering bioequivalent
doses when given at doses approximating a normal preséribed dose. When
administered by parenteral routes or at oral doses in excess of the intended
prescription the bioavailability is substantially decreased. Collectively, the examples
clearly illustrate the utility of the invention for decreasing the abuse potential of
opiods.

Table 64. Mean hydrocodone concentrations following oral administration of
hydrocodone bitartrate or YYFFI-HC at escalating doses.

Dose' / Concentration (ng/ml)
Hours 1 mg/kg 2mg/kg 5 mg/kg 25 mg/kg
HCZ IYYFELHC| HCZ |YYFFI-HC®| HCZ [YYFFI-HC®| HC® [YYFFI-HC®

0 0 0 0 0 0 0 0 0

0.1 114.0 20.3 60.3 35.2 628.7 26.6 408.9 41.4
0.5 14.3 17.9 15.6 23 74.3 22.5 153.9 23.3
1.0 7.0 10.4 12.9 14.4 80.8 15.1 86.2 31.0
2.0 2.6 2.8 3.4 9.8 18.4 10.3 83.3 43.9
4.0 1.0 1.2 1.3 3.3 4.9 3.6 57.8 25.0

1 - hydrocodone base content
2 - hydrocodone bitartrate
3 - YYFFI-HC HCl

103




Table 71.

Hydr ocodone pl us hydronor phone,
and hydr onor phone

_ hydr ocodone,
( . phar macoki neti c paraneters
wo odos03d4mg | nt ravenous adm ni strati on of hydr orCTOS®04/032131

bitartrate or YYFFI-HC atl ng/kg (hydrocodone base
content). Concentration n /m Paraneter HC + HM HC HM
HC YYFFI - HC HC YYFFI - HC HC YYFFI - HC AUC 140.0 50.0

24.10 4 50 164 54 Percent 100 36 100 19 100 33 Cnmax

é 8%? g%h REkiR ést ﬁég%zﬁﬁnmstratmn
a% §§ anet er
‘100 10. 1cm 19 DQ$€: C ration '/Elll):'mu't
2 Pawm’f?f l-r11 l7@9/ks:1 dent 2 : .. 95 mg/kg
HE' o ‘h\ FHC’  RCTY TYYEFIHC | HC? [YYFFI-HC®
Tahl AUD A5\, Laaqsd,u;resa@',’;' B o hodd Lo 47 7] 4190 | 135.0
orepidicn M| 100 h\fpsmr e 128acd 00 1L 120 100 [ 32
p 17140 ] 7203 1 60.3 -1 352 A1 9856 [408.9 | 41.4
cent.H 00, a8 [0 'T;;SB\NHbcnlfzfﬁﬂu”c 100 10

A mh)ydmcmﬂr@sbaﬁ@qntm HC HM HC  YYFFI -

HC HC YYFFI -

HC

- Bchy¥repdeseditagrale 0 0 0 0 0 5 446 28 441 28 4.4 bql

35 BERFIZHCHE! 27 10. 6 bg|

30 244 16 227 16 17.1 b |
80- k@Rl Afre2d pAratetryfollawing hgmlindstrationm of hydraeadoae bitartrate

- YYFFI -HC HC1 Table 73. Hydrocodone plus
Y Bl BEOVRRR A ggdrohkfﬂlﬁl%@ dementraiths Myltsving opdl @dministration of
ROBLEBERK bitGitafe Sy FFELBICSat bQlal P @BsdsN I avenous
TSttt JII of IIyUI ocodaone Hb eayégr@g;,g{ra%n (ﬁé’ﬁh’ - HC
atl (kg (hydrorpHpge 09ST CORGRITT - | 5 mkg 25 molkg
HCZ |[YYFELACS| AC? [YYFFI-HC®| HC® [YYFFI-HC®’| HC® [YYFFI-HC®
0 0 0 0 0 0 0 0 0
0.1 1.95 0.27 7.61 1.13 9.03 0.49 44.36 8.00
0.5 3.22 2.87 18.10 8.74 13.46 10.41 62.24 10.35
1.0 2.69 2.39 9.23 3.63 10.36 4.82 29.89 12.70
2.0 2.11 2.24 2.31 3.41 6.68 3.17 31.62 16.22
4.0 0.64 1.02 0.59 0.88 2.00 1.07 40.86 8.98
1 - hydrocodone base content ‘
2 - hydrocodone bitartrate
3 - YYFFI-HC HCl
Table 67. Hydromorphone pharmacokinetic parameters following oral
administration of hydrocodone bitartrate or YYFFI-HC at escalating doses.
Dose' / Concentration (ng/ml)
Parameter 1 mg/kg 2 mg/kg 5 mg/kg 25 mg/kg
HC? |YYFFIFHC®| HCZ |YYFFI-AC®| HC? [YYFFI-HC®| HC® |YYFFI-HC®
AUC 7.8 7.5 21.0 12.9 28.1 14.3 149 49
Percent HM® 100 97 100 61 100 51 100 33
Cmax 3.2 2.9 18.1 8.7 13.5 10.4 44.4 16.2
Percent HM® 100 89 100 48 100 | 77 100 37

1 - hydrocodone base content
2 - hydrocodone bitartrate

3 - YYFFI-HC HCl
4 — percent relative to parameter following administration of hydrocodone bitartrate

Table 68. Mean hydrocodone plus hydromorphone concentrations following oral

administration of hydrocodone bitartrate or YYFFI-HC at escalating doses.

Dose' / Concentration (ng/ml)
Hours 1 mg/kg 2 mg/kg 5 mg/kg 25 mg/kg
HC? [YYFFI-HC®| HC? [YYFFI-HC®| HC? [YYFFI-HC’] HC” YYFFI-HC®
0 0 0 0 0 0 0 0 0
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Concentration n /m Parameter HC + HM HC HM HC

YYFFI - HC HC YYFFI - HC HC YYFFI - HC AUC 288.0 20.0 74.70
wQa 0003032470 NA Percent 100 6.9 100 13.8 100 NAPCITES2004/032131

553.0 28.0 543.0 28.0 17 NA Percent 100 5.1 100 5.2

100 NA 1 - hydrocodone bitartrate 2 - YYFFI-HC HO 3

- percent relative to parameter follow ng

adm ni stratl on of hydrocodone bitartrate [444]

,)unllu.l _y UI T ! v! "AY) LCDLTIHJ UI Docuwféo c'é'ﬁﬂaﬁéﬂhb/ml)

, 1ydr3_foodone et} ,’Jﬁa;k s—hn 121 FoeStTng o
RO Sk 4 6 O Brg. %4‘%5? “%37.7“?“2‘7.‘f 4533 | 49.4

" \J“I

pecreged 37% S8BT 98T P T P08, [OCBE8S Y ate.1 | 887

[ HEFayEnRous Z9§STE5 § ESPSHTel %y TS8R 199 _ 11161 | 437
WWW?' DI L VAN s < S I T *"114.9 60.1

rn

2 20T °“’1°§' “”'Eb‘y (B angy 98.7 34.0

4 JCCTUQRFU ™ W
VENoUS —broavartabi Tty { AvC—amd

7 ﬁr%cpaﬂ Cl?aé%%[btﬁrét conj ugates and i s described in
rAYgErcodetSpifariiif ow, 106 WO 2005/ 032474
%TY@@UQH@MM Exanpl e 78. Decreased |ntranasal
Anal gesi ¢ Response to Hydrocodone Conjugates [445]
NEdbée 6Sh Hyguesoband Mys hydremoxphenaiphraaiagpkinsitis diappgnegers foljpwing
afralvaairenistratmmt afihyirgodomirbiencene Y BRFLHEAL & estalating doses.

ydrocodone pirtartrate 1 nto timesegdCahcdnirationgng/mal |

losegrapeit ai fed egigkgal enf ambmgks of [hyds memgone | 25 mglkg
base. The ti freHCSevorrRISICS| WHTET | YYFaHECT [cKHCT diY¥RENMHGURSHC® [YYFFI-HC®
Ised Aupeasuleset [t hesdanal gesi £ ekl ect]. 3iat|ls wex e 569 193
nalidresailed t ¢ it dr nigde bhsiebi pe 1a@spdnseq |Hot 2@l at| e100 34
fest T € cpntectjedo@8 5p67.9A1 |36l t |063815 se&edndg 453 49.4
hasPaiatHCh &l 100t gst ity thp 1@vo| d BBssyeidmnage5 Al ll 100 11

apllqgair&o\dgﬁ@baseuaﬁeﬂ y sacrificed follow ng the end of

teShydisboddhepibatatki ck | atency (anal gesic effect)-tine
?erq@ﬁ?@\ﬁ un figures 112 and 114 indicate the

?%%gxﬁ rélgtl\%lt% g%?a%'rleg%f fol&ng%%gn@%s éﬂﬁ)n@f%{}'gr gggcgfé bitartrate

to an-equi no

b@% ?1032\2 %f E%édroco itar rat anal gesi ¢
Sa hygEaiene RTHY EV%&%O?%I&

fi S L ARAL S AN o o

diydeqepderte bitpgraie ey 8 Y& i eatd @g@&{h 0gqd 011}§Jbﬁ$:ﬁ C&niqn;)r

ydr ocodone] _conj u tradi hc effect

Dy tHeurs nt r pnasalHGvUMe of adii ni s.thl ion as__ donpar &

10 hvdrodonk bii€artt a¥FFI-ECanb| HC7o | DAMFERCAG| HC YYFFI-HC®

nt r avenous] Ana® gesj ¢ Re&ponske t8 Hjdrocolane 0 0

0.1 208.9 22.6 42.97 8.75 251.9 31.3
0.5 837 13.5 16.09 1.44 99.8° 14.9
1.0 38.4 13.0 3.65 0.92 421 13.9
2.0 12.4 13.1 1.77 0.41 14.2 13.5
4.0 2.9 8.5 0.70 0.33 36 8.8

1 - hydrocodone bitartrate
2 - YYFFI-HC HCl

Table 71. Hydrocodone plus hydromorphone, hydrocodone, and hydromorphone
pharmacokinetic parameters following intravenous administration of hydrocodone
bitartrate or YYFFI-HC atl mg/kg (hydrocodone base content).

Concentration (ng/ml)
Parameter HC + HM HC HM
HC' YYFFI-HC® HC' YYFFI-HC® HC’ YYFFI-HC*®
AUC 140.0 50.0 24.10 4.50 164 54
Percent ' 100 36 100 19 100 33
Cmax 208.9 22.6 43.0 8.7 252 31.3
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Conj ugates [446] Mal e Sprague-Dawl ey rats were dosed

by tail vein injection of 0.1 m of water containing
whyasosadone conj ugates or hydrocodone bitart r B BUSZ04/032131

doses contai ned equi val ent anmpbunts of hydrocodone

base. The tinme (seconds) until paw lick |atency was

used a neasure of the analgesic effect. Rats were

habituated to detern ne baseline response. Hot plate

tests—were uuuu&..l e0at—55¢C. "‘Cbl‘\é’é KatBh (fynl) SECOMNUS
maﬁargr%gtgr - I—"I@?HM'U to—ayoru—t gsue ganaygey A i,HM
| Tral'S “wer el YYERRE 1T g 1Pl VORERIFER E ABY QT YYFFI-HCT
?)Lei‘cé T TIfC W CK ch, \ﬂl)ﬁdl geSI (Z‘OQTI ) 160 12.4
t || ure— o7 T cates Te—decreas T
Ay %‘? ¢ gd by a hydrocodone conjugate as

20 n eqU|nDIar (hydrocodone base). dose £

hy desestisHe VB IQ BEEPELEL0 lPWén%%flamgé%raEO? ‘D@ﬁ%@dage itartrate
determined by the hot plate test is phar macodynami c
Tratde G2 Mt hytrocadengplas hudomogplamk, I@fdtr@c@dom, and
hydtomondone. conthitationafglosving inretasat edminfsiratian of hydrocodone
bygraeesd OMEFRIG( uphimy/kdecr eased the anal gesic ef f ect

Dy tne 1 ntjavenous route of adoadaemtafied (ngmlas conpar ed

to Nydeodofe DI Y ITRML €. 10/ [V 209f 032474 HM

PCT/ US2004/f03ZE3T [ExvrpiMc?80. HECr Fay®dFISidic uf ameduy YYFFI-HC®
Anal ggsi ¢ Kkespgnse|to Hgdrocgdorpe (onj ug@ates | 44¢] 0
Vel € Spragye- Bagd ey ratass wer ¢ dpged| by sebcut af enous bgl®
njegil on qf Bs3 nif ofomvat e c®13t al ni ng2hydr opodose bgl*
conj wgat es Jor daydr gcodoree bi far2azat ¢. Al 16 dosep 17.1 bgl®
cont @oned d¢quiteal eft andiunt s Jof 96ydt ocod®he bake.7.The bal®

L iBdioe6dc Bichritabd 1 | paw lick latency was used a
peasuE-@ Hde anal geS| c effect. Rats were habituated

to determ ne baseline response. Hot plate tests were
duct o

e % ﬁgdreé?d%%gghﬁ!y horBh dgé 868 Elé gy Aiflorbfone
] Lo n 13? es rY $ﬂ%ne
b wrmerqyﬁﬂf : ;L,-.,_ oggqos S
mﬂguref.Z.i.aWhe_df > -:- i

3 ul i S ar bd n
koo ar mxmﬁ@iiﬁ?ﬂ%% 11510 il o
hi't AYC ot o] T28800d1 5o 2P0 ¢ odndAdl Lo (930 N S o) NA
t nPepsnt o1 di o W8st li g 6.9 gpo) ;%'139 B fﬁ%:asu erAlht mﬁ
f Q‘mxhhar nn5~5$l-0nni ol 2 'p-F act g3, vydr oe § na Thila
SO O AR AN TG A WAV I 1
b e bydweedpne Rifarizg gesi ¢ ef f ect by the subcutaneous

2ot EFIfHGd N stration as conpared to hydrodone
Bi-tprdentuetative Ex parpinetes follopdng ednindstatigh oChudroggdone bitartrate
Hydr ocodone Conj ugat es [448] Mal e Sprague Dawl ey rats
wer e provi ded_ wat er f ang

ary, of g yivg te oes In

Dyvgr {%‘éf?ﬁ’g"& E&&I@E&d(ﬁ%e conjugates demonstrates for instance decreased

intranasal analgesic response, decreased intravenous analgesic response, decreased

subcutaneous analgesic response, decreased oral Cmax, decreased intranasal
bioavailability (AUC and Cpax), and decreased intravenous bioavailability (AUC

and Cpax) of hydrocodone conjugates and is described in further detail below.
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Al'l doses contai ned equi val ent amounts of hydrocodone
base. Pl asma hydrocodone concentrations were neasured
whooss82¢ ( Hydr onor phone, 106619- 1, Neogen, PCT/US2004/032131

Cor poration, Lexington, KY). The assay is specific for
hydr onor phone (the major hydrocodone netabolite, 100%
reactive) and hydrocodone (62.5% reactive). The
pl asma concentration-time curves of various

PYAL9E 94 OBEEA8d Hﬁﬁh&‘s%% Xﬁ%g§e§?é’ ﬁEﬁ%ﬂg@t@q{ﬁrééﬁbﬁ@C@nﬂgﬁes
o smowT T TTgures , ese exanpl es

j445UsMradd eSpirdpat- thdey)aratio Nere aimpug axyeglagtmgr O{¥e mlhef water

peak | evel hydr oc d | u dro

g tcateoriae itk ar 5o Beedane oo RS A5E Hares.
S B. Ahéaiind d

gﬁe&%‘?g{?&?%ﬂ?{e %%%%ﬂ%ﬂ%%%ﬁmﬁ?’% 2005 0a2a g e

g/ pise 0l DY 1wasEusmlph em&RureDef rtbqage@lgq:w rehfigels dRats were

gihg%vgglttg Iel Hﬁ’éf 95 ge %p%a el)ltﬁﬁ%xﬁdg}es S aVE/%re %onducted at 55°C. A
DR RGBTk haH R rwa@‘i'lséd ﬁﬂ SRS @SR BE &am%HnAﬂl afimaBovere

py pl aci ng 0.02 of water containi ng hydrocodone
hmnpme@mswlf@pd f«blwwog dinendbpf tastingt Ehej pavp lick datpaafanalgesic

rSRma D aEE BHLE Tih PRI hER BB ) Spsch anatzesie

Rg;"dﬁ %rﬁh@ by didebdamre (cUn}ﬁlg@mr ailoa@mpék%GﬂLQ éln equimolar
rporation, Lexin The assay

pecicpiiond dpsehydasormlr BIBRROobn DIREFSY. hge BEBHuRdesponse as
ABLan: ab%ééi Uy ]cl#o% %Qtﬂeé‘ce t?hmﬁﬁé&'& Qﬁ?d“%&@%eélém of the

ve) dShé Concent fation-time curves of
Eﬁdrhﬁuﬁoghykﬂfmmrmdpmg Fhes examplegdilustattothet hydrocodone
itartrate are_shown i.n re 55, 60, 64- 66,,. . . .
evaeat%?@Cfeﬁ?e e anﬁ%%l% e&ﬁ%ﬁ%ﬁ & 1Rtrangsyl rayig 0? ininistration as
Q@WM decrease the peak level (Cm,)
rgfn%ota absor pt| on (AUC) of hydrocodone pI us
EKGHIDWDDGCI‘B& Tgicaypna s Res
&Mr (hydrocodone base) doses of hydrocodone
te when given by the intranasal route of

glfim NiVEAIE Slpirdy Be-l)(%ﬁ%pkaes $3re Bogxems edl bahrlajeen@uef 0.1 ml of

oavai | ab| lity and Cma) Hydrocodone

t
Mfﬁ@] comtdigingp hydiasodnigl egnivgates %M r@ﬁ@dﬂﬂ&e@%&&@‘éﬁ Aiﬁ doses
I it U@ eaﬁgalglgtcﬁﬁomg ?f B?{%ﬁbﬂéﬂoﬁ% HaSd 1% Gk r(?é(:%ﬂ&lj Sintil paw

I'Nj I1on O wat er cont ai ni ng
hmlmema@wes syl ¥ gadaesre wf thy dinalgesioréfebi. Rats mreehammated to

BelSBRinPPASHEC RSB B0 HOh 8 A roB Ha P B LR o ASR B &f 43
%cor%ﬂ WA Qtéﬁckﬁ%ﬂ‘%&mgﬂs avofiBESie damNROA8 M animals were humanely

rporati on
sacrificed following the end of testing. The paw lick latency (analgesic effect)-time

curve shown in figure 67 indicates the decrease in analgesia produced by a
hydrocodone conjugate as compared to an equimolar (hydrocodone base) dose of
hydrocodone bitartrate. The analgesic response as determined by the hot plate test is
a pharmacodynamic measurement of the pharmacological effect of hydrocodone.
This example illustrates that a hydrocodone conjugate decreased the anélgesic effect

by the intravenous route of administration as compared to hydrodone bitartrate.
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KY). The assay is specific for hydronorphone (the

maj or hydrocodone netabolite, 100%reactive) and
whyasosadone (62. 5% reactive). The plasna PCT/US2004/032131

concentration-tine curves of a hydrocodone conjugate

vs. hydrocodone bitartrate is shown in figure 74.

This exanple illustrates that a dose of hydrocodone

conj ugat e decreases the peak |level (Cnax) and total

ggqspgé;ggggi;%&@q%% ssﬁcug%g%gf;ggcrqu?;g“eeﬁ-&k&@oﬂ%ﬁ b RRRAB 25

Cb,y]dgggg)done base) dose of hydrocodone bitartrate
I ven by the intranasal route of adm nistration.

v%amﬁgﬁ@aezﬂmlwm eszo dasagdmy bcuigieany wiecggn of 0.1 ml
I&ﬁ‘fvglgé?r afiéaﬁl %Ylg&’l%g&ﬁnédb%ﬁ] E?é?@l ?ﬁro%éd&ly gkt 1811 doses

onpounds t1ons for

t@aaaéd gquibslemotngotintsads ﬁyﬂ’rocmdeﬁﬂ bae. Jhd tale ssrecmffds) entil paw
mai nt ai ni ng t herapeutic val ue mhere n t

hgfefatensyyveuBied ¢ spsuire of o FEHERSE aiTFctc Hais Feyedabituated to
g{l&%g@@ ae'rilﬁgé T(Iﬁﬁons-gh?_o?ﬁﬁ%oﬂéﬁg Witk €Onduliedi at %B@tA tli‘;!ﬁl? ff 45

posi f oxycodone 1s terned
§ebidy) wiXCuseld4b 2]1 téatmg to iandid aisssadamaged Allrnimele rveens humanely

g%ﬁa%a' ilovwing thecsoatceute: Tharame 1oy GRYERF fleeyime
h%(wn B fgt%i;@ B8 MfhRshher hdg.R8 Qnomgé@ﬁn Produced by a

conjugates cont ai ni ng equi val ent anpbunts of oxycodone
h@d‘recmhbne moaﬁlgateohsmwnq:@.rednnomueqmmlar (hyégpcodone base) dose of

Pitpchrius BBt The i am whovest af o EBERRYRJp: place testis

i ghafthhdoB¥Samik théashlhe ABSA lthd bﬁdrﬁﬁcﬂf)gfcalt &ffect of hydrocodone.
anesthetized with isoflurane. |Intravenous

Atisiexamplealngratesihaf 3 hydgepdene enpiugaiq depsqased thpapelgeyc effect
E¥1 gjee su e%ﬁL Lo‘?&é &da Frﬁmrs&!lt{o%ci k3:'0 ared t0 %gdroﬁUﬁEClSiHEEate.

Ur ane anes one an oXynor phone
Eﬁﬁhﬁle %CDIeMEasemﬂralL@,Lak bfeﬁlvdrommnb ICahjupates wer e

determ ned by LC M5/ M5, [453] T beI ow
[448&stM&1F|SP@%‘ﬁTQa“Q%IWWE@)Pf@é S5t STRAE, FRisd ovemight
Lu'ldTHBéé:ﬁ%ey E\gfge with! Bflﬁ&o?loﬁ@ doRu A6 BEAYdBEodone bitartrate.

oxycodo acconpl | 'nstance view the
Al doves n@ltmnedrpqlavglenmﬂms ofA(yerqodm base. Blasmp hgpdrogadone

through 96 describ ttach
SPCOTTIAN MERGrRapERL PHeLLI GRYBRRBs oA REET Noogen,
@\Sgﬂdi‘ﬁidnc Lexa neK TP h&aPls s Eﬁchﬁﬁrl deédmorphone (the major

Xb- Oxycodo 54] To a sol ution codone :
hy@ecchdme r(x@tabmltg 9% Teastive)) andh hmechosls @?5)5% weastive). The
added Li N( TIVS 19.41 ni 9. r
Dlge ohcepy -k, il o sdo B Bt ERgRt | BHLE vs.

AAroBodbak thitr@atea®d $hown QN Eigliie8E53I7d, Bkl,eam'déSSI These examples
illustrate that hydrocodone conjugates decrease the pteak‘ level (Cm;x) of
hydrocodone plus hydromorphone as compared to that produced by equimolar
(hydrocodone base) doses of hydrocodone bitartrate when given by the oral route of

administration.
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m xture was stirred at roomtenperature overnight. The
solution was neutralized wth 1IN HOJ and the THE was

wo eowswed7under reduced pressure. The resi due WAGT/US2004/032131
diluted with Et OAc (200 nL), satd. NaHCO3 (150 nlL) was
added and stirred for Ih. EtQOAc part was washed with
NaHCO3 and brine. Dried over Na2SO4 and evaporated to
dryness. Conpound was obtai ned by purification over

ample 82. Iecre: ik /bﬂ ﬂ@b an%llj@ UnaX}f}?riydrocodone
(ﬁ@{;ga}@@-o(ycodone: [ 455] General nethod of
eprotecti on: The above conpound was re %bed Wi t(ﬂ 4N
A9 MialsxSpresyBatleyghys ware meerifec BT 20 UMy indfoses were
l.vent ' . i
ARt TUIRR OREE T vl Gy R I RCCHAlG Rofftes or

Kydrédodn©bitanaeninto the asslu) ResOMAIL dossseontdined equivalent amounts

é@%&o&%@&%&ﬁaﬁ%@e&%@ng v ogtggt}eogls gn'fere measured by‘ ELISA

- - - ) o ! . . 3 | .
BB 088 5 219Nl i YRRy
dpivtific or Bdroinprphene (the dohgo hyilifdcodnelmetebalite.al{i% reactive) and
Boc- Z-Y- .6 e . The reaction m.xture was .
P eRne (O R 7o el The Sty e tonauintife fves of various
@#m@?@ gglﬁﬁ%@s vs! Bydfd8oddne Hitdkimtdae showadn Sighets 55, 60, 64-

and Stir for 1-2h. The white/ pale
§®| 6DFB, TEsiTAES. wekhesd lexamples illngratei ghaty hydieeradeng qomjugates

ter d dried jn.the v . at
detimger dho,pEk s} (Pwel PRl PRBRUGRVATTEY & vdipsadone plus
LR hoRBhO S ChiphareiSo 3RGR MEd@eddiyatquimblodhydrotddone tase)
above. For 100-200 nmg of tripeptide derivative éI]O- 15
dosest NofIChydipendene  biattiated Wisshr @iVeitt Phnthes 1gipaasal  route  of
oyer nsing ato gi ve [ X-Y-Z] 2- Oxycodone- 3HCL.
&W‘bt Cti‘on of tripeptide derivatives containing
Fhaesinisn eDadrdassd Thtrevehofs4ki8ivalinbidity (ANdCtanil §&pt) iHjdrocodone
derivatives are dissolved 95% TFA (5% wat er) and '

5 for 4h at roomtenperature. Solvent is

ﬁ/é\nﬁ of Rl §grra?{?§—]ja§§é}ﬁi‘é?s vereCRoPMBR W adel Whitiih ah@ldessRewere

e and ed over vacuum™ 4N HCl/ di oxane is added
adrdinitdred dxf intravenous tail vein injection of 0.1 ml of water containing

b~
A

[’ b
!-

hydrocodone conjugates or hydrocodone‘bitartrate. All doses contained equivalent
amounts of d-amphetamine base. Plasma hydrocodone concentrations were
measured by ELISA (Hydromorphone, 106619-1, Neogen, Corporation, Lexington,
KY). The assay is specific for hydromorphone (the major hydrocodone metabolite,
100% reactive) and hydrocodone (62.5% reactive). The plasma concentration-time
curves of a hydrocodone conjugate vs. hydrocodone bitartrate is shown in figure 74.
This example illustrates that a dose of hydrocodone conjugate decreases the peak
level (Cmax) and total absorption (AUC) of hydrocodone plus hydromorphone as
compared to those produced by an equimolar (hydrocodone base) dose of

hydrocodone bitartrate when given by the intranasal route of administration.
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over ni ght. Resi due was evaporated to dryness and dried
over vacuum Exanples: 1. (d u-Asp-Val)2-Oxycodone
WQ@200608174yr - Val ) 2- Oxycodone 3. PCT/US2004/032131
(Tyr-Pro-Val)2-Oxycodone 4. (dy-Leu-Val)2-Oxycodone
5. (Phe-Val -Val)2- Oxycodone 6.
(Ser-Thr-Val)2-Oxycodone 7. (Lys-Ser-Val)2-Oxycodone
111 WO 2005/ 032474 PCT/ US2004/ 032131 Exanpl e 86.
! ()<ycodone [459] To a solution
ALLL bl3.Oxycodoge T (50 n.) was added
' [451&4( “E'B@q%le@m ﬁlr ll@tﬂh@%}e et &ImptRindd RAd WRRMpBSEERs for

- X- CSu and then the reaction nixtudre was
rcsiupmlgethe avptent;dnfor @n‘p@pm amce alowse rmm@lwmalmmmngémrapqwn value

d.down MC, and
W “ﬁ%e P B R SRR AO0 K Bttty bR o A it
tg peuievhi G0l dﬁdsﬁbsﬁﬁﬁe@&tthé 8tafid 12 @ositid@ b@gﬁycodone

and stirred for I h. The Et OAc portion was
lmgh@dall’ @hrQfater, brine, dried over Na2SO and

alt ??tr m‘%&aﬁ/b é?%%ﬁfﬁ_éﬁ%ﬁé@g%\%ﬁbﬂ@ tsﬂlﬂ{ésfc%fe&ﬂx&fne and

oﬁ?éﬁ@l@ﬁél %onjﬁ@@ﬂ‘e@t\ﬁérél andaétedds - alR6SpAayaoDanisy Ea%ﬁOl])os!ks of
sol ution of - X] - Oxycqdone in 4N HO /[ .di oxane
ORYIQERBE ﬁy@vaghlogfl¢ mch%mo ?Qf‘o?ﬁ%‘é%b@r"&?@ﬁén& ﬁqmg%ipmounts

omﬁycgmﬁ@m}eegdn&mg@&ea GOLGEH &1 ggatgegr@raﬁa EEE%Q%O 5

rired under vacuumto give Oxycodone-
niiXangdvage nedlle. \latraf@syicdmen were2adnhinestdtrd by gibaveng A0 microliters

nlE_;g léhc?r(lzsc fﬁo BS @Ex Vé% a%%&?%l&@nt%xgg@@g?% gqlthyeB?us administration
v?ﬁs Oiﬁ 6 ylﬁp doned "x!@n Qﬂj eéﬁHﬁ' )PlalsfhaDWEs %Hé‘ctéﬂj 49 detrOBMt4118nus

and Boc- Z- Y- ). The reaction m xture
pmetumt undee dsodhlranemtheme@mqsndenm@d QEperphea¢ Y@ajor active

por d to the sidu sat ur at ed
1{&%{3‘@%‘3%? r%fn‘?ﬂergtdl e%@eggmﬁl%&ﬁﬁ@ precipitate
[483] fTHettRIR exa:rillﬂei amqnhgtraﬁas at; wid PPI@Y-©C antbtdridagtito be

to give the tit]e_ conpound
limiting. As such, synthesis and attachment of oxycodone may be accomplished for

instance view the following exemplary methods. Additionally, Examples 84
through 96 describe methods for attaching amino acid or various length peptides to
oxycodone.

Oxycodone Synthetic Examples

Example 84: Synthesis of [Boc-X],-Oxycodone

[454] To a solution of oxycodone free base (2.04 g, 6.47 mmol) in THF (~35 ml)
was added LiN(TMS), (19.41 ml, 19.41 mmol) and stirred for ~30 mins. To this was

added solid Boc-X-OSu (X = amino acid, 21 mmol) at one time and the reaction

mixture was stirred at room temperature overnight. The solution was neutralized
with IN HCl and the THF was removed under reduced pressure. The residue was
diluted with EtOAc (200 mL), satd. NaHCO; (150 mL) was added and stirred for 1h.
EtOAc part was washed with NaHCO3 and brine. Dried over Na,SO; and
evaporated to dryness. Compound was obtained' by purification over silica gel
column (30% EtOAc/Hexane).
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Deprotection of Boc-Z-Y-X-06-Oxycodone: [462]

Deprotection is sane as general nethod nentioned above
W 20090817Z- Y- X- 06- Oxycodone- 2HC1. Exanpl es: BCT/US2004/032131

Pro-d u- Val - Oxycodone 2. d u-Leu-Val - Oxycodone 3.

G u- Tyr-Val - Oxycodone 112 WO 2005/ 032474

PCT/ US2004/ 032131 Exanpl e 88. Synthesis of

Boc- X- 06- Oxycodone- 014- Ac: [4631 To a sol ution of

liﬂm 60xyc dape g)lmml) in pyridine (15 nL) were
atecti )&g')o fAe#%y| anine (1.5 nmmol) and Ac20
X f

LI %mﬁigﬁdﬁk RlepRilctidh: THE o3 SolBOAe WAL rikRfed! Wit 4N
HOW didxenp@Sanlifgem)aat dodb Gemp&raturd foratkh. Sdkvent wamlewporatagioand
for | h. The solve S .ev ted, co-evaporated
dfjel RveroyaguyR fo @HS%@@?WB@%%@%QK@ in EtOAc (50 nli),

fd. Wi th satd. NaHCO8a brine, dried over Na2SO4 and

evapqrat e V 55( (gb(a The residue was purified over
silil gel(Il e title conpound. Exanple 89.

Synt @Z& S E 2 6 Oxycodone- O14- CO2Et: [4641 To a
soI ut

%%)B §- Oxycodone (1 mmol) in THE (10
¥ %)2 (1.05 mol) at OC. After 20

m ns eth PhanOsyendsnfate (1.1 mmol) was added and

reactl-on KkuPEyeRtions| OV\Ay brought to room

ESIRH £ W AR 0 PROL PR S RBIRTROY AU ark Anibdacids]

[456]e Tooh dalumsmoﬁxgmrb@u)w -t3HEt (QAamolHa IBVIBAES5{28rhL) were
was washed with water ch% brine, drjed over

SRS M Ol 0 B0 NG -6 ) 18] gt was
%g'rgﬂ T G QYEight.! S&l@e&%a§ Qv oYeﬁeci tﬂlﬁdér' fehﬁcé&oﬁﬂé%@ -To the

rotection Boc- X- 06- Oxycodone- 014-
rERe Yas 4466 mtmdpaﬁc:@@ (+1§th¢ ahsty fas lghn&eaWhndtmmdlow
nenti one

e NN 01 o oo Ry REsafed Bt sajer a8d g i th vpouum oven at

&Mﬁltgm@ggﬁ%jone (COZEt) 2. (Val)-Oxycodone-( QAc)
Exanpl e 90. Synt hesi's of Boc-Z-Y-X-06- Oxycodone-014-R
DéprotectioDoEBorcXV-7d.-Qxyeedamienn of

A RGN Nt s el oY mnfege o Fhr 400-200 me
JfMBdipeptidb defieabiei WA15 ml 4N HCldioxane is used. Deprotection is done
overnight to give [X-Y-Z],-Oxycodone-3HCI.

Deprotection of tripeptide derivatives containing Threonine and Serine:

[458] First the tripeptide derivatives are dissolved 95% TFA (5% water) and stirred
for 4h at room temperature. Solvent is evaporated, the residue is co-evaporated with
toluene twice and dried over vacuum. 4N HCl/dioxane is added and stirred

overnight. Residue was evaporated to dryness and dried over vacuum.

Examples:

1. (Glu-Asp-Val),-Oxycodone
2. (Tle-Tyr-Val),-Oxycodone
3. (Tyr-Pro-Val),-Oxycodone
4. (Gly-Leu-Val),-Oxycodone
5. (Phe-Val-Val),-Oxycodone
6. (Ser-Thr-Val),-Oxycodone
7. (Lys-Ser-Val),-Oxycodone
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m xture was stirred at roomtenperature overnight.
Sol vent was evaporated to the residue was added
W@ 20080324261 NaHCCB3 sol ution and stirred for | h.Pdies2004/032131
precipitate was filtered, thoroughly washed wth
water and dried to give the title conpound.
Deprotecti on of Boc-Z-Y-X-06-Oxycodone- Ol4-R ( R=Ac,
COZEt) [4671 Deprotection is same as general nethod
o S, . done overnight to

: REPNE1. 113 WD 2005/ 032474
mf / Wgoﬁlﬁﬁl%i o 10 lnmol% in THF (50 mL) was added

(1 le-Tyr-Val) one

N30 (1 08 Jome e O @%@@q mn@oaama@eé Bocs§@egilsmmol)

QdQn ] sol ut | on, of
B850 060 SO0 FRNR N YoaE o 0N Bl e
sbliutiord My 2041é¢d dowiied Oo@hn&ﬁelﬂfhﬁzédlﬁltﬁ QNJHCD nTM@(Srgamc solvent
stirred for 30 mins then Boc-Y-

vaad¥aprorsisd apdde theoresidurviere ageed Et‘iﬁe é%OOamIa @@ﬁq saturated ag
NI S o, P o, ARG BB Bt SO s,

briae, Mp@xeaﬁ\h@SOdet Mpomsaddn&lrmse "Hobdesidit @AS pubified over
HC(? (80 ml).,. stirred for | h. The
é& @Oﬁfg)%ﬁgm @oslwmﬁtmcwpom ne, dried over

W%&ngﬂé{@ma (@?I{U.yness The residue was
purified over silica to give the title conpound.

[ ok ecltfiom 06 (BEoEI0:060pCodEN 101 4iosabo 10 diahol) was

0C3 X- 06- codone-014-.Y- was de e 1 ow n
SR LREPLICEERERRE 401 S0V T SEPPORE HIE: BrBEr LG are and
tﬁ@regiuu@wz{s BedMmdep dananibdive ﬁk@‘leKEéﬂ@H@hHCl
Val - Oxycodone-G@y Exanple 92. Synthesis of

JRSB- X- 06- Oxycodone-0 14-Y-B-A-Boc (A B, X Y =

am nd- aci 0&-OxyaqBieTo a sol ution of
X- 0620xy c dteeycodareY- 3HCL (1 nmol) and NWMM (10 nmmol)
in DYF (1Q@emQxyeadoredded Boc-A-B-OSu (2.5 mmol) and

; i room t enperature

¥hder reduced

[mgsw g s%ﬁﬁm‘hooit Reof.@%p%&n%@'ﬁtl gam GAI9F YRR added

ed and stirred for pltaevva
NMM €@i0gumol)fand BociZr¥ -O8y (ua enmaB mwmnmmg Intag stirred at
i and_dr.i e g rotectlon

rc\/g\%% f‘tgm‘é’?é%% O&V&%ﬁo 81v6_nL Was (eVADQY Ee% to the residue was added
saturated NaHCO; solution and stirred for 1h. The precipitate was filtered,

thoroughly washed with water and dried to give the title compound.
Deprotection of Boc-Z-Y-X-0°%Oxycodone:

[462] Deprotection is same as general method mentioned above to give Z-Y-X-O°-
Oxycodone-2HCI.

Examples:
1. Pro-Glu-Val-Oxycodone
2. Glu-Leu-Val-Oxycodone
3. Glu-Tyr-Val-Oxycodone
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[471] Deprotection is same as general nethod nentioned
above. Deprotection is done overnight to give
WOR®sH3036+ Oxycodone- 014- Y- B- A-3HCL. Exanpl es: PAT/US2004/032131
(I'l e-Tyr-Val)-Oxycodone- (Qdy-Tyr-1le) 2.
(Leu-Tyr-Val ) - Oxycodone- (d y-Tyr-Leu) 114 WO
2005/ 032474 PCT/ US2004/ 032131 Exanple 93. Synthsis of
Boc- X- 06- Oxycodone- O 4-Y-Cbz: [472] To a solution of
gc- X fxygcodone ' )06i TH 10147 ). was added
ution was

[&63 r mezpla E&ﬁtl&QofT[Bb% X]l@lidi%oa@ne%ﬂnﬁol) #opyHaRhe (1984L) were

ed. The reaction mxturé was stirred at room

aﬂé‘?ﬁbﬁm (& mgkeripthyhaming(é.5gomol)iand AR© (8 swnel). Basweaction

L )
e B Bk S o6 AL s it R S PR fo i@ down o
1640h t@fiferaRidland MaOBAS 1D wiak hddeit dnidrstigkell @6r 1H) ThéRBlvent was
organi ¢ part was washed with water, brine, _dried gver

eNRIOTE aa?ﬂje‘é\l?aﬁéﬁda‘ﬁ’éh tolyeng gheggmdum\@a% takenyineE{RAC (50 mL),

] 028 s g0, hing Bticd Bulh KBS fntl s Wimess.
’Jllaéfté’s]ldﬁom@ialﬁﬁieﬁboyaosihlage%@ve tﬂazﬁaﬂn@em{@t ect ed
.0 [ ecti on

<

4- Y-

w3y > X ) =0,
gﬂp(g f
[% A-B x-° oﬁg &yfgc%%% nej- %14:-3@51&%011% (! ety THE (10 i) was
adfedX LASCIMPRod difenidial) ¥t ORC- Alfer zmmmsme)hyamhlommmate (1.1

TR s S e o NS ey Pl o iy emperaate and

shﬁﬁ@ﬁfﬁioﬁ{ RniPétinire §# 1h. SHeWBRktioNaRas PORRAN iRtceE, W d&fus acetic
reduced preg?jre and to the residue satd. NaHCoZ(Ig

agid) (Iggaepldansexdiseted (il E@Aw*g‘@rwwparbwag waphedm@h water,

Pf t
a .@ﬁiélgfd;;t él\@%ﬁ{i o% ta}(él(l‘i %g%%o %@d tcgﬁh%)%gs “i@g rs%due was
pﬁyiﬁte@eséﬁsﬂm‘a @bttrg%veBth?é tﬂl&cam)oaﬂd)ne 014- Y- NH2 [ 475]
To a suspensi on af Boc- A-B- X306- Q(ycodone 014- Y- Cbhz

Depyotsgiion P@g‘“’%% (?chﬂm-?z RR=)p CHEtEycl ohexene '
[464] MpaibctitRSishedieds g@g&g; hR{dodXmbMoned Gabdlv8 So b@ X-0%-

reacti m xture was c down to room t enper at
Casr)&ocﬂorlet-@lr RIZHCTR=A¢,|GQHte was evaporated to dryness
E%GH‘ ve the title corrpound Exanpl e 96. Synt hesis of

S il TR
al)-Oxycodone-(OAc)

Example 90. Synthesis of Boc-Z-Y-X-0°%-Oxycodone-O'*-R (R=Ac, CO,Et):
[466] To a solution of X-0%Oxycodone-O'*-R-2HCI (1 mmol, R=Ac, CO,Et) in
DMF were added NMM (10 mmol) and Boc-Z-Y-OSu (1.2 mmol). The reaction

mixture was stirred at room temperature overnight. Solvent was evaporated to the

residue was added saturated NaHCO, solution and stirred for 1h. The precipitate was
filtered, thoroughly washed with water and dried to give the title compound. |
Deprotection of Boc-Z-Y-X-0°%-Oxycodone-O'“-R (R=Ac, CO,Et):

[467] Deprotection is same as general method mentioned above. Deprotection is

done overnight to give Z-Y—X-Oé—Oxycodone-O14-R-2HC1.
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[476] To a solution of
Boc- A- B- X- 06- Oxycodone-014-Y-NH2 (1 nmmol ) in DMF (10
workgosmexes added NWM (5 nmol ) and Boc-D- C- OSu (RCT/US2004/)32131
and the reaction mxture was stirred at room
tenperature overnight. Solvent was evaporated under
115 WO 2005/ 032474 PCT/ US2004/ 032131 reduced pressure
and to the residue satd. NaHCO3 was added and stirred
},%fxﬁor Ilh" The white precipitate was filtered, washed
i Rat er and dri ed. Deprotecti on of
Boc- A, B- X-@6-19sWelHORScdibde-c&HY Boc: [477]
Depr ct ect '@B-Tﬁ-\.ﬁﬂ)@x?éodgﬁ@-g@@@) met hod menti oned
on

above. Deprotéction i5S verni ght to give
gy -OF-@x o B 1

) (R pesthorfd3aeiX fidg: es: .

[%lﬁé]ﬁ%%s\é l" n%%yylggcg -@xic\égi)ng(ﬂn%oﬁgm THF (10 mL) was added

IYRIPVSYPAL T B HatS°0Una (AEd1R ACH &S stirFdor B8 hiins A Hoc-Y-
Fi gure 151 depicts oxycodone. Exanple 97.

e (1S owadh wap 40dd. The seastdmumixtnregwas stirred at room temperature

- f b , . i.n betrah
PSS 7o RAST 350 cher Rp ety £ C o SR BN AT and e
JF ¢ Bart WRAREevEP&aeBUTE 3hdrMdue Waste addRANEOIAE (J0eRL) iafd satd.
was stirred at anbient tenperatures for 18 hours,

Nateen &) m), tshirgdifer 1andhe grapaiet part sigp weaghedomilgewater, brine,
t i fi i . - 1e
BRSSP e s
dePingiverthel tjitle dompohhdi n Phe- Oxycodone. Exanpl e 98.
t hesi f 1l e- d 0] _Ile-Ox d
DR tEcBan oh Becst A TGRSR L8 Bl o 67 excep: Boc-

- R ihevani Ci i &l
o R (L TRy SL N Hes Yy rRleflh) AR e gnerl

1ietbod fordemojastido menfid] abdue to gvt ¥t OOOxyEodone-0'*-Y-3HCL.
]‘(Leu- (ycodone (1.Ceq) in dinethylformm de
9-0. | mol ) was added 4-net hyl nor phol i ne (10eq) and

Boc- Rrf)-(¥Rroféne-Gly2ed) . The reaction was stirred at
anmbi ent tenperatures for 18 hours, quepched with
aanmle 92 /i §B1y OH B8 B2 "@la‘ ade B =titB

~ QC s ppay. cyqedengytn & cliB e BoE 64
i\fied using reverse phase HPLC. Deprotection
affifio Belf using 4N HCl1 in dioxane (20m/mol) to
[¢P0]aiTo Br@lutioaueOxo0ddnyeoddneadpi e 3HAD (1 Syiniobe aids NNIM (10
Pro,-I|1e- codone
mmol) in ]%I\/%()(IO mOL) was added Boc-A-B-OSu (2.5 mmol) and the reaction
mixture was stirred at room temperature overnight. Solvent was evaporated under

reduced pressure and to the residue satd. NaHCO; (15mL) was added and stirred for

24

1h. The precipitate was filtered off and the residue was washed thoroughly with
water and dried.

Deprotection of Boc-A-B-X-0%-Oxycodone-0"-Y-B-A-Boc:

[471] Deprotection is same as general method mentioned above. Deprotection is
done overnight to give A-B-X-0°%-Oxycodone-0"-Y-B-A-3HCL.

Examples:

1. (Tle-Tyr-Val)-Oxycodone-(Gly-Tyr-Ile)
2. (Leu-Tyr-Val)-Oxycodone-(Gly-Tyr-Leu)
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[482] Pro2-11e-Oxycodone was prepared in a simlar

manner to Exanple 99 except |l e-Oxycodone was used as
w0 b@sosjugat ed starting material. 116 WO 2005POBR&E2044/032131

PCT/ US2004/ 032131 Exanpl e 101. Oxycodone Di substituted

Tri peptides CGeneral Synthetic Procedure Synthesis of

[Boc-Val]2-OC: [483] To a solution of OC (2.04 g, 6.47

ml ) in tetrahydrofuran (THF) ('35 rr1) was added

ésu (6.72 g, 21

[W?‘Z]' )T@Et s@lﬁ@ioh'cﬂ‘%m (b oH&?c‘PEl'n‘ﬁﬁolgqlﬁtT{qF 10\@1§L) was added
stirred at roomtenperature overnight. The sol ution

TURNETMS) (1 &l inesd) ati0®@ andl thd—l{biutmmdwaﬂﬁlrrﬁdéomé@ nrinsrtee €bz-Y-

RG2S SRS PR B s St R i i e
NRigHIERe 816ti&T Was 86bled abwﬂ e OB, Qﬁ@mﬁﬁiéd w@ﬁ 1WeEIEEnd the
wi th” NaHCO8 and brine. Dried over Na2SO4

QEgano Part SRS teaaerésEo tigy mdupm@@dd%t%ﬂ {50 m8) whd Ratd.
30%
1@%&?@{ éﬂ ln(l))n %tl e deper 8{% }gaﬁt%%é Sl?aéﬁéhe%v%th 1] brine,

driza %vVﬁN}i;SCQ‘and Jv&p&@teﬂiio @rynedd) THEIreslidox ane poEisied €€t silica
Reaction was conplete within 3-4 hours. Evaporate

g6l rgivethehidle gprayd: vacuum at | ease for 24 h. [485]

3 250 , 0.4
%ﬂpte‘c{lgnﬁﬁg ?i%@ Lt;h%?sl Vere adég%l glo 1r2rgeqv)
[478] BRx-X-Of-OSycodané Oty Chal veasr deprbieoted folhotvinge the general
at. RT overni ol vents wer e
rhsthed “ou g e CalineTo b as Etite ML niedone-0'-Y-
GSatageNaHCA3 (-30 nL) and stirred for Ih. The white/

al e yeI | ow resi due was fil gered thorlguhl y washed
(mandplenPd. e yndliesischiiBag-A+B-Xr-Qe-Oxyeodon Y -6bzRT. [ 486]

R 3R TR G A 320 ARG hgv 0
1id]) AinORRIFE (MBSIYSWek adfdr Bbe&Al-BaDSh 5.1 Smiddl) ARUIklE reaction

[4871 Deprotection of trlggftl de, derl vati ves
TRIFHER VS ﬁ&nﬂilraéé?ﬁlﬁ deranera Pyani 'Fr \éf‘pﬂt s evaporated under

rgctﬁl{crhé' %gés}ﬂ%? aﬁﬁrts tﬂé ?ecsfﬁu\ées%d Wa%; &ﬁs&?%ent a(aﬁéd QH&’ stirred

roomtenperature
vegoaous v fed2-8hd Thé ereoiysitatkel evaneitecat offaqudr tht eﬂsulm& was washed

olu e an ri.ed- over vacuum 4N HC / di oxane
tf?\%guégﬁ@’dmé’i‘ﬂf rs‘i“g ‘ﬁ'@ overni ght. Product was
FBUARES 9. 6k rkifesflof B SA RS- OG-0 cQRE-OASHNTTD: 117
[475] To a suspension of Boc—A—B-X-O6-Oxycodohe-O14-Y—Cbz and Pd/C (25
Wit%) in EtOH (20 ml/gm) and cyclohexene (10 ml/gm) was heated under reflux for

30 mins. The reaction mixture was cooled down to room temperature and filtered.
The filtrate was evaporated to dryness to give the title compound.

Example 96. Synthesis of Boc-A-B-X-0%Oxycodone-0'*-Y-C-D-Boc
(A.B.C.D.X.Y = amino acids):

[476] To a solution of Boc-A-B-X-0°-Oxycodone-0"*-Y-NH, (1 mmol) in DMF
(10 mL) were added NMM (5 mmol) and Boc-D-C-OSu (1.1 mmol) and the reaction

mixture was stirred at room temperature overnight. Solvent was evaporated under

115



WO 2005/ 032474 PCT/ US2004/ 032131 Exanple 102.

Oxycodone Branched Am no Acid Chains General Synthesis
WO 4@83Hrgure . 152 depi cts oxycodone w th |ysiPEI/US2004/032131

branched peptides. Exanple 103. (Lys)7,-Ox codone

[489] Method was simlar to other single am no acid

derivatives except Boc- Lys(Boc)-OSu was used as the

am no acid st arti ng material. Exanple 104. XX-Lys(XX

rete ORIt e rREamha e b e SR 1h. e

Whitebiey Et@t%@ﬂ@ﬁlt@ﬁed( walSiR@)wittolhieyaed dyedBoc- XX2- C5u
4.1 eaction was stirred at a{Tblent tenperature for

ﬂPW@Qﬂt@n of FopehrBs XrRr-Oxyredaneed ‘a¥C-D-Bdes product was

@?5 f&) y;gr %\éu&?éega%fe\] gn%reglglg?%g TEXESeT;FlOSedl Qboves}ﬂzapro%echon is

@cﬁieyﬁzehyg(tt&gwawa Doﬁc«mmeoﬂ@@“we@a) 8MCi.n a manner
simlar to Exanple 104 except Boc-Gly2-Osu was used

Examples: am no acid starting rrat erial. Exanple 106.

xyco, e Rh: Va Synt hesi s .14921

p sub or&?n t i des were prepared
dISU uted tripeptide

Mon _-L&Bit&ﬁte&S@dAiﬂ‘}@o AaidwEmmtest arting materi al
the wunnatural D-anm no aci ds.

[fr(7§b Figure gy dl991§tSL(E‘Q{f‘2d0@§ycodone [493] To a solution
Rfanth89). (1.Ceq) in dinethylformam de
no Was a d 4- et hyl nor phol i ne (10eq)

#@9] oliech ksyluBon ¢fl pxyoelpBofipebagel)(d 10eg) BocletraBuréRed) (THF)

BT mebTES e S nsuTa Rea by ol Basdhertitn (.50

WY ddde@OTRY rdabieH was #HAR%1 hiRbfent t g
nt hetic A?nano Aci ds [494] Synt ﬁg‘g&gﬁi’%‘f@s [%(%oc hf &enched

Wik évaéerza@bﬁolwualremywcbhéswﬂralpmtﬁcrted (Gbcict was punﬁed using
tert-L r_an er

(Bl B T Clo Dlditioh SEhit A ANGICEn @i o

tb obHEPMaOxactdiede.Li N(TMS) 2 (19.41 mmol ) and  stirred

for -30mns To this was added solid Boc-Z-OSu (21
‘ sip gfllgyQdxveeduer eact i on mi xture was

A R 08 RS B A Al g9 g e
IlmOSu was dsaedd the ammoraeid stivéing iibBerlAD 2005/ 032474
Mglrcé gsgs%%/ec? %Z%g’n]ﬁdes (Enol Ester)

Example 99. Pro,-Leu-Oxycodone
[481] To a solution of Leu-Oxycodone (1.0eq) in dimethylformamide

(10ml/0.1mmol) was added 4-methylmorpholine (10eq) and Boc-Pro-Pro-OSu

(2eq). The reaction was stirred at ambient temperatures for 18 hours, quenched with
water, and solvents removed. Crude protected product was purified using reverse
phase HPLC. Deprotection occurred using 4N HCI in dioxane (20ml/mmol) to
obtain Pro,-Leu-Oxycodone.

Example 100. Synthesis of Pro,-Ile-Oxycodone

[482] Pro,-Ile-Oxycodone was prepared in a similar manner to Example 99 except

Ile-Oxycodone was used as the conjugated starting material.
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residue was diluted with ethyl acetate (EtOAc), satd.
NaHCO3 was added and stirred for |Ih. EtOAc part was
wor@kimskard t h NaHCO3 and brine. Dried over Na2SedT/asmo4/032131
evaporated to dryness. Crude product was purified with
either silica gel colum. (30% Et OAc/ Hexane). Exanple
108. Non-Standard Am no Acids (Naturally occurring,
not the standard 201 [495] Synthesis of [Boc-N 2-CC
[where N can equal norleucine (Ne),
amplenkHy Oxyeadiope Disubpiatnted Tripgptidasher non- st andar d
nm.n ' Jo a solution of OC (6.47 nmmol) in
aggg&g‘%l elléfég%{erws)z (19.41 mol) and stirred for
SyatheRisuT [Bde Valli-©0@ms added sol id Boc-N-OSu (21 nmol )
at one tinme and the reaction mxture s Stir t
oIRGB 1 0D Sctparp it (TFEF) T35 m)
¥ ) : hlTStMES fdr 30 igidls s wa
“?%%Hé%ddmg?%%@a@? 1199011 ahEISHEE £ CD 48 ethyl
adéat sdll BEs-UAEDSus@i7a. g, N HBE® eisoneatiide dnd ek saactionethixture
for | h.. EtQAc part was wash j th HCO3 and. htine..
Wi Siared i PORAS BRI _an%p@?-a%% S?l_ﬁgm Vite Hbteeligg i 1N
TOSHE i VRIS T RS dehRFe@ivhBertiddidd pRbdute: art@elesiaae Wil diluted
30% Et QAc/ Hexane). O her Oxycodone Conj ugates )
visteethylect@d: (EEDAgL@He pili)dessd [MIFTOLE SAgnat acadded anhgfirred

of tripeptides.. c ti WKL
3 SR byt R st SENFREES ) HinPligh Bgr eusOu and
Y rat@iytg'dr&ﬁé)sg.'@ide%rod@'wd@f@ﬂiﬂdde\)@h @Eher3silica gel column.
&) | -dy2-Leu)2-0C 4. (Gl -Pro2-Leu)?2-0C Exanple 110.
(&D%pdecddexsnebf Oxycodone [498] Figure 153 depicts a -

c X I Ao eacki
TSR Y RGPSl o S TBIL Welpod oy of
AMhe HOldkagae prasdised.dR vantiba veassenhplatel withie 34 lsowws. Evaporate
ether which are difficult to cleave chemcally yet

doxans and ey Qe Hecwkatdeasidon 3* thr oken down i n Vi vo.

b N iR 2f, -0 ; : DLLIDME (10-
[Egélng‘F oplify: qgr?bs%dgll Et r}g‘?z %qghwggzﬁﬁg %’500 Fi );ur e '(_
1P5whideprecadsied OYMM (12 fequnaeh Biocet-NePSwi(R19 e Hee reaction

119 WD 2005/ 032474 PCT/ US20Q44 032131 0 i
Iglé?l}rﬁ eV&h a"?%ﬁ? a&?@ o Iemééﬁe% ‘6%] “udate Lg\naqjo}at%% dider reduced
RERHKC T6.thd RdsRive was added satd. NaHCO3 (~30 mL) and stirred for 1h. The
white/ pale yellow residue was filtered, thoroughly washed with water and dried in

/&)

the vacuum oven at RT.

[486] Deprotection: Deprotection was same as above method. For 100-200 mg of
tripeptide derivative 10-15 ml 4N HCl/dioxane was used. Deprotection lasts 18
hours. ‘ ‘
[487] Deprotection of tripeptide derivatives containing Threonine and Serine:
Tripeptide derivatives were dissolved in 95% TFA (5% water) and stirred for 4h at
room temperature. Solvent was evaporated and the residue was co-evaporated with
toluene twice and dried over vacuum. 4N HCl/dioxane was added and stirred

overnight. Product was evaporated to dryness and dried over vacuum.
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conjugate woul d be stable to nost hydrolysis
conditions. Only the enol ether would be forned in
wao hios/osract i on. Exanple 112. Vitam ns 15021 FiRCr/ES288032131
depicts niacin and biotin. [503] Vitam ns can be used
to cap or further functionalize the peptide chain.
Ni acin and biotin will be conjugated to four different

s Seranghned amneyiict CAHUS . oC Fi gur es
" d&ked 82nghegenstrate plasma | evel s of oxycodone
measuréd by ELISA. Exanple 113. Decreased oral Cl111,
[488]OFigaddn2 depinfs wyucosong Sdih]lysine bragphedpeptid®swl ey rat s

re vi fde ter.ad libitum fasted overnight and
Mm%%th oxycoplone conj ugat es or
[2891C odein8d Hihs sifMilar d9S@Ber SIRBleahMRD BEHI detiveiNesasRRepl Boc-
of ox§codone base. Plasma oxycodone cagncentrations

LyjesBo wegiuss] arthegminonrgidstasingi@aterial? 9019, Neogen,

[ por 4 X Lg ] QCOdo&Y)' The assay is specific
%x%#e@?%woxycodone net abolite) and
[@90jconong. sblufismBof O(IoBRtO&ydodoné | (RO wes dmicthyfwmamide
in figures 156-174. These _exanples il Irstrage t ha

(rodamel) wasy adredndrmcinylmgmholing 6 gk doliqeed, By B &p-OSu
: L US.:
QT SerRlioR WEREARE LI iMIROBINRE 124 OREY ooolkéhiy were
remxwai_jmnbcrh@apmﬂmt vis perifiby by hevemeghaseddiPeC of

adm ni atign.. anpl 1 | bipavailability of a
o .=-= %";‘:‘:- .-'l M&M(Z 5 ngl/kg) -

' ' d wadprePired 98 & nlanfed sith{lhiSto Example
exanp é@%*ﬂgl?ggzggiﬁggﬁmﬁgnﬁﬁeepepti de PPL (Table P
104, extenf Bos-G3OSuswasased agthe amitelped stertingmeatarialt the 6
%%g 4 'tico 15). 5.9 tirpe c%Stive agent oxyocodone oral

i ' d as conpared to an
GanbraPsyithesiyocodone dose when the dose administered
[ This dose is the_equival ent of a human ,

1 g/ Ka.
lldg%le IrD%Png%ut@% Dsamigg ackk trigaptided i Were prEaPatediip @i papnen sigylar to

G e e R e R A
uinymed Areminso adrBL (2) - OC (2.5 ng/ kg dose). Hours AUC (;
[%l/)-rﬂys-h(zl)- ?{g- eert]l];- xyc)édopﬁer: cent

[493] To a solution of (Leu),-Oxycodone (1.0eq) in dimethylformamide
(Iml/mmol) was added 4-methylmorpholine (10eq) followed by Boc-(1)-Lys(Boc)-

(d)-Lys(Boc)-OSu (3eq). Reaction was stirred at ambient temperature for 24 hours.

Solvents were removed and crude product was purified by reverse phase HPLC.
Example 107. Synthetic Amino Acids
[494] Synthesis of [Boc-Z],-OC [where Z can equal cyclohexylalanine (Cha),
dipropylglycine (Dpg), tert-Leucine (Tle) or any other synthetic amino acid]

“To a solution of OC (6.47 mmol) in THF was added LiN(TMS), (19.41 mmol) and
stirred for ~30 mins. To this was added solid Boc-Z-OSu (21 mmol) at one time and
the reaction mixture was stirred at room temperature overnight. The solution was

neutralized with IN HC] and the THF was removed under reduced pressure. The
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Drug 0.5 1.53580-8h0OCCn/nmM " O Ox codone

Bitartrate 145 27 11 2 1 168 100 145 100 PPL 2 -COC
wa2emspR4a6 1 3 278 165 124 86 oxycodone pl us PCT/US2004/032131

oxynor phone Exanple 115 Bioavailability of

P2L(2) - oxvcodone by the intranasal route [506] This

exanple illustrates that when PPL(2) is conjugated to

the active agent oxycodone the bioavailability by t he

i ntranas

o eR Ao HAT 54 R (ORI UL Orier addss 3nd stirred
%—(gﬁr Etd&é)partml ﬁas?éd v!qﬁ% N PRI andRHIER ERIEH Rt S i\  and

yocodone vs. 1 ng/Kg dose). M nutes
dvapdmatedhip daencsen Crlldﬂ:apa'o&mtmst purtiasﬂgWBh Jedthg0sifioa @ell coplumn.

& ‘8131“2111 OC . Ox codone Bitartrate 2128 1003 688 278
% 5 SEOEho  PPL 2 - OC 1380 499 390 98 261 61
ﬂgx@l@ 208. WF@ﬁﬁd‘ﬁd Rlnisio REYIE a[\&ﬁﬁﬁlg &ocafi] e ndtlifie standard 20)
| oaval 1t W OXvcodone Yy the I ntravenous
M&@t eleabvqns Thf/ sIBogaNbtQCi I[vbster ¥ esan hequahhaerlquzine?)(Nle),
C he act ve agent Q t he
iR SRR (b S bbb B per B Bt
[agb}st'p@tal allbtiondet DEnEEd7 rikiel)ehyTHF nivay sddeddLiNGEMS), (19.41

possibility of overdose (Table 76, figure 19?@ Tabl e
mgol) Wrsév@ﬁ&9%~%aa%é"@kthr$ew8c%ddéé sebid BoedbRiSu,@] mmol) at

B AR B Ay e

. ottionxweao dewtenliBed avithr aNeHGD aﬂxﬂ)4h@ THF1waL rdévedOurided reduced

USSR G SR IGIE W ] B 1O Sh 3B NAHCOs was

AR Shahired Y60 80 B OZNp 4P a8 Syashed Jhithl NaHC@? ah@ $tihBIDried
of oxycodone conj ugates denonstrates for i1nstance

«m:rmsed and reyap@nied , toddynesas €dudenprodneiswias purified with either

0Bl i AP BRR ) M ana "Gy ama i s

@ﬂfép()kg)@diohedonjutgbleg detail below. Exanple 117.
Decreased I ntranasal Bi oavai lability (AUC and Cra

s [509] Mal e Sprague-Dawl ey rats

COTE T e B
0XY C Obhitisl Glyoppepaides tobe Produced

1. (Gal-Glyz-Ile)z-OC

2. (Gal-Pro,-Ile),-OC

3. (Gal-Gly,-Leu),-OC

4. (Gal-Pro,-Leu),-OC

Example 110. Glycosylation of Oxycodone

[498] Figure 153 depicts a glycosylated oxycodone. |

[499] A glycosylation reaction of Oxycodone with a carbohydrate will be
attempted. The linkage produced would essentially be an enol ether which are
difficult to cleave chemically yet glycosidic bonds are commonly broken down in
vivo. Either site or both may be conjugated.

Example 111. Formation of an Enol Ether with Serine
[S00] Figure 154 depicts formation of an enol ether with serine.
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121 WD 2005/ 032474 PCT/ US2004/ 032131 oxycodone
bitartrate into the nasal flares. Al doses contained
weouwswad4ent anounts of oxycodone base. Pl asnaPCT/US2004/032131
oxycodone concentrati ons were neasured by ELI SA
(Oxynor phone, 102919, Neogen, Corporation, Lexington,
KY). The assay is specific for oxynorphone (the major
oxycodone netabolite) and oxycodone. Pl asma
concentratl on-tipe. _curves of various ox 0
O} s s apdoRiGamenplorthsr cottgaviih o8 g pafeeed.  This
' cg)%j%lgz]xtg 2yould 168 &abi% Wo%ﬁlg‘dr&lgiiﬁ E@ﬁ(ﬁh&ﬁlatOﬂ X&Q&RN 8ther would
ugates decrease t pe | evel and total
belfemmaut in dlmis (e¥ckipn.of oxycodone pl us oxynDr phone as

0 re those produced by equinol ar (oxycodone
e gg)&é&@éi oxycodone HC when given by the
[563) agaah 55 auties MachOdistd ati on. Exanpl e 118.
DecreaSed Intravenous Bioavailability (AUC and Ca,) of

[683]c Aditamains @anj heyaseds tq §40jor I\faﬂbersﬁmsgwlmvm;pepb g chain.

vi ded.wat er adllb re
Iﬁ% ﬁggg ’H;l)@lcr?ﬂ%tgﬁ& gi t%) %ﬁj e\!eggtl on of 0.1
@nqua&m@pr@ﬁgéal ning oxycodone conJ ugates or
oxycodone HCI'. Al'l doses contai ned equival ent anmounts

of ~ oxlyc QNier@lypdlel-06| asma oxycodone concentrati ons
wer e e @Sar@y,-heutPGA  (Oxynor phone, 102919, Neogen,
Cor p@. a(BiorGlyb-8b),r@€Con, KY). The assay is specific
for oxymioprBepEetH@Cnej or oxycodone metabolite) and

oxycodone ‘Pl asna conce [ curves of
oo oL SR W oeydonm cpie estirpy Hifsa
Ed 81 1D Decldabé &%ﬁ@g%smkw%ﬁ@bs&uma an oxycodone

ugate Jecreases peak Tevel ( and total
[6[)4;]0 rMaIecﬂ'pr(tgfﬁdG)amlby oxty eetoprevisled svas ipihmefasted overnight

ar to.t hose oduce an_ equi nol ar d
BadreE s o5 e gaep B R ores SN B P od RRATCE M doses
doRtdiaeRHalene Hindumt of Gg?guéﬂer THsk. OPlasr4 akyoaﬂbﬁé(concentratlons
I ntranasal 2m/k AUC % % AUC % Cnax

wee meogsurpe bpELISA €Dxymorphong, pP31Y, iNeggen C@@p%tl@a Lgaington,

60) b s il g o pdnthe hednggs S itabpntand

dxyveddnd: Plasie cBﬁcéi&aﬁdn—h{nbloﬁrv’Es rard/shoaviOn g8 136-474. These

Leu-T r-Val]2-0OC 131 120 4
examples illustrate that doses o oxycodone conjugates decrease the peak level

(Cmax) of oxycodone plus oxymorphone as compared to that produced by equimolar
(oxycodone base) doses of oxycodone HCl when given by the oral route of
administration.

Example 114. Oral bioavailability of a_peptide-oxycodone conjugates at a dose (2.5

mg/kg) approximating a therapeutic human dose
[505] This example illustrates that when the peptide PPL (Table 74, figure 193) is

conjugated (disubstituted at the 6 and 14 positions) to the active agent oxyocodone
oral bioavailability is maintained as compared to an equimolar oxyocodone dose
when the dose administered is 1 mg/kg. This dose is the equivalent of a human dose
of 25 to 35 mg for an individual weighing 70 kg (148 1bs) according to Chou et al.

120



OC = Oxycodone 122 WD 2005/ 032474 PCT/ US2004/ 032131

[5111 Coll ectively, exanples 33 through 118 illustrate
wWao b@sagpard cation of the invention for reduci nRCT/82004/032131

overdose potential of narcotic anal gesics. These

exanpl es establish that an active agent can be

covalently nodified by attachnent of a chem cal

noi ety in a manner that naintains therapeutic val ue
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t her apeuti cal | Minefebect i ve bAUG\m@d/miDif IPetcgntyudmapr eRerodrs
spi kilmgg or i ncibeasdd® pB®OA0 Ser ubai boncent @@t i jomgml (0]

| tartpta ho [ meH | 94 | 51 82 100 99 100
PPL(2)-0C 22| 19 [19[43 24 29 43 43

oxycodone plus oxymorphone

Summary of in vivo testing of abuse resistant oxycodone conjugates:

[508] In vivo testing of oxycodone conjugates demonstrates for instance decreased
oral Cpax, decreased intranasal bioavailability (AUC and Cpax), and deqreased
intravenous bioavailability (AUC and Cpa.x) and is described in further detail below.
Example 117. Decreased Intranasal Bioavailability (AUC and Cpex) of Oxycodone

Conjugates
[S09] Male Sprague-Dawley rats were provided water ad libitum and doses were

administered by placing 0.02 ml of water containing oxycodone conjugates or
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pharmaceuti cal when given at doses exceedi ng those

within the therapeutic range of said active agent. 6.
wao00sbad4 of preventing a Crmax spike for a PCT/US2004/032131

phar maceutical while still providing a

therapeutically effective bioavailability curve

conprising providing a pharnmaceutical which has been

covalently bound to a chemcal nmoiety. 7. A nethod

(f) co@&%vlﬁﬁhfdw inflo I aSal rﬂ%}&aﬁﬁ dBE&fdohﬁaldeﬁ AuBalehf&hounts of
, nprising admnistering to a patient

o:t}&bdmee bhsec &rlasnm/ akgerdoye wuoghtiations (Waeem oedsured 2y VELISA

005/ 0324 004/ 032131 . Wh ' jd )
oD ol OEa S RPoM APt Leagon: drD)-STh dssay s
epf‘e'cﬁfésf@r SHmY H@He(‘(ﬁleﬁﬁéj}ﬁ 882 0orleNREARAHL) aﬁlﬁ'dx)j/codone Plasma

ffective "bioavailability But prevents spiking or
corcertamienhingo dirses ofhyatione enycodono panjegaigsayse @xyepdone HCI are

nb d.ph ical. 8. Th th f f the. .
{PSBLAT ABEF 47 14 Saneristh SHEPES ETED et PRYcopt ionkgees
der&Mdbshe ']Jehl@'lé%l | (Q\Q%ﬁ zinﬁaﬁ)teﬂ hadsoplioh NA LD eBkycodone plus

phar maceuti cal e nmethod of any of the preceding
@xsanmhww:easeaompg@ddo dlanvsa Ipeertuiced b agiimobd d e xeadongpbase) doses

e85 S S BORRLPH 4 O RREAgPe DY

Ekzﬁﬁﬂé i1Mg. [0dondagEd Mrav&ions B@dadaﬂwﬂﬂlvffAU(S/aﬂQD@MLOf Oxycodone
chem cal noiety reduces or elimnates the possibility
ose by intranasal- adm nistration. 11. The

o : .
Es‘i‘v’f;l el PR PR ARG 0L T YA 88 Boscs wer
airmmmedeibyt herapasms biaili vein dhjeoti@r dbs@1 byl dfnyeet |<mnta1mng

he met hod of ang (gof tﬁ@] ecedin cJ ai ms where
?’H@O PRENTRAI SRS | W QFyCRdOng %é ) €OsghC a’éi‘&? &qu’é(alent amounts
& e;%,%u&?e bike! PLRRRAL d)ﬂféod&msé&'é&ntf‘a%hﬁ vike #HaB8e@YydBLISA
a polypeptide, a carbohydrate, a gl ycopeptide, or " a
(@xymmrphonts 102880, ndehgsa, o@oram;atlon, ihEIngtoac el hg Tok adssay is
wherein said ¢ ntly. bound. chem i et i

- SBRE o idormi iy BB A pER g png  Prasma
tdirept£ading ciived Hban BhRbebit EdifudatavdTag oﬁa|HCl is shown
carrier is G ud uPhePhelle, G ud uPhePhePhe

inyRgye| 19, TMMI%llluswﬁquﬁ@ PRE¢Qdene @pnjugate decreases the

LTINS ) TR T—

compared to those produced by an equimolar (oxycodone base) dose of oxycodone

HCI when given by the intravenous route of administration.

oral 2mg/kg intranasal 2mg/kg

% AUC | % Cmax | % AUC | % Cmax
[Gly-Glu-Val],-OC | 93 61 29 48
[Pro-Glu-Val],-OC | 90 82 34 46
[Glu-Pro-Val],-OC | 142 134 56 65
[Ser-Gly-Vall,-OC | 90 92 64 73
[Glu-Tyr-Vall,-OC | 115 103 18 20
[Gly-Tyr-Vall,-OC | 92 99 56 54
[lle-Tyr-Val],-OC | 71 82 3 4
[Leu-Tyr-Vall,-OC | 131 120 4 5

OC = Oxycodone
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chem cal noiety is conprised of a peptide of two or

nore am no acids. 16. The nmethod of any of the
w@e@smosh4ng cl ai ns wherein the pharmaceutical PEF/DE®04/032131

is Lys. 17. The nethod of any of the preceding clains

wherein said covalently bound chemcal noiety is

conprised of a glycopeptide. 18. The nethod of any of

the preceding clainms wherein said covalently bound

hem ety |s conpri sed of a carbohydrate. 5 WO
l%bﬁs/@%mel ggo@w@ 119 illysieatgrghe, @aplé«fanaayof the
ififeriBR e&ﬁq&lﬁg b aw@dOﬁw“g&ghﬁhﬂ BE BRAk ;gaas{c@' hese
a stimulan an-anti convu a nuscle re a
eaampbbe pstiab]sﬂlrthat anctise Agenlt yér be c@at@dgtmachﬁechby attachment of
not'c .4 harcotic, a respiratory agent, an )
e SRRty i » Branne ot spalRiaing Meraneuhic Valie aReRaRapal dosing
t 0 I
&?‘é‘ '%m%?suggﬁ%dg?eﬁfégg%% Qgﬁotl é\}gﬁﬂgtuégn th‘c":I ﬁisﬁﬁll&y bPoverdose
bytaral, irdranasal br inftevemeis hoaenéf adlrrammrﬁ@anmléh ﬁlerachm gigent.
stimul ant is an anphetam ne. 22. The nethod of claim
21 wherein said anphetam ne i s dextroanphetamn ne or
nmet hyl pheni date. 23. The nethod of claim 21, wherein
the carrier is lysine. 24. The nethod of claim23
wherei n anphetam ne is covalently bound to a single
| ysine. 25. The nethod of claim 23 wherein said |ysine
is bound to an additional amno acid. 26. The nethod
of clains 1-19 wherein said active agent is a
narcotic. 27. The nethod of claim 26, wherein the
narcotic i s codei ne, hydrocodone, nethadone,
oxycodone, or propoxyphene. 28. The nethod of claim 27
wher ei n hydrocodone is coval ently bound to a short
chain of am no acids. 29. The nethod of claim 28,
wherein the short chain of amno acids is
G ud uPhePhel | e, d ud uPhePhePhe, Tyr TyrPhePhell e,
G ud uPhePhel l e, TyrTyrlle, or AspAsplle. 30. The
nmet hod of claim 27 wherein oxycodone is covalently ‘
bound to a short chain of ami no acids. 31. The nethod
of claim 30, wherein the short chain of amno acids is
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G ud uPhePhel | e, G ud uPhePhePhe, Tyr Tyr PhePhell e,
d ud uPhePhelle, TyrTyrlle, or AspAsplle. 32. The
woredohosk4ed cl ai s 1-7, wherein the bioavail abi PCT/¥S2004/032131
curve provided is simlar to those of Figures 1-29
when tested in rats. 33. The nethod of clains 1-7,
wherein the bioavailability curve is provided is
simlar to those of Figures 1-29. 126 WD 2005/ 032474
CT/ US2004/ 032131 34. A conposition for preventing
¢ dose conprising a pharmaceutical which has been
" 1covalpe t
L oA e R bR RN 2 miaing amirterifly to an fndividual
conpripbamapcpntecal whivh has bedmsuoapleuiﬂy b@mdytoelfdhemaabmmety

28 a0 AR, B il B 8RS prgviing o
chemijeipeBEAtyY effé&ﬂ'b! Cﬁﬁoﬁrﬁ Soff #i€ MarBREAiS ! WhicRfhdshBeen

pharmaceutical as conpared to delivering the unbound
phar ﬂawé@ntlyc bpundaao 9\ cheminek imoiety Mheraie digisd m@elmcalg moiety

tOXIC n PAR ing lente

phar Fra eﬁ | I g g% 41 lpgglénoﬁov’%t%ent bg”&/%%a%%hty of the
c hempgimateatiay as d&ﬁm’aﬁéd”to sleliveriiipahe ﬁﬂioﬂi\iﬂ ipihiynaceutical.
|ncreases the rate of clearance of  a

3phar ﬁamt@gh efaredycing druge toxifaiyt coppaiving poviding g@etisnt with a
exce [ A ran [

ot Dauihcbfag M s UeBE dIREARE tobfie 878 SpBhiaF fvicty
t oxi erHeyein osmall chengcgdr moiety nihceeapest ithet ratam dfh clearance of a
phar maceut i |ch has been coval bound t

e a ...
chenmPEam4sg 0&%? %ﬁ%‘@e?&?n% WPen gHeRiE QPS SI @wwghm
a Semgﬁg&ﬁﬁﬁaﬁ&dﬁamcﬁbe Q@% not increase above
sai d pharnmaceutical toxicity vel when given at doses

dex c eddimrethadnoSredutingidmg tce:mﬁyecmmmmg: pma(i@@g efpagigntdwith a

activ nt,. 38.,. onmositio C|n . )
o on PRl Sinich, TARRRRh (CoRIchB HoRfliTo0 chemical moiety
phar ReHeesih ksﬁalchgrﬁicaﬂ 1961ty prooidasla b&um Rltasd aale Midhtdoes not
wherei n said bound Ii)ghar maceuti cal maintains a

st eadjereasat @oyer i popERAceutiGal iexigity dRvelr Bhereziverng at doses
t her %Qc‘?ééh In8ahbsé vﬁﬁﬁﬁﬁ{)'t}{& fi’éu‘?@\f&'d PshidlabiPalodat event s
I'ng i Nncreas FFeerumToncentrat | ans
SC orrpaé( &dethod Lklsﬂ:)mdmdmgh brdmmmbthty abf wh@harngrceeticaht comprising

doses exceedi hose h erapeuti.c ra
S G PEOHIDE & Biemhoeae cavelgHh BTl 3 GoEdvBNEDryneein
Cmax ;g K&udd gheﬁ'nﬁaélﬁﬁﬁc Ridbdisiad a"‘@ﬂeh&‘y §t§1fe| Seruf’ RYdads NGrve

a therapeutically effective bioavail ty curve
conmpwhi¢mgpravides a therapeutically effective bloavallablhty but prevents

spiking or increase blood serum concentrations compared to unbpund
pharmaceutical when given at doses exceeding those within the therapeutic
range of said active agent.

6. A method of preventing a Cpax spike for a pharmaceutical while still
providing a therapeutically effective bioavailability curve comprising
providing a pharmaceutical which has been covalently bound to a chemical
moiety. |

7. A method for preventing a toxic release profile in a patient comprising

administering to a patient a pharmaceutical covalently bound to a chemical
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phar maceuti cal whi ch has been coval ently bound to a
chem cal noiety: 40. A conposition for preventing a

W 2005031484 ease profile in a patient conprisi ngPCT/US2004/032131
pharmaceuti cal covalently bound to a chem cal nviety
wherei n said bound pharnmaceutical maintains a
st eady-state serumrel ease curve which provides 127
WO 2005/ 032474 PCT/ US2004/ 032131 a therapeutically

effectlve b oavai |. i but pr.events s |k|n or

i ncr SREEY ‘E)rSHI Bﬂ?’@g F‘g’ﬂ Canma ystate serum
UnboyBgaRNAPRGBIH Frdbided & thdapiitiondy @ffe&t{@a&m%mmhty but
attention deficit hyperactivity conprising

admi mpreveatsi spikingo oa mabasenbloadcmmsuconmtrawm dompared to
t he hod of cl aj 34-40. 42. A nethod of treating
atte B o%tfaFB'f‘? h%er activity disorder (ADHD)

gconp I’Ifh‘él iih@th@d Nof gy OF it p%ééecﬁng adlAifiat wﬁe&ﬁﬁﬂﬁstdxic@@ of the
according to the nethods of clains 34-40. 43.

met hGamppung @éﬂbsﬁ@t@ﬂy owar dhandbat ofithe m@nd @har(mm)twal

ONpPrHSi Qsi
9; cco r’Izli% nlggtp g?aﬂ#@? ?d%}ﬁ cﬁ%é %%re sa1 fovﬂenti)y bound
et hetlemical hedéty reduweg ot hllmmcihle rpz)sabﬂﬂp iofitoRerdoké By oral

acqui red . i nmunodeficiency syndrone (AIDS) or
Al DS-afl’é‘IlIH§té%1°élorrpl ex conprising administering to a

lgat | g RetBOIRPShY 0P %ea]?r%@ééﬂﬁoglf] Blalfs %@reﬂ?gag %ﬁvﬁgntly bound

clainms 34-40. 45 treating depression
conpmhemwgl avoietyi s¢dacengr tdininpias i that pessibilitypofs ioveose by
accorc 0 the thods of clains 34-40. 46. A nethod
of t M Wg %Gnd anxiety rel ated disorders

@onpmhélrﬁ@:ho@dmaﬁy SF ¢fd Hrac %acnaﬁﬁé %tereﬁl Qﬁm%él&ﬂtﬁnbound
according to the nethods of ai ms

met hebersicak meeietyn gedyssc hbselmmmmp r‘qhsu p@sﬂvdmy no% toercndnge by
to a; rﬁ@éﬂ nt a conposition according to the nethods
of cf 4-40. 48. A nethod of treating nicotine

12ddi The aetkah®f drsi dfgheptdding elbinitOwherem thaché@hical 1ﬁ01ety isa
corrp05| ion, according to the nethods of clains 34-40

HBposcid; aedipeniiden frinsptide.shast clsin 06 Aminosadids, a
adm 4 t ccording to
t he Ee%g% dw? %:}Ibglllﬁrrgét%’?j él&c@ggﬁﬁ?&%ﬁ%%&%ugf treating
13 cofbe |rmﬂ1mxbnf)ams ofitheautntading erintgwherein ged icovdlertly bound
corrpogl ti ‘58 the net hodg of cl ainms 34-40.
51. ¥ 1lsrcg F?FS‘ Hap By e onpri si ng
1admi 'Ihétrﬁéth&ﬂl &Oan? RiteCpbedding claims, wherein the pharmaceutical
carrier is GluGluPhePhelle, GluGluPhePhePhe, TyrTyrlle, AspAsplle,
TyrTyrPhePhelle, or GluGluPhePhelle.

15.  The method of any of the preceding claims wherein said covalently bound

chemical moiety is comprised of a peptide of two or more amino acids.

16.  The method of any of the preceding claims wherein the pharmaceutical
carrier is Lys.

17.  The method of any of the preceding claims wherein said covalently bound
chemical moiety is comprised of a glycopeptide.

18.  The method of any of the preceding claims wherein said covalently bound

chemical moiety is comprised of a carbohydrate.
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conposition according to the nethods of clains 34-40.

52. A nethod of providing anal gesia conprising
w@oivssRrering to a patient a conposition acceeTUSZ04/632131

the nmet hods of clains 34-40. 128 WD 2005/ 032474

PCT/ US2004/ 032131 53. A conposition conprising a

stinmul ant covalently bound to an am no acid. 54. The

conmposition of claim53, wherein said amno acid is

19 s Pad B EneRETiR ptcsaine FrindoRis UAThS Ruffetiuion) is
55, wpgh@im, S8l entioRtetal A6 muscle IRtixang MR elndidibpesseit, an

met hyl pheni date. 57. The conposition of claim 55,
wher eingiolyiee, phaedativeuei bynotis, anpheeiia. e Tewiglaryieagent, an

carrier. i s.lysine, P 0 it cl ai m57
wher eqnﬂpiyacpa%f’%?ﬁgéslqgmbdéﬁﬁngk@%%g&cét@g%g t am no
AGI dSThedBethbl of afypOShE bOBlaiths ¢113] 15,58 vhe9 etherdimeaid active

lysine is a chain less than five |ysines. 60. The
conpdigeriisg semulanhi m 59 wherein a single lysine is

oun ' i o ki leSi NQ
2 nar st e BREGEER P6wREin HAEERTRAS b ARoRETRILS! 03
Jbhe cTrinasthbd oficlafim Gl aihereid saidlamphetamiieeis raxitednighetasine or

codei ne, h dngcodone, nmet hadone, oxycodone, or
pr opo‘??tbﬁl@ gudgs. A conposition of claim 62 conprising

3y dr opRAR0s0& gy abRint | YwiReURthd Qurder i§ RRe, Chai n of

am no acids. 64. A conposition of cladim®62 wherein
ZonprTis ngtledyebhdeme 23owabrint kmpbetamine isocevatdntytbound to a
chai n.of. am no acids. 65. The conposition of claim®63

or 64S,m%§'r58’ren the short chain of anino acids is

43 uG nRhaBneRE tlafn 28 wisrsifREBN9fhes bbnnd Y6 kh @dditional amino
AspAspl | e, TyrTyrPhePhelle, G ud uPhePhell e,

Tyr Ty@c!ld-e, or AspAsplle. 66. A conposition conprising
ik atcf}_kevrgc?t;ﬁgigg ﬁlgﬁﬁ/sai-?gu}%r %%%&Rzeaaggﬂtqg}l%g%cg}i% 66

noi ety armaceuti ca osI t1ron

her eThe arkltbdcol alagnt26; wiereid thehemrear! ismoodeine, hydrocedone,
or elimnates the _ possibility of overdose. 68. A

phar fReEaCapx3Cadenss Pt PISROBIPERS | m 66 wherein sai d

ACti VB, AYEBMbA B claim 27 wherein hydrocodone is covalently bound to a short
chain of amino acids.

29. The method of claim 28, wherein the short chain of amino acids is
GluGluPhePhelle, GluGluPhePhePhe, TererhePheIle, GluGluPhePhelle,
TyrTyrlle, or AspAsplle.

30. The method of claim 27 wherein oxycodone is covalently bound to a short
chain of amino acids. |

31. The method of claim 30, wherein the short chain of amino acids is
GluGluPhePhelle, GluGluPhePhePhe, TyrTyrPhePhelle, GluGluPhePhelle,
TyrTyrlle, or AspAsplle.

32.  The method of claims 1-7, wherein the bioavailability curve provided is
similar to tflose of Figures 1-29 when tested in rats.

33.  The method of claims 1-7, wherein the bioavailability curve is provided is

similar to those of Figures 1-29.
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therapeutically effective when delivered at the proper

dosage. 129 WD 2005/ 032474 PCT/ US2004/ 032131 69. A
w@b@sosaaeut i cal conposition of claim66 wherei PCHERZN04/032131

coval ently bound chem cal noiety reduces the rate of

absorption or extent of bioavailability of a

phar macol ogi cal |y active agent when gi ven at doses

exceeding those within the therapeutic range of said

ctive agent.. 70. A pharpmaceuytic it . :
Bra 1 edtfiNion R S RARRE RGN A RO hiihcBlrical which
moi ethys béwdrdasiestly beundab @ chémivabaornee of a

phar macol ogi cal |y active agent when given at doses . .
38x c e dpemaPasHindonsatply felinering rphas@acsuiical ogwrisig pseyiding a

act i - nh eut i.cal i:L.i10
cl ai ﬁnﬁ%%%\%ﬁgarne{%ffgéa%f‘% %%%eﬁ# F@ab%ung &(%:lﬁtéérl%l {é’/g has been
moi etepvalestiic dsutdaobh odiemidabbinbietyy wifergin said chemical moiety

phar macol ogj cal |y active . agent. when given at doses
excedBiusss tthes@teniof mbsorten Wgrﬂé‘b acte%i?i ¥ cowpprgd to
acti vy 2&&# aPRamIREG L) cal conposition of

cl ai r(r%%g eﬂrleelz'ﬁb%lﬁee)?om c?lt?[y %if the conmpound is )
36ubstAarbinpbsitioh doe reduing drogttoricity engaisthgaptoviding a patient

agent. 73.. A pharmaceutj cal, conpositjan of, claj ns. .
66- 72Vif b PATACRHA B Bt 1oy BRI A a3 ChgRiselmoiety
reduGargh Sdill NERRhies_ hiRethORdr&istd tthe OfatOVEH RRBFanbY of a
oral adm nistration. 74. A pharmaceutical conposition

of clphameaceBgillytrsties agenh ndien @ivenaidoges dxsapting those within
chem a%l noi_et redufcesd or. el m'tnat es the possibility

of 0\}%‘? GEROH TR P e s A VEdRT i stration. 75. A

Jyhar rcetipositibn Ferpaficingodrugf tokicity NGonGftisiy ploeidihg a patient
said covalently bound chem cal nuiety reduces, or, )

el i mivrif @harmacewical which hgs bgen cowlerbEbapd to ajchemicglmoiety
76. ’%VIR‘QQB ?%ﬁecﬂgﬂnﬁ%Lﬁ%ngdgg B sQfunCledad® Q8% Ghich does not

wherein sa cova ound chem cal noiety 1I's
conpringesbeofibcove said nEhasmaatnutidal . toRigitfyalevelc edtencgiven at doses

conposition of clai.ns 66-72 erei al oval ently
boundESEREPse R GoreBHit Taat oA a5 SEhe

RM NO) dePSsition! or réhRIRY BIBSRAULBIGR} oCOPRAMabéRiRal0domprising a
clainms 66-72 wherein said covalently ~bound chem cal

noi etphaimgaceutiqal icgedersty boupidyto gpelieniigal. myigty wherein said bound

phar maceut i cal . conposi tion .of ' -7 i- .
Car o Feaeehtre) SRS ey o RalB R ellE Wb prgyices
a cardbieypeaticlly effective bioavailability but prevents spiking or increase

blood serum concentrations compared to unbound pharmaceutical when
given at doses exceeding those within the therapeutic range of said active
agent. ‘ ‘

39. A composition for preventing a Cpax spike for a pharmaceutical while still
providing a therapeutically effective bioavailability curve comprising a
pharmaceutical which has been covalently bound to a chemical moiety:

40. A composition for preventing a toxic release profile in a patient comprising
pharmaceutical covalently bound to a chemical moiety wherein said bound

pharmaceutical maintains a steady-state serum release curve which provides
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130 WD 2005/ 032474 PCT/ US2004/ 032131 80. A
phar maceuti cal conposition of clains 66-72 wherein

W@ 200d/033v4 ve agent is a stimulant. 81. A PCT/US2004/032131
phar maceuti cal conposition of claim80 wherein said
stinmulant is an anphetam ne. 82. The pharnmaceuti cal
conposition of 81 wherein said anphetamne is
dext r oanphet am ne or net hyl pheni date. 83. A

har maceuti cal _conpositjon q ] ai 66-79 erein.
Sai d aa@?ﬁap@tlgaléw%%ﬁ‘& Lwavae iy &ﬁg%f‘é@{l%. %?g RF ncrease
phar "B%%%hﬁ?@%@ﬁf%@h& b&ﬂgé}éd fJ @luduBS pidalaséidticari d

narcotic I's rocodone, oxycodone, nor phine,

4¢ odeinmethioy &if trestingr gitentien defootyhypersiotiviey; corepriripadministering
fentanyl, .l evor phangl , di hydrocodei ne, eridjne,

i phan bRy b SoBapaReproics Rafe Seods o ERGIS e ne.
qpent azoglied Seklemty Reenthit WeRBiRNBperdetibite dERBEN EADHD)
mept azi nol, dezocine - or pharmaceutically acceptable

sal t sompesiagf adrBiBisteningh & rragetietitcal cameppsiion: peserding to the
cl ai ns tﬁ6- 7% ergjlq said active agent is a

benz JeFBAS AT MBEH ] Hhar rmaceut i cal conposition of

48! ai T 8meMoar &Ntk DaRkAAGH adéemvi edisdderal (AIDIX| @mMprising
chl ordi azepoxi de, clonazepam clorazepate, di azepan} .
est azdmanistefing foz ppiant airampesiiamaceasding dp thy methods of claims
m daiﬁ:'ﬁn oxazepam quazepam tenazepam or

triazol am 87. A pharmaceutical conposition of clains
£6- 7P Wasstlaidn G ebatiagi cogaigeat dedine assovidted oivithl acquired

AP A RS PRI e i comprising
ant i - }Iflig@{mggcgg ;{,i\elgﬁ Bt colribobioR LR in g8 RELHRMOGE of claims

i ndomet haci n. armaceut i1 cal conposition of
cl ai rst-6B- 79 wherein said active agent is aspirin or

saljcyljc.acid derivative. 90. .A pharmaceuti cal )
onpoéi‘%{?tgﬁd 6’% teppgdeREsSien \ﬁﬂ’é’?’él?]ﬂgs%r"&mg NG L0 3 @apient 2
IS aGalREHBRRRARdInG bo the ribBsdRTRLHiInS 84-400mposi ti on of
clains 66-79 wherein said active agent is

uan . .
4t i -Alepetbed soft treatzp wxigtyosnd3pairly pelatedgliseders 3comprising
administering to a patient a composition according to the methods of claims
34-40. ’

47. A method of treating psychosis comprising administering to a patient a

-

composition according to the methods of claims 34-40.

48. A method of treating nicotine addiction comprising administering to a i)atient
a composition according to the methods of claims 34-40.

49. A method of treating narcotic addiction comprising administering to a pétient
a composition according to the methods of claims 34-40.

50. - A method of treating alcoholism comprising administering to a patient a
composition according to the methods of claims 34-40.

51. A method of treating narcolepsy comprising administering to a patient a
composition according to the methods of claims 34-40. | 4 ‘

52. A method of providing analgesia comprising administering to a patient a

composition according to the methods of claims 34-40.
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92. A pharmaceutical conposition of claim91 wherein
said anti-depressant is cital opram fluoxetine,
woenoslosmzet i ne, fl uvoxam ne, paroxetine, sertrBtT/I82004/032131
amtriptyline, desipramne, doxepin, impramne,
nortryi ptyline, bupropion, mrtazapine, nefazodone,
trazodone, or venl afaxine. 93. A pharnmaceuti cal
conmposi tion of clainms 66-79 wherein said active agent
is an anti-psychotjc. phar maceut i cal . .
SBorpds POTBAFGT GPETIHRSS iR FoLAPR ARG 5o P Aaioasid
54l OZaIﬁieB:% glaﬁh&ﬁ)@f L9l 53 %l?e?éﬂ@blp%mlﬂ&%lﬂ aPlyfige, OF
risperi . A conposition of clains 12513 wherein
S5he SBhectompisitiomclatn 64 whepdin eed sgmuleohis ainpbetanfineone or

Sgoam’lﬂ_‘f& tg?elagqa#%al lgg é‘fcur rlégg g)‘%l:g%elll’?(r:nsn@] damplsletamme is

CYSt ClcRRoarlphébiniige pgin@&@mh%nﬁﬁte glutamine,
hi sti di ne, i sol euci ne, leucine, IyS|ne, nmet hi oni ne,

5t ol i The, conmmmhaifaniaine 55 swhem, therppetmastettical is amphetamine
t hr eonldn]gé@r osl and valine. 96. A conposition of
cl ai ¢t FHEPES t he said anmino acid or peptide is
3RONPITtEebposRitD Of clalth &5 ivhefedn RaiUlysink Yis ond 'th dditional
(D-) amno acids: alanine, arginine, asparagine,
asparfmlnoa@ﬂ%j cysteine, glycine, gI utam c acid,

ut ne I dj I e [
U 3 oémbosf;to waaufb 33 &ﬁéﬂfgﬁnﬁhﬁ UFHEL 30 k! S than five
tryptipghen, threonine, tyrosine, and vali ne 97. A

conposi tion of clai 12-13 rein the sajd, am,
&ei d e ﬁg@ppﬁgom Sotms CHA#Rgy 2 ge%el%n% %pglpmiyéme is bound to

unnat Q- standard or synthetic amino acids,
i ncl udi ng am'nohexanoi c acid, biphenyl al ani ne,
&y cl oftex ydnap@aiﬁim:e compyisihg hee xgiogtiy cionelently dohgd gb ya ichemical
di propyl gl yci ne, 2, 3-di am noproprionic acid,
hom)pfﬁéﬁ Fal ani ne, honoserine, honotyrosine,
graphttpd M’(‘)‘siﬂi%n of REFih S whRrei® FHY AR is codeine, hydrocodone
pheylalanlne(4 fluoro), phenylalan|ne(2 3,4,5,6
pent aﬁﬁhmﬁommewmﬂ@(}@ #%ro), phenyl gl ycine,

et r dﬁ ﬁ"ggészhg% ioﬁ %%1 n@ggoqnagrémr)gpydro%%doge cov%}ently bound to a

tert dhsthﬁﬁon&moAamnposul on of clains 12-13
wherein the said_ anming_ acid or peptide is. conpr *

d
& ot comppsitien afslaEn G2 wiergin swsplésm@gxmd%qwg epfiy pound
of C't@'a@ﬁoxjc Iaaﬁﬁfp?@;ﬁ{&'a{h&she said am no acid or peptide

conpri se one or nore N-nethyl amno acids. 132
650 2 (IHe/ @b FiioOT £1a32 6O 4 63 20/ Bdreinlibe shoxt cloip oS aminoracids is

of ¢l & TR rhephebnils” © BT ARbHARP! | Ao ™PT a3SAspre,

of a
TyrTyrPhePhelle, GluGluPhePhelle, TyrTyrlle, or AspAsplle.

66. A composition comprising an active agent covalently bound to a chemical

moiety.

67. A pharmaceutical composition of claim 66 wherein said covalently bound
chemical moiety reduces or eliminates the possibility of overdose.

68. A pharmaceutical composition of claim 66 wherein said active agent is

therapeutically effective when delivered at the proper dosage.
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m xture of any of the said am no acids. 101. A nethod
of clains 1-13 wherein the solubility and dissol ution
WO 2408/08f474 he conposition is substantially chargEUus2004/032131
under physi ol ogi cal conditions encountered in the
intestine, at nucosal surfaces, or in the bl oodstream
102. A nethod of claim 101 wherein the said change in
solubility and dissolution rate substantially
decrease the bjoavailability of the said .
6Bhar fhabbamasgtical ﬁfmqssmna?ﬁy glaig 6go‘¥ eig i coyritly bound
I nt e@ﬂ&ﬂicﬁﬂgoiggﬁfeaﬁ’éés HRte &F Jﬂ;@éélaﬁgn of etk Jbiailability of
wher el n sai crease I n blioavallability occurs upon
or al aptiainmicetogidallp activeGdentAwinat gioch afdostsaxnectie those within

wherei n sai d decr eaoffe i.n hi oava{l ability occurs upon

i nt r HeberareicTARES HSEd AUV BEEN A et hod of clai m 102

er g | itfbrd h lgabivhérkd Q5 dbvalétiBMbound
7}’)’.&r%g&%ﬂa@gﬂgﬁai@%ﬁ;{n@gg{ﬁ%‘éﬁ Abh,et hod for reduci nogun

or prhemital mgictibinswasss the piefivieseunce oik pbamsselogically active
neeq i Pl BYHGPfTes st o Vit S MHREGt Jange of

chemisgialachid fdeiit.coOval ently attached to an active
agent such that the pharnmacol ogi cal actjviwt% of the
Tact i Ve phyyeraceitisal serppesitinn ef clpitg &6 whesin oy#jently bound

conmposgition is.us [ o] ' j .
B e { L TR
reduggeg whenpgioveat ddkgs aketedingf thasepivithimethe uhérapdutic range of
conposi tiqn, conprising adm nistering said
conpa&sidiacBie 8880k human i n need thereof, wherein said
onpoSi | itfoleo ' Av@kekldty of th
TR AR SHPOALELEE Sl gkt of e
phar rampbond sabbaattially lgwearfthanthatafithe said getive agsnt.

ubstantially decreased. when.the caq ition is.used
B 2 ArAGRacep A ORPERERTE AT Wl Pierap cpid, S¥atentty
| NSt hdGhd eRSmicdOBoiedy FEILER D Binihfes! tebssibility 6F 6Wries by

abuse of a pharmaceutical conposition, conprising
pr es eraldmgnistadtibne onposi tion to a human in need

hereof , wherej.n, said i3k I .
Tehentsdiraliar soh ol SR SE Flatd 72 sRAEn haid, covalently
agentoahd bhéhih] thbrtypledasRar! dbigiiasts drtpogsibititpbf bhedose by
active agent is . 133 WO 2005/ 032474 PCT/ US2004/ 032131
subs tiBiFnag! agministraliv8ed when the conposition is used

R
abus®oahd ahghizalnmoietyt fedatescorghinsingten the possibility of overdose by

injection.

76. A pharmaceutical composition of claims 66-72 wherein said covalently
bound chemical moiety is comprised of an amino acid.

77. A pharmaceutical composition of claims 66-72 wherein said covalently
bound chemical moiety is comprised of two or more amino acids.

'78. A pharmaceutical composition of claims 66-72 wherein said covalently
bound chemical moiety is comprised of a glycopeptide. '

79. A pharmaceutical composition of claims 66-72 wherein said covalently

bound chemical moiety is comprised of a carbohydrate.
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conpri sing consum ng said conposition, wherein said

conposition conprises a chemcal noiety covalently
wW@raaosm t 0 an active agent such that the  PCT/US2004/032131

phar macol ogi cal activity of the active agent is

substantially decreased when the conposition is used

in a manner inconsistent with the manufacturer's

instructions. 110. A nethod of preventing overdose of

a pharmaceutical. conmposition, conprisin rovidin .
88.ai dAmwrmacestieal campegtipo sl elpisws qqg]/’ %Wﬁﬁ?ﬁhfaﬁﬁa%’é@&gm 1sa
t her eof ] V\per ein said conposition conprises a chem cal
NI e?&?“%é“\}m ently attached to an active agent in a
syBRNN@r phitaiaceutizal adipedition € alatms 88 wikereinpmidestiinalanbfis an
overdose fromthe active agent. 111. A nethod of
pr evéﬁl@hﬁ@méﬁﬁer dose of a pharmaceutical conposition,
onpri I}glga@ L Ricst binRgsiSa r # 1 & amphetamine is
Sg'onp?glgt on qgé@c?u%gﬁggﬁﬁ%g%ﬂg@?h%%ﬁ wher ei% said
conpdsiitoamphetanyiné senethylphenilatal noi ety covalently
attached to an active .agent. in a ner that. . .
531 bs PapharERPctloPBRSEDN of glatint 67D Ahelsn Syd PRthegecnt is o
fronggllggﬁggﬁglg&i@gent. 112. A nmethod of preventing
overdose of a pharnaceutical . conposition, conprising .
8Ar esdy i fhangacsatickl phempesitéan iafaklaanBdswhemsin tsaidg “ﬁ{ﬁ?gﬁ is

in nee t hereof ,_ wherein said.conposjt:ion '
chempodiochiis y COOATERt |y TORPIEnedt Gy SIR ARG HRne
agenioximorpbhdBaN e mdtheons Ub Staaiylal |lyvetphandis ediliydeocodeine,
potential of overdose fromthe active agent. 113. A

met hoeeperidiseev efiphengxp\as do selegtant, ph%l?fﬁ’ﬁ@é]ut i- PEpoxyphene,
conposition i Si ' hih ti ine
compaetriite. RS Ao SRR LANATRRIE RERRARY, deRn
chermiog gharficeiticatip uedeptableysahs thacdofd to an active

agent 1n a manner that.sub tfnti ghl7¥)\}g§ecr.eas s {ihe £
850t et PRATIFeiGal REIROSHOR AL Claas Bt /P\RENeAgB fpid afifYF aggntis a
met hed fkaAprlCi Nng or preventing the euphoric effect

of a pharmaceutical conposition, conpri sé?g?bprovj ding

86ai d A phyrowiceitival compoditioraaf chim &Sawhergiy engediagenine is

T P AR g, S
at t aGh@solhg, afluAGtpads ﬂ@l@ﬂéfpaﬁi,lclbrﬁi@hmt heridazolam, oxazepam,

phar macol ogi cal activity of the active agent is
subs tquazapam, {enepzZepasn s dFIggetat he conposition is used

e PR PRI Xl b F M e no

t he edpkieroidal efti-@eflanahatarypdgentraceut i cal

88. A pharmaceutical composition of claim 87 wherein said nonsteroidal anti-
inflammatory agent is ibuprofen, naproxen or indomethacin.

89. A pharmaceutical composition of claims 66-79 wherein said active agent is
aspirin or a salicylic acid derivative.

90. A pharmaceutical composition of claims 66-79 wherein said active agent is
acetaminophen.

91. A pharmaceutical composition of claims 66-79 wherein said active agent is

an anti-depressant.
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conposition, conprising adm nistering said conposition
to a human in need thereof, wherein said conposition
w@owpismes a chem cal noiety covalently attachedUsmoans2131
active agent such that the pharmacol ogi cal activity of
the -active agent is substantially decreased when the
conposition is used in a - manner inconsistent with the
manufacturer's instructions. 116. A nethod for
educm reventing.the phorj.c effect .of a .
Bhar inbatiachite Smpditeton” HBuR o whrg i anfgeppgesant is
sai d caalpam,t flasketife, andlauBLeting mmesxarﬁlher 99Joxetm:e rs8Htfline,
sai d conposition conprises a chem cal noi ety
covalagntripyling: desipratiney darerimt mpraagmtnmtﬁma bupirepion,

phar c oy f t he l.ve agent is
subs?igin%g’?rlll %8fec°r é)ggetoa\év\ﬁ ?]hve"il B%ition is used

é\N aA pnﬁmeutmpeahpdsﬁr&x o dlziinisf&s TR R b4i8acive agent is
instructions. 117. A nethod for reducing or preventing

t he @G&HBTHSEC}@FIFeCt of a pharmaceutical conposition,
gHOMPIA }p&%é&@&é&ﬂ*‘c%géﬁh GOTRAR! b3 ‘3&11[ erdifl &3S %] %ﬁfﬁﬁiﬁhoﬁc is

conposition conprise em ca y cova
at t acheepine, lmopeeitioly elanm@ﬁm; qﬁelmbniehat rispkeidone.

har nacol ogi_cal I,V of he, active, agent
9§ubstAaﬁ’Pm£ fijloye PL%@ v@ﬁew SIRin rﬁﬁ&m@na‘ﬂi of gwgtide is

in a BRPAGL omﬁl née ?@*of%é fhapﬂ A nsl:kﬁ:ggwﬁ ino_acids:

|nstru I ons. nmet hod o
sai d atﬂmaremam'gmdnec adpamguwoaspartmcmt, cysteiane; glyyciihey glotaatic acid,

dm nistratiopn, .and wh d. act
oot A, hsfas TG STt nb R, o biopngncRroline

t he ¢REPASIhAINE kelific, 3 Hophad, Qﬁl%grim@ Q&Rﬁhﬁf add valinguch as

i ntranasal ly or int ravenouslﬁ he met hod of
96} ai s compositier of ﬁla@;as d2d3ét @re@gﬁmsaids aménice agié @r fpepiide is

oy RSERRRE B TR 61 et of i SRR Seify' LAY poias:

bl oodiamée, Bigidine),. asﬁhﬁgﬁeta{spﬂhefacﬂi aisteinb, glybiae edliitaimad Beid,
‘conposition is, the farm of atablet capsul e, oral
sol ut %ﬁnm@r Bistiging, dsplencings . lepgmendysings, mathippne, proline,

PCT/ R Saéugﬁ@ Iddine, %ﬁﬂvto ARE thebiiad ¢ osmeaéﬂﬁsvda‘flﬁesd'

wher chem let’y is an am no

9al i gd’pephpd&at101pof ylaeps 1863 thfomh‘ghdr&aicbamgiwambemtpegnde is
nucl eic_a

it th f.cla
S5, GHEPENH 0% OF Fits BRR 4k By ~1RB0STH oA gy Be ichciind acids,
ol i gmmlhg%lﬁéh&%dﬁgﬁﬁﬂ'Eiﬁhen%r?ﬁamﬂ_@ %y%h&@%l&ﬁn&' aim

59, wherein said npri'ses” fewer than 70
cyclohexylglycine, dletﬁ/ylg ycme d1propylg1ycme, 2,3-diaminoproprionic
acid, homophenylalanine, homoserine, homotyrosine, naphthylalanine,
norleucine, ornithine, pheylalanine(4-fluoro), phenylalanine(2,3,4,5,6
pentafluoro), phenylalanine(4-nitro), phenylglycine, pipecolic acid,
sarcosine,
tetrahydroisoquinoline-3-carboxylic acid, and tert-leucine.

98. A composition of claims 12-13 wherein the said amino acid or peptide is
comprised of one or more amino acid alcohols.

99. A cbmposition of claims 12-13 wherein the said amino acid or peptide is

comprised of one or more N-methyl amino acids.
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am no acids. 124. The nmethod of clains 60, wherein

sai d pol ypeptide conprises fewer than 50 am no aci ds.
wa2®s/oIes met hod of claim6l, wherein said pol REEpPS100€032131

conprises fewer than 10 am no acids. 126. The net hod

of claim 62, wherein said polypeptide conprises fewer

than 6 amno acids. 127. The nmethod of claimb59,

wherei n sai d pol ypeptide conprises the am no acid

A u-4d u.Phe-Phe-lle 128 Th .hod of clai
B VR GPmprelich 8t ippasebolie b 88 AREISH Fomblep Bt a
sequepikBir&bPady s-thOSrifBRifNRIds129. The nethod of claim
59, wherein said pol ypeptide conprises the am no acid

19é queh aeethiyd ofTglpingy &-13 18lgEreiiibe aelubididy efd disaplntigrate of the

wherei n _sai.d pol ypeptide copprises the am no aci.d .
sequenawORtig A, TRl RhSHIC g oPsiTegiedlo conditions
wher enBowidéred BOth¥ ReBétindat GBSl S8Faded Coral tiibla6dstream.,
sequence Tyr-Tyr-Phe-Phe-1le. 132. The nethod of claim

93, vinarethad afdlaimpbilywhereindbe sadghangegn splabiity aed dissadution

sequenpce - - Phe- Phes | | . t [

R R A G AR
s equgnecularly-af ibsdslabovel hdse inteadedefon dtbrady. cl ai s 43- 54,
wherein said coval ent attachpent conprjses an_ ester

168- c o Bsthadeotirdpion 10X whersinesajebdesirnse fn biogyabilty gacurs upon
wher ej I ent attachnent conprises a ketone

and/ gdfaaaﬁﬁ‘l;}%ﬁ‘g% “functionality. 136 WO 2005/ 032474

P27/ US2iid0@ 2l din 1ABGhertinesaitbddvoehsoin bioavaitabilidy Ddcurs upon
wherein sai.d conposition yields a therapeutic effect

Wi t hdﬁﬁra%ﬂsaf%ﬁ‘?rg?‘ﬁflmoé‘uphori a. 137. The nethod of claim

103: WeKehdd SRUANPE0S WheRBER BEPM4sE &P bfdavailability occurs upon
t herapeutical | bi oequi val ent AUC when conpared to

act i vietraygeous adngnistipien.does provi de a Crmax whi ch
resul s i.n horia. 138 A.nethod for. reducing or "
B Ereip R E8hbRe of Bre Rl et € BArR R Smposition,
ﬁ onprdogipﬁi@irggﬂbﬁm@obﬁmé@ﬁwsiﬂw t6 &) KlmeOsdell iteted B wherein
uman in nee
said composition comprises a chemical moiety covalently attached to an

active agent such that the pharmacological activity of the active agent is
substantially decreased when the composition is used in a manner
inconsistent with the manufacturer’s instructions.

107. A method for reducing or preventing abuse of a pharmaceutical composition,
comprising administering said composition to a human in need thereof,
wherein said composition comprises a chemical moiety covalently attached
to an active agent such that the pharmacological activity of the active agent is
substantially decreased when the composition is used in a manner
inconsistent with the manufacturer’s instructions.

108. A method for reducing or preventing abuse of a pharmaceutical composition,
comprising prescribing said composition to a human in need thereof, wherein
said composition comprises a chemical moiety covalently attached to an

active agent such that the pharmacological activity of the active agent is
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thereof, wherein said conposition conprises a peptide

covalently attached to hydrocodone such that the
w@b@sosaed ogi cal activity of hydrocodone is  PCT/US2004/032131

substantially decreased when the conposition is used

in a manner inconsistent with the manufacturer's

instructions. 139. A nethod of preventing overdose of

a pharmaceutical conposition, conprising orally

adm ni st erj aid armaceyti cal copposition t.0

AL TR R e s e S B R
CONPrih&RSisknPRRA titemeifadtenrtk Ynstrattiiaghed to

hydrocodone in a manner that substantially decreases

0Re Auotethodifaf regicing @f prevawing abyse elsapharmacenfisalresrosition,
140. A nethod f educing or preventing ihe euphaorjc...
effe Cc(ong)psggp I3 %}l‘yﬁ:@gt icsgfzgll 0081(‘}’??51218 IS’( [ %Vﬁ%e%lo rrsp‘r’l r‘lij S P%b&smon
or al | ynipeiRky Y SHiettitd)@nsisiyctoosleROs httdched totarnfadiive@pent istich that
need thereof, wherein said conposition conprises

pept ithe pherracelegicel activitycelether asting deertiod it StQMY? fpgreased
th | 0QJ - act:L Vi h | :
Subst P, CHLERAAC b Thtdl B o TR0 RRRslsFont with the

i N a mamifavtgrer’ Hastractkinent Wi th the manufacturer's

instructigns. 141. A nethod for reducjng or preventing.
Ylus A omethogh 8F nerexentinga overdnsfo At fo ﬁbar%?f’ﬁﬁﬁf‘ia i ‘f?@nposgl"n’
or al | il b i Lf bfipdsRich U BGmbA in need
need %t ere fﬁbﬁgier@g?%@ g@%&ii?ﬁ%ﬁ %:o r?ges aln nee
pept i terec) waieesin Isgidaconadssdnt @muisys o dbamicali oipitthiaovalently
t he pharnecol ogi cal activity of oxycqdone, i

subst AL 1%, etTtes EEeh THIE ditfodibilelly dwenpes the
i N a JHGAT of dvREdVRS dheile aWlivdngehe manufacturer's

i nstructions. 142. A nethod of preventing overdose of

Hlphat nisthedi @4l prevergng toverdose cefimgr ipbammaceitigal ycomposition,

adm nj | Ng, sad r ' i a .
o RSS2 TR BRI 1§ uman i
conpriee@ sthardd€piheein caid aokippsitidd 7coiipr@O54 Odiddical moiety

PCT/ US2004/ 032131 _ attached to oxycodone in a nmanner .
that <QyBlspthntatiarhed e cate A80¥e 1388t Gt éninagpner Jhat substantially

OXY COflRABsdsthd g@yﬁdd bPoPMB6LGREN thedRtivdagiit hod for

reducing or preventing the euphoric effect of a N
HRar nbcenetliodalof prevpusig icyardosongdt ias iphgrnmacawtigal  composition,

adm ni stering sai.d.co ition to.a human in _need .

F her COTPTHE B P RS Eeele oS rigg 1 e g need
coval @glebl withdiaGhROcIRpEBtisHOsSises! athehadal ity covalently
phar macol ogi cal activity of oxycodone '

i s
substatiached] toy anerstiva sgentnite A mprnes Shigosbstaptiallys dageepes the
na Qr]é?%@%%%f SRERE Bk Mifdagdeflf manufacturer’s

instr
113. A method of preventing overdose of a pharmaceutical composition,

comprising consuming said pharmaceutical composition, wherein said
composition comprises a chemical moiety covalently attached to an active
agent in a manner that substantially decreases the potential of overdose from
the active agent.

114. A method for reducing or preventing the euphoric effect of a pharmaceutical
composition, comprising providing said composition to a human in need

thereof, wherein said composition comprises a chemical moiety covalently
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144. A nethod for reducing or preventing abuse of a

phar maceuti cal conposition, conprising orally
w@eivsnsRveri ng sai d conmposition to a human i n PEBEUS2004/032131

t hereof, wherein said conposition conprises a peptide

covalently attached to anphetam ne such that the

phar macol ogi cal activity of anphetamne is

substantially decreased when the conposition is used

in a manner inconsistent with the nuf acturer's.

i nst etieghiedrig anj ative mogat Mk thet HhecDRHMARYOGIRY ARIVLEY o9f the

a ph%&tﬁ?ec bt ‘fsagubg&gﬁgﬁs}b HbQBased GPIEY the! ddghpRkRohYis used in a

adm nrsterrtng sal har‘maceut | cal conposition to a
humamaniner ineedistenewithfthe mhrufectores aiinbtwotiposi t i on

conpri ses eptide covalently attached.to .
153phet Riehiod fPrieduciag B prer pfioesp SHRIRFIC QW Yfercphagmageutical
the bl SR hAhAY Qaili @8Mpbsitifn &Y £hEAEE in need
146. cg\&hggiﬁglg c?@%)n?ggul&gl ng tglﬁn%raelvent :pnsg1 l_t he euphor in}:nee
ef f echeredf, svhptesrr said entiposition compoisést ¢ ghemicalnmpiety aevalently

oral | dmnistering sajd co itipon ta hu . .dn
need ARAREJP, AP 9850k it BiEp 405 ehameCaRgiladivgy of the
pept i,dgve gyt §9 kibstanBhlip@oGdaded WhEH Eleattnioshionhistdad in a
the pharmacol ogical activity of anphetamne is

s ubs treannierinkgnsitant watbdbe maawlaethecr sopPastioRon i s used

38,2 TR S0P RE SRS g RS maceuica

wher eofpd&itien, PemipribngC prEpdribims sdibl ecogtposition aciadhuman in need
sequence sel ected fromthe group consisting, of , Lj\és’
Ser, thereof, whgremy said mREInOREON |cempeses. eychepical pRistpggvalently

Tyr- T¥ha ctePaddnk: vl fhe P& T tivity of th

o - Ao B EPaisn® quch Dy ghehRplaP sy of the
of claative ddéht isvisebstantialpiddcrsesetli where thepedrspasitidneisaused dn a
acid sequence.lLys. .138 WO 2005/ 032474 .

T/ TGS vihe FRETIERRG BITEIaRn 147,

MBET eA Fhetift)dboP RRILLIEE of %I‘G%ht%@gsth‘é h@pRIAErRE bla pharmaceutical
sequence Tyr-Tyr-Phe-Phe-1le. 150. The nethod of claim

147, oatnposition,s ziothppising conswnipei seidl tempesitien, awherein  said

sequence Phe-Phe-I.le. 1b1.. IS .
Py GRBwaNEoR Syawane ¢ Hiiich BHTRY e RBPilRha o an gotive
CO”DngBﬁt ceErthal fige phusasoieiedyadtanlyl wf athcaatted taget is
peptide. 153. A conpound conpri si ng .anphet anj ne
covalsBhstprtialiyt desreased o Whepefhe; GMPPFHoN Als: Uflg @ manner
Conpfigédn@&telﬁmhﬁ%dﬁ_ LAV Mtdhchddsached to a

peptide  conprising the am no acid sequence

1Tgr - Thire- MethoPhuf-dldims 43-54, wherein said pharmaceutical composition is

adapted for oral administration, and wherein said active agent is resistant to
release from said chemical moiety when the composition is administered
parenterally, such as intranasally or intravenously.

119. The method of claims 55, wherein said active agent is released from said
chemical moiety in the presence of acid and/or enzymes present in the
stomach, intestinal tract, or blood serum.

120. The method of claim 56, wherein said composition is the form of a tablet,

capsule, oral solution, or oral suspension.
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155. A conpound conpri sing oxycodone coval ently
attached to a peptideconprising the amno acid
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aims143g54, wherein said chemical moiety is an amino acid,
oligopeptide, polypeptide, carbohydrate, glycopeptide, nucleic acid, or
vitamin.

The method of claim 58, wherein said chemical moiety is an amino acid,
oligopeptide, or polypeptide.

The method of claim 59, wherein said polypeptide comprises fewer than 70
amino acids.

The method of claims 60, wherein said polypeptide comprises fewer than 50
amino acids.

The method of claim 61, wherein said polypeptide comprises fewer than 10
amino acids.

The method of claim 62, wherein said polypeptide comprises fewer than 6
amino acids.

The method of claim 59, wherein said polypeptide comprises the amino acid
sequence Glu-Glu-Phe-Phe-Ile.

The method of claim 59, wherein said polypeptide comprises the amino, acid
sequence Glu-Glu-Phe-Phe-Phe.

The method of claim 59, wherein said polypeptide comprises the amino acid
sequence Tyr-Tyr-Ile. A

The method of claim 59, wherein said polypeptide comprises the amino acid
sequence Asp-Asp-Ile.

The method of claim 59, wherein said polypeptide comprises the amino acid
sequence Tyr-Tyr-Phe-Phe-Ile.

The method of claim 59, wherein said polypeptide comprises the amino acid
sequence Glu-Glu-Phe-Phe-Ile.

The method of claim 59, wherein said polypeptide comprises the amino acid
sequence Tyr-Tyr-Ile.

The method of claims 43-54, wherein said covalent attachment comprises an
ester or carbonate bond.

The method of claims 43-54, wherein said covalent attachment comprises a

ketone and/or a hydroxyl functionality.
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The method of claims 43-54, wherein said composition yields a therapeutic
effect without substantial euphoria.

The method of claim 73, wherein said active agent provides a therapeutically
bioequivalent AUC when compared to active agent alone but does provide a
Cumax Which results in euphoria.

A method for reducing or preventing abuse of a pharmaceutical composition,
comprising orally administering said composition to a human in need
thereof, wherein said composition comprises a peptide covalently attached to
hydrocodone such that the pharmacological activity of hydrocodone is
substantially decreased when the composition is used in a manner
inconsistent with the manufacturer’s instructions.

A method of preventing overdose of a pharmaceutical composition,
comprising orally administering said pharmaceutical composition to a human
in need thereof, wherein said composition comprises a peptide covalently
attached to hydrocodone in a manner that substantially decreases the
potential of hydrocodone to result in overdose. f

A method for reducing or preventing the euphoric effect of a pharmaceutical
composition, comprising orally administering said composition to a human
in need thereof, wherein said composition comprises a peptide covalently
attached to hydrocodone such that the pharmacological activity of
hydrocodone is substantially decreased when the composition is used in a
manner inconsistent with the manufacturer’s instructions. ‘

A method for reducing or preventing abuse of a pharmaceutical composition,
comprising orally administering said composition to a human in ‘need
thereof, wherein said composition comprises a peptide covalently attached to
oxycodone such that the pharmacological activity of oxycodone is
substantially decreased when the composition is used in a manner
inconsistent with the manufacturer’s instructions.

A method of preventing overdose of a pharmaceutical coniposition,
comprising orally administering said pharmaceutical composition to a human

in need thereof, wherein said composition comprises a peptide covalently
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attached to oxycodone in a manner that substantially decreases the potential
of oxycodone to result in overdose. ‘

A method for reducing or preventing the euphoric effect of a pharmaceutical
composition, comprising orally administering said composition to a human
in need thereof, wherein said composition comprises a peptide covalently
attached to oxycodone such that the pharmacological activity of oxycodone
is' substantially decreased when the composition is used in a manner
inconsistent with the manufacturer’s instructions.

A method for reducing or preventing abuse of a pharmaceutical composition,
comprising orally administering said composition to a human in need
thereof, wherein said composition comprises a peptide covalently attached to
amphetamine such that the pharmacological activity of amphetamine is
substantially decreased when the composition is used in a manner
inconsistent with the manufacturer’s instructions. ’

A method of preventing overdose of a pharmaceutical composition,
comprising orally administering said pharmaceutical compoéition to a human
in need thereof, wherein said composition comprises a peptide covalently
attached to amphetamine in a manner that substantially decreases the
potential of amphetamine to result in overdose.

A method for reducing or preventing the euphoric effect of a pharmaceutical
composition, comprising orally administering said composition to a human
in need thereof, wherein said composition comprises a peptide covalently
attached to amphetamine such that the pharmacological activity of
amphetamine is substantially decreased when the composition is used in a
manner inconsistent with the manufacturer’s instructions.

The method of claims 138-146, wherein said peptide comprises the amino
acid sequence selected from the group consisting of Lys, Ser, Phe, Glu-Glu-
Phe-Phe-lle, Glu-Glu-Phe-Phe-Phe, Tyr-Tyr-Ile, Asp-Asp-Ile, Tyr-Tyr-Phe-
Phe-Ile, Glu-Glu-Phe-Phe-Ile, or Tyr-Tyr-Ile.

The method of claim 147, wherein said peptide comprises the amino acid

sequence Lys.
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The method of claim 147, wherein said peptide comprises the amino acid
sequence Tyr-Tyr-Phe-Phe-Ile.

The method of claim 147, wherein said peptide comprises the amino acid
sequence Phe-Phe-Tle.

A compound comprising hydrocodone covalently attached to a peptide.

A compound comprising oxycodone covalently attached to a peptide.

A compound comprising amphetamine covalently attached to a peptide.

A compound comprising hydrocodone covalently attached to a peptide
comprising the amino acid sequence Tyr-Tyr-Phe-Phe-Ile.

A compound comprising oxycodone covalently attached to a
peptidecomprising the amino acid sequence Phe-Phe-Ile.

A compoﬁnd comprising amphetamine covalently attached to Lys.

A method of treating acute or chronic pain comprising administering to a
patient a composition of claims 34-100. |
A method of treating acute or chronic pain comprising administering to a

patient a compound of claims 151-156.
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