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OF OVERDOSE OR ABUSE FIELD OF | NVENTION [001] Accidental - and intentional
overdose with prescription and over the counter drugs is a serious health
problemw th t housands of fatalities occurring each year as a result. The
present i nWORWPYN2474| at es to pharmaceutical conpositi onBCHESRIIGSEE1I0f a
chem cal noiety attached to an active agent in a manner that substantially
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However, when the conposition is delivered at higher doses the potenti al
for overdose or abuse PHARMACFUTAL COMBOSITIONSHFOR oavail ability of the
active agent as conpar EREVENTIORCOFOVERPMSEIRRIABUSE as free drug.
BACKGROUND [002] Drug overdose is a significant and growi ng problem It can
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BACKGROUND .
[002] Drug overdose is a significant and growing problem. It can occur

accidentally, as when a child swallows pills without understanding the
consequences, or intentionally as with suicide attempts. In addition, accidental
overdose due to an upusually potent batch of a street drug in illicit drug users is
quite common. Common examples of drugs that are seen in overdose cases include
"*the ubiquitous over-the-counter analgesics acetaminophen (paracetamol) and aspirin.
While the former is the preferred drug among adolescents in cases of deliberate self
poisonings (Lifshitz et al., Isr. Med. Assoc. J., 4(4): 252-4 (2002), aspirin is perhaps
more dangerous because there is no antidote (Jones, Am. J. Ther. 9(3):245-57
(2002).
[003] In the elderly populatibn, drugs most often implicated in poisonings include
psychotherapentic drugs, cardiovascular drugs, analgesics and anti-inflammatory
drugs, oral hypoglycemics and theophylline (Klein-Schwartz et al., Dmgs 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).



WO 2005/ 032474 PCT/ US2004/ 032131 10041 The Drug Abuse Warni ng Network
(DAWN) reported in June 2003 on the nost recent trends in energency
department (ED) visits related to drug abuse. Data was presented for 8-year
trends from1994 to 2001. The foll owi ng summaries were grovi ded: In 2001,
there wer e WQAP5BIE4000 ED visits related to drug abusBCTHSIRE0REAt er ni nous
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
mentions in 2001. The ED visits related to .drug abuse nost frequently
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rose substantially fReAion9Iu2¢Y. TheED viskselatsitodag shwisteesdn nes (10, 118
to 18,555, up 83. 4% frequentlycimolyed aleobol, (3% wdi meptions)o amasiienpane (9, 358 to
14,642, up 56.5%, m{3t¥s benzodiazepines (16%), narcotic analgesic

: combinations (16%), heroin (15%), other

analgesics/combinations (12%), and antidepressants (10%).

)

e ED mentions of benzodiazepines increased 14 percent from
2000 to 2001 (from 91,078 to 103,972), as did the top 2
benzodiazapines, alprazolam (up 16%) and benzodiazepines-
NOS (up 35%). The latter includes benzodiazepines not
identified by name.

¢ ED mentions of narcotic analgesics/combinations rose 21
percent (from 82,373 to 99,317) from 2000 to 2001.

s Narcotic analgesics not identified by name were mentioned

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] Emergency 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



rel axants, including carisoprodol (12,223 to 19,001, up 55.5%,

psychot herapeutic drugs, including SSRI antidepressants, tricyclic

anti depressants, and other antidepressants (190,467 to 220,289, up 15.7%.
Anxi ol ytics, sedatives, and hypnotics, including benzodi azepines (74,637 to
103, 972, uPOPOMRUnG narcotic 2 WO 2005/ 032474 PCT/ URRTUS008@281

anal gesi cs i ncl udi ng codei ne, hydrocodone, nethadone, oxycodone,
propoxyphene and others (44,518 to 99,317, up 123.1 % . [006] O her drugs
for which the nunber of ED nmentions did not rise but were still responsible
for over 10,000 visits include respiratory agents, including antihistamnes
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hours). Follow ng'the oral admnistration of 30 ng of anphetam ne, an
average peaR28Phsma | evel of about 111 ng/nmL may be observed at 2.5 hours.

After 4.5 h , . . ) i ngesti on
of anphet an(h ﬁ@s %&%ﬁﬁﬁf@? ﬁgsc%hn%q%é#gpq%@%)’%é%cgrgé %ﬁ%’éﬁ%ﬁl%n [ % bl ood
or plasma flpdrdio\{6%), mohiaroafie ahdlgesito $12%)s ahduntitepreesuats (00%) beoluitedye vol une

of distribugion traril lz:,nsteady-state bl ood | evel of 2000- 3000 ng/m.
has been ob®EPHEATED Wets 8:280hho orally consune an average of 1000 ng per

day of anphgp m&ﬁghé%hin% iP RbmRIEH AdnfihisRRddSasSthe hufidte! AR AR beert rate
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devel ops. . d4se0f SilAi fugr | Yhemebhsedpirophetannioe Lis etypically heither eaallyentr of
obesity in sinal ral 4. ter .01 st Lon of a
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of amphetamine typically provides blood concentrations which peak at 35 ng/mlL, 2 '
hours following a single oral dose of 10 mg (half-life 11-13 hours). Following the
oral administration of 30 mg of amphetamine, an average peak plasma level of about
111 ng/mL may be observed at 2.5 hours. Afier 4.5 hours, the level may drop to

gbout 84 ng/mL. After oral ingestion of amphetamine, absorption is complete in 4-6

hours. Concentration in blood or plasma following a therapeutic dose is low because
of the large volume of distribution. Contrarily, a steady-state blood level of 2000-
3000 ng/ml has been observed in addicts who orally consume an average of 1000
mg per day of amphetamine. While peripheral effects such as increased heart rate
start at blood levels of 20 ng/mL, rapid tolerance from intravenous use develops. .

[009] Similarly, methamphetamine 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
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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met hanphet am ne, a maxi num bl ood concentration of 30 ng/nL nay be observed
at one hour. A 12.5 ng dose nmay produced an average peak bl ood | evel of
about 20 ng/nL at 2.5 hours, about 16 ng/nL at 6 hours, and about 10 ng/nL
at 24 hours. _Methanphetam ne urine concentrations after the adm nistration
of 10 mg al@ 204444 1y 500- 4, 000 ng/ L during the firstCHBYUSHHPBEI | Kas
been reported that the 3 WO 2005/032474 PCTI US2004/ 032131 net hanphet am ne
concentration of methanphetam ne abusers is 2,400-33,300 ng/nL (average
14,200 ng/ nL) and anphet am ne concentrations of 1,000-9,000 ng/nL. (average
1,800 ng/nmL). The estimated | ethal dose is 100 ng in children and 1 g in
adults. | OQ4nIHYSRERRE {oholralifd Bt RbmBletdiing Oftilers PE" £36653 4ftpx! cet, and
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formul ated 1h a paste”to pr
prepared from codeine with multiple actions qualitatively similar to those of

codeine. It is mainly used as an antitussive in cough syfups and tablets in sub-
analgesic doses (2.5 — 5 mg). Additionally, it is used for the relief of moderate to
moderately severe pain. Hydromorphone is administered orally in 5 - 10 mg doses
four times daily. Therapeutic plasma concentration is 1 — 30 ng/mL and the foxic
plasma concentration is greater than 100 ng/mL.

[012] Others have sought to prevent the potential harmful effects of overdose
through various formulations. For example, opioids have been combined with
antagonists in particular formulations designed to counteract the opioid if the
formulation is disrupted before oral administration or is given parenterally. Extended
release Concerta (methylphenidate) has been formulated in a paste to preclude
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 éonsumed 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



adm ni stration by snorting or injection. Conpositions have been coated with
enetics in a quantity that if adm nistered in noderation as intended no
enmesi s occurs, however, if excessive anpbunts are consuned enesis is induced
therefore preventin overdose. These nethods, as well as conventional
control re 98?’9%5’(’(36‘?7ﬁul ations, are insufficient and canPGRUR4EHI33131
circunvented. Consequently, inproved nethods are 4 WD 2005/032474

PCTI US2004/ 032131 needed to nake drugs with reduced potential for overdose
that are resistant to manipulation. Brief Description of the Fieures [013]
Figure 1. Synthesis of am no acid anphetam ne conjugates. [014] Figure 2.
Synt hesi s of |.ysi et am.ne F uga 015] Figure 3. _Synpthesis of
serine anph%?eéiﬁh‘g?%%g}g%“ t{eﬁtﬂ[rﬁﬁ‘%?h %%E J’%l %)_r %%Pﬁeggﬁﬂg at+ "'ﬁﬁg"ﬂgﬁ% ani ne
anphet am nemgaphldgat.e. [017] Figure 5. Synthesis of triglycine anphetanm ne
conjugate. [01 Figure 6. Plasma concentrations of d-anphetam ne from

i ndi vi dual kﬂiﬁiﬁ&%ﬂ&&[&@ﬁﬂst ered d- anphet ani ne or

L- I ysi ne-d- a.ne £ s af AR rations of

d- anphet am @ngl%ﬁhgy%dr}%sgo_fagm nﬁ T on of&gﬁ%?r%%iet am ne sul fate or

L- I ysi ne- d- g eFiguier2e Syrthésispnfhypind-anmphpiamireconjegdtase) to rats (ELISA

anal ysi s). 1 :Fl qur Pl asma _concent tati ons of d-anphetam ne foll ow ng
oral adni ni“g‘?faﬁ%'%%ogﬁgh%ﬂﬁﬂ%émaﬁ@%g@“%@watﬁ-| ysi ne- d- anphet ami ne (3
ng(kg d- anpief aFighe 408pRhesisoiphbsyldddieuhpeahysd dhjugh®21] Figure 9. Plasma

concentrations of "d-anphetam ne foll ow ng oral admnistration of

d- anphet ani H7k uFigered. Synthesisofitriglyeinesmphetaminewonjugateg/ kg d- anphet ani ne
b ) | ! ¥ _ _ ;

o - mmphet alb gt £ PR Sheenteids o Aitlheditind b 58 TRiGialaapal ' "
L- 1 ysi ne- d- erajtj adrimisutedd-athpbemhink ol Agsisad-bmpletédEnb SA  anal ysis). [023]

Figure 11. Pl asng concentrations of d-anphetam ne fo]low ng oral
adni ni strat [‘Bﬁl N 1BLE| /s hL"-sﬂﬁa BT BE g""‘é‘ﬁhﬁ%‘% awing 208 (60 ny/ kg

d- anphet an,Bginf@scon S aRphethrflne I01R8 ) MR iySihe-d-amphetamine (1.5mg/kg d-
- amphetamine base) to rats (ELISA analysis). -

[020} Figure 8. Plasma concentrations of d-amphetamine following oral
administration of d-amphetamine sulfate or L-lysine-d-amphetamine (3 mgrkg d-
amphetamine base) to rats (ELISA analysis). |

[021] Figure 9. Plasma concentrations of dJ-amphetamine following oral
administration of d-amphetamine sulfate or Llysine-d—am@etamiﬁe (6 mglkg d-
amphetamine base) to rats (ELISA analysis). _

[022] Figure 10. Plasma concentrations of d-amphetamine at 30-minutes post-dose
for escalating doses of L-lysine-d-amphetamine or d-amphetamine sulfate (ELISA
analysis).

[023] Figure 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 intragasal
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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[024] Figure 12. Plasma concentrations of d-anphetam ne follow ng intranasal
adm ni stration of LIysine-d-anphetam ne or d-anphetam ne sulfate (3 ny/kg d-
anphet am ne base) to rats (ELISA analysis). [025] Figure 13. Plasma
concentratj ons of ~d-anphetanine follow ng bolus intravenous administration
of L-1ysin¥OPPHEEanmi ne or d- anphetamine sul fate (1.5¥%804P3HIpnhet ani ne
base) to rats (ELISA analysis). 5 WD 2005/ 032474 PCT/ US2004/ 032131 [026)
Figure 14. Plasnma concentrations of d-anphetam ne |evels follow ng oral

adm ni strati on of Dexadrine Spansul e capsul es, crushed Dexadrine Spansul e
capsul es, or L-lysine-d-anphetam ne (3 ng/ kg d-anphetam ne base) to rats

((jElgllngﬁ\et ana‘]t(féal ?ﬁ‘ﬁ%%7% Fi lrjcreggq’égé%ngéﬁd} W%Fga@%%g?%ﬂ owi ng or al

adni ni st r at jgeiniolratien! xsﬁlmacaem@?aﬁst\mcaﬁsu% ahf & (1 5ng/ kg
d- anphet am ne base) to rats (LC/MS/ M5 anal ysi s). 1028 Figures 16A-B

Pl asnma concepsules; pohdysitfe-diamphstaiaei hmgfkg dﬁmpbsta(rﬁm@hase) toXGAXELESAd i n uM
(Figure 16 Qn'alyé‘@j | owi ng oral adm nistration of L-1ysine-d- anphetam ne or
d-anphetamine-’suf'fate (3 ng/ kg d-anphetani ne base) to rats (LC/ M5/ M5

anal ysi s) . [0Q29IFifresit 5Bl Plasila cmaﬁ‘Bucm@ma’FHxﬂpﬂxbiaﬁﬁ@e ﬁhfnglmﬁr’@‘tg&i'@m ne in

ng/ mL (Figure A, n uM (Ei gure 17B), va ng or adm n| stration
of ' L-lysih¥dg mﬁn’ﬁh&”mﬁ#‘ﬁ@"’oﬁg af#{%ﬂwgn?rﬁ’e %@0%60% ly$metdanphet ami ne
base) to r I}@ﬁﬁ}@{aﬁﬁﬁ A e

concent rat?éxﬁps of d-anphet'am ne fﬁﬂg%@%?kmg/kgﬂégﬁp“eﬁm alﬁdgalsn ulﬁ(Fl gure
18B), foll oﬂﬂaﬂMSd\dalandm)nl stration of L-lysine-d- arrphet am ne or

d- anphet am fate / kg d- anmphet am bas o rat,s LC/ M5/ M5

anal ysi s). @g?,ﬁ] lﬁ‘fr@%?@'ﬁl%@g PReOTE: "@Sr?ggerﬂnﬂg’? ° Hlfn%m%n@@f%m ne in

ng/ mL (Fi guren), 484) in aNd (FiguteM 618), %H@wﬂangral fa@ilimtafign OsRIL-16tAd-gl st rati on
of or d-anphetam ne sulfate (60 ny g};het am ne base) to rats (LC MS/ M5

anal ysi s). SORIREIHPY)gF of mphe@mmrsalﬁtvémp § oA-Praphatarpipe (T@se)) toofats
L-1ysine-d- @mmmaﬂﬁysm).
[029] Figures 17A-B. Plasma concentrations of d-amphetamine in ng/ml (Figure
17A), and in uM (Figure 17B), following oral administration of L-lysine-d-
amphetamine or d-amphetamine sulfate (6 mgkg d-amphetamine base) to rats
(LC/MS/MS analysis).
[030] Figures 18A-B. Plasma concentrations of d-amphetamine in ng/mL (Figure
18A), and in uM (Figure 18B), following oral administration of L-lysine-d-
amphetamine or d-amphetamine sulfate (12 mgkg d-amphetamine base) to rats
(LC/MS/MS analysis).
[031] Figures 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/ke d-amphetamine base) to rats (LC/MS/MS analysis).
[032] Figure 20. Comparative bicavailability (Cmayx) 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 (AUCiy) of L-lysine-d-amphetamine
and d-amphetamine in proportion to escalating doses in rats (mg/kg d-amphetamine
base).



and d-anphetam ne in proportion to escal ati ng human equi val ent doses in rats
(nmg/ kg d-anphetam ne base). [033] Figure 21. Conparative bioavailability
(AUC, d) of L-Iysine-d-anphetanm ne and d-anphetamne in proportion to

escal ating_doses in rats (ng/ kg d-anphetam ne base). 6 WO 2005/ 032474

PCT/ US2004Y@8P48247# 034] Fi gure 22. Conparative Bi oavai PaHP$3040321&UC) V) of
L- 1 ysi ne-d-anphetam ne and d-anphetam ne in proportion to escal ati ng human
equi val ent doses in rats (ng/kg d-anphetam ne base). [035] Figure 23.

Pl asma concentrations of d-anphetam ne follow ng intranasal admnistration
of L-Ilysine-d-anphetam ne or d-anphetam ne sulfate (3 ng/kg d- anphetam ne

o ambhet am 104 Eisiis A conperaie Hioekatianicy (UG o LAl & SBahgiamy | n M
(Figure 24Bhng fodnhshMatind M 'i)?d]}/%?tﬁl'n 102 EY¥hIRting hﬁhh&ggﬁ aleat ¥8deHGn Ga@NPhet am ne

or d-anphetam ne sulfate (3 kg d- anphetam ne se) to rats (LU M5/ M5
anal ysi s. [ (8@/kgPRraguphetangne lﬂggsma concentrations of d-anphetanine follow ng

bolus intr 0 dgi, nj ti . |- | Sk ne-d- m.ne .or. d- anphet am ne
sul fate (ﬁ@ﬂgf d-%e'a'rr% 3p soicdn at‘s°g‘f ‘%%‘*‘?‘%@“%@%&ﬁ%ﬂér}ﬁwgfﬂ). [ 038]
?6%5” es §6Aa&njlf§(h§,_ﬁﬁfﬁ ofdglgrgiﬂéﬂ?hﬁhaﬁnﬂf__ e &d-ﬁmbbétﬁﬁml ' Bé&ujf‘&t_er(glxﬁy_kélﬂ-g]yr e

, and in p i gyre : Wi ng_ i ptranasal administration o
L-1ysi ne-d- a@ﬂgﬂﬁ%%ﬁ@)&m%i@ﬁ@ﬂml§hl fate (3 ng/ kg d-anphet ani ne
base) to'ra ( / ' 1 oF! fLbiky : ¥ "
concentrati Z‘?IBQ| F profi I@gﬁyﬁolﬁ%/?i“[ﬁg- - ogrr%m?%én&r‘\lgy?gﬁ %\nﬁﬁg 3% m n
i nt r avenous amphetanine if Agfm]/ (Eiguro244), ahd ingalvli (Rigate 24H)pfollofving intranasal

L- |l ysi ne-d-anphetam ne (2 ng/ kg) in consciQus | e, beagl e dogs, (n=3). [040]
Fi gure 28. B e%eéﬁfkygﬁ -Qﬁﬁnnlhﬁ@mmep?ﬁ famp ét@wﬁgetsn@ags@c&ﬁow ng
30-mn int r%ﬁﬁﬁﬂ&b&ﬁinb'ﬁﬁébﬂ&{&ts‘(LC%@ﬁM@%ﬁﬁis?t ration of L-lysine-d-anphetam ne

(2 no/kg) in conscious” nale beagle dogs (n=3). [041] Figures 29A-B. Mean
pl asma conc&37] aFigure t25nePlpsrad | doacaptrationsy of rdeamiphetamine following bolus

intravenous administration of L-lysine-d-amphetamine or d-amphetamine sulfate
(1.5 mg/kg d-amphetamine base) to rats (LC/MS/MS analysis).

[038] Figures 26A-B. Plasma concentrations of d-amphetamine in ng/mL (Figure
26A), and in uM (Figure 26B), following intranasal administration of L-lysine-d-
amphetamine or d-amphetamine sulfate (3 mg/kg d-amphetamine base) to'rats
L.C/MS/MS analysis).

{039] Figure 27. Mean plasma concentration time profile of L-lysine-d-
amphetamine following 30-min intravenous irfusion (2 mg/kg) or oral
administration of L-lysine-d-amphetamine (2 mg/kg) in conscious male beagle dogs
(@=3).

[040] Figure 28. Plasma concentration time profile of d-amphetamine foliowing

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 iﬁfdsion (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



anphet am ne and d-anphetam ne levels in ng/m (Figure 29A), and in uM
(Figure 29B), following 30-min intravenous infusion (2 ng/kg) in conscious
mal e beagle dogs (n=3). [042] Figures 30A-B. Mean pl asrra concentration tine
profil e of b—l{ﬁsi d anphet am ne and d- anphetam ne | ey |n n/n1 (Figure
30A), and MY H éure 7 WD 2005/ 032474 PCTI US2004/ 03945Y520 350l 1 owi ng
oral adm nistration of L-lysine-d-anphetamne (2 ng/kg) in _conSC| ous nal e
beagl e dogs (n=3). [043] Figures 31A-B. Individual plasnma concentration tinme
profile of L-lysine-d- anphetam ne follow ng intravenous adm nistration
(Figure 31A) or oral admnistration (Fi gure 31B) of L-1ysine-d- anphet am ne

I n consciou eagl e The or for | at L on use |ses sol ution
and 0.2 ng/ 39]55& ﬁnﬁmr’%r 0@0%%]“’@?55{?%9 waﬂﬂ’:hm (2% ’
concentrat i géhstibiPmple®leh %gdgés (f=3)anphet am ne fol | ow ng intravenous

adm nistration (Figure 32A) or oral admnistration (Figure 32B) of

LI | ysi ne- d- H}faheFxsmeﬁélArBd@d%iuek@asm @nbgmgtlen timsguofileof I HyFingdr e 33. f
P
- Tyo nes - SApRER° Sloiad TIELARND " a8l Gigiee B TP BBL 00 O

base) to nabédmidisgatiod (Figlre 31BN o€ B@smaummmntmhmmmaé Waglephet am ne

fol |l ow ng oral dmnlstr tion of L-lysine het am ne or d-anphetam ne -
sul fate (1.808%y/ W%Paﬂquéo%’ggﬁﬁfs?]&“?% Q2 megul- Al Fi gure 35.
Mean bl ood Ehﬁ; OthVB NGndiNibAY SRS ﬁﬁké&ﬁrah&h ©fifnk OBrotile 61”?3‘“ easi ng
anount s of e- d- anphet am ne or” d- tamne in male and emal e dogs.

[048) Fi gurmﬂ&tamlaet fv@mngcmwmmhaoddlpnmm (Riguwrowi3d4) i ot r avabnous bol us

i “rel o anter RGO R Bttt B R Rl SRR

fol |l ow ng odéds. admi ni stration of L- |ysine-d-anphetamnm ne or d-anphetamne (5
hour ti nme- cours% [05] Fi gure 38. Lqconotor activity of rats follow ng

oral adni ni B4kt Jgﬂreof3 Plasma concentrations of d-amphetamine following oral
administration of L-lysine-d-amphetamine or d—amphetamme sulfate (1.8 mg/kg d-

amphetamine base) to male dogs.

[046] Figure 34. Plasma concentrations of d-amphetamine following oral
administration of L-lysine-d~amphetamine or d-amphetamine sulfate (1.8 mg/kg d-
amphetamine base) to female dogs.

[047] Figure 35. Mean blood pressure following intravenous bolus injection of
increagsing amounts of L-lysine-d-amphetamine or d-amphetamine in male and
female dogs. '

[048] Figure 36. Left ventricular blood pressure following infravenous bolus
injection of increasing 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).



| ysi ne-d- anphet am ne or d-anphetam ne (12 hour tinme-course). [051] Figure
39. Loconotor activity of rats follow ng intranasal adm nistration of

L- |l ysi ne-d- anphet am ne or d-anphetam ne (1 hour time-course). [052] Figure
40. Loconojor_activity of rats following intranasal admnistration (wth
car boxynet 312(9%51"(136‘176%) of L-1ysine-d-anphetanine or d-BAPHE0A3NE1(2 hour
ti me-course). 8 WO 2005/032474 PCTI US2004/ 032131 [053] Figure 41. Loconotor
activity of rats follow ng intravenous adm ni stration of

L-1ysi ne-d-anphet am ne or d-anphetam ne (3 hour time-course). [054] Figure
42. Intranasal bioavailability of abuse-resistant anphetam ne am no acid-,
di-, and tr QSBFpFiFﬂ% 48 NG dERE R SctiFity oPfat@ RilloW i gSihtravedom] ac%&iﬂﬂéﬁ'@ioﬂ%f O al

bi oavai l ability ol abuse-resistant "anphet am ne am no aci d-, -, and

tri-pepti deldpiiedampbetyrmine ondamphstaingie. (3 poBdime=¢ayesed 44. | ntravenous

bi oavai | abi |4 f - b . mne.tri- peptide conjugate
(ELT oA anal S, B BiRgasd Sa\ Ak RE SRS el iy it
abuse-r esi shddd diaranl efi-peptive cofjupates BEISA amdlydiggat e (ELI SA anal ysis). [058]
Figure 46. (ral bioavallahility of an abuse-resistant anphetam ne amino acid

conj ugat e ( ESPEAFIgRLS 47 eyl bigayaidability of abuse-resistant amphefamineAniag asitfabi | i ty of
abuse-resi sgg 3 ' ' L A-eandi -, and tri-peptide conjugates
(ELI SA anal %ﬁ%dﬂg@%%gﬁﬁg %ISI?W%S sal bioavailability of an
abuse-resi sft#6] Eigpledtdahimaeenonsrbivavailabilifjeft anchbusrarepistgat emthctandtife wiral ysi s) .
[061] Figure 49. -Intran bi aa\z ilability of abuse-resistant anphetam ne
anino aci dP%? ﬁ&orﬂ?g‘%e BHHMyat es (ELI SA anal ysis). [062] Figure 50.

Intranasal ps9pVRighebYS.i InfrafhsaP bichis@ilite SIfS A buseAdhiSahte BinPRetathine Pept i de
conjugate containrng D- and L- amno acid isoners (ELISA analysis). [063]
Fi gs. 51A- Baminpggigeorivaate FEEISA ®alysie). d- anphet ami ne and L-1ysi ne- d-

1 ue  ( ri (158 gt A6PDr Bibat iy G uicactitamt doefitind il 0% 2 0
or d- anphetapigate (ELISAtealysis)y/ kg d- anphet ami ne base) to rats. Serum and
brain tiss uf059] Figure 47. Intravenous bioavailability of abuse-resistant amphetamine amino

acid-, di-, and tri-peptide conjugates (ELISA analysis). |

[060] Figure 48. Intranasal bioavailability of an abuse-resistant amphetamine

amino tri-peptide conjugate (ELISA analysis). ,
[061] Figure 49. Intranasal bioavailability of abuse-resistant amphetamine amino
acid-, and di-peptide conjugates (ELISA analysis). . |

[062] Figure 50. Intranasal bioavailability of an abuse-resistant amphetamine di-
peptide conjugate containing D- and L- amino acid isomers (ELISA analysis).

[063] Figs. 51A-B. Plasma concentrations of d-amphetamine and L-lysine-d-
amphetamine in ng/mL for the serum levels (Fig. 51A); and in ng/g for brain tissue
(Fig. 51B), following oral administration of L-lysine-d-amphetamine or d-
amphetamine 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.



d- anphet am ne and L-1Iysi ne-d-anphetam ne concentrations were neasured by

LG M5/ M5 (conpound indicated in parenthesis). [064) Figure 52. illustrates
preparation of Gal act o-Hydrocodone. [065] Figure 53. Oral bioavailability of
abuse-resi stant hydrocodone carbohydrate conjugates, neasured as free

hydr ocodone (with neasured plasm |levels by ELISA). [066] Figure 54.
illustrates preparation of R bo-Hydrocodone. 9 [067] Figure 55. Intranasal

bi oavai l ability of abuse-resistant hydrocodone carbohydrate conjugate,

reasur ed 25 fde pIL SR IRNELINEN IEARK S BLaRUR | EXEL SN ELI SH) . [068)

Fi gure 56. { es ’preparation o u 0 “Fi gure 57.

illustrates c@b@pﬁrr@feic@ﬂjégﬁte,Adnaaslafesa-dsbfﬂ:rqu@ﬂﬁa@ene[(w?@]méasmaqalq‘%&la iITustrates
the preparation of dy-Gy-Leu-Hydrocodone. [071] Figure 59. illustrates

prepar at i onlerIsEWEIESWE y- G y- Leu[ SEQ | D NGO 11- Hydrocodone. [072] Figure
60. Intrana bi-oavail ahi.l f use-resi.stant hydrocodone amno acid ,
T@AS :F? W 5'15 1Hust ek p?fr:]pe@?.?elﬁlo eoé ng—}ﬁcg cq%;é

i
di- and tri‘pept conj uga{ es, asu ¥ocodone. [073] Figure

61. Anal gesij@9gf Fasifre 7. iBhsEResRepSitRM oI WA IPOSPHARROHERe, PEPL i de  conj ugat e
followi ng intranasal adm nistration, neasured as free hydrocodone. [074]
Figure 62. MW g&sguee 88 filustragds thhprepanatien ef @ht-Ghylewtlydmsedond. - and pent a-

Rydr ocodone U712 gor dloa e S pERRRTT L pREl bR -G SMsel appT i o
hydr ocodonel_gﬂmcad@ﬁ)ti de conjugate follow ng intransal adm nistration,
r

measured as free hydrocodone. 9076] Figure 64. Intranasal bioavailability of
abuse-resi s{&R Hygire ©0d bnteanasal -bicavdilatphiyt of guje-rekstavijydyeodene pmasur ed as

free hydrocodgne. 77]. Fj.qure.65. Intranasal. bi.oavail,ability of
abuse-resi sfdfir %Hf%@(%?%h‘ge ?ngageﬁdme?)sélﬁetads -Srféeﬁthiyaﬁoc%?ﬁeugat es, measured as
free hydrocogioye riddd 841 FlaGHIgesib Geffdont sARBSALreRb@AY dylRRbAY tRfpeptide

abuse-resi stant hydrocodone an am no acid-carbohydrate peptide conjugate,
measur ed as conjagathyellayoog orieanagad Zdhinfitgtioe, resurdak fres hydtoédae. of

sbuse. o= syptl Bygesoans, perLspept LS, conL ORI, LN phigveneys
peptide conjugates following subcutaneous administration, measured as free
hydrocodone.
[075] Figure 63. Analgesic effect of abuse-resistant hydrocodone penta-peptide
conjugate following intransal administration, measured as free hydrocodone.
[076] Figure 64. Intranasal bicavailability of abuse-resistant hydrocodone tri- and
penta-peptide conjugates, measured as free hydrocodone.
[077] Figure 65. Intranasal bioavailability of abuse-resistant hydrocodone tri- and
penta-peptide conjugates, measured as free hydrocodone.
[078] Figure 66. Intranasal bioavailability of abuse-resistant hydrocodone an amino
acid-carbohydrate peptide conjugate, measured as free hydrocodone.
[079] Figure 67. Analgesic effect of abuse-resistant hydrocodone penta-peptide
conjugate following intravenous administration, measured as free hydrocodone.
[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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[080] Figure 68. Intranasal bioavailability of an abuse-resistant

hydr ocodone tri- peptide conjugate, neasured as free hydrocodone. [081]
Figure 69. Intranasal bioavailability of an abuse-resistant hydrocodone
pent a- peptide @oqgugate nmeasured as free hydrocodone. 082& ﬂure 70.

| nt r anasal VB8P 4bi ity of an abuse-resistant hydr odSdOREMBRNhent i de
conj ugate, neasured as free hydrocodone. 10 WO 2005/ 032474 PCT/ US2004/ 032131
[083] Figure 71. Intranasal bioavailability of abuse-resi stant hydrocodone
tri- and penta-peptide conjugates, neasured as free hydrocodone. [084]
Figure 72. Intranasal bioavailability of abuse-resistant hydrocodone pent a-

"o anasal FBaganreoF drpdrasy SiorvalfusY pLERSHERBun, Bdbomble Hfa: pept i de
conj ugat e, paﬁa@upmﬁ@ﬁju%ﬁte@muﬁﬁap@mgyd&a%he Figure 74. Intravenous

bloavallablllty of an_abuse-resi stant hydrocodone tri- peptide conjugate,

measur ed ad084leEigupirdotannsal tiorypilabmityinf ebus:-resigentahdseqodonepeass- abil ity of

an abuse-r 9&9&8%? conjugate, measured as free
hydr ocodong%tf%g:gfj Eaégure tﬂ:e{ehﬁ@@g{s/dal b| lity of an abuse-resistant
hydr ocodo ne[ﬂ&ﬁe} nthur@H)ﬂntdﬁaﬂbhth]ﬁhtyl’lﬁ af uhee-resistdnt hedioyatiope peltre. [ 089]
Figure 77. {eanasal bi oava | a I||t§‘¥q¢f’é an abuse-resi stant hydrocodone tri -
pent a- pept |p (?ﬂ}l-\‘}%’énew Wehydr ocodone. [090] Figure 78.

I ntranasal [g8¢)a¥aiuré. |Ih1§:é&eﬂ$usdﬁba@9i%%ﬁ:t§ 88 heb AARE-rAWeHnP G9dl8BRIcRE /-2~ pepti de
conj ugat e, rreasured asfree ydrocodone [091] Figure 797 Intranasal

bi oavai | ablppptwc‘@muaﬁasnewgdget hydyatedansdone pent a- peptide conj ugat es,

measur ed a e%l 7958 al bi %aﬂ: WrGnSusd R ARA n?o Y ”ab'l'ty of
A i G R

an abuse- r ydriocodone nj ugat e D- and
L-isoners, paptatewbﬁﬁigae xﬁeaeﬁeﬂlyﬂfrec:h:;ﬂmdm{ewS] Figure 81. Int ranasal

bi oavail abi ity _of an a e- resl ydr ocodone pent eptide conjugate,
measur ed ai“sheglm%c nlgoa\[aé 'gﬁﬂ @b Wreqlﬁm*ah%%ﬂoﬁm%amﬂ ability of

ﬁn abuse-r g,gb@e%gﬁju@&grlﬂ&ggggngs ﬁ)&rﬁ@ocggﬁel de conjugate, neasured as free
ydr ocodon
[089] Figure 77. Intranasal bioavailability of an abuse-resistant hydrocodone tri-
penta-peptide conjugate, measured as free hydrocodone.
[090] Figure 78. Intranasal bioavailability of an abuse-resistant hydrocodone penta-
peptide conjugate, measured as free hydrocodone.
[091} Figure 79. Intranasal bioavailability of abuse-resistant hydrocodone penta-
peptide conjugates, measured as free hydrocodone. '
[092] Figure 80. Intranasal bioavailability of an abuse-resistant hydrocodone tri-
peptide conjugate containing D-and L-isomers, measured as free hydrocodone.,
[093] Figure 81. Intranasal bioavailability of an abuse-resistant hydrocodone penta-'
peptide conjugate, measured as free hydrocodone.
[094] Figure 82. Intranasal bioavailability of an abuse-resistant hydrocodone penta-
peptide conjugate, measured as free hydrocodone.
[0951 Figure 83. Intranasal bloavallablllty ofan abuse-reszstant hydrocodone penta-
peptide conjugate, measured as free hydrocodone,
[096] Figure 84. Intranasal biocavailability 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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[095] Figure 83. Intranasal bioavailability of an abuse-resistant

hydr ocodone penta- peptide conjugate, neasured as free hydrocodone. [096]
Figure 84. Intranasal bioavailability of abuse-resistant hydrocodone penta-
pepti de conjugates, neasured as free hydrocodone. [097] Figure 85.

I ntranasal bioavailability of an abuse-resistant hydrocodone penta- peptide
conj ugate, neasured as free hydrocodone. 11 [098] Figure 86. illustrates
preparation of 1,2:3,4-di-0Oisopropylidene-D gal actopyranose. [100] Figure
87. Oral bioavailability of abuse-resistant hydrocodone gl yco-peptide

conj ugat es, [09)S ¥ afe 86. lluagudVEEpsatNTE 1 1: iqldl-@x%@y%enéba'

bi oavai l abl I ity of an abuse-resistant hydfocodone am aci d- crabohydrat e
conj ugat e, melaswpenes. free hydrocodone [102] Figure 89. illustrates

nucl eosi des t site gure 90. Oral bio vallablllty in
rats for (ﬁf@go&bﬂk 32 br—g@,bpqg f"%‘:bé e rffls'ﬁ@ Bydracqsions glyromspids
appr oxi matl '&Bn]%%é@@ﬁﬁ’&%&%&ﬁs Hggﬁyﬁrg@&%n@qw val ent neasured as free

hydr ocodone Figure 91. Oral bioavailability in rats for hydrocodone
vs. EEFFF[ SEEI‘QII DFlg\m‘ &1 -(El dtoavaddsbty( bivgh kepusapgsistent ptdrovgdand hmimpeut i ¢

human dose e nmeasured as free rocodone. [105] Figure 92. Oal
bi oavai | abi |a%¢f§?f’?w3{a§ ?%\Ju%%&&sﬁi%ﬁ @éedhwﬂqen%t a dose (1 my/kg)
appr oxi mat i fwoz? tﬁ@fré‘@@%@lhﬁrﬁé&%ﬁle@@ﬁ@s ﬁﬁwo\ﬁnggﬁén grasured as free

hydr ocodone gure 93. Oal bioavail 1ty 1n rats for hydrocodone
vs. DDl -HC eilOBel (fmgafe 9()10nag/l:ktga)vaéqdphty>anrraits|fmgh3airt>¢mi|0apefmtEE;FH?ﬁliﬂi‘Qddi)se

equi val ent rocodone. . [1 ure 94. Ora

bi oavai | abi I raétasc{ fl H@%‘?%@B%ﬁgn?\‘}?g aY‘I’L‘i@ deq@an e eﬁ}”"ﬂ@nht a
dose (I g/ kgg 8§ 9XEBRhiqigc@idhber apeuti ¢ hunan dose equi val ent neasured as
free hydrocodo?{tgg Fg( rgf %I gﬁré) 95. Oral bioavailability in rats for

hydr ocodone [Wt] Ebkkit PSEQrilbiodNGilatalityHE mats far tgdwcbddorrp/sk FEFRPBRA@dN ng a
human over d?\fg § ql‘:ilcvﬁlaecrl.lose r(r?r%sg}f(rg?gpprgyscmzartlgg ah}llgrr'clgguqt%o}?uef‘nan dose equivalent
measured as free hydrocodone.
[105] Figure 92. Oral bioavailability in rats for hydrocodone vs. YYI-HC at a dose
(1 mg/kg) approximating a therapeutic human dose equivalent measured as free
hydrocodone.
[106] Figure 93. Oral bioavailability in rats for hydrocodone vs. DDI-HC at a dose
(1 mg/kg) approximating a therapeutic human dose equivalent measured as free
hydrocodone.
[107] Figure 94. Oral bicavailability in rats for hydrocodone vs. YYFFI[SEQ ID
NO: 6]-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[SEQ ID
NO: 5]-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 bicavailability in rats for hydrocodone vs. DDI-HC at a dose

(5mg/kg) approaching a human overdose equivalent measured as free hydrocodone.
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[109] Figure 96. Oal bioavailability in rats for hydrocodone vs. YYI-HC at
a dose (5 ng/kg) approaching a human overdose equi val ent neasured as free
hydrocodone. [110] Figure 97. Oral bioavailability in rats for hydrocodone
vs. DDI-HC at a dose (5ng/kg) approaching a human overdose equi val ent
nmeasured as free hydrocodone. 12 [111] Figure 98. Oral bioavailability in
rats for hydrocodone vs. YYFFI[SEQ ID NGO 61-HC at a dose (5 ng/kQ)
approachi ng a hunman overdose equi val ent nmeasured as free hydrocodone. [112]

Fi gure 99. ne i Qo b} al l abil.i-Ly. of FEFL SEQ. 1 D E
co%pared to%ﬁﬁﬁro qﬁ%ﬁ%'ggﬁﬁﬁﬁwgﬁ?P% ﬁgéﬁwﬁgﬁ53&8?&%Hﬁf%$§?a§¥F%%sﬁgbsured
as free hywN@csda0eat a [dﬁﬁ@ds by SppkOfthidgechenstoldiddre @QaMRhleabkhduyeof

YYl - HC as conpared to ydrocodone by the intranasal route of adm nistration
measur ed as a8 fleehydiperdssedone. [114] Figure 101. Decrease in bioavailability

of DDI-HC a red 0 .hydrocodone by.the A 0 f
admi ni st rat ﬁ%frﬁgg? SUF egg z]ajsec%/era ge ' %31/0 ?’%lﬁc)%blgﬁeqfl %ﬁ@ﬂgml}pe%zgl%gc?sease in
bi oavai | abi lcbinyaefl 10 ¥idrbl SRk bl (NOntfhaddG e ofchmalsasidPmiydracadpne by the

intranasal route of adm nistration nmeasured as free hydrocodone. [116]
Fi gure 103. hpdweedpse. i n bioavail ability of EEFFI[SEQ ID NO 5]-HC as

conpared to recodon y~the intrayvenous, rout I nistration asured
as free hyéﬁéﬂo%ﬁé‘? ﬁ@??eﬁeaﬁfr " 1@3?"?@8‘11&55% %Ygﬁ?a\fgi F%%P?ﬁegy{ggf

EEFFF[ SEQ | RylQcodlieHByashe CaiRarRd tendyef ospdan@ation t hRadudd ayengys route
of adm nistration nmeasured as free hydrocodone. [118] Figure 105. Decrease

i n bi oavai | &iliocedengf YYI -HC as conpared to hydrocodone by the intravenous
oute o 20U oh ropRlesd, 3, Lhese B saiRd Mo
Egg; gggggzg'h?&roEJStﬁ)dentbryaWﬁé‘O%ﬁrah%‘l erdthe agM MnSihlsAhliGn ARAGMEELdafSred I €€
hydrocodone.
[115] Figure 102. Decrease in bioavailability of YYFFI[SEQ ID NO: 6]-HC as
compared to hydrocodone by the intranasal route of administration measured as free
hydrocodone.
[116] Figure 103. Decrease in biocavailability of EEFFI{SEQ ID NO: 5J-HC as
compared to hydrocodone by the intravenous route of administration measured as
free hydrocodone.
[117] Figure 104. Decrease in bioavailability of EEFFF[SEQ ID NO: 3]-HC as
compared to hydrocodone by the intravenous route of administration measured as
free hydrocodone.
[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[SEQ ID NO: 6]-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[SEQ ID NO: 6]-HC at 1 mg/kg (equimolar doses with equivalent content of

hydrocodone base) in rats, measured as free hydrocodone.
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[ 120] Figure 107. Oral bioavailability of hydrocodone plus hydronor phone
(concentration vs. tinme) follow ng adm nistration of hydrocodone bitratrate
or YYFFI[SEQ ID NO 6]-HC at 1 ng/kg (equinolar doses w th equival ent
content of hydrocodone base) in rats, neasured as free hydrocodone. 13

[ 121] Figure 108. Oral bioavailability of hydrocodone (concentration vs.
tinme) follow ng adm nistration of hydrocodone bitratrate or YYFFI[SEQ ID
NO 6]-HC at | ng/kg (equinolar doses with equival ent content of

hydr ocodone base) in rats, mneasured as free hydrocodone. [122] Figure 109.
Oral  bi oavailAhi Figuye afoghyitaobivapditibdity cdnigeiddollbh® Hcotentratid) vs.f@héow ng
adm ni stration of hydrocodone bitratrate or YYFFI\F SE%{I D NO 6(%- HC at 1
ng/ kg (equi floaying gdmangrationefhvdrrcedencchifraaie Y WyEHIEQUMAN®RSENCG n rat s,

q _ . N . L ahil ;
nydr ocodonepl 42 Ry S BRBORRSsses il cBBHb, cbhftoy ST RloLSRUG R ERiR S48, ©
adm ni str at nas\géd hyeoppitoaRiohet ratrate or  YYFFI[SEQ I D NO 6] -HC at 2

ng/ kg (equi nol ar doses with equival ent content of hydrocodone base) in
rats, neasul B¢ladigured0hydrad dirryadability of] hydrqquerghanel {coupaitrappo ag-aimeni | i ty

of hydrocod . At i i ; i LR} KO

hydr oc odone(i’(gt;llF v&r%é’ Eglt%gﬁ 1%‘?*@%%0@1@8@@36”‘9‘5@@5’?&5%ﬁ%qﬁlﬁ%ﬁ ar
doses wi th eguinv@kenéqueaolaedbsesfwitly dgiacaeanenbas ey hydrot@lone bas@dsused as
free hydrocodone. [125] Figure 112. Oral bioavailability of hydronorphone

(concent r at imsaswed ag fra@hydrpendosii ng admi ni stration of hydrocodone bitratrate

or YYFFI[ SE@yid’,ﬁ)OW @ ] Tf[;(ﬁacs g?zgl. %io%géiga%ilgtﬁgg% r]r}'&lec}lzrircggg Se?éaéﬁ’“%i}ﬂfldgogﬁ%\éﬁl gt

content of codonhe inra asu e [ 126]

Fi gure 113. (@nabnthitioavad. | ek} ibYowihghydhpeodase @l HedbysHoasObipaeMe or
(concentration vs. tinme) follow ng adm nistration of hydrocodone bitratrate
or YYFFI [ SEQHHISKS I8 NAc 631G atdymigdhg (equimeiar slosepoils equivacrtgonieat et
content of _hydroco in.rats, -neasured. as free hydrocodone. [127]
Figure 114. b 3re qn%;.o\ggﬁ)ﬁ%gﬁ%’i"b%s%rfe ﬁf/gF%c%dj(%%de Concentration vs. ti nme)

foll owi ng a{m'ctr]li Figiat 11N, TDrahpiaesiosane 4 hydbdodbae GEont¥ratlcaER. | ndO. 6] - HC

at 5 ng/ kg (equi nol ar doses with equival ent content of hydrocodone base) in
rats, ollowing administration of hydrocodone bitratrate or YYFFI[SEQ ID NO: 6]-HC
at 2 mg/kg (equimolar doses with equivalent content of hydrocodone base) in rats,
measured as free hydrocodone.
[125] Figure 112. Oral bioavailability of hydromorphone (concentration vs. time)
following administration of hydrocodone bitratrate or YYFFI[SEQ ID NO: 6]-HC
at 2 mg/kg (equimolar doses with equivalent content of hydrocodone base) in rats,
measured as free hydrocodone. |
[126] Figure 113. Oral bioavailability of hydrocodone plus hydromorphone
(concentration vs. time) following administration of hydrocodone bitratrate or
YYFFI[SEQ ID NO: 6]-HC at 5 mg/kg (equimolar doses with equivalent content of
hydrocodone base) in rats, measured as free hydrocodone.
[127] Figure 114. Oral bioavailability of hydrocodone (concentration vs. time)
following administration of hydrocodone bitratrate or YYFFI{SEQ ID NO: 6]-HC
at 5 mg/kg (equimolar doses with equivalent content of hydrocodone base) in rats,
measured as free hydrocodone.
[128] Figure 115. Oral bioavailability of hydromorphone (concentration vs. time)

following administration of hydrocodone bitratrate or YYFFI[SEQ ID NO: 6]-HC
at 5 mg’kg
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measured as free hydrocodone. [128] Figure 115. Oral bioavailability of

hydr onor phone (concentration vs. tinme) follow ng admnistration of

hydr ocodone bitratrate or YYFFI[SEQ ID NO 6]-HC at 5 ng/kg 14 (equi nol ar
doses with equival ent content of hydrocodone base) in rats, nmeasured as
free hydrocodone. [129] Figure 116. Oral bioavailability of hydrocodone plus
hydr onor phone (concentration vs. tine) follow ng adm nistration of
hydrocodone bitratrate or YYFFI[SEQ ID NO 6]-HC at 25 ng/ kg (equi nol ar
doses with equival ent content of hydrocodone base) in rats, neasured as
free hydr ocdetmneolaf 83&@F vAtlgequevaldit cofenat ofiivdencailbmbbdse} in afs, medsuwwebgone
(concentration vs. tinme) followng adm nistration of hydrocodone bitratrate
or YYFFI [ SEGSEBYNOCOEHC  at 25 ng/ kg (equi nol ar doses with equi val ent

content of o] e; has i R e [ 131]
Fgure 198, TAN T ohvh Faprt BileSp Pl Coe HBiARye My RaRRGe ¢ o)

foll owi ng adminceigtatiahi on ofmeh\fdioemgoadministmaon aife hpdroYotehnk [ BE@QTh® NO. 6] - HC

at 25 /k i ol gse i.th ui val ent content aof hydrocodone base) in

fate, " easorCiF PN NF R Al abE e Bt G G0 on U AR OB, | ¢y
AUCo_4h) of I tration vs. dose) in

E)r oporti Zjn t"gﬂﬁ(g‘ég&fbg?F%%ﬁgﬁ%ﬁt%%ﬁﬁﬁgégﬁ?%@%@ﬁ@ﬁ?ocodone bi trat ra% e or

YYFFI [ SEQ | PIMNP FodurdiQ 18t Oreb didaatilabitd asfelbydrdcoddne Fcormttraonyé Kgme)
equi nol ar doses with equival ent content of hydrocodone base) in

measur ed as fplevang pdparisiEsing. off hysisacodprg piratralg orcy YFFUSEAY B ING; ﬁlr-?ltff’
AUCo_ 4h f I ti t
Squivar ont oo E AR Sose ¥ALARRARAN o BRI B MMt

or YYFFI [ SEQidaburbDas fite hi@lratodoascal ati ng doses (1, 2, 5, and 25 ng/kg -

equi nol ar doses with equival ent content of hydrocodone base) in rats,
nmeasur ed as [13de Figrae dé 80 bipavadabikiygafrhydigmorphprg (deneenimtipays! img) ( Crax)

O Y oo SN LRI ONEGAAL L P UBEF o P pREC | o1 [
6] - HC at eseabfhigig dgagsoladdoses with equivalent content of hydrocodone base) in rats,
measured as free hydrocodone.
[132] Figure 119. Oral bioavailability (AUCy4n) of hydrocodone plus
hydromorphone (concentration vs. dose) in proportion to dose following
administration of hydrocodone bitratrate or YYFFI[SEQ ID NO: 6]-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.
[133] Figure 120. Oral bicavailability (AUCy4n) of hydrocodone plus
hydromorphone in proportion to human equivalent doses (HED) following
administration of hydrocodone bitratrate or YYFFI[SEQ ID NO: 6]-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.
[134] Figure 121. Oral bicavailability (Cyax) of hydrocodone plus hydromorphone
(concentration vs. dose) in proportion to dose following administration of
hydrocodone bitratrate or YYFFI[SEQ ID NO: 6]-HC at escalating doses (1, 2, S,
and 25 mg/kg - equimolar doses with equivalent content of hydrocodone base) in
rats, measured as free hydrocodone.
[135}] Figure 122. Oral bioavailability (Cpayx) of hydrocodone plus hydromorphone

in proportion to human equivalent doses (HED) following administration of
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and 25 ng/ kg - equinol ar doses with equival ent content of hydrocodone base)
in rats, neasured as free hydrocodone. [135] Figure 122. O al

bi oavail ability (Chax) of hydrocodone plus hydronorphone in proportion to
human equi val ent doses (HED) follow ng adm nistration of 15 hydrocodone
bitratrate or YYFFI[SEQ ID NO 61-HC at escal ating doses (1, 2, 5, and 25
nmg/ kg - equi nol ar doses with equival ent content of hydrocodone base) in
rats, measured as free hydrocodone. [136] Figure 123. Intravenous

bi oavai l ability of hydrocodone plus hydronorphone and YYFFI[SEQ | D NG

61- HC (concégtifoabdeme bigatrite )Y Y EFI[SEQI® N@m 6]LI$¢‘, radeb@Mtingf dRydriooodone
bitratrate or YYFFI[SEQ ID NO 61-HC at 1 kg geqU|nDIar doses with
equi val ent E8hEZennedse -hwlaekaaéﬁwb\a%)%qwﬁalpa& eonigrs 4 Jpdepcadore base) in

hydr ocodone I avenous bi oavailability of hydrocodone
(concentratF%%%gékugd%gﬁ% %ﬁ@PCQ?%% adm ni stration of hydrocodone bitratrate

or YYFFI [ SEQ3dD Mgure 623. H@tratfenbuﬁb{dﬁgallaﬁquy gD hadrockadoas phist Hydestbrpabent
content of hydrocodone basaﬁg rats, measured as free hydrocodone. [ 138]

Fi gure 125. apaty BUEHEQ HY dd:abl-Ebi (cpregniFaLion v dm)ﬁﬁﬂwélr@c&m@@mmmn on vs.

time) foll ow S r te or EQ I D NO
61-HC at 1 ?%Sﬁ)g%%kn%%%&h 6?22Y%¥ﬂ§ﬁgggﬂagpgn]' enpgéﬁ F%i%done
base) in rabses Mpasehechlas ottt hdhptesanae HaldOln FhgUnRadRbd alsnitréeanasal
bi oavai l ability of hydrocodone plus hydronorphone (concentratlon vs. tine)

fol | owi ng adiilivicedangt i on of hydrocodone bitratrate or YYFFI[SEQ I D NO

61-HC at 1 g dases i val.ent. conten dr ocodone
base) in raﬂgi'hm,fg%‘ﬂ? elggaszarvggoﬁymp%%ggﬁlg Of% Sfocﬁﬁ rtscofﬁgfm Yﬂ?rénasal
bi oavai | abi hintey fefloRidr aadRAGHE 0N GEMESIING bilSirate bt ”iE'YFF EQUINNO:

admi ni stration of hydrocodone bitratrate or YYFFI[ SEQ I 6]-HC at 1

my/ kg (equi GHIEHE aubm&gﬁeﬂwmi@r dratsewith eavivelant conteny df bﬁbmnb gs8) ifi n
rats, measured as dro odone. 11411 Figure 128. Intranasal
bi oavai | abi I'T nﬁ?”ﬁ@&? %ﬁg Poncentration vs. time) foll owing

admi ni st r at ijp38)ofF; dé‘\)fé'ﬂ%%&ﬂ@cﬂéh& bftala®ilRY oFKﬁﬁbhﬁﬁsaohP(mcentﬂtmﬁ@sat 1
ng/ kg (eqU|nDIar oses with equival ent content” of hydrocodone base)
time) following admmlstratlon of hydrocodone bitratrate or YYFFI|SEQ ID NO
6]-HC at | mg/kg (equimolar doses with equivalent content of hydrocodone base) in
rats, measured as free hydrocodone.
{139] Figure 126. Intranasal bioavailability of hydrocodone plus hydromorphone
(concentration vs. time) following administration of hydrocodone bitratrate or
YYFFISEQ ID NO: 6}-HC at 1 mg/kg (equimolar doses with equivalent content of
hydrocodone base) in rats, measured as free hydrocodone.
[140] Figure 127. Intranasal bioavailability of hydrocodone (concentration vs.
time) following administration of hydrocodone bitratrate or YYFFI[SEQ ID NO:
6]-HC at 1 mg/kg (equimolar doses with equivalent content of hydrocodone base) in
rats, measured as free hydrocodone.,
[141] Figure 128. Intranasal bioavailability of hydromorphone (concentration vs.
time) following administration of hydrocodone bitratrate or YYFFI[SEQ ID NO:
6]-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
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rats, nmeasured as free hydrocodone. [142] Figure 129. Oral bioavailability
of hydrocodone plus hydronorphone (concentration vs. tine) follow ng

adm ni stration of hydrocodone bitratrate or 16 YYFFI[SEQ ID NO 6]-HC at 1
nmg/ kg (equi nol ar doses with equival ent content of hydrocodone base) in
rats, neasured as free hydrocodone. 16A [143] Figure 130. Oral

bi oavai l ability of hydrocodone (concentration vs. tine) follow ng

adm ni strati on of hydrocodone bitratrate or YYFFI[SEQ ID NO 6]-HC at 1

ng/ kg (equi nol ar doses with equival ent content of hydrocodone base) in rats,
measured as YYEEI[SEQrH):Mhr&] HC JaM]mQ?kQ(Hq&micﬁ&r ddsealvithieqaiwalehbéoritért yf of

hydr onor phone (concentration vs. timne) %I | ow ng adm ni stration of

hydr ocodone Nyftqeasdenst S@rmWﬁPPE@EGdIanN@ yéjospfoneat 1 ng/ kg (equi nol ar
doses with equival ent content of hydrocodone base) in rats, neasured as
free hydrocodone. [145] Figure 132. Oral bioavailability of hydrocodone plus
hydr onor phone (concentration vs. tine) follow ng adm nistration of

hydr ocodone bitratrate or YYFFI[SEQ ID NO 61-HC at 2 ng/ kg (equi nol ar
doses with equival ent content of hydrocodone base) in rats, neasured as
free hydrocodone. [146] Figure 133. Oral bioavailability of hydrocodone
(concentration vs. tinme) followng adm nistration of hydrocodone bitratrate
or YYFFI[SEQ ID NO 61-HC at 2 ng/kg (equinolar doses w th equival ent
content of hydrocodone base) in rats, neasured as free hydrocodone. [147]
Figure 134. Oral bioavailability of hydronorphone (concentration vs. tine)
follow ng adm ni stration of hydrocodone bitratrate or YYFFI[SEQ ID NO 61-HC
at 2 ng/kg (equi nol ar doses with equival ent content of hydrocodone base) in
rats, neasured as free hydrocodone. [148] Figure 135. Oral bioavailability
of hydrocodone plus hydronorphone (concentration vs. tine) follow ng

adm ni stration of hydrocodone bitratrate or YYFFI[SEQ ID NO 6]-HC at 5

ng/ kg (equi nol ar doses with equival ent content of hydrocodone base) in
rats, nmeasured as free hydrocodone. [149] Figure 136. Oral bioavailability
of hydrocodone (concentration vs. tine)
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foll ow ng adm ni stration of hydrocodone bitratrate or YYFFI[SEQ ID NO 6]-HC
at 5 ng/ kg (equi nol ar doses with equival ent content of hydrocodone base) in
rats, neasured as free hydrocodone. [150] Figure 137. Oral bioavailability
of hydronorphone (concentration vs. tine) follow ng admnistration of
hydrocodone bitratrate or YYFFI[SEQ ID NO 6]-HC at 5 ng/kg 17 (equi nol ar
doses with equival ent content of hydrocodone base) in rats, neasured as

free hydrocodone. [151] Figure 138. Oral bioavailability of hydrocodone plus
hydr onmor phone (concentration vs. tinme) follow ng adm nistration of

hydr ocodone (pidyr i@k e f OrkN iR HOhydeddong!(cormeliBhifch LEHEP! ar
doses with equi'valent content of hydr codo)ﬁe ase) in rats, neasured as
free hydr ocddidmeing bkib5QhistFatgur ef 188ocodonad bbiacateadr BBFFI[SEQIDHYO: 6¢-6ifbne
(concentration vs, ti rre%ne fo]lowi ng adm ni strati o? of hydrocodone bitratrate
or YYFFI [ SEG' |l ngke (gauimelar JosesoWip cRYVESUTamiAnA 0T dydosodancrbasghinvalsent
content of ih.rats, neasured as free hydrocodone. [153]

Fi gure 140. D@g@%g%%%??ﬁ%ﬁﬁﬁﬁ of hydronor phone (concentration vs. tine)
foll owi ng adid4]i Rigwetilén. Ofalhhyidradedbtyeobhtdrahomheno (coiYEiftiSEQs) BmhD: 6] - HC

t 25 nmg/k inmolar d L th [ t tent_of h d b [
Fats, | measddBeES MES T OEoHGle: GBI Gey THENSELDDN G b kA, | 1ty
(AUCD. ) of s oREUORGRElSoslly i ATRRORRELEARSE I HELEAN s il 1

proportion to ow ng admnistration o ocodone bitratrate or
YYFFI [ SEQ | bhddenrellas HEe aydroesdakat i ng doses (1, 2, 5, and 25 ng/kg -
equi nol ar doses wi.t h equi val ent content of = hydrocodone baseq) inrats,

I

measur ed as [#4¥e higyroddaostial [biosy llth“gtdr &f 1hysiroqedgpe pplgavhdrempinhege
AUCo. 4 f ad : 18 i i
Saui val ont. dOSSERTRRRSs DRt RUGLARTLBRA Ny O ROTOEOIAC oM 00 v ave

or YYFFI [ SEQ YEFIEEQAD NO:af]-He ac2na k@ qdosar dobes Rith 2quianidnl&ontamt kf -
equi nol ar doses wi.th equival ent content of hydrocodone base) in rats,
measur ed as TAREORQRS RSB FAS, PaasBIedps dise 8y4p30dateal bi oavail ability (Crnax)

of hydr OCOdC{Tf%]plF’féurgyfjﬁqr@lrapl%?&%aﬂability of hydrocodone (concentration vs. time)
following admimstration of hydrocodone bitratrate or YYFFI[SEQ ID NO: 6]-HC

at 2 mg/kg (equimolar doses with equivalent content of hydrocodone base) in rats,
measured as free hydrocodone.

{147] Figure 134. Oral bioavailability of hydromorphone (concentration vs. time)
following administration of hydrocodone bitratrate or YYFFI[SEQ ID NO: 6]-HC
at 2 mg/kg (equimolar doses with equivalent content of hydrocodone base) in rats,
measured as free hydrocodone.

[148] Figure 135. Oral bioavailability of hydrocodone plus hydromorphone
(concentration vs. time) following administration of hydrocodone bitratrate or
YYFFI[SEQ ID NO: 6]-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[SEQ ID NO: 6]-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[SEQ ID NO: 6}-HC
at 5 mg/kg
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(concentration vs. dose) in proportion to dose follow ng adm nistration of
hydr ocodone bitratrate or YYFFI[SEQ ID NO 61-HC at escal ati ng doses (1, 2,
5, and 25 ng/ kg - equinolar doses with equival ent content of hydrocodone
base) in rats, neasured as free hydrocodone. [1571 Figure 144. Oal

bi oavailability (Chax) of hydrocodone plus hydronorphone in proportion to
human equi val ent doses (HED) foll ow ng adm nistration of 18 hydrocodone
bitratrate or YYFI[SEQI[?1 HC at escalatlng doses (1, 2, 5, and 25
my/ kg - equilfBIUEPIAgdets Wit PH‘BYfSW&PE‘ﬁW eidnideenodae barg) Hb@@@ﬁ@aw%ys in
rats, asuqﬁg}@a(mhgﬁlhydrocodone [ 1581 Figure 145. Intravenous

bi cavail abil'ity o{‘ rocodone plus hydronorphone and YYFFI[SEQ | D NO

6] - HC (conce{tﬁ]r]atﬂ@nevﬂsBS t Oﬁi) bi calvhidakdi g aﬂnhyainsdordahé oplus otiydayrebgphosone
bitratrate or YYFFI [ SEQ ﬁl HC at 1 (equi nol ar doses W th

equi val ent deHCERFaton H?dF‘E’@boﬁB %Wﬁlés@m}“ﬁ“ia&?% Ofnﬁé@@ﬁ‘é@“ﬁs fiagate or

hyd d | ot g
Y oncent oy LPEREG YD Afic RosasgRe e oB Sl BuRllhaserone.
or YYFFI[ SE@fhﬁiﬂN&donGbakdglmtati miﬁylsdngd tefieé hypdracoddases with equi val ent

content of h drocodone base) in measured as free hydrocodone. [160]
Figure 147. $ﬂlrfwﬁéu@f?b|Qfal/$zmaaﬁuiqhﬂw of hydrasasione grenreniralinic &ht H@e) on vs.

L1 ™). * ol o, ARl AkEAIdO8 A RERTaNg Sl SEALR P WEEW]LFEQ 1 0 N

61-HC at 1 ng equi va Fent codone

base) in ratg5 mFRs WRinelar fisre uhmohrqumwmn eontddi&Ehydr@udencléle) ithsanasal
bi oavail ability of hydrocodone plus hydronorphone (concentration vs. tine)

fol | owi ng admiasiet paticeRydreeda@eocodone bitratrate or  YYFFI (SEQ | D NO:

phce) in rates ndQi I Sr MIRRRUMLE SO TRbe R BPte i WEbRE R coar

bi oavai | abi Ifoliywigh daydhiecatons lﬁﬁi@mﬁahé bitta@ateVs:. YYFFI[EEQ iDDlN)@M: rﬁgHC
adm ni stration_of hydrocodone bitratrate or YYFFI| ID NO 6]-HC at 1

ng/ kg (equi mbRamafks exuignelar dengs wathesguivabant é@nte@fofﬁy’ Fasedetnasphigiapisi n
rats, rreasurrg%sﬁ%g %1?‘" ﬁ%ro ?c]c%qlgne [ 163] Figure 150. Intranasal
Fo

bloavallablll one (concentration vs.
[154] Figure 141. Oral bicavailability (AUCp4) of hydrocodone plus
hydromorphone (concentration vs. dose) in proportion to dose following
administration of hydrocodone bitratrate or YYFFI[SEQ ID NO: 6]-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.
[155] Figure 142, Oral bioavailability (AUCq4) of thydrocodone plus
hydromorphone in proportion to human equivalent doses (HED) following
administration of hydrocodone bitratrate or YYFFI[SEQ ID NO: 6]-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.
[156] Figure 143. Oral bicavailability (Cyax} of hydrocodone plus hydromorphone
(concentration vs. dose) in proportion to dose following administration of
hydrocodone bitratrate or YYFFI[SEQ ID NO: 6]-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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time) follow ng adm nistration of hydrocodone bitratrate or YYFFI[SEQ I D NO
61-HC at 1 ng/ kg (equinolar doses with equival ent content of hydrocodone
base) in rats, neasured as free hydrocodone. [164] Figure 151. depicts
oxycodone. [165] Figure 152. depicts oxycodone with |ysine branched
peptides. [166] Figure 153. depicts a glycosyl ated oxycodone. 19 [167]
Figure 154. depicts formation of an enol ether with serine. 19A WO

2005/ 032474 PCT/ US2004/ 032131 [1681 Figure 155. depicts niacin and biotin.
[ 1691 Figure 156. Oral bioavailability of abuse-resistant oxycodone

di substi t ut i ' ' § 70
i gure 167, g oPEEbAAREON {IRERSETIANORL AT o SCUMRIEAIRNTL Attt e
tripeptide candj 20aigds - ppagivladlass itequikntadoottentld7Hddrbtglone bd&s.in Or al

bi oavai l ability of abuse-resistant oxycodone disubstituted tripeptide
conj ugat es, WiaBiGreEchas freedy dssspdadone. [ 1721 Figure 159. Oral

bi oavai | abi | : - I ty.: i i i i.de
con; ugat s, | ThedL chigh I3, LEBVEAAR o SRR Tt SIS AR pydiphBb
bi oavai | abi | ildyY YFFHBESEIDE$0S bRMC eoncadarien o Stias) fdlleies: admipentibae
conj ugates, neasured as free oxycodone. [174 Figﬁée 161. O al )

bi oavai | abi | ¢ft Bydspcodpne ditratisies phrtY Il die N :sbbEG atut eee/'ke (ppepplade
conj ugat es, asur.ed as. fr Q 0 e, [1¢51 Fiqure 162. Oral

b1 oavar | abi 1950 SO sBTERE U OE TGeristlt o PR OF O, e s ftie
conj ugat es, Kgiasdecese.as free oxycodone. [1761 Figure 163. Oral

bi oavail abil ity of abuse-resistant oxycodone disubstituted tripeptide
conj ugat es, Idéé]s uFigerea k44 rlagavsopud dorieailgbilty | ofFhylipeodpgg (capegntration vs.
bi oavai |l abi |t f, abuse~resi.stant oxyucodgone di substit I inde
con; ugat os. - e B ieATHE SRR B DR i RERRT0E, Pl o s HBPRLS
bi oavai | abi | §[tMCak 1aRYEE(éRHMEIaATbseO W GRAANAIEE Sotieitidf @@ coddrcRapd)iife
conj ugat es, neasured as free oxycodone. [1791 Figure 166. Oal

bi oavai | abi | iatsymgfsuaglisselTecdidseepdonoxycodone di substi tut ed

{160] Figure 147. Intravenous bioavailability of hydromorphone (concentration vs.

time) following administration of hydrocodone bitratrate or YYFFI[SEQ ID NO:

6]-HC at 1 mg/kg (equimolar doses with equivalent content of hydrocodone base) in
rats, measured as free hydrocodone.

{161} Figure 148. Intranasal bioavailability of hydrocodone plus hydromorphone
(concentration vs. time) following administration of hydrocodone bitratrate or
YYFFI[SEQ ID NO: 6]-HC at 1 mg/kg (equimolar doses with equivalent content of
hydrocodone base) in rats, measured as free hydrocodone.

[162] Figure 149. Intranasal bicavailability of hydrocodone (concentration vs.
time) following administration of hydrocodone bitratrate or YYFFI[SEQ ID NO:
6]-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{SEQ ID NO:
6]-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.
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tripeptide conjugates, neasured as free oxycodone. [180] Figure 167. O al
bi oavai l ability of abuse-resistant oxycodone di substituted tripeptide
conj ugat es, neasured as free oxycodone. [1811 Figure 168. O al

bi oavai l ability of abuse-resistant oxycodone disubstituted tripeptide
conj ugat es, neasured as free oxycodone. [1821 Figure 169. Oal

bi oavai l ability of abuse-resistant oxycodone di substituted tripeptide
conj ugat es, neasured as free oxycodone. [1831 Figure 170. O al

bi oavail ability of abuse-resistant oxycodone disubstituted tripeptide
conj ugat es, 1623k uFigdreasS4f dgectoXyramtionef a2 ého\&xh200shG824er4 PCTI US2004/ 032131
[1841 Figure 171. Oral bioavailability of abuse-resistant oxycodone

di substituted tripeptide conjugates, neasured as free oxycodone. [1851
Figure 172. Oral bioavailability of abuse-resistant oxycodone di substituted
tripeptide conjugates, nmeasured as free oxycodone. [186] Figure 173. Oal
bi oavai l ability of abuse-resistant oxycodone di substituted tripeptide
conj ugat es, neasured as free oxycodone. [187] Figure 174. Oal

bi oavai l ability of abuse-resistant oxycodone disubstituted tripeptide
conj ugat es, neasured as free oxycodone. [1881 Figure 175. Intranasal

bi oavai l ability of abuse-resistant oxycodone disubstituted tripeptide
conj ugat es, neasured as free oxycodone. [189] Figure 176. Intranasal

bi oavai l ability of abuse-resistant oxycodone disubstituted tripeptide
conj ugat es, neasured as free oxycodone. [190] Figure 177. Intranasal

bi oavai l ability of abuse-resistant oxycodone disubstituted tripeptide
conj ugat es, neasured as free oxycodone. [191] Figure 178. Intravenous

bi oavail ability of abuse-resistant oxycodone disubstituted tripeptide
conj ugat es, neasured as free oxycodone. [1921 Figure 179. Intranasal

bi oavai l ability of abuse-resistant oxycodone disubstituted tripeptide
conj ugat es, neasured as free oxycodone. [193] Figure 180. Intranasal

bi oavail ability of abuse-resistant oxycodone disubstituted tripeptide
conj ugat es, neasured as free oxycodone. [1941 Figure 181. Intranasal

bi oavai l ability, of abuse-resistant oxycodone
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di substituted tripeptide conjugates, neasured as free oxycodone. [1951
Figure 182. Intranasal bioavailability of abuse-resistant oxycodone

di substituted trlpeptlde conj ugat es, neasured as free oxycodone. [196]
Figure 183, Intranasal bioavailability of abuse-resistant oxycodone

di subst i t uME2PM¥4%8t i de conj ugates, measured as free oRGHEEMAEI3213197)
Figure 184. Intranasal bioavailability of abuse-resistant oxycodone

di substituted tripeptide conjugates, neasured as free oxycodone. (198]
Figure 185. Intranasal bioavailability of abuse-resistant oxycodone

di substituted tripeptide conjugates, neasured as free oxycodone. 21 WO
2005/ 032474 _PCT/ US2004/ 032131, [199&4F|gure 186. Intranasal bioavailability
of abuse- r df8k Fgure k3T JaRIRts niaginsang digtingt ed trlpeptlde conj ugat es, neasured
as free oxy 0 ]

abuse- re5|s@gﬂtqﬁ%“%é%@ngﬁﬁgﬁgﬁgiglgﬂ h&ggﬁ%gb gﬁ%@haﬁggF&%Xﬁneasured
free oxycodnpqmmgmehgﬁmmmmam&ﬂ&sﬁbabmanéxml bioavallablllty of

abuse-resis t LSUb. ltut i de ¢ ates, neasured as
free oxycod’é%@ l'f @é’iqgg %$I%§‘ HitY ng@?ﬁ'lrgﬁ?"&é\%m gﬁi“? alsyb%‘*“tﬁd
abuse-resi skiggy ud@&i Qgg%gemeMt@tﬁeggiﬁgdﬁel pepti de conj ugates, neasured as
free oxycodone ure 190. Intranasal bioavailability of

abuse- r esi st@ht @dé& al Bicaytability of dbuspirgsistant 9ayeodape disukatifutedeasur ed as

free oxyco e | bioavailability of
abuse-resi gt?@@ ﬁd[e%gﬁ oér?gﬁg% su]agtée?%{‘ﬂgg@r%l pepti de conjugates, neasured as
free oxycoddms FlgL{rQQSS’ Ota) bicavdifibility of abusesesistdat Q&y@dbﬂé)dishﬁs&itnﬂéd

abuse-resi st ant oxycodone di substituted tripeptide conjugates, measured as
free oxycooﬁi‘ﬂ@’tl de soryyeatssgmeasuted s fiog gxycpfieRgvai | ability in rats of oxycodone

vs. P21(2)- t sl eutlc
human dose @%}I va t16?fe%€allj§e mi&l%ggaoxyé%%ﬁék?%g%@egaﬁig{
Decr ease |m1bemﬂvaoﬂjagnt¢s;myawfedmﬁe®@yxmdhme as corrpar ed to oxycodone by

the intran ut e nlst thI’l ose 2. : free
oxycodone. al[igJHB &Fﬁdﬂe q 1953?:1 éﬂ% OFﬁg F'(S?i‘)%z}“lt g@%—‘%ﬂﬁ%mycodone
as conpar edripéptide conjugates, measured as free oxycodone. .

[175] Figure 162. Oral bioavailability of abuse-resistant oxycodone disubstituted

as

tripeptide conjugates, measured as free oxycodone.

[176] Figure 163. Oral bioavailability of abuse-resistant oxycodone disubstituted
tripeptide conjugates, measured as free oxycodone.

[177) Figure 164. Oral bioavailability of abuse-resistant oxycodone dlsubstltuted
tripeptide conjugates, measured as free oxycodone.

[178] Figure 165. Oral bioavailability of abuse-resistant oxycodone disubstituted
tripeptide conjugates, measured as free oxycodone, ‘

[179] Figure 166. Oral bioavailability of abuse-resmtant oxycodone disubstituted
tripeptide conjugates, measured as free oxycodone.

[180] Figure 167. Oral bioavailability of abuse-resistant oxycodone disubstituted
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 dlsubstltuted
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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oxycodone by the intravenous route of adm nistration- dose 0.5 ng/kg
neasured as free oxycodone. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 209] The
present invention relates to changing the pharmacokinetic and

phar macol ogi cal properties of active agents through coval ent nodification.
Coval ent g‘ﬂ’a{’ﬁ?{&?@‘f‘ﬁ of a chenical moiety to an active BGEHB204432Bhange t he
rate and extent of absorption, nmetabolism distribution, and elimnation of
the active agent. When adm nistered at a nornmal therapeutic dose the

bi oavail ablility (area under the time- versus-concentration curve; AUC) of
the active agent is simlar to that of the parent active agent conpound. As

the oral dogg,i Se.increased, howeyer. the bioavail abili f

2005/ 032474@&7@3@?@62?0@%&03”%%\?@@8%‘%%%i“F‘P’%Qi‘tOé‘E?]?S%S%ﬁﬁ% rel ative
to the par eﬂﬁe@ﬁei%gugg@ghemmoxf&g&@e. At supraphar macol ogi cal doses
the. bioavailability of the active agent conjugate is substantially

decreased aB88briigwred 7200re biqmyritability of iabuseaefistant oxeodope disubstidutetbcr ease i n

bi oavai | abi |j t v at. hi ghe ' euphori a obtained when doses of

the active {é{é%#{d%ccgﬁhgga Ien(gaire lt%%tﬁ%g%ég\%mf hose of the intended

prescri pti ofi86]T hFigurerl 78 Ol dicavailabiiity of Abuselresigtam Gixgtddoae disoheinited

uni ntended or .iptentiaonall souagﬂ_%fi [ 21Q] Persons that abuse prescription

drugs conmmotiipgptidesRngates, ees &P OXY@QAMfori a by snorting or injecting the

drugs. ThesggypUtigseOlz428pll Hicivhbilfy drablsRaadstadt Wxybctofie AptbilgNt of drug
0

absorption and provide a faster, neafly iInstantaneols, effect. IS

i ncreases t tripeptidswnnjugdtesi megsurddas freeasyedonene central nervous system where

it has its gf . In p i cul.ar, .enbodi.ment .of . t he i.nvention the

bi oavai | abi ﬁsﬁﬁcﬁo‘\g“rﬁ’hﬁé‘o%m?ly hiGHRRRA hlof Shusdpegigtantq XHEIP, | o | y
decreased b¥isublstifutdditi & adnjiadaths] Mbdsae A9 B siyic6donds conpared to the parent
active agent. Thus the illicit practice of snorting and shooting the drug

|l oses its ath$8htBigere [17¢1]Infranaselc higeyadebiliyt toft gbusgrresigmt joxyeadonon and as

used hereing: | L ;. @%ﬁl% ﬁlggg ' ] he fol |l ow ng neani ngs,
unl ess expl?é’?]{gﬁty@tdé?%ﬂgﬁg%%r s’ef.% orfabagg‘?ct’&gélantehet hods of attaching.
active agenfl®0} cFigaer 167 s, Intremnsalp phioavatlabolity n wib @buseesstarit0/okyeadoldd, and/ or

PCT/ US03/ 05&12 %E%{ ar PCT/ US03/ 05525Hraead/ or PCT/ USO4/ 17204 each of which
i s hereby i THRERYGe FUPRBAIGT eSS 28 ITeg xyFRgne-
[191} Figure 178. Intravenous bioavailability of abuse-resistant oxycodone

disubstituted tripeptide conjugates, measured as free oxycodone.
[192] Figure 179. Intranasal biocavailability of abuse-resistant oxycodone
disubstituted tripeptide conjugates, measured as free oxycodone.
{193] Figure 180. Intranasal bioavailability of abuse-resistant oxycodone
disubstituted tripeptide conjugates, measured as free oxycodone.
[194] Figure 181. Iniranasal bioavailability of abuse-resistant oxycodone
disubstituted tripeptide conjugates, measured as free oxycodone.
[195] Figure 182. Intranasal bioavailability of abuse-resistant oxycodone
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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[212] The invention utilizes covalent nodification of an active agent to
decrease its potential for causing overdose or being abused. The active
agent is covalently nodified in a manner that decreases its pharnacol ogi cal
activity, &iﬁfo ared to the wunnodified active agent, at doses above those
consi dered g‘}%%éﬂfi c, e.g., at doses inconsistent wiRG/¥YREMPAHAY acturer's
I nstructions. Wen given at | ower doses, such as those intended for

t herapy, the covalently nodified active agent retains pharnacological
activity simlar to that of the unnodified active agent. The coval ent

nodi fication of the active agent may conprise the attachnment of any chem cal
Moi ﬁté th][ ouﬁm CPigwent 186N alnirahesal : 'Sﬁigavailibm@] oforpuass lrr]gls‘istamormgaidbh@nsdandd
met hods of the i.nvention, provide reduce otenti or overdose, reduce
potenti al f@ﬁubéﬂ-n&@qtapep&’damv@mdﬁ@swgiaﬁg%ww €. 23 WD 2005/ 032474

PCT! US2004/ 38} Hagmatc fg7e 5 GORRARIRY! Si BudthrbistiROYSoddind'] 0N

toxicities I ml release profi hout w shi ng elimted to
t he bel ow t fisdrsfitutedetripepitide eenjugutes, measseies fiemetywodors. (e. 9., with

anphet am ne ver dose projectiaon r.esults.froma,natural gatin mechani sm
at the si te&z%j) h | ySTs ' rh‘?%va{lﬂ’éhyeIogaaﬁgu%freﬁl?@tacﬂxw%oﬁ%ent from
the pr,odrugd@ﬁbsﬁnmaiﬁpeﬁdaaaoxgh%m@fmedsmalabﬁe@é:@,s:saddeed amounts. Therefore,
abuse resistance is provide y limting the "rush” qr "high" avail able

from the act203k Figgient189¢| nfranasaly bipaailghnlilyy (pf shuseriesistant, Pxyepdone
effectivene Fﬁé‘# | : LR l.0Nn. [214] " Anphet am ne"
shal | nean giﬁgﬁ?% t @b%mg%%?c ﬁ%?’?ﬁ?ﬁfﬁ@rﬁg’ derivatives which have
central ner 2885 Bigeteenio9t i hnlanastl dmioavailahilitys udh abesebasistamtt oxlycodoned t o,
anphet am ne,, net.hanphet am ne,. p- net hox etamn

et hyl oned SRR Hapie couuiFr e 4 Bre o RTP et ami ne, 2,4, 5-

tri met hoxyameapt pighiee BNd BirdndsBl Mb@aﬁsbimﬁrm‘t hatRhelismtnoxytéeh O H NH2 N

rly~ CH3 Anphetam ne Met hyl phenidate [215] O her enbodi nents of anphetamn ne
are descri beigubstibueddripeptids conjugates; meagred as fee pxxrpdancons .

L-Tysi ne-d- pigBnekiene 67, LiiafiiR bi¥avalliBiiy LofSiBseATRGA HxBodoli VP,
disubstituted tripeptide conjugates, measured as free oxycodone.
[206] Figure 193. Oral bioavailability in rats of oxycodone vs. P2L;-Oxycodone

—d

at a dose (2.5 mg/kg) approximating a therapeutic human dose equivalcnt measured
as free oxycodone.

[207] Figure 194, Decrease in bioavailability of P2L;-Oxycodone as compared to
oxycodone by the intranasal route of administration- dose 2.5 mgkg measured as
free oxycodone. ‘

[208] Figure 195. Decrease in bioavailability of P2L;)-Oxycodone as compared to
oxycodone by the intravenous route of administration- dose 0.5 mg/kg measured as
free oxycodone.

DETAILED DESCRIPTION OF THE INVENTION . _
[209] The present invention relates to changing the pharmacokinetic and
pharmacological properties of active agents through covalent modification. Covalent
attachment of 2 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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K anphetam ne, or: = 2, 6-di am nohexanoi ¢ aci d-(1-net hyl -

phenyl et hyl ) - am de Phe- Anp = Phenyl al ani ne- Anphet am ne, FAMP, =

2- am no- 3- phenyl propanoi ¢ aci d- (1- et hyl - 2- phenyl et hyl ) -anmi de, Ser-Amp =
Seri ne- Anp ] SAMP = 2-am no- 3- hydr oxyl pr opanoi c

aci d- (1- m%ﬁn&&gﬁényl ethyl)-anmide, dy3- Anp = GGG AnPhEUIHE2136GAMP
=2-Ami no-N-({ [(1-methyl-2-phenyl-ethyl carbonyl)-nethyl]- carbonyl}- nethyl)
- acetam de [216] Throughout this application the use of "opioid" is neant
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 three
broad ¢l assag el nfdifiedHolti btk REAHE"D Mk Bithiicliv A tRgnd Yoh aS

nor phi ne (the prototypical opioi codei ne; sem -synthetiCs such as
heroi ne, ossalidoAé sapdphqrdnﬂqﬂ@gi@heioshatheablea\mlehihtyedf he molivef gganty nat ur al

opi um al kal oi. ds and ar chem cal tures ur.e nt hetics
such as fenfopygate gn%l%%@?etf*@agaﬁﬁﬁét s {PEPRS tBLtﬁ?it%‘?ﬂf ?‘I%(yﬁf% tu;j;ﬁ%/md may
have very dididtiveaddcreasd) Bivbivavailabilitic biuhighert duges bbiesOthicUstipBbricbbtaitsd Ot her
opi oi ds include hydroxynorphone, oxynorphone, nethadone, | evorphanol,

di hydr ocodeMhéen Oﬁﬁﬁrth‘éhaﬁ‘é"e pEepheandigpieatie m@ﬂf@ﬁi’%rﬁhqse %I@%Hﬁ%‘#‘ﬂ
propoxyphen z NGt o@é?:ﬁ I

nmept azi nol , Elg ez c%ﬁembqg phar m%ﬁ%a%& acceg10 e sa (St engof. [2171
Thr oughout intémtiongdlyl sougliti on the use of - oxyocodone is meant to include a

narcotic al kal oi chepi c formul.a.ClsH21 adlts derivatiyes such as

t he hydroctﬁgf'ggg‘g‘i %1%1"6%?%8‘??5‘3%0“ gﬂgéo‘ﬁ’ only seek 49 dncrease BEBi ne and i s
used as an eghdtis 8§ storBifgloP injetise HRldNYR. TEY SANQIGT ddtniMistpAioR ihdttas@nd
potentially addictive opioid analgesic synthesized fromthebaine. It is

simlar to edeterand axigntjof dmg ebsoppborand aryideas fastani piady indpuandewce

potenti al Eeha" ation with
aspirin (PelFtE:f% Snﬁg }'fb?%ar!sgatggt%{r%whto ‘g—ﬁé ?Eg}%agg%st %E)S%S&Qq}%kqggﬁ ef of

pai n. |t iswhksoitshasd iisneffetus i 1 qrrticalae agubddiment uoafl ahe tmeenhbmdhe name

bioavailability of the covalently modified active agent is substantially decreased by

the intranasal and intravenous routes as compared to the parent active agent. Thus
the illicit practice of snorting and shooting the drug loses its advantage.

(211] In accordance with the present invention and as used herein, the following
terms are defined with the following meanings, unless explicitly stated otherwise.
For additional methods of attaching active agents to carriers, see application number
U.8. 10/156,527, and/or PCT/US03/05524, 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 doscs
inconsistent with the manufacturer’s instructions. Whea given at lower doses, such
as those intended for therapy, the covalently modified active agent retains
pharmacological activity similar fo 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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Oxycontin(r). Al of these deriviatives or conbinations of oxycodone are
enconpassed by the present invention. [2181 Throughout this application the
use of "hydrocodone” is nmeant to include a semisynthetic narcotic analgesic
and antitu ar ed fron1code|ne with nmultiple actions qualitatively
simlar to%ﬁ%gﬁgggﬁﬁcodelne is comonly used for tRETUEIOEI3ZEN npder at e
to noderately severe pain. Trade names i nclude Anexsia(r), Hycodan(r),
Hycom ne(r), Lorcet(r), Lortab(r), Norco(r), Tussionex(r), Tylox(r), and
Vicodin(r). Derivatives of hydrocodone, such as hydrocodone bitartrate and
hydrocodone polistirex, are enconpassed by the present invention. 12191
Throughout fbive SRR Gﬁérhdiéhs‘ul@@mtﬁecegrd 0 APl @RIcitles oTRARSptinthl irfledsbde a

single amno acid, a peptide, a tripeptide, an oligo eptlde a

pol ypept i de prafiles: Hé’lth@elt wl@mg todgdindied tcuhe@elpwheqm webeheuethat ip some| ude from

desor i bed g sn leffcaRine detlf pabd ity iy Bi5R) a7

PCTI US2004/ (ﬁ%ﬁﬁﬁsm am‘lmltaof thydralysis e lindts theaxele’asqoemme detiveddpent fr@ﬁpept i de,
or polypeptide tQ illust rat*gmbspem fic_enbodinents for the active agent
conj ugate. [EiePE t| sppger G fhepapgutically prrgerbed ampyatt nErergfprss abysed

enbodl ment s R @Ihﬁmg[ Q]A,sﬂh U I n the use
of "chem calréﬁfﬁngtggé:f){s ma%{ to mtgfu e gfqgggsthv%ﬁlb%oﬁggl%&%ﬂggptl des,
gl ycopept i degent eeledsed byl thet prodrug iapd Hmitingutbé effentivensss of alternatizeriravdes df221]

" Car bohydr at es |nﬁl udes sugars, starches, cellulose, and related conpounds.
e.g. (mzo)aﬁm“b\ﬁ‘é’ Fn nis an integer larger than 2 or Ch(H2O n_t, with n

| arger than 264] MenphépaRicf ishalb xR a6s dfiiae u?l@ itﬂdimmm'baﬂfeﬁeﬂﬂd&ﬁﬁﬁ:ose
gl ucose, |l actose, naltose, sucr ose, ¢l ycera ehyde di hydr oxgacet one,

erythrose, KeBwwes which hexe centval meryeus systeam ag SbPdpt ul ose,

Cont ai ning By deat 'egf(lgﬂé"“ﬂﬂ%éﬁ?%@ovhﬁ%%ﬁﬂy | .h*?%m"%&ﬂbot%’?lﬂ e

car bohydr at maﬂmpﬂcﬂeémxyampimtaﬁmnen of Za-dmmoméﬂﬂhyldnphe&nsae;c haidde(s) .

ol i gosacchari.de sacch E the r rivatives (e.g. sulfo- or
phospho- subdtHf tﬁ} ng%'%] Q@B ﬂ%ﬁ%ﬂ’é’und consi sting of

car bohydrate |linked to an oli gopeptl de conposle)ﬁt f dl-H and/ or D-ami no acids.

A glyco-amno-acid is a NH, N
Amphetarmine Methylphenidate

[215] Other embodiments of amphetanﬁine are described according to the following
abbreviations. '

L-lysine-d-amphetamine = Lys-Amp, Lys-Amph, Lysine-Amphetamine, KAMP,
K- :
amphetamine, or: = 2,6-diaminohexanoic acid-(1-methyl-2-
phenylethyl)-amide

Phe-Amp = Phenylalanine-Amphetamine, FAMP, -
= 2-amino-3-phenylpropanoic acid-(1-methyl-2-phenylethyl)-amide,
er-Amp = Serine-Amphetamine, SAMP

= 2-amino-3-hydroxylpropanoic acid-(1-methyl-2-phenylethyl)-amide, Gly;-
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



i ' [T DU

saccharide attached to a single amno acid by any kind of coval ent bond. A
gl ycosyl - am no- acid is a conpound consisting of saccharide |inked through
a glycosyl linkage (O-; N or S) to an amino acid. [224] A "conposition"
as used herein, refers broadly to any conposition containing a described
nol ecul e C@%’ﬂﬁ%‘?g‘&‘_‘ The conposition may conprise a dryCHEPMM3 P bn, an
aqueous solution, or a sterile conposition. Conpositions conprising the
nol ecul es described herein may be stored in freeze-dried formand may be
associated with a stabilizing agent such as a carbohydrate. In use, the
conposition may be depl oyed in an aqueous solution containing salts, e.g.,
NaCl, det ethg@NbRad Celihses P Uil OgB G Urfhe p‘;‘@@ 0 r ,£conmponents.
[ 225] A "controll ed subst ancep'k'miis a sulljg'?glr;lce su({)j ectﬂ{{%&gse’dg‘%l aér:egul ation
of its manmpmbingr(the pratosypiesl ogioid)rdndutodeine;bwsodsymhetics sheh pohemineal for, or

proved evid f, . e of it ntial. .for psychic or

physi ol ogi C§§%§%°%gna%‘f]‘%§;&f%8%®§§§%§ﬁ {re 8&@?&&? egmglf}g‘ﬂgl WM@QP‘[“HI ri sk;
because of ilksloide adhaviel simitaricienivel dfuctubes; andpu2ERtcOueH a4 fentanyl

PCTI US2004/ 03213 phar macol o%i c effect; or, because of its rqole as a
precur sor o?ndoiiﬁéf‘d%n@‘%?rﬁé%? reefivsed foms opipmownd ey deve yeryneifierenb gar di ng
stereochem’&#e;ﬁ(' ThiscthRk e | S o) al o] ds;.@i.gcussed
regardl ess o a%aéol ute con??%durg{é?gﬁ%@mﬁglﬁgsét udr)%ﬁef @%ﬁgnénglg%ds are
di scussed bhydrodymonghenef oxamirplwnaci vethadeneal deyoiphehaldedihy§@2deinthe
foll owi ng abbreyviati gns may be | hi,s i cation: .BOC = .

t - but yl oxycRFBHidAe: ﬁ@oﬁpﬁbWMW* c@%ﬁ%‘l’@sé’mqﬁ?‘@@‘—" PEURLReopy| et hyl
anmne NP =nilBiphifed PBaOIphANR = ¢RAhinER J N BlehfazingE 0N RERIneOSU amd

hydr oxysucc?ilni m dogest eri;p Nia = mci n Bin :ﬁlglboti n [228] 'll'nhe attached
chemi cal nopkarpagenijcally ageeptablesspitythereafibst ance that decreases the

phar macol 0gtdf PrbhgHol i Uplplicdtldf (RE ble'dt ARFoadm "€ LR it £7 20! ¥ the

narcotic alkaloid (chemical formula C;gH2NO,) and its derivatives such as the

hydrochloride salt of oxycodone. Oxycodone is related to codeine and is used as an
analgesic and/or a sedative. Oxycodone is a powerful and potentially addictive
opioid analgesic synthesized from thebaine. It is similar to codeine, but is more
ppi‘ent and has a higher dependence potential. It is effective orally and is often
marketed in combination with aspirin (Percodan®) or acetaminophen (Percocet®)
for the relief of pain. It is also sold in a sustained-release form under the trade name
Oxycontin®., All of these deriviatives or combinations of oxycodone are
encompassed by the pfesent invention.

[218] Throughout this application the use of “hydrocodone” is meant to include a
semisynthetic narcofic analgesic and antitussive prepared from codeine with
multiple actions qualitatively similar to those of codeine. It is commonly used for
the relief of moderate fo moderately severe pain. Trade names include Anexsia®,
Hycodan®, Hycomine®, 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 applica.tionr 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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chem cal noiety is a single amno acid, dipeptide or tripeptide,
tetrapeptide, pentapeptide, or hexapeptide. The active agent binds to
specific sites to produce various effects (Hoebel, et at, 1989). The

attachnment of certain chem cal noieties can therefore dimnish or prevent
bi ndi ng t oMMEL¥3EY4| ogi cal target sites. Preferably, BOYBESBHMWBAL: the
conposition into the brain is prevented or substantially dimnished. and/or

del ayed when delivered by routes other than oral adm nistration. [229] The
attached chem cal noiety may further conprise naturally occurring or
synt hetic substances. This would include but is not limted to the

attachnent of. an ..active_.agent, tq..one oy, nore, am no, aci.ds, peptides, |ipids,
car bohydr at®&Yn0 aﬁ‘ﬁyﬂ@ﬂ?ﬁ?‘?‘%&%ﬁﬁ@%%o 8qPERtIds, of pp e teiestateneni cal

moi et i es C%?b&iﬁ@%mb%&i&ﬁ,ﬁiseﬁrttﬁe abhRc boeleloarBghts. © 98B Aed Nedgl® of the
gastrointestinal tract and prevent rapid onset of the desired activity,
parti cul ar |spningates and dthes peederied eptbodimentsatre dasenited heeloebel , B. G, L.

Her nandez, al . " i Si S« ' Sbrai n _nor.epi nephri ne,
ser ot oni n, @%‘H Jéhfo(gu#\g%@)ﬂ% élgé@%utrﬁ%ﬁ%eoﬁ‘n‘gﬁeegﬁ#ag%mgéetﬁal\ﬁ%éeﬁﬁ?ﬁ% tical and
clinical idnMasCahingasids, peptidadYglhcadpiides, Gaffohydrates, Aipids, 2nhclvélidB0& 032474
PCTI US2004/ Q32131 [230] For each of the enbodinents recited herein, the
ani no aci d Bt | de may conprise of one or nore of the naturally

occurrin a,@'aﬂ] i dss ' Ldi r.adi ngt'c aci d,
cys?ei Ine,g (()[Ric;l ne, gPﬁ?grgﬁcmaié%iﬂ%mdtsgﬁﬂh%?aﬁﬂ?%; |rﬁlg{,eﬁi%go eum'nia, |

| euci ne, | ysg. € H0, whereinreis aprintegerdargatiban2 ef Gu{He@), 1, seith néargertthanpt ophan,

t hr eoni ne, si ne,..and vali.ne. .l p _anot her. epbodi.nent .t he amno acid or
beptide s toMare Beuite framides Rcls fr s SRR o sl HATEE) ami no

acids: al ajidags, ?S{ﬁ'ﬂ]@léh?d@&_ﬁﬁﬁ{rﬁbﬁ}aﬂ&me@%?ﬁh&ké} 1itsois6l, ribN6deC ixyRilos8)} YCi ne,
glutam c acid, glutam ne, histidine, isoleucine, |eucine, |ysine,
net hi oni ne, SAACHISE fRAMNPIcetpdphaptlosteneurapic aaid, dexiiin, ephelycogeRr eoni ne,

(or e % QP Beclon Y FABOU Sl oRBAAE i Gy 00 1
such as, amndonalkstkarimked doi grotdin.p Tbaytabdyinte mayy deoiexht aoani of,2 o
oy Oy, e e R XL SR SRR % 05ac e A oy oPr o ©
nor | euci ne,deﬁﬁ,m\kglt&%sum_hwbﬁés@m_gﬂfsﬁmidd joro), phenylalanine(2,3,4,5,6
Pentat 1 Ul Dl capoptider it & compotnd donsisting of carbobydrate linked to an
oligopeptide composed of L- and/or D-amino acids. A glyco-amino-acid is a

saccharide attached to a single amino acid by any kind of covalent bond. A glycosyl-

amino- acid is a compound consisting of saccharide linked through a glycosyl

linkage (O-; N- or S-) to an amino acid.

[224] 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 comporents.

[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
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pi pecolic acid, sarcosine, tetrahydroisoquinoline-3-carboxylic acid, and
tert-leucine. In another enbodinent the amno acid or peptide conprises of
one or nore amino acid alcohols. In another enbodi nent the am no acid or

pepti de cogpr f one or nore N-nethyl am no acids. [231] In another
enbodi rrent%%‘?gﬁ‘%ﬁ)@éi fic carriers are utilized as a bas%éﬂﬁ /B8R3N ami no

aci d sequence and additional am no acids are added to the term nus or side
chain. In another enbodi nent, the above am no acid sequence nay have one
nore of the am no acids substituted with one of the 20 naturally occurring
amno acids. It 1is preferred that the substitution be with an am no acid
V\hichissi;gﬂ'ahﬂ i i C ] {din the
sequence. .For |§1c§;ld§11‘fs:t§%’s§f gﬁ%afﬂélee%?t%%ge[ ﬁ@ﬁir&%ﬁoﬁgﬁf‘ﬂ% r%/dﬁ\%g%g/d simlar to
| euci ne ( Leswbptadiceswhereas, tyrosine (Tyr)[Y] is similar to phenylal ani ne

Phe) [ F], ' Ser)[S] .is simlar to threoni Thr)[T], wh
Cyot bl o ( CHZFF ArneDEab e SBispioE steripelbisiy' It PERTC S B eia ooV e A e
(Ala)[A] i s:zmh@srdiﬁ@ssealmgaml&y@t Mhs¥iute Wﬁ&ﬁgﬁﬁﬁodsysﬂhﬁ& rlakifdl) Lishoids similar

to arginine (Arg)[Rl, whereas asparagine n)[N] is simlar to glutam ne
(@m[q, rasg@isensprdibut the y8q of Ip-amino] aojds are alsoringladedt o gl ut ani ¢ aci d

(GQu)[E, %%g nga?) F-131 histidine (Hs)[H
is siml arw?gﬁﬁgﬁfﬁg"‘y&% ) angn%b’:%%ﬁl ne gﬁy is simlar to

t rypt ophan ( TBOQ ¥¥-butyloxlybebaiyt er nati ve the preferred am no acid
substitutions _ be sel ected according to hydrophilic properties (i.e.

pol arity) or ggﬁéf’ %&?ﬁgﬂeﬁgﬁ%"‘i@?eri stics associated with the 20 essenti al
am no aci ds. VWIPE& spdidégesgtieth@nbasd ments utilize the 20 natural amino acids

for their GRAS characterjstics, it is recognized that mnor substitutions
al ong the ani AP 2FCHNERH which do not effect the essential

characteri sti sgvRE hilbRashgRi@FSorhs® contenpl ated. [2321 In one enbodi nment
the carrier range is b%tween_o_ne to 12 chemical noieties wth one to 8

moi eti es bei ng pred Ehydgxyspeciifda@ter enbodi ment the nunmber of cheni cal

nmoi eti es attachegy-sngehected from1, 2, 3, 4, 5, 6, or 7, etc. In another
enbodi ment of the invention the nolecul ar weight of the carrier portion of
the conjugate iBiosdBiglirabout 2,500, nmore preferably bel ow about 1,000 and

most I ef epay YridGhaed BakhicA Hoiel an ooy AAARANbIARS i dcdRlsapds of the

i nvention y be applied to vario
the pharmacological activity until the active agent is released. Preferably the

chemical moiety is a single amino acid, dipeptide or tripeptide, tetrapeptide,
pentapeptide, or hexapeptide. The active agent binds to specific sites to produce
various effects (Hoebel, et al, 1989). The attachment of certain chemical moieties
can therefore diminish or prevent binding to these biological target sites. Preferably,
absorption of the composition into the brain is prevented or substantially diminished.
and/or delayed when delivered by routes other than ofal administration.

[229) The attached chemical moiety may further comprise naturally occurring or
synthetic substances. This would include but is not limited to the attachment of an
active agent to one or more amino acids, peptides, lipids, carbohydrates,
glycopeptides, nucleic acids or vitamins. These chemical moieties could be
expected to affect delayed release in the gastrointestinal tract and prevent rapid onset
of the desired activity, particularly when delivered by parenteral routes. (Hoebel, B.
G., L. Hernandez, et al. (1989). "Microdialysis studies of brain norepin'ephrin'e,
serotonin, and dopamine release during ingestive behavior. Theoretical and clinical
implications." Ann N Y Acad Sci 575: 171-91).
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t herapeutically val uable active agents (e.g., drugs) and include, for
exanpl e, stinulants such as anphetam nes, anticonvul sants, nuscle

rel axants, antidepressants, anxiolytics, benzodi azepi nes, sedatives,
hypnoti cs, steroids, respiratory agents, includ
ant|hlstanyﬂgéﬁggkglpsychotlcs i ncluding risperidone, Bﬁymﬁﬁﬁg@%F%idal
anti-inflammatory agents. [234] Exenplary narcotics include opioids,

hydr ocodone, oxycodone, norphine, codeine, hydroxynorphone, oxynorphone,
met hadone, fentanyl, |evorphanol, dihydrocodeine, neperidine,

di phenoxyl ate, sufentanil, alfentan|I propoxyphene pent azoci ne,

nal buphi ne, ifMF OFQP%BMM éh@fé@l Zh& SninodREOG FEpLifE may
pharmaceutical 'y acceptable salts thereof 35] Exenplary benzodi azepi nes
i ncl ude ai promptisenpf oh¢ @rdmazep?dhc dhaturalkyl mzrqua(h-) @indnce 2&ideit adaning, azepam

est azol am fI uraze hal aze o] azepa guazepam
t emazepam %8% 1161 39 i #’rp f‘vp %‘Er cﬁ%é% n};\?& - tory
agents -i ncl Mdmbumwueme leéifg, OdyEine, OfefhithRier tpheliie] ; ha@mm Qeerie, Sal i cylic
acid derivative,_ or acetam nophen [ 237] Exenpl ary ant i - depr, essants i ncl ude

ci t al opram tEypigBhasy, thieoning, tyrpsies and H@me fh@%ﬂ%%rﬁ“ﬂ@ W@)@e"tﬂﬂﬁ@wﬁert ral i ne,

amtriptyli Eﬁﬂfl Ek%nﬁf
bupr opi on, %1? azaﬁipne t%g?azo o£r’1)rle1JHO rog?(l)éd%g ve g[%am ne. ?§38]
Exenpl ary: alatahmpsyacgmma,casparﬂghwdeispdrbz aqud;eg:ystwieopglymnbl glutﬂnaclzmni ne,

guet i api ne, r s erigdone,. 239 | ary het am ncl € e

arphet am e EAEER AT PIraSon, lefeiien By BAORAenouse, phemylérn

net hyl enedi @mmla@f@ﬁmechmamﬁ inteom 4rlifet My laasBbe bABddRent the
2,4,5-trinmet hoxyarrphet am ne and - et hyl enedi oxynet hanphet am ne. 12401

The conposi Emies 2af Preepheel s wmprmdmfmw PIomOp Bunalialg penviandasd mrs whi ch

when bound cggm ca provi n Ive
dosages forts)s)[ft%lée%1 above -r el(l:ﬁ'“?ye)d ac)ét [ ‘{l/sé aag @%I‘%scgeg&?hrgﬁj%ﬁnl m‘%rﬁg%?ed

bi oavai | abi kydlghexylaianine, aroglélohexylglyemep, diethylgipcihgr dippellwireg @ider the
curve for bipavailability, rt f.or abused substances t.aken in
doses above SAERRIRRTGC | e‘WBﬁa hé "&"P dgpipe, ¢ HEMOFEMSHsi 9 OHAY™ et hods

of the i nvegnhiHRRyl4BYins) OVi dﬁoﬂéﬂeﬁ@yed Nefriiefse, Of  pheylalanine(4-fluoro),
phenylalanine(2,3,4,5,6 pentafluoro), phenylalanine(4-nitro), phenylglycine,

pipecolic acid, sarcosine, tetrahydroisoquinoline-3-carboxylic acid, and tert-leucine.
In another embodiment the amino acid or peptide comprises of one or more amino -
acid alcohols. In another embodiment the amino acid or peptide comprises of one or
more N-methyl amino acids.

[231] In another embodiment, the specific carriers are utilized as a base short chain
amino acid sequence and additional amino acids are added to the terminus or side
chain. In another embodiment, the above amino acid sequence may have one more
of the amino acids substituted with one of the 20 naturally occurring amino acids. It
is preferred that the substitution be with an amino acid which is similar in structure
or charge compared to the amino acid in the sequence. For instance, isoleucine
(Ile)[T] is structurally very similar to leucine (Leu)[L], whereas, tyrosine (Tyn[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 (GIn)[Q],
whereas aspartic acid {Asp)[D] is similar to glutamic acid (Glu)[E], whereas
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treatnment for attention deficit hyperactivity, attention deficit
hyperactivity disorder (ADHD), attention deficit disorder (ADD), cognitive
decline associated with acquired i munodeficiency syndrome (AlIDS) or

Al DS-rel ated conpl ex, depression, anxiety and anxiety rel ated di sorders,
psychosi s, WRB&YPHE4 addi ction, narcotic addiction, al cRFEUS288#032&E col epsy,
and/ or anal gesia. [241] In one enbodi nent the chem cal noiety is conprised
of an amno acid or a polypeptide. Preferred am no acid and peptide

chem cal noieties include, for exanple, Lys, Set, Ala, Phe, Ile,
Pro-Pro-Leu, Pro-Pro-lle, Val-Val, Lys-Lys, Ay- dy-Ile, Phe-Phe-Ile,

Phe- Phe- Leu, .Thr-Thr-Val, Tyr-Tyr-Val_  Tyr-Tyr- Phe, -3 y-Vval,

Asp- Asp- Vall S“-L%—@%) Hs,ﬂﬁfﬂ-tepaﬂllﬁﬁé?@ﬁ’iﬁné[g@@@q @?Nﬁﬁ] 5 ST, fo

d u- Phe- Phes R“?O 'Tn TV $tial AR I ik 5 ~Phe- Phe-
I1e[SEQ ID %?E@I%r yr- ﬁ%ﬁsﬂ%‘éﬁ%r ?E%‘“Fp NO. F%?Lﬂd s%ﬁseu%og}_&a - Phe-

Phe[ SEQ | D heGeeledted ¢doprding to Grdrophiliy Dfpedies i.eipolaity) anothet Kpmimon- (d) - Lys-
Leu] 2. In sonme _enhodi nen th ctive agent i.s disubstit.uted w th one or
more of t HAMSFEH naﬁs%c%%?ﬂ 3‘3&' ﬁ‘ﬁi %Q/I Sfawgoa[fﬂ%ﬂﬁ hothele BFfdtdhent of the
i nvention ignbadiastiRostilize @it J00hatiraEARiNG atigs fod URHOORASCERbIefibtitg, iy active
agent whi ch has, been covalent]y bound to a _chem.cal, noiety. 30A WO

2005/ 03247 Acgnizebiad myiney substitutions alongthe: amino agip shaipsyhichodo retetiestyenti on i s
a conpositi : i j LUE t conprising providing a
therapeutic%??%%ﬁ%:ﬁ%eéﬂgﬁooﬁg 0 Oggiagﬁhgﬂé?}l e%ggent whi ch has been

coval ent | y [23]ndn pue embddimentthe capfigtrgngetie beivnersenedo 12ivhemival moisfiest y r educes

the rate of_ .absorption of. the active .agent (of0) red.t delivering the
inbound actitb ot &. mpistisy being prefrred el SOkt he AumBR 7 o
conmposi t i orshe@ical fdietics gttabhbd is édweteﬂlﬁ-dh:qg)a‘gl’:,l 8] £06,Rr0N, ifld. 16 agotha@t i ent with
an active agent_ which has been covalently bound to a chem cal noiety

wher ei n sai¢ihhg) the) inveption heaagleenlarweightaph therf castiaapatiers obthean acti ve
agent when gi c ' \J Rl t a .G+ range of
said acti ve&%‘gﬁte %[ E@f sdkﬁﬁc%t %’ggh’ggn%%g@é rr%lril‘it\t%}cé3 éltg ﬁi%ﬁ&é@ooﬁﬁljé{%

conposi t i orpréferablydutloot atgputifaly

[233] The compositions and methods of the invention may be applied to various

therapeutically valuable active agents (e.g., drugs) and include, for example,
stimulants such as amphetamines, anticonvulsants, muscle relaxants,
antidepressants, anxiolytics, benzodiazepines, sedatives, hypnotics, narcotics,
steroids, respiratory agents, including antihistamines, antipsychotics including
risperidone, and nonstelzoidal anti-inflammatory agents.

[234] Exemplary narcotics include opioids, hydroco&one, oxycodonte, morphine,
codeine, hydroxymorphone, oxymorphone, methadone, fentanyl, levorphanol,
dihydrocodeine, meperidine, diphenoxylate, sufentanil, alfentanil, propoxyphene,
pentazocine, nalbuphine, butorphanol, buprenorphine, meptazinol, dezocine or
pharmaceutically acceptable salts thereof.

[235] Exemplary benzodiazepines include alprazolam, chlordiazepoxide,
clonazepam, clorazepate, diazepam, estazolam, flurazepam, halazepam, lorazepam,
midazolam, oxazepam, quazepar, 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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toxicity conmprising providing a patient with an active agent which has been
covalently bound to a chem cal npiety wherein said chem cal noiety provides
a serumrel ease curve which does not increase above said active agent
toxicity level when given at doses exceeding those within the therapeutic
range of said active agent. [246] Another enbodi nent of the invention is a
conposition for reducing bioavailability of active agent conprising active
agent covalently bound to a chem cal npoiety wherein said bound active agent
mai ntai ns a steady-state serum release curve which provides a

bl oo ser urmtsteERer SR BT Ead0h hieaithe PLRUFDUR WA R i ven ot

doses exceedtngrakiese within the therapeutic range of said active agent.

[ 247] Anot her enbodi nent of the invention is a conposition for preventing a
C. spi ke f 38 cExoapkgeatti-ppichetietinslpdpelevapinean galapetidal apjenrapingl | y ef f ecti ve
bi oavai | abi | j LY. i GULVE. %%ngﬁé sing an active agent which has been covalently
bound to a dRemPEar " HHE y. [ 248] Anot her enbodi nent of the invention is a

conposi tion [§33] PxeMeniy Nonphet@ings iK@hRASMPBERMINS hhethaRfhe®Ring OpPr i si ng
active agent covalenfly bound to a chem cal noiety wherein said bound
acti ve agentnatixyempheiamingg eady -reethylensdesyampbttamsns, cur vel,5-8imaimeds5/ 032474

PCT/ US2004/ 032131 whi ch provi des t herapeutical lL.y effectivye
bi oavai | abi ¥ %HﬂPheﬁ‘?lB%gt s sp?ﬁ’%&”ﬂ?&lo yﬁg}pggtggn%q ood sé@Pfm concthitrations

conpar ed t o AIBAMRAIAGhicRNABeAnind. 249] Anot her enbodi ment of the invention
is a conpound of Formila I: " A-X,-Zm wherein Ais active agent as defined

herein; X i §240]cHAéricomipositipet yndasctiedls netie ilmengbm panddmadtyebgenesthich and 50
and increnents ther 8{/ aﬂd Z is a furt{t;ér cf:herri al nojety djfferent fromX
whi ch acts AURRORR] (R URCIERE] ROy BIVRESHICE 2RHAT B5SRec doSHER IS
thereof. |ngnqbher &MeediaRatadnd %la@&?sv‘ﬁf'd’hgﬂi WO‘J‘&] %‘ﬂﬂivﬁ?ldb‘ﬂit?- cilies shoul d
be recogni zed that the conpounds of this fornmula nay be used alfone or in
conbi nat i on anit'ohsEmyCafi anfier rebict ectaembadherentvs fof bivhenilabilent paotculfrR50]
Enbodi ments .of the invention provi éie copposi,tions . Wi cp allow th ctive

for abused substances taken in doses abOve therapeutic levels. ~ As a result, the

compositions and methods of the invention may provide improved methods of

treatment for attention deficit hyperactivity, attention deficit hyperactivity disorder

(ADHD), attention deficit disorder (ADD), cognitive decline associated with

acquired immunodeficiency syndrome (AIDS) or AIDS-related complex,

depression, anxiety and anxiety related disorders, psychosis, nicotine addiction,

narcotic addiction, alcoholism, narcolepsy, and/or analgesia.

{241] In one embodiment the chemical moiety i1s comprised of an amino acid or a

polypeptide. Preferred amino acid and peptide chemical moieties include, for

example, Lys, Ser, Ala, Phe, lle, Pro-Pro-Leu, Pro-Pro-lle, Val-Val, Lys-Lys, Gly-

Gly-lle, Phe-Phe-lle, 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-l1le[SEQ ID NO: 5}, Glu-

Glu-Phe-Phe-Phe[SEQ 1D NO: 3], Tyr-Tyr-lle, Asp-Asp-lle, Tyr-Tyr-Phe-Phe-

[le[SEQ ID NO: 6], Tyr-Tyr-Lys-Tyr-Tyr[SEQ ID NO: 7], Phe-Phe-Lys-Phe-

Phe[SEQ ID NO: 8], (Lys-Lys-Gly-Gly),(SEQ ID NO: 9], and [(1)-Lys-(d)-Lys-

Leu];. In some embodiments, the active agent is disubstituted with one or more of

the preceding chemical moieties,
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agent to be therapeutically effective when delivered at the proper dosage
but reduces the rate of absorption or extent of bioavailability of the
active agent when given at doses exceeding those within the therapeutic
range of the active agent. Enbodinments of the invention also provide
conpositions wherein the covalently bound chem cal noiety increases the
rate of clearance of active agent when given at doses exceedi ng those

wi thin the therapeutic range of the active agent. [251] |In another

enbodi ment the conpositions have substantially |ower toxicity conpared to
unbound act i[242]agemither] Bmboditeat Enbhedinvention e aC osppsditiofer rpeeieatng or
elimnate the possibility of overdose by oral admnistration. In another
enbodi ment  tYETAOSHPYRPHTIBSH AN pEEEASSRY WRIED hrnbges condenbsBowid tpiaychemi@her dose
by intranasgl,.gdm nistration. In another enbodi ment the conpositions reduce
or elimnate thé possibility of overdose by injection. [252] In another
enbodi nent, the conjugates of the invention may further conprise a polyner
bl end which conprises at | east one hydrophilic polyner and at | east one

wat er -i nsol ubl e pol yner. The pol yner nay be used according to industry
standard to further enhance the sustained rel ease properties of the active
agent conjugate wthout reducing the abuse resistance. For instance, a
conposition mght include: about 75%to about 95% active agent conjugate by
wei ght, from about 0.5%to about 10% of a hydrophilic polyner (e.qg.

hydr oxypropyl nethylcellul ose), from about 0.5%to about 2.5%of a

wat er -i nsol ubl e polynmer (e.g. acrylic resin), from 32 WO 2005/032474

PCT/ US2004/ 032131 about 0.4%to about 1.5% of additives (e.g. nmagnhesi um
stearate), and fromabout 0.01%to about 1% col orant by weight. Hydrophilic
polymers suitable for use in the sustained release formulation include: one
or nore natural or partially or totally synthetic hydrophilic guns such as
acacia, gumtragacanth, |ocust bean gum guar gum or karaya gum nodified
cel l ul osi c substances such as nethyl cellul ose, hydroxonethyl cell ul ose,

hydr oxypr opyl nethyl cel |l ul ose, hydroxypropyl cellul ose,

hydr oxyet hyl cel | ul ose, carboxynet hyl cel | ul ose; protei naceous substances such
as agar, pectin, carrageen, and al gi nates; and ot her hydrophilic polyners
such as carboxypol ynet hyl ene, gelatin, casein, zein, bentonite, nagnesium
alum num silicate, polysaccharides, nodified starch derivatives, and ot her
hydr ophi lic
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pol yners known to those of skill in the art or a conbination of such

pol ynmers. (2531 These hydrophilic polynmers gel and would di ssolve slowy in
aqueous acidic nedia thereby allow ng the active agent conjugate to diffuse
fromthe gel in the stomach. Wen the gel reaches the intestines it would
di ssol ve i WORWPBHfed quantities in the higher pH medGHVI2B04482181y

sustai ned rel ease. Preferred hydrophilic polyners are the hydroxypropyl

met hyl cel | ul oses such as those nanufactured by The Dow Chem cal Conpany and
known as Met hocel ethers, such as Methocel El OM [254) Other fornul ations
may further conprise phar maceut i cal additives including, but not limted

t | ubri st t t t
bowder ad ot 3} A5 SmPapRk HEE A adi g PR R LGRS | cne
gl ycol, andanvastieadgemt éom;ﬁfsmgrpmtrﬁm i M6Rdpeutealll ffecSw bMGEt dfagidse,

gelatin, starch paste, acacia, tra acant h povi done pol yet hyl ene gl ycol ,
Pul | ul an anePtive agent prhigh hasgh qe@lézﬁwd cboua@ttwchmal mejety whereti 8id de” and

talc; Surfa&imﬁ'&?“e Qﬁﬁfsétﬁy?ﬁeﬁf s%gnx ie{{I?ﬁ' £c)é\ze% %L%‘omgér?ﬂ&" sodi um

sul fOSUCCI nat ano am ne ene so I'tan oxal kol , and
guartemary dehvenmgmeaﬂicﬁmdactmeagmtvat I ves and stabilizers; excipients such

as | act ose, n ucgo ct ose, xyl 0oSse, t osge,, SUCI’OSG
mal t ose, [Z‘HEE Aﬂ%?tf?‘ﬁ?ﬁ’m% |°S¢%@VWf%t%WSﬂ’ﬁB§§ A& of
pot assi um R xﬁmﬂgageeﬁmg% PHEAOwitR a&dv%rag arwma?%g Getn additives

known to those of skill “i'n the art. Colorants include, but are not limted
to, Ener al ebvaleatiybousddo ambemicboiaty, wheeinpailchemidabmoiaty irsreamgtherel | ow No.

vari ous. cor e T PF Bkt gkt (el ByeR s JO it lngosd pBRRS 1CE o

enmbodi ment , tharapeifticainpe df k£d eabe sgaitul ation further corrpri ses magnesi um
Stearate and Enmeral d Green, Lake. [2551 An active a nt conjugate, which is
further for%ﬁht%@%t%@ﬂ@%‘é’ﬁt HYptioneis Aa pRIARASTHOR 5@*&‘6‘#‘8 to any

appropri at n@p@ k uti cal
manuf act ur e. glﬁ—ﬁt? I'n e actéﬁég&agiedrl\ %gﬁﬁgaﬁiﬁgwmﬁy rophilic

pol ynmer ‘nmaycdyelenilx édundntoaa nhemcalvmblhtyawharbmcpmit chefnivad tnaviety providen @ wet
granul ation. The .granul ati,o dried.,to ohtain h dr hll.l | yner
encapsul at eSFYPr & gﬂrﬁ&é’“‘a’F "gﬁ{’]? 5@5’@@?&“"8&%%&59@5 (iﬁlggnul ation

may be when given at doses exceeding those within the therapeutxc range of said active

agent.

[246] Another embodiment of the invention is a composition for reducing
bioavailability of active agent comprising active agent covalently bound to a
chemica! moiety wherein said bound active agent maintains a steady-state serum
release curve which provides a therapeutically effective bioavailability but prevents
spiking or increase blood serum concentrations compared to unbound active agent
when given at doses exceeding those within the therapeutic range of said active
agent.

[247] Anocther embodiment of the invention is a composition for preventing a Cpyy
spike for active agent while still providing a therapeutically effective bioavailability
curve comprising an active agent which has been covalently bound to a chemical
moiety.

{248} Another embodiment of the invention is a composition for preventing a toxic
release profile ina patient comprising active agent covalently bound to a chemical

moiety wherein said bound active agent maintains a steady-state serum release curve

31



mlled, screened, then blended with various pharnmaceutical additives, water
I nsol ubl e pol ynmer, and additional hydrophilic polynmer. The formul ati on may
then tableted and nay fiuther be filmcoated with a protective coating

whi ch rapiﬂkY di.ssaol ves or disperses in gastric juices._{256] However, it
shoul d be PR the active agent conjugate contr ol BEWVHERW4EPBhse of
active agent into the digestive tract over an extended period of tine
resulting in an inproved profile when conpared to i medi ate rel ease

conbi nations and reduces and/or prevents abuse wi thout the addition of the
above additives. In a preferred enbodi nent no further sustained rel ease
addi tives agRidhegtebideda RerdfelliQus ef&c%é‘?%&&jaﬂ%ﬂifyeﬂﬂcﬁéﬂren&hﬁlﬂﬁ@ Qki netic
curve (e.g. reduced euphoric effect) I 'e achi éving therapeutically
effective ainstaassbloed serurh gencenfeations ednepreed to uplioumd Feteveagepounds of t he

i nvention c e LN St d a.varliety of forng. Any

bi ol ogi cal | wgic‘g%&?srl %‘%"d’?ﬁ"é‘&@/‘l}t’ Fﬂ"ﬁﬂ%‘wgi‘S‘nﬂg&Z@%FW‘%ﬁi nary skill in
the art, and conbi nations thereof, a&.g(nczg{nenpl ated. Exanpl es of such dosage
forms include, without limtation, chewable tablets, quiig; di ssol ve tablets,

ef f er vescentWhes & 15 achive agent 28 detindeheyeini & 15, 8 ehqnyiral gnoigtyqas defined ol ut i ons,

suspensi ons I anﬁl” L= | %EE”.' bl et s,
capsul es, ngfﬁg%PgltllQE&wg%ﬁgéﬁ@: arﬁ%ﬂ@h&g%ggﬁ%gwgg e s‘?aﬁtl ozenges,
g_hewabl _eb: omiﬁgpdliﬂ'dmmﬁs»m ﬁi{pdﬂdgms agammljirest apbmtis bétesen iriand Spand i cl eis,
i sper si egg#anu e&l Cf’:lC ets,, douches, . suppositories,.creang, topicals,

i nhal ant s, USRI o %ﬂPﬂ’ﬁaﬁ%‘-ﬁ‘é‘gPl a‘fﬁp@l ml%ﬂ%ﬂs};\%f‘%‘?qﬁﬂaﬁts depot
inplants, i ggRtd b®kRdgnikdd MM 8O OHphinds bF tHid hrSulAGHAPHE A4, alodedriAMUSCUl ar ,
i ntravenous, and intradermal), infusions, health bars, confections, 34 WO
2005/ 032474 crgning8rovith oot the regited pibodiments of therimegnion.yogur t s, cer eal

coati ngs, : fzgﬁa? F{g&%&ﬁ,}e@éﬁgh%g@?mgfp#@gﬁ%ggm ol;ﬁgxfcll%gvﬁﬁﬂ aﬁ%%é‘g&{vggs

t her eof . wever “means el’rverin
abuse-r esi stugeit to othrapeutisallyf effebiive wivetrdeliosred st the probst, dobsgefbat radticesaxi mum

st ai ned 1 BIGHEAPITERo0 e P oo AR 0 SIS PN CENRBGRTEVAT od by ¢ he
oral route uhesacidefingI80ke | Withif! 8RS kragthfc fahfd UWfAlthd Nactipé ehghabl y over
an extended period of Tinme as conpared to active agent al one.

Embodiments of the invention also provide compositions wherein the covalently

bound chemical moiety increases the rate of clearance of active agent when given at

doses exceeding those within the therapeutic range of the active agent.

[251] In another embodiment the compositions have substantially lower toxicity

compared to unbound active agent. In another embodiment the compositions reduce

or eliminate the pdssibility of overdose by oral administration. In another

embodiment the compoéiﬁons reduce or eliminate the possibility of overdose by

intranasal administration. In another embodiment the compositions reduce or

eliminate the possibility of overdose by injection.

[252] In another embodiment, the conjugates of the invention may further comprise

a polymer blend which comprises at least one hydrophilic polymer and at least one

water-insoluble polymer. The polymer may be used according to industry standard

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.O.S% fo

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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[259] Fornmul ations of the invention suitable for oral adm nistration can be
presented as discrete units, such as capsules, caplets or tablets. These
oral formulations also can conprise a solution or a suspension in an
aqueous liqQuid or a non-aqueous liquid. The fornulation can be an emnul sion,
such as anqg?PpVWﬂWQter liquid emulsion or a water-in- BCT/US20440%18nul si on.
The oils can be adm nistered by adding the purified and sterilized |iquids
to a prepared enteral formula, which is then placed in the feeding tube of
a patient who is unable to swallow. [260] Soft gel or soft gelatin capsules
may be prepared, for exanple by dispersing the fornulation in an

appropriate hGb | j re. G gt@gﬂq r hi gh

Vi scosity mabﬁi ﬂP%fﬁ@q%&'??’u?fegdlditﬁ’t.ﬁéﬁg'en%%ﬁat e %?l %‘gd g&gle a?tl n based
filmusing 0.0t%nebbay 1% wlorad by wetght K Hedvoplitic pslgmersisnitdbbecfos afdingied | ndustry.
The industrial ,ugits so_formed are then dried to constant  wei [ 261]

Chewabl e t aBisieingd relgascfommplption,include: onecormere PAMIRL Q1 ReFtiplly: of gcptit‘HM ations
Wi th exci pi gl 29ueptle imk 3dh & Joalinl h¥P inlpadalth, IobdsP YO g, (a8 ot dosage

form t hat I nt ende be chewed rat her than swal -l owed. nventi onal
t abl et machgumey gr dathya pguon etrodified ¢eHulosic ssubsiatives!i suele tas coathyleslbilons, and

granul ationg, j.e.. .0 I i.ng, bef or.e ssipn, can b .l zed. Those
i ndi vi dual shxdﬁmiﬁeﬂujé%%rhv X YPEORY) mﬁ%ﬁg@jﬁ%\s&gﬁc&mf@%@ %%%%et on are
versed in thatrpivetSieislos) dabbrymakyitdiRldte; Upetiitedus GubstitenBhi¢h dosage form

Is a very common dosage formin the pharmaceutical, _industry. [262] Film
coat ed t abl 8395, DeCHR. EXEARSPR andyalgwatey; candr ether ydraphilic potymare such, a5 ng

t echni | ' et : ' ' t hods t
doposi {5 cobiyBElyRRSichs sRalh, 0k ol BASRIS oBieheia PAORNAR Mot hods 10
PCTI US2004/ §iB&i§ 1 poly2ssharidesypmedified stafchetdearivatives, casimuitier nhydrophilic epar ed by
i Xi the f | at i i t h i.pi,ents intended t d_bi ndi liti t
i 51 ntegr ot PO krper taiossrns S ing 3t b o PRBor Bt pOVBGpr ecood or

9

granul at ed (B8] TREPRRESHHISI REerREINBE Swoufl\dssbRe M dval ¥n e dciilid hose in
the industry. The resultant conpressed tablet dosage units are then
packaged ac®ediaithgetioalinwing theadive agent conjygate todifduse finm the geljin theyot t | es,

olister packsmadl - whabtle JHehd¥ehd HedharitCABUEBIRIVESin' BihetdfiEa Of
gi cal l y-acceptable carriers

guantities in the higher pH medium to allow sustained release. Preferred hydrophilic
polymers are the hydroxypropyl methylcelluloses such as those rﬁanufactured by
The Dow Chemical Company and known as Methocel ethers, such as Methocel
E10M. |

{254} Other formulations may further comprise pharmaceutical additives including,
but not limited to: lubricants such as magnesium stearate, calcium stearate, zinc
stearate, powdered stearic acid, hydrogenated vegetable oils, talc, polyethylene
glycol, and mineral oil; colorants; binders such as sucrose, lactose, gelatin, starch
paste, acacia, fragacanth, povidone polyethylene glycol, Pullulan and corn syrup;
glidants such. as colloidal silicon dioxide and talc; surface active agents such as
sodium lauryl sulfate, “dioctyl sodium sulfosuccinate, triethanolamine,
polyoxyethylene sorbitan, poloxalkol, 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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whi ch may be prepared froma w de range of materials. Wthout being limted
thereto, such materials include diluents, binders and adhesives, |ubricants,
pl asticizers, disintegrants, colorants, bul king substances, flavorings,
sweeteners_and m scell aneous materials such as buffers and adsorbents in
order to pVOPAP¥3M 4 particul ar medi cated conposition. [EXO%YS2HM4H3885 may be
selected froma w de range of materials such as

hydr oxypr opyhnet hyl cel | ul ose, ethylcellul ose, or other suitable cellul ose
derivatives, povidone, acrylic and nethacrylic acid co-pol yners,
pharmaceutical glaze, gunms, mlk derivatives, such as whey, starches, and

derivatives th nventi ona ers 0 to,.p ons skilled
inthe art. I%Pér%f‘g;ﬁﬁ%ﬁ% Fl‘ﬂl‘} Pﬁ@' 5‘#@%?@ ({3 V\Eﬁ’l"a%oﬁﬁi sopr opyl

al cohol , mepgyhepe 16 fonerpreferrel ellﬁbefdmarsﬁs aadmdtme@rfab@atibﬁﬂmaﬁdhem%r Exenpl ary
non-limting bulking substances include sugar, |actose, gelatin, starch,

and si| i concummisPymagesws] stearate endrBrgerpld Kreenchakér s may be sel ected from t he
group consi 9t citrate,
cronotic acP&gPp‘lr“‘(gpgz/tﬁueng&wt I ycﬁggtg%ﬁ%ﬁm ﬂﬁﬁﬁﬁ@ﬁ&g@%@&t yf:ﬁ)segacét e, castor
oil and m xbemnemfhdlmeéaéqordnng tmcnny appmplh&te method Asown to thesedefizkill ihfikse

pl asti ci zers h phob as hydro h| lic in, nagﬂuﬁ(riﬁ.

WAt er - | nsol B%‘Hﬁzgl’:ﬁmé‘ E‘F"an ‘é‘smStEJEFEh%ﬁ YR8 CqmiNes ¢ di et hyl
sebacat e &p?ﬁi@ﬁol:flh& RdyPoe AREd inoaﬂﬁdemthbﬁaﬁtgloeaﬁﬁa@émwa wepl ubl e

vitam ns, such as amn™B6 and vitamn ntrast, hydrophilic

pl asti ci 7 er gramlations e d Thih egtanwlation - mayi b umed. toi todtaim shydrophidiep polymer whi ch ai d

i n di ssol vi t.he surface, which
aidin nutrftio sﬂﬁf%c%m03|@f%ﬁ Jréeﬁegaa%oélm%a%G%he %H@#&%Hﬁ%h Lrl'r{ﬂ%yré? ood t hat
in addi ti onmilted} erceimgl efiere rbiendodr witls Uvagiohy phaRmiceetitall adbitives, whier

fornmul ati ons of. thi in n c iinc] ude other suitable 36 WD 2005/032474
PCTI US2004/ @S@E‘éipf’fy&@ﬁ sqf}g a@rﬁwﬂm i pglymisen Tae ?ﬁr@%aéwmqmgn and

anti oxi da“tﬁbleﬁu%daﬂ%&ﬂfé@%%hnwwa Wit hOseteBFFCbdathg S d include

vitamn E car ot ene, or other antioxidants known to t se of " skill in
the art. [Zwolﬁhedlsmwmm%mﬁw may be included by adnixture are, for

exanpl e, i nert ' S0l i uid ent, such
as | act osenﬁgéﬁfﬁ% ever 1§ gtl’lﬁgrbggﬂeo% ﬁ’ﬁ % %cgves"?ggﬁtacg’gb a‘iOBF%%tg osphate
for tabl et sreltase aﬁ%t:th&sageﬁi i@ tigd igedtive tract over an extended period of time

resulting in an improved profile when compared to immediate release combinations

and reduces and/or prevents abuse without the addition of the above additives. Ina
prefe:réd embodiment no further sustained release additives are required to achieve
a blunted or reduced pharmacokinetic curve (e.g. reduced euphoric effect} while
achieving therapeutically effective amounts of active agent release.

[257] The compounds of the invention can be administered by a variety of dosage
forms. Any biologically-acceptable dosage form known to persons of ordinary skill
in the art, and combinations thereof, are contemplated. Examples of such dosage
forms include, without limitation, chewable tablets, quick dissolve taﬁlets,
effervescent tablets, reconstitutable powders, elixirs, liquids, solutions, suspensions,
emuisions, tablets, multi-layer tablets, bi-layer tablets, capsules, soft gelatin
capsules, hard gelatin capsules, caplets, lozenges, chewable lozenges, beads,
powders, granules, particles, micrbpaxticles, dispersible granules, cachets, douches,
suppositories, creams, topicals, inhalants, aerosol inhalants, patches, | pa-rtic-lc
inhalants, implants, depot implants, ingestibles, injectables (including subcutaneous,

intramuscular, intravenous, and intradermal), infusions, health bars, confections,
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ethyl oleate for soft capsules and water or vegetable oil for suspensions or
emul sions; lubricating agents such as silica, talc, stearic acid, nmagnesi um
or calcium stearate and/or polyethylene glycols; gelling agents such as
col l oidal clays; thickening agents such as gumtragacanth or sodi um

al gi nate, WPr%WPdZ“é{Qents such as starches, arabic gunsPCTfés28847032131

nmet hyl cel | ul ose, carboxynet hyl cel |l ul ose or pol yvinyl pyrrolidone;

di sintegrati ng agents such as starch, alginic acid, alginates or sodium
starch glycol ate; effervescing m xtures; dyestuff; sweeteners; wetting
agents such as lecithin, polysorbates or |auryl sul phates; and ot her

t her apeuticall accept abl e accessory ingredients, such as hunectants,

preservat i \p@gnﬁ Heedse cCRlRAYORNHE, entsali onatingsjordh miritive toads, duertiongles for such
formul ati Orl‘goc}s[aﬁﬁglamﬁﬂ tiHsther@fm ni stration, fine powders or granules
|

cont ai ni ng uting, i spersing and/or surface-active agents may be
present ed i[258] diomeyér , the nmestt effetive amemyr fop, deliverizgsbe exbusprresistatitet s i n t he

dry state, in a n-.ggueous, Sus sion erein suyspendi,ng agents nay be
1 S Sompfu O BRREBeS 1 el sy FARE PR e dulYh sdRte o
necessary, thl@YAHE Rerapufe Siibittbness UsRIRR huSined TelekRN ivhfle QhaifEtinyl f Vi NG

agents can be included. [270] Li gui d dispersions for oral adm nistration my
be syrups, abuse resigagceorWhen dgliversil byshe aralroviprtopectivaypgedis wleasedsinoar ri er, for

exanpl e, sagchalrose or ccharo yth. ol vcerol and/ or, manni t ol and/ or
corb tol . IR Brrtero ) ST B SiGuth Bl s Pliiee FR fer "5
carriers ondlghepr oducts, for exanple sorbitol, which do not netabolize to

gl ucose or which nmetabolize only a very smal|l ampunt to gl ucose. The
suspensi ond2aHld Foraulatignss ph ke dRyeution suitsble feraﬂrﬂeﬁémw, 249 53R P nat ur al

gum agar, | | g (S L, 0 bo thyd cel | ul ose
or pol yvi nﬁ&%ﬁggnh%l Els%?{evﬁn%g%#%ﬁ2%?9%%?%%{80%36%%%1 T%%gl The dose
range for ddumhilationsalso lven ngrmpnidel 4 solidior d a snspensioninean agfuedusdiquidsor 4 ncl udi ng
the age, wei ght and.co diﬂor'o@#hef{g@t’i ent eigd t he,adm niigtratti on route.
Tabl et's and™BtEFu Jpid. ohe, formulation HEDTRHERT Fuch a8 AP IEIatETS

conveni ent | pquiC&RblsibA of adktéryin @SR dEmAsioRPThOBIlS sdrEbd sdfihisRpeditier eof ,  of
one of the present conpounds, For exanple, units may contain from5 ng to

500 ng, butaddiedhe pugified ynd steglizeddiquigs tas prsparpdyenteral foraulas whigh isghers ent

COMpouNds. piaced in the feeding tube of a patient who is unable to swallow. _
[260] Soft gel or soft gelatin capsules may be prepared, for example by dispersing

the formulation in an appropriate vehicle (vegetable oils are commonly used) to
form a high viscosity mixture. This mixture is then encapsulated with a gelatin
based film using technology and machinery known to those in the soft gel industry.
The industrial units so formed are then dried to constant weight.

[261] Chewable tablets, for example may be prepared by mixing the formulations
with excipients designed to form a relatively soft, flavored, tablet dosage form that is
intended to be chewed rather than swallowed. Conventional tablet machinery and
procedures, that is both direct compression and granulation, i.e., or slugging, before
compression, can be utilized. Those individuals involved in pharmaceutical solid
dosage form production are versed in the processes and the machinery used as the
chewable 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 rotafing pan coating methods or air suspension methods to

deposit a contiguous film layer on a tablet.
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[272] It is also possible for the dosage formto conbine any fornms of

rel ease known to persons of ordinary skill in the art. These include

i mmedi ate rel ease, extended rel ease, pul se release, variable rel ease,
controlled rel ease, tinmed rel ease, sustained release, delayed rel ease, |ong
acting, and VMY ons thereof. The ability to obtai PCT/HSadiELB1r el ease,
extended rel ease, pul se release, variable release, controlled release,
timed rel ease, sustained rel ease, del ayed rel ease, |ong acting
characteristics and conbi nations thereof is known in the art. [273]
Conpositions of the invention may be adm nistered in a partial, i.e.,
fractional dose, .one or e tinmes during a 24 hqur period, a single dose
during a 24?2q3§up°%%%?%‘ieqsif?ﬁxﬁpbdﬁﬁﬂ 113} dUr‘Pﬁﬁlgéh?fPrWHlﬁ“’fberi od of
time, or nogut ; ?ﬁfbﬁ ' : : |0 cad »
Fractional,wg&ﬁ§ léﬁséﬁ%ﬁ%f%u tip gﬁgggggggg%eﬂ%ge a‘ghaggﬁu'tgﬁgously or
at di f f er enmixtiwreds either idirgetlyheoniptessalior gramiabedl the banptessed using nisthodneven doses

with regard tpo one anqther or,with regajd to-fhe individual nents at
di tferent adif magqilPﬁ'é’ﬁ%‘HWPitf’re@?S‘f[lﬁﬁT%ﬂ{“&% Qi‘? Tﬁﬁ'@“&o‘f?ﬁ&?sﬁ?‘ﬁ%ﬁgf t he
i nventi on NaysapeuiitsOaré BRE pa a?_ecbhéc%fcﬁlg toRAdEKet Yeed) .8 hinit d6de, RIA! paKkeut i cal

package. Further, the conpositions of the present inventive subject matter
may furt herbpﬁéihbh@e@ﬁc]@ee'f&cconpani ed by indicia allowing individuals to

identify th bl r - | .o THE

I ndi ci ay rray?%"&?m‘? H&% %%ba “3‘9‘7‘53%?% g“ﬁ% O?%@?‘%ﬁﬂg%c%#@h Above

speci fi ed t iwhich pay begserfarl famni anwidecrangyg of hmtetialsp oBithbuinkeing-timited anpl e t he
indicia may be tinme. indicia.ndicatjng a,specifi¢c or, general .tine of da
for adnini & EheERt9.o Uy TEATERALS GREBAS _,_’orb“i) g i i Bqhesivesy ﬁ’i’nﬁmﬁ%y  ndi ¢ a
i ndi cating glagl?d[zeﬁ, disifeptRfk cBR}EantQ@ﬁIlﬂ(sﬁigsshBﬁidc&ﬂ lﬂ%(:orirfﬁ SRRASIslh@n- The

blister pack or other conbi nation package may also include a second

phar maceut i su$celiangeesc mateggls\guchoas bolias zad PgFtbeRe G/ @derl B prépa®sh [t wi l |
be appreciated t,hat _1.h a | ogical activity of the conpositions of the
I nvention cgﬁ%ggmggﬁ%ﬁg?ggFéggﬁg%ng standard pharnmacol ogi cal nodel s that

are known i m24dspeBakders hayt ber sadcted iffomMd Iwible @nge &fi afaeialshabcH e i nventive
conposition an be incorp ted or encapsul ated.in a itabl.e polymer
matrix or fﬁﬁ*mﬂlaﬁgmﬁ%sﬁeﬂﬁ@ % i%@ﬁiﬁf suifpble Getlulese dEHEtivERAl | 7cd

i th SPect { bovibig SRS P ARRlBrEERRRl &-Rilyhs Shldithchlila shRRCHkRS del i very.

These techn , as"well as o .
milk derivatives, such as whey, starches, and derivatives, as well as other

conventional binders known to persons skilled in the art. Exemplary non-limiting
solvents are water, ethanol, isopropy! alcohol, methylene chloride or mixtures and
combinations thereof. Exemplary non-limiting bulking substances include sugar,
lactose, gelatin, starch, and silicon dioxide.

[266] Preferred plasticizers may be selected from the group consisting of diethy]
phthalate, diethyl sebacate, triethyl citrate, cronotic acid, propylene glycol', butyl
phthalate, dibutyl sebacate, castor oil and mixtures thereof, without limitation. Asis
evident, the plasticizers may be hydrophobic as well as hydrophilic in nature
Water-insoluble hydrophobic substances, such as diethyl phthalate, diethyl 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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drug delivery techniques are well known in the art. [276] In another

enbodi nent of the invention, the solubility and dissolution rate of the
conposition is substantially changed under physiol ogical conditions
encounterea, in the intestine, at nucosal surfaces, or in the bl oodstream
I'n anot her "eMI8UPAERt  the solubility and dissol ution rBEBUSBEEAE al |y
decrease the bioavailability of the said pharnmaceutical, particularly at
doses above those intended for therapy. In another enbodi nent the decrease
in bioavailability occurs upon oral admi nistration. |n another enbodi nent
the decrease in bioavailability occurs upon intranasal admnistration. In

anot her enbQgi r i ' i e dd C .t ravenous
adm ni strat ?gér? Eﬁ‘%ﬁ?\ﬂ%ﬁ@%&g‘% ng%&eéﬁg%{ﬂ%ﬁn%gf Sl'%%eﬂlﬁﬁ@gﬁt?on ‘

provi des t haiculdhien fdokdeaccentatdd and leyuldtiteifdee vitondh i B eccatgeie] BET pr othiefled f or
oral dosing ipn the form(e,g., .a tahlet or capsule) it is resistant to
mani pul at i oﬁ‘.‘“".@ﬁ‘%ﬁikﬁﬁw’bﬁo qlgif "tfélﬁlﬂlé?%@rmdi sruption of the capsule does not
subst anti al §36g) NOFHRAEmbSRAS WP REy %@H&ﬁdeﬁfbfﬁdﬂ&r@%mfor ?Qﬁaﬁ[ebed when

conpositions of the invention are 1nhgested. [278] For each of the described
enbodi nent s medisally ineriringrodienthiee.g. colidwnd tiquid dalrerd such 95 lastosepdextrese; eal i zed.
The toxicit f the ¢o I S substanti.all r than that of the
unbound act ¥v§h¢g&s§ h%efflufﬁg %Qag@aqré:ﬁilﬂ“{f %}?&?‘}b‘{%ﬁﬁg%ﬁ%% or ¥ s@#’ff 011?8 8@ (%s or
el i mI nat Ies Emgl g{m‘ei o 'sclify cq_isumuemagmtebyoroveglbt_aal_érrbmifaf rsﬁﬁ;ieﬁgions_TE_el _ f
coval ently bou chem cal noiety redyces or eljmnates the possibility o
over dose bﬁmPﬁloPﬁH‘é@rﬁt‘%ﬂjﬁeﬁﬁsﬂ?}h‘isisﬂF% taloesteanis AL MRS YR AlkBMR cal ~ noi ety
reduces or | gl ‘ | Blddid Vo Vool BY h O 279] The
i nvention fart %}Elgérj%\s/ipg@gﬂl%?ﬁo%?dg%rgéglp?gg\rég%rgp}gﬁ)vaes g%lgo?édliﬂa%é manner
t hat decr eathickeningiagentosvehbs gim trogacaish sesodibn higitetepbinding agentesicham provi de
various ways to regul ate pharmaceuti cal dosage throu 0 ent attachnent
of active aéﬁ#’es’;%@gsﬁ ﬁ’&%‘ 0528 ﬁﬁ?ﬂ%@ﬁ%ﬁ%o?ﬁ%’iﬂ%&%ﬁ%%ﬁf cheni cal
noi eties. OpglyciipsireiRidhe;Riisilef@ting agetsach &f stk \Wesihicndid, %maﬁe%e
conprising adm nistering, to an individual an active agent I ch has been
coval ent | y Brslinm stagsheglyoplats; eBprvessing pixtyresy dyesiidt swestenons SeftingagepfS ovi des a
nmet hod of s | v dehduver i tiv 0 =Y Gkt 26 2
t her apeuti cg'icﬁy)é%f %leﬂ(%v r?gl&ﬁtt%go s g?\‘ﬁgg‘? ]\I/aégségénrﬁlt %\ﬁﬁ;cﬁ{e&%ﬁﬁ&ﬂy

acceptable accessory ingredients, such as humectants, preservatives, buffers and

antioxidants, which are known additives for such formulations. .
[269] For oral administration, fine powders or granules containing diluting,

dispersing and/or surface-active agents may be presented in a draught, in water or a
syrup, in capsules or sachets in the dry state, in a non-aqueous suspension wherein
suspending agents may be included, or in a suspension in water or a syrup. Where
desirable or necessary, flavoring, preserving, suspending, thickening or emulsifying
agents can be included.

[270] Liquid dispersions for oral administration may be syrips, emulsions or
suspensions. The syrups may contain as carrier, for example, saccharose or
saccharose with glycerol and/or mannitol and/or sorbitol.‘ In particular a syrup for
diabetic patients can contain as carriers only products, for example sorbitol, which
do not metabolize to ghicose or which 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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has been coval ently bound to a chem cal noiety wherein the chem cal nviety
reduces the rate of absorption of active agent as conpared to delivering the
unbound active agent. [281] Another enbodi ment provides a method of
reduci ng drug toxicity conprising providing a patient with an active agent
whi ch has BYég%P"%%W“ently bound to a chenical noiety WREFEFN0443213¢heni cal
noi ety increases the rate of clearance of a pharmacol ogically active active
agent when given at doses exceeding those within the therapeutic range of
active agent. [282] Another enbodi nent provides a nethod of reducing drug
toxicity conprising providing a patient with an active agent which has been

2 sor um r ol #281" ot P ek ALCTir hefies a5t denit G | RSt of feibent 8
toxicity | enludidiere Gizy Shei@t andl OSRIHR XTI pdtlint &HAtBe WidhididiratiGierouber apeut i c

range for the unbound active agent. [283]  Another enbodi ment provides a
net hod of r ddeleisnandpetbery firma tsif| prespntations provided i ip ediscgete tunite ppnvesienty pr ovi di ng

active agen Y d t ' Lery. reqn t und active
Soent Cmarnt xoR@hoa Hhy XoRe Witk Sorfo i kellon RACGE Yo N, R the BiEsdR"

t her apeut i cabhyourids.cBdér exempleomits nagebhthin\froas nprte $ohing, Sytinkiragsually i ncr ease
bl ood serum_con entraﬁ' ons %gggtrtﬁd t o unbound active agent when given at

doses exceed®Ry Q’F}Sé%_ T8 : FRRCSEHLERTROUPdhge f or the unbound active
agent.  Anothej R”f@oﬂé%igw R)Y'tﬂ@%oﬁg?‘%ﬂ?% RbmBing \WaY ol Bf Felesdpl ke for

active agent Wwhile st roviding atherapeutically effective

bi oavai | abi knewn éu persorsoefperdisiantskilb iw thedirhg Theseaincinde immediatantelaabe, has been
covalently hound .to.a chenlcal nmoiety. L.n another. epbodi men nmet hods of
Che | nvent i GReRiedRiskch PR ifrast Norbie atPercOififa, FIRG HRBL g s

Fi gures 1- 198staibetBfdieadt)Oddhsed aoleasd] M6apt adlingV hrte SombigBidie dthéesf, prig¥ent i ng a
toxic release profile .in a patient conprising admnistering to a patient an

active agen®DiliEiiglobfn immpedizte relorse.\pyendeireivases pulsersivass yatehlomiasa to a
cher cal Molgiobhose, ied ARUID oAbl PR LA elohs, T gAY~ St at e

serum release curve which provides a therapeuti ectrve
bi oavai | abi khargctésisticpansheombmatiens théreaf ipknowncindlesast. bl ood serum concentrati ons
conpared to (o] 1y} Lve nt. L2851 ot her._.enbqdj nent pof. t.he invention
is a net hod[#@? gg‘%&%ﬁ# so?p%%e\%vﬁ?'%‘o y ey be Adfilini SR S parfal, 1]

fractional dose, one or more times during a 24 hour pericd, a single dose during a 24

hour period of time, a double dose during a 24 hour period of time, or more than a
double dose during a 24 hour period of time. Fractional, doubie or other multiple
doses may be taken simultaneously or at different times during the 24 hour period.
The doses may be uneven doses with regard to one another or with regard to the
individual componenté at different administration times.

[274] Likewise, the cofnpositions of the invention may be provided in a blister
pack or other such pharmaceutical package. Further, the compositions of the present
inventive subject matter may further include or be accompanied by indicia allowing
individuals to identify 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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abuse of a pharmaceutical conposition, conprising providing, adm nistering,
or prescribing said conposition to a human in need thereof, wherein said
conposition conprises a chem cal noiety covalently attached to an active
agent such that the pharnmacol ogical activity of active agent is

subst ant i aYOOH@B2E4sed, when the conposition is used BGT/ES2pf44AU51

I nconsi stent with the manufacturer's instructions. Another enbodi nent of
the invention is a nethod for reducing or preventing abuse of a
pharmaceutical conposition, conprising consunm ng said conposition, wherein
sai d conposition conprises a chem cal noiety covalently attached to an

activeae at the col ogi c atlv t he aCt.lveaent S
subst ant |gal #zﬂdi gg"e&ppr%%%q&ﬁgﬁ’eé’hﬁ%?f’&f’%‘ﬁ comppfifins ’
i nconsi st enyf (N {oRehtith CRMNE @olonstliedusing \Shidaed pmmd@é@al nfy¥efsNB4t embodi ment

of the invention is a nethod of preventing overdose of” a pharnaceuti cal

conposi ti orie kpersniisi g at oviustbammorediti wills be apprgceiatsd thete ther inyemtiye sai d

h d
Eo?r{)gglctert)lcsﬁgﬂ%@?%g%hgﬂ o c(%#? ‘gﬁegrml e‘fa? covaﬂle% E/a%g'{ {Jo%%ed 1'1%“[2% active

agent in ameﬁb‘tﬁl&rfoi'bﬁé- muﬁmtdammlowmwmaﬁmlﬁddexmm”ﬁmhgﬁngoverdose
fromactive agent e§t1er enbodl of tﬂfi‘él nv ntion is net hod of
preventing 38 B‘EPaaElecﬁ e%eﬁﬁﬁﬁ"é‘f °| ﬁ“esc%“rfﬁ? & ¥8%consumi ng
sai d phar kﬁ&‘gﬁfnqh@m?a' d conposition conprises a
chem cal noie coval ent attac to active agent in a manner that
subst ant i aI[B‘Zﬁld@mh@@mbhétmt afith¢ mvension, thvemldhlkty dndglissolotiorarate ofe agent .

[ 287] Anot her enbodi nment . of t ve n for reducing or
prevent i ngqﬁ???énpé’ﬁ 81’??@3@@@?’%@%"&]%}' bog?gl%%f’o 6%&5‘85{1?‘%“8 e%corrprl si ng
provi di ng, in 8hinfstdes bi mﬁcosﬂrsuﬁh@sCdruﬁ)thwﬂ@@usﬁemnnp@ome@embmdwmn in
need thereof, wherein _said conposition conprises a chenical npiety

coval ent | y the selability sl dissohetiop ratesgeriantially, drereasg the hioaprlbilie of 8 cal
activity ofg,@c Hai&ﬁa&QEEHi &h&HQﬁI Etn&(}]@é 'ab’o@%ﬁ&.aﬁﬁ&de&“?%”ﬂ:{?\%‘fygoo osition is

used in a nann I nconsi s ent W't e nmanufacturer's [ 032474
PCT/ U82004/aﬁ6fh&x3&nbodmnentuh& desresse mrbmmwabﬂﬂbochummonaﬁaltaﬂmnustxmml onis a

met hod for .redugi ng vent the ef fect of a, pharmaceuti cal
conposi ti o2 g |°§1i"%?§‘”£i“g @ﬁrdeﬁ%a’?a% %‘bﬁ‘ﬁ AR % gﬂ
conposi t i ORda@TRFADAS IR a6RBE dlodiment the decrease in bioavailability occurs upon

intravenous administration. .

[277] Another particular embodiment of the invention lprovid&s that when the -

covalently modified active agent is provided for oral dosing in the form {e.g., a
tablet or capsule) it is resistant to manipulation. Crushing of the tablet or disraption
of the capsule does not substantially increase the rate and amount of active agent
absorbed when compositions of the invention are ingested.

[278]) For each of the described embodiments one -or more of the following
characteristics may be realized. The toxicity of the compound is substantially lower
than that of the unbound active agent. The covalently bound chemical moiety
reduces or eliminates the possibility of overdose by oral administration. The
covalently bound chemical moiety reduces or eliminates the possibility of overdose
by intranasal administration. The covalently bound chemical moiety reduces or
eliminates the possibility of overdose by injection.

[279] The invention further provides methods for altering active agent in a mauner
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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noi ety covalently attached to an active agent such that the pharnmacol ogi cal
activity of active agent is. substantially decreased when the conposition
is used in a manner inconsistent with the manufacturer's instructions.
(2881 Anot her enbodi nent of the invention is any of the precedi ng net hods
wher ei n saM® PBFEEeuti cal conposition is adapted for QEHUS%@I’fﬂi‘?-ﬁ?’ét ration,
and wherein said active agent is resistant to release fromsaid chem cal
nmoi ety when the conposition is administered parenterally, such as
intranasally or .intravenously. Preferably, said active agent may be

rel eased fromsaid chem cal rmi ety in the presence of acid and/or enzynes

resent in nte tr 0 m nal | sai d
Eonposi ti on{ n(ggs {Tﬁl}fnpﬁg ?)ng ep%g{hg{ {%r%@esf gmegl}uﬁ OfI%‘fe&g?% yor or al
suspensi on. olefdRt chin ﬁi’lriﬂE% mendN‘Miml w@éﬁvb@@eﬂt&vtﬁéﬂ/ha@fbe&me
precedi ng met hods ere| n_said emcal nmoiety is an am no acid,

ol i gopept i dgova}yg fly penditaa chereigalismistiir at e, gl ycopeptide, nucleic acid, or

vi tam n. dﬁ’ﬂﬁ ppepti de,
or pol ypept gﬁf %ere ﬁ% C eg}’ ﬁdesrmg?ﬂee@o\& dlféaigﬂpo ypegﬁd&nwh é%er ably said
pol ypept i decemprisingsprevidiamges ﬂtef@ﬂutilﬁllﬁl&ﬁ‘@vacammt off awective hagent5hiehri no aci ds,

ermbodi mont B DA TTBERY SRORL o it RIS e HBBEA MO - Sai o

coval ent  at j-aETRY rafcUTRbcRONT aBBlcRizetfas eaﬁpeeﬁo%m&ag NOR{HRRAd
enbodi ment of the invention is any of "the precedi ng methods wherein said

active agemhve@Mently attaches to a chem cal noiety through a ketone

and/ or .hydr ph r |, 26§ b 1291]
Anot her errb%}qre‘kﬁo%?r o] K %d?sg any éda (#g rpr“%@&d%'?ﬁ@%‘ﬁ%ﬁs wherein
sai d conpos tdrssing pﬂodﬁin@g hhﬁﬁanewﬁh Gn Elcfiee gett twiatH hadibednagdviakhtiguphor i a.

Preferably, said active, agent pr des a_ therapeuytical ly bioequival ent AUC
when conpab@®d i %&b%@g]a bﬂﬁ’é@fﬁ?%i’}vd@"@“@s the f4¢ €k resul ts

i eUphOr | aeark 92 AR usg{mgpmemfe SR IR GRNeh Ol b BrcBBARO 101

reduci ng or preventi a pharmaceuti cal “conposition rising
oral ly admi thost withinghestherdpewtiz range 2088V03geti.4 PCTI US2004/ 032131  conposi tion

aci a or peplRab ABvRFCRy Rl RlR € RERT sttt Ha o

comprising providing a patient with an active agent which has been covalently

bound to a chemical moiety wherein the chemical moiety provides a serum release
curve which does not increase above the active agent’s toxicity level when given at
doses exceeding those within the therapeutic range for the unbound active agent.
[283] Another embodiment provides a method of reducing bioavailability of an
active agent comprising providing active agent covalently bound to a chemical
moiety wherein the bound active agent maintains a steady-state serum release curve
which provides a therapeutically effective bioavailability but prevents spiking or
increase blood serum concentrations compared to unbound active agent when given
at doses exceeding those within the therapeutic range for the unbound active agent.
Another embodiment provides a method of preventing a Cpax Spike for active agent
while still 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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phar macol ogi cal activity of active agent is substantially decreased when the
conposition is used in a manner inconsistent wwth the manufacturer's

i nstructions. [293] Another enbodinent is a nethod of preventing overdose
of a pharmaceutical conposition, conprising orally adm nistering said

phar maceut WO2M933bsi tion to a human in need thereof ,PGHERN4H3EA] ¢
conposition conprises an amno acid or peptide covalently attached to
active agent in a manner that substantially decreases the potential of
active agent to result in overdose. [294] Another enbodinent is a nmethod for
reduci ng or preventing the euphoric effect of a pharnaceutical conposition,
conpri si ng . ok Lkl Qi &l b 4 gg@_ te Sdrupged

t hereot :, e%bﬁl%gﬁg%ﬁ%%g@? ?lgﬁb‘g%dn%? %g%hg%%g&nﬁn%t%gl odr pepti de

coval ent | y elianscérade whichqrovidesagberapenticdllyt dffectivenhivavagshilitydwb preyendsl activity

of active agent is., substantially decreased when.the ., co sition is used in
a manner ir‘%ﬁﬁggg{%eaﬁbﬁ%od{%u. : ﬂ?se‘ipmg%i'eﬂé?mc@f] .Vea?%S] For each
of the reci [238) BhdBESeniHodiniet bNe HvieMtion'ih 8 niethddfot RguihOOEsrevedting MRy be
achi eved t hrough bonding active agent to the chemcal noiety. In one

enbodi nent , akuse of gk phirmaceyficl oMo nePntREIpinEProvidinga administeringo®er t han

that of th [ b el { . as a salt

thereof . | P ssREEHpobon '€ ik B nact hefor BRALH ! ipolfiof

adm ni st r at canprisss aadiamnivd] moietye covaiently attachked t@antabiive egeab siichethat, the he
ossibility of overdose .intranasal adm njstration is reduced, or

gl i mi nat ed?lp]F”r’imﬁ?‘f’g?ﬂ‘éai @%é%i?éﬁ%vet?ﬁ?nbd%ﬁuﬁ%qabyo&“eﬁ@r H’g@% B injection

adm ni st r at b@fipdsRiohds We&inQd mehrerintehsdent [Wa3Fihe ABluRRur&PRGKNMEGEs. Of the

i nvention provides nethods of treating various diseases or conditions

conpri si ng Aanther embodiment o8 hsonymbion is & oetbed ifer reducing oxpreventing aise on whi ch

further co ' y. | | AR . o rﬁﬁﬁ tive

i1l ness or ngfggg%@g%ﬁhggélec?ﬁﬁ? ﬂgédé%n%ﬂg@gﬁré %ogml S %osélgl ée?)n P"gﬁg’%’t ached to a
chem cal noked yompasiticneainpriess,a chemicelrheidiyrenilemly dtfachadrity embdtive agantpr i ses a
met hod of treatjng attention.deficit eractivity c risi adm, ni stering
to a pati eﬁfcgz}hfrg\]é‘f H]Fﬁ“i‘i'é"og‘i‘g} sty "E Yﬁa%#eﬂggtg?mﬁ%i%gf"ﬁ‘?s not her
embodi ment wﬂé@%@@e’il\}%s{&h@%s@d it hSA4nes iRbhGSEAORitE ehd GlahufdtRRpactivity

di sorder (ADHD) 43 2005/ 032474 PCTI US2004/ 032131 conpri sing _
admi ni st er i H§treedions.pat i ent conpounds or conpositions of the invention,

[286] Another embodiment of the invention is a method of preventing overdose of

a pharmaceutical composition, comprising providing, administering, or prescribing
said pharmaceutical composition to a human in need thereof, wherein said
composition comprises a chemical moiety covalently attached to an active agent in a
manner that substantially decreases the pbtenﬁal of overdose from active agent.
Another embodiment of the invention is a method of preventing overdose of a
pharmaceutical composition, comprising consuming said pharmaceutical
composition, wherein said composition comprises a chemical moicty covalently
attached to active agent in a manner that substantially decreases the potential of
overdose from the active agent.
[287] Another embodiment of the invention is a method for reducing or preventing
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 a2 manner inconsistent with the manufacturer’s
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such as anphetam ne covalently bound to a chem cal noiety. Another

enbodi nent provides a nethod of treating attention deficit disorder (ADD)
conprising admnistering to a patient conpounds or conpositions of the

i nvention, anphetam ne covalently bound to a chem cal noiety. [2971 Anot her
enbodi ment W 200HB24"yvent i on provides a nethod of treati HG/URBWIPBYe decline
associ ated with acquired i nmunodefici ency syndronme (AIDS) or AIDS-rel ated
conpl ex conprising adm nistering to a patient conmpounds or conpositions of
the invention. [2981 Anot her enbodi nent of the invention provides a nethod
of treating depression conprising admnistering to a patient conmpounds or
CONMpOSi t i ONgnsGhicidds. AR dnibddinAéie tof e BIVBRINTRN nfRfholiBr kaveiRgigpn provi des
a method of treatin anxiety and anxiety rel ated disorders conprising -
adni ni st er i FEPVERING %&q ieaphoricc sHeduplle phanmapaysisalt composiion; memprisiagt i on.
Anot her enbogi s 1l ' ti . Dr_OMI et tr | psychosi s
conpri si ng gg##%riﬁs% gélldng %ﬁgﬁg’at@eéﬁefrp S%\grrgog@noglsﬂggr&%%ssi ?%e?\ﬂsl&gf t he

i nvention. [ntA&¥ cévaddntigrattachieddo amwadtive gdds sudhrtiistithe plarpaenlogiend activitgt hod of
treating nicqtine addiction, rising . admnistering to a_ patient conpounds
or conposi t i%ASIVEASERS sy y?f??."reﬁ&?at‘ﬁ‘béla ths EpEeRoMERR 150‘1‘333%3 ARt i on

provi des a nRihasteniwith ©atiaRSctifls Msihersdi ction conprising adnini stering
to a patient conpounds or conpositions of the invention i . Another

enmbodi ment  ¢288] hdnpthee embodinsnt of das inventiunhsdawy of tthe précadjog Imeilmalsi sm
conpri sing m opi st.erikng . to at i ent,. conpau or oppositi.ons aof the
I nventi on. [%%fﬁn%@t%gﬁmecﬁ%%éfﬁénﬁgosﬁmt ﬁea%Pﬁ{g/‘er g Bﬁfﬁ%{ﬂiﬁr@émé t hod of
treati ng nafefdieRsd aqiveRpetiaEsisdng toirdbse ot daid cheprdal afdicte at@otheds or

conpositions of the _inyention, Another enbodi gent of the, invention provides
a nmethod of PFENSIEAhE admmitaed Raeaivilys il st Mtrnasally | dgintravenopsly.i ent
conpounds of &&'ﬁglgs%&ih%ﬁ Db odhenay 5@ fromSSud i fagilitate a
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solution, or oral suspension.

[289] Another embodiment of the invention is any of the preceding methods
wherein said chemical moiety is an amino acid, oligopeptide, polypeptide,
éarbohydrate, glycopeptide, nucleic acid, or vitamin. Preferably, said chemiéal
moiety is an amino acid, oligopeptide, or polypeptide. Where the chemical moiety
is a polypeptide, preferably said polypeptide comprises fewer than 70 amino acids,
fewer than 50 amino acids, fewer than 10 amino acids, or fewer than 6 amino acids.
[290] Another embodiment of the invention is any of the preceding methods
wherein said covalent attachment comprises an ester or carbonate bond. Another
embodiment of the invention is any of the preceding methods wherein said active
. agent covalently attaches to a chemical moiety through a ketone and/or hydroxyl in a
pharmaceutically acceptable 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 Cyax Which results in euphoria,
[292] Another embodiment of the invention is a method for reducing or preventing

gbuse of a pharmaceutical composition, comprising orally administering said
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illustration only. Exanples [3021 The invention is illustrated by

phar macoki neti c studies with anphetam ne, hydrocodone, and oxycodone t hat
have been covalently nodified by attachment to various noieties such as an
i ndi vidual ami no acid, specific short chained am no acid sequences such as
di -, tri- WrWSBBAtapepti des, or carbohydrates such asPETRE2840R1Y. St udi es
I ncl ude pharnmacoki netic eval uati ons of the various drug conjugates

adm nistered by the oral, intranasal, and intravenous routes. Collectively
the conpounds denonstrate that active agents may be nodified by coval ent
attachnment to various noieties and retain their therapeutic val ue at nor nmal

d whi | e dase.b adni ni strat | d
o event | on SPBRRELts FaBRs Bt wieet A B Beno ot P Bt on.
CARRI ER  BOdhhoAMRidE TohVbfitide 3 @oValdndia MRttREed. thhaeti@h agentdeuopnshat atie t he use

and effectiveness of an chem cal noiety conjugated to an active agent for

reduci ng tt@%@ﬁgﬁcdl agtiiity o o ragbieee aﬂmtllé S‘#‘?mﬂaab'n dengeased whear theeuti c val ue
wherein th [ ﬁ'ﬂ agent

anphet am ngc morﬂlgklger%%éﬁﬁ%ﬂv\%verm e exarrp %ﬁl%ﬁ% usFra ive of the

at t achnent [Ms]ammbﬁteambmhmmtamg/meﬁmd of prexdnting evardase offeiphirtrasenticdtur t her ,

exanpl es of anphetan ne.attac I,nc|l ude, f nst ance and, pay be
synt hesi zePCERPYEYH CERTHIE O ég’mﬂ‘ %BEB“ "@i&?fﬁl"é"’ét“’? 082 and
t hroughout iR BPReH fthérdsf Wrherein saANLIRRD hﬁo@fcoexgsﬂ%t aNaffind BB st L1 Ons

Exanmple 1. General synthesis of am no aci d- anphefam ne conj ugates [ 304]
Ami no aci d peptidespaalentlyattashed totactivé agedt inye mhmegmmSMﬂMOGGer bed in
Figs. 1-5. anp nt he ne- d- anphet am ne [ 305]

L- I ysi ne-d- Q et ﬁ'}r?zl}?g V%ggegétﬂtrﬁsggllggﬁ\{f%%e Fig. 2) by the follow ng

net hod: 45 [m 200t edbddiitet 1952 flethod JarlRlucifg of prtventity fReagpkve MV Vi ght

nmol es Mol ar_ Equi val ent s
effect of a pharmaceutical composition, comprising orally administering said

composition to a human in need thereof, wherein said composition comprises an
amino acid or peptide covalently attached to 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 instructions.
{295] For each of the recited methods of the invention the following properties
may be achieved through bonding active agent to the chemical moiety. In one
embodiment, the toxicity of the compound may be substantially lower than that of
the active agent when delivered in its unbound state or as a salt thereof. In another
embodiment, the possibility of overdose by oral administration is reduced or
eliminated. In another embodiment, the possibility of overdose by intranasal
administration is reduced or eliminated. In another embodiment, the 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 adﬁﬁnistering 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 treaﬁng attention deficit hyperactivity comprising administering o a
patient amphetamine covalently bound to a chemical moiety. Another embodiment
provides a method of treating attention deficit hyperactivity disorder (ADHD)

43



d- anphet am ne freebase 135.2 4.75 g 35.13 1 Boc-Lys(Boc)-0Osu 443.5 15.58 ¢
35.13 1 Di-iPr-Et-Amine 129 906 ng 7.03 0.2, d=0.74,1.22 nL 1, 4-Di oxane -
100 nmL - [306] To a solution of Boc-Lys(Boc)-Osu (15.58 g, 35.13 nmol) in
di oxane (100 nl) under an inert atnosphere was added d-anphetam ne freebase
(4.75 g, ORWSOR4M ) and D PEA (0.9 g, 1.22 nli, 7.03 MEBIUS2009M%13esul ti ng
m xture was allowed to stir at roon1tenperature overni ght. Sol vent and
excess base were then renoved using reduced pressure evaporation. The crude
product was dissolved in ethyl acetate and | oaded on to a flash colum (7
cmwide, filled to 24 cn1mﬁth silica) and eluted wth ethyl acetate. The

U 11 ed preOFEEEES SRR A iPLer GyRP g U5 e Hisrs oh B iHEEER. sl  d.
NVR ( DMSO- diadh & dem taimﬁelccfvﬁlent?}"bo&}d&o Mcﬂﬁbal ity OAnbther éhbodiiiBnt a- CH3), 8

1.22-1.43 (m 4H ys- (3 and 5-C42), 5 1.37 (18H, Bog, 6x CH3), S 2.60- 2.72
(2H, Anp cmw,m s 3. mt@dssf l{q#nnawﬁcnw alefigit glisprdpr 4 (ADDY, comprisingp a- H), S

6. 54-6. 61 N N 7.29

SH, A H), ( E{@n 7t§e(zl mlﬁ)aﬁen% %%&Hég S{nmﬂngg%ﬁgg e(iff Iiﬁe [Sg‘éer%(t)lgl 1é’ct i on (m
Reagent s MMﬁgﬁe‘@hnnmhlemlyl\Hﬂuadtd?atheuﬁ&aembﬁcty 4M HC in dioxane 4 mol /nL 50
nmL 200 6. 25 L B 46 .0 14.84 32 50 nL -

[ 307] The p[?%"ﬁoc gheg - f3§l53 \’/‘E’&“‘f‘??g@ﬁ)‘?éso? %ﬁﬁ?‘g)(%nge%xane and
stirred mhldogmﬁoe aklﬁgq&ommmacﬁwmme@ SyRilomd éﬁm‘S)S&r' rred at

room tenperature overmIg The sol vents were theh feduce rotary
evapor at i orAIRS-rebatedo rcampley | mu@ ladmixdsiérinigoto of m@mtntpmm.ﬁﬂsfm | oned by
rotary evaporatlg Jd s g n a golden colored solid material that was
further driCdrBy %%Fi%éﬂ 5P5om 46 WD 2005/ 032474 PCTI US2004/ 032131

t enper at ur g298]denoklief henvtdinhein  ofHINVERWVeEOpeHidds §. B6thdd 16f (atingH, Lys y-
CH2), 8 1.1 (d, .3H, Amp. a- ),, 8 1.40-1.56 (m 4H, Lys-J3 and S-CH2), 8
2.54- 2. 78 EHiessp compptisinga t%tosaquyt compgunds’ W&OPH?S@HS offe a-H), 5

4.00-4.08 jnvention. Another embodiment of the invention provides a method of treating -

anxiety and anxiety related disorders comprising administering to a patient
| compounds or compositions of the invention. Another embodiment of the invention
provides a method of treating psychosis comprising administering to a patient
compounds or compositioné of the invention.
[299] Another embodiment of the invention provides a method of treating nicotine
addiction comprising administering to a patient 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 alcoholism comprising administering to a patient compounds or
comimsitions of the invention.
[300] Another embodiment of the invention provides a method of ireating
narcolepsy comprising a&ministe:ring to a patient compounds or compositions of the
invention. Amnother 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 2 more complete understanding of the invention,

Examples are provided below. However, the scope of the invention is not limited to



(m 1H Amp a-H), 8 7.12-7.31 (m 51t Anp ArH)8 8 8.13-8.33 (d, 3H, Lys
amne) 5 8.70-8.78 (d, 1H, amde NH); rap =120-122 C. Exanple 3. Synthesis
of Ser-Anp [308] Ser-Amp was synthesized by a simlar nethod (see Fig. 3)
except the amino acid starting material was Boc-Ser(O tBu)-OSu and the
depr ot ect i"WA2WdEM4The using a solution of trifluoroac®CTASHMBHst ead of
HCl . Exanple 4: Synthesis of Phe-Anp 1309] Phe- Anp was synt hesized by a
simlar nethod (see Fig. 4) except the amno acid starting naterial was
Boc- Phe- OSu. Exanple 5. Synthesis of "1-Anp [310] Gly3- Anp was synt hesi zed
by a simlar nmethod (see Fig. 5) except the amno acid starting materi al
was Boc- COgpdofiié: embodiRiRAts BliSISEEE ih Chese! BAadptas! RRidh SPRRLAFDABs ofL! SA

Anal ysi s Exanpl e 6. Pharmacoki netics of L-Iysine-d-anphetiani ne conpared to
anphet ani nélustratioanly.3111 Mal e Sprague-Dawl ey rats were provi ded water ad
l'ibitum fﬁted!egverni ght and dosed by oral gavage L-I|ysine-d-anphetam ne
or d-anphe sulfate. In all studies doses contai ned equi val ent anounts
of d- anphef{302j nThé asentidl R<illastAtedbyppletmidokideto Bndies wathi anphetsatice, Teasur ed by
ELI SA (Amphetamine Utra, 109319, Neogen, Corpor atﬁnﬁx!@%ﬁ' ngton, KY). The

assay is spydpeadone,nd pxysndonethathane been rowsianily mad AmEtty (0.6% of
the maj or 'aﬁcﬂﬁ -2 ihf alrlf R gﬁgc{q?ﬁh FRAGE A :10CCUrring.
L-lysi ne-d?anp e{tﬁ%ﬁgﬁg&v{lﬂ%‘%}la somggt er m%le% 0 be gfstgent | a@?ﬂﬁag‘éﬁgeam ive in
t he ELI SA eqhefides spilay] didyias afuh péitapebtidesporcarimhydnates isoch asunihoss, ebd.

d- anphet am_ne,. or . L | sil[;e-d- a het%id Ee arg ti}hown. I n qﬁ'gg 6., Ei}%ended

rel ease was efPHE® RAEMP © LEVERPEP e Of- Hfp FECHRi B dBXEERHRI mal s and
Cm was subghmitidred Iy HRC OARS BflraAssal, CAMD fitfderdons aBLteR | ColleEosly Whth

d- amphet am ne sul fate. Plaspa d-anphetam ne 47 WO 2005/032474

PCT/ US2004rorspamds demsersiiptethatiagtive agents mey\heduedified-hyneavalepbattaghmerthet ani ne or

consent  at Foraias deidies Al FpR D delpbdine vabiéCol B EF gy <) O e
L- | ysi ne- dpeevpitiigapotentiahasreslose [bar oral administration and prevention of abuse

through intranasal and intravenous administration. |

CARRIER BOUND AMPHETAMINE

[303] Examples 1 through 32 demonstrate the use and effectiveness of an chemical

moiety conjugated to an active agent for reducing the potential for overdose vyhile
maintaining its therapeutic valﬁe wherein the amino acid lysine (K) is conjugated to
the active agent amphetamine (K-amphetamine). However, the example is
illustrative of the attachment of amphetamine to any variety of chemical moieties.
Further, examples of amphetamine attachment include for instance and may be
synthesized through similar procedures described in examples 1- 32 and throughout
the specification.

A. Synthesis of Amphetamine Comgositions
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 I-lysine-d-amphetamine

[305] L-lysine-d-amphetamine was synthesized (see Fig. 2) by the following
method:
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to that of d-anphetam ne. Pharnacokinetic paraneters for oral admnistration
of d- anphetam ne or L-|ysine-d-anphetam ne are summarized in Table 3. Table
1. Plasm Concent rations of d-anphetam ne fromlIndividual Animals Orally
Adm ni ste nﬁ‘het anm ne or L-lysine-d-anphetanine (3 ngy/kg d-anphetamn ne
base) . 4t ami ne (ng/m ) L-1ysine-d-anmphet an BT PQ‘HO?ZU’( hour s)

Rat #1 Rat #2 Rat #3 Rat #4 Rat #1 Rat #2 Rat #3 Rat #4 0.5 144 157 101 115
52 62 74 44 1 152 78 115 78 48 72 79 57 1.5 85 97 117 95 42 62 76 53 3 34
45 72 38 61 60 71 43 5 20 14 12 15 49 33 44 22 8 3 3 2 2 15 14 12 8 Table
2. Mean Plasma Concentrations of d-anphetam ne Follow ng Oral Admi nistration
of d-anphetamn QJ; 5. é/si ne- d- anphet am ne. Pl asnma d- anphet am ne
Concentrations %hg r'#]’m Hour s d- anphet am ne L-I|ysine-d-anphetam ne Mean +/ -
SD v Mean +f-"SD Ragdied 120 [TAVE] Woghe| Adolcs [TNRITEayalos 4 22 1.5 09
13 14 58 14 25 3 4787 26 1.19 571814 24 37 12 32~ 8§ 35 12 3 24
Tabl e 3. Phaf dmanbiehmecfr@hwarﬂﬂéﬁc ﬁﬂSg argSit dni ne Fol | owi ng |Or al

Adm ni strati g f ey antT s erdranphetampe—Dbrug. AUC (0-8 h)
Percent Cmax ggq%léfggg Peaﬁ%g'?c L1r?t /tjjn‘r?iuﬂﬁl Anphet aimi ne (ng/ m)

Anphet am ne |m)341Pﬁi-])3t-lmiﬁ){eet am relz%rqﬁmeh@g“r ng.0341 Otﬂd%.?ﬂpﬂz:ﬂ.ﬂqLﬂ/-Z? 100 129

100 Lys-Anp 333—=+{—66 64+-1-3-55 48—

vJU JLTT

PCT/ Uszoo4/ot§f3@l°x'me S & 10 £V i | >

[306] To a solution of Boc-Lys(Boc)-OSu (15.58 g, 35.13 mmol) in dioxane (100
mL) under an inert atmosphere was added d-amphetamine freebase (4.75 g, 35.13
mmol) and DiPEA (0.9 g, 1.22 mL, 7.03 mmol). The resulting mixture was allowed
fo stir at room temperature overnight. Solvent and excess base were then removed
using reduced pressure evaporation. The crude product was dissolved in ethyl
acetate and loaded on to a flash column (7 cm wide, filled to 24 cm with silica) and
eluted with ethyl acetate. The product was isolated; the solvent reduced by rotary
evaporation and the purified protected amide was dried by high-vac to obtain a white
solid, 'H NMR (DMSO-dg) & 1.02-1.11 (m, 2H, Lys y-CH;), & 1.04 (d, 3H, Amp
0-CH3), 6 1.22-1.43 (m, 4H, Lys-B and 8-CHy), & 1.37 (18H, Boc, 6x CHj), 6 2.60-
2.72 (2H, Amp CH,),  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), 8 6.7-6.77 (m, 1H, amide NH), § 7.12-7.29 (m, 5H,
ArH), 8 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 cil. Addition of 100 mL MeOH followed by rotary evaporation
resulted in a golden colored solid material that was further dried by storage at rdom
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agent anphetam ne the peak | evels of anphetam ne are decreased while

bi oavailability is naintai ned approxi mately equal to anphetam ne. The

bi oavail ability of anphetam ne released from L-1|ysine-d-anphetam neis
simlar tdVORSOHT4 anphet ami ne sul fate at the equi val ®GTHeW0321US

L-1ysi nc-d-anphetam ne nmaintains its therapeutic value. The gradual rel ease
of anphetam ne from L-1ysine-d- anphetam ne and decrease in peak.levels
reduce the possibility of overdose. Exanple 7. Oral bioavailability of

L-l ysi ne-d- nphet am ne at various doses approximting a range of therapeutic
human doses

=4) pl as fy rv of..fd-anphet am ne
vs. L-lysi n%ﬁ%n%@ém@e%g%ﬁ'sﬁ\mwgﬁ%@gd%pg%?'g%w&}g%&@a 1.5, 3,
and 6 ng/ kgcHy), B 9. (d/ 3HSAmGLCH,), e R esh (8l ¥H, Exd-pnded-crhessgqvas
observed at all three doses for L-Iysine-d- arrphe am ne dosed animals. The

megnGpI as na2.6t8_rﬁmelﬁﬂr AgipdﬁHz,f%E_LVS?:Cfﬁ), h@ﬁﬁg: (mg;}Hng a-}li)hﬁ\grQMOE:Tab![ es 4, f 5
an , respec @M'}J&acﬁ,@gg :?ge |§%p&r€ax ers for oral admnjstration o
d- anphet am Afp ek, fel-d2-A 3 iy p KB 131833 (4 3Hydye amipe)

summari zed } & 71 T, .Nean,Rl Concentrations of d-anphetam ne
vs. L-lysi ng-@gﬁaé;rﬁqé%%’mﬁﬁggﬁh%@ géﬁ)(l)'ggr@Adm stration (1.5 ny/kg) Plasma
Anphet am neEfatisie 81 $withesiof SagAnip) Hour s d- anphet ani ne

L-1ysi ne-d- het am ne’ Mean, +[- .SD CV Mean +/- SD CV._ 0 00 0 QOO0 0.25
103 22 21 2008 év-%w&m%%gms a1 method (gee Fig. Dexeppt e aguno 1 5 116 28

24 72 10 14,3 568 - i _ 7 334 49
W0 2005/ 032375 “BERP AT a3 Bs PR O it 8 dtotetionies dode o8 oo of

d- anphet ani aeolution daf-ttiffedrnacetic acid instead of HCI.
Example 4. Synthesis of Phe-Am
[309] Phe-Amp was synthesized by a similar method (see Fig. 4) except the amino
acid starting material was Boc-Phe-OSu. o '
Example 5. Synthesis of Gly;-Amp
[310] Glys;-Amp was synthesized by a similar method (see Fig. 5) except the amino
acid starting material was Boc-GGG-OSu.
B. Pharmacokinetics of L-lysine-d-amphetamine
ELISA Analysis ‘ _
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 d4-
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 asuimals and Cnex was substantially decreased as
compared to animals dosed with d-amphetamine sulfate. Plasma d-amphetamine
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anphetam ne Following Oral Adm stration (3 ng/kg) Plasma Anphetam ne
Concentrations (nglm) Hours d-anphetam ne L-Iysine-d-anphetam ne Mean +/-
SD CV Mean +/- SDCV 0 0 0 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 33 88 13 15 5 62 22
36 91 21 MOYWHFPIH 33 46 16 34 Table 6. Mean Pl asma CERTARRWMNINHS of

d- anphet am ne vs. L-lysine-d- anphetam ne Following Oral Adm stration (6
ng/ kg). Pl asma Anphet am ne Concentrations (ng/m) Hours danphetam ne.

L- |l ysi ne-d-anphetam ne Mean +/- SD CV Mean +/- SDCV 0 0 0 0.25 204 14 7
74 38 51 0.5 186 9 5 106 39 37 1 167 12 7 133 33 24 1.5 161 24 15 152 22

15 3 111 29 26.1 5 78, 34 18 13 8.35 5 15 79 12.15 50 WO
2005/ 032474WB€PFE§,‘}’6€%F6§‘2§%%%T; &Eil'g’g’ﬁ‘i‘?‘e}asﬁé‘? & of
d- anphet ani ge skowd RVTdbE: Q@heﬁﬁ%@la&hﬁai etﬁlfmﬂé REHEARsRe SHown

L-1ysi ne-d-anphet am ne, Paraneter 1. ngq mgl kg 6m kg d- arrphetam ne
L- 1 ysi ne- d-ingtableh rﬁmmtombplyscmsnt@hon @Wéﬁ%#@h?tmwmiﬂmlémphet ani ne

anphet am ney,app %?Bﬁﬂlpﬂ&ammc. Pharmacokinetic parameters for oral administration of d-
amphetamine or L-lysine-d-amphetamine are summarized in Table 3.

Table 1. Plasma Concentrations of d-amphetamine from Individual Animals Orally
Administered d-amphetamine or L-Iysine-d-amphetamine (3 mg/kg d-amphetamine

base).
Time d-amphetamine (ng/mi} L-lysine-d-amphetamine (ng/ml)
(hours) | Rat#1 | Rat#2 | Rot#3 | Rat#4 | Rat#l | Ral#2 | Rat#3 | Rat#d
05 144 157 101 118 52 G2 74 44
1 152 78 115 78 48 72 79 57
15 85 o7 17 55 a2 62 76 53
34 45 72 38 61 60 " 43
20 14 12 15 49 a3 44 22
3 3 2 2 15 14 12 8
Table 2. Mean Plasma Concentrations of d-amphetamine Following Oral
Admiunistration of d-amphetamine or L-lysine-d-amphetamine,
Plasma d-amphetamine Concentrations (ng/mil)
Hours d-amphetamine L-lysine-d-amphetamine
| Mean | +-SD Ccv Mean { +/-8D 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
2 1 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/mi h Amphetamine (ngfmi) Amphetamine (ng/mi) Amphetamine
Amphetamine | 341 +/- 356 100 111 +- 27 100 129 100
Lys-Amp | 333 +/-66 28 61 +/-13 55 64 50
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AUC (ng/m 481 538 587 614 807 1005 h) Percent 100 112 100 105 100 125
Cmax 133 93 587 614 807 1005 (ng/m ) Percent 100 70 100 105 100 125 Tmax
0.938 3.5 1 1.56 0.563 2.625 (hours) Percent 100 373 100 156 100 466
Exanple 8. Oral bioavailability of L-Iysine-d-anphetam ne at various doses
appr oxi matWAg0040%24flge of t herapeutic human doses conpaPEd/USP04/032131

sunr aphar macol ogi cal dose [3151 Mal e Sprague-Dawl ey rats were provi ded wat er
ad libitum fasted overnight and dosed by oral gavage with 1.5, 3, 6, 12,
and 60 ng/ kg of anphetam ne sulfate or L-1ysine-d-anphetan ne containing

t he equi val ent amounts of d-anphetam ne. Concentrations of d-anphetam ne
were neasured by ELI SA ,{37161 It has been denonstrated that when lysine is
conj ugat ed 3]t Kxample;&, dlusigates that whap Awineniih soningatedotnofhe astivelagenshet ani ne at
30 minutes P g | [ cr.e F Ol ety . % over a
dose range a@@ﬁ%@%@éﬁ@ 1@&&&@\{3&%%\7@@?& ¢ a&i@%r%ﬁ%%ﬁg%l@#% iCal dose (60
mg/ kg) is onanstainedeapproximetely ejahptet anpheemine. orffhe- [bisdvaitabilitanpifet am ne

only reached 8% of those seen for ,d-anphetam ne. sulfate (Tahles 8 and 9,
Fig. 10). T‘H’Qﬁgt%‘ﬂ&a%ﬁéqead%%a;@yﬂﬁgﬁﬁ i i |Sypilar; tt§’_ g 0%hi gh dose
greatly requpRstahiie sale 8t MekfRl ikt d9§e0h1%£181 §Re-H-aATPRBAMAY MfntaitRP! € 8.

Level s of d-anphetam ne vs. Dosage at 0.5 h Post Dosing with d- anphetan ne
Sul fate. Ddtsethamppiedic1va@lu® 6THe peBlnaln geledse @fSarhpheGening -fr@® I-Ginerd- 72 294 +/ -
202 344 +/-12

3239 +/- 73 Percent ,100, 100 100.,1.00 100 51 WO 2005/ 032474
So Uea004 AbBbeapime g festehse AR Wvelp Fetobe e B of Sverdisey o ot J0_5-n Most
Dosi ng Wi t lExemhles Tneoll bisivhitdbility N6f L-lysine-d-smphetamine at various doses

approximating a range of therapeutic human doses

[314] Mean (n=4) plasma concentration curves of d-amphetamine vs. ﬂ]wmed—
amphetamine are shown for rats orally administered 1.5, 3, and 6 mg/kg in Figs. 7, 8
and 9, respectively. Extended release was observed at all three doses for L-lysine-d-
amphetamine dosed animals. The mean plasma concentrations for 1.5, 3, and 6
mg/kg are shown in Tables 4, 5 and 6, respectively. Pharmacokinetic parameters for
oral administration of d-amphetamine vs. L-lysine-d-amphetamine at the various
doses are summarized in Table 7.

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 [+-SD cv

0 0 0 0 0 0 0
0.25 103 22 21 I (k| 37
0.5 126 20 16 51 23 45
1 101 27 27 68 23 34
15 116 28 24 72 : 10 14

66 13 20 o1 5 5

20 7 18 75 16 T2

17 2 15 39 13 34
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Dose mg/kg 1.5 3 6 12 60 ng/m 0.5 h 45+1-101 86 +/- 26 129 +/- 46 172
+1-113 266+1-18 Percent 41 44 44 50 8 Exanple 9. Decreased oral
bi oavai l ability of L-1ysine-d-anphetam ne at a hi gh dose

addi ti onal

or al

PK study illustrated in Fig.

[317] An

11 shows the d-anphet anm ne

bl ood | eveV® 28¥503243%h ny/ kg dose over an 8 h tinme cour s@CTYH2HEIPZse of d-

anphet am ne bl ood | evels quickly reached a.very high |evel

ani mal s
Bl ood | evel

on the other

of the |lev

ani mal s) .

S
hand,

did not peak until

h for d-anp_}i%%%hh%%éﬁ%@

recei vi

e

het ani
et

B

and -8

valid
and sac

of 12

either died or were sacrificed due to acute synptons of toxicity.
(Tabl es 10-11) of animals adm nistered L-1ysine-d-anphetam ne,
5 hours and reached only a fraction

i

s of d-anphetan ne vs.

data past 3
rifice of

L- I ysi ne-dfanpne dntentraths @gn®f a Hl gh ose (60
ng/ kg). Plasna Anphe _(.n%a)g_hbu;s_d_@aphaam ne
L-1ysi ne-d{a n +A-lyspedwemphetgmings No NA NA NA
0.25 2174 s-sgg—zf—s‘ S 28P8—ESTO¢U7 212 30
14 1.5 2913 863 48 3.4944 95 1 4%83?'13?28 5 NA_L NA NA 565 100
18 8 NA NA0410}2060950 | 52 WO 2005/ 032474 PCTI US2004/ 082131 Tpbl e 11.
Phar macol dfiet5gs Pay ameggeT S| Of z¢-anphegsm e vE  C{T ySdghe- ¢amggtietpni ne  Drug
AUC Per cent kK_Percen na/nd th d___anp het ami ne (ng/ rﬂ)
d- anphet am| ne °(§1gl M ) 1Qi-’arrphet 4% ne d-fﬁ)het ani R 8,/130%°100| 3628 10b 2973 100

1 121 17 14 81 44 54

1.5 120 33 27 87 32 33

3 91 30 33 88 13 15

5 62 22 36 81 21 23

8 19 6 33 48 16 34

Table 6. Mean Plasma Concentrations of d-amphetamine vs. L-lysine-d-
amphetamine Following Oral Admistration (6 mg/kg).

Plasma Amphetamine Concentrations {ng/ml)

Hours d-amphetamine L-lysine-d-amphetamine
Mean |+-S8D Ccv 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 |
111 20 26 157 15 10
78 11 134 18 13
35 15 79 12 15
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L-1ysine-d anphetam ne 3,143 39 582 16 565 19 Exanple 10. O al
Bi oavai l ability of d-anphetam ne follow ng adm nistration of an extended
rel ease fornulation (intact or crushed) or L-1ysine-d-anphetam ne , [318)
Doses of an extended rel ease formul ati on of d-anphetam ne sulfate

(Dexadr i ne WhMR¥RE4capsul es) were oral |y adnini stered PET/ESA084/042131 nt act
capsul es or as crushed capsul es and conpared to a dose of

L- Lysi ne- d- anphet am ne contai ning an equival ent anmount of d-anphetam ne
base (Fig. 14). The crushed capsules showed an increase in C. and AUC, 1 of
84 and 13 gercent, respectively, as conpared to intact capsules (Tables
12-13). [Td léanthqokmehaB@rm@éwﬁﬁ-mphamm%m&‘@al owi ng adni ni stration
of L-| ysiAdeinistatisnef drampbetaming og Ldlysine-damphethmineof t he intact capsul e

i |l ustrapFsma—tir extendedete ttul_T'C_Cﬂ'lT

can not )ea'?P?%ﬂWent elclfgg@kgi npl ejmani pu t?ﬁgn. Tablle 12. i "-gcourse
Concentr fit i ons ofd-ahpbetauine} drisined-¢ Haorteragindg) dHysingdni| diamphelaninoh Leysinkxt ¢nded
Rel ease Pexadring Spansul ¢ s or Crusjf@ghetamiednded Rel ep@hessingdri ne

Spansul efAGOEmdn8$ Or4gh-| Y1 ngsgl- agpnesgmm ne| at 51430313 Cegof al | ng1edsng/ikg

and

d- Anphet fm ® Bage. Hours] Pl asma on (ng/ i) intact| Spansul g

Capsul e prgshes—Ppransgte—fFapsie He——0—0—P055—29 32 46
3 0.5 3p Becat | ao®™az pa K5 §11 66176 "% 46 Bo 48 8|34 12
38 53 WO Zes 0p247M3PCT| US04/ (321887 Tapl e618. Ti medBbursp 1005
Concent r ht {9 o d- anphe} ani ne F¢l | owi ng  al Admi|ni stratioh of Extgnded

!
Rel ease Derggént N Sp@osul E Cagsul ¢S ORger uspied 108Xt gndedogrel epse ipexaqri ne
Spansul e|-GCapsue$ ' 3 2 ' at

v

ar b haot am-nao
T Tmax | 0938 ST T 156 0.563 2.625
(hours) -
Percent 100 373 100 156 100 466

Example 8. Oral bioavailability of L-lysine-d-atnphetamine at various doses

approximating a range of therapeutic human doses compared to a
suprapharmacological dose |

[315] Male Sprague-Dawley rats were provided water ad libitum, .fasted overnight
and dosed by oral gavage with 1.5, 3, 6, 12, and 60 mg/kg of amphetamine sulfate or
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 (Teables 8 and 9, Fig. 10). The substantial decrease in oral bicavailability 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 4-

amphetamine Sulfate.
Dose mg/kg 1.5 3 6 12 60
ngiml 0.5 h | 109 +/- 59 | 196 +/- 72 | 294 +/- 202 | 344 +/- 126 | 3239 +/- 73
Percent 100 100 100 100 100
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Doses Contai ning 3 ng/ kg d- Anphet am ne Base. Paraneter |ntact Spansule
Capsul e Crushed Spansul e Capsul e L-1ysine-d-anphetam ne AUCO ft (ng.h/m)
399 449 434 Percent 100 113 109 C,,,,,,(ng/m) 80 147 76 Percent 100 184
95 T,,,. (hour%){ 1 13 Percent 100 100 300 [3191 Exanple 10 illustrates
the advant 3Q¢°5¥93#438 i nvention over conventional cont rRITERHSPUALe

formul ati ons of d-anphetam ne. Exanple 11. Decreased intranasal

bi oavai | abili of L-1ysine-d-anphetam ne vs. anphetam ne [3201 Male
Sprague-Dawl ey rats were dosed by intranasal adm nistration with 3 ng/kg of
anphet am ne sul fate or L-1ysined- arrphet am ne hydrochl oride containing the
equi val ent myét&velts s of g Ddsageat 0159 BbstIBARE A TSlyhelgnot rel ease
any mgmﬂ&@ﬂ&g anp etamnelnto circulatron by I'N
adm ni strati ean_(n=4) plasmp anphetanine_concentratjon curves of
anphet am ne vs| Ddse mgikgil net-@l- gnphét anlne a8e shown1&n Fj g. 602.

Phar macoki net i =i} BT e L e et W - anphet am ne
are sunmari zed P%ml{o;% E‘ﬁi 'aB Jg %‘Z J3 ar aée s of

Amphet ami ne vs| Pergii pe- 4L afphetbani ne A I N Adni®Ri stfati®n. pPrug AUC
(0-1.5 h) Percemt CmaEX PErcent _ngr m— 1T o-anpnet anmt e g7 M —danphet ani ne
Anmphet am ne 727 100 1,377 100 L-lysine-d anphetamne 4 0.5 7 0.5 54 WO

2005/ 032474E @ﬁlémdﬁaﬂdrﬁﬂbloﬂvgﬂ_aﬂhﬁgﬁ@@ﬂi—mﬁh&ﬂmﬁm&hﬁﬁhﬂ_ﬁ dosewhen | ysi ne

I S conj ugat ve  agent bi.lity by the
i ntranasal ﬁgui ﬂﬁ@ﬁﬁ‘?@&ﬁ@% Yd@E?’J[éTEFg ﬁirsh 81 Y% he ability
to abuse t g0 ughely of loi 60 alsyﬁgdos%xmlﬁ 4% umt W&n%%@'c%Véf pabi ity of
anphet am ne vs. L-Iysine-d-

amphetamine blood levels quickly reached a very high level and 8 of 12 animals

either died or were sacrificed due to acute symptoms of toxicity. Blood levels

(Tables 10-11) of animals administered L-lysine-d-amphetamine, on the other hand,

did not peak until 5 hours and reached only a fraction of the levels of the animals

receiving amphetamine (note: valid data past 3 h for d-amphetamine could not be

[ determined due to death and sacrifice of animals).

Table 10. Mean Plasma Concentrations of d-amphetamine vs. L-lysine-d-
amphetamine Following Oral Administration of a High Dose (60 mg/kg).

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

Mean +- SD cv Mean +#-8D [ CV

0 NA NA NA NA NA NA

0.25 2174 | @07 | 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

| 244 | 65 3 40 133 30

NA NA NA 565 100 18

NA NA NA 410 206 50
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anphet am ne [322] Ml e Sprague Dawl ey rats were dosed by intravenous tail
vein injection with 1.5 ng/kg of d-anphetam ne or L-Iysine-d-anphetam ne
contai ning the equivalent amount of anphetamine. As observed with IN

dosi ng, the con ate did not release a significant anount of

d- anphet anf¥Qe00 gﬂ 4(n=4) plasna concentration curves FACT/GRPMOBUAM ne vs.

L- 1 ysi ne-d-anphetam ne are shown in Fig. 13. Pharmacol dnetic paraneters for
| V adm nistration of L-Iysine-d-anphetan ne are sunmarized in Table 15.

Tabl e 15. Pharmacoki netic Paraneters of d-anphetam ne vs. L-1ysine-d-

anphet ami ne by IV Administration. Drug AUC (0-1.5 h) % Cvax (ng/m) % ng/n

h Anphet %1’%‘11 AT &Pmﬁg 0; K-anphetamine 6 3 5
3 [323]. Eﬁ;ﬁ 2 I'lTustrat esgéﬁat d\%%'gn ysli nejii@_ g:n%n‘f ugated to the active
agent anphetamne the bioavailability of anphetanmine by the intravenous

route is ecPereed, |t Bemely oﬁmantshilmmneek abi Pertent t o {abuse
t he drug . A ISy I{ Bl jalability
the drug Sy | LGB bt AR e 130o| FugiaRRE1 1L

As shown the 9 act io@8®F |i nt adQ0 L- 1 {si 23 d-lanphd®ani n
absor bed T]‘_Q.l 2800 ora[ dmnrstratfion 1rf rafs rncrgased ngn-Tinearrylin
proporti tagﬁﬁ t dos frgml,.5Ito 12.ng/ kg nghet anj.ne bgse).
The frac Bnoé]ﬂé oér:Eéngé ng/ kq \/\%g anly %66 perceg?g ereas19|t }
increased to 24.6 percent by 12 ng/ kg. The fraction absorbed fell to 9.3
per cent ) of .60 /kg Tmax raned fromO 25 to 3 hours and
peak conceaiPs B1oayailability of ¢d-ampheta: adm: at :

L-1ysine ﬂfeﬁm%@%ﬂ&ﬁﬁgiﬁﬁ&q&h%&%@ﬁxgn@%ﬁhm was 55 VO

2005/ 032 Cleared nmore raprdry an d- anphetamine with
near |y urldtfjedoats of cancutanded ircicase fyrmlationr of ai—ampl'etﬂnumesmﬂfdbse [3251 T.
for d-ampet am o gp erepclipsl esj \Qgre%rﬁfpgagmmet’ A8 1§ AROSO cnélpg'ulés o3

as crushed capsules and compared to a dose of L-lysine-d-amphetamine containing

an equivalent amount of d-amphetamine base (Fig. 14). The crushed capsules
showed an increase in Cpgy and AUChur of 84 and 13 percent, respectively, as
compared to intact capsules (Tables 12-13). In contrast, Crax and AUCiy of d-
amphetamine following administration of L-lysine-d-amphetamine were similar to
that of the intact capsule illustrating that extended release is inherent to the
compound itseif and can not be circumvented by simple manipulation.

Table 12. Time-course Concentrations of J-amphetamine Following Oral
Administration of Extended Release Dexadrine Spansule Capsules or Crushed
Extended Release Dexadrine Spansule Capsules or L-lysine-d-amphetamine at
Doses Containing 3 mg/kg d-Amphetamine Base. '

Hours . ' Plasma Concentration (ng/mf)
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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T R

hours as conpared to 0.5 to 1.5 following adm ni stration of d-anphetam ne
The difference in tine to reach nmaxi mum concentrati on was greater

sul fate.
at hi ghe
L- 1 ysi ne-

foll ow ng

r doses.

WO

ne vvas

appr oxi mati ng human eqU| val ent

d- anphet am ne sul f ate;
dose for a 60 kg person in accordance to

C. of d-anphetam ne follow ng oral
reduced by approxinmately h
sul fate adm ni stration at dos
doses (HEDs)
19.9 to 39.9 ny).

delivery of
are

Fengfri@RY ¢

in the therapeutic rang

dto C

nmy/ kg,
e (HED

HEDs are defined as the equival ent
t he body surface area of the

ani mal nodel. The adjustnent factor for rats is 6.2. The BED for a rat dose
of 1.5 ng/k to 1.5/6.2 x 60 =
o LS anp'ﬁawé 1_311%5960@3156&&@@@& o thonSSERh tahﬁn@F’dll {?Eé" To0o" o

d- anphet am pg feGse . ﬁlﬁ C %u1e§ X 6] At doses
above HEDSP L rﬁFEaggti b&?ﬁge ' HED

d- anphet am &R AL L P was reduced by 73 and 84
percent, remnmﬁrervel mtacm:amlawp tmusﬂecasmhmﬁemapaﬂe 5 LHysiaé-B-amphatamind | d-
anphet an W&—Pyeﬁee—d—maﬂp@aﬂ-ﬁe—mre
simlar m3 d-armﬁ am ne sulfate ? | ower Hoses. observed with
cC , h‘oweverPeroenthe AUCs forIOQj-arrphet am ne f1rl3)m L- Iys ne- d- angghet am nre wer e
subst ant =t Y fecTgaset—c e et trose o aupn,u et re—st-f-ateht

hi gher dasgcs:fh"g it 7 hi ghest™® g/ Kg:;
HED 399 fry dPemepthet gnine 4@ fate. {13271 I 8&ummary,joral bi%availabjlity of
d- anphet sun-l-ne h'ohr‘é)” Ty ST ey o= anmphetanT e~ geTr easeuf t U SonMEy UeyTr ee—pt

hi gher dhse®™® |n rat§ . However  pharmacokinetics with respect to dosp were
nearly || nedlee®r Lilysinel®® anphet amine 4P doses ffom 1.53%% 60 ngl kg (HED
d-anphet amme surtate; I9.9 (0 /9/.Z Ng) W th the rraction _apsorpbed rangi ng

from52 to 81 percent (extrapolated form 1.5 ng/kg dose). Pharnmacokinetics

of d- anphet BifheExamipleat e ﬂilmtramSStbe raémtqge dfi the dnveation @xer corosationsf 1.5 to 6

r%leage f7 %mma"%

ySt ne-

my/ kg (HED; 19

absorbed ranging form62 to 84.
I n contrast Otno

ﬁe‘f Sﬁ&%ﬁ‘éve 56 WO 2005/ 032474
PCTI US2004/ Bxd B Mshieyd-emchaetasimd wt hi gher
doses for d- anphet amine sulfate with the fract I on absorbed cal cul ated as
101 and 22 € (extrapol at ed

[320] Male Sprague-Dawley rats were dosed by intranasal adminisiratien with 3
mg/kg of amphetamine sulfate or L-lysine-d-amphetamine hydrochloride containing

the equivalent amounts of d-amphetamine. L-lysine-d-amphetamine did not release
any significant amount of d-amphetamine into circulation by IN administration.
Mean (n=4) plasma amphetamine concentration curves of amphetamine vs. L-
lysine-d-amphetamine are shown in Fig. 12. Pharmacokinetic parameters for IN
administration of L-lysine-d-amphetamine are summarized in Table 14.

Table 14. Pharmacokinetic Parameters of Amphetamine vs. L-lysine-d-amphetamine

by IN Administration.
Drug AUC (0-15h) Percent Cmax Percent
ngfmi h d-amphetamine (ng/m)) d-amphetamine
Amphetamine 727 100 1,377 100
L-lysine-d-
amphetamine 4 05 7 0.5
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form 1.5 ng/ kg dose), respectively, for the suprapharmacol ogi cal doses of 12
and 60 ny/kg (HED d- anphetam ne sul fate; 159.4 and 797.2 ng). [328] The
results suggest that the capacity for clearance of d-anphetam ne when

del i vered g%#q g#llfate salt beconmes saturated at the higher doses whereas
the gradudl ysg[fﬁ f75| s of L-Iysine-d-anphetani ne precl S2004032131 i on of d-
anphetam ne elimnation at higher doses. The difference in proportionality .
of dose to bioavailability (Cmax and AUC) for d-anphetam ne and :
Lrlysine-d-anphetamine is illustrated in Figs. 20-22. The pharnmacokinetic
properties of L-lysine-d- anphetam ne as conpared to d-anphetam ne at the

hi gher dosep29pCreasge tli‘@lhﬁ.ﬂhtbé Eh\At whéh %ﬁ@h@é&]@%&% theackive BRmPYes the

safety and reduces the abuse liability o - lysine-d-anphetanine as a

net hod of damphaseming the bieptedebilitynby ﬂwrmtrmsqlr@utméﬁvbwual)\m@rwecbt her

I ndi cated c | n i lability of '
L-1ysi ne- d-gﬁg%tft&t nﬁ“ﬁ‘%—%@%’%’?@% %}mééﬁlgﬁ’ﬁ%%gtﬂg%&ﬁ%é[ 329] As shown in Figs.
23- 24, . bi oapairhplbi 101 vinavéhoadpbidhailiabitity obfl camphetabinelsvs.i Mi-fveinadal

adm ni st r at p@Ph@dmipe| YSi ne- d- anphet ami ne was approxi mately 5 percent of
that of the Qﬂw val ent - d- anphet am ne sul fate dose with AUCE val ues of 56 and

1032, respet¥Ey e%rawwmawﬁ@eﬁbymmmaﬂyfm iomptet ani ne

The " equi val enPoRgon G ReARER e 1AMl @b Riltin e P CRNA ' 101t

and 1962. 9 amg¥ntiof amequtﬂuiuevks gbsemdmthHNdmw&noqmugamdxdlmtrdeasmn, T. of

d- anphet am ne. ncent ra S del a u ntiall '

L-1ysine-d- & {3‘60 é?agz —ﬁrpga&me ﬂe,/e?{rohono‘f““é?s&ﬁphet ani ne
sul fate (5 amﬁwtﬁﬁme vagnllymﬂee& h@phétﬂﬁmmee g{oaélual Figh¥3ir Phaysbsoketic

L-1ysi ne-d-anphetam ne. A high concentration of intact L-Iysine-d-

anphet ani nePHADCIGE ﬁmléfdamsmm%@ Ariysinerdamphelsmig saogERerizgd that t he
| ar ge decr?‘?ﬁﬁ kn bioavailability of d-anphetam ne was due to m ninal
hydrol ysis o 1ysi ne-d- anphet ani ne when delivered by this route. It
appear s t haffalall §. Rhianmavekinetiritaarheters of damphétanmeivad.-baimeke del i vered by .
i ntranasal asphetamsine by [V Adefiniktratiopsi ne- d- anphet ami ne. 57 WO 2005/ 032474

PCTI US2004/ {8e2i-gd—matie—tb—I-Ri+av-eh Ri-gav-cira-abittty 1 Of
. G N (ﬁglmT) "%
L-1vsi ne-d- arrphgrf"gm ne gﬁﬁg@ AFnShetamin Amphetamine
Amphetamine 190 100 1 69 100
K-amphetamine 6 3 5 3

[323] Example 12 illustrates that when lysine is conjugated to the active agent
amphetamine the bioavailability of amphetamine by the intravenous route is
substantially decreased, thereby diminishing the ab111ty to abuse the drug by this
route,

LC/MS/MS Analysis

Example 13. Oral Bioavaialability of L-lysine-d-amphetamine compared to d-

amphetamine at escalating doses.
[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. Tiax 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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d- anphet amme [ 3301 As shown in Figs. 25-26, bioavailability of d-anphetam ne
follow ng bolus intravenous adm nistration of L-Iysine-d-anphetam ne was
approxi mately one-half that of the equival ent d-anphetam ne sul fate dose
with AUC ,,r values of 237.8 and 420.2, respectively. C of d-anphetanm ne
fol | owi ng WALV RTA- anphet ani ne  adni ni stration was onbgT/aseoesoszpe- f ourt h
that of the equival ent ambunt of d- anphetam ne with values of 99.5 and

420. 2, respectively. T. of d-anphetam ne concentration was del ayed
substantially for L-Iysine-d-anphetam ne (30 mnutes) as conpared to T of
d- anphetam ne sulfate (5 mnutes), reflecting the gradual hydr ol ysi s of

L-1ysine-d- t am ne, ~concl sion the bi pav of d- anphetam ne
by the int r%%%@grer@ﬂ{dy ﬁ’é‘né{}’d’éﬁ f‘) 'é@@{fﬁh]l& feprabionthen © gi ven
as L-1ysi nesyk RidRitRdoWRst dYRY. eover, b| oava| lability is |ess than t hat

obt ai ned by "oral adm nistration of t he equi val ent dose. of

L- 1 ysi ne- d-[33h ixanfon ¢-ampBetamine)frah m@sm@dmpmtmlrmmdlﬁmylﬁaoé in Rats

[ 3311 The f.oll ow n ze. th ai lLabili dat a |l ected in,
Lot e | fhohB 0 5 T ol ink Bl SR pP Eabdphekafite Bufilo. o0 T1
phar macol drigie diffresc i tiafesto déachl mARPNDY ddficatration wavprgtepsittligher Abdegnsal , or
bolus intravenqus adm nistration of d-anphetam ne or

L-1ysine- d-%mpw&dai*ﬁlh@tmaﬁlf@%ng %r%ﬁ@ﬁlﬁeh wssnrﬂaf?awab%vrsmsfwas _
d- anphet amrggucgglﬂgg\égq}g,t(l o y hﬁl‘?rﬁs”é ol kot g_aqlr?gx A am ne or

d- anphet anmi ne at Doses. ute Dru g Dose 0-8)
AUC( | nf) F salfie BdsiniSragion @oé@seq n’gl Bdd ﬁ(mgkgnapp:(om;mz(umgri:m)an(ﬂqgml/eht) (%

(ng. h. kg/ S|ne 6 3 61 220.7
39.7 arrphe‘{ T el 3 et @) gSmrbedmin i’ 10 33394°% 25
L-1ysine O %) Q-IEBS &%ﬁic@néd @tﬁ@% %en?%o?&ﬁr@ﬁé&g\?pem%ﬁm%&iﬁaﬂ&g al
anphet am ne_ 3 217. .5 885 921 84 307.0 72.4 58 WD 2005/032474
PCTI US2004 /tbgchbrl e area of the animal model. The adjustment factor for rats is 6.2. The

HED for a rat dose of 1.5 mg/kg of d-amphetamine, for example, is equivalent to

1.5/6.2 x 60 = 14.52 d-amphetamine base; which is equivalent to 14.52/.7284 = 19.9

mg d-amphetamine sulfate, when adjusted for the salt content.

[326] At doses above HEDs in the targeted therapeutic range (12 and 60 mg/kg;

HED d-amphetamine sulfate 79.8 and 399 mg), Cnx Was reduced by 73 and 84

percent, respectively, as compared to dJ-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 Cpax, 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
AUCysreduced 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 mgkg (HED d-amphetamine sulfate; 19.9 to
797.2 mg) with the fraction absorbed ranging from 52 to 81 percent (extrapblatcd
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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Route Drug Dose Crax Tnmax AUC(0- 8) AUC(i nf) F AUC/ Dose Cmax/ Dose (ng/kg)
(ng/m) (h) (ng.nbh) (ngnmi/h) (99 (ng.h.kglm/nmg) ng.kg/ming L-1ysine O al
d- 6 310.8 3 1,680 1,797 82 299.5 51.8 anphetam ne Oral anphetam ne 6 815.3
0.25 1, 319 362 62 227.0 135.9 L-lysine Oal d- 12 412.6 5 2,426 2,701 62
225.1 34. 4VOIIHMAH ne Oral anphetani ne 12 1,533.1 0. 2BCHUSM90821833" 101
369.0 127.8 L-lysine Oral d- 60 2,164.3 5 9995. 1 11,478 52 191.3 36.1
anphet am ne Oral anphetam ne 60 13,735 1 32,323 48, 707 223 811.8 228.9

Tabl e 16. Pharnmacoki netic Paraneters of d-anphetam ne Fol |l owi ng Bol us

I ntravenous Adm nistration of L-Iysine-d-anphetam ne. Route Drug Dose Cmax

Tmax Al o%@am@{ég 4 B férn L-1ysl ne
d- arrphLeJtCEam ne 5 95"%{”5& glsgﬁg r’ﬁ%atél%%éfba)sed %higp}p%sgémﬁe 1. 4%116@2! 0. 0%3

546.7 546. 9sutfa;tb|v\éth1ﬂﬁe fipptiomehsorbpd calewatpd e AL ands 23% percentyierdapelted Fol | owi ng

T ADGL O f@%%ﬁ# R A G M

L-1ysi ne-d- nigk Guiphbtamik sulisp e Aind §97.Blngk) - anphet ami ne 4. 12 1962. 9
0,063 159 Teii La0ed obL s AR S e L pReonecelL s gor et o
adm ni strat igefiveéd ks the/ SilRes xR BRIRIS FhitlitedO® the higher doses whereas the

gradual hydrolysis of IL-lysine-d-amphetamine precludes saturation of d4-

amphetamine elimination at higher doses. The difference in proportionality of dose

to bioavailability (Cmax and AUC) for d-amphetamine and L-lysine-d-amphetamine

is illustrated in Figs. 20-22. The pharmacokinetic properties of L-lysine-d-

amphetamine as compared to d-amphetamine at the higher doses decrease the ability

to escalate doses. This improves the safety and reduces the abuse liability 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-

amphetam
[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 AUCi,r values of 56 and
1032, respectively. Cpax of d-amphetamine following L-lysine-d-amphetamine
administration by the intranasal route was als_o 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, Tway of d-amphetamine
concentration was delayed substantially for L-lysine-d-amphetamine (60 minutés) as
compared to Tiax of d-amphetamine sulfate (5 minutes), again refiecting 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.

57



2005/ 032474 PCTI US2004/ 032131 Tabl e 18. Phannacoki netic Parameters of
L- 1 ysi ne-d- anphetam ne Following Oral Adm nistration of

L- I ysi ne-d- anphet am ne at Escal ati ng Doses. Dose Drug Dose Cmax Tmax
AUC(0-8) A fnfM (mg/kg) (ng/mM) (ng/m) (ng.mM/h) (ng.MmM (% Oal
L-1ysl ne d¥pifly%3#™Me 1.5 36.5 0.25 59.4 60 2.6 Oral LPE/ESHS/BAFHhet ani ne
3135.4 1.5 329.7 332.1 7.2 Oal L-lysine danphetamne 6 676.8 0.25 1156.8
1170.8 12.8 Oal L-lysine danphetam ne 12 855.9 1 4238.6 4510.4 24.6 Oal
L-1ysl ne d-anphetam ne 60 1870.3 3 8234.3 8499.9 9.3 Table 109.

Phar macoki netic Paraneters of L-I y5| ne d- arrphet amni ne FoI | owi ng Bol us

| nt ravenous PS8 L ‘ _ : .8 iose Cmax
Trmax AUC( 0- 1 J. L7 I V L-1lysine
d- anphet am de_mbh&amﬁ% 1 0. 083 2, 282 2,293 Tabl e 20. Phar rracokl netic

P t e- d- E t Ad trat f
L1 yoi ne- o- Lighebd fhore: m@%ﬁb“e °x&zﬁé“eﬂ$m SHOBI0B TaJoMBEPAHE ) (ol ko)
(ngl i) (h) dﬁwcdz%é BamfoRatlbd B L gﬁewnﬂe B BhBRInRely oacfialf 1 0. 25

2,580 9,139 [333] Tables 21 and rize the percent bioavailability of

d- anphet ani that of @k lequitvelgntad- anphetmmnamdﬁw dosgmﬁlniwﬁuewbm oﬁaﬁﬁ Biagd r at i on of

L-1ysine-d- era Led d- a m su 60 WO
2005/ 032474 T%%ﬁﬁ?lﬁ'szg'ﬂ Efiphartind ASHAY 1 ?Ysm""; -amphietamine

adnnmstratlon was only about one-fourth that of the equivalent amount of 4-
amphetamine with values of 99.5 and 420.2, respectively. Tpax 0f d-amphetamine
concentration was delayed substantially for L-lysine-d-amphetamine (30 minutes) as
compared 10 Tmax of d-amphetamine sulfate (5 minutes), reflecting the gradual
hydrolysis of L-lysine-d-amphetamine. In conclusion, the bioavailability of d-
amphetamine by the intravenous route is substantially decreased and delayed when
given as L-lysine-d-amphetamine. Moreover, bioavailability is less than that
obtained by oral administration of the equivalent dose of L-lysine-d-amphetamine.
Summary of LC/MS/MS Bioavailability Data in Rats

[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-B) AUC(inf) F AUC/Dose  Cmax/Dose
(mgfkg) (ng/mL) (h) (ngemiih) (ngemlrh) (%) (ng.hkg/mLimg) ng.kg/mi/mg)
L-ysine-
Oral e 1.5 59.6 3 308 331. |61 220.7_ 39.?
amphetamine
d-
Oral amphetamine 15 (1422 0.5 446 461 84 307.3 94.8
L-lysine- oo _ .
Oral d- 3 1269 | 15 721 784 72 261.3 42,3
amphetamine
d-
Qral amphetamine 3 2172 | 15 885 921 84 307.0 72.4
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e et

Tabl e 21. Percent Bioavailability (AUChf) of d-anphetam ne Foll ow ng

Adm ni stration of L-I|ysine-d-anphetam ne by Various Routes as Conpared to
Bi oavail ability Foll owi ng Adm ni stration of d-anphetam ne Sul fate. Dose
(mgy/ kg) d-anphetam ne base 1.5 3 6 12 60 HED 19.9 39.9 79.7 159.4 797.2
Oral 72 85WMBPOEPH4 | v 43 NA NA NA NA |N NA 1 NA NA RET/USH0403231 Per cent
Bi oavai lability (C,/) of d-anphetam ne Followi ng Adm nistration of

L-1ysi ne-d-anphetam ne by Various Routes as Conpared to Bioavailability
Fol I owi ng Admi nistration of d-anphetanm ne Sul fate. Dose (ng/ kg) d

anphet am ne base 1 536 12 60 HED 19 9 39.9 79.7 159.4 797. Oral 42 58

38 27 16 I VERP ChiY T AU AATOR) 1S TAUCTal: %C@Dﬁsumrl 3
the time-cg P concent fati m lR9 Si ne- het am ne
follow ng o intr anaL"g?k )3?9§T'1())1t %\\5’@ z%‘%f H%E'Prh "f"éﬂ"g) 'T'l? r
d- anphet amne or Liysigtsiine- d{ anphlet am ne. [Tabl e Ti me- colir se
Concentr at ijansg | of ¢- an‘qheﬁ anBres (Fal | ovasng BEbUY 82 nt nmﬂanOﬂs.smdm nistration
of L-lysin ﬂ‘ﬂh&hfﬁﬁﬁ ne of d-gnphet am ne Sulf e at Dos< s Contdining 1.5
rrg/ kg d-a LI~ Base—He—Goncentrati—on 1 )_ \IIUUI )Lil_ I)]SI ne-
d- anphet ami g“@.gm@g anf ne 8% 102 p 119 013@1263% 5228202 13995(99.5 249.5
1.5 47.1 974-9—32L 3
yslne-
Oral d- 12 | 41281 5 | 2426 | 2,701 |62 225.1 344
amphstamine
d-
Orel | mphetamina | 12 |16381|025) 4282 | 4428 |01 369.0 127.8
L-lysine-
Oral d- 60 12,1643\ 5 | 99954 | 11,478 .| 52 191.3 36.1
| amphetamine
d‘ .
Oral { . ohotamine | 60 |13735] 1 | 32323 | 48,707 223 8118 2289

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)
(mghg) (ng/ml) (R} (ngemLit)  (ngemLin)} -

v L-lysine-
d-amphetamine 1.5 99.5 05 2378 | 2379
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)  AUGC(inf)
(mgkg) (ng/mL)  (h)  (ngemlLM) (ngemLih)
iN L-ysine-o- 10.16 786 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 T.-

lysine-d-amphetamine.
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5 9.0 13.2 61 WO 2005/032474 PCT/ US2004/ 032131 Tinme Concentration (ng/m)
(hours) L-lysine- d-anphetam ne d-anphetamne sulfate 8 3.7 4.3 24 0.1
0.2 Table 24. Tine-course Concentrations of L-1ysine-d-anphetam ne Fol |l ow ng
Bolus Intravenous Adm nistration of L-Iysine-d-anphetan ne at a Dose

Cont ai ni ng™2 WS4y d- anphet ani ne Base. Ti me Concent r BET/BSR004/0331541 )

(hours) L-lysine d-anphetamne 0 0 0.083 4513.1 0.5 1038.7 1.5 131.4 3
19.3 5 17.9 8 8.7 11.5 F 24 Table 25. Time-course Concentrations of

d- anphetam ne Following Oral Adm nistration of L-Iysine-d-anphetam ne at
Vari ous Doses (ng/ kg d-anphetam ne base). Tinme Concentration (ng/m)

(hours) 1.5 Tehi«s. PhéritakekikbiitPatatheleds SHTl-kineQ-aMphs@imitt FoldwingOfl 0. 25 20.5
25. 3 96 54. 3A@inBtraflorrofdAydie Y-atithetantiits at Ecalating Doses.

Dose Drug Dose Cmax Tmax AUC(0-8) AUC(inf) F
(mg/kg) (ng/ml) (ng/ml) (ngemih) (ngemim) (%)

Oral L-lysine- :

d-amphetaminel 15 | 365 | 025 | 504 60 2.6
Oral L-lysine- ‘

d-amphetamine 3 1354 1.5 320.7 3321 ‘ 7.2
Oral L-lysine-

d-amphetamine 6 676.8 0.25 1156.8 11708 | 1238
Oral L-lysine- A

d-amphetamine| 12 855.9 1 42386 | 45104 | 246
Oral L-lysine-

d-amphetamine| 60 1870.3 3 8234.3 | 84999 9.3

Table 19. Pharmacokinetic Parameters of L-lysine-d-amphetamine Following Bolus
Intravenous Administration of L-lysine-d-amphetamine.

Route Drug Daose Cmax Tmax AUC{0-24) AUC(inf)
' (mglkg) (ng/mL) (h)  (ngemim) (ngemLin)

v L-lysing-
d-amphetamine 1.5 45131 | 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)  (ngemlm)  (ngemLih)

IN L-lysine-~
d-amphetamine 3 - 33451 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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1 46.7 95.1 225.9 233.3 418.8 1.5 40.7 126.9 268.4 266 440.7 3 59.6 105
310.8 356.8 1145.5 5 38.6 107.6 219.5 412.6 2164.3 8 17.1 48 86 225.1
1227.5 62 WD 2005/ 032474 PCT/ US2004/ 032131 Table 26. Ti me-course
Concentrations of d-anphetam ne Followi ng Oral Admnistration of

d- anphet amWe2085/0R24t4e at Vari ous Doses (ng/ kg d- anphet arCDES20BaGR)31 Ti ne
Concentration (ng/m) (hours) 1.5 ng/kg 3 ng/kg 6 ngl kg 12 ng/ kg 60 ng/ kg O
00O0O0O 0.25 107.1 152.6 815.3 1533.1 6243.6 0.5 142.2 198.4 462.7 1216
7931.6 1 105.7 191.3 301.3 828.8 13735.2 1.5 129.5 217.2 314 904.8 11514.9
352.6135.313465199NA 529.5 73.5 77.4 404.3 NA 8 11.5 25.7 31.8

115.4 NA Ta r at.i ons et am ne Fol | ow ng

| nt ranasal E@ ‘?? 33%(’_1%)' ﬁﬁe‘) % gﬁw‘ﬁ?wg% het am ne

Sul fate at’ . ®Concentrati on
(ng/m ) (h&?ag'fﬂ%?

ﬁ@ sulfate 000 0.083

31.2 1962.9 0. 4903;,(,;“@%) 3T FTGI 3 ao- 4 . ot 71UC 56 1032.3
d-amphetamine base | 1.5 3 6 12 60
HED 199 | 309 | 707 | 1504 | 7972
ol | 72 | & 132 61 2
Y 43 NA NA NA NA
N NA 1 NA NA NA

Table 22. Percent Bioavailability (Cpax) of d-amphetamine Following
Administration of L-lysine-d-amphetamine by Various Routes as Compared to
Bioavailability Following Administration of d-amphetamine Sulfate.

Dose (mg/kg) &-
amphetamine base 15 3 6 12 60
— HED 199 | 308 | 797 | 1894 | 7972
Oral 2 | 58 38 77 16
N 24| NA NA NA NA
N 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 intravenous
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 Concenfration (ng/ml)
(hours) L-lysine- d-amphetamine

d-amphetamine sulfate

0 0 o -
0.083 52.8 420.2
0.5 99.5 249.5
1.5 47.1 97.9
21.0 38.3

5 9.0 132
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Tabl e 28. Ti nme-course Concentrations of L-Iysine-d-anphetam ne Foll ow ng

I ntranasal Adm nistration of L-Iysine-d-anphetam ne at a Dose Containing 3
ng/ kg d-anphetam ne Base. Tinme (h) Conc. (ng/m) L-lysine-d- anphetanmi ne 0
O 0.083 3345.1 0.25 3369.7 0.5 2985.8 1 1359.3 63 WD 2005/032474

PCT/ US2004/M3 20054324 anpl e 19. LC/ MSI M5 anal ysi s of Bi oBRGEUSZ0403213 i n Dogs
[ 335] Exanpl e Experinental Design: [336] This was a non-random zed,
two-treatment crossover study. Al animals were maintained on their nornal
diet and were fasted overnight prior to each dose admnistration.

L- | ysi ne-d- anphet am ne dose was based on the body wei ght neasured on the
norni ng of each dosing dayr— -aet-ual—da_se—dg!g-maed was based on syringe
wei ght before and after ddsig. | SerGoarenBetioBP9hpl s were obtai ned from
each ani mal by direct veni| oot lir e-@ine-a | grptitamii|n usi ng vacut ai ner tubes
cont ai ni ng sodi um heparinjas thpg | ul Derli ved pl asma sanpl es were
stored frozen until shi pmgnt to#ﬂ@héeéies P%’yrfaﬁ%.ceutical Services, Inc.
(Newar k, DE). Pharmacoki pet c pnal 98i s dff t fe3 pl ayma assay results was
conducted by Calvert. AnifTregg regyTeafed agg fol fjlows: # of Dog/ Sex Route
of Treatnent Dose Concu Dase Mol Dase |edel _Adninpilstration (ng/ M) (n>L/kg)
(nmgy/kg) 3MPO1 0.2 10, 2 3MIV 2 1 2 2 The ng units in the dose

oot sy PP HASS Bl flod Bt Wl EnbiRBh O bl b o1 €1

ous Al Satioh of £ )?sine-d-amphetamine at a Dose Containing 1.5
mg/kg d-amphetamine Base.
Time ] Concentration
(ng/ml)
(hours) L-lysine-
d-amphetamine
0 0
0.083 | . 451341
0.5 1038.7
15 131.4
19.3
179
8 8.7
24 11.5

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 mglky 3 mg/kg 6 mgfkg 12 mgfkg 60 mg/kg
0 0 0 I 0 0 ' 0
0.25 20.5 253 _ 96 §4.3 909
0.5 34 409 140.2 96 175.1
1 48.7 85.1 © 2259 233.3 -418.8
1.5 40.7 126.9 268.4 266 440.7
59.6 106 3108 356.8 1148.5
38.6 107.6 219.5 412.6 2164.3
17.1 48 86 225.1 1227.5
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[337] Oral:
or al
esophageal
appr oxi mat
del i vered.

Post - dosi ng,
[ 341] Bl ood:
t ubes

gavage.

The test article was adm ni stered to each ani mal
On Day 1, aninmals received the oral
tube attached to a syringe.

I
Wouagndne
L-1ysi ne-d-anphetam ne as a
cephalic vein.

Seri al

ravenous:

[ 339] Sanpl e Col |l ecti on:

a&%&h@ﬁle\mﬂb

via a

sol uti

at 0, O.

single

dose by gavage using an
Dosi ng tubes were flushed with
tap water to ensure the required dosing
On Day 8, animals recei veBCT/US2004/032131
single 30-m nute intravenous infusion into a
[ 340] Dosing Formul ati ons:
remai ni ng dosing fornul ati on was saved and stored frozen.
bl ood sanples (2 nL) were coll ected using veni puncture

cont giaBie2@. TH-tbRkdeeToRbinfratits QP d-

on was

25, 0.5,

1 2, 4 8 AdminiskdiofQe0RRIRARACS b MIEHAY IR Gy ke famplloraitd 72 hour s
post - or al CB%%&)Q Bl ood sarrpl es were collected at 0.167, 0.33, 0. 43 -
(prior to s . 5880 667—075; 1, 284 —F6; 1 an
hours post - nt'}lgvgﬁgﬁe‘ﬁét% ngl start. Collected blood sanples EE% chilled
i mredi at el y (hP@A%" 5 molke: | Pl a!m&gsa | 8salker e obtZanglead Ky @bmalkd f §gati on of
bl ood sanpl gs- ' Fes—jabouf— 02 gTETeqTh)gET®
transferred in?o rel ahel plasticlvials andlstored frgzen at

appr oxi mat e| y0-270C. [¥4B] Panpl®BBassqy: $1384] Pl as§S-Sam)l eF26kf e gnal yzed
for L-lysi nw;,ﬁ%ﬁ@@ﬁﬁ etggai7e §singzy@ valli daesfle LT MS/ MS
met hod wi t hfan-LL ydes 345] M!J*Lﬁg?f-t— Excel
(Version 6, MEro rp nd V\A:?O S ;llsedaa calgg i o of mean
pl asma concgntisat on12a® g aph:t‘lrlg of |t he 3rb4 as cosEdnt r 4t | AM6140i Mg dat a.
Phar macoki ngtd ratESiEs (hon mparfmentgt i rgd-uosiag—tie

W nNonl i n(r E\nr?ﬁgrnn am‘}é\s}grq n 413%6) I‘QLsag'l[gj Ldc I\/I?)émta n Vi ew,
CA). The npxi%u cor?@éntré#ﬂoﬁ@CamU,, a4 the; tifddo ¢ ., M, wdre
observed valUes. N@gqa&r eajundes 7t neJpl asig cofcent{sd | Or)- L1 Nga cur e (AUC)
was det er m bed—ds reg—L-L-nol#—l—eg—t—#a-pe;c.Lda.L b SR ppar-ert—tdr m nal

rate constant (Xz) was derived wusing |inear |east-squares reglres& on with

vi sual i nspékebled. dime-prargefanceniraenscf gramphetamine Following Intranas
Administration of L-lysine-d-amphetamine or d-amphetamine Sulfate at Doses

Containing 3 mg/kg d-amphetamine Base.

Time Concentration (ng/ml}
(hours} Llysine- | d-amphetamine
d-amphetamine sulfate
0 0 0
0.083 3.2 1962.9
0.25 45.3 1497.3
0.5 61.3 996.2
1 78.6 404.6
AUC | 56 10333

Table 28. Time-course Concentrations of L-lysine-d-amphetamine Following
Intranasal Administration of L-lysine-d-amphetamine at a Dose Containing 3 mg/kg

d-amnphetamine Base. '
Time (h)| Conc. {(ng/mI)
L-lysine-d-
amphetamine
0 0
0.083 3345.1
0.25 3360.7
05 2985.8
1 1359.3
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t he appropriate nunber of points (mninmumof 3 data points) for calculating
Xz. The AUC(0-inf) was cal culated as the sumof AUC(0-t) and Cpred/kz,
where Cpred was the predicted concentration at the tinme of the |ast
guantifiable concentration. The plasma clearance (CL/F) was determ ned as
the rati o SYOMIYERAMC (0-int). The nean residence ti nePCVER004@8213¢al cul at ed
as the ratio of AUMC(O-inf)/AUC (0- inf), where AUMC(0-inf) was the area
under the first nonent curve fromthe tine zero to infinity. The vol une of
distribution at steady state (Vs) was estimated as CL*MRT. Half-life was
calculated as I n2/ X z. The oral bioavailability (F) was calculated as the
ratio of AUC(O-inf) following oral dosing to AUC(O0-inf) follow ng

i ntravenous dosi ng. Descrl ptlve statlstlcs (rrean and standard devi ation) of
t he Epdmple 1 9.d QiNISAMESt analys B ilittinddogsi ng M crosoft Excel. 65 WO
2005/ 032474[33%&9820 032.131 b3461 The obj ectlves of this study were to
characteriz ’Wz’;ﬂi SSIgE - | ysi ne-d- anphet am ne and

d- anphet ani ¥36f orﬂ@»wa@ga AGMFAAASIZRY,| 1 d-tRatrhent \obdsB el shAYPNA aMimds i N nal e

beagl e dogs. As shown in Fig. 27, in a cross-over design, L-

| ysi ne- d- anwn@tlamﬁwedm tb@hnmr@iéwbmctwe@ fmdeomgh@mg@emhadow (2 ng/ kg)
and |ntrav U | god. s

col | ected up gﬁg_% our Tte "q? dﬁgé‘ﬁag;%ag%cg’ug g]r?d%(;arval

respecti vel mﬂd&nﬁheanﬁmg ofmheloaﬂgﬂgazemmtuagdmelﬂwﬁédvﬁaabﬁay whi ch

Erloyls?ﬁg gn S amq@tgﬁg}*"&fﬂa%ﬁ boté{ﬁl‘gﬁ gﬁ&&%ﬁ B‘% Theoﬂrtﬁ?‘ﬁﬁ%ffqn?'re profiles

fol I owi ng agachNidiAXERYUSrE WRhpundlasoOh ldgllxms veig- Hsing RBRLAS Ribed! ©
presented in Figs. 29 and 30, respecti veI y. Conparative profiles of

L- 1 ysi ne- d- sontieing rsodiam: beptriangshibe anticeagplent omengedoptamnacsamebsamedepu ct ed

Ipﬂar Ewlagikl ﬁgt éﬁ ﬁoz@@uﬁﬁfﬂ-ﬁém%t&%%%#?ﬂg%ﬁgﬂd rghl gﬁcia&{cg%l Fol | owi ng
a 30-m nut eDEDIt rEhaanmlnené Lmlgms aif the Ipyamaeasehyarqshlﬁ aik nedndiidisd - bpl asna
concentrati r hed eak a P?‘ﬁ end of the infusion. Post-infusion L-

| ysi ne-d-arrg F‘gn‘gﬂ’é“%w AHIPLARE i ned very rapidly in a biexponenti al
manner , o |8 | | ) a ely 8
hour s pos@-ﬁc@é%x ﬁ%&gifﬁan nonﬁ:‘%‘ﬁﬁa@?’iﬁeﬁﬁﬂ éha?ng%oﬁl ngt |B§£ ?’r?glgi;s] S

i ndi catgq that L- (mg/mL) (mL/kg) | (mg/kg)
M 1 0.2 10 2

iM v 2 1 2 2

The mg units in the dose concentration and dose level refer to the free base form of
test article.

Administration of the Test Article:

[337] Oral: The test article was administered to each animal via a single oral
gavage. On Day 1, animals received the oral dose by gavage using an esophageal
tube attached to a syringe. Dosing tubes were flushed with approximately 20 mL tap
water to ensure the required dosing solution was delivered.

(338] Intravenous: On Day 8, animals received L-lysine-d-amphetamine as a
single 30-minute intravenous infusioﬂ into a cephalic vein.

[339] Sample Collection:

[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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| ysi ne-d-anphetam ne is a high clearance conpound with a noderate vol une of
distribution (Vss) approximting total body water (0.7 L/kg). The nean

cl earance value was 2087 nlL/hkg (34.8 niL/mnkg) and was simlar to the
hepatic blood flow in the dog (40 ni/m nkg). Consequently,
L-1ysi ne- awarpiséBaiid ne is a noderate to high hepatic S0VEe4@RR1E0Mpound
with significant first pass effects (including the conversion to

d- anphet am ne) follow ng oral adm nistration. [349] L-Iysine-d-anphetam ne
was rapidly absorbed after oral admnistration with T. at 0.5 hours in al
three dogs. Mean absolute oral bioavailablity was 33% Since significant
first pass effects are expectg& faor L-1lysine- -anphetfnine,

a_33%
bi oavai | abid% &% @dgHelaues pesheral dogiag.  Blopd sHpRiss Arres, soliestegeat 0, RdPY. absor bed
in the dogysal 8 f&%’h ld 8. 9. 0lgr l.qtizcating -
rapid eli m%ﬁ%%’ir@r??@ggf Fd;f)tgﬁersgﬂ orp1 g\!/svlé %gd'ﬂf{ﬁf P?é’ng’o%’gs ’gél'rsﬁ ?ilz’sdtngéﬂtsi on. 66 WO
2005/ 03247 4hoRGT piSAdtvense 1 3fusign3 58it. PlCudlested driowh tsemplies nwere nehilpedof i | es  of
d- anphet am.ne f.oll.owi ng i ntravenous or oral adm nistration of
L-1ysi ne-d-%@fﬂﬁi ne were very simlar, with Cm, Tni' and AUC val ues for

bot h rout es[38Hs Plkinid: PYastnd SaGpIEE weld otlaided B bhtpfupAtiohasFdIQSd damples.
| ysi ne-d-anphet am ne, the nean Cm of d-anphetam ne was 104.3 ng/nlL. The
hal f-1ife dJPunlicatgpesmansampleta@bant10.2 mi3 each)s¥ers transfered intg ael conpar ed

to L- |ysing:g- ' NS, stpdy, L-1ysine-d-anphetam ne was
I nfused ov§”§°W§3ﬁﬁ?ﬁ?ﬁ§%@ﬁ%§mﬁﬁ g'grapi d cl earance of

L-1ysi ne- d- BapiheSonipla\@ssp: 1S |ikely that bioavailability of d-anphetam ne
from L-1ysine-d-anphetam ne woul d decrease if a i m]ar dose were given by
i nt r avenoust38d| L?E”Pﬁ‘j é&’ﬂlp)gﬁ. WELFe AOESS JPU ehrlydnesdramphgtening n apd ed-

bi oavai | abi J.i aﬂfin ~ ' -M'E?Mﬁ' L NE=- ' ' ot exceed
that of a s%dlrfélﬁ&ar d%%sgﬂgg)?sg?\da})éggﬁﬁy an ]%lﬁtgb‘??nntg atﬁ(r;mbe %@c}o ngfﬁf[} (rngtion was
subst ant i al bogh atmlyigsed. This data further supports that

L-1ysi ne-d- ggph i ng . af.ford o h i abi |i.ty of
- aphet anm A8l VEeRsPE ol el AGoR Fopp o hoBndigh Wakbiibe
Par anet er s @fculatibiy 8f Mearfplashisd @indshitfAton Md\Bhshileatthe plabag sodcehttaiohng Oral or

| ntravenous Admi nistration of L-I|ysine-d-anphetam ne (1 / kg d-anphet am ne
base). Routimedse Phgrmagekinetic spelysis (nopcgmpprtmentaly was performed using the

WinNonlin® software program (Version 4.1, Pharsight, Inc. Mountain View, CA).
The maximum concentration, Cpay, and the time to Cuay, Tmax, Were observed values.
The area under the plasma concentration-time curve (AUC) was determined using
linear-ldg 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 concen&ation at the time of the last quaatifiable 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.

65



(my g) (ng/m) (h) (nghfrl) (h) (h) (nl/hkg) (ni/kg) (%
0.88 0.33 2087 689 NA (0.00) (178) (0. 49-

0.49) Oral 1 328.2 0.5 319 0.39 0.81 6351 NA 33 (0.00) (91.9) (0.5-0

(46.3) (O. 19) (898.3) (1.9) ' : nedian (range) Table 30.
@e‘?%gs‘@”’&?ﬁmters of d-anphetanine in Mal e BeaBfFUBMEE32B3| | owi ng

Phar macoki

Oral or Intravenous Adm nistration of L-1ysine-d-anphetam ne (1 ng/ kg

IV 1 1650 0.49 964
(97.1) (0.2) (0.03) (199) (105.9)

d- anphet am ne base). Route Dose Cm Tmll" AUC(inf) tia (nmg/kg) (ug/nmL) (h)
IV 2 113.2 1.0 672.5 3.14 (0.00) (3.2) (0.67-2.0) (85.7) (0.4)
Oal 2 104.3 2.0 728.0 3.48 67 WD 2005/ 032474 PCT/ US2004/ 032131 Route Dose

Ci' T-12 AUQB46]T )The bBjecti@h lo1hid stlidyriwkre(to chara@ertiethy pHaihacoksheld of(121. 8) (2-2)
(204.9) (0.4) ;gqqa;gﬁdl an (raer;ge) Tabl e 31 Phar macoki neti es of

(ngh/m) (h)

L- I ysi ne-d- dnsined

Adm ni strati

Route : 30- ngieﬁjh% n%%é?%ﬁbw}gt %@sﬁ%#%%‘gu&ﬁ%@g@&a&&%ﬁ 3%(633 t)

eampe g dallowing adspinistation ehl-dyminesd

Dose

) i St ey 1
‘E“Niﬁn‘i‘é‘gb&éﬁ%/k& §3 - ?%1“%‘@59{3 Iﬁeefé s (wegg golected i 9181 656. 0
0,30 Nean 165048 1938wt 06 nterndid I, QedectielySThiadi Sarfiflesd. 49 96. 0

(mkg) (h)
1072.3 1076.

were analyzed using a LC-MS/MS assay which provided an LLOQ of 1 ng/mL for
both analytes. .

[347] The mean L-lysine-d-amphetamine and d-amphetamine plasma
concentration-time profiles following an intravenous or oral dose of L-lysine-d-
amphetamine are presented in Figs. 29 and 30, respectively. Comparative profiles of
L-lysine-d-amphetamine to d-amphetamine following both routes are depicted in
Figs. 27-28. Individual plots are depicted in Figs. 31-32. The pharmacokinetic
parameters are summarized in Tables 29-37.

[348] Following a 30-minute intravenous infusion of L-lysine-d-amphetamine, the
plasma concentration reached a peak at the end of the infusion. Post-infusion L-
lysine-d-amphetamine concentration declined very rapidly in a biexponentiél
manner, and fell below the quantifiable limit (1 ng/mL) by approximately 8 hours
post-dose. Results of non-compartmental pharmacokinetic analysis indicate 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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medi an (range); not determ ned Abbreviations of pharmacokinetic
paraneters are as follows: C., maxi num observed plasnma concentrati on;
AUC(0-t), total area under the plasma concentration versus tine curve fromO
to the last data point; AUC(O-int), total area under the plasma

concent r at "YN2WEPREY tine curve; to, apparent terninal PARIUS2004/63131C
clearance following iv adm nistration; MRT, nean residence tine;, Vss,

vol une of distribution at steady state. Table 32. Pharnacokinetic Paraneters
of L-lysine-d-anphetam ne in Male Beagle Dogs Followi ng Oral Admnistration
of L-lysine-d-anphetam ne (1 ng/ kg d- anphetam ne base). Dose Route : Oral
Dose : 2 ny/ ( ) Dog I D
(ng/m) (h) [%%é Ea%% @ﬁé%r %“%%p‘?ﬁ{%% T@?ﬁﬁm?k)ﬁﬂé“ﬂ%?%ﬂgﬁzn 3

277.1 0. 24 bﬁb&l@dlﬁﬁnmﬁ@loaflb@iheﬂ-ﬂnﬁle&ﬁﬂnﬁwasgﬂl?sﬁnﬂﬁ mm Téx34.3 3

11,70 S ol B Sl A 1S 5

6351 0.81 3319
?H’dté&@%é Qﬁs%ﬁ?am Bb gragiphatain@iRSw e 1@ ngadokiThet i ¢

68 WO 2005/()5252,4624.
par anmet ers as fo C a, a, _maxi_ mum observed plasnma concentration; Tnw
ntration

ti me when C. alfﬁ%ﬁf/é-amph&mmwas 3tlde S hoveh mneh dangehwhen eosmpgreddnde
total area

ver sus tlrre hé&g‘ the last data point', AUC(O0-inf),
under the pI co centration versus tine curve; ti n, apparent term nal
hal f-1ife; q:1!51|} Ioxlds sty ai-dysive:d-affhetaminn wae difogdorvet iarfd) minute time

bi oavai |l abi i t. abl e 33..Phar naacokin tlcs of . L-| smed hefam ne in
Mal e Beagl ep%é% BI‘—*SI foodHid, ‘fqmeeﬂtﬁ rﬁ“gth'ﬁ{‘%lfn Rt the
L-1ysine-d- mbﬁla%mtyefa.‘amﬁmét&ﬁméﬁoﬁrmﬁmaﬁ ﬁh%ﬁﬁheu@%ﬁﬁde%&'dﬁ@ifa 30-min iv
| nf usi on Dose ng/ kg of "L-1ysine-d- arrphetam ne éfree form Csaa Tm.

AUC( Ot) Augnu&ﬂr)dom hverqasxjem by (ingavengus bolug idestion.) Eyaagwhemetven @penl 111, 2
2.0 751.9 7%@01%&1%5310&%&1%91& o?d%pﬁggmﬁae% ]7_,-15)?3 éd—amphetannne did not

exceed that of a similar dose given orally and the time to peak concentration was
substantiaily delayed. This data further supports that L-lysine-d-amphetamine
affords a decrease in the abuse liability of d-amphetamine by intravenous injection,

Table 29. Pharmacokinetic Parameters of L-lysine-d-amphetamine in Male Beagle
Dogs Following Oral or Intravenous Administration of L-lysine-d-amphetamine (1

mg/kg d-amphetamine base).
Route Dose Crax Tuoas AUC(nf) | ¢ | MRT CL/F Vs F
(mg/kg) | (ng/mL) ) (ngsb/maL) | () | () | (mL’hekg) | (mb/kg) | (%)
v ! 1650 0.49 964 038 | 033 2087 689 NA
' (0.00) (178) (0.49- (97.1) | (0.2) | (0.03) (199) (105.9)
0.49) _
Oral 1 3282 0.5 319 ] 03% | o8 6351 " NA 33
(6.00) - (91.9) | 0.5-0.5) @63) |1 | 19 | (898.3) (1.9
‘:nﬁdian (range)

Table 30. Pharmacokinetic Parameters of d-amphetamine in Male Beagle Dogs
Following Oral or Intravenous Adnumstratlon of L-lysine-d-amphetamine (1 mg/kg

d-amphetamine base).
Route Dose Coax Toax AUC(inf) . tz
(mg/kg) (ng/mL) (b (ng-h/mL) L))
v 2 113.2 1.0 672.5 3.14
(0.00) (3.2) " (0.67-2.0) (85.7) 0.4)
Oral 2 1043 20 728.0 3.48
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3 111.4 1.0 557.8 586.1 2.65 Mean 113.2 1.00 659.4 672.5 3.14 SD 3.2
0.67-2.0 97 85.7 0.4 a: nedian (range) Abbreviations of pharnacokinetic
paranmeters are as foll ows: Casa, maxi num observed. plasma concentration;

T., tinme when C. observed; AUC(0-t), total area under the plasnma

concent r at iIBHIPHPEEY tine curve fromO to the |ast dat Bc'ﬁgﬁﬁlp‘!m%@@( 0-i ne,
total area under the plasma concentration versus tinme curve; tin, apparent
termnal half-life; CL/F, oral clearance; MRT, nean residence tine; F,

bi oavail ability. Table 34. Pharmacokinetics of L-Iysine-d-anphetamne in
Mal e Beagl e Dogs Following Oral Adm nistration of L-1ysine-d-anphetamne (1

ng/ kg d- a s ApE) . (LOSE HoUlep +COr al Uoggc(‘inﬂr TRG Of ¢

Ll ysi ne-d- m ne (free rm Casg Tasad A - AYC(t nt) fin Dod 1D
(ng/ L) (h)l (nghd ¥ Pnyh/ FHL;G;:&(M) 1 10301 2.3 GELSJ&'?&L 96.[89 3.94M 2 12712

2.0 937.57 P46.6 3 8 2.0 49 540,38 Medn 104. .0 /704. 2
728.0 3.48 SDh-=2 30(@)4” 2 035%7 70114%5% %@g&.}-ﬁm&n ons
of phar macoki H@Fﬁ“@“&ﬁﬁr aneters are as follows: C a,a, maxi num observed plasm

concentration; T. time when C. observed; AUC(0-t), total area under the

pl asma conc ver i cur from Q. | a t data p0| nt;

AUC( 0-i nf), ;F‘E)a%lg aﬁ‘ﬂ%‘iﬁn ﬂg‘a‘lﬂs r@% %*%‘%B curve;
tin, appare “fAflT“PES 3P P &€ l‘ﬂean resi dence
tine, F, bi Fxeke > 69 WD 2005/ 032474 PCT/ 13S2004/ 032131 Tabl e 35.
Phar ITB.COkI na)dscxouw‘ 3oimamaiaﬁ§1m ne in Ml moﬁeagigggpg@efoﬁgl low ng O al

Adm ni strati on of y-si-he apRet-aArre—erd—arpheta-re—syl fate (1.8

nmg/ kg d- anphet ani ng ba é}m e NESEH-OPAEEHRA | @ohcEht labiso 1QJlTandard Devi ati on

(SD) Coefficient ofpo (h@ﬁn)orl(hxc_\&-wn([,k@yﬁlﬁ).) @) [(hE, { fmq- L-1ys(ne-d- d-

L-1ysi ne-d- arrphet- 1 ¥ A B TR PR #ﬁﬂ PSR anphet am ne
anphet am ne

2 | 18264 049 | 10723 | 10761 |ND°| 1859 | 6034 |0.32

3 16542 | 049 914.1 9169 (1.05} 2181 656.0 1 0.30

Mean | 1650 | 049 | 9615 | 9644 |0.88] 2087 | 689.0 | 0.33

sSD 178 10.49-049) 96.0 971 0.2 199 105.9 {0.03

*: median (range); ' not determined ;

Abbreviations of pharmacokinetic parameters are as follows: Cp,,, maximum cbserved 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 curve; tys,
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).

Dase Rouie : Oral Dose : 2 mg/kg (free form)

Caax |Tans"| AUC(O-t) | AUC(S) [tz| CL/F |MRT| F
IDog ID}(ng/mL)] (h) |(ng*h/mL)|(ng-h/mL)| () |(mL//kg)| (h) }(%)
1 | 3502 | 05| 2753 277.1  [024] 7218 | 0.68 |30.8
2 | 4072 | 05| 367.8 | 368.7 |048| 5424 | 0.74 343
3 | 2274 |05 3108 3120 {0.45| 6410 | 1.03 [34.0

Mean | 3282 [ 05 318.0 319.3 [0.39; 6351 0.81{33.0
5D 919 |00 46.7 46.3 011 8983 jo0.19(1.9

: mediant {range)
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00000O0O 1 431.4 223.7 140.7 95.9 32.6 42.9 2 360 291.8 87.6 93.6
24.3 32.1 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 81.4 47.6 58.7 19 72.1 39.9 16 33
19.6 28.1 3’%‘?5.2 45.9 24 7.2 4.5 4.5 1.7 62.5 37.8 Table 36.
Phar macol dnt? PPYO¥474- anphet ani ne in Fermal e Beagl e Dogs PESUSHW#GI310r al
Adm ni stration of L-1ysine-d-anphetanm ne or d-anphetam ne sulfate (1.8
ng/ kg d- anphet am ne base). Tine Mean Pl asma Concentration Standard Devi ation
(SD) Coefficient of Variation (CV) (hours) d-anphetam ne L-Iysine-d-
6- anphet am ne L-|ysine-d- d-anphetam ne L-|ysine-d- anphetam ne anphetam ne
anphet ani ne AQdhatnsQ FhaiBacikinete pRakbted ard R Foti sl raxithn B plasrlebordentadond 73 5 308
113.7 29.6 4., Bne9hd CodobRted; RBQ0-19) tothGiita nhdediife phsnid Sonntibidon Jersuime Géve Foridh2. 1 84. 5
38.7 41.3 18 st dgp o AUC(QHS), Bptalzgea Podg3heplesB conceptpptioy vergup tinkQens; 6 afpergt . 3 31 52. 0
45.1 16 25temingtyattite; SLb, orgl clperagos; MRTymeangesidepor ties &£, bioavpllebylity 1 9 732 352 70 WO
2005/ 032474 PCT/ US2004/ 032131 Table 37. Pharmacol dnetic Paraneters of
d- anphet ami pe, i | e and. Fenal Beagl e Dogs. Fol | | Admi nistration
of L-lysi ne&ablaﬂﬁﬁgmwg’w%&fiéa@%%m&%%wﬁ%WQ% d- anphet ami ne
base) . Mal eFoluriag dutraysppous ddranistafiganfddyes e A4 ne L-1ysine-d-
d- anphet ani Awphelymyise hase) ' :

Dose Route : 30-min iv Infusion  Dose : 2 mg/kg of L-lysine-d-amphetarine (free form)

Conax y AUC@-t) AUC(inf) tin

DogID | (ng/mlL) (h) (og'/mL) | (ng*h/mL) (h)

1 1112 2.0 7519 7516 335

2 116.8 0.67 663.5 673.7 3.43

3 1114 10 557.8 586.1 2.65

Mean 113.2 1.00 659.4 672.5 314
'[sD 32 0.67-2.0 97 85.7 0.4

*: median (range)

Abbreviations of pharmacokinetic perameters sre as follows: Cp,,, meaximum observed . plasme
concentration; Ty, time when Cy,, observed; AUC(0-t), total area under the plasma conceniration 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.

Table 34. Pharmacokinetics of L-lysine-d-amphetamine in Male Beagle Dogs

Following  Oral Administration of L-lysine-d-amphetamine (I mgkg d-
amphetamine base).
Dose Route : Oral Daose ; 2 mg/kg of L-lysine-d-amphetamine (free form)
7 Conas Tonas” AUC(0-t) AUC(inf) tin
Dogd | (ng/mL) ) (ag+h/mL) (ng+h/mL) (b)
1 102.1 2.0 686.34 696.89 3.93
2 127.2 20 537.57 946.62 344
3 83.7 2.0 494.61 540.38 3.06
Mean 104.3 2.0 7062 728.0 3.48
SD 21.8 2.0-2.0 2321 204.9 0.4
®: median (range)

Abbreviations of pharmacokinetic parameters are as follows: Cp,,, maximum observed plasma
concentration; Ty, time when Cp,, 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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anphet am ne anphetam ne AUC nf 3088.9 2382.2 2664.5 2569.9 Percent 100 77
100 96 Cmax 431.4 291.8 308.8 273.5 Percent 100 67 100 89 Tmax(hours) 1 2

1 2 Percent 100 200 100 200 Exanple 20. Del ayed Cardi ovascul ar
het am ne as Conpared to d-anphetanm ne Fol | owi n
0050324731 i ¢ and di astolic bl ood pressure (BRSTHPWO/HRBbased by

even at therapeutic doses.

L- 1 ysi ne-d- arq)

I nfusion |

d- anphet am ne

d- anphet am ne or

The results suggest that the am de prodrug is inactive

rel ease of sone d-anphetam ne,
Rel at i Table 35.qFkawsa

dose.

Ef fects of
| nt ravenous

Since |.lysine-d-anphetamne is

expected to rel ease d- anphetam ne (albeit slowy) as a result-of- systenmc
nmet abolism a prelimnary study was done using equi nol ar doses of

L-l ysi ne-d-anphetam ne to 4 dogs (2 nmale and 2 fenmale).

edogs

dollowingyst .

and that sl ow
occurs beginning 20 _mnutes after the first

eakingtipe of Wommnhetaminenin Male. Beagl

For

exanpl e, t heOmnbadninistation o€ dulysines/-auphptamine Ar KrampleBumiss veifate A8 wi t h
previously mpghkpidampietdmine Yakg)h| i

and Col dberg, 1982), small doses of

d- anphet am v Jore A7y o o Lo o =eas4e €. The
| onest dose|( o] Jfpen Piaqina Concintretion | " & “W‘ $Pk o | SPeTeem L Yanion XY bhet ani ne)
produced an [hessfe ddubl iindg-she-dt He nean BPLyvehdbwed by a §I biwsineetoyery over
30 mi nut es. |13543MAEHterRieg]AnRgtamine | pribetapiney amphsiaming WEBWIW&%W'@?‘ little
change in an [BP wnti ] appeoxi rfateloy 3¢ m rutes|arter . |At that
time, pressit g i NCYEGSTT %s_ﬁbﬁut rar e SIoh (U lgti rotrs & ‘
d- anphet am fe_iqd prohablly respongihle fof the sl Lhcgease in
bl ood pressgré dver® he |r e Bi nd cffselor Bfe ¢ : .. $Bdon $ubsequent
i nj ections, {d4arfphetzam rje 1 ®7.5eer t@&.nepeiat 166 S e*fem.s 71 W2620054032474
PCTI US2004/ §32tFt——5in—afnot setce i : i ; i si ng dose
10-fold fro ﬁhc f?%4§*f inj%‘ﬁin Imtsﬁumd ariselto E: S MAXi zumg
pressure. Thi & ay P& 1 dct %k stlat &7of |cat®hol ni 7801 efel s2B/n nérve
term nal s upore Jucaagsi Je s#rérul gt 1 aa7of Jd- asphejam7ae Dl usaaan] eg¢ti ons.
Note that tHresgtse s rgan—iggpodip WW"‘&"‘JEI 857 250

24 7.2 45 45 1.7 62.5 378

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-ysine-d- d-amphefamine L-lysine-d-
amphetamine amphetamine amphetaminea
D 0 0 0 0 o Y]
1 2178 308.8 144.7 407 7 65.1 13.2
2 273.5 308 113.7 29.6 41.6 9.6
4 266 260.0 132.7 373 499 . 143
6 204,7 2124 845 387 41.3 18.2
B 160.1 164.3 2.7 43.5 45.4 26.5
12 79.4 68.7 41.3 K] ] 52.0 45.1
16 25,5 22.3 13.4 4.7 52.5 2141
24 56 5.4 2.1 19 732 352
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successi ve doses of L-1ysine-d-anphetam ne (Fig. 35) produces a nore gradual
and less intense effect. Simlar results were observed for left ventricular
pressure (Fig. 36). These results further substantiate the significant
decrease in d-anphetam ne bioavailability by the intravenous route when

gi ven as LWQ20HeR2¢4anphet anine. As a result the rapi dPEOREB0043213he

phar macol ogi cal effect of d-anphetam ne that is sought by persons injecting
the drug is elininated. Table 38. Effects of L-Iysine-d-am hetani ne on

Car di ovascul ar Parameters in the Anesthetized Dog - Mean Val ues (n=2)
TREATMENT Tl ME SAP % DAP % MAP % LVP Change Change . Change Change 0.9%

Sal i ne 0 8104839 eflalifbed BldlerdeSy pW%S%ﬁ?ﬁﬂgySi”e'd' °
s vh ¢ e RIS e 8
L-1ysi ne-d- 2gPpgamipesulige ] 8 mefead-gup $%Phe 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 68 162 50 30

134 28 73 3 A7 33 - TyWdie-a- 0 132 R 710 95 kbmefs U anpnet pni ne
5.0 ng/ kg 5}142 7 71-0—9-9—4—1%4—5—1—5—1—16—33—98—%9 130-3/4-184..28 25 196 -5
69 -3 96 1 v 132 0 70°MA0U8dH 4 163 1B SAP - sPOPRME arteri al
pressure (nfHg) MAP £ gampRet@hihe ]l al LPERSSUT €| ( ezmphethmine - | 01 alyaind-& ar | eri al
pressure (npHg) LVP-| I eft ventrijcubraghepmiesufe (mmHg) amphetamine

AUCInf 3088.9 2382.2 2664.5 2569.9

Percent 100 77 160 96

Cmax 431.4 2018 308.8 2735

Percent 100 67 100 89

Tmax(hours) 1 2 1 2

Percent ~ 100 200 100 200

Example 20. Delayed Cardiovascular Effects of L-lysine-d-amphetamine as

Compared to d-amphetamine Following Intravenous Infusion
[352] Systolic and diastolic blood pressure (BP) are increased by d-amphetamine

even at therapeuntic doses. Since L-lysine-d-amphetamine is expected to release d-
amphetamine (albeit slowly) as a result of systemic metabolism, a preliminary study
was 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, ﬂie 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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% Change- percent change fromrespective Tine 0. 72 WO 20051032474

PCTI US2004/ 032131 Table 39. Effects of d-Anphetam ne on Cardi ovascul ar
Paraneters in the Anesthetized Do - can Val ues n=2 TREATMENT Tl ME SAP%
Change DAP % Change MAP % Change LVP % Change 0.9% Saline 0 110 O 67 0 84 0
105 0 1 mi MpO¥H3I8 -2 65 -3 82 -2 101 -3 d- anphet ani H/BS240034357 0 84 0
104 0 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 30 140 26 80 20 103 23 135 30

d- anphetamne 0 139 0 78 0 101 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 Lli 4 hénHBseldeperdent fRRRA etﬁ:{iﬁse g Aok’ 1611 &&%&%@28% 2.02
ng/ kg 5 228 44 128 48 169 47 227 40 96 247107 23 142 23 200 24 25 189
20 102 17 1B$ecm6np®ﬁumalﬁetgﬂ38ﬁﬁc%xﬁmm@&sm 18his very refdet thessyadd ol i ¢
arterial eg &? I I\él@ mean arferial pressure DAP - diastolic
arterial pr8&%SHPROAMILE FEv S/ nepvg; fermingls - ynop %F‘é’gséﬁ%ﬁ%w 4 o4 Change-
percent ¢ hamRsh&m b@l&@ﬁﬁédti‘éﬁs TNO®R thht t@&%ﬁﬁ thedd blooh Pe¥BEe d¥dhdtcr
(Loconptor) Response to Anphetanine vs, ¥3| ne- d- anphet am ne by Oral

Admi ni st r at fusgespiys doses/ief &-1gginerdwmpbetaming (FISt Shiseducey @moa@aradmlen ad

lalrrglhte'tjg]m Lg?e%sfﬂxﬁ&%e?éﬂ%%hg anphes{m%%%% %3%@&02%9 e eq@%%?l[eeﬁglganount of
d- anphet ani B&. Fhﬁsezeunttalfurhmcemmmatacthe vighificanf ldeékassdia d-anphictiedinelur i ng t he
TOnt Yl e RS S intravendud rotte Whan pives a8 Doysine-d-amphetamine. As

a result the rapid onset of the pharmacological effect of d-amphetamine that is

sought by persons injecting the drug is eliminated.

Table 38. Effects of L-lysine-d-am Fhetamme on Cardiovascular Parameters in the

Anesthetized Dog — Mean Values n—2)
TREATMENT TIME|SAP DAP % MAP % LVP %
Change | Change Change Change
0.9% Saline 0 {81 0 48 0 61 0 87 0
1 mikg 30 | 87 7 54 11 67| 10 87 0
L-ysine-d- 0 | &4 0 51 0 64 0 86 H
amphetamine ,
0.5 mgkg 5 {87 4 52 3 66 3 a7 2
15 | 93 11 51 1 -67 5 95| 11
25 1104 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 0O
amphetamine
1.0 mglkg 5 (121] 15 |63| 15 |85| 15 [120] 11
15 142 35 73 33 100 35 140 29
25 |163| 55 |07 | 75 |124| 68 |162| 50
30 {134 28 73 32 98 | 32 (144 33
L-lysine-d- g 132 0. 71 0 95 0 144 0
amphetamine '
5.0 mglkg 5 |142 7 71 0 99 4 151 -5
15 |176 33 98 39 130 37 184{ 28
25 (126 -5 69 3 |96 1 160 11
30 1132 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)
9 Change- percent change from respective Time 0.
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Di ego Instrunents). Total counts were recorded every 12 mnutes for the
duration of the test. Rats were nonitored in three separate experinents for
5, 8, and 12 hours, respectively. Tinme vs. HLA counts for d-anphetam ne vs.
L-1ysi ne-d- anphetamine is shown in Figs. 37-38. In each experinent the tine
until peakWaax905/43247¢ was del ayed and t he phar macodynam eCEUS2GH3MEs evi dent
for an extended 73 WD 2005/032474 PCTI US2004/ 032131 period of tinme for

L- |l ysi ne-d- anphet am ne as conpared to d-anphetam ne. The total activity
counts for HLA of Lys-Anp dosed rats were increased (11-41% over those

I nduced by d-anphetamine in all three experinents (Tables 40 and 41). Table
40. Loconotor Activity of Rats Orally Adm ni stered d-anphetam ne vs. U

| ysi ne-d-anphetami ne (5 Hours) Test Material Total Activity Total Activity

Peak of acttapid30, Em@mefd&a?éﬁefﬁmm%dﬁfcmaasma&ﬁn@ynme%ove (Counts per
(Counts Cou, GV . © h%emgz)z h) per Per 02 2h) Vehl de 4689

4174 80 1. = = TABT a tam ne 515
0 291 0.6 2.|gR aE| e/ MESJC%EQFéRCI Jﬂ%vgb A Chaggell ¥ AXﬁ?T]_D st er ed
Anmphet am ne vQQ%LSa!irhws i Aetid0 anphlet gri7Tne (A2 KHABdris) Orest10%t ei al | Tot al
Activity Totlat kg LysoPaﬁ‘g of Zactiigerty 31 me gof| Pegk —Tj ofgtast Counts
Count s AbOV(J (C‘nlln Couht Ahon 1 Ba,se_l_i_?ialpr 0.2t h) ( h per
02 h 0.2 ve#ﬁ?E'P‘aﬁtaé%e 0081”’7 2 0 L)I/gi ne?d- |84 n 0 |104] O

0.202mgkg t 5§ |218 o7 145 117 176 1090 1214) 107

15 1168 52 a7 45 125 49 157 52
25 |148 34 87 30 110 31 142) 37
30 {140 26 80 20 103 23 135 30
d-amphetamine] 0 [139 0 78 0 101 0 133 0
0404 mgkg | 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 1" 117 16 163 22
d-amphetamine] 0 |158 D 87 0 115 0 162 0
2.02 mgfkg 5 (228 44 128 48 169 47 227 40
15 196 24 107 23 142 23 200 24
25 1189 20 102 17 135 17 192 19
30 [183 16 g8 13 129 12 187 16

SAP - systolic arterial pressure (mmHg) MAP - mean arterial pressure (mmHg)
DAP - diastolic arterial pressure (mmHg) LVP - left ventricular pressure (mm¥g)
% Change- percent change from respective Time 0.

Example 21. Pharmacodynamic (L.ocomotor) Response to Amphetamine vs. 1-
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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anphet am ne 8423 7487 256 1.8 d-anphetam ne 6622 5686 223 0.8 6.4 h Exanple
22. Pbarmacodynnam ¢ Response to Anphetam ne vs.

| nt ranasal
i nt r anasal

L- 1 ysi ne- d-Va@@#si03¥he cont ai ni ng t he equi val ent

In a second set of simlarly dosed aninals
was added to the drug solutions at a concentration

L-1ysine-d-
Adm ni stration 1355] Mal e Sprague-Dawl ey rats were dosed by
adm nistration with 1.0 ny/kg of anphetam ne or

anphet

am ne by

anountecafusdecanpihgt am ne.
cel l ul ose (CMO)

car boxynet hyl
of 62.6 nmg/m

(approximately 2-fold higher than the concentration of L-Iysine-d-

anphet ami ne and 5-fold higher than the d-anphetamnine content).

ik Ny

coubtsFof LAY
anphet am ne/

those INBuagis/ @azplmﬂma'mm:@ammmts (&

b e

m xtures were
activity vvaé’eﬁ?fﬁf’f
exanple 7. 48 2RO
hours) is shown for
to that of
L- I ysi ne-d- am ne
L- 1 ysi ne- d %b g%éa

|l evel s sinilar to

i

bef pre each

Heumsr YEw

Lé%é:ﬁ\/ﬁ]&oﬁ&

| ysine-d-a

4é).vs.

The CMC drug
ﬁea dyvas del i.vered. Loconot or
phefpmine . A8 tit] ed

Aty bt iNGeasbd mq—aﬂ%ﬁ% or 2

het ani'ne and conpar ed

*‘g{’?\lvcyped rats to

whereas no effect was seen on

anphet am ne| acrest Matdviyf Dl Totaletvsy Ol | Total QP T | ik of acthide mmease ITRne aiCist VI[ty over
basel i ne of |L-1ysine-d- afpinet nﬂc’F@Sﬁ\Ph CVBTRRS DNk NmSsp ¢ EPDEPURR® & 34% f or
Lys- Amp wit hout CMC whien conpal ed™t acfiviozy ob;era/; ir gerapphefam ne
dosed ani mabls_(Iahle 4R2) _CMC had no observable Affecr omn d:angphet am ne
activity influce¥isly | N ad¥¥hi st rattn. [Tabl & 42. | Lod'dnot r .Activity of

I ntranasal d-a mne vs. LFlysine-dt anphet am netew t h andshw t hgut CMC
Drug n Total ABthRR"ey [Totalw Acl i vistgg Pef cent d- Counts Cpunts anphgtani ne
(1 h) Above D"“@,‘,;Eg“a rpRgtaft-ne—F—858686;5100—1¢ retafe—EMe]3 829 657
100 L-lysihe=d-anphetlam ne

Table 41. Locomotor Activity of Rats Orally Administered Amphetamine vs. L-
lysine-d-amphetamine (12 Hours)

TesiMaterial | Total Activity | Total Activity | Peakofactivity | Time of Peak |  Time of Last
Counts Counts Above {Counts per Count Above 100
Baseline 0.2k (Counts pee h
.2 h) 0.2 h) _per 0,2
Vehice 535 0 81 7.2 -

Clysine o 86h
amphetamine 8423 7487 256 1.8

damphetaming 5622 5686 723 06 6an

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 dJ-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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4 408 237 35 L-lysine-d-anphetamine CMC 4 232 60 9 Water 1 172 0 0 Water
CMC 1 172 0 O Exanpl e 23. Pharmacodynam ¢ Response to Anphetam ne vs.

L-lysi ne-d- anphetam ne by Intravenous (IV) Admi nistration 1356] Male
Sprague-Dawl ey rats were dosed by intravenous admnistration with 1.0 ng/kg
of d- anpheWa93H74 L- | ysi ne- d- anphet am ne cont ai ni ng tE/es0040at1ent  anount
of anphetam ne. The activity vs. tine (3 hours) is shown for d- anphetam ne
vs. L-lysine-d-anphetamne (Fig. 41). The activity induced by L- .

| ysi ne-d- anphet am ne was substantially decreased and tine to peak activity
was delayed. The activity expressed as total activity counts over a three
hour period of tine is show in Fig., 41. Th increage in activity over

basel i ne of a0pRhelpg}iRg VY L- appphsemines ClkY, g seen 1, Eigq &9 geddiietfani ne when
conpar e { el k¥l ykine OOSBINAR Al s QPRELATH RofiRe dr ANl ud b o 43).
75 WO 2005/ 032474 gxé%/e'usz 04/6%15)2131 Tabl e 4?@TO al actH\%% counts after
d- anphet amileeely ssimilarl ygi the - watarfGME aovbinel, Dvhiegeas Tot efifechcwasisegn @aunt s Above
Basel i ne Perceni d-anphet an ne .d-a amne .3 1659 1355 100 L-Iysine-d
anphet ani ne@%@?’%%tya%{ﬁﬁ ai&}%_"w&‘_ E_EF‘F S 1 1Rt S (1v)

Adm ni st r athaeéline FANRkBe-Fam ith CMO%ias bily 995 compirby tATU% WSt er ed

L- | ysi ne-d- anphet ami ne 357J) Three male and three femal e Sprague Daw ey

rats per grieGpAmprethsuy &M whenrompasddp agtyibhpierved fgn dommphetamine
L-1 [ -d- ' , 1- ) 0) | e 44).
Eac%sggiemlc?&mg%%{s%épgg%q? g?)ls?%hﬁg %’9 {Kg%b?:%%lﬁﬁ e%% ﬁf%#ﬁg ysS 1-e7 (z/vi th

Day 1 bei ngactiity tidycedfbytiINeadohirsistyatiamd one rat/sex/ group was necropsi ed upon

death (sch efjalll)llee&. ﬂ)col%.rrllc?t(():rhﬁ<(:1:1l{r|i1:§'\f%lE Intranasal d-amphetamine vs. L-lysine-d-
amphetamine with and without CMC

Drug n| Total Activity Total Activity Percent d-
. Counis Counts amphetamine
(1h) Above Baseline
d-mphetamine 3 858 686 100
d-amphetamineCMC |3 829 657 100
L-lysine-d-amphetamine
4 408 237 35
L-lysine-d-amphetamine
cMe 4 232 80
Water 1 172
Water CMC 1 172

Example 23. Pharmacodynamic Response to Amphetamine vs. L-lysine-d-
amphetamine by Intravenous (IV} Administration

[356] Male Sprague-Dawléy rats were dosed by intravenous administration with
1.0 mg/kg of d-amphetamine or L-lysine-d-amphetamine containing the equivalent

amount of amphetamine. The activity vs. time (3 hours) is shown for 4-

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 houf 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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Tabl e 44. Dosing Chart Oral Adm nistration of L-I|ysine-d-anphetam ne
Toxicity Testing. Goups No. of Animals Test Article Dosages Concentrations
(my/kg) (nmg/m.) MF 1 3 3 L-lysine-d-anphetamne 0.1 0.01 2 3 3

LI'ysi ne-d-anphetanine 1.0 0.1 3 3 3 L-lysine-d-anphetamine 10 1.0 4 3 3

LI ysi ne- d- B@pWe¥®H’Ae 60 6.0 5 3 3 Llysine-d-anphet an HeVE8004G2138 3 3

Lysi ne-d- anphet am ne 1000 100 [358] Key observations of this study include:
Al animals in Goups 1-3 showed no observabl e signs throughout the -conduct
of the study. Al animals in Goups 4-6 exhibited increased notor activity
within tw hours post-dose and which lasted into Day 2. 76 WD 2005/ 032474

PCTI US2004/ §34d 31 Toéﬁ)ﬂﬁmﬂ {u‘?m aﬁ&aﬂ&%ﬁq me]xgof% %@4”_% ﬁ% d dead on Day

2. Necropsy reveal e acryorr nronor ended st onach

(gas), enlarged adrenal alands. and edematous_and di stended intestines. A
total of 4 jatsDiad sHi ml | hiposieBaseli® |Ffercertweaniphptaoine | Day 3.
dosed at
g ventral

One male r 1000 {mg/ kg wps euthpnatized onf Day 3 due to bpen skin
| esi ons on ne All reonjinihg aninals Boneared nor from Day
4 through Cefamhefnde]| shifal s w8 obserled 136 sighs of t18icity ht 1, 2
and 4 h posf O9=fe-.#Ag ON¢e darty Tor 7 pays arter [osing and cage si de
observati ons dﬁemmg qrded{ Ani 7,s foung degg sacrificed nmori pund were
necr opsi ed I scarqed. A total ""'of one] ani ?/sex{group S necr ppsi ed
upon sched Ied Wateruns dhetiul ed deasm [360 Cage- si def observations apd gross

necropsy f'i&“ﬁo&ﬁgﬁl%vsn%w A

Example 24. Decrease in toxicity of orally administered I-lysine-d-amphetamine
[357] Three male and three female Sprague Dawley rats per group were given a
single oral administration of L-lysine-d-amphetanine at 0.1, 1.0, 10, 60, 100 or 1000
mg/kg (Table 44). Each animal was observed for signs of toxicity and death on

Days 1-7 (with Day 1 being the day of the dose) and one rat/sex/group was
necropsied upon death (scheduled or unscheduled).
Table 44. Dosing Chart Oral Administration of L-lysine-d-amphetamine Tox1c1ty

Testing,
Groups [ No. of Animals Test Article g:;?&g Corz:‘.:;z;t;ons
M F , '
1 3 3 L-lysine-d-amphetamine 0.1 0.01
2 3 3 | L-lysine-d-amphetamine 10 0.1
3 3 3 1-lysine-d-amphetamine 10 1.0
4 3 3 L-~lysine-d-amphetamine 60 6.0
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:
» All animals in Groups 1-3 showed no observable signs throughout the
conduct of the study.
o 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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5. The data are not sufficient to establish a |ethal dose, however, the
study indicates that the lethal oral dose of L-Iysine-d-anphetamne is
above 1000 ng/ kg, because only one death occurred out of a group of six
animals. Al though a second animal in this dose group was cuthanatized on
Day 3, it WEQ2¥A¥4T%r humane reasons and it was felt PREAUSINIE2EH nal

woul d have fully recovered. Cbservations suggested drug- induced stress in
Goups 4-6 that is characteristic of anphetam ne toxicity (NTP, 1990; N OSH
REG STRY NUMBER: ‘S11750000; Goodman et. al., 1985). Al animls showed no
abnormal signs on Days 4-7 suggesting full recovery at each treatnent

level . [361] The hgekenttle #Rldséd af YOMP hig/I@wes fodhall ebe én! Bhy1al dose i's

believed to be due to a putative protective effect of conjugating

anphet ani ne wi t h Neesans revealed shromadgeryordheadechaemperbingrrhere distendpdben shown to be
[ tive, but b | | | ' ted f
(G- et ant ne) - HEh ). e DaffEhrigie; M oadhdods Mg MEARLA DR B4 Torm

L- 1 ysi ne- d- anphetiawstivesi nt o t he unconjugated form may explain the |ack of
observed toxicity, whjich was expected at doses greater than 100 ng/ kg,

whi ch is consi @t ehotah ehd @ty harh skin desinas of vering degnees of SeXSTILY ahe f or mat i on
rate of d-anphetgpyfie and the extent of the formati-on of anphetam ne may
both attribute 2005/ 032474 PCTI US2004/ 032131 to the reduced
toxicity. Altemnabhemhly ratalosdd #1900 pigikprwasfeuthahatizedion Dagdpdwettani ne may al so
be saturated at such high concentrations, which may suggest low toxicity
.due to linmted b‘?H?&@&P&%ﬂﬂnF PR {pesfentralbeck ne- d- anphet am ne. Exanple 25. 1n

Vitro Assessnent sdidisl e éﬂg{ﬂ' ﬁ%ﬁ? ' Activity. [362]
It was anti ci pat e‘gﬁtr%?ﬁtﬁtﬁ%e acﬁlang%gn 0 ?rrp epgﬁig?l@‘ gs fﬁﬁri't he am no acid
conj ugat es d[3$8isArithalsewere obsuved for gigns pLmicity at 02 @ed dhtepedtidosd, amd activity
of the parent d .o F exanpl e, Marvola (1976).showed that N-acetyl ation
of  amphot anPifE AL i< SABF UoE AL SPECOG ChIeNATERY e R ng
effects in mAgRuals fhandadall] 6rBatdfdded pitgibGAD @ Hebropaed Al disHarRE! IAVtofEt i Ng as a

stinmulant, we_tested_  (Novascreen, Hanover, NDuiﬁglt he specific binding of
Lys- Anp ( 10A0K Qs ppimal/sgx/graup wasResrapsied Hpymiched mmw%e@ﬂ@ﬂ ¢esthepi nephri ne
transport bi pgh .t L.0G: LI alel The
reaul (s (seel fupist, difiediont WAl Ae-ARL AR e bith SR 5 Pitfe

5. The data are not sufficient to establish a lethal dose, however, the study indicates

that the lethal oral dose of L-lysine-d-amphetamine is above 1000 mg/kg, becanse

only one death occurred out of a group of six animals. Although a second animal in

this dose group was euthanatized on Day 3, it was done for humane reasons and it
was feit that this animal would have fully recovered. Observations suggested drug-
induced 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 aciive 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 J-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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Lys-Anmp did not bind to these sites. It seens unlikely that the conjugate
retains stinulant activity in light of these results. (Marvola, M (1976).
"Effect of acetylated derivatives of sonme synpathom netic am nes on the
acute toxicity, loconmotor activity and barbiturate anesthesia tine in
mce." Act WOMEYHA¥Al Toxi col (Conenh) 38(5): 474-89).PGHEIRMI23Resul t S
From Radi ol i pand Bi ndi ng Experinments with L-1ysine-d- ahetam ne Assay

Radi ol i gand Reference Ki (M for Activity* Conpound Ref. Cpd. NE
Transporter [3H - N soxetine Desipramne 4.1 x 10 No DA [3H]-WN35428
GBR-12909 7.7 x 10 No Transporter *No activity is defined as producing

b .-20% and 20% i nhi.pi t | f radioljgand bindj No : .
Bl 26. 10 Go Pt JELET, iBnshels b sbdBtion Y haReLamptiBRttS ne.
[363] It WagagRlshbeRafufied diatclohipk Fhiniiiohs] WHicCHREPR skbbelt! Ibivabiicighen sts to

treat the conmpound with varjious easily accessible physical and chem cal
net hods by -Wﬂ*@ﬂmteébi@ﬁ%‘?ﬂ“!?@ehémr%mheﬁﬂ@m%om the conjugate. An

abuse-resis Al the additiomal feature of not
rel easi ng d%a 18250 V¢ Reestifl gfeﬂc}@ég‘& e iemmacodyintio s 004/ 032131

! 057 U Z]
wat er, aci dAetvittegar), base (baki ng powder and baki ng soda), and heat. In
several test . th L-l.ysine-d-anphefam ne and GGG Anp, no anpphetam ne was
det ect ed af3c6§} VitH@SfaBL%BW‘ﬁ&‘# ﬁ@a”c P%."FWH il %Pmﬁé’k?‘?fg Powder
Baking_Sodacoriudates! diniled e, Q%?ﬁ?@%%ﬁcgg@%m%ﬁ%yﬁ% i§9%61Qfe 0% 0%

Sampl es were heated to boiling fo ' '

mnutes in each test. Exanple 27.
Bi oavai | abi paresgt dfugvar Ferusxamplao Mevola AGHAE) shbwied dbatp dlsaattylativnofii st er ed by

LI e N T T T

To confirm that the conjugate was not directly acting as a stimulant, we tested
(Novascreen, Hanover, MD) the specific binding of Lys-Amp (10® to 10° M) to
human recombinant dopamine and norepinephrine transport binding sites using
standard radioligand binding assays. The results (see Table 45) indicate that the
Lys-Amp did not bind to these sites. It seems unlikely that the conjugate retains
stimulant activity in light of these results. (Marvola, M. (1976). "Effect of acetylated
derivatives of some sympathomimetic amines on the acute toxicity, locomotor
activity and barbiturate anesthesia time in mice." Acta Pharmacol Toxicol {(Copenh)
38(5): 474-89). '

Table 45. Results From Radioligand Binding Experiments with L-lysine-d-

amphetamine :
Assay Radioligand Reference Ki{M) for | Activity*
| Compound Ref. Cpd.

NE Transporter | [3H]-Nisoxetine | Desipramine | 4.1x 10~ No

DA [3H)-WIN35428 GBR-12909 | 7.7x10~ No

Transporter ' ’

*No activity is defined as producing between -20% and 20% inhibition of radioligand binding
{Novascreen).

Example 26. Jn 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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libitum fasted overnight, and dosed by oral gavage w th anphetam ne or

am no aci d-anphetam ne conjugates containing the equival ent anount of
anphetam ne. (3651 Intranasal Adm nistration. Male Sprague-Dawl ey rats were
dosed by |ntranasal adm nistration with 1.8 ng/ kg of anphet am ne or

| ysi ne- anpR& A H& 4 cont ai ning the equival ent amount of? r&%ﬁ@?%‘ﬁﬁb. [ 366]
The relative in vivo performance of various am no aci d- anphetam ne

conpounds is shown in Figs. 42-50 and sunmmari zed in Table 46. Intranasal

bi oavai l ability of anphetam ne from Ser-Anp was decreased to sone degree
relative to free anphetam ne. However, this conpound was not bioequival ent

Wi th anmphelam Neidwitdiar) ObAak (Ea‘R: icsi Bhkide’ A0 Bnd RERNYA 8dv3Rl Ne was

bi oequi val ent Wi th anphét am ne the oral route of adm nistration,

however, |i testsewith Hasmwmbetamm i (ZGG AR N9 wyphsjangine aves detgited out es of
adni ni strati I y3-Anp had nearly equal bioavailability
(909 by thgﬁgrtﬁlaﬁ}ugﬁ?ng‘%gg%%%m ed by a decrease in Crax (74% .

Addi ti onal I y, Gly3-Amp ?ﬁow@g& eqraﬁmerl Baka'PowideP] | | Baking Sbdd | Je to
anphet am n by intranasal and [ ntravenous outes. 79 2005/032474

PCT/ US2004 éuiéd— rapr e Per Broavfipyabi TTTy of pggn no AcCId |

Anmphet am n ds A(lm n| st er by Oral, Intranasaf or |ntravenqus
Routes Dru ntranagdal lntr venous Percent AUC Pércent Cma Perjcent AUC
Per cent GPﬁFmpt AUC Petcent Arrph 0% ne 100 108 100 100 140 100
E-Amp 73 9 - A 1 _NA NA NA NA

S- Anp 791558%ﬁlﬁﬁw3&}&5teﬂlﬁ)lbdﬂmmm0ﬁﬁmﬁ&ﬁﬁac&&esﬂslA NA GGGAnp 111/68 74 1
73 32 38 45 46 F-Anp 95 91 97 95 87 89 EEF-Anmp 42 73 39 29 NA NA FF-Anp 27

64 NA NA NAMS Q! 9?&%03\?&1%&&1 ojf\Pdri%uso Ar?ﬁr% Ecid~Am hetamine Compounds

Example 2
Administered by Oral, Intranasal, and Intravenous Routes.

[364) Oral Administration. Male Sprague-Dawley rats were provided water ad
libitum, fasted overnight, and dosed by oral gavage with amphetamine or amino
acid-amphetamine conjugates containing the equivalent amount of amphetamine.
[365] Intranasal Administration. Male Sprague-Dawley rats were dosed by
intranasal administration with 1.8 mg/kg of amphetamine or lysine-amphetamine
containing the equivalent amount of amphetamine. |
[366] The relative in vivo performance of various amino acid-amphetamine
compounds is shown in Figs. 42-50 and summarized in Table 46. Intranasal
bioavailability of amphetamine from Ser-Amp was decreased to some degree
relative to free amphetamine. However, this compound was not bioequivelent with |
amphetamine by the 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. Glyg;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 intravenoué routes.
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K-Anp 98 55 0.5 0.5 3 3 KGAnp 69 71 13 12 NA NA dKIK-Anp 16 7 2 2 NA. NA
LE-Amp 40 28 6 6 NA NA.  H Anp 16 21 22 42 NA NA C Methods of In Vivo

Test i ng of Abuse resistant Anphetam ne Conjugates Exanple 28. Decreased
Oal C.. qf d-Anphetani ne Conju gae tes. [367] Male Sprague-Daw ey rats
wer e prow &%92%3’5& ™ad libitum fasted overnight and d8§%@sw4’&3ﬂ 1 gavage
w t h anphetam ne conjugate or d-anphetam ne sulfate. All doses contained
equi val ent anounts of d-anphetam ne base. Plasma d- anphet am ne
concentrations were nmeasured by ELI SA (Anphetamine Utra, 109319, Neogen,
Cor poration, Lexington, KY). The assay is specific for d anphetam ne with

only mnim t tabolite
(par a- hydro blgam n%/%e 1/%%1 f%ﬂg}ﬂ%‘fé hé’Pﬁ’r?P]h and L-
| ysi ne- d- am Eiagqs ed by LC/ MS/ M6 where -

i ndicated i h emagpl §s. 80 v 2005/L324741ntBﬁ§Eh1U82004/ Oddmeﬂixarrm e 29.
Decreased hj tranasa -c'ergﬁti‘j et D AL e[rdé % ne

=t )
Conj ugat es. {| 36%! :ﬁplea uer Pvéepfm ﬁ'/ger"gcmgxgxeﬁc%[’u libitum
and doses wpymghetaming] ni 480er gd bipopl dci gd 0. P2 MO of | watl®r dont®@ ni g

anphet am ne[ TEERHIANE GB U-] anpsret I Tga SUfTang T N[O NAE 1jasagaitgres. All

doses cont aj het-ami-he-
d- anphet am Heggﬁ'ﬂ%e it rggi ons e reastht ed| by “*ELI A Nirmret aiﬁ nelUtra,

109319, Neopen;An@or por &i on, LEXi ndtorNA KY). W®ie hsslly ig spetififc for
d- anphet am e SN nn—;y;ggl M TEg 775 eqet T3 Ty 0_65“/9 REE T RE
d- anphet am .\,Gm{ab . 8 £ he)—occuring—HRl asma
d- anphet am he g’ﬁﬂp -Ivs? ne-ld- affbhetlani ¥e cancg’r‘itra |o%’vwere 'H%asued by
LC M5/ M5B WhEG8G-AmD ¢at'ddss n exditpl ds. Exanpl e 380. pPecreasdd | # r ayenous

Bi oavai | abi [TTEAUC aNGs e O ATRTer BT TR Co ugRteY T g8 oT{Mal e
- i Libhitum
Spr ague Daww%—mgu-%d_#@;%—ag o "ﬁ'gt A¥a. an%dgées%ua.m

FF-Amp 27 64 NA NA NA . NA
Gulonate-Amp 1 1 0.4 0.5 3 5
K-Amp 98 55 0.5 0.5 3 3
KG-Amp 69 71 13 12 NA NA
dKiK-Amp 18 7 NA NA
LE-Amp 40 28 NA NA .
H-Amp 16 21 22 42 NA NA

C. Methods of In Yivo Testing of Abuse resistant Amphetamine Conjugates
Exampie 28. Decreased Oral f 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 confained equivalent amounts of d-amphetamine base. Plasma d-
armphetamine 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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adm ni stered by intravenous tail vein injection of 0.1 ml of water

contai ning anphetam ne conjugate or d-anphetam ne sulfate. Al doses

cont ai ned equi val ent anounts of d-anphetam ne base. Pl asma d- anphet anm ne
concentrations were neasured by ELISA (Anphetamine Utra, 109319, Neogen,
Cor por at i orfYORMRO¥TINn, KY). The assay is specific for pdTaspiebamne with
only mninmat reactivity (0.6% of the major d-anphetam ne netabolite

(par a- hydr oxy- d- anphet am ne) occurring. Plasma d-anphetam ne and

L- I ysi ne- d- anphet am ne concentrati ons were neasured by LC M5/ M5 where

i ndi cated in exanpl es. Exanple 31. Attachnent of Arrphet amne to Variety of
Cheni cal lbﬁt ) e use of an
anphet am ne =t HHtrgE = & &ram no acid, which
is useful i QM%UM for overdose vvh| I e mintaining its
therapeutic value. The effectiveness of bjndin hetam ne to a chem cal

noi ety was mnMaﬂqﬁmagqq\Dngm rath averg pravided: ifmeangd doprs Wee| ysi ne
K h Th
(K), hovever L g{g@h@ﬁ@rﬂ)&fﬁﬂ G, {egf%ﬁt#ﬁﬁ%ﬂhlﬂ{afb%ﬁoergoﬁ \fite 09@) y. The

attachment o 0 ‘any vari enmca
pepti des, glamhctaniniedalfatemﬁmhmhlﬂm Mhdmbmmtmiﬁeqmalenﬁmuns)ofrmy be

acconpl i she thro rogedur es descri bed.t hr oughout t Exanpl es.
For 81 V\O% L@gﬁoa g‘i ei??&?%%@%ﬂfsh&e%epw“ﬁ%féh es may be
attached tomﬂqhﬁiﬁlaanﬁh% Uﬁrar”%m@sNéégEH @bipotafioh, NOSEn &S K Y Paflei N Exanpl e
2. Amphetam ne Synthetic Exa Synt hesi s of GIyrArrp G y2- was

synt hesi zed agpyyas @wﬁ@formhpt@memxth n@yamnn@ala@a@wtyt@ﬁ/i) tgteri al was

o e B SRR R S i o
Boc- G u( Ot B@m@hﬂ(ﬂﬂ&hﬂ&ﬁﬂﬁﬁﬂ—d—hﬁpﬁﬁﬁe mgn@hu@;mﬁowmmm biPhe- Anp

(see Phe- A Si.s).., Qynthesis of Hi s-Anp Hi s- Anp was synt hesized by a
simlar m&g ?FF‘EW%‘&WBI"%tartlng mat eri al was

Boc- Hi s(Trt gy 30, Decreased Intravenous Bioavailability (AUC and of d-

Amphetamine Conjugates.

[369] Male Sprague-Dawley rats were provided water ad libitum and doses were
administered by intravenous tail vein injection of 0.1 ml of water containing
amphetamine conjugate or d-amphetamine suifate. All doses contained équivalent
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,
Plasma d-amphetamine énd 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 illpstrativ_'e
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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Synthesis of Lys-A@y-Anmp Lys-dy-Anp was synthesized by a simlar nethod
except the amno acid starting material was Boc-Lys(Boc)-OSu and the
starting drug conjugate was G y-Anp (see @ y-Anp synthesis). Synthesis of
Lys-@d u-AnQYL s-d u- Anp was synt hesi zed by a simlar nethod except the am no
acid start ngooﬁ‘ﬁ-fzé'f“i al was Boc-Lys(Boc)-0Su and the stBETURHOHIRB1conj ugat e
was G u-Anmp. Synthesis of Au-Amp d u-Anmp was synt hesi zed by a

sim |l armethod except the amino acid starting material was

Boc-d u(O Bu)-0OSu. Synthesis of (d)-Lys-(1)-Lys-Anp (d)-Lys-(1)-Lys-Amp was
synt hesi zed by a simlar nethod except the amno acid starting material was

Boa(d) - Lys(Bog).- - S S L onik.c aci,d- Ul - Al was
syn'g h)esi )z/e((jnﬁgﬁ)ngé#%%%éﬁeg%ﬁ%&&%%%%@k a%lgirl%% '§/'§ E’%@E n%eétt%g? ?@H@I mat erIrJ i al
was gul oni ¢ i@mhosk daberibed ?h Erarmdd 2. 32. Lack of detection of

L-1ysi ne-d-anphetanmine in Brain Tissue Following Oral Adnministration [371]
Mal e Spr agudrphsireipeSipletsdiwmpiesyi ded water ad libitum fasted overni ght

and dosed b is 9 %di‘éth L- |l ysi ne-d- anphet am ne or d-anphet am ne
sul f at e. A?Spfﬂg‘glggs cont ai'ned equi val ent anmounts of .d-anphetam ne base. As

shown in Figs. &ly-App sasi sxmthesigekby o sintilaamétheds ekespt wey emihet added i n

serumas wel] as in brain, ti$S |l ow ng adm ni stration of d-anphetam ne
sul fate or Ei-%%%?@ﬁgﬁf)ﬁg?ﬁ‘@'&ﬁ'e conj ugat e L-1ysi ne-d-anphet am ne,
however, waSyR{hR§sof Ghi-Phaim@ci abl e amounts in serum but was not detected

in brain tissue indicating that the conjugate does not cross the_bl ood
brain barrier toChidtheAmp avag spthesized by poumilanmetbpd exgepbtheraming péd. CARRI ER

CCLND AR i, VAP 5 OO OGS0 G UL B bt <00
conjugate was Phe-Amp (see Phe-Amp synthesis).
Synthesis of His-Amp
His-Amp was synthesized by a similar method except the amino acid starting
material was Boc-His(Trt)}-OSu.
Synthesis of Lys-Gly-Amp
Lys-Gly-Amp was synthesized by a similar method except the amino acid

)

starting material was Boc-Lys(Boc)-OSu and the starting drug conjugate, was
Gly-Amp (see Gly-Amp synthesis).
Synthesis of Lys-Glu-Amp
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-()-Lys-Amp
(d)-Lys-(1)-Lys-Amp was syrithesized by a similar method except the amino
acid starting material was Boc-(d)-Lys(Boc)-(I)-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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t hrough the use of hydrocodone. [372] Exanples 33 through 83 illustrate the
applicability of a nunber of peptide- active agent conpositions in reducing
the potential for overdose while maintaining their therapeutic val ue
wherein the peptides are conjugated to the active agent hydrocodone (HC).
Exempl ary conpounds whi ch were substituted at the 6 position of hydrocodone
are termed EEFFI-HC[ SEQ I D NO 5], EEFFF-HC SEQ ID NO 3], YYI-HC, DDl -HC,
and YYFFI[SEQ ID NO 61-HC. [373] Oral, intranasal, and intravenous

bi oavail ability studies of hydrocodone and hydrocodone conjugates were
conduct ed i IExanipte Spr BakerfBRwcEyn 6AL SysikdPgamphbtamivdihgSagonesdki tartrate and
hydr ocodone conj ugates contal ni ng equi val ent anmounts of hydrocodone were
adninistered@ﬂﬁﬂ@éﬂ@ﬁﬂiﬁhyﬂéiﬁﬁmlC}al admi ni stration mas in 0.5m by
gavage needl| Wi e ex iLon.of YY red as,a solid
o Gorat . dapduuds PR ARRULT ke Rrabe ileh R MBRu oy SR 2o

m croliters anAtdesddy ds}alsgdvagé Hit8 9. -Bhinkat Sm etk Zi%%])ﬂe’éaﬂnhéSQI Ifaed, ane.

I ntravenous administration was in 0.1 nl by tail vein'injection. Plasna was
col | ect ed byMl d@&es ogmtbwébqwaigst ammetsure-amphetanigo bhser abeshanesn fessi a.

Hydr ocodone 2005/.032474. PCTI US2004/ 032131 hydr one (maj or
not 1 ve. et abay Bes ISR AL SR ORI RaI Bgrm, % WE) R {454 The
bel ow examlt@@@@'oﬂowhdgtwﬁstrmorpmdcmﬁpﬁktarhﬁaeb,ﬁifawoammnmd sequences
attached to hydrocodone is not nmeant to be linmting. AS such, synthesis and

attachment @ﬁnﬂhyt&nun@dﬁw@omaugé hstmempimphetaninor hawrsea s prisent inhe
fol |l ow ng exe a met h d ocodon Synt het | c. Exa s Carhoh drates
Eeanl e 93¢ HREEDS: PP OrBaEHET PR GG gotFitF 5t PR by ity Rt g

Gal act o- Wdrc@ﬁjﬁ(é%‘%ioeﬁﬁ@tg:%ktsihé\%wﬁraﬁn mmkes a%’és@'iheﬁ%‘rﬁréﬂade?mlﬁ S @tem
drocodone 299 0.223 0.75 1.0 1. LINS 2 in THE 1M 1.13nl 1.1 %

5m - - 2. Gikattgsm. ChI oroformate - 1.49 2.0

CARRIER BOUND NARCOTICS

Examples 33 through 83 Hydrocodone

Applicability of abuse resistance for the narcotic analgesics demonstrated
through the use of hydrocodone.

[372] Examples 33 through 83 illustrate the applicability of a number of peptide-
active agent compositions in reducing the potential for overdose while maintaining
their therapeutic value wherein the peptides are conjugated to the active agent
hydrocodone (HC). Exemplary compounds which were substituted at the 6 position
of hydrocodone are termed EEFFI-HC[SEQ ID NO: 5], EEFFF-HC[SEQ ID NO:
3], YYI-HC, DDI-HC, and YYFFI{SEQ ID NO: 6]-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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2. DW - 3m - - 3.1MHC 1M 30nm - - 3. Acetone - 20nd - -

Gal act o- Hydrocodone [375] To a solution of hydrocodone in DMF was added
LIN(TM5)2 in THE via syringe. The solution was stirred at anbi ent

t enper at ur f;)qr Eg m nutes then the chloroformate of gal actose in DVF was
added vi a Sfm“ Y& e resulting solution was stirred BETHEIPHKRISL
tenperatures for 2 hours. A TLC was taken (9:1 CHC13: MeOH;, WV and 5% H2S04
in MOH Rg9 t) = ~0.5). Reaction was neutralized to pH7 with 6M HCl .

Sol vent was renoved. Final product was purified wusing preparative TLC
(0-10% McOH in CHC13). Solid was collected as a white powder (0.180g, 41%
yield): 'H h@?ﬁ@n@ tnagr lacke ( trdtions e deterfitndd3by314), 1.49
(m 2H) g Rbugier &ﬁe &gm{’ng‘;ﬂ("g aH) e (in, egH)by 2790 (d,
1H) 3.09 (&C/Mﬂsts 73 (s 311) 3.99 (dd, 1H), 4.14 (t, 1H), 4.26 (dt,

4. 39 1 4 : 68 (d,

6. 65 (géj’flll) ﬁ‘% ‘%&iﬁ %‘%E%@“R/s‘“gg‘lﬂé‘ﬁ? ‘fﬂéa]%}gsgw_ﬁﬂég %’;‘%’uﬁ‘?}d 586. 4
(l\/H—l) [376}sethén¢ebattmlﬁﬂmhﬁﬂo®ﬂbﬁisQﬁemeﬂtt%bedinﬂmﬁg was swolidgmttizeigl of 1M
HCI and 20nil, acetone. E(%esultl ng s Iutlon S§II rred at .anbient
t enper at ur eSn4 Gitaghment ‘b 95 dBstancg ¥iew §| vent was
removed and ghidi@hg Bieathial nfiitods under vacuum SoI id was collected as a
white solid: C% cul”at ed mass = 505.5 Found = 506.4 (MtH). 13771 Figure 53
depicts or .u‘.l peodoné Simthetio Fxdmples €arbohyirates t hydr ocodone carbohydrate
conj ugat es, 5;}_1,,, . hydrocodone (with nmeasured plasma |evel s by

__i-.ll!'

ELI SA) . Exa v RO fone Figure 54 illustrates preparation of
Ri bo- Hydrowe@mszﬂhammﬁeﬂ%%bgwammodvabm Equi valents 1. H
drocodone 299 0.733 2.45 1. . LAAINS 2 in THE 1M 3.68m. 3.68 1.5 1. DW -
st - Reggents MW | Weight | mmoles | Molar Equivalents

1. Hydrocodone 299 | 0.223g | 0.75 1.0

1. LIN(TMS); in THF IM | 1L13ml | 1.13 1.5

1. DMF - Sml - -

2. Galactose Chloroformate | - | - 149 | 2.0

2. DMF - 3ml - -

3. 1M HC1 M | 30ml - -

3. Acetone - 20ml - -

Galacteo-Hydrocodone

[375] To a solution of hydrocodone in DMF was added LiN(TMS), in THF via
syringe. The solution was stirred at ambient temperatures for 5 minutes then the
chloroformate of galactose in DMF was added via syringe. The fesulting solution
was stired at ambient temperatures for 2 hours. A TLC was taken (9:1
CHCl;:MeOH; UV and 5% H;SOs in MeOH; Rgproduety = ~0.5). Reaction was
neutralized to pH 7 with 6M HCl. Solvent was removed. Final product was purified
using preparative TLC (0-10% MeOH in CHCl3). Solid was coll_ected as a white
powder (0.180g, 41% yield): 'H NMR (DMSO-dg) 5 1.28 (2s, 6H), 1.37 (5, 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 (4, 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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2. Ribose Chloroformate - 4.90 2.0 2. DW 3nil - - 3.1IMHO IM 10 - -

Ri bo- Hydr ocodone [3781 To a sol ution of hydrocodone in DMF was added
LIN(TM5)2 in THE via syringe. The solution was stirred at anbi ent

t enper at ur fﬁr g m nutes then the chloroformate of ribose in DVF was
added vi a S@HO YEHHhe resulting solution was stirred BETEHMIPHKRIS
tenperatures for 2 hours. A TLC was taken (9:1 CHCL3: MeCH, WV and 5% H2S04
in MOH Rgp. N' t) = -0.5). Reaction was neutralized to pH7 wth 1M HCl.
Sol vent was renoved. Crude product was taken up in CHC13 (50m ), washed
with water (3 X 50mL), dried over MgSOH4, filtered and sol vent renoved.

Fi nal d ! MeCN;

0- o b 8RB SofyHt e SecPlel Ul REp Rt gk PR I W ¢ o7 oo

(221)0959, 7%uebﬁﬂfshw'h£ﬂeg%lﬁ( W\gélniu)lﬁbdﬁask—%S(SzEmﬁ&); Sl(l)g 4%{8/[4(}2) 3H)2, Bé- (58 (m

s , 2. . 2. ,

308 (P e 58" fepice ora) Hdpvaisbily "6 ablsh-resting, bydeasodons o3 (.

111 4. 58 0

mi o 06 [aro e Sorlighth, mieslysd'of et dpatichdons ol behld gl | %L

530. 4 (I\/H—i)lev{sISBQFLTS;‘\l he protected ribose intermediate was added 10n] of IM

HCl. The r sull 9 as stirred at anbient.tenperatures for 2

hours. Sol vef fpcgdoe; | product dried under vacuum Solid was

col l ected aFlgareVWllustra&% pl@aﬁﬁ@&bﬂ&%iér ddde2004/ 032131 slightly yell ow
solid (0.092g—quant ). "H NMR Y6 1.51 (t _1H) 1 83 (d, 1H), 2.41
(dt, 1H, 2. z_?_(_r__Beag.gnE 63 (dHMW {iWeighgommeles3} Molar Expivalentsrl) , 3. 20 (m
1H), 3.75 (s, 13Bydr@:o88nel. 34 (br 289 |MR¥3g 5.285(d, 1H), 1872 (s,} 1H), 6.75
(d, 1H, 6. 88.LaN(TMS),in THFB7 (UM 9.3.68:D1 | [388] [Figure1® illugtrates

i ntranasal bijgapsMrFabi ity of apuse-registiant .hydrocodone carbghydrate

conj ugat e, NMHASRiKHRe ChidrofirnA¥d] 0Codong (W ThofEdsSured pl@sSma  Tlevel s by

vv;

ELI SA). Si nellg JRyF0 ACT TS N 3ml | - -
3. IM HCl M| 10ml - -
Ribo-Hydrocodone

[378] To a solution of hydrocodone in DMF was added LIN(TMS); in THF via
syringe. The solution was stirred at ambient temperatures for 5 minutes then the
chloroformate of ribose in DMF was added via syringe. The resulting solution wﬁs
stirred at ambient temperatures for 2 hours. A TLC was taken (9:1 CHCI;:MeDH;
UV and 5% H,80, in MeOH; Rgproguery = ~0.5). Reaction was neutralized to pH 7
with 1M HCL. Solvent was removed. Crude product was taken up in CHCl; (50ml),
washed with water (3 X 50ml), dried over MgSOs, 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% yield): '"H NMR (DMSO-dg) § 1.26 (s, 3H), 1.39 (s, 3H), 1.50 (m, 2H), 1.89 (s,
4HD), 2.08 (m, 2H), 2.29 (s, 4H), 2.40 (m, 2H), 2.88 (d, 1), 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 IM HCl 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,

85



Exanpl e 35, Leu- Hydm:odone Figure 56 illustrates preparation of

Leu- Hydr ocodone. Reagents MW Wi ght notes Ml ar Equivalents 1. H drocodone
299 1.00 3.34 1.0 1. LET M5 2 in THE 1M 10.5nl 10.5 3.15 1 THE - 25m - -
2. Boc-Leu . OSu 328 3.28g 10.0 3.0 Leu-Hydrocodone [3811,1 a sol ution of
hydr ocodon® 9 #9594 as added Li N(TMB)2 in THE via syri ‘EjﬁUszﬁPf%“ ¢Gtuti on was
stirred at anbient tenperatures for 5 mnutes then Boc- Leu-OSu was added.
The resulting reaction m xture was stirred at anmbient tenperatures for 18
hours. Reaction was neutralized to pH 7 with 6MHCl. Sol vent was renoved.
Crude materi aI was taken up in CHC13 (100m ), washed with sat. NaHCCB

ggﬁggiﬂeé as ﬁ‘g ow poﬁ)ﬁ9 %1&“5‘3‘&6%@%5%%)@@‘5 Srm&(%%)sg%aéq’ S 0. 86

(dd, 6H), MH)32.4(<dt, 9E), )27 @, Hf), €S53 (@dH)1H),12. 83(5(9( BH), 2896 (rd,. 26, 3.2 (), 1.87

i) 37> (B 3y ok st 5 gy, Wibos Fals W Ale sy ) "

1H), 6.65 (Glggéd;ﬁm 6159 (beh, 18) . 6.90 (s, 1H). [382] To the

Boc- Leu- Hydrocodone ‘was added 25mL of 4N HCl in dioxane. The resulting
m xt ure was[388] rFigate &6 lwfsﬁmwwm@ﬁﬂf@f abpge-resistant hgybepdane was

renmoved and_f.i product drjed m ) coI I egted as a
Siohtly yerrafel R OuEReR S oY R adtie, GiERe R " 0" 61y
1.52 (m llﬂa)relsbﬁELM)ZOOS/ 032474 PCT/ US2004/ 032131 1. 75 1 90 (m 4H), 2.22
(dt, 1H), 2,34 (dt; 1H),, 2.64 (q, 111), 2.75 (s, 3H), 2.95-3.23 (m 4H),
3.74 (s, 3HYR cl , 4.07 (s, 1H), 5.10 (s, 1H), 5.72 (d, 1H), 6.76
(d, 1IH, 6;%]&935 %\13&-)1'1;%&90@0@ s, 311). codone Exanple 36. d u-Hydro

Synt hesis o rocodone 3] d u-Hydrocodone was prepared by a simlar
met hod t o ERigniel56 ith&trates preparation of Leu-Hydrocodone. _

Reagents MW | Weight | mmoles | Molar Equivalents
1. Hydrocodone 1299 | 1.00g | 3.34 1.0
1. LIN(TMS), in THF | 1M | 10.5ml | 10.5 3.15
1. THF - 25ml - ' .
2. Boc-Leu-OSu 328 | 3.28g 10.0 3.0
Leu-Hydrocodone

[381] To a solution of hydrocodone in THF was added LIN(TMS), in THF via
syringe. The solution was stirred at ambient temperatures for 5 minutes then Boc-
Leu-OSu was added. The resulting reaction mixture was stirred at ambient
temperatures for 18 hours. Reaction was neutralizedl to pH 7 with 6M HCIL. 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-ds) 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 HCI 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-ds) & 0.94 (d, 6H), 1.52 (m, 1H),
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the amno acid starting material was Boc-Qd u(Q Bu)-OSu. Exanple 37.

Il e- Hydr ocodone Synthesis of De-Hydrocodone [384] |l e-Hydrocodone was
prepared by a sinmilar nmethod to Exanple 35 except the amino acid starting
mat eri al [l e-OSu. Dipeptides Figure 57 illustrates pre aratlon of

Al a- Pro- Woo@%(gﬁ‘gf‘ Exanpl e 38. Al a- Pro- Hydr ocodone RE‘(E:I ?1{')) |ght

nmol es Mol ar Equi val ents Pro- Hydr ocodone 468 0.25 0.53 1 0 Boc-Al a-0OSu 286
033 1.2 2.26 NW 101 0.50 m 5.38 10.2 DMF - | OM - - Al a-Pro-Hydrocodone
[385] To a solution of Pro-Hydrocodone in DMF was added NWM fol | owed by

Boc- Al a- OSu. The solution was stirred at anbient tenperatures for 18hours.

(Sglhvent was lrLﬁmveé% Ay da21ts, o) @38 1RYDI64 @RI BrEDRLO5AYS HPLC
enonenex una wat er 0
CFA NN 4 8 600, S50k 260k D1 ot i 404, dbba 1 G Tih 5728 HA B608 | ow

wd 0. MR (DMBO-d5) S 1.16 (d, 3 35 oH) ,
Ii.o5lezm( 23@9?%?2142%@1’”6% 5 56 (in, )1H) 2. 54((m |H)H) 2.69(?m T)H),
2.88 (s, 3|‘DMMM!§,‘92@®926((1 1H), 3.55 (m IH, 3.67 (m 111),

3.72 (s, 3H). 3 80 (m 1H), 4.43 (d, 1H), 5.01 (s, 1H), 5.59
(d, 1H). 6. P&«?““ °“‘?LH) 6.99 (t, 1H), 9.91 (br s, IH). 87 WD
2005/ 032474 [B‘@]“@&-Q% Mwas[ﬁ%ﬁired'r & REni6 eneficl- 10" Dxalipll 95 (0.1009)

was added 10m of 4N HCI in dioxane. The resulting m xture was stirred at
anbi ent t enyfbe amippasidistartinggmpfenigl svas BogiGle@tBWa@St-eroved and final product
dried under% 7 984 So0! | ected as a slightly yellow solid (0.56g,
71% vyiel d): .38 (s, 311), 1.48 (t IH), 1.80-2.29 (m

8H), 2.65 (rsynﬂeslsozmeﬂymc@i@np 2.96 (m 3H), 3.23 (m 2H), 3.76 (s 3H),
3.92 (s, 1H), [3§4]2%1 ﬁjrdrocl,_{?done Was pr ared]bl422 éunﬁar metflod tojll',_)?amp?e 385 exg:ept 6. 77

amino acid starting material was Boe-Ile-OSu.

Dipeptides

Figure 57 illustrates preparation of Ala-Pro-Hydrocodone.
Example 38. Ala-Pro-Hydrocodope

Reagents MW | Weight | mmoles | Molar Equivalents
Pro-Hydrocodone | 468 | 0.25g 0.53 1.0 '
Boc-Ala-OSu 286 | 033g 1.2 2.26
NMM 101 { 0.50ml | 5.38 10.2
DMF - 10ml - -

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, 5uM, 100A; Gradient: 100 water/0 0.1%
TFA-MeCN -2 0/100; 30ml/min.). Solid was collected as a slightly yellow powder
(0.307g, 85% yield): "H NMR (DMSO-dg) 6 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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(d, 1H), 6.86 (d, 1H), 8.25 (br s, 3H). Exanple 39. d u-Qd u-Hydrocodone
Synt hesis of d u-d u-Hydrocodone 13871 d u-d u-Hydrocodone was prepared by a
simlar nethod to Exanple 38 except the amino acid starting material was
Boc- d u(Ocl%bl(% )g %nd the conjugate starting material was d u-Hydrocodone.
Exanpl e 40 ﬁ@? 32 u- @ u- Hydr ocodone Synt hesi s of PCT/US2004/032131
(pyro) d u- Q3 u- Hydrocodone [388] The conpound (pyro)d u-d u-Hydrocodone was
prepared by a simlar nethod to Exanple 38 except the am no acid starting
mat eri al was Boc- pyroglutam c acid-OSu and the conjugate starting nmateri al
was 4 u- Hydrocodone. Tripeptides Figure 58 illustrates the preparation of
Ay-dy-Leu OB\ \Y: ents MV
Wi ght mol ngg/b a%E w%?l ents‘ﬁl)_éé Iﬁ%r ocC d%#:ﬁggfqg&;%qqgﬁg??go Boc-d
-3 -0Su 32&ogaB0 'Eleltzmﬂtmg mmntoaasﬁmaeﬂ aﬂEmBlemOtemDhﬁtureslﬁsﬁ riBIhours

G y-d y-LeuzHydrocodone ut.i on of Leu- ocod n DMF was
added NM\/If%‘IW'Eﬂk@fvdi‘siS?n §h Ted g sc?f"ﬂﬁ‘oﬁg a%t anbi ent
t enper at ur eg sfighily 18K ESlid (0385 VA% yIeRD 1&3)95%‘3 £'3 Vg purified
usi ng prepar at%ﬂve%ﬂPLC ( (hengrrenex Luna 018 30X25 X DA, Gradient:

90 wat er/ TAtOIHRA me, 2,63 (o; 18) 200, rBH), ZSél(md 33, ﬁo(m,eﬂ{)ed as a

;i ;?35” TRl BRSER (gt S R 6 TS PR 0,5 84 i ahds 269 ([0
5H), -1. 89 ((:am;;-l)sge:(d,lﬁ{)(msw)s,smes? (m 2H), 2.94 (s, 311), 3.05 (m 2H);:

3.25 (m 311), 3.76 (s, 6H), 3.98 (s, 1H), 4.35 (g, 114),
5.04 (s, 11 ame l-Gl dooe (d. 111), 685(d 111); 7.04 (t, IH),

8.01 (t, L1gdymudft Ghchityabod@orkd s 1H).

[387) Glu-Glu-Hydrocodone was prepared by a similar method to Example 38
except the amino acid starting material was Boc-Glu(OtBu)-OSu and the conjugate
starting material was Glu-Hydrocodone.

Example 40. (pyro)Glu-Glu-Hydrocodone

Synthesis of (pyro)Glu-Glu-Hydrocodone

[388] The compound (pyro)Glu-Glu-Hydrocodone was prepare_d by a similar

method to Example 38 except the amino acid starting material was Boc-
pyroglutamic acid~-OSu and the conjugate starting material was Glu-Hydrocodone.
Tripeptides

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 | 5.0ml [ 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, SpM, 100A; Gradient: 90 water/10 0.1%
TRA-MeCN = 0/100; 30ml/min.). Solid was collected as a slightly yellow powder
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[390] To the Boc-G y-dy-Leu-Hydrocodone (2.08g) was added 50m of 4N HCl

I n dioxane. The resulting mxture was stirred at anbient tenperatures for 18
hours. Solvent was renoved and final product dried under vacuum Solid was
col | ected s|ightly yellow solid (1.72g, 86%yield): 'H NV (DVSO d6) 6
0.89 (dd, 5&32"%5’ %41 37 (m 5H), 2.26 (m 2H), 2.66 (RCT/ES040289-2 97 (m
5H), 3.21 (m 2H), 3.60 (m 4H), 3.88 (m SH), 4.37 (m 111), 5.04 (s, 1H),
5.60 (s, 1H), 6.79 (d, 2H), 8.07 (br s, 3H, 8.54 (br s, IM 8.66 (br s,
1H), 11.29 (br s, IM Exanple 42. d u-d u-d u-Hydrocodone Synthesis of

G u- d u-d u- Hydrocodone (391] d u-d u-d u-Hydrocodone was prepared by a
simlar nme tlod%tnmw%ﬁm?m -df) 088 (dD) 68D] U38YQSH)NY.58RIRY | al was

Boc-3 u(Ox u(OiBu)-OSu and the conjugate starting material was

A u- Hydr occﬁmoﬁH), @&(dpllﬂ) A5 (Fn,dH:);Z)ﬁléur RS4d8HD, 38§ fmheH), 3.25f

GimiLar ot Botbg Tana 7p o 80 108 3, VL CER S ML SRR, Y 365

Boc- Pr o- Pr QHYS6L77 B A 6.884d, 1EBY7.0¢t, HEDL- 3o tIE) BB (dSYH), %% Gr of

Leu- Leu- Leu- Hydr ocodone [393] Leu-Leu-Leu-Hydrocodone was prepar ed by a

simlar netlfbd to Exanple 41 except the amno acid starting material was
Boc-Leu-Le U Totpie LS Iy-De@HdRch AROCHEORTR £3 f
Pr o- Pr o- Ilgswdrrrgcog(% Q}lg ¥ Proylifi’fr;bo Jl@e"(’l déoco ongdﬁlamsﬁi Br e}gg-rlgld by a

similar netihdibxams. Eﬁmlpﬂéhnglmlmcws stiriysi qmmmms meSmamsrl al was

Boc- Pro- Pr u and the t ter] S rocodone. 89
Exanpl e 46% ? tBP%"‘*E&%%‘%@B%‘Ba‘@?ﬁ 'Vgcu a%‘ﬂ\%fy 2‘8"%% ocodone
[ 395] Leu- Br gighfyvelish @@Qﬂgﬂﬂzgvmﬁ%pﬁaaﬁr‘ Ognmsbaﬂﬁ) e, b@géd FHpept the
amino acid starting material was Boc- Leu- Pro- :
Lys- Lys- | | -3 bBbEmd6HY 2.By (mh2h), 2.66f (m. 2311 9.8242495- (H;soﬁfﬁcaddr(m, 2H),

3.60 (m, 4H), 3.88 (m, 5H), 4.37 (m, 1H), 5.04 (s, 1H), 5.60 (s, 1H), 6.79 (d, 2H),

8.07 (br s, 3H), 8.54 (br s, 1H), 8.66 (br s, 1H), 11.29 (br s, 1H).

Example 42. Glu-Glu-Glu-Hydrocodone

Synthesis of Glu-Glu-Glu-Hydrocodone

[391] Glu-Glu-Glu-Hydrocodone was prepared by a similar method to Example 41

except the amino acid starting material was Boc-Glu(OtBu)-Glu(OtBu)-OSu and the

conjugate starting material was Glu-Hydrocodone.

Exargple 43. Pro-Pro-Leu-Hydrocodone

Synthesis of Pro-Pro-Leu-Hydrocodone

[392] Pro-Pro-Leu-Hydrocodone was prepared by a similar method to Example 41
except the amino acid starting material was Boc-Pro-Pro-OSu.

Example 44 Leu-1.eu-Len-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 435. Pro-Pro-lle-Hydrocodone

Synthesis of Pro-Pro-lle-Hydrocodone

[394] Pro-Pro-lle-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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[ 396] Lys-Lys-I1Ile-Hydrocodone was prepared by simlar nethods except the

am no acid starting material was Boc-Lys(Boc)-Lys(Boc)-0OSu and the conjugate
starting material was || e-Hydrocodone. Exanple 48. 3 u-d u-11e-Hydrocodone
Synthesis of G u-d u-1Ile-Hydrocodone [397] d u-d u-I1le-Hydrocodone was
prepared by sim |l ar nmethods except the amno acid starting material was
Boc-Gu(OBu)-Ju(OBu)-0Su and the conjugate starting material was

I | e- Hydrocodone. Exanple 49. Tyr-Tyr-I1e-Hydrocodone Synthesis of

-1 1 e-Hydrocodone was prepared by
ACstarting material was

simlar net hedsiRS
Boc- Tyr ('t Bu)goIMhdsi
Il e- Hydrocods ne. Pent apept | anple 50. Ay-Ay-Gy-Ay-Leu[ SEO I D NO
11- Hy dr ocoddB@s]Fi lgpurBroBl9eu- Hy diskc oddresvaarpeqyaret byosimolhr fetshol® yxd@bythel y- Leu[ SEQ
ID NO 1]- Hydr ocgigone.. Rea e_ngs I\%VV% ‘%ht mol es Mol ar Equivalents G y-G
-Leu- H dr oc e 28ggtantienagicaiabyes Boglegdo-B5. @ - 0su 329 0.638 1.94 2.0
NVM 101 1.0 OVAs. - Ay-Ay-Ay-Ay-Leu[ SEQ | D NC

11- Hydr ocodé%g%—gﬁa{%%] y-d y- Leu- Hydrocodone in DVF was
added NW fytheidofayysBDgs-OesHfdrocédhe The sol ution was stirred at anbient
tenperatures for 18hours. Solvent was renoved. Crude material was purified
usi ng pr eparld®l LysHprsdl¢-Phydrsedaes wasnarepasd B0 Xxamoammehpds1 e8eapt W adi ent :

85 water/15 _90 0. 1% TEA- MeCN 4, 50/ 50: 30/ [ri:n, i d call.ected as a
o1 ont 1y yer i Sshl SRR T 3o BT lslio Rt hall e LhBELS
Boc- G y- G y-@riinEnkterRU ek e JHy dN6doddde. Hydr ocodone (0.304g) was added 25mi

of 4N HCl in dioxane. The resulting m xture was stirred at anbient
Example 48. Glu-Glu-Ile-Hydrocodone

Synthesis of Glu-Glu-Ile-Hydrocodone

EQSP@_“ '- &?mate starting nmaterial was
p es

{397] Glu-Glu-lle-Hydrocodone was prepared by similar methods except the
amino acid starting material was Boc-Glu(OtBu)-Glu(OtBu)-OSu and the conjugate
starting material was Ile-Hydrocodone.

Example 49. Tyr-Tvyr-lle-Hydrocodone

Synthesis of Tyr-Tyr-Ile-Hydrocodone

[398] Tyr-Tyr-Ile-Hydrocodone was prepared by similar methods except the amino
acid starting material was Boc-Tyr(tBu)-Tyr(tBu)-OSu and the conjugate starting
material was Ile-Hydrocodone.

Pentapeptides

Example 50. Gly-Gly-Gly-Gly-Leu[SEQ ID NO: 1]-Hydrocodone

Figure 59 illustrates preparation of Gly-Gly-Gly-Gly-Leu[SEQ ID NO: 1]-

Hydrocodone.

Reagents MW | Weight | mmeoles | 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 - 20m} - -

Gly-Gly-Gly-Gly-Leu[SEQ ID NO: 1]-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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tenperatures for 18 hours. Solvent was renoved and final product dried under
vacuum Solid was collected as a slightly yellow solid (0.247g, 97% vyield):
"H NWR (DMSO-d5) 6 0.87 (m 6H), 1.23 (s, 1H), 1.51-1.86 (m 4H), 2.18 (m
1H, 2.72 (m 2H), 2.77 (s, 3H), 2.96 (m 2H), 3.17 (m 2H), 3.61 (s, 3H),
3.81-3.84 (m 10H), 4.22 (m 1 H, 436 (m | H, 50 (m 1 H, 559 (d, 1
H, 6.74 (dd, 2H), 8.16 (br s, 4H), 8.38 (br s, 1H, 8.74 (br s, 1H), 11.42
(br s, 1H). Exanple 51. GLu5[SEO ID NO 111-Hydrocodone Synthesis of

G u5[ SEQ | DoN@ TEAMErNr ec adone 3pA0Hin G ol iSERs! L1 ed ki b siyghflocRAgne was
prepared by a simlar nethod to Exanple 50 except the am no acid starting
materi al wagoBew-(G3A4ex3BlY yieldl( &t Bu) - OSu and the conjugate starting

oS hvar oco btk T e HREREB G S ER fotS Pl MV Tty o iyt B aBine [ 4021
G ue- A y2- | Lk REQRAIBNGF 482 € Hdio£AR0 Mhe Ve 11 RIORAEEE vRY sBrréd M drientTet hod

to Exanple 50 except the amino acid starting material was Boc-d u(Q Bu) -
A u( & Bu) - Osmznatutehdo dBjhoyat. e Setvent wag rempesd and Wl Grogrect Heedyddeacodone.

G aer G yo- ARG PR b S o demt oy e lAFR B2t s Iino
13] -hydr ocosiae (ARSOLEPBIASy B, Gusi T B¢ 1Te! ol 40Exanp 121 BRmexpent the

amino acid starting material was Boc-d u( Bu)Z’CSu and 't
conj ugat e sRalt(bn@HR2 &7 i(al3H)ad.06 (y2 2803 . Hy dmo2Hilahel (s, B¥inpBe-3584 (m,

4]~ Hycir ocodtHs 4o 1618 S o Thed 5 8 oheh (bbbt Lhirea by a

simlar et %&aﬂﬁ e tih j cid starting material was
Boc-d y-d y?’%{d’ g?ﬁ% t e@’oﬁ?ﬁ@%ﬁ’ep@’a{#&zgg} ér;gtkg'ri al was

A y2- 11| e- HyxaapdieGh8 [SEQdRINGS: 35]-H@wco®Rine3f SEQ | D NO. 31- Hvdr ocodone
Synt hesi s of Glu2- Phe3[ SEg@I D NQ 31-Hydrocodone 14051 d u2-Phe3[ SEQ I D NO

3]_—I—Iydro_cod§ﬁ%“’\h‘1_§ﬂ§ Oﬁpé‘;‘ﬁdﬁ IQ/NQ’sliliﬁHyzQFO%E‘tOHSd to Exanpl e 50 except the
am no acid FAA] T i SRG°M No! Sf]ﬁ;ﬁg%@%dg&oco szﬁr]rgﬁré‘c( Y BudindizH nfah d fae

conjugate starting rral wa
Example 50 except the aminoe acid starting material was Boc-Glu(OtBu)-Glu(OtBu)-

OSu and the conjugate starting material was Gluz-Hydrocodone.

Example 52. Gluy-Gly,-1le[SEQ ID NO: 12]-Hydrocodone

Synthesis of Glu,-Gly;-11e[SEQ ID NO: 12]-Hydrocodone

[402] Gluy-Gly;-lle[SEQ ID NO: 12]-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,-Ile-Hydrocodone.
Example 53. Gluy-Gly,-Leu[SEQ ID NO: 13]-Hydrocodone

Synthesis of Glu;-Gly;-Len[SEQ ID NO: 13]-Hydrocodone

[403] Gluy-Gly;-Leu[SEQ ID NO: 13]-Hydrocodone was prepared by a similar

method to Example 50 except the amino acid starting material was Boc-Glu(OtBu)-

Glu(OtBu)-0OSu and the conjugate starting material was Gly;-Leu-Hydrocodone.
Example 54. Glys-Ile[SEQ ID NO: 14]-Hydrocodone

Synthesis of Gly-1le[SEQ ID NO: 14]-Hydrocodone

(404] Glus-lie[SEQ ID NO: 14]-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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Exanmpl e 56. Lysz-Gyrlle[SEQ I D NO 151-Hydrocodone Synthesis of
Lys2-Gly2-11e[ SEQ I D NO 15]-Hydrocodone 14061 Lys2-dy2-11e[ SEQ I D NO
151- Hydrocodone was prepared by a simlar method to Exanple 50 except the
am no acid starting material was Boc-Lys(Boc)- Lys(Boc)-0OSu and the
conjugate starting material was dy2-11e-Hydrocodone. Exanple 57.
Lys2-Pro2-11e[SEQ I D NO 161- Hvdrocodone Synthesis of Lys2-Pro2-11e[SEQ ID
NO 161- Hydrocodone [407] Lys2-Pro2-11e[SEQ ID NO 161-Hydrocodone was
prepared by a sinmlar nethod to Exanple 50 except the amino acid starting
mat eri al wagxBaptel3ss (Bechhe; BDNOOH I HaRGbdmeCcONj ugat e starting materi al
was Pro2-11e-Hydrocodone. | el SEO | D NO
171- I—Ivdroco@(&mﬁles,wﬁﬁﬁm-?hm‘lsﬁﬁmSW@I-IP}/)GXI"SEIQGDD NO  17] - Hydr ocodone (4081

Tyre-Ay2-11 E I t hod
(o Examile St RSB NG: TRRR oG Rt BRpdiea i st Brpinad) -
Tyr (t Bu) - OSio amdiniple RPrikbgRt SeShdio Béid MRbh@hkalnawas| CalagZHdcealh?@m?Odone
Exanple 59. Ay-Proz-11ef SEQ ID NO 181-Hydrocodone Synt hesi s

d y2- Pro2- | dp(SEBu)- @Sm@ndﬁaﬂcw\wﬂ&@@r@ng nfat@ @] wab ¥ Re:Fdpdrordd8EQ | D NO
181- Hydr ocodone thod to Exanple 50 except the
am no acid st&FPERG: EQHIOCBAAS he conj ugate starting

mat eri al  wasyRiHkx: Iolqu éecn g v ANdhe2-11ef SEQ | D NO
191- Hydr ocodone léy tgggsll S Ofﬁ{%g% Phe2 I?el[%CSHEQ I D NO 19]-Hydrocodone 14101

Asp2- Phe2- | I[ﬁ{@EQyBBGN@IleISEQ—&Br NEb dB 1 yehrscqgoep avasdpieparad shyni | smilamet hod

to Ex I 50 th d start t I

ASP(QLBU) - ﬂiq?ﬁto?%m@ﬁfsﬁ‘g%‘éa&CIaeﬁnlr?p;aI@%@ﬁ%eﬁIaﬁga% B IR Pecotione.
92 Exanpl e @%81 OSASRa-the &4 el NS e e d0neg gdﬁ%@ﬁ&?@' s of
Glu2- Asp2- 11 ¢| NO 201- rocodone [411] d ue-AspZ-11e[SEQ I D NO

20] - I—Iydrocodfm_ampinafs__?_m;a_mmﬁ@@ 1D NO: 46 ]-Hmmdbrleo Exanpl e 50 except the
am no acid artin terial u(QtBu)-0OSu and the
conj ugat e s%éff‘flleﬁ‘égﬂlj}gg’é%'i’é?z'“é@iiﬁiN%vel(%‘ii . Exanple 62. L
2- Asp2- 1 | e[ SfR)! RyNOP: R Al b0 P9 ONO7€16]-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 Pro,-Ile-Hydrocodone.
Example 58. Tyrp-Gly,-Ile|[SEQ ID NQO: 17}-Hydrocodone

Synthesis of Tyr;-Gly;-lle[SEQ ID NO: 17]-Hydrocodone

[408] Tyr-Gly,-1le[SEQ ID NO: 17]-Hydrocodone was prepared by a similar

method to Example 50 except the amino acid starting material was Boc-Tyr(tBu)-
Tyr(tBu)}-OSu and the conjugate starting material was Gly,-lle-Hydrocodone.
Example 59. Gly;-Pro;-11e[SEQ ID NO: 18]-Hydrocodone

Synthesis of Gly;-Pro;-1le[SEQ ID NO: 18}-Hydrocodone

[1409] Gly,-Proy-lle[SEQ ID NO: 18]-Hydrocodone was prepared by a similar

method to Example 50 except the amino acid starting material was Boc-Gly;-OSu

and the conjugate starting material was Pro,-lle-Hydrocodone.

Example 60. Aspy-Phe,-le[SEQ ID NO: 19]-Hvdrocodone

Synthesis of Asp;-Phe;-Ile[SEQ ID NO: 19]-Hydrocodone

{410] Aspy-Phe;-lle[SEQ ID NO: 19]-Hydrocodone 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 Phes-Ile-Hydrocodone.
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Synt hesi s of Ly52 Asp2 IIe[SEQ | D NO 211-Hydr ocodone [412]

Lys2- Asp2-11e[SEQ I D NO 211-Hydrocodone was prepared by a simlar nethod
to Exanple 50 except the am no acid starting nmaterial was Boc-Lys(Boc)-
Lys(Boc)-0Osu and the conjugate starting material was Asp2-11e-Hydrocodone.
Exampl e 63. Tyre-G ue-11ef SEQ I D NO 221-Hydrocodone Synthesis of
Tyre-Que-11e[SEQ I D NO 221-Hydrocodone [4131 Tyre-G ue-11e[SEQ I D NG
221- Hydrocodone was prepared by a simlar nmethod to Exanple 50 except the
am no acid starting materi al was Boc- Tyr(tBu)- Tyr(tBu)-OSu and the

conj ugat e SW[ B Exanpl e 64.

Asp4- 11 e[ SE 1 H?d v d%:ql[l]f:4lle[SEQlDNO

23] - HydrOC0diyﬁﬁhe[sA;ME]A&M;&-[I@[ﬁ@IDDJUOZO]ZHﬂndWGﬂmdone was prepared by a
simlar nethod to | e 50 except the am no acid startlngymaterlal was

Boc- Asp( Ot B illlAﬁp@myU@@E%ﬂﬁ & tYrilydyacaslose avasi prgpange ey al similar

Syninesi s o AR 3 B B HE et RS Poer IS T ol S
D NO  51- HyHn@eBdposwvid the eRfi@ee Qyrtiag siatdraivas MBpPDE Hyelr&xodoie e 50 except
the amno acid starting materlal was Boc GIu(Bu) ) Glu( Bu) - OSu and the

conj ugat e M~ hHDP NQ:e ot Exanpl e 66I
Lys?-G u?- | 2415 Lys2- Glu2- | SEQ I D
y-s 241u|—|ydrsg’£’§be8 ?}ﬁﬁ\s%gg@@iﬁ(ﬁo@[%ﬁﬁy%w o4] I¥Iys/dr ocgdonee\[/vasQ

prepared by [#18i MysaRspBESEG D RARNPI |SH AR oeodeaptwishfrepiicd bl msharti ng
mat eri al was Boc- Lys(Boc) Lys(Boc)-OSu and the conjugate starting materi al

was G ue- | | engthedt ek 5@33X|Eﬁléintb¢ QmgR acy sErPempiepial et SRO Ly(E)-

10l - Hvdr ocodon re Phe- Pr Llel.S 01- Hydr ocodone
101 -l ocog o DU 15 DL 505 B Seld LSRG Be IR A0y e ocodone
met hod to B@(@ﬁﬂnﬁ@ﬁ&c@ﬁﬁ IIé]@EemmN(nqagmﬂﬁfcbﬁm material was

Boc- Tyr (t Bu) - Tyr(tBazy 'OSu and the con ugn;t-e starting material was
Phe- Pr o- | | e-Spipthestsoddiye:-GlvyHEISEGED Y Hﬂimo@(llmple 68.

Tyr-Tyr - Phe [E)f‘ﬁ l”l1 z[éF e[[)Sl%B Iﬁleg B]-ﬁwagococdone was prepared by a similar

method to Example 50 except the amino acid starting material was Boc-Tyr(tBu)-

Tyr(1Bu)-OSu and the conjugate starting material was Gluy-lle-Hydrocodone.
Example 64. Asps-Tle]SEQ ID NO: 23]-Hvdrocodone

Synthesis of Asps-Ile[SEQ ID NO: 23]-Hydrocodone

[414] Asps-lle[SEQ ID NO: 23]-Hydrocodone 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 Asp,-lle-Hydrocodone.
Example 65. Glu,-Phe,-lle[SEQ ID NO: 5]-Hydrocodone

Synthesis of Gluz-Phe,-1le[SEQ ID NO: S]-Hydrocodone

[415] Gluy-Phe;-1lefSEQ 1D NO: 5]-Hydrocodone was prepared by a similar

method to Example 50 except the amino acid starting material was Boc-Glu(OtBu)-

Glu(OtBu)-O8Su and the conjugate starting material was Phe,-Ile-Hydrocodone.
Example 66. Lys;-Glu,-Ile[SEQ ID NO: 24]-Hydrocodone

Synthesis of Lys;-Glu;-Ile[SEQ ID NO: 24]-Hydrocodone

[416] Lys;-Glup-Ile[SEQ ID NO: 24]-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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Preparation of Tyr-Tyr-Phe-Phe-11e[SEQ ID NO 6]-(6-0) -hydrocodone [418]

Hydr ocodone bitartrate (48.38g) was stirred in 500m 1N NaOH for 5 m nutes.
Suspension was split into 2 batches and extracted using CHC13 (2 X 250m),
organics were dried using MpSO4 and filtered. Solvent was renoved and
product was obtained as a white powder (29.05g). [419] To a solution of

hydr ocodone freebase (7.12g) in tetrahydrofuran (THF) (300m) was added
LINTM5)2 in THE (1M 36.0n ) via syringe. The solution was stirred at

anbi ent tenperatures for 10 m nutes then Boc-l1le-OSu (11.7g) was added. The

resul ting regetihe M, ure- F&@SI@SEQWN@I lapdﬁjgmcoa@m)er atures for 3 hours.
Reacti on was neutrailze to and stirred for 10 ni nutes.
Sol vent vva§ynthmweldTy0~HherPrmtléq{SEQ BN Ox: dﬂbﬁyldpomdﬁmeet hyl ether (100m ),
washed with r r sHA er ed, an sol vent
was renoved [4IS@O|I %CO&TCO ﬁ%ﬁ@r@é‘%ﬁ i@edllqy%r\%%%ﬁ ‘Yds(qipafﬁé %Y[%% ATo the
Boc- I | e- HydiogRdoReELAdpld 31 4R8p tatﬂél%gnﬁt?étﬂﬂ sedrti nﬁ@nan Wvas BRXPRGBuTNE

resulting m xture was stirred at anbi ent tenperatures for 1 hour. ol vent
was renoved TantBh}Q8h apd &rﬂw@njugaheetammgimatemalcwwhmoﬂdie -Wydravolidrect ed as  a

slightly yeI‘} . [421] To a suspension of Boc- Phe- Phe- OH
(10. 0g) and-=N ¢ Ptde  (NHS) (3.060) in acetone (300nml) was added
di cycl ohexylsarhadis myfl%ﬁ Pﬁ:&l)he(ll‘él )m%es- b Josd i rred at ambi ent
t enper at ures under argon for 18Nhrs. I cyclo xy urea (DCU) was

filtered amm;emtimmlﬁa‘qrwwhmmﬁhamb[sma|mem0 61 0)-diydvedbdbnem fi | trat e.
Cr ud t Llized usi t f
Sol vent - vas 11181} SRbeigbe Rt IF o8 des St oe a0 GE a Rl ]Jéb
(12.29). 94 W00 Q3etkidh Radls y@z@%@%&%ﬁés arld €2tacldy asﬁgNa g g

DMF)  (150m) déd” 4- et hyl

I e-HC2HCI (6.00g) 1 n NN-di nethylformam de
mor phol i ne @NOM)), pfgari@aiyeré diikdwsiag ByigBoc aih &ltedet e -S0Bienf 6va9 Ighovéthandsol ut i on

ras ST ed oL ATOLenl, LeRer atuces LorodRours. | sol vent was reduced (o
010 Ty, Toeupia el s, oty idoipyanhi
{300ml) was added LiN(TMS), in THF (1M, 36.0ml) via syringe. The solution was
stirred at ambient temperatures for 10 minutes then Boc-Ile-OSu (11.7g) was added.
The resulting reaction mixture was stirred at ambient temperatures for 3 hours.
Reaction was neutralized to pH 7 with 1M HCI and stirred for 10 minutes. Solvent
was removed. Crude material was taken up in diethyl ether (100ml), washed with
sat. NaHCO; (3X100ml), dried over MgSQy, filtered, and solvent was removed.
Solid was collected as a yellow powder (11.1g).
[420] To the Boc-fle-Hydrocodone (11.1g) was added 125ml of 4N HCI in
dioxane. The resulting mixture was stirred at ambient temperatures for 1 hour.
Solvent was removed and final product 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-hydroxysuccinimide
(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 (12.2¢g).
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amount of ethyl acetate, and filtered. Product was obtained as a slightly
yel l ow powder (8.398). [423] To Boc-Phe-Phe-1le-HC (2.99g9) was added 50nil
AN HC1l in dioxane. The resulting suspension was stirred at anbient

tenperatures for 1 hour. Solvent was renoved and product was dried. Product

was obt ai n¥@ 28879324781 | ow solid (2.60g). [424] To a solRFET¥004{032131
Boc-Tyr(tBu)-OH (1.00g) in 15m DMF was added O (N
succinimdyl)-1,1,3,3-tetranmet hyluroniumtetrafl uoroborate (TSTU) (0.892Q)
and NWM (0.65m ). After 10 m nutes of activation, H Tyr(tBu)-OH (0.844g) in
40m DMF: di oxane:water (2:2:1) was added. The resulting suspension was

stirred at yabieNh sbREBE LATIECHEAC] 46008 &t N&J-Hﬁﬁemﬁf%m, gr (15m)

was added and ‘the resulting solution waS stirred at” anbi ent tenperature for

30 mi nut es.(190ml) ses\added 4vestisdunavpkolineddE) (6 79mD) fatlowed bndoedhei t h et hy!

acetate (2 f d vt % | cid . r,.(2 m), water (3
x 150n), Hiiosy W‘S&#Pf@.“gﬁé’ﬁ ﬂgr%é’éf%‘?& A‘ﬁ%?ﬁ%ﬁ%%“ﬁ‘&%fér 18P sos,
filtered, aBulvenolwmsniedicdOg spproxitistelypyotbud tvotvase, ddded ftb adt. USdHTO,
recrystalli zi‘gi on with | PAC/ hexane sol vent system Final produc od was

i sol ated as~400m andssired fo1 S9omipptes) 4The pregivgale ke Hllensdh agd W
Boc- Tyr (t Bt&a&%@%ﬁ% W?é&.( SolRP MhhteBAlwhE i igf&%#%dindis?o?@éd%ea g™ ) was

added DCC (2.51 olution was stirre lent tenperatures under
argon for I@tmst ofethyl a®Eis,wad filterader Brodustayasaoidained hed shightly yellost one.
Sol vent was O(ryfqrﬁée% }romfi ltrate. Crude material was washed with warm
hexane. Sol &l ected as a white powder (6.65g). [4261 To a solution

of Phe- Phe-[423} HGZBELPhPRSI-HO2YYE) (vhOQaded 50ad 4NIBieY in Mdihde3. TRL)
foll owed by Boc- Tyr(tBu)-Tyr(tBu)-0OSu (4.41g). The solution was stirred at
anbi ent t erfSBIGRE FUSRENSION Wi5 §t ampbiefiotempgEaturescion delipuro Sapigpowpsmat el y 1/

05 vi0 2005/ SR IT BT REHE T e hlainddale 3ENGY Rl e T hchea T
t hor oughl y [Me4]h Teas eolutiGGodbfl BocrByréBugOH\GIS00g) ie #i5ml DMt was added O+ i fied by
Rl e T
2’2? ’ ??g ﬁdnghm (@65l )Aftep 10 aMRGcd ¥ BaRaioH, (H-BydtBW-AH 01344254 46mb1g) . The

DMF:dioxane:water (2:2:1) was added. The resulting suspension was stirred at

ambient temperature for 4 hours. After this time, water (15ml) was added and the

resulting solution was stirred at ambient temperature for 30 minutes. The solvent

volume was reduced to % and extracted with ethyl acetate (250ml), washed with 5%

acetic acid in water (2 x 150ml), water (3 x 150ml), and brine (150ml). The organic

layer was dried over MgS0Q,, filtered, and solvent removed. Crude product was

purified using recrystallization with IPAC/hexane solvent system. Final product

was isolated as a white solid (1.025g). _

[425] To a suspension of Boc-Tyr(tBu)-Tyr(OtBu)-OH (7.32g) and NHS (1.54g) in

acetone (150ml) was added DCC (2.51g). The solution was stirred at amﬁient

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 (3.70mi) 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; (~100mi), and stirred for 30 minutes. The
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stirred at anbient tenperatures for 6 hours. Solvent was reduced to
approximately ''A total volune, added to sat. NaHCO3 (500m ), and stirred
for 30 mnutes. The precipitate was filtered and washed thoroughly with
water. Soljd material was dried in vacuum overnight, dissolved in nethanol,
and any reMMYE2Y81id naterial was filtered. The sol REHPSHRO3BIbpor at ed
fromthe filtrate and the product was recrystallized using ethanol ((60m).
The precipitate was filtered and dried in vacuum overni ght. Product was
coll ected as a pale brown powder (4.579). [428]

Boc- Tyr (O Bu) - Tyr (G Bu) - Phe- Phe- Be- HC (3. 53g) was deprotected using 4N HC

i n di oxane fredi was filtered 6id whdhed thapdughly witlewatet, SubdimRatéridl apdriad ures for
-1 hour. The sol vent mas_evaﬁﬁrated and the Eroduct was collected as a

slightly yia vaswm gad eprified bygpverse phasp HRIL (%2720 Produstiyns deprefesiethst r at e
pl asma | eve@mgﬁlﬁgd@xm@ ,L%l f various conpounds described in Exanpl es
. y

35 t hrough conept | des igure 86 illustrates preparation of

1, 2: 3, 4- di - @V} Jfiy apylutice 0£ Pi»-Bhs- HeHOMHEANG D0g) inRoMFe@Som)\Wadtddded ol es

gal act opyr SNG8 53D iy Bor TORBEREm SRR o o roeativioRvet

1, 2: 3, 4-di - Qirhed P aRBIh REDHErakir&PhA 6 oty TARRAt WiseHuckd t@aﬁﬁrgi(ijihigfwy sol ution
e

of 20% phosgene in toluené under an inert atnosphere was a

1, 2: 3, 4- di - Btpibpelopy) added do BrtgNREEOs (y108mbs and, ptirredyfor A aningtee Thesul ti ng
R | | | t , . 30 ninutes.
A tor sti v reRanas iy EEa ARk pRfo iyl . STRGRARI Gk Bt (LT 20

m nutes t oinreomue oxeigh akiselved asgethanol Seldvaag tremaifinisvelid mesaiabdagnd product

dried under 96 WO _2005/ 032474 PCT[ US2004/ 032131 @ vacuum for, 18 hours.
Product wasTlREH wi me(venﬂtumaﬁeqmmﬁtﬁf ifﬁoé"t‘i‘gﬁ !’%lrmtecwér Brodygl 3%, Exanpl e

07,1 PR i s o e Y SIS O e o done
vacuum overnight. Product was collected as a pale brown powder (4.57g). :
[428] Boc-Tyr(OtBu)-Tyr(OtBu)-Phe-Phe-Tle-HC (3.53g) was deprotected using
4N HCl in dioxane (~100ml). This material was stirred at ambient temperatures for
~lhour. The solvent was evaporated and the product was collected as a slightly
yellow powder (3.64g). .
[429] Figures 60 through 85 demonstrate plasma levels measured by ELISA of
various compounds described in Examples 35 through 68.
Glycopeptides
Figure 86 illustrates preparation of 1,2:3,4-di-O-1‘sopropylidene—D—galactopyranosc.

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-isopropylidené-D-galactopyranose via syringe. The
resulting clear, colorless solution was stirred at ambient temperature for 30 minutes.
After stirring, Ar(g) was bubbled through the solution for approximately 20 minutes

to remove any excess phosgene. Solvent was then removed and product dried vnder
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(2m /ol ) was added Leu-Hydrocodone (leq) and 4-net hyl nor phol i ne (NW)
(6eq). The reaction was stirred at anbient tenperatures for 18 hours.
Reaction was quenched by the addition of water, solvents were renoved and
crude product was isolated by purification W|th reverse-phase HPLC. [432]
Product wa¥ORehYH et ed using 1:1 IMHD : THE (I mJo. | YS2403213b yr s .
Product was re-purified by reverse-phase HPLC. Exanpl e 70.

Gal act ose-CO Prot - 11 e-Hydrocodone Synthesis of

Gal act ose-CO-Prot- 11 e-Hydrocodone [433] Gal act ose-CO Prot- 11 e-Hydr ocodone
was prepared in a manner simlar to Exanple 69 except Pro2-11|e-Hydrocodone
was used a CapRl W9ah&ds St ag@mh

Gal act ose- Sv OZR’EeEgHyg‘?%co?é%dedev;%?hg% ?ht)ho'ét( & zﬂmﬁcauon o

Gal act ose- G@mﬁcmza_tmu Hydrocodone [434] Gal act ose- CO- Pro2- Leu- Hydr ocodone
was prepared in.a arrpl e 69 Pro2-Leu-Hydrocodone was
used as t he=oH [099] Figure 87 illustrates oral

bi oavai | ablsyﬂtuesﬁfof@mﬁaogeegoqtﬁnﬂym%m@done gl yco- peptide conjugates,
measured as free hydrocodaone. mpl e 72. Gul onic acid-11e-Hydrocodone

Synt hesi s dfi38ulh Q@P@qutq-&ﬁ%mr@% dipgthylformamide- (MFHy dr ocodone
d
Need no’ ¢ nalm bl RS sadd Fhi By Godok? fHf gl b EHEFRorbh AP 102 102

t he car bohy@egit dhstreaction grasrawm a hmbiediepémuesdoBB3 hoursisR eatiers wak al

gggjaxljgiat[ Z.bl | i téqfﬂ&aa@g aa&g g tan v hé%g%%&flg\ noj aci g gar bohydrat e

(d)-Lys- (Dméli(t%db#@uﬁﬁéﬂﬁ@ﬁ%ﬂm@verﬁ i©n of
(d)-Lys-(1) e- Hydr ocodone 14 7L)1To a solution of Ile- Hydr ocodone in

DVF was addié4d ]waqhmt wssdeprpipcteipting b 1M/ECBoEHF (Aml/Dysmdkin 3dours. The
sol ution Ve, ﬁﬁdtWagge@%nMﬁQ& p%g}é Qres for 18hours. Sol vent was
usi

removed. Crude frater was “pur ng preparative HPLC (Phenonmenex
Luna C18, ctds ~Pfa2elth-Hwndrocddone

Synthesis of Galactose-CO-Pro;-Ile-Hydrocodone

LA
alacigse-CO-Le

[433] Galactose-CO-Proz-Ile-Hydrocodone was prepared in a manner similar to
Example 69 except Pro-lle-Hydrocodone was used as the conjugated starting
material.

Example 71. Galactose-CO-Pro2-Ieu-Hydrocodone

Synthesis of Galactose-CO-Pro;-Leu-Hydrocodone

[434] Galactose-CO-Pro,-Leu-Hydrocodone was prepared in a manner similar to
Example 69 Pros-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 add-ﬂéHydrocodone was prepared in a manner similar to Example
69 except lle-Hydrocodone was used as the conjugated starting material and Guionic
acid-OSu was used as the carbohydrate starting matertal.

[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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wat er/ 10 0. 1% TFA-MeCN -* 0/ 100; 30nil/mn.). Solid was collected as a
slightly vyellow powder. To the Boc-(d)-Lys(Boc)-(1)-Lys(Boc)-Hydrocodone
was added 4N HCl in dioxane. The resulting m xture was stirred at anbient
tenperatures for 18 hours. Solvent was renoved and final product dried
under vacuum Solid was collected as a slightly yellow solid. Nucl eosi des
[4381 Figure 89 illustrates nucl eosi des and conjugation sites. Exanples 74
through 83 are al so described through figures 90 through 128 (with plasm
| evel s neasured by LC/MS/MS). Exanple 74. Oral bioavailability of

pepti de- h_ydr%%%_g@q4@@_g§s_%_$z£moﬁé ng/ kg) approxi mating a

t herapeuti c hunan dose and at an el evated dose [439] Exanple 74 illustrates
that when t Hrepaptioded (EEEF-[IPEQs/IR-Hrdabddédabl e 46, figure 90), EEFFF[ SEQ
) ¥ e N
t he active 11" 8 )5 [] Ri.0 i Ll I: i iLned or

i ncreased o%?qg%%%ﬁggﬁﬂ?s fgk od(?:l)ldgf\r% sl&%@%ﬁmﬁhﬁ%ﬂnﬁ%@ (I;)lrgj’é}érlﬂs adm ni st ered

as 1 ng/ kg.tenipdrstuckaser 1 &hohte Siviny alae rdm®@fed a Chudsarnatdaslenof puliliedasibkg ng for

an individual wejghing 70 k 148 | bs). according to Chou, et al. However,
when adni ni ﬁ%}a@&“’%&%ﬁ% gp@pg@%ﬁ@qu@apﬁe%ﬁ( 3P§%%@@%aﬁ%i16%a€wa§tﬁnﬁri9@y of

EEFFF[ SEQ | 7 I v e - HC - f.j.gure 96),
b1 - HC ( Tabi 53 (3 AERASHER 2l B Rede) 5l wife R S A euahyh ¥t 0,7
98) are subskHswipaklyr. dBethedsedd)-AysB ookl yeBee)- Il dfaab8oappisaddsatls an 80
nmg human equi val ent dose (HED), of . hydrocodone bitartrate; a dose that would
be likely tdlbdnrimineg Thoresuliag wmixiyi wanstirradrpt prbicat mperapsady Borm wi t h

t he potenti gl _ for [ 0sgs: are defined as
t he gqui val glr?fl;sdggl%%%agye%qgg%B%rﬁgglﬁﬂgﬁﬁﬁg%{g%ggﬁ V?‘ﬁué]grbo%ﬁlld%g%’rface area
of the ani mebllemeleis a siip@iladieDskwend. factor for rats is 6.2. The HED for 98A
a rat dose of 5 ng/kg of hydrocodone base, for exanple, is equivalent to

48. 39 ny (Eb'_lﬁilri*%_sl SKE$0) hydrocodne base; which is equivalent to 79.98

48. 39/ . 605 - [ .at e J .U d h |.t .content.
E440] Thus %[ﬁ%@]pﬁ%ﬁég?g@r%ﬂ&%&%ﬁ%&%gﬁj 3&8\gp§irsag%g(%nn§%?'nE§(%éPtes '? ﬁZ‘Fa‘%% tic

val ue at 83 are also described through figures 90 through 128 (with plasma levels measured

by LC/MS/MS).

Example 74. Oral bicavailability of peptide-hvdrocodone conjugates at a dose (1

me/ke) approximating a therapeutic human dose and at an elevated dose

[439] Example 74 illustrates that when the peptides EEFFI[SEQ ID NO: 5] (Table
46, figure 90), EEFFF[SEQ ID NO: 3] (Table 47, figure 91), YYI (Table 48, figure
92), DDI (Table 49, figure 93), and YYFFI[SEQ ID NO: 6] (Table 50, figure 94)

are conjugated to the active agent 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|SEQ 1D NO: 5]-HC
(Table 51, figure 95), YYI-HC (Table 52, figure 96), DDI-HC (Table 53, figure 97)
and YYFFI[SEQ ID NO: 6]-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

98



the | ower dose (1 ng/kg), whereas when given at a dose above a safe level (5
ng/ kg) bioavailability is decreased as conpared to hydrocodone, thus

di mnishing the potential for overdose by oral ingestion. The decrease in
bi oavail ability of hydrocodone from pepti de hydrocodone conjugates rel ative
to hydrocodone ranged from9 to 70 percent (Table 55). Table 46. O al

Phar macoki netics of Hydrocodone vs. EEFFI[SEQ ID NO 51-HC (1 ny/kg dose).
Hours AUC (rig/m h) Percent Crax Percent Drug 10.511.51 3 5 8 0-8 h HC
ng/mM HC Hydrocodone Bitartrate 9.5 14.511.91012 19.1 100 9.5 100

EEFFI [ SEQ | Robks arbldefitd ds thedechivhleht Qode €or2b68 kEIRrsha. Aljdsddl fhHE B6@gONE

pl us hydronorphone (ng/m) Table 47. Oral Pharmacokinetics of dr ocodone
vs. EEFFF[ SEarfp@ aer oBthegimylmedsl kihegsusimentidagier fauets sgf. 24 The HBBrfeent  Cnax
Percent Drug 0.5 1.5 358 0-8 h HC n9/mM HC Hydrocodone Bitartrate 9.5
4.5 1.9 0 2 19.1 100 9.5 100 EEFFF SEQ ID NO 31-HC 1124 .1 1.2 1.2 1.2
20.7 108 11.3 119 hydrocodone plus hydronorphone (ng/m) [SEQ ID NO 3]
Tabl e 48. Oral Pharnacokinetics of Hydrocodone vs. YYI-HC (1 ng/ kg dose).
Hours AUC (ng/m h) Percent Cmax Percent Drug 10.511.51 3 58 0-8 h HC
ng/ M HC Hydrocodone Bitartrate 9.2 5.9 2.3 1.9 2 26.1 100 9.2 100 YYI-HC
19,214.311. 5 1.1 1.8 20.4 78 9.2 100 hydrocodone plus hydronor phone
(ng/m) Table 49. Oral Pharnacokinetics of Hydrocodone vs. DD -HC (1 ng/kg
dose). Hours AUC (ng/m h) Percent Crmax Percent Drug 0.5 1.5 35 8 0-8 h
HC ng/mM HC Hydrocodone Bitartrate 8.6 3 1.1 0 1.4 14 100 8.6 100 DDl -HC
14.9 500 0 17.4 124 14.9 173 hydrocodone pl us hydronorphone (ng/m) 99
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Tabl e 50. Oral Pharnmacokinetics of Hydrocodone vs. YYFFI[SEQ ID NO 61-HC
(1 nmg/ kg dose). Hours AUC (ng/m h) Percent Crax Percent Drug 0.5 1.0 1.5 3
58 0-8 h HC ng/M HC Hydrocodone Bitartrate 8.614.513 11.110 1.4 13.6 100
8.6 100 YYFFI[SEQID NO 6]-HC 7 3.7 4.3 1.4 1.1 0 14.9 110 7 81

hydr ocodone pl us hydronorphone (ng/m) Table 51. Oral Pharmacokinetics of
Hydr ocodone vs. EEFFI[SEQ ID NO 51-HC (5 ng/kg dose). Hours AUC (ng/m h)
Percent Cnax Percent Drug 0.5T1.51 3 58 0-8 h HC ng/m HC Hydrocodone
Bitartrate 93 3 1 3 0 E 44 6.5
15. 714. 214. 531]5‘23%1&3?4%5&‘% %fl]g‘/rdor%‘%%ﬁeebé% ’ut:cf’r%xg “’all\éoﬁ ]ﬁwg ol e 52.
Oral Phar magakinet 665 h@ﬁrobbfdi{eocb@sb@nehlm is Y\éjm\ld@r{t&orf% kg QISSE) 605 s AUC
(ng/mM h) Percent Crax Percent Drug 0.5 15 F3 58 0-8 h HC ng/ m

Hydr ocodone hBfiospdanghitagate, yvhep agjugted fone sdycardent. Yyl - HC 15 6.3 3. 3 1.6 2.7

33 46 15 41

Phar macoki n(ﬂm ﬁ 9%&? 8%%%@%\%&%&@%8 E éﬂ% qmﬁl}l tg@lg ap%li%w@“‘iﬂc (ng/mM
h) Percent @Emw?eer&g@t(l eAd), OwBerdasSwhed ¢8/c8- & ehdblEe asém a HefeHedelogodone
Bitartrate 73 42 6. 3.8 128 100 73 100 DDl -HC 115 19 11 4 3.1 145 113

115 158 hymgﬁkgidvﬁ@fagiabﬂéltbhgsdd@m%@m@ompﬂj¢dﬁg hydibtedona, thog aliminishing

Ph Ki d YYFEL.[ SE 61- HC d
Four s AUC (1 RRteRel i SRRk Bis) GlRT bRy Tyt ehipesetn rophTy B, e
ng/ m HC H)l‘lgﬁl@ﬁ@&iﬁﬂefr&hg%gﬁﬁ@hﬂira&)c@ﬁe éargﬁ%azeslreiat&e&oJkgram?eaeoﬂe?»raﬁg&i

YYFFI [ SEQ | D NO 6]7 HC 46 33 34 13 8 05 86 46 63
from 9 to 70 percent (Table 55).

Table 46. Oral Pharmacokinetics of Hydrocodone vs. EEFFI[SEQ ID NO: 5]-HC (1

mg/kg dose).
Hours AUC (ng/ml h)|Percent/{Cmax|Percent
Drug 05153 /5] 8 0-8 h HC |ng/ml| HC
Hydrocodone Bitartrate 9.5 14.51.9/0{ 2 19.1 100 9.5 100
EEFFI[SEQ ID NO: 5]-HC|12.9/5.2/4.2/0[1.6 25.8 136 | 129 136

hydrocodone plus hydromorphone (ng/ml)

Table 47. Oral Pharmacokinetics of Hydrocodone vs. EEFFFISEQ ID NO: 3]-HC
{1 mg/kg dose).

Hours AUC {ng/ml h)|PercentCmax|Percent
Drug 05|15/ 3|5|8 0-8h HC |ng/ml| HC
Hydrocodone Bitartrate 95451902 19.1 100 9.5 100
EEFFF{SEQ ID NO: 3]-HC|11.3/4.11.211.2/1.2 207 108 | 1135 119

hydrocodone plus hydromorphone (ng/mi) [SEQ ID NO: 3]

Table 48. Oral Pharmacokinetics of Hydrocodone vs. YYI-HC (1 mg/kg dose).

Hours AUC (ng/ml h)|PercentCmax|Percent
Drug 05115/ 3}5]|8 0-8h HC |ng/mi! HC
Hydrocodone Bitartrate|9.215.9|2.311.9| 2 26.1 100 9.2 100
YYI-HC 9.2/4.311.5|1.1]1.8 20.4 78 92 100

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 05|15/ 3 (5] 8 0-8 h HC |ng/ml| HC
Hydrocodone Bitartrate, 8.6 | 3 [1.1(0(1.4 14 100 8.6 100
DDI-HC 1495|0100 17.4 124 1149 | 173

hydrocodone plus hydromorphone (ng/ml)
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hydr ocodone pl us hydronor phone (ng/m) 100 Table 55. Decrease in Oal

Bi oavai lability at 5 ng/kg vs. Therapeutic Dose of 1 ny/kg. Bioavailability
Bi oavailability Percent Decrease Drug 1 ng/kg 5 nmg/kg 1 ng/kg vs. 5 ng/kg
AUC Cmax AUC Cmax AUC Cmex YYI-HC 78 100 46 40 41 60 DDI-HC 124 174 113 158
9 9 YYFFI[SEQ ID NO 6]-HC 109 81 86 62 15 23 EEFFI[SEQ ID NO 5]-HC 135
136 41 47 70 65 100A Exanple 75. Bioavailability of peptide-HC conjugates
by the intranasal route [441] Exanple 75 illustrates that when the peptides
EEFFFI SEQ I D NO. 31 (Table 56, figure 99), YYl (Table 57, figure 100), DD
(Tabl e 58, fliagkrs®. OPd)PhanfacoXiefit! SEQ drbtd¥ohe 63. X(lealbll[SEQ%D Ncgw)g1d02) are
conjugated to the active agent hydrocodone the bioavailability by the

i ntravenous (¥ 61@(1’68 daselubstantial |y decreased t her eby di ni ni shing the

possi bi | ity of—overdosewhentth tug—s—adyy o5 hy e g Tabl e
56. Intranasal Pha,,dm&C’k' neti ?018'35 rﬁ;,gf Ucé ﬁlﬁ)ﬁ_ Cnéégéfl(ge pt3] HC
(1 nmg/ kg do :Wq_pw.\du (BT r"a"l'qg*.ﬂ & et egn s utes ;‘.OL gg% Ag/ mDru 5
15 30 0 0-1 A4 -Fdeagepdane—Bifartiat e 292 7apu2 100 262
100 EEFFF] SESTISEGCD My SHIGLL 1314 TAIAED ] 71 7434 18 TR dk ot obofe gl us

hydr onor phone ( h&}rﬁfgdone plus hyHrornorphone (ng/ml)

Table 51. Oral Pharmacokinetics of Hydrocodone vs. EEFFI[SEQ ID NO: §]-HC (5

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  [93]5.3/39| 5 |6.5 167 100 93 100
EEFFI{SEQ ID NO: 5}-HC|4416.5(5.7|4.2]14.5 68 41 44 47

hydrocodone plus hydromorphone (ng/ml)

Table 52. Oral Pharmacokinetics of Hydrocodone vs. YYI-HC (5 mg/kg dose).

Hours AUC (ngiml h}|Percent|/Cmax|Percent
Drug 0515358 0-8 h HC |[ng/ml| HC
Hydrocodone Bitartrate| 37 (13|12 3 | O 71 100 37 100
YYI-HC 1516.3(3.3[1.6(2.7 33 46 15 41

hydrocodone plus hydromorphone (ng/mi)

Table 53. Oral Pharmacokinetics of Hydrocodone vs. DDI-HC (5 mg/kg dose).

Hours AUC (ng/ml h):Percent|Cmax|Percent
Drug 0515358 0-8 h HC |[ng/ml| HC
Hydrocodone Bitartrate| 73 [42(6.7]1.2|3.8 128 100 73 100
DDI-HC 115{19(111 4 13.1 145 113 | 115 158

hydrocodone plus hydromorphone (ng/ml}

Table 54. Oral Pharmacokinetics of Hydrocodone vs. YYFFI[SEQ ID NO: 6]-HC
(5 mg/kg dose).

Hours AUC (ng/ml h}|Percent{Cmax Percent
Drug 0510115/ 3|5(8 0-8h HC |[ng/ml| HC
Hydrocodone Bitartrate | 73(62(42(6.711.2|3.8 123 100 73 100
YYFFI[SEQ ID NO: 6]-HC 46133|34|13i8.3/4.5 106 86 46 63

hydrocodone plus hydromorphone (ng/mi)
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Tabl e 57. Intranasal Pharmacoki netics of Hydrocodone vs. YYI-HC (1 ng/kg
dose). Mnutes AUG (ng/m h) Percent Crax Percent Drug 5 30 60 0-1 h HC
ng/mMm HC Hydrocodone Bitartrate 446 _15 53 244 103 288 100 553 100 YYI-HC
31 17 12 2 12 4 31 6 hydrocodone plus hydronorphone (ng/m) Table 58.

I nt ranasal Pharmacoki netics of Hydrocodone vs. DD -HC (1 ng/ kg dose).

M nutes AUG (ng/m h) Percent CmiPercent Drug 5 15 30 0-1 h HC

ngHydr ocodone Bitartrate 446 553 244 _60 03 288 100 5DDI - HC 281121 64 16 88
31 2hydrocodone plus hydronorphone (ng/m) Table 59. I|ntranasal

Phar macoki nqlablss 50Detiedic0e auanBiodsailab¥ity h{ §5§{Mg&melﬁ eutid®dst ofg/ kg dose) .
M nut es AUGn(g)lgé'm h) Percent Cnax Percent ug 5 15 30 60 0-1 h HC ng/ m

HC Hydr ocodame Bi'tar trateg44h;; ST 3 0 MSEQ I D NO
6]- 28 27 16 2] 20 100 28 Bo B oc ag%igz‘éfgp;gﬁlﬂ@ hycriqﬂgé“*ff:%g)&“‘jp /) 101
Exanpl e 76: Bioavail abilifty peptiderHC conwgates Tyt e—%@-agé nous
el o 7e AU L Gmax ) F alt ktﬁ"a}in.-f :‘%Q e o)
route [4421 LJ\QIIWT Fo s at €5t nat—viien g  PERTTEE SRR O | D NO
5] (Tabl e 60, i 'dif& 103) EerFr8E0 1D R0 31 WP 1anl b1 | £i fi% e 104), YvI
(Table 62, fi nd'¥vor M6 | D1ND-| 6] 188Tall e %3 | figire 106) are
conj ugated tq t'He"! P lagent | h ocpdope the _hiogvailaldility by fthe
J ug . g C@ y Cgé y
i ntravenous roaéi FF'IE HE st ol al-| y—deeteased tﬁcfay d-mnri-sHrg-the
possibility of ;[ I gyv\(neﬁst h d|r3H9 S 4qdm ni 1'7ered Y tihi s 5 uni nt ended
route. Table Tt Havenous—Pharmacoki netics—of—Hydroco
g

. S done—vs—EEFFI [ SEQ
ID NO 5]- HC (1 ng/kg dose). AUC ( en Mnutes h) t x t

Drug 5 15 30 60 0-1 h HC n /m HC
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17 20 20 13 Hydrocodone Bitartrate 9 4 1 2 173 100 179 100 EEFFI[SEQ ID NO
5] HC 89 76 78 66 66 38 89 44 hydrocodone pl us hydronorphone (ng/m) Table
61. I ntravenous Pharnacokinetics of Hydrocodone vs. EEFFF[SEQ ID NO 3]- HC
(1 nmg/ kg dose). AUC (ng/m Percen Cma Percen Mnutes h) t x t Drug 5 15 30
60 0-1 h HC n /m HC 17 20 20 13 Hydrocodone Bitartrate 9 4 1 2 173 100 179
100 EEFFF[SEQ ID NO 3]- 13 14 HC 5 77 0 85 107 62 135 75 hydrocodone pl us
hydr omor phone (ng/ m) Table 62. Intravenous Phar macoki neti cs of H drocodone
vs. YYI-HC { 04 k. . [ Percent Dru
215 30 60 gl el by TR S B 7 T8 10

238 100 YYI[440 FExhmmple3 73 ﬂlﬁst?atés": t]ﬁit d\lhdf ﬂ&oge]ﬂﬁleWElSFFE{SEQrﬂmeeiil ng/ m)

Tabl e 63. Intravenous Pharnmacoki netics of Hydrocodone vs. YYFFI I[QﬂEQ | D NO.

61- HC (1 nuljec d6sEpureRIG tfh’é/("ﬂ?ﬁblmiiﬂuﬁé@eH)OOPé?lathabd}ré& Peyredft) adr ug 5 15

30 60 0-1 h af ate 238 1 77.138 100 238
100 102 Wﬁbﬁ@é@h%(ﬁ%ﬁ ﬂ%%%ﬁ’é% %3 (f't 35 Cé’é‘l‘ig?ﬁ%ﬁatﬁ%%‘i’ Bedi8he pl us
hydr onor phongdfdeeddte) thd @2fhvailability by the intravenous route is substantially decreased

thereby diminishing the possibility of overdose when the drug is administered by

snorting.
Table 56. Intranasal Pharmacokinetics of Hydrocodone vs. EEFFF[SEQ ID NO: 3]-
HC (1 mg/kg dose).

AUC (ng/ml | Percen | Cma | Percen
Minutes h) t X t
6 ng/m

Drug 5 115|130 ]0 0-1h HC [ HC
26 1 25114 | 4

Hydrocodone Bitartrate 2 9 2 17 152 100 262 100
EEFFF[SEQ ID NO: 3]- 1

HC 3 121124 15 21 14 34 13

hydrocodone plus hydromorphone (ng/ml})

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|4461553,244(103 288 100 | 553 | 100
YYI-HC 31117112 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 5115]30(60 0-1h HC [ng/ml| HC
Hydrocodone Bitartrate|4461553(244|103 288 100 | 553 | 100
DDI-HC 281121164 (16 88 31 281 51

hydrocodone plus hydromorphone (ng/ml)

Table 59. Intranasal Pharmacokinetics of Hydrocodone vs. YYFFI[SEQ ID NO: 6]-
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[SEQ ID NO: 6]- | 28 27 16 | 21 20 100 28 5
HC

hydrocodone plus hydromorphone (ng/ml)
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Exanpl e 77.

Hydr ocodone conj ugat es.
vari ous peptide-hydrocodone conjugates
bitartrate are shown in Table 64. The invention is
in vivo performance of YYFFI[SEQ ID NGO 6]-HC (Figues
the relatively | ow doses of

| and 2 ng/ kg (human equi val ent

wel |

[443] Bioavailability (AUC and Crax) of
relative to that of hydrocodone

illustrated by the
107 through 128).
doses (HEDs) of

At

16 and 32 ng hydrocodone bitartrate) YYFFI[SEQ ID NO 6]-HC showed
conpar abl e bioavailability to that of hydrocodone bitartrate (Table 65,
At the el evated doses of 5 and 25 nyg/ kg

bi oavai | abi Ex4mplef76: Bipdvolabidionel mnddmﬂd}amnmmwdamh\ethmntea\&udwtramtb| ally

Figures 129 through 134).

decr eased a
These

150) .

equi val ent hgm@qggpggppp
hydr ocodone bitartrate

par ent ar a

subst anti al crease .j n,bi oa
from YYFFI P%EE?% BIREe 1o
obser ved.

lggb et "}@5581“
SJE?

hat

Hatﬁﬁ ot ‘Zlf

codone
PRRHE

@DW@OtﬁPHQM@%haﬁ
range from2.5

JELBEL e R g o

%&e 1@4)6?@*1 \9\2&519 B2,4036S | )

del |vered by the
prsl Y ¥SFHSEh IR NQRneud ahlndih figera riaéhlarea@l:rm ygatsdrtatthoactiae agent

B s b PR G Sl A B TRe

hone

Heese dEwaniMiashesioadbilighot Hakddszevaks e amdiit Iaglatmaae@fbyamsopl od

via attachnent of a peptide provides a nethod of delivering bioequival ent
doses when Qﬂm@ﬁdﬁhﬂﬁﬁses approxi mating a normal prescribed dose. Wen
adm ni stere [ 65@

i nt ended priﬂgt(%glé@taI P%%&et% }l[agrg\gl(go?(fn%gcﬁ G c{r%oggxges anF ﬁ?ﬁ ecr eéged

Col | ecti vel HiC tiheg/kxdogeh.es clearly |IIustrate the utility of the invention

for decreasi-ng-the abuse potential of opiods, Table 64 Man hydrocodone
concentratijons follow ng oral adq&nhstratl Ugﬁm”ﬁ&d BEGEoNEBE ¢ &°FCFat e or
YYFFI [ SEQ | D NO g'-HC at escata 'u gdases [ Concentralion I'm
E /] C 1'5 3(§jr -|:| F@igx HOel A Bé;ml a i
Hours 1 ng/ oM 9 |20|,20|\u Y IIL\JI_\(II\/IIIIIL\J\(I1\/IIII|[SEQ
HC YYFF SEQ LD okl | TINEOL % B 0 G N G- 13| HES K3 HC3
000O0O JEEFH[SlEQ|HN.b.54U 2073 3526287 2616408794174 0-H 14.3
17.9 15.6 23c74.3 22. 9 g33| 35 7@ %60| 10. 4612. 9! 1494 80388 15.44 86. 2
31.0 hydrocodone plus hydromorphone (ng/ml}
Table 61. Intravenous Pharmacokinetics of Hydrocodone vs. EEFFF{SEQ ID NO: 3]-
HC (1 mg/kg dose).
AUC (ng/ml Percen | Cma | Percen
Minutes h) t X t
Drug 9 15 | 30 ¢ 80 0-1h HC ng/mil HC
17 | 20 { 20 | 13
Hydrocodone Bitartrate 9 4 1 2 173 100 179 100
EEFFFISEQ ID NO: 3}- 13 14
HC 5 77 0 85 107 62 135 75
hydrocodone plus hydromorphone (ng/ml)
Table 62. Intravenous 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/mi HC
Hydrocodone Bitartrate 238 | 182 | 136 | 77 138 100 238 100
YYI-HC 9 13 13 3 10 7 13 8]
hydrocodone plus hydromorphone (ng/mi)
Table 63. Intravenous Pharmacokinetics of Hydrocodone vs. YYFFI[SEQ ID NO: 6]-
HC (1 mg/kg dose).
AUC (ng/ml
Minutes h) Percent | Cmax Perceni
Drug 5 15 30 60 0-1h HC ng/ml HC
Hydrocodone Bitartrate | 238 1182 | 136 | 77 138 100 238 100
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2.0 2.6 2.8 3.4 9.8 18.4 10.3 83.343.9 4.01.01.21.33.34.93.657.8
25.0 1 - hydrocodone base content 2 - hydrocodone bitartrate 3 - YYFFI[ SEQ
ID NO 6]-HC HO 103 Tabl e 65. Hydrocodone pharmacoki netic paraneters
following oral adm nistration of hydrocodone bitartrate or YYFFI[SEQ I D NO
6] - HC at escal ati ng doses. Dose / Concentration n /m Paraneter 1 m/k 2

ng/ kg 5 m/k 25 ng/ kg HC YYFFI[ SEQ I D HC YYFFI[ SEQ I D HC YYFFI[ SEQ I D HC
YYFFI[TSEQ ID NO 6]-HC NO 6]-HC3 NO 6]-H C3 NO 6]-HC3 AUC 45.1 26.3
38.2 48 234 47 419.0 135.0 Percent 100 58 100 126 100 20 100 32 HC + HM
Cmax 114.0 20.3 60.3 35.2 628.7 26.6 408.9 41.4 Percent 100 18 100 58 100 4
100 10 HC [#YHMISEQ!D NQudflocjodone bage content 2 - hydrocodone bitpartrate;3
- YYFFI[SEQH® NO_ 6] -HC HA 141 -] geric@at |rélati vé0t o par Afet er 1#10l | owlhg
admi ni strat hyﬁiomdowﬂ!m&bwom@rnﬁﬁnafﬂgfmbe Tabl e 66. Mean hydr onor phone
concentrations follow ng oral adm nistration of hydrocodone bitartrate or
YYFFI[ SEQ ID NO 6]-HC at escal ati ng doses. Dose' / Concentration n /mi
Hours 1 mg/kg 2m/k 5m/k 25 myg/ kg HC YYFFI[ SEQ I D HC YYFFI [ SEQ I D HC2
YYFFI[SEQ ID HC YYFFI[SEQ ID NG 6]-HC NO 6]-HC3 NO 6]-HC3 NO 6]-HC3 O
00000000 0.11.950.27 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
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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[SEQ I D NO 6]-HC HC Table 67. Hydronor phone pharmacoki netic
paranmeters followi ng oral adm nistration of hydrocodone bitartrate or
YYFFI[SEQ I D NO 6]-HC at escal ati ng doses. Dose' / Concentration n /n
Parameter 1 ng/kg 2 nmg/ kg 5 ng/ kg 25 ng/ kg HC YYFFI[ SEQ | D HC YYFFI [ SEQ I D
HC YYFFI[SEQ I D HC YYFFI[SEQ ID NO 61-HC NO 6]-HC3 NO 6]-HC NO 6]-HC3

AUC 7.8 7. SE%%mg o1 %Igﬁw%d%&néi%teég Percent HM 000 97 100 61 100 51 100
33 Cmax 3 4 16.2 Percent HM 100 89 100 48 100
77 100 37 1443]h98dmzmaddmhef (?d$@ and Lenxd oRvariduy geptidedloyizodzidone togtgats -
YYFFI[ SEQ I D percent relative to er .fol] ow ng
adnini stratf 1"‘\“‘6? toh%? ngmfﬂ‘éo “Fé%ltta‘ft%i‘tteearel &Wﬁdﬁl—gﬁg%%g?\/t]é%‘wa?%bgdone

pl us hydr omgrphangr4QNEEMd At ﬁz%‘g% 04 BOY YR SERYTDING. ‘iR Rics

hydr ocodone bitartrate or YYFFTf D NO 6] escal at'i ng ses. Dose
/  Concent r atlD@nhmoughril 2830tAnshe1rdixat1’\dely210m ddsed kf 2and?/ keghg (M¥iEh [cSEQalel HC

NG 6] 3 905 (305D ats 62 et yofonerbianatts) b 618G IBNOTSLHE 453 5

49.4 0.5 1{av&P 'comﬁaféﬁle?bl%%va]l a§ﬁ1t§ t3%ha gﬁ%y&m%t?dc?ne bitartrate (Table 65,
Figures 129 through 134). At the elevated doses of 5 and 25 mg/kg biocavailability of
hydrocodone and hydromorphone were substantially decreased as compared to that
of hydrocodone (Table 66, Figures 135 through [50). These doses (HED of 80 and
400 mg hydrocodne bitartrate) are equivalent to amounts well above the available
prescription doses of hydrocodone bitartrate which range from 2.5 to 10 mg. When
delivered by the parentaral routes of intravenous and intranasal administration a
substantial decrease in bioavailability of hydrocodone and hydromorphone from
YYFF{SEQ ID NO: 6]-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 prescribed 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[SEQ ID NO: 6]-HC at escalating doses.

Dose' / Concentration (ng/ml)
Hours 1 mg/kg 2 mg/kg 5 mgrlkg 25 mg/kg
HC? [ YYFFI[SEQ | HC? [ YYFFI[SEQ | HC® | YYFFI[SEQ | HC® | YYFF[SEQ 1D
ID NO: 6]- ID NO: 6]-- iD NO: 6] NO: 6]-I-HC®
HC® HC® HC®
0 0 0 0 0 0 0 0 0
01 1140 20.3 60.3 352 628.7 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 12 1.3 3.3 4.9 3.6 57.8 25.0

1 - hydrocodone base content
2 - hydrocodone bitartrate
3 - YYFFI{SEQ ID NO: 6]-HC HC]
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JEPY [

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 13.2 25.1 13.5

114.9 60.1 4.0 1.6 2.2 1.9 4.2 6.9 4.7 98.7 34.0 1 -
hydr ocodone bitartrate 3 - YYFFI[SEQ I D NO 6]-HC HC

content 2 -

hydr ocodone base

Tabl e 69.

Hydr ocodone pl us hydr onor phone pharnacoki netic paraneters foll ow ng oral
adm ni strati on of hydrocodone bitartrate or YYFFI[SEQ ID NO 61-HC at

escal ati ng doses.

Dose'/ Concentration n /nm Parameter

1

ng/ kg 2 mlk 5 m

'k 25 nmg/ kg HC YYFFI [ SEQ I D HC YYFFI[ SEQ I D HC YYFFI[ SEQ ID HC YYFFI[ SEQ I D

NO 6]-HC3 NO 6]-H C3 NO 6]-HC3 NO 61-HC 3 AUC 53 34 59 61 312 62 569
193 Percent T K30 éro%gg’orpc%aﬁ‘g&ok%eg Qk@m%fkrs %ﬁn SraPi n@szra80§6 3 638
453 49. 4 Pﬁiﬁﬁﬂoc %88@&§L 89( @E : drag9 ne base content
2 = hydrce"euuuc JILQILIQLU J mrra T
relative lto para RgTacA Gt Qm?11t@@— Hocodens bitartrate
Tabl e 70. ﬁfé’ﬁ-ﬁeﬁ rejr-ab e_alus | hyd n g d9lka, ane —hAd 25 mg/ky
hydr onor ghone, :k’_hc N “]"@%élﬂ HFI \(/Tq &SF%%? avkgiousNgaE ﬁ%g& r | Y}Né?gi%m
o aa t e ot \ I_rf"l_ LIl £ (VS
e T e T e et R T G
YYFFI [ SEQECE%A VER [ SEQFD N “’% - H % 6] - NO B-HCk T8 h 0 6% 0 O
Y P2t A S5 0D SRIPH AD I ) MPNE IN A OEAT-X OY .-  A £F 4
. . ﬁ.er%erﬁ. J\J1O\d. Z "I'L,I.BJ. 1O OD . U 4‘58. = J.D.,};bol T U4"|'J. L fo J.). \.f 10
HC + HMm*
1 - hydrocodone base content
2 - hydrocodone bitartrate
3 - YYFFI[SEQ ID NO: 6)-HC HCI
4 — percent relative to parameter following administration of hydrocodone bitartrate
Table 66. Mean hydromorphone concentrations following oral administration of
hydrocodone bitartrate or YYFFI[SEQ ID NO: 6]-HC at escalating doses.
Dose' / Concentration (ng/ml)
Hours 1 mg/kg 2 mg/kg 5 mg/kg 25 mg/kg
HC* | YYFFI[SEQ ID HC® |YYFFI[SEQID] HC® [YYFFI[SEQID| HC? [YYFFI[SEQ 1D
NO: 6]-HC® NO: 6)-HC® NO: 6]-HC® NO: 6]-HC®
0 0 0 0 0 0 0 0 0
0.1 ]1.95 .27 7.61 1.13 9.03 0.49 44.36 8.00
05 |[3.22 2.87 18.10 8.74 13.46 10.41 62.24 10.35
1.0 12.69 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
40 064 1.02 0.59 (.88 2.00 1.07 40.86 8.08
1 - hydrocodone base content
2 - hydrocodone bitartrate
3 - YYFFIISEQ ID NO: 6]-HC HCI
Table 67. Hydromorphone pharmacokinetic parameters following oral administration
of hydrocodone bitartrate or YYFFI[SEQ ID NO: 6]-HC at escalating doses.
Dose' / Concentration (ng/mi}
Parameter 1 mg/kg 2 mg/kg 5 ma/kg 25 my/kg
HC? | YYFFI[SEQ ID HC® [ YYFFI[SEQ lD HC? | YYFFI[SEQ ID|HC’ | YYFFI[SEQ ID
NO: 6]-HC® NO: 6]-HC® NO: 6]-HC® NO: 6]-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 29 18.1 8.7 13.5 10.4 44 .4 16.2
Percent HM" [ 100 89 100 48 100 77 100 37

| - hydrocodone base content
2 - hydrocodone bitartrate

3 - YYFFI[SEQ ID NO: 6]-HC HCI
4 — percent relative to parameter following administration of hydrocodone bitartrate
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4.0 2.9 8.50.70 0.33 3.6 8.8 1 - hydrocodone bitartrate 2 - YYFFIISEQ ID
NGO 6]-HC HCI Table 71. Hydrocodone plus hydronorphone, hydrocodone, and
hydr omor phone phar macoki neti c paraneters foll owi ng intravenous

adm ni stration of hydrocodone bitartrate or YYFFI[SEQ ID NO 61-HC atl

ng/ kg (hydrocodone base content). Concentration n /m Paranmeter HC + HM HC
HM HC YYFFI[SEQ ID HC YYFFI[SEQ ID HC YYFFI[SEQ ID NO 6]-HCZ NO 6 -HCZ
NO 6]-HCZ AUC 140.0 50,0 24.10 4.50 164 54 Percent 100 36 100 19 100 33
Cm 2x 208.9 22.6 43.0 8.7 252 31.3 105 Percent 100 10.8 100 20.2 100 12.4

1 - hydroco rtrate 2 NO 61 H

relative to gf %e fo&%l %#’%ﬂsgﬁ) w %%gog‘é' gofairt rate
Tabl e 72. H“%%? émﬁp WriatinPh

hydr onor phori 3 QW 1S3 | ) f

hydr ocodone fmi 1 nu/ kg. Conceniratio
n /m M nut gsorE|+ HulnkaBaHM HG] YYFEIgBEO | D HC ¥itigho] SEQ | D HC2¥ighg[ SEQ |
NO 6 -HCZ NO 6 [HRCZYYRBI[SEQIPCHC DN FISBQED D HE® 5YVA4ASER 14 IHTB | MYRFIISER 1D
553 27 543 RZ 1046 bl oNO: &C44 16 meiﬁsﬂj? 1p | Ne@EI4ed p1 96 NOTEIHG
1 - hydrocoflorfe hifartrat® 2 - |YYFFI[SED | D NOO 6] - HC $Cl 0 0

=

JT
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Tabl e 73. Fwdrocodone plus hydronDrphone hydr ocodone, and hydr onor phone
phar macoki neti c paraneters follow ng intravenous adm ni stration of
hydrocodone bitartrate or YYFFI[SEQ ID NO 6]-HC atl ng/ kg (hydrocodone
base content). Concentration n /m) Paraneter HC + HM HC HM HC YYFFI[ SEQ | D
HC YYFFI[SEQ ID HC YYFFI[SEQ ID NO 6 -HCZ NO 6]-HC2 NO 6 -HCZ AUC 288.0
20.0 74.70 10.30 7.0 NA Percent 100 6.9 100 13.8 100 NA Cnax 553.0 28.0
543.0 28.0 17 NA Percent 100 5.1 100 5.2 100 NA 1 - hydrocodone bitartrate
2 - YYFFI[SEQID NQ_61-HC HCl 3 - percent relative to parapeter foll ow ng
adni ni strat [ ohlaf "M fr océlBne BBTA)tr 2383 [ 4MER7 SLnmm2#! of | A5} Vo t 6%4i ng|
of abuse reii_%ﬁa.m,LdLQEQ)ﬁone 8hbh ugltes. | 878yl vo 3%8ti nh2H 1 hydr d26dond
conj ugat es feh®ndt%ates 198 i n§2ahre dH:S eash@!2i ntrafh®al hAt fesjc437
response, dectBaddd {ntrHlnousSanal getlE resBbAse  dER? eased!4-Buhcuf@heous
anal gesi ¢ rbshBndd.® Hecr @ied grld [ C 42x. dbcG®ated ¥tranhS3I” 34.0
bi oavai | abi llitlydf¢aog@osnbas€rantent and decreased i ntravenous bioavailability
(AUC and Creextyydefcodynk bicarttaree conj ugates and is described in further detail
bel ow. 106 WO ¥9051[8BFTH Nt§&:T¢)US200d 032131 Exanpl e 78. Decreased

| ntranasal Anal gesic Response to Hydrocodone Conjugates [445] Male

Spr ague- Dawhgl gvatisdMRbEordi 8dhRitoRbARbADpkrRdcdXitetRipaWil &Ers f&%lﬁg B419
hy dr 00odonqd&gggtfmh%famx&'&&%ﬁgﬂ&ﬂ}@?Fﬁﬂsgg 11 RANG-1@ 3P Lschla@h £ doses ™ |

v

et DA il o—ysed—a reacit AN gUaIg ] TE0 o ot toor Fo e vrd
habi t uat ed géééaéTeé?r PSP ;n,g[kgégm TES: Fad-at
55C. A limt of 45 ﬁ%cu% 1 [i% G ('SR EPLES 11 SSuéy Bk
Al'l aninals """'él'gfj A tsgb y —+pegort 1 eﬂu' egt=—Hd- Y B
I'i ck | at ency . & eff “J‘ ety sn A—f+ es—4 and- 14
i ndi cate th“P:éa—[Eiq tig iAo "S'fu ! "da‘,ﬁi Bry- ‘Q PreH-8eede ;16;5 nL""if;T
as conpar ed Coax : ar 28 67.9 36.3 63‘8 7732 Y 4537 7 T 494
ercent H 10 18 100 53 100 5 100 11

1 - hydrocodone base content

2 - hydrocodone bitartrate

3 - YYFFI[SEQ ID NO: 6]-HC HCI

4 — percent relative to parameter following administration of hydrocodone bitartrate

Table 70. Mean hydrocodone plus hydromorphone, hydrocodone, and hydromorphone,
concentrations following intravenous administration of hydrocodone bitartrate or
YYFFI[SEQ ID NO: 6]-HC at 1 mg/kg (hydrocodone base content).

Cancentration (ng/ml}
Houss HC + HM HC HM
HC' YYFFI[SEQID| HC YYEF(SEQID HCT WYYFFI[SEQ ID
NO: 6]-HC? NO: 6]-HC? NO: 6)-HC?

0 0 0 0 0 0 0

0.1 208.9 22.6 4297 8.75 251.9 31.3

0.5 83.7 13.5 16.09 1.44 99.8 14.9

1.0 38 4 13.0 3.65 0.92 42 1 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

] - hydrocodone bitartrate
2 - YYFFI[SEQ ID NO: 6]-HC HCl

Table 71. Hydrocodone plus hydromorphone, hydrocodone, and hydromorphone
pharmacokinetic parameters following intravenous administration of hydrocodone
bitartrate or Y YFFI[SEQ ID NO: 6]-HC atl mg/kg (hydrocodone base content).

Concentration (ng/ml
Parameter HC + HM HC HM
HC' [YYFFI[SEQ 1D HC™ [ YYFFI[SEQID HC' | YYFFI[SEQ ID
NO: §]-HC? NO: 6]-HC? NO: 6]-HC*
AUC 140.0 50,0 24.10 450 164 54
Percent ' | 100 36 100 19 100 33
Cmax 208.9 226 43.0 8.7 252 31.3
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(hydrocodone base) dose of hydrocodone bitartrate. The anal gesic response as
determ ned by the hot plate test is a pharmacodynam ¢ neasurenent of the
phar macol ogi cal effect of hydrocodone. These exanples illustrate that

hydr ocodone conjugates decrease the anal gesic effect by the intranasal
route of admnistration as conpared to hydrodone bitartrate. Exanple 79.
Decreased | ntravenous Anal gesi ¢ Response to Hydrocodone Conjugates [446]
Mal e Sprague-Dawl ey rats were dosed by tail vein injection of 0.1 nil of

wat er cont ai ni ng hydrocodone conjugates or hydrocodone bitartrate. Al doses
cont ai ned dquipéeajepitt gnoumbs df  hyidrsocodonggbase. biag TTME (HEConds)12unti 1]
paw |ick I@t_e;@ e hiaHrfle NEASUT € 0f the anal gestc ertect. Rars were.
habi t uat ed yh(\%lﬁ 19 1 g_ﬁ@HrCefsponse. Hot plate tests were conducted
at 55C. A lLmt of A% sec n was lg@;@d in all 'eSti&Fﬁ to%g‘void ti ssue
damage. Al | SafiSHEPETSRIMS InBAERSHS Tolloyapg pdpiistiaiPp ShPRYOEoons hieidklg est i ng.
The paw | ick | atency (anal gesic effect)-time curve shown in figure 67

i ndi cat es t Rablgder Mgahydroagriong esisdiygroseiplaneblyydiocddpae.coddone conj ugate as
conpar ed t ohpdromgephoot acor(chydatone doliveviba seanans edrofnistiayidn of bgdmeodont ar t r at e.
The anal gesbiartrespeNSEFHSERIBNO NI Hiy att h@ghet plate test is a

phar necodyrfam ¢ measurJenent of the phar negglcemtrion (Rfmicct O0f Nydr ocodone.

ey

This exanplie iyl ugkr at[eS TIEE s@plydr ocogqone cqjg ugat &€ decyeasedyy e
anal gesic gffect by tingcinty oytiTof Qe E) G ggi PR S HTRE Sth TP
hydrodone Hitartrate. {107 WO ) 74 PCT/ 1 (; 181 E:XESBAS 2
Decr eased Subeutprecuq—Anat-geste—eSpenge—tg—Hydi-bcoadnre—-Conjrugate L 4471
Mal e Sprag e re—doged-by—gu L'fee‘-femm,t +hj-e T’D’ m—of—0—t-—m——Df
wat er cont Lt na” hvud Pas 4 Ao cANnFEHMAAt A 44 vdr n Z a _hi 9414 at A \b PS
-\ BLILL "IT!#S]’I_YU'I A\ vUI—I]' 3uu. wJ 4 \" L AV Avaw ) LA v A | ? T L >y ég

1 PSTRTIR VI nt .. A n of vade e nen PV . caond 1t
Cont al ned T V_!J.'J CTIC 1 TS T T, UrT UCvU ﬂf LV A @ T ) wan T LA 20 " (lkf‘ UVII\TH AL L
paw |ick |jatengy—wastusethareastte—of—{t -aa-ge € etk .ﬁ%%b
habi t uat ed _Llﬁ_ht‘yabt g'ﬁ"%".e“.&% PaseH-Re—esponse—Het—prate—tests—n _
at 55C. A | iimidee BHHEs was used in all testing to avoid tissue

damage. Al | 2ani WaTESEHRAID Nx@hdlGHGacrificed fol l owing the end of testing.
The paw | ick | atency (anal gesic effect)-time curve shown in figure 62
i ndi cat es t febldg6r Had®codonaphhgeslir@angphoiug agdrbyodbne, and hydromorphone
pharmacokinetic parameters following intravenous administration of hydrocodone
bitartrate or Y YFFI[SEQ ID NO: 6]-HC atl mg/kg (hydrocodone base content).

Concentration (ng/mh)
Parameter HC + HM HC HM
HC'  [YYFRI[SEQID| HC' | YYFFISEQID [ HC' | YYFFI[SEQ ID
NO: 6]-HC’ NO: 6]-HC® NO: 6]-HC?

AUC 288.0 20.0 74.70 10.30 7.0 NA
Percent ° 100 6.9 100 13.8 100 NA

Cmax 553.0 28.0 543.0 28.0 17 NA
Percent 100 5.1 100 52 100 NA

1 - hydrocodone bitartrate
2 - YYFFI[SEQ ID NO: 6]-HC HCI
3 — percent relative to parameter following administration of hydrocodone bitartrate

[444] Summary of in vive testing of abuse resistant hydrocodone conjugates. In

vive testing of hydrocodone conjugates demonstrates for instance decreased
intranasal analgesic response, decreased intravenous analgesic response, decreased
subcutaneous analgesic response, decreased oral Cpa, decreased intranasal
bioavailability (AUC and Cpay), and decreased intravenous bioavailability (AUC

and Cnax) of hydrocodone conjugates and is described in further detail below.
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hydr ocodone conjugate as conpared to an equi nol ar (hydrocodone base) dose of
hydr ocodone bitartrate. The anal gesic response as determ ned by the hot
plate test is a pharmacodynanm ¢ neasurenent of the pharmacol ogi cal effect
of hydr ocoq,ﬁ(gg. This exanple illustrates that a hydrocodone conjugate
decreased tHe* %4 dsic effect by the subcutaneous rouPET/EB20840R2 st rati on
as conpared to hydrodone bitartrate. Exanple 81. Decreased Oral Cl1 of

Hydr ocodone Conj ugates [448] Mal e Sprague-Dawl ey rats were provided water ad
libitum fasted overnight and dosed by oral gavage w th hydrocodone

conj ugat es or hydrocodone b| tartrate AII doses cont ai ned eqw val ent
anount s of L {2 ' ' 0

measur ed by ' r 06619 i‘ O orat ‘LeX|ngton
- The assﬁh*fﬁ"@%'ﬁ%@?w 10, SRS B By 57 3k Ve

met abol i te, ada&%mgagmmbnm@mﬁw @ﬁﬁﬂﬁ&ﬁdﬁ@bﬁaﬁmaﬂblwhaﬂ ifleres. pl asna
concentration-tinme curves of various hydrocodone conjugates vs. hydrocodone

bitratrate ofB desesgentamed eguivalentsmounts of dydrogargngbaseTkhsdias feeands)
T scodone it PAHOHOE 1HORT FA"UAT SR iRE IR duibeBE Rl Ot Whre - %) Of

hydr ocodone ronDrp one as comnpare pro ced eqU|n|oIar
(hydrocodond:dbmadmakmmmﬁbhgeﬁn@mqﬂmne}mt htdtaaswzmnd@tedemsw mhe oral
route of glﬂ g éat i 0 108 005/ 032474 P 82004{‘%8321:% Exanpl e 82.
Decr eased | 43 PecaPdavas usehin alk tstmg ravpd, t @Fr# lARIARS Wetn| ugat es

[449] Male Slﬁfn?ﬁﬁl? J2BNfiRY FORSWInY@HeCerd SVielRg. TRE Baw kK 1aBhdyEhARLicdoses vere

adm ni stered by placing 0.02 nil of water containing hydrocodoné conjugates
or  hydr ocodtechitimg eurgasshovin in figwrenbi@aandfl14 indicatenthe dgersess in epalgdsited

I f iy
vare. moasur STCRE, Ea Y HHBRESRRE, WaTRen B8 CRoNSRER TR OAE GRISSRE 11! O
Lexi ngt on, I((l{ydroa'dtﬁnaslﬁ@e) dwe ofplegirddododeobitdiyrate OMhe ipalesic tresponse) ay

hydrocodone t abol.i 0% reactive) and hydrocodone (62. 5% eactive).
The plasma %Yo‘hc OhePlale rtgst sis of R?é?’?aﬁﬂgynaﬂ%r‘%e@é gmentcghifgat es vs.

hydr ocodone ﬁliahﬁz[cbfo%ﬁc%l atet shbchdbor! '%Hs@@xaﬁﬁ:lesqgusu@f’e th80hyciSolche 75

77-85. These exanpl €s illustrate that hydrocodone conj ugat es ecrease the
peak | evel (cOnjugatghdearensafheznalgesic elfret bﬁ@@)lnbanabgldouic;@ﬁ@dummmagon as

compared to hydrodone bitartrate.

Example 79. Decreased Intravenous Analgesic Response to Hydrocodone

Conjugates
[446] Male Sprague-Dawley rats were dosed by tail vein injection of 0.1 ml of

water containing hydrocodone conjugates or hydrocodone bitartrate. All doses
‘contained equivalent amounts of hydrocodone base. The time (seconds) until paw
lick latency was used a measure of the analgcsic effect. Rats were habituated to -
determine baseline response. Hot plate tests were conducted at 55°C. A limit of 45
scconds was used in all testing to avoid tissue damage. All animals were humanely
sacrificed following the end of testing. The paw lick latency (analgesic effect)-time
curve shown in ﬂgufe 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.

107



hydr onor phone as conpared to those produced by equi nol ar (hydrocodone base)
doses of hydrocodone bitartrate when given by the intranasal route of

adm ni stration. Exanple 83. Decreased Intravenous Bioavailability (AUC and
C.) Hydocodone Conjugates [450] Mal e Sprague-Dawl ey rats were provided
wat er ad |.“6n°ﬂm3&# doses were administered by intravREBUS200403R13¥ei n
injection of 0.1 m of water containing hydrocodone conjugates or
hydrocodone bitartrate. Al doses contained equival ent anounts of

d- anphet am ne base. Pl asma hydrocodone concentrations were neasured by

ELI SA (Hydronor phone, 106619-1, Neogen, Corporation, Lexington, KY). The

assay is spemiabiple 30)[)@-@2%@Sﬁbggf&@&]sggdjgeﬁ&mﬁ{gdﬂg&bwoﬂ&t abolite, 100%
reactive) and hydrocodone (62.5% reactive). The plasma concentration-tinme
curves of a &8EREESdone conjugate vs. hydrocodone bitartrate is shown in
figure 74. ) i | r ol ‘ nj ugat e
decreases t ng&eéﬁﬁé[%tagr& P &w@argté%fég% Q(Fsgggg g@%tﬁ fag%o?%%ﬁglﬁgﬂ@éﬁ@c odone

pl us hydr onoofphaierccaainiop fyydioectiche coljogaesporohiydrarbdbne bitarerate Atll doses
(hydrocodone base), dose, of hydrocodone bitartrate. when given hy the

i ntranasal rouEeg eAyAieRs %rf’?'é‘ﬁ ‘Efcnl.lydi?fgd% %5%3‘22"/%"?’%9&@@(?_&7"032 131
Exanpl es 84 iy iaaly ¥hS ubdes aelange bARH alaieRle| Bfcd Rals Wiadahbikidd 1o Ustr at e

t he conpounds and conpositions for reducing the potential for overdose and
abuse whi | e detarming baselinetrpsponssetol platedestrowensteendicted: 44 SSHSIA limitagfeddt

oxycodone ( i nt Ly, attached. t. ' . 1D T onpound
ORTSpaPRe o\ Tebonds oS HEF ’%taﬂt‘ﬁ%h%?%ﬁ‘g”“ihgsﬁgé‘?@?@h@ a%@g‘%? te el TP o
PPL(2)-CC. [sabificefallowing tiecsnd i kesting (This pawdickatescyfaedysid eifec)itime st udi es

of oxycodone and _ oxycodone cqQnjugates were conducted jn | e ,Sprague- Dawl ey
rats. Doses @fve Mﬂgd%rfég%ﬁo’é‘mcéﬁd@éﬁﬁc@fy@o @oaﬁwe @nt ai ni ng

equi val ent ??ﬂ%h&oncoéonﬁ?ﬁﬁ?ﬂﬂ%ﬁzp‘é\ﬁﬂ%%ﬂ%ﬂirﬁlﬁrﬁﬁgc}&@o&%ﬁé Phiet Qs er . Oral

adm nistration was 1 n O by "gavage edl e. tranasal doses were
admi ni st er echydyocpflensi bitgrt@ee. ifhe awdll gesisresponsstas detaemined by thelhat platedést isat s

anesthetized wth ispoflurane. |ntravepous adm nist i on Sino0.1mM by
Cait vein i i Burere e RS e VERR BB Bl Pt A tfgadbee

This example illustrates that a hydrocodone conjugate decreased the anaigesic effect

by the subcutaneous route of administration as compared to hydrodone bitartrate.

Example 81. Decreased Oral Cp,, of Hydrocodone Conjugates

[448] Male Sprague-Dawley rats were provided water ad libitum, fasted oveinight
and dosed by oral gavage with hydrocodone conjugates or hydrocodone bitartrate.
All doses contained equivalent amounts of hydrocodone 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% reacﬁvej. The
plasma concentration-time curves of various hydrocodone conjugates vs.
hydrocodone bitratrate are shown in figures 53, 76, 84, and 85. These examples
illustrate that hydrocodone conjugates decrease the peak. 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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puncture under isoflurane anesthesia. Oxycodone and oxynor phone (maj or
active netabolite) concentrations were determ ned by LC M5/ MS. [453] The
bel ow exanples are illustrative only and PPL(2)-OC is not neant to be
limting. ﬁi ;uch synt hesi s and attachment of oxycodone may be acconpli shed
for instaft®i¥*Phe fol |l owing exenpl ary nethods. AddPETERNBAIEKanDI es
84 through 96 describe nmethods for attaching amno acid or various |ength
peptides to oxycodone. Oxycodone Synthetic Exanpl es Exanple 84: Synthesis
of [Roc- X1, - Oxycodone 1454] To a solution of oxycodone free base (2.04 g,
6.47 mmol) in THE (-35 m) was added Li N(TM5)2 (19.41 ml, 19.41 nmmol) and
stirred for Exathpia 8% Dedeagetiiligranas] Bivdekdldbisi Bond ¥codomeri no acid, 21
nmol ) at one,tine and the reaction mxture was stirred at roomtenperature
overni ght. HRUULAIESt i on was neutralized with N HC and the THE was renoved
under 1 educ qdagy’ ik SProghbDaidsyl i Brovelck ikt o i (RCadsBPRefil) st d.
NaHCO3 (150 ni) was added and stirred for Ih. EtQOAc part was washed with
NaHCO8 and tadmimisterori stiplociag 02 BOAf arater contaping hpdioeaslode worjugatesCompound was

obt ai ned by .purificat.ion ov i1 el ,col % Et [ Hexane). 110 WD
2005/ 032474 1BAKE S%nggﬁ ﬁetileaﬁélglageét ﬁgn‘%é‘!f&%%g‘%ﬁeg?&f%%%&g [ 455]
Gener al- net hiftydrocetitpe bagec Plagima hydiecodbvdncaiptionidverd measdedl AEMSAh 4N HC /
di oxane (25 nligm at roomé@;n%e< ture for 4h. $Sol vent ié/as evapor at ed and
dried over \ﬂﬁlé’a{?ﬁﬂotfﬂ“ﬁ‘ﬁvéo 2 %Bﬂfénggﬂéﬂm& pgien, KY). Theapssay Sxycodone
2. (I¢€)2- OMEGHORE hydromldrfioh? i OWRARAG,
(Phe) 2- &y?o%one ﬂg y(GI u)e- Q<§,t§%§%ﬁgﬁ g?rpf)géglé&b%lfln‘t esi%gg'*ve?and
[ Boe- Z- Y- X- Gyrosddane (6R.5% reaative]. Zhe phniacopesntigfion-time curves of various

hydrocodone conjugates vs. hydrocodone bitartrate are shown in figures 55, 60, 64-

66, 69-73, 75, 77-85. These examples illustrate that hydrocodone conjugates

decrease the peak level (Cpax) and total absorption (AUC) of hydrocodone plus
hydromorphone as compared to those produced by equimolar (hydrocodone base)
doses of hydrocodone bitartrate when given by the intranasal route of

administration.
Example 83. Decreased Intra\_renous Bioavailability (AUC and Cyy) Hgdrocddone
Conjugates ‘

[450] Male Sprague-Dawley rats were provided water ad libitum and doses were
administered by intravenous tail vein injection of 0.1 ml of water containing
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 metébolite,
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 (Cnax) 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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[456] To a solution of X2-Oxycodone 3HCI (1 mmol) in DWF (15-20 nlL) were
added NWMM (10-12 eqv) and Boc-Z-Y-OSu (2.6 eqv). The reaction m xture was
stirred at RT overnight. Solvent was evaporated under reduced pressure. To
the residue was added satd. NaHCO3 (-30 nL) and stir for 1-2h. The white/
pal e yel | oWO P&PHE was filtered, thoroughly washed wi PEI/HBROMO3ZEY dried in
t he vacuum oven '‘at room tenperature. Deprotection of _

[ Boc- X- Y- Z] 2- Oxycodone: [457] Deprotection is sanme as general nethod

menti oned above. For 100-200 ng of tripeptide derivative 10-15 m 4N
HCl / di oxane is used. Deprotection is done overnight to give

[ X- Y- Z] 27 OkEgafipke 84 irousle D1®OREdddone Of tripeptide derivatives containing
Threoni ne and Serine:. [4581 First the tripeptide derivatives are_ dissolved
95% TFA ( 5944RAL cP¥amples &4 through 11§ illugisata ithe sempeusdp &pd ccompositions Rt is
evapor at ed, Fﬁ%é i i -vglsﬁg t | tﬂﬁﬁ | . ried over
vacuum 4N @ ne |hl‘saﬁfz§)g?e a%@t%ﬂ?%%\%aﬁm g gtﬁ%heéeﬁgﬁggl\?\gs

evapor at ed wherdiny the sstise dgenti @gcadone (Q) uis noovilemthyp bitached 1o a chemical

(4 u-Asp-Val) 2- codone 2. .(ll!le:Tyr-Val)2-Oxyc ne . .3.

Tyt - Pr o VaTpEho 76 Gergeind fihidt i Pt b R AL dg Rgsities of oxyeodone

( Phe- Val - Vagkamidd ppensc, 6. (Ser-Thr-Val)2- Oxycodone 7.

(Lys-Ser-VaI) 2- Oxycodone 111 WD 2005/ 032474 PCT/ US2004/ 032131 Exanpl e 86.
Synt hesi s of45gBo@rak1intyanagaly enrd| énteavporde bickyaitabiily wtudins off oxyredoneland (10 nmol )

in THE (50 o LNGT | I NS was
added Boc- @ﬁ%l%@es L\g‘%lg %ﬁéﬁ“ﬁgﬂ %@eag%}[gpéaﬁ@ %D%b ge eé&%gﬁ%st%?ro?ed at room
t enper at ur eoppeeddiedtydrochlogide amd ok ycodoneadnjugsatbecbnttdning equitAléntanduneut ral i zed

with 1IN HCl. The organi c so]vent, was evaporated and to the residue were
added Et OAcOf o¥isodare Wesg Gebin .mze%m&%mauamwgs 1 9-8d for Ih.

The Et OAC Py bl PaviiRhelMe "RfandshiMiode Kére 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. Oxycodone and oxymorphone (major active
metabolite) concentrations were determined by LC/MS/MS.

[453] The below examples are illustrative only and PPL(2)-OC is not meant to be
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 [Boe-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 HCI 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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brine, dried over Na2SO4 and evaporated to dryness. The residue was purified
over silica gel (70% Et OAc-Hexane) to give the title conpound. Deprotection
of Boc- X 06- Oxycodone: [460] A solution of [Boc-X]-Oxycodone in 4N HCO/

di oxane (10 m/mol) was stirred at roomtenperature 4h. Sol vent was
evapor at ed W8V REuced pressure and the residue was BETESROMMFRBI vacuum t o
gi ve X-06- Oxycodone2HC1l. Exanples: 1. Val-Oxycodone 2. |le-Oxycodone 3.
Leu- Oxycodone Exanpl e 87. Synthesis of Boc-Z-Y-X-06-Oxycodone [4611 To a

sol ution of X-06-Oxycodone2HCL (I nmol) in DVMF were added NWM (10 nmol) and
Boc-Z-Y-OSu (1.2 mmol ). The reaction m xture was stirred at room

t enper at ur e gyl BiElef R XEDxBdar/apor ated to the residue was added
sat ur at ed NaHECB SO utiﬂ(??lu)éﬁd stirred for | h. The precipitate was filtered,

t hor oughl y \#iShe Gremviralmetbadeof deprotentiondlhembgie eompound iwak eeactedpyathilN
Deprotectio Boc- 75 Y- X- 06 one: [4621 gtection i s, sane as
general net WMWQ%M%QBQW%a%% %D-%%B@ﬁ‘é’&%ﬁ"éfﬁﬁea ﬂgarrpl es:

1. Pro- G u- aibd Qer 9asaanao gie XaHOxkcadonéadlHCxycodone 3. d u- Tyr - Val - Oxycodone
112 WO 2005/ 032474 PCTI US2004/032131 Exanple 88. Synthesis of

Boc- X- 06- O(ﬁéé‘a&%'-o 4-Ac: [463] To a solution of [Boc-X]-06-0Oxycodone
(I'mmol) in pyriditne (G5DrOxyopdore added DVAP (75 ng), triethyl amine (1.5
mol ) and Ac20 (8 mof{lle)-iwsodagcti on ni xture was heated at 65C for 3 days.
The dark brown s8l uti@mupdxycadined down to - room tenperature and MeOH (5 nl)
was added and st drr ed(liyey-Oxlycodbne sol vent was evaporated, co-evaporated

wi th toluene. The, r esfpaep-O¥gsodoaken in Et OAc (50 nmL), washed with satd.
NaHCO3, brine, dgied @ue),-ONydsddheand evaporated to dryness.

Example 85, Synthesis of [Boc-Z-Y-X],-Oxycodone [X, Y'and Z are amino acids]
[456) To a solution of X;-Oxycodone + 3HC1 (1 mmol) in DMF (15-20 mL) were
added NMM (10-12 eqv) and Boc-Z-Y-OSu (2.6 eqv). The reaction mixture was
stirred at RT ovemight. Solvent was evaporated under reduced pressure. To the
residue was added satd. NaHCQO; (~30 mL) and stir for 1-2h. The white/ pale yellow
residue was filtered, thoroughly washed with water and dried in the vactuum oven at
room temperature. _ '

Deprotection of [Boc-X-Y-Z],-Oxycodone:

[457) Deprotection is same as general method mentioned above. For 100-200 mg
of tripeptide derivative 10-15 ml 4N HCl/dioxane is used. Deprotection is done
overnight to give [X-Y-Z],-Oxycodone-3HCL.

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 vacoum.

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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The residue was purified over silila gel to give the title conpound. Exanple
89. Synthesis of Boc-X- 06- Oxycodone-Ol4- COZEt: [464] To a sol ution of

[ Boc- X] - 06- Oxycodone (1 nmol) in THP (10 nL) was added Li N(TM5)2 (1.05
mmol) at 0C. After 20 rains, ethyl chloroformate (1.1 | ). was_added and
reaction mVAPE3EEE <) ow y brought to roomtenper ature 20H(%3HPd at room
tenperature for I h. The solution was poured into 2% aqueous. acetic acid
(ice cold) and extracted with Et OAc. The Et OAc part was washed with water,
aq. NaHCO3, brine, dried over Na2SO4 and evaporated to dryness. The residue
was purified over silica gel to give the title conpound. Deprotection of
Boc- X- 06- OxExamiisie1 6. Glvathiyis 6 Boc- X EOXycolld®>] Deprotection i s sane as

| et tioned abave to, gi ve X. 06 O - Ql4- ReHG, ( ReAc,
Co2ety. Dealleal = Soliker PF SRyeBiadnellp cemed) B S 51 yill pea e (onc)
Exanpl e 90;L®(1?M52?S{)1@53&m89€a160d- %6 200170928 8aded BIR X 11 Gindly - [4661
To a sol ution of X-06-Oxycodone-QOl4-R2HCI (1 mmol, R=Ac, CO2Et) in DWW were
added NWM (amsl thesl the apertiBp qnixivye OB titred #tntsiojn. tempsratwre coveorightnilke ur e was

stirred at m t V, J . en vapor at ed 1, he

resi due \Nasgog@ld)é] E'[sggct(?’élr%zz}tki éwgn %aﬁégé%;%ﬁmﬁﬁgodﬁ vﬁ‘?\l&%@ﬁpfr ‘frg 1?30_19&#'6

preci pi t at ewdsgvapbiatddednddo thdmesidug hleye sdided E10AC L{(ROOVARI § rand Retuthiddesl. t 0 gi ve
the title c&gﬁound. DeEr ot ectiqn of Boc-Z-Y-X-06- Oxycodgne-014-R ( R=Ac,

COREt) : [ 46XAHES (bilenls g Fureddfe nsThscHOAS PosA-HES Washed srbdvaitoye.
Depr ot ect i Ofy4 : | St I e i- Ofs - Cl. 113 WO
D005 0594y 1 A rEOBEr NALO) £ eEvgg%Qn{eg;ﬁo é?a.{e%] P %i}rd%g@%-ﬁﬁﬂyécho%%ﬁe- ( COREt )
2. (11 e- Tyr silied gel GOye EtdheHexane) tofgtenthe titlecaipousgnt hesi s of

Boc- X- 06- Oxycodone- 014+ Y- 4681, To a sol ution of Boc-X-Oxycodone (inmol)
in THE (10 #E?rﬁ%cgmﬁd’igﬂc'% GN%)FWE%‘?“&L 1 mol) at OC and the solution was
stirred for [480] nAnshitlag fBB6c-X3-Oxycodone in 4N HCI/ dioxane (10 ml/mmol) was

stirred at room temperature 4h. Solvent was evaporated under reduced pressure and

the residue was dried under vacuum to give X-O°-Oxycodone-2HCI.

Examples:
1 Val-Oxycodone
2. He-Oxycodone
3. Leu-Oxycodone

Example 87. Synthesis of Boc-Z-Y-X-0%-Oxycodone

[461] To a solution of X-0%-Oxycodone-2HCI (1 mmol) 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-Oﬁ-Oxycodone:

[462] Deprotection is same as general method mentioned above to give Z-Y-X-05
Oxycodone-2HCL ‘

Examples:
1. Pro-Glu-Val-Oxycodone
2. Glu-Leu-Val-Oxycodone
3. Glu-Tyr-Val-Oxycodone
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OSu (1.25 mml) was added. The reaction m xture was stirred at room
tenperature overnight. The solution was cool ed down to OC, neutralized with
IN HCl and the organi c part was evaporated. To the residue were added Et OAc
(50 nm.) and said CO3 (50 m), stirred for | h. The organic part was
washed wi tWW?Sé%W’E)H ne, dried over Na2SO4 and evapor%‘f"gﬁszp@"g?lﬁhess. The
residue was purified over silica gel to give the title conpound.

Deprotecti on of Boc-X-06- Oxycodone-014-Y-Boc: [469] '

Boc- X- 06- Oxycodone- 014- Y- Boc was deprotected follow ng the general nethod
for deprotection mentioned above to give X—O? Oxycodone-014- Y3HC1. Exanpl e:
tedopb-0'*-Ac:

Boc A- B- X- 06- Q<ycodone 014- Y- B- A- Bpc no aC| ds 470] To a
sol Ut} on of [463psT mﬁe@aeﬁeffﬁ%-%ﬂc@w@dﬁ%ﬂmﬂgl Yebn ove (10
n) was add%eﬁm%%)(ﬁeﬁy@ Sﬁé‘ﬂm’i addSRED 8 ?nm Xf’ﬂé stirred

at roomtenperature o ‘ght t~ was ‘evapor ated un er  reduced
pressure andnxturetmheasddtﬁﬁ"@dmﬁ ddys.TPERlatkiFowh solatiomwdechodeddiosmitor ed f or

wih veter SmutaisrelES s MSEEE Bl wi Sk fed SRUE D TrASNER Y O T B
[471] Depr ot@spbiabid, b&e@é}iﬂiﬁtﬁswﬁﬁlﬁﬂﬁéﬂe TR fesidud®as t=R6€ ¢h BIOWE(5008D), 0t ecti on
is done overni ht to gl ve A-B- X—OGél)edycodone Ol14- Y- B- ASHCL1. Exanpl es: 1.

(11 e-Tyr - VaMgs NGOz hyringy gver Na;SO, and evaporated to dryness.

(&Sﬁgféréga%yntﬁg?gﬂ??“@y@%%m@v S AR AL o1 0”2 ol uti on of

Boc- X- Oxy c o @zaraplé i88n% : dome IJQJUI Bti N(TM5)2 (1.1 mmol ) at 0C

Sdded, The. Heffr TR s “”%f’céao@sfﬁ Bigabhe 50 Dhir TRt BEY R ght - The
sol uti on wagddedOLBHTMEM (L.05 Gmol) et 0@ ARG OVdiks, | dhytiGhlorétemhdle (1.1

mmol) was added and reaction mixture was slowly brought to room temperature and

stirred at room temperature for 1h. The solution was poured into 2% aqueous acetic
acid (ice cold) and extracted with EtOAc. The EtQAc part was washed with water,
aq. NaHCO,, brine, dried over Na,SO, and evaporated to dryness. The residue was
purified over silica gel to give the title compound.

Deprotection of Boc-X-0°-Oxycodone-0™-R (R=Ac, CO,Et):
[465] Deprotection is same as general method mentioned above to give X-05-
Oxycodone-O“—R-ZHCl (R=Ac, CO,Et).

Examples:
1. (Val)-Oxycodone-{CO,Et)
2. (Val)-Oxycodone-(OAc)

Example 90. Synthesis of Boc-Z-Y-X-Q —Oxycodone-OM-R (R=Ac, COEt):

[466] To a solution of X-0°-Oxycodone-O'-R:2HCI (1 mmol, R=Ac, CO.EY) in
DMF were added NMM (10 mmol) and Boc-Z-Y-OSu (1.2 mmol). The reaction
mixfure 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,Ef):

| [467] Deprotection is same as general method mentioned above. Deprotection is
done overnight to give Z-Y-X-0O%Oxycodone-O'*-R-2HCI.
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organi c part was evapor at ed To the residue were added Et OAc (50 nL) and
satd. NaHCO3 (50 ml), stirred for | h. The organic part was washed with
water, brine, dried over Na2SO4 and evaporated to dryness. The residue was
purified. over silica gel to give the title conpound. Deprotection of

Boc- X- 06- QX3RN 14- Y- Chz2HC : [473] Boc- X- 06- mycodtﬁi&wﬁwmmz was
deprotected follow ng the general nmethod for deprotection nmentioned above
to give X-06-Oxycodone- Ol4-Y- Cha2HO . Exanple 94. Synthesis of

Boc- A- B- X- 06- Oxycodone- Ol4- Y- Cbz: [474] To a solution of

X- 06- Oxycodone- 014- Y- Cbz2HC1(1 mmol) and NW (10 mml) in DMF (10 nL) was
added Boc- ApRaflés:(1. 1 nmol) and the reaction mxture was stirred at room
tenperature overnight. Solvent was evaporated under reduced pressure and to
the residue satdi- NaHEesIXro@hOx YWégﬂea&ibﬁt)and stirred vigorously for 2-3h.
The precipitate #as fm%@é@lbwywﬂmq-KM@em due was washed thoroughly with
wat er and d ed. , ] Q2 ‘Q’go X- 06- Oxycodone- OL4- Y- NH2:
[475] To a gone-o 14 -Y-Cbz and Pd/ C (25

\ W 99 |3 8 Et O[m{zQOTMd gsﬁn@ndBy@Ke(b@cemme((lﬁmrdl ; );MHEB(SOHﬂa)tﬁﬁk ddder refl U>O<I
or m ns. tion m was_ cool ed down_to roomterrperature an
filtered. ('If’\%)ﬂ E]af ‘e‘iﬁé é?%ee‘iﬂ’hlt@nd‘fa?ﬁ’é%%d fo5 3@ myes ige BegYi-e

Cormound B (1128 n%ﬁon%aefab@ew Thé)fea Fm‘ @%@a%&ﬁi%ﬁm D- Boc

(A.B.C.D.XY =-amno acids): [476] To a so
Boc A B- X- 06vénight; dhwesolntidn WaNmoledl_dmtq 0%h namfallz@dl@'lthﬂ)\f H@l endaﬂlded NVM (5

nmol ) and Bac-D- C: e react.i rred at
room t enper SI&E pg%\?r?ﬁ(%wora 1 %;e%{ g evgr&ﬁdg?c{%tc%%ﬁb 005/ 032474
PCT/ US2004/ 0K, (50 eﬂly,caﬂreﬂrfeﬁ $hir Bheadigari® ph:h@varsasasﬁemmtxdateﬂ\l%m was
added and stirred for I h. The white precipitate was filtered, washed with

wat er and diriedo @éﬁ%@eé@d eveppxatedde drynessy The residpe Spsrarified overilisagoc: [ 477]
Deprotectio ftglg% met hod nenti oned above. Deprotection is
done over ni %ﬁ gl ve A— X- O<ycodone Ol14- Y- C- D3HC1.

Deprotectlon of Boc—X—O -Oxycodone-0"-Y-Boc:

1469} Boc-X— 05-Oxycodone-0'-Y-Boc was deprotected following the general
method for deprotection mentioned above to give X-0°-Oxycodone-0'*-Y-3HCL.

Example:

Val-Oxycodone-Gly
Example 92. S thes:ls of Boc-A-B-X-0%0x codone-O“—Y-B—A~Boc ABXY =
amino acids):
[470) To a solution of X-0%-Oxycodone-0"-Y-3HCI (1 mmol) and NMM (10
mmol) in DMF (10 mL) 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
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:

L. (le-Tyr-Val)-Oxycodone-(Gly-Tyr-Ile)
2. (Leu-Tyr-Val)-Oxycodone~-(Gly-Tyr-Leu)
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Exanples: 1. (lle-Tyr-Val)-Oxycodone-(Val-Qu-dy) 2.
(Leu-Tyr-Val)-Oxycodone-(Val -@ u-@y) Mono-Substituted Single Am no Acids
(Enol Ester) [478] Figure 151 depicts oxycodone. Exanple 97. Phe- Oxycodone
[479] To a solution of oxycodone-freebase. (1.0eq) in tetrahydrofirran (THF)
(10m / mrol WOMESSRED Li N(TMS) 2 (3.Seq). After 5 mi nut eBCT/ESW0#R13DSy
(3.5eq) was added. The reaction was stirred at anbient tenperatures for 18
hours, quenched w th water and solvents renoved. Crude protected product
was purified using reverse-phase HPLC. Deprotection occurred with 4N HO in
di oxane (20m I nmmmol) to obtain Phe-Oxycodone. Exanple 98. Synthesis of

| | e- OxvcodonshdhB0d3, ISvaths vEBIRReOMBS viydeRaOEdyiabza si milar manner to

Exanpl e 97 éexcept Boc- ITe-OSu was used as the amno acid starting material.

Mbno- Substlt[tﬂﬂdTDra B@mqm@%BGE%DXM@ne)(lﬂmm eHYA10mbp wae addedy codone
481] To a | .f

(1t 1 0. 1o TSR (5 254D ALY ECRTe doyeehHop st R SPupR MR DS o,

(2eq) A ghe r@ﬁ.&c(nzﬁrmms vgisladlliﬂﬁ Tae r@ﬂmmixd tan:ecr rmg stideed a&oémgerﬂﬁerhmr S,

guenched wit sol vent s renmove u cte t was

purified usﬂ’(ﬁmi\{g\? "P Uhes S¥s gppled %F%P&tqe\!)tﬁfﬁgé H&Pﬁﬁ‘gﬁﬁ HCL in

di oxane (20rgt ntheS|s of

( 1)%(48 \Gh?hﬁtéa b Qs k@'ig aférOMABE Etcﬁx@gsq ﬁlLZQQd s

Prons e- C)<yco one Pro2-11e-Oxycodone was prepare sim manner
to Exanpl e 9%RHGQe(0 ml) @x@dyﬁodbn&ma&m@dﬂasastwgshcd)mﬂgmted bsmartu ng

D subst 1  ut HOFRYE Mesaga exsraisd E ey 1A bR bl BT ©

[ Boc- Vall2- @ tolgividhe fitde corggthuudli on of OC (2.04 g, 6.47 mol) in

tetrahydrofuran (THF) (35 ni 14
Deprotection of Boe-X- -Oxycodone -07-Y-Cbz:2HCI:

[473] Boc-X-0%-Oxycodone-O™-Y-Cbz was deprotected following the general
method for deprotection mentionéd above to give X-0°Oxycodone-O'-Y-
Cbz-2HCL

Example 94. Synthesis of Boc-A-B-X-05-Oxycodone-0'.Y-Cbz:

[474] To a solution of X-O°-Oxycodone-0'*-Y-Cbz-2HC (1 mmol) and NMM (10
mmol) in DMF (10 mL) was added Boc-A-B-OSu (1.1 mmol) and the réa.ption
mixture was stirred at room temperature overnight. Solvent was evaporated undér
reduced pressure and to the residue satd. NaHCO; (20 mL) was added and stirred
vigorously for 2-3h. The precipitate was filtered off and the residue was washed -
thoroughly with water and dried.

Example 95. Synthesis of Boc-A-B-X-0*-Oxycodone-0'-Y-NH2: |
[475] To a suspension of Boc-A-B-X-0%-Oxycodone-O™-Y-Cbz and Pd/C (25
Wit%) in EtOH (20 ml/gm} and cyclohexene (10 ml/gm) was heated under refiux 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.

(A.B.C.D.X.Y = amino acids):
[476] To a solution of Boc-A-B-X-0°-Oxycodone-O'*-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
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was added L| N(TIVB)2 (19.41 m 19.41 mmol ) and stirred for -30 mss. To this
was added solid Boc-Val - OSu (6. 72 g, 21 mmol) at one tinme and the reaction
m xture was stirred at roomtenperature overnight. The sol ution was
neutralized with IN HCO and the THE was renoved under reduced pressure. The
resi due waWogpPes®B2d+ with ethyl acetate (EtOAc) (200 mBCT/GRH/OINEHCO3 (150
m.) was added and stirred for |Ih. EtOAc part was washed with NaHCO3 and
brine. Dried over Na2SO4 and evaporated to dryness. Crude product was
purified with either silica gel colum. (30% Et QAc/ Hexane). [484]
Deprotection: For the deprotection of 2.5 g of [Boc-Val]2-OC , 75-80 nL of

AN HCUdi oxapgiusebpréssaet anfed teir@iidudaatdCNERLES)] wavhddet @n@sﬁt&pﬁf% TRéapor at e
di oxane and dry over vacuum at |ease for 24 h, [485] Coupling: To a solution

of Val2- o&m@f@mmgtevmﬂﬂtﬁwéwaahﬂdmﬂm@mandl@%) were added NVM (10- 12

eqv) and Bo . hyl.e was stirred at RT
overni ght. ?ﬁév%te@lﬁmﬁogéggﬁ%r%tggyéﬁgﬁﬁ m%-lfg?dhhl%ressure To the residue
was gdded sz{?'ﬂ?l] mbiﬁt'&ud ?111 3@ gs Qdﬂdrastneﬂi)&dnémbnédﬁabo;ﬁb.gD_emgtefﬁ:@dn ﬁﬁ' e yel |l ow
residue was filtered, thoraqu wa Wi t e ried in the vacuum
oven at RT. SpBBE{erbgie gsue s ﬁ(ﬁwyﬁ?‘g’dﬁ%g &gé) é}a‘ﬁg as above net hod. For
100- 200 ngy @dxam gfelspeptl de derivative 10-15 m 4N HCUdi oxane was used.
Deprotection lasts 18 hours. [487] Deprotection of tripeptide derivatives
cont ai ni ng Thr eofleEyraWel)-Oayeadene-(MaliGlusiliXde derivatives were dissolved in
95% TFA ( 5%2wat e(l)eua’ﬁﬂ-‘éal)-@xg@dbm-(\%Cﬁm—Gly)oom t enperature. Solvent was
evapor at ed zwd t . d.wth toluene twice and dried
over vacuumZN-HESH e ¥¥+red overnight. Product was
evapor at ed t[msjrymlﬁr&pﬁfg(ﬁgmgé vacuum 117 Exanpl e 102. Oxycodone
Branched Am_no AC|<;I7 Chans Gener al Synthesis [488] Figure 152 depicts

oxycodone wHZRIPIE pept| des. Exanple 103. (Lys)2 Oxcodone

[ 489] Met ho S&i ol @ - et i}(?ﬁl e cept Boc-
Lys(Boc) - OS ms Tﬁ’sg] Oﬁ{ho h%f)g’gfg no acl %B%stggl%ﬂg% tf eri‘a ah &HBFS
(10ml/mmol) was added LIN(TMS); (3.5eq). After 5 minutes, Boc-Phe-OSu (3.5¢q)
was added. 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 with 4N HCI in dioxane (20ml/mmol)
to obtain Phe-Oxycodone. '

Example 98. Synthesis of Ile-Oxycodone

[480] 1le-Oxycodone was prepared in a similar manner to Example 97 except Boc-
Tle-OSu was used as the amino acid starting material.
Mono-Substituted Tripeptides (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 waé purified using reverse
phase HPLC. Deprotection occurred using 4N HCl in dioxane (20ml/mmol) to
obtain Pro,-Leu-Oxycodone.

Example 100. Synthesis of Proj-Tle-Oxycodone

[482] Pro,-Tle-Oxycodone was prepared in a similar manner to Example 99 except

Ile-Oxycodone was used as the conjugated starting material.
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Exanpl e 104. XX-Lys(XX)-Oxycodone [490] To a solution of (Lys)2-Oxycodone
(1.0eq) in dinethylformam de (I m/mol) was added 4-nethyl nor phol i ne
(5.5eq) followed by Boc-XX2-OSu (4.1). Reaction was stirred at anbi ent
tenperature for 24 hours. Solvents were renoved and crude product was
purified by"Q#I¥PRE 4 hase HPLC. Exanpl e 105. Synthesis BETIUEIYH0RIY - G
2)]21SEO I D NO. 41- Oxycodone [491] [dy2-Lys(-dy2)]21SEQ I D NG

4] - Oxycodone was prepared in a manner simlar to Exanple 104 except
Boc- 3 y2-0OSu was used as the amno acid starting material. Exanple 106.
Oxycodone D-amino acids General Synthesis [492] Disubstituted D-amno acid
tripeptidesgpenaeRHERSY: dn@ Al L dqak to disubstituted tripeptide
conj ugat es erial used the wunnatural

D- ami no aci %mr@](Sy)mhsysP(mt)adurys Leu] 2- Oxycodone [493] To a solution of
(Leu) 2- Oxyc 1 met hyl formam de (Iml/mol) was added

4- et hyl m)rg ﬂé fl%?g alﬂé?‘#owed by Boc-(l)-Lys(Boc)- (d)-Lys(Boc)-0Csu

(3eq). ReaCf([;lSBﬂ" g2 s%Iuhbﬁ%ﬂO@(zm g7 ﬁﬁﬂﬂ%&hﬁﬁﬂr&ﬂfm&?@?(‘lﬁ m])Sol vent's
were renove crude product was purified by reverse phase HPLC® Exanple

107. Synt hetag added {aNERVIE)s (Udlumnl, 39r4tlrmsoléam¥sﬂpsééorz~]39m@@s [’Rbexsevaz can equal

cyclohexylal Y, Y. Crmix [l €) or any
ot her synt hé |c%§1ﬁ1&n%&%§éﬁléﬁu${)6% %9)11 @nﬂﬁ a@?ﬂ%ﬁéﬁﬁ%ﬁé—?&%& HE was added
Iéi N( ;I\/g)SZ Eia&s%ﬁrrllad‘rai Joom tbmpetahire edelilrght ‘B sohutien v@i’as debiralizetl svigddtidd sol | (cji
oc- Z- OSu one tine t he reactjon mxture was stirred at
roomt enper r g | t HO and

iff%ln%ﬁ&%ﬁ Wi‘s Fephra o8 G SRRSOt TR TEPHe oG uiRd
the THE was mgea@sﬁga GRE W, cd;feesolxﬁﬁﬁwmd% 2044

s diluted wt @?

PCT/ US2004/ 032 reS| ethyl acetate (Et OAc sat d.
NaHCO3 was é?m‘dleh;l E&@dcm‘trW@dwaSth with. Nﬁi@«:&qdabnnev\@swdmheﬂazﬁmmmaHCCB and

brine. Dried over 2504 an vaporated to de pro uct was
purified w teﬂapgfatt#\lf %yf‘?sé'aeﬂléjg 5‘2‘? as punﬁgJ Wit clther Slﬁ 8 ?
(30% EtOAc/Hexane). - »
[484] Deproteci{:ion: For the deprotection of 2.5 g of [Boc-Val];-OC , 75-80 mL of

4N HCl/dioxane was used. Reaction was complete within 3-4 hours. Evaporate

dioxane and dry over vacuumn at lease for 24 h.

[485) Coupling: To a solution of Valz-OC -3HCI (250 mg, 0.4 mmol) in DMF (10-
12 ml) were added NMM (10-12 eqv) and Boc-X-Y-OSu (2.6 eqv). The reaction
mixture was stirred at RT overnight. Solvents were évaporated under reduced
pressure. To the residue was added satd. NaHCO; (~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. ' 7
[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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(30% Et OAc/ Hexane). Exanple 108. Non- Standard Am no Acids (Naturally
occurring, not the standard 20) [495] Synthesis of [Boc-N 2-OC [where N can
equal norleucine (Nle), honophenyl al anine (hPhe) or any other non-standard
am no acid] [496] To a solution of OC (6.47 mmol) in THE was added Li N( TM5) 2
(19.41 nmol) and stirred for -30 mns. To this was added solid Boc-N OSu
(21 nmmmol ) at one tinme and the reaction mxture was stirred at room
tenperature overnight. The solution was neutralized with IN HO and the THE
was renoved under reduced pressure. The residue was diluted with ethyl
acetate (Et @4G),nsaid 0NRWER Maschedddedo aney ehipEed for Ih. EtOAc part was
washed w t h NaACO3 and brine. ea over NaZSOZ and evaporated to dryness.
Crude produdbenses Sguthedised with either silica gel colum. (30%

Et OAc/ Hexane) . O her codone Conjugates .Exanple 109. d ycopeotides [497]
Usi ng gal act/d3% £ﬁaur5%(§iﬁlﬁ@f&tsdlpiyw40§gb\m ¥gne grapeksdalsPlidess” wi |1 be produced.

Initial Ay 4 des (tanhesrodyced 1. (Gl-Ady2-11e)2-0C 2.
(Gl - Pro2-1 I%M - . 1_§1§‘W_[ -Leu)2-0OC 4. (@l -Pro2-Leu)2-0C Exanpl e
110. G ycos)#8d]i dviethbd Quasc sitaine to4OBpr Fingler emin3 acld pdeaivativesgbyzes Boaed

oxycodone. [499] A glycosylation reaction of Oxycodone with a carbohydrate
will be att Q—fdiébl%'éasi sk agdheyan seld ssingmassant i al |y be an enol et her

whi ch are AN %&e@%@ol y yet glycosidic bonds are comonly
br oken dom%?{?fnlpgf?\i/éﬁ' 5 R0 éth may be conjugated. Exanple 111.
Formati on of[490) Enw] a Exdlatiomi bh Geysinoxi&@A6he F{lgwg 154 didpghelfeniatigat i on of

an enol ether with serine. 119 WO 2005/032474 PCT/ US2004/ 032131 501]
Usi ng seri ndlmhgnegd) was addsd dumdhyloomholiae Swien) fplovsdo b cBec-Xthi@Su

conj ugat e waylig e, kbl Gs' RIS AMTER!HEhRODG Lo RSurs kYL LAIE RP! et her

woul d

removed and crude product was purified by reverse phase HPLC.
Example 103. Synthesis of [Gly,-Lys(-Gly;)|,[SEQ ID NO: 4]-Oxycodone
[491] [Gly,-Lys(-Giy2)]2[SEQ ID NO: 4]-Oxvcodone was prepared in a manner

similar to Example 104 except Boc-Gly,-OSu was used as the amino acid starting

material.

Example 106. Oxycodone D-amino acids

General Synthesis

[492] Disubstituted D-amino acid tripeptides were prepared in a manner similar to
disubstituted tripeptide conjugates except the amino acid starting material used the
unnatural D-amino acids.

{(D-Lys-(d)-Lys-Leu];-Oxycodone

(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
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be formed in this reaction. Exanple 112. Vitam ns [502] Figure 155 depicts
niacin and biotin. [503] Vitam ns can be used to cap or further
functionalize the peptide chain. N acin and biotin will be conjugated to
four different dipeptides. Conjugates to Prepare 1. (N a-Gly2-1le)2-0C 2.
(N a-Gly2-Leu)2-0OC 3. (Bio-Gly2-11e)2-OC 4. (Bio-Gly2-Leu)?2-CC Figures
156-192 denonstrate plasna | evel s of oxycodone neasured by ELI SA. Exanpl e
113. Decreased oral C., of Oxycodone Conjugates [504] Mal e Sprague-Daw ey
rats were provided water ad libitum fasted overnight and dosed by oral
gavage W th ipxycedenenieand wasistse® at 0t eclap@atitd ovéhight OBRSsoleiH dhned

equi val ent anounts of oxycodone base. Pl asma oxycodone concentrations were
neasur ed by TERfrErRed OAMbN pHdrad theoPOl ovas xeragead andsr jsdpend mpssuteethagt on,

KY). The assay is specific for oxynorphone (the maj or oxycodone netabolite)
and oxycodone. Plasma concentration-tine curves are shown in figures
156-174. These exanples illustrate that doses of oxycodone conjugates
decrease the peak level (C.) of oxycodone plus oxynorphone as conpared to

t hat produced by equi nolar (oxycodone base) doses of oxycodone HCl1 when
given by the oral route of adm nistration. Exanple 114. O al

bi oavail ability of a pepti de-oxycodone conjugates at a dose (2.5 ng/ke)
approxi mating a therapeutic human dose [505] This exanple 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 mai ntained as conpared to an equi nol ar oxyocodone dose when the dose
adm nistered is 1 ng/kg. This dose is the equivalent of a hunman dose of 25
to 35 ng for an individual weighing 70 kg (148 |bs) according to Chou et al.
120 WD 2005/ 032474 PCT/ US2004/ 032131 Table 74. Oral Pharnmacoki netics of
Oxycodone vs. P2L12)-0OC (2.5 ng/ kg dose).
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Hours AUC (ng(m h) Percent Cmax Percent Drug -0-.5-FI-.5-F73 5 8 0-8 h CC
no/m OC O odone Bitartrate 145 27 11 2 1 168 100 145 100 PPL 2 -OC 124 76
46 1 31 278 165 124 86 oxycodone plus oxynorphone Exanple 115
Bi oavailability of P2L,?.-oxycodone by the intranasal route {506] Thi s
exanpl e i | WRHPFEPRE4 hat when PPL(2) is conjugated to tRETHEP{B2Edent
oxycodone the bioavailability by the intranasal route is substantially
decreased thereby dimnishing the possibility of overdose (Table 75, figure
194). Table 75. Intranasal Pharmacoki netics of Oxyocodone vs. P2L(2]-0OC (1
ng/ kg dose) M nutes AUC (ng/m h) Percent Crax Percent Dru 5 15 30 60 O-1
OC. | gtvREH 8 103244 SkQ0 PPL 2
-oc 1380 498%9‘%‘8%@6‘3%18?{&1% 1%%&@3&%%5212 N&ggoﬁﬁs m)rph%?ll% Exanpl e 116
Bi oavai | abi |fot yh.oftO21 past mg/wdmdewlﬂyN'aH@Oe lantlg dlr@drméia@mﬂand'rhl S

exanple illustrate at 21< on, e ac e agent
oxycodone t HY2RfF gﬁ@zﬁ? efﬁ { %/P?ﬁé“|WﬂSrmg ica t)g(\fllﬂﬁfl'l ally
decreased theyapAC/Hexah®Ni Nng the possibility of overdose (Tabl e 76, figure
195). Table Ex6' | nt ravenous Phar rracokl net i CS of &yocodot%e vs. P2L(2)-OC (1

mg/ kg dose)CXamipid 2 3 Apids{Nauratlyneecurrpg £20)5 30 60
0-1 h G n/ ne 4,94, 1 PPL 2 -CC
22 19 19 43 [525]05»)%&\ gﬁ ;[l e pI ‘Z’h%rig(ygrp or?g&éu%gr%%c%%f Vivo

testing of Mhmwh@medpahmmmst@amémﬂm] In vivo testu ng of

"t rangsal AR Bi5p Ry of ABk (atd temol) o TR vgE ERC CANCTRAD: sﬁe P

bi 0avai | abi | kn) AVGHABS ide~3b rR Tosth{i%ra'dbéﬂsdhﬁ Bodles, @ i) el ow

u
Exanpl e 117. Decr eased I ntranasal Bioavallability (AUC and p, Oxycodone
one time and the reaction mixture was stirred at room temperatore overmght The

. solution was neutralized with 1IN HCl and the THF was removed under reduced
pressure. The residue was diluted with ethyl acetate (EtOAc), satd. NaHCO; was
added and stirred for 1h. EtOAc part was washed with NaHCQO; and brine. Dried
over Na;SO, and evaporated to dryness. Crude product was puﬁﬁcd with either
silica gel column. (30% EtOAc/Hexane).

Other Oxycodone Conjugates

Example 109, Glycopeptides

[497] Using galactose and a number of tripeptides, glycopeptides will be produced.
Initial Glycopeptides to be Produced

1. {(Gal-Gly,-lle),-OC
2. (Gal-Proz-lle),-OC
3. (Gal-Gly,-Leu),-OC
4. (Gal-Proy-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
[500] Figure 154 depicts formation of an enol ether with serine.
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Conic ag tes [509] Male Sprague-Dawl ey rats were provided water ad |ibitum
and doses were adm nistered by placing 0.02 m of water containing
oxycodone conjugates or 121 WD 2005/ 032474 PCT/ US2004/ 032131 oxycodone
bitartrate into the nasal flares. Al doses contained equival ent amounts of
oxycodone WasW05/BRersna oxycodone concentrati ons were nepsuiedodug2izl! SA
(Oxynor phone, 102919, Neogen, Corporation, Lexington, KY). The assay is
speci fic for oxynorphone (the major oxycodone netabolite) and oxycodone.
Plasma concentration-tinme curves of various oxycodone conjugates Vvs.
oxycodone HCl1 are shown in figures 175-192. These exanples illustrate that

d tes d th | evel d total t
CAUO) SPeoiwsﬂgﬁaﬁslsaﬁecéﬁm,pﬂﬁﬁﬁﬁa e Wil BRBdfed.q Ray by
equi mol ar " ( exEAOREuIH BE ShbIdAS Bst @ﬁmwsis%ﬁeﬂenm)mm&l 488 would he

I nt ranasal route of adm ni stration. EXanple 118. Decreased |ntravenous
Bi oavai | abi b¢ foypedim thisdeacipy- of Oxycodone Con'u ates [510] Mal e
Sprague- Da () ovided water ad |ibitum and doses were

adm ni stere SimpiE Wﬁfrrotrgs tail vein injection of 0.1 m of water
cont ai ni ng [M}ICEiﬂmteatSBdapwtgaiaeﬁxm&bwﬁncodone HC1. All doses contai ned

equi val ent of oxycodo e base. X dong concentratlons wer e
measur ed by?%rg&%ﬁ%r , 101 ool r%@i‘? X@S‘F ¢hain ngt on,
KY). The as%ﬁ&db’ﬁﬁﬁ%ﬁl‘%&ﬂi’u gyg%ﬂmeﬁt%ﬁg&or oxycodone met abol i te)

and oxycodone. Plasma concentr tlon time curv of an oxycodone conj ugate
VS. oxycodoﬁbnj@tessokmpme | n f| gure 195. This exanple illustrates that an
oxycodone conj uig peak | evel (C.) and total absorption

(AUC) of oxycodo lyb one as conpared to those produced by an
equi mol ar (oxyc of oxycodone HCl when given by the
i ntravenous route @loa@ﬁﬁ EIQ tion. oral 2m/k intranasal 2m k %AUC %Cm
YAUC %Cm G - Q4 Bio-Gloelew:®XC 29 48 Pro-G u-Val -0OC 90 82 34 46

G u- Pro-Val Figges 146.1338embnshite plasma levels of oxycodone measured by ELISA.

Example 113. Decreased oral Cpe; of Oxycodone Conjugates
[504] Male Sprague-Dawley rats were provided water ad libitum, fasted overnight

and dosed by oral gavage with oxycodone conjugates or oxycodone HCI. All doses
contained equivalent amounts of oxycodone base. Plasma oxycodone concentrations
were measured by ELISA (Oxymorphone, 102919, Neogen, Corporation, Lexington,
KY). The assay is specific for oxymorphone (the major oxycodone metabolite) and
oxycodone. Plasma concentration-time curves are shown in figures 156-174. These
examples illustrate that doses of oxycodone conjugates decrease the peak level
(Cuax) 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 ata 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) fo 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.
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Ser-d@ -Va 2-0C 90 92 64 73 du-T r-VvVal z-OC 115 103 18 20 M2 OC 92 99 56
54 2-0C 71 82 3 4 Leu-T r-Val2-OC 131 120 4 5 OC = Oxycodone 122 WO

2005/ 032474 PCTI US2004/ 032131 [5111 Col |l ectively, exanples 33 through 118
illustrate the a Ilcatlon of the invention for reducing the overdose
potential &OMWHEI# e anal gesics. These exanpl es estab?gyﬁs%“%{‘f”b?ﬁ active
agent can be coval ently nodi fi ed by attachnent of a chemcal noiety in a
manner that maintains therapeutic value over a normal dosing range, while
substantially decreasing if not elimnating the possibility of overdose by

oral, intranasal, or intravenous routes of admnistration with the active
agent. 123 @aﬁlbl'm Ofhl Parimaédkirbtiod oﬂm:kglc&.ﬂbn&ﬂs IBI%?OOE(QIS rﬁ@kgdﬂse@rm dosage
formof an nyvr‘nrlnnn col r'nQJ ti-oh—conpri.si ng. —cov ent |l v _haondi ng-at the 6'

position afd the 14' posiltion-HeHrs ¢ai o‘%&@@fﬁ'h@ é’eé‘%eﬂgl@" 'Wﬁ'ql d or an
ol i gopept i cLe_of_ELESOJ_f_emérib.r. B 13d wher ei n
the ol i gopg el 2dp(1132 |4 i_agai_ in the
ol i gopept i cl_@_,:_@)‘gcf Li-pept i1 78 46 He t hotl8of dl 31651 2l AR%rlei 86+ e

ol i gopept i d@xy@danq@wwémrplwe 5. The nethod of cl.aim 1 wherein the

ol | goDent i Ay, 1S ARG R Sed AR nsfshh{obycaer el 1 the

ol i gopeptideTs a he rein said
ol i gopept i dQSQﬁ)ns"hrstampbeﬂustmtdsyhajﬁnhend’ﬁ’m.(%)lm yomjagatedr torthe athecagemtl ds. 8.

Th t hod of cl l d t t [
ocgu;nrsl ng ?i’ﬁ'?"f??gg’égﬂl?s oéva?ll?ﬂ’é‘%%l?? htg ‘gtf*{‘)’@?"(il efcig\r/]ﬁ%b‘?tﬁ'?s ¥a‘€q?fmgfreago)pl)ept i de
i s G u- Pro- Yidreby difdinishids tHEHORMIIAY oftoverdiRs FFdBleeBCHg@Jellgwept ide is

G u-Tyr-Val. 11. The net od of 1, wherein each of opept’i de |s Il e-Tyr-Val.
‘Table 75. Intranasal Pharmacokinetics of Oxyocodone vs. P 2-OC (1 mg/kg

dose).
‘ Minutes AUC (ng/ml h) | Percent | Cmax | Percent
Drug 5 15 | 30 | 60 01h OC. | ng/mi ocC
Oxycodone Bitarirate | 2128 | 1003 | 688 | 278 428 100 2128 100
PPL(2)-0C 1380 | 499 [ 390 | 98 261 ' 61 1380.] 65

oxycodone plus oxymorphone

Example 116 Bioavailability of P2L;-oxycodone by the intravenous route

{507) This example illustrates that when P2L¢;) is conjugated to the active agent
oxycodone the bioavailability by the intravenous route is substantially decn‘:ased
thereby diminishing the possibility of overdose (Table 76, figure 195).

Table 76. Intravenous Pharmacokinetics of Oxyocodone vs. P2L¢)-OC (1 mg/kg

dose).
Minutes AUC (ng/ml h) | Percent { Cmax | Percent
Drug 5 | 15 | 30|60 0-1h OC |ngml| OC -
Oxycodone Bitartrate | 99 | 104 | 94 | 51 82 100 99 100
PPL(2)-0C 221 19 [ 19143 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 Cuay, decreased intranasal bioavailability (AUC and Cix), and dec;eased
intravenous bioavailability (AUC and Cay) and is described in further detail below.
Example 117, Decreased Intranasal Bipavailability (AUC and Cy,,) of Oxycodone

Conjugates
[509] Male Sprague-Dawley rats were provided water ad libitum and doses were

administered by placing 0.02 ml of water containing oxycodone conjugates or
121



12. The method of clains 1 wherein said oligopeptide is Phe-Phe-Lys-Phe-Phe
[SEQ ID NO 5] Tyr-Tyr-Lys-Tyr-Tyr [SEQ ID NGO 4], or d u-d u-Phe-Phe-Ile
[SEQID NG 1]. 13. The nethod of claim9, wherein said oral dosage formis
a tablet, a capsule, an oral solution, or an oral suspension. 14. The

met hod of WO2M03374 wherein said oral dosage formis a REWL0/OR1EBpsul e,

an oral solution, or an oral suspension. 15. The nmethod of claim 11, wherein
said oral dosage formis a tablet, a capsule, an oral solution, or an oral
suspension. 16. The method of claim 3, wherein the at | east one tripeptide
is Asp-Asp-lle, Q@y- Tyr-Ile, Phe-Phe-Val, Tyr-Tyr-Ile, Asp-Asp-Val,

d y- Tyr - Leu oxpRivdoivabitaxtedic infythe ngsa} flmbe Aucaouesmoptamd eq@ivglemyamovats of

Vel - G u- O y oxigegonel b Pl o Baly conspiieppl i maeaiogr . Efsa
Lys- Lys- Leu Ry oy 02910, N, Cplton o, 67 - Yoy i

d y-d u-Vval r-Val, Ser-Thr-Val, Ay-Ay-lle, Phe-Phe-1leg,
Thr - Thr - Val SPwdicyfoLemwhonprﬁ@ﬂ g B ycodeRe m&;tpbqht@ﬂvépxy@ﬂonerﬁhﬂswm hod of

Pho- pho. val CoRsArRih bR dr Rub Btodthe CTs R s fucliinflef ad > |,
Tyr-Phe, d lshd\smm/ﬁlgureﬁlys -192.- \ihiese SamplEsLillviadate ﬂ'mt oXyuoddfad corfigate€d u- Val ,
Pr o- Pr 6. Leudeispiss b g ével yGoey 43 i PogmBpg. () of esdionsaplus
Lys-Lys- Val ,oxgﬂf) rplbae A&ompalel Yo Mokl \}M%Huce&lﬂ?'e fuol@'(exy%@dﬁn-gm'as Xﬂbscs
Ady-Ady-lle, Phe-Phe-1le, "Thr-Thr- eu- Val', "Phe- Phe-

Tyr - Pr o- Val OfSI!ByCOdm HiSt el men@wahmmmm@mﬁmwsmﬁ@opept ideis
G u- Asp- Val . ,

Ser-d y- Val . <EF formis a

tablet, a c@gige_@g an oral sol utlon or an oral suspensmn 21. The met hod
of claim 17, wherein said oral dosag e formis a tab] et, a capsule, an oral

sol ution, ol5H¥H Maéﬁ Spragysehavisy rats zveremevﬁeq war gf h@Ftﬁ’inrﬁnfadOS%h‘é?fél n said
or al dosage ABRRterSd Dyt Halnond BRRRH Brectidf B¢ MPlF VAR cSHraifigOr 2!

suspensi on.
oxycodone conjugates or oxycodone HCI. All doses contained equivalent amounts

of oxycodone base. Plasma oxycodone concentrations were measured by ELISA
(Oxymorphone, 102919, Neogen, Corporation, Lexington, KY). The assay is
. specific for oxymorphone (the major oxycodone metabolite) and oxycodone. Plasma
concentration-time curves of an oxycodone conjugate vs. oxycodone HCI is shown
in figure 195. This example illustrates that an oxycodone conjugate decreases the
peak level (Cpay) and total absorption (AUC) of oxycodone plus oxymorphone as
compared to those produced by an cqﬁimolar (oxycodone base) dose of oxycodone

HCI when given by the intravenous route of administration.

oral 2mgrl£g intranasal 2mg/kg

% AUC | % Cmax | % AUC | % Cmax
[Gly-GluVal, OC {93 |61 29 48
[Pro-Glu-Vall;-OC | 90 a2 34 46
[Gilu-Pro-Vall,-OC | 142 134 56 65
[Ser-Gly-Vall,-OC | 90 92 84 73
[Glu-Tyr-Vail,-OC | 115 103 18 20
[Gly-Tyr-Vall,-OC | 92 29 56 54
[le-Tyr-Vall,-QC | 71 8z 3 4
[Leu-Tyr-Val],-OC | 131 120 4 5

OC = Oxycodone
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23. The nethod of claim 19, wherein said oral dosage formis a tablet, a
capsule, an oral solution, or an oral suspension. 24. The nethod of any of
claims 1, 9, or 19, wherein the nethod prevents spiking or increased bl ood
serum concentrations when delivered at doses exceeding those wthin the

t her apeut (WO RWARR4TK sai d oxycodone. 25. The nethod of PEMYSHME2MINg 1, 9,
or 19, wherein the pharnmacol ogical activity of oxycodone is substantially
decreased when the conposition is used in a manner inconsistent with the
manuf acturer's instructions as conpared to unbound oxycodone. 26. The

met hod of any of clains 1, 9, or 19, wherein said oxycodone is rel eased

into a pati ' é§¥§§r§éﬁ% t el r gee idn€ or

del ayed m@ﬁ]sgf@e or  oxyc %%)nalesegﬁgé%lr 2% ég‘gs\&g'tet tﬁte%r ?&’gﬁﬁ%ﬁfﬁf fective
bi oavai | abiiniengionufovereduchyz theth @vendoseo gotehitiahnof oérceticaianalggsicsg, Thesel9, wherein
t he bi oavail abilit f.th caoval ent | di fied ox ne. s dimani shed and
del ayed whe® l&f\'fét? hgv?apg V&*‘%@ﬁé‘?%ﬁ‘ﬁ’ GBE%P“’%%VS"‘FF‘%H%E]OQS conpar ed
to unbound HAEAEHD ARietyth a thiherBibh@sin@ins MityapehticVahid el a nfrmabdosly wherein
the nethod provides a therapeutically effective_ bioayajlability curve when

del i ver ed owRBgs, whilsubstantisly: decreasing ifnetelimipging: the possality of averdgss i ons. 29,
The net hod i ' aﬂﬁﬁ i : events spi ki ng
or i nc'rease@hf)r?pé%)il s%@d%%ﬁ%@ﬁ?ﬂ%ﬁ%%@ eﬁﬁﬁlgpiﬁgﬁgﬁt{w%@é exceedi ng
those wthin the therapeutic range of said oxycodone. 30. A nethod for
altering short termbioavailability of oxycodone in an oral dosage form
conposition conprising: covalently bonding at the 6' position and the 14
position of said oxycodone a single amno acid or an oligopeptide of 12 or
fewer am no acids such that the short term bioavailability of oxycodone is
altered. 125 31. The nmethod of claim 30, wherein the oligopeptide is a

di peptide. 32. The nethod of claim 30, wherein the oligopeptide is a
tripeptide. 33. The nethod of claim 30, wherein the oligopeptide is a
tetrapeptide. 34. The nethod of claim 30, wherein the oligopeptide is a
pent apeptide. 35. The nethod of claim 30, wherein the oligopeptide is a
hexapepti de. 36. The nethod of claim 30, wherein said oligopeptide consists
essentially of ’
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natural ly occurring am no acids. 37. The nethod of claim 30, wherein said

ol i gopepti de consists of naturally occurring amno acids. 38. The nethod of
cl ai m 30, wherein each oligopeptide is G u-Pro-Vval. 39. The nethod of claim
30, wherein each oligopeptide is d u- -Val. 40. The nethod of claim 30,
wher ei n each oligopeptide is Ile-Tyr- m 41. The rret hod of clainms 30,
wherein said oli gopep |s Phe- Phe- Lys- Phe-Phe [SEQ D_NO 5]

Tyr - Tyr - Lys-ITy¥ mesho akingngn, ingrediegt Tay i @ahdfb??églfﬂ’énlolfén(LSEé"PD NO 1].
42. The et kempgsitien apwpsgngwm/ﬁ@pﬂy bending pithe §o rf andrihe 44'posiibnet , a
capsul e, arfonid oxyebdarieon single aminoragld euapehgipgptidel gt 1T joe femertronino f cl ai m
39, whereinasdsd oral dosage formis a tablet, a capsule, an oral solution,
or an oral suspension. 44. The method of claim40, wherein said oral dosage

formis a tabiraé methddaiTaMif 1 wherelt Bb oﬁ%’dﬁébhakms alipgptider al suspension. 45.
The met hod of claim 32, wherein the at ast one trlpeptlde IS Asp-Asp-Ile,

Ay-Tyr-11le, Vi I -Tyr - Leu,

Phe- Val - Val ﬂ?%ﬁ?%d@dm&%! WE%@‘HQ}QPI‘%?@@ \@LIPGP ro- A u- Val |
Tyr-Tyr-Val, uGIu Pro-Pro-1le, Val-G u- Gly,

d u- Leu- val 4 %E“‘Fﬁo a‘%’r waf"% 'i\flﬁﬂhg‘@eﬂu‘g“riﬁ a\?ﬁﬁfaPeE%e Lys- Leu,
Pro-Pro-Val, G u-Tyr- VaI Lys-Lys-Val, Ser- dy-Val, dy-d u-VaI,

Lys- Ser - Val ,5. She method\eficlaig 1 whikrpin the oligineptiteis|a pentappptideThr - val |

G y-Leu-Val, Phe-Phe-Leu, or Tyr-Pro-Val. 46. The nethod of claim 32,
wher ei n eacts, The pegliiddde dldmonehedeiniap oigapeplide is@ hexapeptide| e, Phe- Phe- Val ,
Tyr-Tyr-1le, Asp-Asp-Val, Ay-Tyr-Leu, Phe-Val-Val, Tyr- Tyr-Phe,

G u- Asp-Val 7 G Ryeiodlof d?al& @ whé/ﬁhn SM oll dpey@de cgléi'stge'ése\{ﬁ!ﬂly Idre-

Tyr-Val, Pr , Leu-Tyr-Val, Pro-Pro-Leu,
a u- Pro Vaﬁlaﬁ{aj{ys-% glgxo VaI GI u- Tyr VaI Lys- Lys Val ,

Ser-dy-Val, S- Ser - Va Ser-Thr -Ady-lle,.
She. Pho- 1 1e/ FHF 1 %\fﬁlﬁlmdy SR o Sk oY hfing 6 47
The method G¥MIBP &ifl§30, wherein each ol i gopeptide is du-Asp-Val. 48. The

met hod of claim 30, wherein each oligopeptide is Ser-dy-Val.
9. The method of claim 1, wherein each oligopeptide is Glu-Pro-Val.

10. The method of 1, wherein each oligopeptide is Glu-Tyr-Val.
11. The method of 1, wherein each oligopeptide is Ile-Tyr-Val.

12. The method of claims 1 wherein said oligopeptide is Phe-Phe-Lys-Phe-Phe
[SEQ ID NO: 5]Tyr-Tyr-Lys-Tyr-Tyr [SEQ ID NO: 4], or Glu-Glu-Phe-Phe-Ile
[SEQ ID NO: 1].

13. The method of claim 9, wherein said oral dosage form is a tablet, a capsule, an
oral solution, or an oral suspension.

14. The method of claim 10, wherein said oral dosage form is a tablet, a capsule,
an oral solution, or an oral suspension.

15. The method of claim 11, wherein said oral dosage form is a tablet, a capsule,
an oral solution, or an oral suspension.

16. The method of claim 3, wherein the at least one tripeptide is Asp-Asp-Ile, Gly-
Tyr-lle, Phe-Phe-Val, Tyr-Tyr-lIle, Asp-Asp-Val, Gly-Tyr-Leu, Phe-Val-Val, Tyr-
Tyr-Phe, Glu-Asp-Val, Gly-Tyr-Val, Pro-Glu-Val, Tyr-Tyr-Val, Glu-Glu-Val, Ile-
Tyr-Val, Pro-Pro-Ile, Val-Glu-Gly, Glu-Leu-Val, Leu-Tyr-Val, Pro-Pro-Leu, Glu-
Pro-Val, Lys-Lys-Leu, Pro-Pro-Vat, Glu-Tyr-Val, Lys-Lys-Val, Ser-Gly-Val,
Gly-Glu-Val, Lys-Ser-Val, Ser-Thr-Val, Gly-Gly-lle, Phe-Phe-Ile, Thr-Thr-Val,
Gly-Leu-Val, Phe-Phe-Leu, or Tyr-Pro-Val.

17. The method of claim 3, wherein each tripeptide is one of Asp-Asp-Ile, Gly-
Tyr-lle, Phe-Phe-Val, Tyr-Tyr-lle, Asp-Asp-Val, Gly-Tyr-Leu, Phe-Val-Val, Tyr-
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49. The nethod of claim45, wherein said oral dosage formis a tablet, a
capsule, an oral solution, or an oral suspension. 50. The nethod of claim
46, wheréin said oral dosage formis a tablet, a capsule, an oral soI ution,

or an oral Spens The t of .cl e dosage
formis a tgtlﬂ % Qﬁ’c &3’%& ﬁ‘?ﬁjdprgoq}]ﬂff?@mr TYT\QQ (a?g\lcg ‘g"é« 9 on.

The net hod cﬁyrt\ff’é# A%O'Wéfraéﬂq{uﬁ}’ Lgu-Hals hge venVali o rpdispetilu-5

capsul e, arPrerval, dosdpisdien, dirodirodfad Qiuél'pféﬁ ohys$3s-Vihe S|¢éﬂ1|bd’abf any of
clainms 30, 3Bly-Gu-Vid, LykSeeiVial,t $ar-Thet Ve d Ghy-6le bt s PhePhilleg Thr-Thndakased

bl ood ser um@lgricarV slaPheRbe-Mea[ddrowealed at doses exceeding those within

the therapeutic range of said oxycodone. 54. The nethod of any of clains 30,

38, or 48, viwergé heltha &Q%mcwh%&@dch oAgbpaptitly iOfOXYsedene i s
substantial |y decreased when the conposition'is used in a manner

I nconsi st ent e t red to unbound
oxycodone. Wﬂf%me%é)fjﬂggﬁl@q ﬁ@l%%efléc Cﬂ%ﬁrggg%’kIS?i% S ﬁggpﬁvmgel n said
oxycodone is_rel eased to a _patjient's, bl oo stre mat |evels that give rise
to a reducec?-oo& e&@f@do daig, 6. mbereip;spid qray %ﬁg&gﬁeﬂé 'e:‘ebracﬁpa@%
therapeut|caﬁnl(yaléphé@ﬂi%@n%ﬁ]o%‘ﬁmm’é’ﬁi lity curve. 56. The method of any of
clainms 30, 38, or 48, wherein the bioavailability of the covalently

nodi fi ed oxyzjodhamdtbodjéﬁntlmihs & dwizareindeldayrelddoshgnicdml is \actaleldt, laycapsudelt es ot her
than oral adif dthlSsohiohOdr @Sorglodepeneidnt 0 unbound oxycodone. 57. The net hod of
any of clains 30, 38, or 48, wherein the nethod provides a therapeutically

ffect bi d
Wiha \r/rgnu:‘%ag;b %’%""isj{j‘ 5?;;%}&9‘?@*{%‘“‘5“' A Ry A o BRI 50 3s,
R

or 48, whereln reven Spi king or increased bl ood serum

concentratio s en de red doses exce dlng those thin th
t her apeutic %Ja?%ﬁ ?‘F‘éemfﬁ‘fl % q_r!nST"I lets R1GEBSWR:- OKLE,
Travis KRl SHQA.N& Iption, oranoral suspension.

24. The method of any of claims 1, 9, or 19, wherein the method prevents spiking
or increased blood serum concentrations when delivered at doses exceeding those
within the therapeutic range of said oxycodone.

25. The method of any of claims 1, 9, or 19, wherein the pharmacological activity
of oxycodone is substantially decreased when the composition is used in a manner
inconsistent with the manufacturer's instructions as compared to unbound
oxycodone.

26. The method of any of claims 1, 9, or 19, wherein said oxycodone is released
into a patient's bloodstream at levels that give rise to a reduced or delayed Cax
spike for oxycodone and provides a therapeutically effective bioavailability curve.

27. The method of any of claims 1, 9, or 19, wherein the bioavailability of the
covalently modified oxycodone is diminished and delayed when delivered by
routes other than oral administration as compared to unbound oxycodone.

28. The method of any of claims 1, 9, or 19, wherein the method provides a
therapeutically effective bioavailability curve when delivered orally and in
accordance with a manufacturer's instructions.

29. The method of any of claims 1, 9, or 19, wherein the method prevents spiking
or increased blood serum concentrations when delivered at doses exceeding those
within the therapeutic range of said oxycodone.

30. A method for altering short term bioavailability of oxycodone in an oral
dosage form composition comprising: covalently bonding at the 6' position and
the 14' position of said oxycodone a single amino acid or an oligopeptide of 12 or
fewer amino acids such that the short term bioavailability of oxycodone is altered.
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MONCRI EF, Janes Scott LAUDERBACK, Christopher MLLER, Christal <120>

Phar maceuti cal Conpositions for Prevention of Overdose or Abuse <130>
54719. 000106 <140> PCT/ US04/ 32131 <141> 2004-09-30 <150> 60/507,012 <151>
2003-09-30 <150> 60/567,800 <151> 2004-05-05 <150> 60/567,802 <151>
2004- 05-05 _<150> 60/568,011_ <151> 2004-05-05, <160> 26 <170> Patentln
version 3. 231-<§‘P096tg032§ﬁ1§“’530s epein Hheroligopapside;is Pﬁiﬂ?i’ﬁ&e‘sequence <220>
<223> synthetic carrier <400> 1 Ay Gy Ay Gy Leu 15 <210> 2 1 <211> 6
<212> PRT <32.3Bheanethod of elhing 3¢uedrarein thepsligopeptide is a tripeptide.

33. The method of claim 30, wherein the oligopeptide is a tetrapeptide.
34. The method of claim 30, wherein the oligopeptide is a pentapeptide.
35. The method of claim 30, wherein the oligopeptide is a hexapeptide.

36. The method of claim 30, wherein said oligopeptide consists essentially of
naturally occurring amino acids.

37. The method of claim 30, wherein said oligopeptide consists of naturally
occurring amino acids.

38. The method of claim 30, wherein each oligopeptide is Glu-Pro-Val.
39. The method of claim 30, wherein each oligopeptide is Glu-Tyr-Val.
40. The method of claim 30, wherein each oligopeptide is Ile-Tyr-Val.

41. The method of claims 30, wherein said oligopeptide is Phe-Phe-Lys-Phe-Phe
[SEQ D NO: 5] Tyr-Tyr-Lys-Tyr-Tyr [SEQ ID NO: 4], or Glu-Glu-Phe-Phe-lle
[SEQID NO: 1].

42. The method of claim 38, wherein said oral dosage form is a tablet, a capsule,
an oral solution, or an oral suspension.

43. The method of claim 39, wherein said oral dosage form is a tablet, a capsule,
an oral solution, or an oral suspension.

44, The method of claim 40, wherein said oral dosage form is a tablet, a capsule,
an oral solution, or an oral suspension.

45. The method of claim 32, wherein the at least one tripeptide is Asp-Asp-lle,
Gly-Tyr-Ile, Phe-Phe-Val, Tyr-Tyr-lle, Asp-Asp-Val, Gly-Tyr-Leu, Phe-Val-Val,
Tyr-Tyr-Phe, Glu-Asp-Val, Gly-Tyr-Val, Pro-Glu-Val, Tyr-Tyr-Val, Glu-Glu-
Val, lle-Tyr-Val, Pro-Pro-lle, Val-Glu-Gly, Glu-Leu-Val, Leu-Tyr-Val, Pro-Pro-
Leu, Glu-Pro-Val, Lys-Lys-Leu, Pro-Pro-Val, Glu-Tyr-Val, Lys-Lys-Val, Ser-
Gly-Val, Gly-Glu-Val, Lys-Ser-Val, Ser-Thr-Val, Gly-Gly-lle, Phe-Phe-lle, Thr-
Thr-Val, Gly-Leu-Val, Phe-Phe-Leu, or Tyr-Pro-Val.

46. The method of claim 32, wherein each tripeptide is one of Asp-Asp-Ile, Gly-
Tyr-lle, Phe-Phe-Val, Tyr-Tyr-lle, Asp-Asp-Val, Gly-Tyr-Leu, Phe-Val-Val, Tyr-
Tyr-Phe, Glu-Asp-Val, Gly-Tyr-Val, Pro-Glu-Val, Tyr-Tyr-Val, Glu-Glu-Val, Ile-
Tyr-Val, Pro-Pro-lle, Val-Glu-Gly, Glu-Leu-Val, Leu-Tyr-Val, Pro-Pro-Leu, Glu-
Pro-Val, Lys-Lys-Leu, Pro-Pro-Val, Glu-Tyr-Val, Lys-Lys-Val, Ser-Gly-Val,
Gly-Glu-Val, Lys-Ser-Val, Ser-Thr-Val, Gly-Gly-Ile, Phe-Phe-Ile, Thr-Thr-Val,
Gly-Leu-Val, Phe-Phe-Leu, Tyr-Pro-Val.
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<223> synthetic carrier <400> 2 Gu du Phe Phe Phe Ile 1 5 <210> 3 <211>

5 <212> PRT <213> artificial sequence <220> <223> synthetic carrier
Phe Phe Phe 1 5 <210> 4 <211> 6 <212> PRT <213> artificial

3 du du
sequence
5 <210> 5
synt hetic

<400>

<220> <223> synthetic carrier <400> 4 dy Gy Lys Lys dy Gy 1

<211> 5 <212> PRT <213> artificial sequence 2 <220> <223>

carrier <400> 5 du GQu Phe Phe Ile 1 5
47. The method of claim 30, wherein each oligopeptide is Glu-Asp-Val.

48. The method of claim 30, wherein each oligopeptide is Ser-Gly-Val.

49. The method of claim 45, wherein said oral dosage form is a tablet, a capsule,
an oral solution, or an oral suspension.

50. The method of claim 46, wherein said oral dosage form is a tablet, a capsule,
an oral solution, or an oral suspension.

51. The method of claim 47, wherein said oral dosage form is a tablet, a capsule,
an oral solution, or an oral suspension.

52. The method of claim 48, wherein said oral dosage form is a tablet, a capsule,
an oral solution, or an oral suspension.

53. The method of any of claims 30, 38, or 48, wherein the method prevents
spiking or increased blood serum concentrations when delivered at doses
exceeding those within the therapeutic range of said oxycodone.

54. The method of any of claims 30, 38, or 48, wherein the pharmacological
activity of oxycodone is substantially decreased when the composition is used in a
manner inconsistent with the manufacturer's instructions as compared to unbound
oxycodone.

55. The method of any of claims 30, 38, or 48, wherein said oxycodone is released
into a patient's bloodstream at levels that give rise to a reduced or delayed
C.sub.max spike for oxycodone and provides a therapeutically effective
bioavailability curve.

56. The method of any of claims 30, 38, or 48, wherein the bioavailability of the
covalently modified oxycodone is diminished and delayed when delivered by
routes other than oral administration as compared to unbound oxycodone.

57. The method of any of claims 30, 38, or 48, wherein the method provides a
therapeutically effective bioavailability curve when delivered orally and in
accordance with a manufacturer's instructions.

58. The method of any of claims 30, 38, or 48, wherein the method prevents

spiking or increased blood serum concentrations when delivered at doses
exceeding those within the therapeutic range of said oxycodone.
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<210> 6 <211> 5 <212> PRT <213>
carrier <400> 6 Tyr Tyr Phe Phe
artificial sequence <220> <223>
Tyr 1 5 <210> 8 <211> 5 <212>
synthetic carrier <400> 8 3 Phe

artificial sequence <220> <223> synthetic
lle 15 <210> 7 <211> 5 <212> PRT <213>
synthetic carrier <400> 7 Tyr Tyr Lys Tyr
PRT <213> artificial sequence <220> <223>
Phe Lys Phe Phe 1 5 <210> 9 <211> 4

<212> PRT <213> artificial sequence

SEQUENCE LISTING

<110> MICKLE, Travis
KRISHNAN, Suma
MONCRIEF, James Scott
LAUDERBACK, Christopher
MILLER, Christal

<i20> Pharmaceutical Compositions for Prevention of Overdose or Abuse

<130> 54719.000106

<140> PCT/US04/32131
<141> 2004-09-30

<150> 60/507,012
<151> 2003-09-30

<150> 60/567,800
<151> 2004-05-05

<150> 60/567,802
<i51> 2004-05-05
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<151> 2004-05-05

<160> 26

<170> Patentin version 3.2
<210> 1]

211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 1
Gly Gly Gly Gly Leu
1 5

<210> 2



<220> <223> synthetic carrier <400> 9 Lys Lys Ay Qy
sequence <220> <223> synthetic carrier
<210> 11 <211> 5 <212> PRT <213> artificial

<212> PRT <213> artificial

Tyr Tyr

sequence

Phe Prolle 15

<220> <223> synthetic carrier

<210> 12 <211> 5 <212> PRT <213> artificial sequence

synthetic carrier

<211> 6
<212> PRT
<213> artificial sequence

<220>
<223> synthetic carrier

<400> 2

Glu Glu Phe Phe Phe 1le
1 5

<210> 3

<211= 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 3

Glu Glu Phe Phe Phe
1 5

<210> 4

211> 6

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 4

Gly Gly Lys Lys Gly Gly
| 5

<210> 5

<211> 5

<212> PRT

<213> artificial sequence

<400> 12 Qu Au dy dy Ille

1 <210> 10

<220> <223>

<211> 5
<400> 10

<400> 11 u du du du du 15 4



15 <210> 13 <211> 5 <212> PRT <213> artificial sequence <220> <223>
synthetic carrier <400> 13 Gu GQu dy Gy Leu 15 <210> 14 <211> 5
<212> PRT <213> artificial sequence <220> <223> synthetic carrier <400> 14
dy dy dy Gy Ile 15 <210> 15 <211> 5 <212> PRT 5 <213> artificial
sequence <220> <223> synthetic carrier <400> 15 Lys Lys Ay Ay fie 15
<210> 16 <211> 5 <212> PRT

<220>
<223> synthetic carrier

<400> 5

Glu Glu Phe Phe lle
] 5

<210> 6

211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 6

Tyr Tyr Phe Phe lle
1 5

<210> 7

<211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 7
Tyr Tyr Lys Tyr Tyr
! 5

<210> 8

<201> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 8



<213> artificial sequence <220> <223> synthetic carrier <400> 16 Lys Lys
Pro Prolie 15 <210> 17 <211> 5 <212> PRT <213> artificial sequence
<220> <223> synthetic carrier <400> 17 Tyr Tyr dy Ay Ile 1 5 <210> 18
<211> 5 <212> PRT <213> artificial sequence <220> <223> synthetic carrier
6 <400> 18 Gy Gy Pro Prolie 15 <210> 19 <211> 5 <212> PRT <213>
artificial sequence <220> <223> synthetic carrier <400> 19

Phe Phe Lys Phe Phe
] 5

<210> 9

<211> 4

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 9

Lys Lys Gly Gly
1

210> 10

<211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 10

Tyr Tyr Phe Pro lle
| 5

<210> 11

211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 11

Glu Glu Glu Glu Glu
1 5



Asp Asp Phe Phe lie 1 5 <210> 20 <211> 5 <212> PRT <213> artifici al
sequence <220> <223> synthetic carrier <400> 20 GQu Gu Asp Asplie 15
<210> 21 <211> 5 <212> PRT <213> artificial sequence <220> <223> synthetic
carrier <400> 21 Lys Lys Asp Asp lle 7 1 5 <210> 22 <211> 5 <212> PRT
<213> artificial sequence <220> <223> synthetic carrier <400> 22 Tyr Tyr
Qu du lle 15 <210> 23 <211> 5

210> 12

<211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 12

Glu Glu Gly Gly lie
1 5

210> 13

Q21> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 13

Glu Glu Gly Gly Leu
1 5

<210> 14

211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 14

Gly Gly Gly Gly lle
I 5

<210> 15
211> 5
<212> PRT



<212> PRT <213> artificial sequence <220> <223> synthetic carrier <400> 23
Asp Asp Asp Asp Ile 1 5 <210> 24 <211> 5 <212> PRT <213> artificial
sequence <220> <223> synthetic carrier <400> 24 Lys Lys Qu GQulle 15 8

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 15

Lys Lys Gly Gly lle
1 5

<210> 16

211> 5

<212> PRT

<213> artificial sequence

<220
<223> synthetic carrier

<400> 16

Lys Lys Pro Pro lie
] 5

<210> 17

<211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 17

Tyr Tyr Gly Gly lle
1 5

<210> 18

211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier



<400> 18

Gly Gly Pro Pro lle
I 3

<210> 19

21> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 19

Asp Asp Phe Phe lle
1 5

<210> 20

<211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 20

Glu Glu Asp Asp Ile
1 5

210> 21

<211> §

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 21

Lys Lys Asp Asp lle



TSPV

<210> 22

211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 22

Tyr Tyr Glu Glu lle
1 5

<210> 23

211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 23

Asp Asp Asp Asp lle
1 5

<210> 24

211> 5

<212> PRT

<213> artificial sequence

<220>
<223> synthetic carrier

<400> 24

Lys Lys Glu Glu lle
l 5





