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PHARMACEUTICAL COMPOSITIONS FOR
PREVENTION OF OVERDOSE OR ABUSE

CROSS REFERENCE RELATED APPLICATIONS
[001] This application claims benefit under 35 U.S.C. 120 and is a continuation-in-
part of U.S. PCT/US04/32131 filed September 30, 2004, which claims the benefit
under 35 U.S.C. 1 19(e).to U.S. Provisional application No. 60/567,800 filed Méy 5,
2004; U.S. Provisional application No. 60/507,012 filed September 30, 2003; U.S.
Provisional application No. 60/567,802 filed May 5, 2004; U.S. Provisional
application No. 60/568,011 filed on May 5, 2004, all of which are hereby
incorporatéd by reference in their entirety.
[002] This applica;ion also claims benefit under 35 U.S.C. 120 as a continuation-in-
part of pendingU.S. Patent Application 10/923,130, which also claims benefit under
35 U.S.C. 120 as a continuation-in-part of U.S. Patent Application 10/156,527 filed
May. 29, 2002, ‘which is a continuation-in-part of U.S. Patent Application No.
0'9/987 ,458, filed November 14, 2001, now aband'oned, which claimed the benefit of
each of the following provisional applications under 35 U.S.C. 119(e); U.S.
‘Provisional application No.60/248,748, filed November 16, 2000, U.S: Provisiorial
application No.60/247,594, filed November 14, 2000, U.S. Provisional applicatioﬁ
No. 60/247,684, filed November 14, 2000, and U.S. Provisional applicaﬁon No.
60/248,733, filed November 14; 2000.
[003] U.S. Patent Application 10/156,527 also clalms benefit under 35 U.S.C. 120 as
a continuation-in-part of U.S. Patent Application 09/933,708, filed August 22,2001,
which is hereby inc_orporatcd' by reference in its entirety, which is a continuation-in-
part application of U.S. Patent Apl:;lication No. 09/642,820, filed August 22, 2000,
now U.S. Patent 6,716,452 and its divisional application 10/727,565 filed December
5, 2003 which is hereby incorporated by reference in its entirety.
[004] U.S. Patent Application 10/156,527 also claims benefit under 35 U.S.C. 120 as
a continuiation-in-part application of U.S. Patent Application No. 09/988.071, how
abandoned, filed November 16, 2001 ,which claimed the benefit of the following
provisional applications under 35 U.S.C. 119(e);U.S. Provisional application
No.60/248,528, filed November 16, 2000 and U.S. Provisional application No.
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60/247,627, filed November 16, 2000, and is also a continuation-in-part application of .
U.S. Patent Application No. 09/988,034, now abandoned, ﬁled November 16, 2001.
[005] U.S. Patent Application 10/156,527 also claims benefit under 35 U.S.C.-120 as
a cqntinﬁation—in—part application of International Application PCT/U SOl/430‘89'
designating the U.S., now abandoned, filed November 14, 2001 and International
Application PCT/US01/43117 designating the U.S., now abandoned, filed November
16, 2001 ‘ -

FIELD OF INVENTION ‘

[006] Accidental and intentional ovérdose with prescription and over the counter
drugs is a serious health problem with thousands of fatalities occurring each year as a
result. The present invention relates to pharmaceutical compositions comprised of a
chemical moiety attached to an active agent in a manner that substantially decreases
the potential of the active agent to cause overdose or to be abused. When delivered at
the proper dosage the pharmaceufical composition provides therapeutic actjvity .
similar to that of the parent active agent. However, when the composition is delivered
at higher doses the potential for overdose or abuse is reduced due to the limited
bioavailability of the active agent as compared to the active agent delivered as {ree
arug. : 4
BACKGROUND

[007] Drug overdose is a signifi.cant and growing problem. It can occur
accidentally, as when a child swallows pills without understanding the cén’sequences,
or intentionally as with suicide attempts. In addition, accidental overdose due to an
unusually 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., Ist. Med. Assoc. ., 4(4): 252-4 (2002), aspirin is perhaps more dangerous because
there is no antidote (Jones, Am. J. Ther. 9(3):245-57 (2002). '

[008] In the elderly population, drugs most often implicated in poisonings include
psychotherapeutic drugs, cardiovascular drugs, analgesics and anti-inflammatory
drugs, oral hypoglycemics and theophylline (Klein-Schwartz et al., Drugs Aging
1(1):67-89 (1991). It is important to realize that in many cases where death due to
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overdose is‘averted, there appears to be extensive morbidity-associated with overdoses
(Warner-Smith et al., Addition-97(8):963-7 (2002).

[009]. The Drug Abuse Warning Network (DAWN) reported in June 2003 on the

most recent trends in emergency department (ED) visits related to drug abuse'._ Daté

was presented for 8-year trends.from 1994 to 2001. .The following summaries were .
provided: - | ' ‘

e In 2001, there were over 638,000 ED visits felated to drug
abuse in the conterminous U.S. This translates to 252 visits per
100,000 populations or 0.6 percent of all ED visits.

e Seven categories of drugs accounted for 85% of the ED
~ mentioris in 2001. The ED visits related to drug abuse most
" frequently involved alcohol, (34% of mentions), marijuana
(17%), benzodiazepines (16%), narcotic analgesic
combinations (16%), heroin (15%), other
analges1cs/comb1nat10ns (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. . '

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

e 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 morphme (3,403) were much less frequent and not
increasing.

[010] Emergency department reporting for a number of drugs rose substantially from
1994 to 2000: These include: anticonvulsants, including carbamazepine (9,358 to
14,642, up 56.5%), muscle relaxants, including carisoprodol (12,223 to 19,001, up
55.5%), psychotherapeutic dmgs including SSRI antidepressants, tricyclic
antidepressants, and other antldepressants (190,467 to 220,289, up 15. 7%)
Anxiolytics, sedatives, and hypnotics, including benzodiazepines (74,637 to 103,972,
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~up 27.7%) and narcotic analgesics including codeine, hydfocodone, methadone,
oxycodone, propoxyphene and others (44,5_18 t0 99,317, up 123.1%).
[011] Other drugs for which the number of ED mentions did not rise but wér_e still
fesponsiﬁle for over 10,000 visits include r"esp@ratory agents, including antihistarhine's |
(12,238), antipsychotics including risperidone (20,182), nonsteroidal anti-
inflammatory agents, including ibuprofen and naproxen (22,663) and acetamihophén
(42,044). Aspirin and salicylates-NOS accounted for 8,499 ED visits in 2001'. '
[012] The commercial drugs benzodiazapines (16%), narcotic analgesics ot'hgr than
" heroin (16%), non-narcotic, aﬁalgesicé (12%), and antidepressants (10%) accounted

for 54% of ED visits in 2001. | |
{013] Oxycodone is an ingredient of Percodan, Percocet, Roxicet, and Tylox Itisa.
semisynthetic narcotic analgesic that is derived from thebaine. Available in oral
formulations often in combination with aspirin, phenacetin and caffeine. Typical adult
dose is 2.5 — 5 mg as the hydrochioride or terephthalate salt every 6 hours. Although it
is typically used for the relief of moderate to moderately severe pain, it can also
produce drug dependence of the rhorphine type. Therapeutic plasma concentration is
10-100 ng/mL and the tox1c plasma concentration is greater than 200 ng/mlL.
[014]) Hydrocodone is an 0plOld analgesu: and antitussive and occurs as fine, whlte
crystals or as crystallme powder. Hydrocodone is a semisynthetic narcotic analgesic
prepared from codeine with multiple actions qualitatively similar to those of codeine.
It is mainly used as an antitussive in cough syrups and tablets in sub-analgesic doses
(2.5 - 5 mg). Additionally, it is used for the relief of moderate to mbderatefy ‘séyere
pain. Hydromorphone is aidministéred orally in 5 - 10 mg doses four times daily.
Therapeutic plasma concentration is 1 — 30 ng/mL and the toxic plasma concentration .
is greater than 100 ng/mlL.. ‘
[015] Others have sought to prevent the potentlal harmful effects of overdose
through various formulations. For example, opioids have been combmed with
antagonists in particular formulations designed to counteract the opioid if the
formulation is disfupted before oral administration or is givén'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, .



WO 2007/126832 PCT/US2007/007594

-5

however, if excessive amounts are consumed emesis is induced therefore preventing
overdose. These methods, as well as conventional cdntrol release formulations, are
insufficient .;md paﬁ be easily circumvented. Consequently, improved methods are
needed to make drugs with reduced potential for overdose that are resistant to
manipulation. ' '
BRIEF DESCRIPTION OF THE FIGURES
[016] Figure 1. illustrates preparation of Galacto-Hydrocddone.
[017] Figure 2. Oral bioavailability of abuse-resistant hydrocodone carbohydrate ‘
cbhju'gates, measured as free hydrocodone (with m,easuréd plasma levels by ELISA).
[018] Figﬁre 3. illustrates preparation of Ribo-Hydrocodone.
[019] Figure 4. Intranasal bioavailability of abuse-resistant hydrocodone
‘ carbohydrate conjugate, measured as free hydrocodone (with measured plasma levels .
by ELISA). ' ' |
[020] Figure 5 . illustrates preparation of Leu-Hydrocodone.
[021] Figure 6. illustrates preparation of Ala-Pro-Hydrocodone.
[022] Figure 7. illustrates the preparation of Gly-Gly-Leu-Hydrocodone.
- [023] Figure 8. illustrates preparation of Gly-Gly-Gly-Gly-Leu-Hydrocodone. *
[024] Figure 9. Intranasal bioavailability of abuse-resistant hydrocodone émino acid
, di- and tri-peptide con.jugateis, measured as free hydrocodone. |
[025] Figure 10. Analgesic effect of abuse-resistant hydrocodone tri-peptide
conjugate following intranasal administration, measured as free hydrocodone.
[026] Figure 11. Analgesic effect of abuse-resistant hydrocodone tri- and penta-
peptide conjugates following subcutaneous administration, measured as free
hydrocodone. , ,
[027] Figure 12. Analgesic effect of abuse-resistant hydrocodone penta-peptide
conjugate following intransal administration, measﬁred as free hydroéodone.
[028] Figure 13. Intranasal bioavailability of abuse-resistant hydrocodone tri- and
penta-peptide conjugates, measured as free hydrocodone. .
[029] Figure 14. Intranasal bioavailability of abuse-resistant hydrocodone tri- and
penta-peptide conjugates, measured as free hydrocodone.
[030] Figure 15. Intranasal bioavai]ability of abuse-resistant hydrocodone an amino

acid-carbohydrate peptide conjugate, measured as free hydrocodone.
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[031] Figure 16. Analgesic effect of abuse-resistant hydrocodone penta-peptide
conjugate folldwing intravenous administration, measured as free hydrocodone.
[032] Flgure 17 Intranasal bloavallablhty of an abuse-resmtant hydrocodone tri-
peptide conjugate measured as free hydrocodone.

[033] Flgure 18. Intranasal bioavailability of an abuse-resistant hydrocodone penta-
peptide conjugate, measured as free hydrocodone

[034] Figure 19. Intranasal bioavailability of an abuse-resistant hydrocodone tri-
peptide conjugate measured as free hydrocodone

[035] Figure 20. Intranasal bloavallablhty of abuse-resistant hydrocodone tri- and
penta-peptide conjugates, measured as free hydrocodone.

[036] Figure 21. Intranasal bioavailability of abuse-resistant hydrocodone penta-
peptide conjugates, measured as"freé hydrocodone. -

[037] Figure 22. Intranasal bioavailability of an abuse-resistant hydrdcodone f)enta- :
peptlde conjugate, measured as free hydrocodone. ‘ . ‘
[038] Figure 23. Intravenous bioavailability of an abuse-resistant hydrocodone tri-
peptide conjugate, measured as free hydrocodone.

[039] Figure 24. Intranasa'll bioavailability of an abusé;resistant hydrochone tri-
peptide conjugate, measured as freé hydrocodorie. B ‘ .
[040] Figure 25. Oral bioavaiiabilit_y of an abuse-resistant hydrocodone penta-
peptide conjugate measured as frée hydrocodone. ‘

[041] Flgure 26. Intranasal bioavailability of an abuse-resistant hydrocodone tri-
penta-peptide conjugate, measured as free hydrocodone. ‘
[042] F1gure 27. Intranasal bloavallablhty of an abuse-resistarit hydrocodone penta-
peptide conjugate, measured as free hydrocodoné.

[043] Figure 28. Intranasal bioavailability of abuse-resistant-hydrocodone penta- '
peptide conjugates, measured as free hydrocodone

[044] Figure 29. Intranasal bioavailability of an abuse-resistant hydrocodone trl-
peptide conjugate containing D-and I-isomers, measured as free hydrocodone. .
[045] Figure 30. Intranasal bioavailability of an abuse-resistant hydrocodone penta-
peptide conjugate, measured as free hydrocodone. .

[046] Fxgure 31. Intranasal bioavailability of an abuse-resistant hydrocodone penta-

peptide conjugate measured as free hydrocodone.
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[047_]' Figure 32. Intranasal bioavailability of an abuse-resistant hydrocodone penta- -

peptide conjugate, measured as free hydrocodone.

[048]. Figure 33. Intranasal bioavailability of abuse-resistant hydrocodone penta—

. pepnde conjugates, measured as free hydrocodone ) ..
[049] Figure 34. Intranasal bioavailability of an abuse—re51stant hydrocodone penta—,
peptide conjugate, measured as free hydrocodone.

[050] = Figure 35. illustrates preparation of 1,2:3,4-di—O-isdpropylidene-D-
galactopyranose.

[051] Flgure 36. Oral bxoavallablhty of abuse-resistant hydrocodone glyco peptide
conjugates, ‘measured as free hydrocodone. .
-[052] Flgure 37. Oral b10aya11ab1hty of an abuse-resistant hydrocodone amino acid-
" crabohydrate conjugate, measured as free hydrocodone.

[053] Figure 38. illustrates nucleosides and conjugation sites.

[054] Figure 39. Oral bioavailability in rats for hydrocodone vs. EEFFFI-HC at a
dose (1 mg/kg) approximating a therapeutic human dose equivalent measured as free
hydrocodone. A
.[055] Figuré 40. Oral bioavailability in rats for hydrocodbné vs. EEFFF-HC at a
dose (1mg/kg) approximating a therapeutic human dose equivalént measured as free
hydrocodone. . ) .

[056] Figure 41. 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. ' o

[057] Figure 42. Oral bioavailability in rats for hydrocodone vs. DDI-HC at a dose
1 ‘1'ng/.kg) approximating a therapeﬁtic human dose equivalent measured as free
hydrocodone. '

[058] Figure 43. Oral bioavailability in rats for h);drocodone Vs. YYFFI-HC ata
dose (1mg/kg) approximating a therapeutic human dose equivalent measured as free
hydrocodone. |

[059] Figure 44. Oral bioavailability in rats for hydrocodone vs. EEFFI-HC at a dose
(5 mg/kg) approaching a human overdose equivalent measured as free hydrocodone.
[060] Figure 45. Oral bioavailability in rats for hydrocodone vs. YYI-HC at a dose

(5 mg/kg) approaching a human overdose equivalent measured as free hydrocodone.
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_[061] Figure 46. Oral bioavailability in rats for hydrocodone vs. DDI-HC at a dose’ .
(5mg/kg) appreaching a human overdose equivalent measured as fre¢ hydrocodone. -
[062] Flgure 47. Oral bloavallablhty in rats for hydrocodone vs. YYFFI—HC ata
dose (5 mg/kg) approaching a human overdose equlvalent measured as free _
hydrocodone. . )

[063] Figure 48. Decrease in bioavailability of EEFFF-HC as compared to
hydrocodone by the intranasal route of adrninistration measured as free h&drecodoqe._
[064] Figure 49. Decrease in bloavallablhty of YYI-HC as compared to . : ‘
. hydrocodone by the mtranasal route of administration measured as free hydrocodone.
[065] Figure 50. Decrease in bioavailability of DDI-HC as compared to.
hydrecodone by the intranasal route of administration measured as free hydfocodone.
[066] Figure 51. Decrease in b10ava11ab111ty of YYFFI-HC as ‘comipared to
hydrocodone by the intranasal route of administration measured as free hydrocodone.
[067]- Figure 52. Decrease gn‘bloavaﬂablhty of EEFFI-HC as compared to-
hydrocodone by the intravenous route of administration measured as free
hydrocodone. A

[068] Figure 53. Decrease in bloavallablllty of EEFFF-HC as compared to
hydrocodone by the mtravenous route of administration measured as free
hydrocodone. -

[069] Flgure 54. Decrease in bloavallablhty of YYI-HC as compared to
hydrocodone by the intravenous route of administration measured as free ‘
hydrocodone.

[070] Figure 55. Decrease in bioavailability of YYFFI-HC as compared to.
hydrocodone by the intravenous route of administration measured as free
hydrocodone.

[07 1] Figure 56. Oral bioavailability of hydrocodone plus hydromorphone
(concentration vs. time) following administration of hydrocodone bitratrate or
YYFFI-HC at 1 mg/kg (equimolar doses with equivalent content of hydroeodone
base) in rats, measured as free hydrocodone. ' '

[072] Figure 57. Oral bioavailability of hydrocodone (eoncentration vs. time)

following administration of hydrocodone bitratrate or YYFFI-HC at 1 mg/kg
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(equimolar doses with equivalent content of hydrocodone base) in rats, measuréd as
free hydrocodone. ' ’

[073]. Figure 58. Oral b1oava11ab111ty of hydromorphone (concentration vs. tlme)
following administration of hydrocodone bitratrate or YYFFI-HC at 1 mg/kg ,
(equimolar doses with equivalent content of hydrbcodone base) in rats, measured as .
free hydrocodone. ' .
[074] = Figure 59. Oral bioavailability of hydrocodone plus hydromorphone
(concentration vs. time) following administration of hydrocodone bitratrate or
YYFFI—HC at 2 mg/kg (equlmolar doses with equivalent content of hydrocodone
base) in rats, measured as free hydrocodone. .

[075] Figure 60. Oral bioavailability of hydrocodone (concentration vs. time)
following administration of hydrocodone bitratrate or YYFFI-HC at 2 mg/kg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocoddne.

[076] Figure 61. Oral bioavailability of hydromorphone (concentration vs. time)
following administration of hydrocodone bitratrate or YYFFI-HC at 2 mg/kg
‘(e'quimolar doses with equivalent content of hydrocodone Baée) in rats, measured: as
free hydfocodone. .

[077] Figure 62. Oral bioavailability of hydrocodone plus hydromorphone
(concentration vs. time) following administration of hydrocodone bitratrate or
YYFFI-HC at 5 mg/kg (equimolar doses with equivalent content of hydrocodone
base) in rats, measured as free hydrocodone.” . .
[078] Figure 63. Oral bioavailability of hydrocodone (concentration vs. time)
foilowing administration of hydrocbdone bitratrate or YYFFI-HC at 5 mg/kg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone. ' .

[079] Figure 64. Oral bioavailability of hydromorphone (concentration vs. time)
following administration of hydrocodone bitratrate or Y YFFI-HC at 5 mg/kg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as '
free hydrocodone.

[080] Figure 65. Oral bloavallabxhty of hydrocodone plus hydromorphone

(concentration vs. time) following administration of hydrocodone bitratrate or
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YYFFI—HC at 25 mg/kg (equimolar doses with equivalenf content of hydrdcodone
base) in rats, n".leasured as free hydrocodone.
[081] Flgure 66 Oral bloavallablhty of hydrocodone (concentration vs. tlme)
followmg admlmstratxon of hydrocodone bltratratc or YYFFI-HC at 25 mg/kg
(equxmolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone. ' :
[082] Figure 67. Oral bioavailability of hyd'romorphone (concgntrétion vs fime)
following administration of hydrocodone bitratrate or YYFFI-HC at 25 mg/kg
‘ (equimolar doses with equiydlent coritent of hydrocodone basé) in rats, measured as
free hydrocodone :
[083] Figure 68. Oral bioavailability (AUCq.a) of hydrocodone plus hydromorphone
(concentration vs. dose) in proportion to dose following admmlstratxon of
hydrocodone bitratrate or YYFFI-HC at escalatmg doses (1, 2 5, and 25 mg/kg -
equimolar doses with equivalent content of hydrocodone base) in rats, measured as"
free hydrocodone.
[084] Figure 69. Oral bioavailability (AUCq.4n) df hydrocodone plus hydromorphone
in proportion to human equlvalent doses (HED) following admlmstratlon of
hydrocodone bitratrate or YYFFI HC at escalating doses (1, 2 5, and 25 mg/kg -
equimolar doses with equwalent content of hydrocodone base) in rats, rneasured as
free hydrocodone
[085] Figure 70. Oral bioavailability (Cinax) of hydrocodone plus hydromorphone
(concentration vs. dose) in proportion to dose following administration of
hydrocodone bitratrate or YYFFI-HC at escalating doses (1, 2, 5, and 25 mg/kg -
equimolar doses with equivalent content of hydrocodone base) in rats, measured as .
free hydrocodone.
[086] Figure 71. Oral bioavailability (Cmax) of hydrocodone plus hydromorphone in
proportion to human equivalent doses (HED) following administration of "~
hydrocodone bitratrate or YYFFI-HC at escalating doses (1, 2,5, and 25 ﬁlg/kg -
equimolar doses with equivalent content of hydrocodone base) in rats, measured as .
free hydrocodone. ,
[087] Figure 72. Intravenous bjoavailability of hydrocodone plus hydromorphone

and YYFFI-HC (concentration vs. time) following administration of hydrocbdone
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bitratrate or YYFFI-HC at 1 mg/kg (equimolar doses with equivalent.content of
hydrocodone base) in rats, measured as free hydrocodone.
[088} Figure 73. Intravenous bloavallablllty of hydrocodone (concentration vs. time)
following administration of hydrocodone bitratrate or YYFFI-HC at 1 mg/kg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone. '
[089] Figure 74. Intravenous bioavailability of hydromorphone (concentration vs.
time) following administration of hydrocodone bitratrate or YYFFI-HC at 1 mg/kg
(équimolar doses with equivalent content of hydrocodoné base) in rats, measured as
free hydrocodone. |
[090] Figure 75. Intranasal bxoavallablhty of hydrocodone plus hydromorphone
" (concentration vs. time) following administration of hydrocodone bitratrate or
YYFFI-HC at 1 mg/kg (equimolar doses with équivalent content of hydrocodone .
. base) in rats, Iﬁeasmed as free hydrocodone.
[091] Figure 76. Intranasal bioavailability of hydrocodone {concentration vs. time)
following admlmstratlon of hydrocodone bitratrate or YYFFI-HC at 1 mg/kg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone. .
[092] Figure 77. Intranasal bioavailability of hydromorphone (concentration vs.
time) following administration of hydrocodone bitratrate or YYFFI-HC at 1 mg/kg:
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone. '
[093] Figure 78. Oral bioavailability of hydrocodone plus hydromorphone
(concentration vs. time) following édministration of hydrocodone bitratrate or
YYFFI-HC at 1 mg/kg (equimolar doses with equivalent content of hydrocodone
base) in rats, measured as free hydrocodohe. |
[094] Figure 79. Oral bioavailability of hydrocodone (concentration vs. time)
following administration of hydrocodone bitratrate or Y YFFI-HC at 1 mg/kg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone. -
[095] Figure 80. Oral bioavailability of hydromorphone (concentration vs. time)
following administration of hydrocodone bitratrate or Y YFFI-HC at 1 mg/kg
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(equimolar doses with equivalent content of hydrocodone.base) in rats, measured as’~ '
free hydrocodone.

[096] Fxgure 81. Oral bloavallablhty of hydrocodone plus hydromorphone '.
(concentratxon vs. time) following admmlst.rauon of hydrocodone bitratrate or
YYFFL-HC at 2 mg/kg (equimolar doses with equ1valent content of hydrocodone
base) in rats, measured as free hydrocodone.

[097] Figure 82. Oral bioavailability of hydrocodone (concentratlon VS. tlme)
following administration of hydrocodone bitratrate or YYFFI-HC at 2 mg/kg
(equimolar doses with equwalent content of hydrocodone base) in rats, measured as
free hydrocodone. . '

[098j Figure 83. Oral bioavailability of hydromorphone (concentration vs. time)
following administration of hydfocodone bitratrate or YYFFI-HC at 2 mg/kg
(equimolar doses with equivalent content of hydrocodone base) in rats, measuréd as
free 'h-ydrocodone. ‘ . . _

[099] Figure 84. Oral bioavailability of hydrocodone plus hydromorphone
(concentration vs. time) following administration of hydrocodone bitratrate or .
YYFFI-HC at 5 mg/kg'(eqﬁimolar &oses with equivalér’xt content of hydrocodone |
base) in rats, measured as free hydfocodbne. B ' '.
[0100] Figure 85. Oral bioavaiiability of hy(_:lrocodoné (concentration vs. time)
following administration of hydrécodone bitratrate or YYFFI-HC at 5 mgﬂcg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone.

[0101] Figure 86. Oral bioavailability of hydromorphone (concentration vs. tlme)
following administration of hydrocodone bitratrate or YYFFI-HC at 5 mg/kg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone. N

[0102] Figure 87. Oral bioavailability of hydrocodone plus hydromorphone
(concentration vs. time) following administration of hydrocodone bitratrate or
YYFFI-HC at 25 mg/kg (equimolar doses with equivalent content of ‘hydrocodone
base) in rats, measured as free hydrocodone. '

[0103] Figure 88. Oral bioavailability of hydrocodone (concentration vs. time)
following administration of hydrocodone bitratrate or YYFFI-HC at 25 mg/.kgA
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(equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone. ‘ _

[0104] Figure 89. Oral bioavailability of hydromorphone (concentration vs. time)
following administration of hydrocodone bitratrate or YYFFI-HC at 25 mg/kg
(equimolar doses with equivalent content of hydrocodone base) in rats, measured as .
free hydrocodone. : ‘ |
[0105] Figure 90. Oral bioavailability (AUCg.4) of hydrocédone plus hydromorphone
(concentration vs. dose) in proportion to dose following administration of '
hydrpcodone bitratrate or YYFFI-HC at escalating doseé '(1, 2,5, and 25 mg/kg -
equimolar doses with eqﬁivalent content of hydrocodone base) in rats, measured as
free hydrocodone. 4

[0106] Figure 91. Oral bioavailability (AUCq.4) of hydrocodone plus hydromorphone
in proportion to human equivalent doses (HED) following administration of
hydrocodone b.itratrate or YYFFI-HC at escalating doses (1, 2, 5, and 25 mg/kg -
equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone.

[0107] Figuré 92. Oral bioavailabiiity (Cmnax) of hydrocodéne plus hydromorphor'}e
(concenfration vs. dose) in proportion to dose following administration of '
hydrocodone bitratrate or YYFFI-HC at escalating doses (1, 2, 5, and 25 mg/kg -
equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone. ,

[0108] Figure 93. Oral bioavailability (Cyax) of hydrocodone plus hydromorphone in
proportion to human equivalent doses (HED) following administration of
hyﬂro_codone bitratrate or YYFFI-HC at escalatingdoses (1, 2, 5, and 25 mg/kg -
equimolar doses with equivalent content of hydrocodone base) in rats, measured as
free hydrocodone. ' |

[0109] Figure 94. Intravenous bioavailability of hydrocodone plus hydromorphone
and YYFFI-HC (concentration vs. time) following administration of hydrococione
bitratrate or YYFFI-HC at 1 mg/kg (equimolar doses with equivalent content of
hydrocodone base) in rats, measured as free hydrocodone.

[0110] Figure 95. Intravenous bioavailability of hydrocodone (concentration vs. time)

following administration of hydrocodone bitratrate or YYFFI-HC at 1 mg/kg
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_ (equimolar doses with equivalent content of hydrocodone base) in rats, meastred as A :
free hydrocodone.

[0111] Figure 96. Intravenous bioavailability of hydromorphone (concentration vs.
time) foliowing édministration of hydrocodone bitratrate or YYFFI-HC at 1 mg/kg .
(equimélar doses with équivalen't content of hydroco&one basé) in rats, measured as
free hydrocodone. ' :
[0112] Figure 97. Intranasal bioavailability of hydrocodone plus hydromorphone ,
(concentratlon vs. time) following administration of hydrocodone bitratrate or - -
YYFFI-HC at 1 mg/kg (equlmolar doses with equlvalent content of hydrocodone
base) in rats, measured as fre;: hydrocodone. . , ,
[0113] Figure 98. Intranasal bioavailability of hydrocodone (concentration vs. time)
followmg administration of hydrocodone bitratrate or YYFFI—HC at 1 mg/kg
(equlrnolar doses with equlvalent content of hydrocodone base) in rats, measu.red as
free hydrocodone. .

[0114] Figure 99. Intranasal bioavailability of hydromorphone (concentratlon vs.
time) following administration of hydrocodone bitratrate or YYFFI-HC at 1 mg/kg
(equimolar doses with equi-v.alent content of hydrocodb‘ne base) in rats, measured as
free hydrocodone. ' o '.
[0115] Flgure 100. depicts oxycodone .

[0116] Flgure 101. depicts oxycodone with lysine branched peptides.

[0117] Figﬁre 102. depicts a glycosylated oxycodone.

[0118] ‘Figure 103. depicts formation of an enol ether with serine. .

[0119] Figure 104. depicts niacin and biotin. .

[0120] Figure 10S. Oral bloavaxlablhty of abuse-resistant oxycodone dlsubstltuted .
tripeptide conjugates, measured as free oxycodone. , ) '
[0121] Figure 106 Oral bioavailability of abuse-res1stant oxycodone dlsubstltuted '
tripeptide conJugates, measured as free oxycodone ‘

[0122] Figure 107. Oral bioavailability of abuse-resistant oxycodone dlsubstltuted
tripeptide conjugates, measured as free oxycodone.

[0123] Figure 108. Oral bioavailability of abuse-resistant oxycodone disubstituted

tripeptide conjugates, measured as free oxycodone.
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[0124] Figure 109. Oral bioavailability of abuse-resistant oxycodone disubstituted
uipeptide conjugates, measured as free oxycodone.

[0125] Figure 110. Oral bioavailability of abuse-resistant oxycodone disubstituted
tripeptide conjugates, measured as free oxycodone. |
[0126] Figure 111. Oral bioavailability of abuse- resistant oxycodone d1subst1tuted
tnpgptlde conjugates, measured as free oxycodone.

[0127] Figure 112. Oral bioavailability of abuse-resistant 6xycodone disubstituted
| tripeptide conjugates, measured as free oxycodone. '
[0128] Flgure 113. Oral bioavailability of abuse—res1stant oxycodone disubstituted

tripeptide conjugates, measured as free oxycodone. ‘

[0129] Figure 114. Oral bloavallabxhty of abuse-resistant oxycodone disubstituted
tripeptide conjugates, measured as free oxycodone.

[0130] Figure 115. Oral bioavailability of abuse-resistant oxycodone disubstituted
tripeptide conjﬁgates, measured as free oxycodone.

[0131] Figure 116. Oral bioavailability of abuse-resistant oxycodone disubstituted
tripeptide con_]ugates measured as free oxycodone.
.[0132] Figure 117. Oral bioavailability of abuse-resistant oxycodone dlsubstltuted
tripeptide conjugates, measured as free oxycodone.

[0133] Figure 118. Oral bioavailability of abuse-resistant oxycodone dlsubstltuted
tripeptide conjugates, measured as free oxycodone.

[0134] Figure 119. Oral bioavailability of abuse-resistant oxycodone disubstituted
tripeptide conjugates, measured as free oxycodone. '

[0135] Figure 120. Oral bioavailability of abuse-resistant oxycodone disubstituted
trii)ep;ide conjugates, measured as free oxycodone.

[0136] Figure 121. Oral bioavailability of abuse-resistant oxycodone disubstituted
tripeptide conjugates, measured as free ox‘ycodone.‘

[0137] Figure 122. Oral bioavailability of abuse-resistant oxycodone disubstituted
tripeptide conjugates, measured as free oxycodone.

[0138] Figure 123. Oral bioavailability of abuse-resistant oxycodone disubstituted
tripeptide conjugates, measured as free oxycodone.

[0139] Figure 124. Intranasal bioavailability of abuse-resistant oxycodone

disubstituted tripeptide conjugates, measured as free oxycodone.
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[0140] Figure 125. Intranasal bioavailability of abuse—resistant‘oxyéodone
disubstituted ﬁipeptide conjugates, measured as free oxycodone.
[0141] Figure 126. Intranasal bioavailability of abuse-resistant oxycodone .‘
disubstituted tripeptide conjugates, measured as free quCodorie. |
[0142] Figure 127. Intravenous bioavailability of abuse-resistant oxycodone
disubstituted tripeptide conjhgates, measured as free ox_s;codonef.
[0143] Figure 128. Intranasal bioavailability of abuse-resistant oxyéodoﬂe'
dlsubstltuted trlpeptlde conjugates, measured as free oxycodone
' [0144] Figure 129. Intranasal bloavallablhty of abuse-resistant oxycodone '
disubstituted tripeptide conjugates, measured as free oxycodone.
[0145] Figure 130. Intranasal bioavailability of abﬁse—resistant oxycodone ‘
dlsubstltuted tripeptide conjugates, measured as free oxycodone
[0146] Figure 131. Intranasal bioavailability of abuse-resistant oxycodone
dlsubstltuted tripeptide conjugates, measured as free oxycodone. ‘
[0147] Figure 132. Intranasal bioavailability of abuse-resistant oxycodone
disubstituted tripeptide conjugates, measured as free oxycodone
[0148] Figure 133. Intranasal bloavaﬂablhty of abuse-remstant oxycodone
disubstituted tripeptide conJugates measured as free oxycodone
[0149] Flgure 134. Intranasal bloavallablhty of abuse-resistant oxycodone
disubstituted trlpeptlde conjugates, measured as free oxycodone.
[0150] Flgure 135. Intranasal bioavailability of abuse-resistant oxycodone'
disubstituted tripeptide conjugates, measured as free oxycodone.
[0151] Figure 136. Intran:asal bioavailability of abuse-resistant oxycodone
disubstituted tripeptide conjugates, measured as free oxycodone.
[0152] Figure 137. Intranasal bioavailability of abuse-resistant oxycodone
disubstituted trlpeptlde conjugates, measured as free oxycodone.
[0153] Figure 138. Intranasal bioavailability of abuse—resmtant oxycodone
disubstituted trlpeptlde conjugates, measured as free oxycodone.
[0154] Figure 139. Intranasal bioavailability.of abuse-resistant oxycodone
disubstituted tripeptide conjugates, measured as free oxycodone.
[0155] Figure 140. Iniranasal bioavailability of abuse-resistant oxycodone

disubstituted tripeptide conjugates, measured as free oxycodone.
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[0156] Figure 141. Intranasal bioavailability of abuse-resistant oxycodone
disubstituted tripeptide conjugates, measured as free oxycodone. :
[0157] Figufe 142.. Oral bioavailability in rats of oxycodone vs. P2L(2)—Oxycedone at
a dose (2.5 mg/kg) approximating a merapeutic human dose equivalent measﬁred_ae
free oxycodone.’ A

[0158] Figure 143. Decrease in bloavallablhty of P2L5)-Oxycodone as compared to
oxycodone by the intranasal route of administration- dose 2.5 mg/kg measured as free
oxycodone. B | i

[0159] Flgure 144. Decrease in bioavailability of P2L(2)-Oxycodone as compared to
oxycodone by the mtravenous route of admmlstratlon- dose 0.5 mg/kg measured as
free oxycodone.

DETAILED DESCRIPTION OF THE INVENTION

[0160] The invention relates to changing the pharmacokmetic and pharmacoldgicdl
_properties of active agents through covalent modification. Covalent attachment of a
¢hemical moiety to an active agent can change the rate and extent of absorption,
metabolism, dlstnbutlon and elimination of the active agent. When administered at a
.normal therapeutic dose the bioavailablility (area under the tlme-versus-concentratlon '
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 the covalently modified
active agent relative to the parent active agent begins to decline. At
suprapharmacological doses the bioavailability of the active agent conjugate is
substantially decreased as compared to the parent active agent. The relative decrease
in bioavailability at higher doses abates the euphoria obtained when doses of the
active agent conjugate are taken above those of the intended prescription. This in tum
diminishes the abuse potential, whether unintended or intentionally sought.

[0161] Persons that abuse prescription drugs comonly seek to increase their
euphoria by snorting or injecting the drugs. These routes of administration increase
the rate and extent of drug absorption. and provide a faster, nearly instantaneoﬁs,
effect. This increases the amount of drug that reaches the central nervous system
where it has its effect. In a particular embodiment of the invention the bioavailability

of the covalently modified active agent is substantially decreased by the intranasal and
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intra.venous routes as compared to the parent active agent.. Thus the illicit pfactice of | '
snorting and s,ﬁooting the drug loses its advantage.

[0162] In accordance with the present invention and as used herein, the foll'mis(ing
terms are defined with the following meanings, unless explicitiy stated oﬂlefwisé For
additional methods of attaching active agents to carriers, see application number u. S
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 1t;'eﬁthety.‘
[0163] The invention utilizes covalent modification of an active agent to decfg:ése its
potential for causing,overdosé or beiﬁg abused. The active agent is covalently .
modified in a manner that decreases its pharmacological activity, as compared to the
unmodified active agent, at doses above those considered therapeutic, e.g., at doses
inconsistent with the manufacturer’s instructions. When given at Iower doses, such as -
thbse intended for therapy; the covalently modified active agent retains .
pharmacological activity similar to that of the unmodified active agent. The covalent '
modification of the active agent may comprise the attachment of any chemical mojety
‘through conventional chemistry |

[0164] Compounds, composmons and methods of the 1nvent10n provide reduced
potential for overdose, reduced potent1a1 for abuse or addlctlon and/or improve the
active agent’s characteristics with regard to high toxicities or suboptimal release
profiles. Without wishing to be limited to the below theory, we believe that in some "
instances overdose protection results from a natural gating mechanism at. the site of
hydroiysis that limits the release of the active agent from the prodrug at gréatelf than
therapeutically prescribed amounts. Therefore, abuse resistance is provided by
limiting the “rush” or “high” available from the éctive agent reléased by the prodrug.
and limiting the effectiveness of alternative routes of administration.. '
[0165] Throughout this application the use of “op1o1d” is meant to include any drug’
that activates the opioid receptors found in the brain, spinal cord and gut. There are
three broad classes of opioids: naturally occurring opium alkaloids, such as morphine
(the prototypical dpioid) and codeine; semi-synthetics such as heroine, oxycodone and
hydrocodone that are produced by modifying natural opium alkaloids and have
similar chemical structures; and pure synthetics such as fentanyl and methadone that

are not produced from opium and may have very different chemical structures than
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the opium alkaloidé . Other opioids include dihydromorphine, ethylmorphine,
methyldihydromorphinone, hydromorphone, hydroxymorphone, oxymorphone,
naltrexone, methadone, levorphanol, dihydrocodeine, meperidine, diphenoxylate,
sufentanil, alfentanil, propoxyphene, pentazocine, halbuphine, butorphanol,
buprenorphine, meptazinol, dezocine, and pharmaceutically acceptable salts thereof.
[0166] Throughout this application the use of “oxyocodone” is meant to includé a
narcotic alkaloid (chemical formula C;gH;NO,) and its derivatives such as the
hydrochloride salt of oxycodone. Oxycodone is related to codeine and is used as an
ahalgesic and/or a sedative. Oxycodone is a powerful and potentially addictive opioid
analgesic synthesized from thebaine. It is similar to codeine, but is more potent and
has a higher dependence potential. It is effective orally and is often marketed in
combination with aspirin (Percodan®) or acetaminophen (i’ercocet@) for the relief of
pain. It is also sold in a sustained-release form under the trade name Oxycontin®.~
_All of these defiviatives or combinations of oxycodone are encompassed by the
present invention.
[0167] Throughout this application the use of “hydrocodone” is meant to include a
semisynthetié narcotic analgesic and antttussive prepared from codeine with mulf:iiale
actions Qualitatively similar to those of codeine. It is commonly used for the relief of
moderate to moderatelir 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. .
[0168] Throughout this application the us€ of “peptide” is.meant to include a single
amino acid, a dipeptide, a tripeptidé, 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
amino acid, a dipeptide, a tripeptide, an oligopeptide, or polypeptide to illustrate
specific émbodiments for the active agent conjugate. Preferred lengths of the
conjugates and other preferred embodiments are described herein.
[0169] Throughout this application the use of “chemical moiety” is meant o include
at least amino acids, peptides, glycdpeptides, carbohydrates, lipids, nucleosides, or

vitamins.
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[0176] “Carbohydrates” includes s_ugara, starches, celluloae, and related co.m.poun(is."' :
e.g., (CH;0)y, Wherein n is an integer larger than 2 or Cu(H20),.1, with n larger than 5
More specific examples include for mstance fructose; glucose, lactose, maltose
sucrose, glyceraldehyde dlhydroxyacetone erythrose ribose, ribulose,. xylulose,
galactose mannose, sedoheptulose neuraminic acid, dextrm and glycogen.
[017 1] A “glycoprotein” is a compound contammg carbohydrate (or glycan)
covalently linked to protéin. The carbohydrate may be in the form ofa
monosacchande dlsacchande(s) oli gosacchande(s), polysacchande(s) or thelr
derlvatlves (e.g. sulfo- or phospho substltuted) .
[0172] A “glycopeptide™ is a compound conmstmg of carbohydrate linked to an
ohgopeptlde 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 tﬁrough a glycosyl linkage
(O-,"N~ or S-) to an amino aqid. - o _ . . .
[0173] A “composition” as used herein, refers broadly to any composition containing .
a described molecule conjugates. The compositidn may comprise a dry formulation,
an aqueous solution, or a sterlle composmon Compositions comprlsmg the
molecules described herein may be stored in freeze-dried form and may be assocmted
with a stabilizing agent such as a carbohydrate. In use, the composition may be
deployed in aﬁ'aqueous solution aontaining salts, e.g., NaCl, detergents, e;g., sodium
dodecyl sulfate (SDS), and other components. |
[0174] A “controlled substance” is a substance subject to federal regulatlon of its
manufacture, sale, or distribution because of the potential for, or proved evidence of,
abuse; because of its potential for psychic or phfsio_logical dependence; because it
constitutes a public health risk; because of the scientific evidence of its pharmacoldgic
effect; or because of its role as a precursor of other controlled substaﬁ'ces.
[0175] Important note regarding stereochemistry: :This patent is meaﬁt @6 cover all
compounds discussed regardless of absolute configurations. Thus, naturai, L—amino
acids are diséusse& but the use of D-amino acids are also included.
[0176] The following abbreviations may be in this application:

BOC = t—butyloxyéarbonyl

CMC = carboxymethylcellulose
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DIPEA = di-isopropyl ethyl amine

mp = melting point

NMR = nuclear magnetic r?sonance

| OSu = hydroxysuccinimido ester
Nia = Niacin
Bio = Biotin )

[0177] The attached chemical moiety may be any chemical substance that decreases
the pﬁarinacological activity until the active agent is released. Preferably the
chémical moietyvis a single amino acid, dipeptide or tripeptide, tetrapeptide,
pentépeptide, or hexapeptide. The active agent binds to specific sites to produce
various effects (Hoebel, et al., 1989). The attachment of certain cherﬁical moieties
can therefore diminish or pi'event binding to these biological target sites. Preferably,
absorption of the composition into the brain is prevented or substantially diminished
and/or delziyed'when delivered by routes other than oral administration.
[0178] The attached chemical moiety may further comprise naturally occurring or
5ynthetic 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 Idelayed release in the gastrointestinal tract and prevent rapid onset of the
desired aciivity, particularly Wh,en delivered by parenteral routes. (Hoebel, B. G., L.
Hernandez, et al. (1989). "Microdialysis studies of brain norepinephrine, serotonin,
and dopaminé release during ingestive beﬁav-ior. Theoretical and clinical
implications." Ann N Y Acad Sci 575: 171-91).

[0179] For each of .the embodiments recited herein, thé amino acid or peptide may
compﬁse of one or more of the naturally occurring (L-) amino acids: alanine,
arginine, asparagine, aspartic acid, cysteine, glycine, glutamic acid, glutamine,
histidine, isoleucine, leucine, lysine, methionine, proline, phenylalanine, serine,
tryptophan, threonine, t)}i'osine, and valine. In another embodiment the amino acid or
peptide is comprised of one or more of the naturally occurring (D) amino acids:
alanine, arginine, asparagine, aspartic acid, cysteine, glycine, glutamic acid,
glutamine, histidine, isoleucine, leucine, lysine, methionine, proline, phenylalanine,

serine, tryptophan, threonine, tyrosine, and valine. In another embodiment the amino
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acid or peptlde is comprised of one or more unnatural, non-standard or synthetic
amino acids such as, aminohexanoic acid, blphenylalamne cyclohexylalanine, -
cyclohexylglycine, diethylglycine, dipropylglycine, 2,3-diaminoproprionic a01_d,-
'homophenylalarﬁne, homoserine, hor_notyrbsiqe, naphthylalanihe, norleuciné,
ornithiné, pheylalanine(4-fluoro), phenylalanine(2,3,4,5,6 pentafluoro),
phenylalanine(4-nitro), pheﬁylglycinc, pipecolic acid, sarcosine, .
tetrahydroisoquinoline-3-carboxylic acid, and tert-leucine. In another en{bodiment‘ '
the amino acid or peptide comprises of one or more amino acid alcohols. In 'a'_n'other'
embodiment the amino acid or peptide comprises of one or more N-methyl amino
acids. |
[0180] In another embodiment, the specificA carriers are utilized as a base short chain
ammo acid sequence and addmonal amino acids are added to the terminus or s1de
cham 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 (1le)[1] is
structurally very similar to leucme (Leu)[L] whereas, tyrosme (Tyr)[Y] is similar to
phenylalanine (Phe)[F], whereas serine (Ser)[S] is similar to threonine (Thr)[T],
whereas cystelne (Cys)[Cl is sxmllar to methionine (Met)[M], whereas alanine
(Ala)[A] is s1mllar to valine (Val)[V] whereas lysine (Lys)[K] is s1m11ar to argmme -
(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 histidine (His)[H]
is similar to proline (Pro)[P], and glycine (Gly)[G] is similar to tryptophan (Trp)[W].
In the alternative the preferred amino acid substitutions may be selected according to
hydrophilic properties (i.e. polarity) or other common characteristics associated with
the 20 essential ammo acids. While preferred embodiments utilize the 201natural
amino acids for thelr GRAS characteristics, it is recognized that minor substltutxons
along the amino acid chain which do not effect the essential characteristics of the
amino are also contemplated. ' L
[0181] In one embodiment the carrier range is between.one to 12 chemical moieties
with one to 8 moieties being preferred. In another embodiment the number of

chemical moieties attached is selected from 1, 2, 3,4, 5, 6, or 7, etc. In another
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embodiment of the invention the molecular weight of the carrier portion of the

* conjugate is below about 2,500, more preferably below about 1,000 and most
preferably below about 500. '

[0182] The compositions and methods of the invention may be applied to vaﬁous |
therapeutlcally valuable active agents (e.g., drugs) and include, for example,
stimulants such as anticonvulsants, muscle relaxants, antidepressants, amuolyncs
benzodiazepines, sedatives, hypnotics, narcotics, steroids, resplratory agents,
including antihistamines, antlpsychotlcs including rlspendone, and nonsteroidal antl—
mﬂarnmatory agents.

{0183] Exemplary narcotics include opioids, hydrocodone, oxycodone, morphine,
dihydromorphine, ethylmorphine, codeine, hydromorphone, hydroxymorphone,

- oxymorphone, methyldihydromorphinone, methadone, fentanyl, levorphanol,
dihydrocodeine, meperidine, diphenoxylate, sufentanil, alfentanil, propoxyphene,
pentazocine, nélbuphine, butorphanol, buprenorphine, meptazinol, naltrexone,
dezocine or pharmaceutically acceptable salts thereof.

[0184] The composmons and methods of the invention prowde active agents which

| when bound to the chemical moiety provide safer and/or more effective dosages for
the above recited active agent classes through 1mproved bioavailability curves and/or
safer Cmax and/or reduce area under the curve for bioavailability, particularly 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 hyperacfivity 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. ' |
[0185] In one embodiment the chemical moiety is comprised of an amino acid or a
polypeptide. Preferred amino acid and peptide chemical moieties include, for
example, Lys, Ser, Ala, Phe, Ile, Pro-Pro-Leu, Pro-Pro-lle, Val-Val, Lys-Lys, Gly- ‘
Gly-Ile, Phe-Phe-Ile, Phe-Phe-Leu, Thr-Thr-Val, Tyr-Tyr-Val, Tyr-Tyr-Phe, Glu-Glu-
Val, Asp-Asp-Val, Lys-Lys-Val, Glu-Glu-Phe-Phe-Ile, Glu-Glu-Phe-Phe-Phe, Tyr-
Tyr-lle, Asp-Asp-lle, Tyr-Tyr-Phe-Phe-1le, Tyr-Tyr-Lys-Tyr-Tyr, Phe-Phe-Lys-Phe-
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Phe, Glu-Glu-Phe-Phe-Ile, (Lys-Lys-Gly-Gly),, and [(1)—Lys—(d)—Lys-Leu]§. In some ‘
embodiments, the active agent is disubstituted with one or more of the preceding
chemical m01etles ' '
[0186] Another embodlment of the invention is a composmon for preventmg
overdose comprising an active agent which has been covalently bound to a chemical
moiety. ‘ _
[0187] Another embodiment of the invention is a composition for safely dehvenng an
active agent comprising providing a therapeutically effective amount of said active
' agent which has been covalently bound to a chemical moiety wherein said chemical
mmety reduces the rate of absorption of the active agent as compared to dehvermg the
unbound active agent.
[0188] Another embodiment of the invention is a composition for reducing drug
toxicity comprising providing a patient with an active agent which has been .
covalently bound to a chemical moiety wherein said chemical moiety increases the
rate of clearance of an active agent when given at doses exceeding those within the
therapeutic range of said active agent.
[0189] Another embodlment of the invention is a composmon for reducing drug
toxicity comprising providing a patlent with an active agent which has been .
covalently bound to a chemical moiety wherein said chemical moiety provides a
serum release 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. .
[0190] Another embodiment of the invention is a composition for feducing '
bioavailability of active agent comprising active agent covalently bound to a chemical
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 rangé of said active agent.‘:
[0191] Another embodiment of the invention is a composition for prevenﬁng a Crax
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.
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[0192] Ancther embodiment of the invention is a composition for preventing a toxic
release profile in a patiént comprising active agent covalently bound to a chemical
moiety wherein said bound active agent maintains a steady-state serum release curve
which provides a therapeutically effective bioavailability but prevents spikiﬁg or .
increase blood serum concentrations compared to unbound active agent.
[0193] Anothér embodiment of the invention is a compound of Formula I:

A-XyZnm '

wherein A is active agent as defined herem, X is a chemical moiety as defined herem
and 1 is between 1 and 50 and increments thereof; and Z is a further chemical moiety
different from X which acts as an adjuvant and m is between 1 and 50-and increments
thereof. In another embodiment n is between 1and 10 and mis 0. It should be
recognized that the compounds of this formula may be used alone or in combination
with any of the recited embodiments of the invention.

[01941 Embodiments of the invention provide compositions which allow the active
égent 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
dOSeé exjceeding those within the therapeutic range of the active agent. Embodirﬁents |
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.

[0195] In another embodiment the compositions have substantially lower toxicity
compared to unbound aétive agent. In another embodiment the compositions reduce
or eliminate the possibility of overdose by oral administration. In another
embodiment the compositions reduce or eliminate the possibility of overdose by
intranasal administration. In another embodiment the compositions reduce or
eliminate the possibility of overdose by injection.

[0196] In another embodiment, the conjugates of the invention may further comprise
a polymér blend which comprises at Ieast one hydrophilic polymer and at least one
water-insoluble polymer. Thé polymer may be used gccording to industry standard to
further enhance the sustained release properties of the active agent conjugate without

reducing the abuse resistance. Hydrophilic polymers suitable for use in the sustained
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release formulation include: one or more natural or partially or totally synthetic
hydrophilic gums such as acacia, gum tragacanth locust bean gum, guar gum, or
karaya gum, modified cellulosic substances such as methylcellulose
hydroxomethy]cellulose, hydroxypropyl methylcellulose, hydroxypropyl cellulose
hydroxyethylcellulose, carboxymethylcellulose; proteinaceous substances such-as
agar, pectin, carrageen, and 'alginates; and other hydrophilic polymers such as'
carboxypolymethylene, gelatin, casein, zein, ‘bentonite, magnesium 'alumlnur'n silicate,
polysacchandes ‘modified starch derivatives, and other hydrophilic polymers known

" to those of skill in the art or a combmatlon of such polymers. 4

[0197] These hydrophilic polymers gel and would dissolve slowly in aqueous acidic
media thereby allowing the active agent conjugate to diffuse from the gel in the
stomach When the gel reaches the intestines it would dissolve i in controlled
quantmes in the higher pH medium to allow sustained release. Preferred hydrophlllc
polymers are the hydroxypropyl methylcelluloses such as those manufactured by The .
Dow Chemical Company and known as Methocel ethers, such as Methocel EIOM.
[0198] Other formulations may further comprise pharmaceutical additives including,
but not limited to: lubrxcants such as magnesium stearate, calcmm stearate, zinc
stearate, powdered stearic acid, hydrogenated vegetable oils, talc polyethylene glycol
and mineral oil; colorants; bmders such as sucrose, lactose, gelatin, starch paste,
acacia, tragacenth, povidone polyethylene glycol, Pullulan and corn syrup; glidarlts :
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 phosphate salts of potassium, sodium, and
magnesium,; and/or any other pharmaceutical addmves known to those of skill in the
art. Colorants mclude, but are not limited to, Emerald Green Lake, FD&C Red No.
40, FD&C Yellow No. 6; D&C Yellow No. 10, or FD&C Blue No. 1 and other
various certified color additives (See 21 CFR, Part 74). In one preferred embodiment,

a sustained release formulation further comprises magnesium stearate and Emerald
Green Lake.
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[0199] An active agent conjugate, which is further formulated with excipients may be
manufactured according to any appropriate method known to those of skill in the art .
of pharmaceutical manufacture. For instance, the active agent conjugate and a
hydrophilic polymer may be mixed in a mixer with an aliquot of water to form a wet
granulation. The granulation may be dried to obtain hy&ophilic polymer
encapsulated granules of active agent-conjugate. The resulting granulation may. be
milled, screened, then blended with various pharmaceuticai additives, water insoluble
polymer, and additional hydrophilic polymer. The formulation may then tableted and
m'ay further be film coated with a protective coating which rapidly dissolves or
disperses in gastric juiceé . ‘

[0200] However, it should be noted that the active agent conjdgate controls the

* release of active agent into the digestive tract over an extended period of time
resulting in an improved profile when'comparéd to immediate release combinations
and reduces ana/or prevents abuse without the addition of the above additives. Ina
preferred 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 ageni: release.

[0201] 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 tablets,
effervescent tablets, reconstitutable powders, elixirs, liquids, solutioné, suspensions,
emulsions, tablets, multi-layer tablets, bi-ldyer tablets, capsules, soft gelatin capsules,
hard gelatin capsules, caplets, lozenges, chewable lozenges, beads, powders, granules,
particles, microparticles, dispersible granules, cachets, douches, suppositories,
creams, topicals, inhalants, aerosol inhalahts, patchés, particle inhalants, implants,
depot implants, ingestibles, injectables (including subcutaneous, intramuscular,
intravenous, and intradermal), infusions, health bars, confections, animal feeds,
cereals, yogurts, cereal coatings, foods, nutritive foods, functional foods and
combinations thereof. ‘

[0202] However, the most effective means for delivering the abuse-resistant

compounds of the invention is orally, to permit maximum release of the active agent
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to provide therapeutic effectiveness and/or sustained releaée while maintaining abﬁsé;' '
resistance. Wﬁen delivered by the oral route the active agent is released into
circulation, preferably over an extended period of time as compared to active agent
alone. . . | . ' ' -

[0203] Formulations of the in_vehtion suitable for oral administration can be presented
as discrete units, such as caf;sules, caplets or tablets. These oral fonnulations also can
comprise a solution or a suspension in an aqueous liquid or a nqn-aﬁueoﬁs liquid. The
formiulation can be an emulsion, such as an oil-in-water liquid emulsion or a Wa’_tter-’ih—
oil liquid emulsion. The oils can be édministered by adding the purified and sterilized
liquids to a prepared enteral formulna, which is then placed in the feeding tube of a
patient who is unable to swallow. ' '

. [0204] Soft gel or soft gelatin capsules may be preparéd, for example by dispersing
the formulation in an appropriate vehiclé (vegetable oils are éommonly used) to form
a high viscosity mixture. This mixture is then encapsulated with a gelatin based film |
using techﬁology and machinery known to those in the soft gel industry. The
industrial units so formed are then dried to constant weight.

[0205] Chewable tablets, fé;’ example may be preparedby mixing the formulations
with excipients designed to form a-relat'ively soft, flavored, téblet dosage form thai: is
intended to be chewed rather than swallowed. Conventional tablet machinery and
procedures, that is both direct corﬁprcssion and granulation, i.e., or slugging, before "
compression, can be utilized. Those individuals involved in pharmaceut'ic'al 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.
[0206] Film coated tablets, for example may be prepared by coating tablets using
techniques such as rotating pan coating methods or air suspension methods to deposit
a contiguous film layer on a tablet. ‘

[0207] Compressed tablets, for example may be prepared by mixing t,hé formulation
with excipients intended to add binding qualities to disintegration qualities. The
mixture is either directly compressed or granulated then compressed using methods
and machinery known to those in the industry. The resultant compressed tablet
dosage units are then Iﬁackaged according to market need, i.e., unit dose, rolls, bulk

bottles, blister packs, etc.
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[0208] The invention also contemplates the use of biologically-acceptable carriers
which may be prepared from a wide range of materials. Without being limited
thereto, such matefials include diluents, binders and adhesives, lubricants, plasticizers,
disintegrants, colorants, bulking substances, flavorings, sweeteners and miscellaneous
materials such as buffers and adsorbents in order to prepare a particular medicated
composition. .
[0209] Binders may be selected from a wide range of materials such as
hydroxypropylmethylcellulose, ethylcellulose, or other suitable cellulose derivatives,
pdvidone, acrylic and methacrylic acid co-polymers, pharmaceutical glaze, gums,
milk derivaﬁves, such as Whey, starches,.and derivatives, as well as other
_conventional binders known to persons skilled in the art. Exexhplary non-limiting
solvents are water, ethanol, isopropyl alcohol, methylene chloride or mixtures and
combinations thereof. Exemplary non-limiting bulking substances include sugar,
lactose, gelatin; starch, and silicon dioxide.

[0210] Preferred plasticizers may be selected from the group consisting of diethyl
phthalate, diethyl sebacate, triethyl citrate, cronotic acid, propylene glycol, butyl
phthalate, dibutyl sebacate, castor oil and mixtures thereof, without limitation. As is
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.

[0211] It should be understood thaf in addition to the ingredients particularly
mentioned above, the formulations of this invention can include other suitable agents
such as flavoring agents, preservatives and antioxidants. Such antioxidants would be
food acceptable and could include vitamin E, carotene, BHT or other antioxidants
known to those of skill in the art. |
[0212] Other compounds which may be included by admixture are, for example,
medically inert ingredients, e.g. solid and liquid diluent, such as lactose, dextrose,
saccharose, cellulose, starch or calcium phosphate for tablets or capsules, olive oil or

ethyl oleate for soft capsules and water or vegetable oil for suspensions or emulsions;
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lubricating agents such as silica, talc, stearic acid, magnesium or calcium stearate
and/or polyethylene glycols; gelling agents such as colloidal clays; thickening agents-
such as gum tragacanth or sodium alginate, binding agents such as starches, afabic
gums, geiatin, methylcellulose, carboxymethylcellulqse or polyyinylpynolidonei
disintegfating agents such as starch, alginic acid, alginates or sodium starch glycolate;.
effervescing mixtures; dyesiuff; sweeteners; wetting ageuts such as lecithin, :
polysorbates or laurylsulphates; and other therapeutically acceptable accessoi'y
ingredients, such'as humectants, preservatives, buffers and antioxidant_s,‘whie}.;f are-
known additives for such forfnulatiorisl

[0213] 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 suspens1on wherein
suspendlng agents may be-included, or in a suspension in water or a syrup Where
desirable or necessary, flavoring, preserving, suspending, thickening or emulmfymg'
agents can be included.

[0214] Liquid dispersions for oral administration fnay be syrups, 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 glucose or which metabolize only a very small amount to glucose. The -
suspenswns and the emulsions may contain a carrier, for example a natural gum, agar, .
sodium alginate, pectin, methylcellulose, carboxymethylcellulose or polyvinyl’
alcohol. ’

[0215] The dose range for adult human beings w&ll depend on a number of factors
including the age, weight and condition of the patient and the administration route.'
Tablets and other forms of presentation provided i in discrete units convemently
contain a daily dose, or an appropriate fraction thereof of one of the present
compounds. For example, units may contain from 5 mg to 500 mg, but more usually
from 10 mg to 250 mg, of one of the present compounds. 4

[0216] It is also possible for the dosage form to combine any forms of release known
to persons of ordinary skill in the art. These include immediate release, extended

release, pulse release, variable release, controlled release, timed release, sustained
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release, delayed release, long acting, and combinations thereof. The ability to obtain
immediate release, extended release, pulse release, variable release, controlled release,’
timed release, susfained'releasé, delayed release, long acting characteristics and
combinations thereof is known in the art. ',

[0217] Composmons of the invention may be administered in a partial, i.e., fractional '
dose, one or'more times during a 24 hour period, 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, double 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
components at different administration times.

[0218] Likewise, the compositions of the invention may be provided in a blister pack
or other such pharmaceuti'cal package. Further, the compositions of the present
inventive subjéct matter may further include or be accompanied by indicia allowing
individuals to identify the compositions as products for a: prescrlbed treatment. The
indicia may further additionally include an indication of the above specified time
.perlods for admmxstermg the compositions. For example the indicia may be txme
indicia 1ndlcat1ng 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.

[0219] It will be appreciated that the pharmacological activity of the compositions of
the invention can be demonstrated using standard pharmacological models that are
khowr_l in the art. Furthermore, it will be appreciated that the inventive compositions
can be incorporated or encapsulated in a suitable polymer matrix or membrane for’
site-specific delivery, or can be functionalized with specific targeting agents capable
of effecting site specific delivery. These techniques, as well as other drug delivery
techniques are well known in the art..

[0220] In another embodiment of the invention, the solubility and dissolution rate of
the composition is substantially changed under physiological conditions encountered
in the intestine, at mucosal surfaceé, or in the bloodstream. In another embodiment

the solubility and dissolution rate substantially decrease the bioavailability of the said
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' pharmaceutical, particularly at doses above those intended for therapy. In another
embodiment the decreasé in bioavailability occurs upon oral administration. In
another embodlment the decrease in bioavailability occurs upon intranasal '
admlmstratlon In another embodiment the dccrease in bioavailability occurs upon
intravenous administration. .

[0221] Another particular einbodiment of the invention providés that when the
covalently modified active agent is provided.for oral dosing in the form (é' g.a tablet
or capsule) it is resistant to mampulatlon Crushlng of the tablet or dlsruptlon of the
capsule does not substantlally increase the rate and amount of active agent absorbed
when compositions of the invention are ingested.

[0222] For each of the described embodiments one or more of the following
characteristics may be realized. ':The toxicity of the compound is sibstantially lower
than that of the unbound active agent. The covalently bound chemical moiety reduces
or e’iiminates the possibility of overdose by oral administration. The covalently bou_nd
chemical moiety reduces or eliminates the possibility of overdose by intranasal
administration. The covalently bound chemical nioiety reduces or eliminates the
possibility of overdose by mJectlon

[0223] The inivention further prov1des methods for altering actlve agent in a manner
that decreases their potential for abuse. Methods of the invention provide various
ways to regul;ate pharmaceutical dosage through covalent attachment of active agént' :
to different chemical moieties. One enibodimen; provides a method of preventing
overdoée comprising administering to an individual an active agent which has been
covalently bound to a chémical mbiety. i

[0224] Another embodiment provides a method of safely delivering an active agent .
comprising providing a therapeutically effective amount of an active agent which has
been covalently bound to a chemical moiety wherein the chemical moiety reduces the -
rate of absorption of active agent as compared to delivering the unbound active agent.
[0225] Another embodiment providés a method of reducing drag toxicity‘comprising
providing a patient with an active agent which has been coValéntly bound to a
chemical moiety wherein the chemical moiety increases the rate of clearance of a
pharmacologically active active agent when given at doses exceeding those within the

therapeutic range of active agent.
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[0226] Another embodiment provides a method of reducing drug toxicity 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.
[0227] 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
pfovides 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 Cmax 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
eémbodiment, methods of the invention provide bioavailability curves similar to those
found in Figures 1-195.
[0228] Another embodiment provides a method for prev.eﬁtiﬁg a toxic release pfqﬁlc
in a patient comprising administering to a patient an active agent covalently bound to
a chemical 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.
[0229] Another embodiment of the invention is a method for redﬁcing or preventing
abuse of a pharmaceutical composmon, comprising providing, administering, or
prescnbmg said composition to a human in need thereof, wherein said composmon
comprises a chemical moiety covalently attached to an active agent such that the
pharmacological activity of active agent is substantlally decreased when the
composition is used in a manner inconsistent with the manufacturer’s instructions.
Another embodiment of the invention is a method for reducing or preventing abuse of
a pharmaceutical composition, comprising consuming said composition, wherein said
composition comprises a chemical moiety covalently attached to an active agent such
that the pharmacological activity of the active agent is substantially decreased when

the composition is used in a manner inconsistent with the manufacturer’s instructions.
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[0230] Another embodiment of the invention is a method of preventing ovérdose of a ’
pharmaceutical composition, comprising providing, administering, or prescribing said
pharmaceutlcal composmon to a human in need thereof, wherein said composmon
comprlses a chemical moiety covalently attached to an active agent in a manner that’
substantlally decreases the potential of overdose from active agent. Another
embodiment of the invention is a method of preventmg overdose of a pharmaceuncal
composition, compnsmg consuming said pharmaceutlcal composmon wherein said '
composition compnses a chemical mmety covalently attached to active agent in a
manner that substantially decreases the potential of overdose from the active agent.
[0231] 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 activei 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.
Another embodiment of the invention is a method for reducing or preventing the
euphoric effect of a pharmac_:eutical composition, comprising consuming said
composition, wherein said compos‘ition comprises a chemical moiety covalently "
attached to an active agent such that the pharmacologlcal activity of active agent is
substantially decreased when the composition is used in a manner mconsxstent with -
the manufacturer’s instructions.

[0232] Another embodiment of the invention is any of the prebedirig methads wherein
said pharmaceutical composition is adapted for oral administration, and wherein said
active agent is resistant to release from said chemical moiety when the composition is .
administered parenterally, such as intranasally or intravenously. Preferably, said
active agent may be released from said chemical moiety in the presence of acid and/or
enzymes present in the stomach, intestinal tract, or blood serum. Optionally, said
composition may be in the form of a'tablet, capsule, oral solution, or oral suspension.
[0233] Another embodiment of the invention is any of the preceding methods wherein
said chemical moiety is an amino acid, oligopeptide, polypeptide, carbohydrate,
glycopeptide, nucleic acid, or vitamin. Preferably, said chemical moiety is an amino

acid, oligopeptide, or polypeptide. Where the chemical moiety is a polypeptide,
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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. -

[0234] Another embodiinent 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'cﬁemical moiety through a ketone and/or hydroxyl in a pharmaceufically
acceptable oral dosage form. '

[0235] Another embodiment of the invention is any of the preceding methods wherein |
said composmon yields a therapeutic effect without substantial euphoria. Preferably,
said active agent prov1des a therapeutically bioequivalent AUC when compared to
active agent alone but does .prov1de a Cax Which results in euphoria. '

[0236] Another embodiment of the invention is a method for reducing or preventing’
abuse of a pharmaceutical composition, compﬁsing 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
pharmacologlcal activity of active agent is substantially decreased when the
composition is used in a manner inconsistent with the manufacturer’s mbtructlons
[0237] Another embodiment is a method of preventing overdose of a pharmaceutical
composition, comprising orally administering said pharmaceutical composition to a
human in need thereof, wherein said composition comprises an amino acid or peptide
covalently attached to active agent in a manner that substantially decreases the
potential of active agent to result in overdose. '

[0238] Another embodiment is a method for reducing or preventing the euphoric
effect of a pharmaceutical composition, comprising orally administering said
composition to a human in need thereof, wherein said composition comprises 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.
[0239] 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
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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 m]ectlon .
admlmstratlon is reduced or eliminated.
[0240] Another embodiment of the invention provides methods of treating various
diseases or conditions compnsmg administering compounds or compositions of the
invention which further comprise commonly' prescribed active agents for' the
respective iliness or diseases wherein the active agent is covalently attached io a
" chemical moiety. ' v 4
[0241] Another embodiment of the invention provides a method of treating cognitive
decli:ne associated with acquired immunodéficiency syndrome (AIDS) or AIDS-
related complex comprising administering to a patient compounds or comipositions of
the invention. E , .
[0242] Another embodiment of the invention prov1des a method of treating
depression comprising administering to a patient compounds or compositions of the
invention. Another embodiment of the invention prov1des a method of treating
anxiety and anxiety related dlsorders comprising admuusterlng 10’ a patient
compounds or compositions of the invention. . Another embodlment of the 1nvent10n
provides a method of treating psych031s comprising administering to a patient
compounds or compositions of the invention.
[0243] Another embodiment of the invention provides a method of treatmg nicotine
addlctlon comprising administering to a patient compounds or compositions of the
invention. Another embodiment of the invention provides a méthod of treating
narcotic addiction comprising adrﬂinistering 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 compositions of the
invention. : .
[0244] Another embodiment of the invention provides a method of treatiﬁg
narcolepsy comprising administering to a patient compounds or compositions of the
invention. Another embodiment of the invention provides a method of providing

analgesia comprising administering to a patient compounds or compositions of the

invention.
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[0245] In order to facilitate a more complete understanding of the invention,
Examples are provided below. However, the scope of the invention is not limited to .
specific embodiments disclosed in these Examples, which are for purposes of
illustration only. |

Examples

[0246] The inQention is illustrated by pharmacokinetic studies with hydrocodoﬂe and
oxycodone that have been covalently modified by attachment to various moieties such
as an individual amino acid, specific short chained amino acid sequences such as di-,
tri-, and pentapeptides, or catbohydrates such as ribose, etc. Studies include
pharmacokinetic evaluations of the various drug conjugates administered by the oral,
intranasal, and intravenous routes. Collectively the compounds demonstrate that
active agents may be modified by covalent attachment to various moieties and retain
their therapeutic value at normal doses while preventing potential overdose by oral
administration and prevention of abuse through intranasal and intravenous
administration.

CARRIER BOUND COMPOUNDS

Examples 1 through 51 Hydrocodone

Applicability of abuse resistance for the narcotic analgesics demonstrated
through the use of hydrocodone. '

[0247] Examples 1 through 51 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, EEFFF-HC, YYI-HC, DDI-HC, and YYFFI-HC.
[0248] 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 m]
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
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under isoflurane anesthesia. Hydrocodone and hydromoréhone (major active -
metabolite) cohcer;trations were determined by LC/MS/MS. .
[0249] The below examples are illustrative only and the below amino acid.se'quences
attached to hydrocodone is not meant to be limiting. As such, synthe51s and |
attachment of hydrocodone may be accomplished for instance view the followmg
exemplary methods.
Hydrocodone Syntheti¢c Examples Carﬁohydrates

-Example 1. G'alaéto-Hydrocodone

Figure 1 illustrates preparatidn of Gaiacto-Hydrocodone.

Reagents MW | Weight | mmoles | Molar Equivalents

{ 1. Hydrocodone ' 299 | 0.223g | 0.75 1.0

1.LIN(TMS), in THF - .| IM | 1.13ml 113 |- . 15

1. DMF : - - Sml - -

2. Galactose Chloroformate - - 1 1.49 2.0
. 2.DMF . . - 3ml - -

3. 1M HCI : 1M | 30ml - -

3. Acetone - 20ml - -

Galacto-Hydrocodone ,
[0250] To a solution of hydrocodone in DMF was added L1N(TMS)2 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 resulting solution was.
stirred at ambient temperatures for 2 hours.” A TLC was taken 9:1 CHCl3fMeOH;
UV and 5% H;S04 in MeOH; Riproaucy = ~0.5). Reaction was neutralized to pH 7
with 6M HCI. Solvent was removed. Final product was purifiéd using preparative
TLC (0-10% MeOH in CHCl3). Solid was collected as a white i)owder (0.180g, 41% -
yield): '"H NMR (DMSO-dg) 8 1.28.(2s, 6H), 1.37 (s, 3H), 1.44 (3, 3H), 1.49.(m, 2H),
1.88 (dt, 1H), 2.08 (m, 2H), 2.29 (s, 4H), 2.40 (m, 2H), 2.90 (d, iH), 3.09 (s, 1H), |
"3.73 (s, 3H), 3.99 (dd, 1H), 4.14 (¢, lH) 4.26 (dt, 2H), 4.39 (d, 1H), 4.63 (d, :lH) 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).
[0251] To the protected galactose intermediate was added 30ml of 1M HC] and 20m1

acetone. The resulting solution-was stirred at ambient temperatures for 3 hours.
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Solvent was removéd and final product dried under vacuum. Solid was collected as a
white solid: MS Calculated mass = 505.5 Found = 506.4 (M-+H).

[0252] Figure 2 dépicts oral bioavailability of abuse-resistant hydrocodone
carbdhydrate conjugates, measured as free hydrocodone (with measured plasina levels
by ELISA). o

Example 2. Ribo-Hydrocodone

- Figure 3 illustrates preparation of Ribo-Hydrocodone.

Reagents MW | Weight | mmoles | Molar Equivalents
1. Hydrocodone : 299 | 0.733g | 245 1.0
1. LIN(TMS); in THF 1M | 3.68ml 3.68 1.5
1. DMF : - 8ml - -
2. Ribose Chloroformate - - - 490 | 2.0
2. DMF : - 3ml - -
3. 1M HC] IM | 10ml - : -

Ribo-Hydrocodone

[0ZSSj 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
cﬁlorofo;mate of ribose in DMF was added via syringe. ‘The resulting solution was
stirred at ambient temperatures for 2 hours. A TLC was taken (9:1 CHCl3:MeOH;
UV and 5% H>SO4 in MeOH; Rf(pmduc;) = ~0.5). Reaction was neutralized to pH 7
with 1M HCl. Solvent was removed. Crude' product was taken up in CHCI3 (50ml),
washed with water (3 X 50ml), dried over MgSQ,;, filtered and solvent removed.
Final product was purifiéd using préparative HPLC (10mM CH3COOi\IH4 / MeCN; O-
20min: 80/20 = 0/100). Solid was collected as a clear,.colorless glass (0.095g, 7%
yield): '"H NMR (DMSO-d) 8 1.26 (s, 3H), 1.39 (s, 3Hj, 1.50 (m, 2H), 1.89 (s, 4H),
2.08 (m, 2H), 2.29 (s, 4H), 2.40 (m, 2H), 2.88 (d, 1H), 3.08 (m, 1H), 3.25 (s, 3H),
3.73 (s, 3H), 4.12 (m, 2H), 4.28 (t, 1H), 4.58 (d, 1H), 4.72 (d, 1H), 4.97 (s, 1H), 4.98
(s, 1H), 5.70 (s, 1H), 6.66 (d, 1H), 6.75 (d, 1H). MS Calculated mass = 529.2 Found
= 530.4 (M+H).

[0254] To the protected ribose i.ntermediate was added 10ml of 1M 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,
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slightly yellow solid (0.092g, quant.): '"H NMR (DMSO-de) 8 1.51 @, 1H),.1.83 «,
1H), 2.41 (dt, 1H), 2.27 (t, 1H), 2.63 (dd, AlH) 2.80 (s, 3H), 2.96 (m, 2H), 3.20 (m,
1H), 3. 75 (s, 3H), 3.82-4.34 (br m, 12H), 5.15 (s, 1H), 5.72 (s, lH), 6.75 (d, lH) 6.88 1
(d, 1H), 11 37 (brs, 1H).
[0255] Flgure 4 illustrates intranasal b10ava11ab111ty of abuse-resistant hydrocodone
carbohydrate conjugate,-measure,d_ as free hydrocodone_(wﬂh measured p},asma levels
by ELISA). o ' "

Single Amino Acids

Example 3. Leu—Hydrocodoné
Figure 5 illustrates preparation of Leu-Hydrocodone.

Reagents MW | Weight | mmoles | Molar Equivalents
1. Hydrocodone 299 | 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

[0256] 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 resultmg reactlon mixture was stirred at ambjent
temperatures for 18 hours. Reaction was neutrahzed to pH 7 with 6M HCl. Solvent -
was removed. Crude matenal was taken up-in CHC13 (100ml), washed w1th sat.
.NaHCO3 (3X100ml), dried over MgSO04, ﬁltered, and solvent removed. Solid was
collected as a yellow powder (1.98g, 95% yield): 'H NMR (DMSO-dg) 50.86 tdd;
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).
[0257] To the Boc-Leu-Hydrocodone was added 25ml of 4N HCl in di(éxane. The
resulting mixture was stirred at ambiéent 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-de) 50.94 (d, 6H), 1.52 (m, 1H),
1.75-1.90 (m, 4H), 232 (dt, 1H), 2.34 (dt, 1H), 2.64 (q, 1H), 2.75 (s, 3H), 2.95-3.23
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(m, 4H), 3.74 (s, 3H), 3.91 (d, 1H), 4.07 (s, 1H), 5.10 (s, 1H), 5.72 (d, 1H), 6.76 (d,
1H), 6.86 (d, 1H), 8.73 br s, 3H). '
Example 4. .Glu-H'ydroc'odone'

Synthesis of Glu-Hydrocodone

[0258] Glu-Hydrocodone was prepared by a similar method to Example 3 except the
amino acid sta'rting material was. Boc-Glu(OtBu)-OSu. ‘

Example 5. lle-Hydrocodone

Synthesis of Ile-Hydrocodone

[0259] Tle- Hydrocodone was prepared by a similar method to Example 3 except the
amino acid starting material was Boc-1le-OSu.

Dipeptides .

" Figure 6 illustrates preparation of Ala-Pro-Hydrocodone.

Example 6. Ala-Pro-Hydrocodone

Reagents MW | Weight | mmoles | Molar Equivalents
‘| Pro-Hydrocodone | 468 | 0.25g 053 |- 1.0
Boc-Ala-OSu 286 | 0.33g | 1.2 2.26
NMM 101 .| 0.50ml 5.38 . 10.2
DMF - - 10ml - -
Ala-Pro-Hydrocodone

[0260] 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, SpM, 100A; Gradient: 100 water/0 0.1% TFA-MeCN ->
0/100; 30ml/min.). Solid was collécted as a slightly yellow powder (0.307g, 85%
yield): '"H NMR (DMSO-dg) & 1.16 (d, 3H), 1.35 (s, 9H), 1.51 (m, 2H), 1.86-2.10 (m,
6H), 2.50 (m, 1H), 2.54 (m, 1H), 2.69 (m; 1H), 2.88 (s, 3H), 3.02 (dd, 1H), 3.26 (d,
1H), 3.55 (m, 1H), 3.67 (m, 1H), 3.72 (s, 3H), 3.80 (s, 1H), 4.25 (m, 1H), 4.43 (d,
1H), 5.01 (s, 1H), 5.59 (d, 1H), 6.75 (d, 1H), 6.88 (d, 1H), 6.99 (t, 1H), 9.91 (brs,
1H). ' .

[0261] To the Boc-Ala-Pro-Hydrocodone (0.100g) was added 10ml of 4N HCl in
dioxane. The resulting mixture waé stirred at ambient temperatures for 18 hours.

Solvent was removed and final product dried under vacuum. Solid was collected as a
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slightly yellow solid (0.56g, 71% yield): 'H NMR (DMSO-dg) '8 1.38 (s, 3H), 1.48 (i, ’
1H), 1.80-2.29 (m, 8H), 2.65 (m, 1H), 2.80 (s, 3H), 2.96 (m;, 3H), 3.23 (m, 2H); 3.76
(s, 3H), 3.92 (s,1H), 4.22 (s, 1H), 4.53 (s, 1H), 5.00 (s, 1H), 5.84 (d, 1H), 6}77 (d,
1H), 6.86 (d, 1H), 8.25 (br s, 3H). '

Examnle 7. Glu-Glu-Hydrocodone

Synthesis of Glu-Glu-Hydrocodone

[0262] Glu—Glu-Hydrocodone was prepared by a similar method to Example 6 except
the ammo acid starting material was Boc-Glu(OtBu)-OSu and the conjugate s_tartmg

" material was Glu-Hydrocédohc. o | '

Examgle 8. (gﬂo)Glu—Glu-Hydrocbdone

Synthesns of (pyro)Glu-Glu-Hydrocodone

[0263] The compound (pyro)Glu-Glu-Hydrocodone was prepared by a similar

method to Example 6 except the amino acid starting material was Boc—pyroglutamlc

acid-OSu and the conjugate ‘startmg material was Glu-Hydrocodone. |

Tripeptides

Figure 7 illustrates the preparatlon of Gly-Gly—Leu—Hydrocodone

Example 9. Gly-Gly-Leu- Hvdrocodone '

Reggents 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 * .

[0264] To.a solution of Leu-Hydrécodone 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, S5uM, 100A; Gradient: 90 water/iO 0. i% TFA-
MeCN -> 0/100; 30m1/m1n ). Solid was collected as a shghtly yellow powder (2.08g,
73% yleld) '"H NMR (DMSO-dg) 80.88 (dd, 6H), 1.38 (s, 9H), 1.53-1.72 (m, SH),
1.89 (d, 1H), 2.15 (m, 1H), 2.67 (m, 2H), 2.94 (s, 3H), 3.05 (m, 2H), 3.25 (m, 2H),
3.56 (d, 3H), 3.76 (s, 6H), 3.98 (8, 1H), 4.35 (q, 1H), 5.04 (s, 1H), 5.59 (d, 1H), 6.77
(d, 1H), 6.85 (d, 1H), 7.04 (1, 1H), 8.01 (1, 1H), 8.30 (d, 1H), 9.99 .(br‘s, 1H).
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[0265) To the Boc-Gly-Gly-Leu-Hydrocodone (2.08g) was added 50ml of 4N HCl in
dloxane The resulting mixture was stirred at arnblent temperatures for 18 hours.
Solvent was removed and final product.dried under vacuum. Solid was collected as a
slightly yellow solid (1.72g, 86% yield): '"H NMR (DMSO-dg) 6 0.89 (dd, 6H), 1.50-
1.87 (m, 5H), _2.26 (m, 2H), 2.66 (m, 2H), 2.82-2.97 (m, 5H), 3.21 (m, 2H), 3.60 (m, .
4H), 3.88 (m, SH), 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 10. Glu-Glu-Glu-Hydrocodone

Synthesis of Glu-Glu-Glu-Hydrocodone

[0266] Glu;Glu-Glu-Hydrocodone was prepared by a similar method to Example 9

except the amino acid starting material was Boc-Glu(OtBu)-Glu(OtBu)-OSu and the
" conjugate starting material was Glu-Hydrocodone. | .
Example 11. Pro-Pro-Leu-Hydrocodone .

Synthesis of Pro-Pro-Leu-Hydrocodone

[0267] Pro-Pro-Leu-Hydrocodone was prepared by a similar method to Example 9

. except the amino acid starting material was Boc-Pro-Pro-OSu.

Ekamgle 12. I eu-1 eu-Leu-Hydrocodone -

Synthesis of Leu-Leu-Leu-Hydrocodone

[0268] Leu-Leu-Leu-Hydrocodone was prepared by a similar method to Example 9
except the amino acid starting material was Boc-Leu-Leu-OSu.

Example 13. Pro-Pro-Tle-Hydrocodone

Synthesis of Pro-Pro-Iie-Hydrocodone

[0269] Pro-Pro-Ile-Hydrocodone was prepared by a similar method to Example 9
ex‘cept the amino acid starting material was Boc-Pro-Pro-OSu and the conjugate
starting material was Ile-Hydrocodone.

Example 14. Leu-Pro-Leu-Hydrocodone )

Synthesis of Leu-Pro-Leu-Hydrocodone

[0270] Leu-Pro-Leu-Hydrocodone was prepared by similar methods except the ammo
acid starting material was Boc-Leu-Pro-OSu.

Example 15. Lys-Lys-Tle-Hydrocodone
Synthesis of Lys-Lys-Ile-Hydrocodone
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[0271] Lys-Lys-lle-Hydrocodone was prepared by similar methods ‘except the amino ‘
acid starting (ﬁaterial was Boc-Lys(Boc)-Lys(Boc)-OSu and the conjugate starting
material was Ile-Hydrocodone. o
Example 16. Glu-Glu-Tle-Hydrocodone

Synthésis of GIu-GluQIle-Hydl‘ocodone

[0272] Glu-Glu-Tle-Hydrocodone was preparéd by similar methods except the amino
acid starting material was Boc-Glu(OtBu);Glu(OtBu)-OSu and the éonjﬁgaté starting
matérial was Tle-Hydrocodone. ‘ '

Example 17. Tvr-Tvr-Ile-ch.lrocodo‘ne

Synthesis of Tyr-Tyr-Ile-Hydrocodone ‘ ,
[0273] Tyr-Tyr-lle-Hydrocodone was prepared by similar methods except the amino.
acid starting material was Boc-Tyr(tBu)-Tyr(tBu)-OSu and the conjugate starting
méterial was Ile-Hydrocodone. .
Pentapeptides

Example 18. Gly-Gly-Gly-Gly-Leu-Hydrocodone
Figure 8 illustrates preparation of Gly-Gly—Gly—Gly-Leu-Hydrocodoné.‘

Reagents MW | Weight | mmoles | Molar Equivalents .
Gly-Gly-Leu-Hydrocodone | 599 | 0.580g | 0.970 | 1.0 :
Boc-Gly-Gly-OSu -] 329 | 0.638¢g 1.94 : 2.0
NMM | . 101 | 1.06ml 9.70 - 10
DMF ' - 20ml - -

Gly-Gly-Gly-Gly-Leu-Hydrocodone .

[0274] 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 temi)eratures for
18hours. Solvent was removed. Crude material was purified using preparative HPLC
(Phenomenex Luna C18, 30X250mm, 5uM, 100/-'\; Gradient: éS-waterllS O.i% TFA- -
MeCN = 50/50; 30ml/min.). Solid was collected as a slightly yellow powder
(0.304g, 37% yield). ' ~ -

[0275] To the Boc-Gly-Gly-Gly-Gly-Leu-Hydrocodone (0.304g) was added 25ml of
4N HCl 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 (0.247g, 97% yield): "H NMR (DMSO0-d¢) § 0.87
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(m, 6H), 1.23 (s, 1H), 1.51-1.86 (m, 4H), 2.18 (m; 1H), 2.71 (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, 1H), 4.36 (m,.
1H), 5.09 (m, lH),. 5.59 (d, 1H), 6.74 (dd, 2H), 8.16 (br s, 4H), 8.38 (br's, 1H), 8.74
(br s, 1H), 11.42 (br's, 1H). ' '
Example 19. Glus-Hydrocodone

Synthesis of Glus-Hydroéodone.

[0276] Glus-Hydrocodone was prepared by a similar method to Example 18 except
the amino acid starting material was Boc-Glu(OtBu)-Glu(OtBu)-OSu and the '
éénjugate starting material was Glusz-Hydrocodone. -

Example 20. Gluo-le-Iie-Hvdrocodone;

Synthesis of Gluz-Glyz-lle-Hydrocodone
* [0277] Glu,-Gly,-Ile-Hydrocodone was prepared by a similar method to Example 18

except the amino acid starting material was B6c—Glu(OtBu)-Glu(OtBu)—OSu and the
_conjugate starting material was Gly»-Ile-Hydrocodone.

Example 21. Glu,-Gly,-Leu-Hydrocodone

Synthesis of Gluz-Glyz-Leu-Hydrocodone

| ‘[0278] Glu,-Gly,-Leu-Hydrocodone was prepared by a similar method to Example 18-
except the amino acid starting material was Boc—Glu(OtBu)-Glu(OtBu)—OSu and the
conjugate starting material was Gly,-Leu-Hydrocodone.

Example 22. Gly.-Ile-Hydrocodone

Synthesis of Glys-Ile-Hydrocodone .
[0279] Gluy-Tle-Hydrocodone was prepared by a similar method to Example 18
except the amino acid starting material was Boc-Gly-Gly-OSu and the conjugate
stzirting material was Glyz-Ile—Hydfocodone.

Example 23. Glu,-Phes-Hydrocodone

Synthesis of Glu-Phes-Hydrocodone
[0280] Glu,-Phes-Hydrocodone was prepared by a similar method to Example 18
except the amino acid starting material was Boc-Glu(OtBu)-Glu(OtBu)-OSu and the

conjugate starting material was Phes;-Hydrocodone.
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Exarﬁnle 24. Lys,-Gly,-Ile-Hydrocodone

Synthesis of Lysz-Glyz-Ile-Hydfocodoﬂe_

[0281] Lys>-Gly,-Ile-Hydrocodone was prepared by a similar method to E)Ear'r'lplié 18
except the aminb acid starting materi_ai was ch—Lys(Boc)—Lyé(Boc)—OSu aﬁd the .
conjugdte starting material was Glyg-Ile-Hydrocodoné.

Examnle 25. LVSQ-GIVZ-IIe-Hydrocodone

Synthesns of Lysz-Proz-Ile-Hydrocodone .
[0282] Lysz-Proz-Ile-Hydrocodone was prepared by a similar method to Example i8

' except the amino acid starting material was Boc-Lys(Boc)—Lys(Boc) -OSu and the
conjugate starting material was Proz-lle-Hydrocodone

Examgle 26. Tyr>-Gly,-Ile-Hydrocodone

Synthesns of Tyrz—Glyz-Ile-Hydrocodone

[0283] Tyr2-Glyz-lle-Hydrocodone was prepared by a smular method to Example 18 .
except the amino acid startmg.matenal was Boc-Tyr(tBu)-Tyr(tBu)-OSu apd the |
conjugate starting material was Gly.-Ile-Hydrocodone.

Example 27. Gly,-Pro,- Ile-Hydroéodone ‘

Synthesis of Glyz-Proz-Ile-Hydrocodone

[0284] Glyg—Proz-Ile—Hydrocodone was prepared by a srmllar method to Example 18
except the amino acid starting material was Boc-Gly,-OSu and the conjugate starting
material was Proz-lle-Hydrocodohe.

‘ Examnle 28>. Asps-Phes-lle-Hydrocodone

Synthesis of Aspz-Phez-Ile-Hydrocodone

[0285] Aspg-Phcg-Ile-Hydrocodone was prepared by a similar method to Example 18
except the amino acid starting material was Boc-Asp(OtBu)-Asp(OtBu)-OSu and the
conjugate starting material was Phe,-lle-Hydrocodone. ‘
Example 290. Glug-Asgg-Ile-Hydrocodone

Synthesis of Glu,-Asp,-Ile-Hydrocodone

[0286] Gluz-Aspz—Ile-Hydrocodone was prepared by a similar method to Example 18
except the amino acid starting material was Boc- Glu(OtBu)-Glu(OtBu)-OSu and the

conjugate starting material was Asp,-Iie-Hydrocodone..

Example 30. Lv32-Asﬁ2—Ile-Hvdrocodone
Synthesis of Lys;-Asp;-Ile-Hydrocodone
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[0287] Lys>-Asp;-lle-Hydrocodone was prepafed by a similar method to Example 18
except the amino acid starting material was Boc-Lys(Boc)-Lys(Boc)-OSu and the
conjugate starting material was Asp;-Ile-Hydrocodone.

Example 31. Tyr,-Glu,-Tle-Hydrocodone

Synthesis of Tyrg-Gluz-lle-Hydrocodone

[0288] Tyr2-Glus-Ile- Hydrocodone was prepared by a similar method to Example 18
except the amino acid starting material was Boc-Tyr(tBu)—Tyr(tBu)-OSu and the
conjugate starting material was Glus-Ile-Hydrocodone.

Ekample 32. Asps-lle-Hydrocodone

Synthesis of Asp4-Ile-Hydrocod0ne

[0289] Asp4-Ile-Hydrocodone was prepared by a similar method to Example 18

* except the amino acid starting material was Boc-Asp(OtBu)-Asp(OtBu)-OSu and the
conjugate starting material was Aspz—Ile-Hydrbcodone.

Example 33. Glup-Phe,-Tle-Hydrocodone

Synthesis of Glu,-Phe,-Ile-Hydrocodone

[0290] Glu,-Phe;-Ile-Hydrocodone was prepared by a similar method to Example 18
'e)'ccept the amino acid starting material was Boc-Glu(OtBﬁ)-Glu(OtBu)—OSu and: the
conjugaté starting material was Phe,-Ile-Hydrocodone.

Example 34. L\;SQ—Glug—Ile—Hydrocodbne

Synthesis of Lys;-Glu;-Ile-Hydrocodone

[0291] Lys,-Glu,-lle-Hydrocodone was prepared by a similar method to Example 18
except the amino acid starting material was Boc—Lys(Boc)-Lys(Boc)—QSu and the
conjugate starting material was Gluz-lle-Hydrocodone

Example 35. Tyry-Phe-Pro-lle- Hvdrocodone

Synthesis of Tyr,-Phe-Pro-Ile-Hydrocodone
[0292] Tyr,-Phe-Pro-lle-Hydrocodone was prepared by a similar method to Example
18 except the amino acid starting material was Boc-Tyr(tBu)-Tyr(tBu)-OSu and the

conjugate starting material was Phe-Pro-Ile-Hydrocodone.
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YYFFI-HC

Example 36. Tvr-T;/r—Phe-Phe-Ilé-(6-0)-Hvdrocodone

Preparation of Tyr-Tyr-Phe-Phe-Ile-(6-0)-hydrocodone

[0293] Hydrocddone bitartrate (48.38g) was s;irred ip 500ml 1N NaOH for 5 minutes.

Suspenéion was split into 2 batches and extracted using CHCI; (2.X 250ml), organics

were dried using MgSO4 and filtered. Solvent was rernoved and product was obtained
as a white powder (29.05g). . L

[0294] To a so,luﬁon of hydrocodone freebase (7.12g) in tetrahydrofuran (THF)
(300ml) was added LiN(TMS)g 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 fesulting reaction mixture was stirred at ambient temperatures for 3 hours.
Reaction was neutralized to pH 7 with 1M HCl and stirred for 10 minutes. Solvent
was removed. Crude material was taken up in diethyl ether (IOOml), washed w1th sat
NaHCO3 (3X100ml), dried over MgSOs, filtered, and solvent was removed. Solid -
was collected as a yellow powder (11.1g).

[0295] To the Boc-lle-Hydrocodone (11.1g) was édded 125ml of 4N HCl in dioxane.
The resulting mixture wasé;irred at ambient temperatﬁres for 1 hour. Solvent was .
removed and final product dried .uﬁder vacuum. Solid was collected as a slightly )
yellow powder (10.43¢g). . y

[0296] To a suspension of Boc-Phe—Phe—OH (10.0g) and N- hydroxysuccmlmlde
(NHS) (3.06g) in acetone (300ml) was added dlgyc]ohexylcarbodnmlde (DCO)
(4.99g). The solution was stirred at ambient tempcre;tures under argon for 18h’g‘s.
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-whité
powder (12.2g).

[0297] To a solution of lle-HC-2HC] (6.00g) in N,N- dxmethylformamlde {DMF)
(150ml) was added 4-methyl morpholine (NMM) (6.79ml) followed by Boc-Phe-Phe-
OSu (6.93g). The solution was stirred at ambient temperatures for 18 hours. Solvent
was reduced to approximately Y4 total volume, added to sat. NaHCO3 (~100ml), and

stirred for 30 minutes. The precipitate was filtered and washed thoroughly with
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water. Solid material was dried in vacuum, dissolved in a small amount of ethyl
acetate, and filtered. Product was obtained as a slightly yellow powder (8.39g).
[0298] To Boc—Phé-PheJ—Ile—HC (2.99g) was added.50ml 4N HCl in dioxane. The
resulting suspension was stirred at ambient temperatures for 1 hour. Solvent Was
removed and product was dried. Product was obtained as a yellow solid (2.60g).
[0299] To a solution of Boc-Tyx(1Bu)-OH (1.00g) in 15m! DMF was added O-(N-
succinimidyl)—l,1,3,3-tetramethyluronium tetrafluoroborate (TSTU) (0.892¢g) and
NMM (0.65ml). After 10 minutes of activation, H-Tyr(tBu)-OH (0.844g) in 40ml '
DMF:dioxane; water (2:2:1) was added. The resulting suspension was stirred at
ambient terhperature for 4 hours. ' After this time, water (15ml) was added and the
resulting solution was stifred 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 150m1), and brine (150ml). The organic
layer was drieci over MgSQy, filtered; and solvent removed. Crude product was
purified using recrystallization with IPAC/hexane solvent system. Final product was
isolated as a whlte solid (1.025g).

.[0300] 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 ambient
temperatures under argon for 18hrs. Solid DCU was filtered away and washed with
acetone. Solvent was removed from filtrate. Crude material was washed with warm
hexane. Solid was collected as a white powder (6.65g).

[0301] To a solution of Phe-Phe-Ile-HC-2HCI (2.63g) in DMF (lOOml) was added
NMM (3.70ml) followed by Boc-Tyr(tBu)-Tyr(tBu)-OSu (4.41g). The solution was
stirred at ambient temperatures for 18 hours. Solvent was reduced to approximately
14 total volume, added to sat. NaHCO3 (~100ml), and stirred for 30 minutes. The
precipitate was filtered and washed thoroughly witﬁ water. Solid material was dried
in vacuum and purified by reverse phase HPLC (2.77g). Product was deprotected
using 4N HCl in dioxane (~50ml). |
[0302] To a solution of Phe-Phe-lle-HC-2HCI (5.00g) in DMF (250ml) was added
NMM (3.52ml) followed by Boc-Tyr(tBu)-Tyr(tBu)-OSu (4.61g). The solution was
stirred at ambient temperatures for 6 hours. Solvent was reduced to approximately Y

total volume, added to sat. NaHCOs (~500ml), and stirred for 30 minutes. The .
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precipitate was filtered and washed thoroughly with watel;. Solid material was dried | ’
in vacuum ovémight dissolved in methanol, and any remaining solid material was
filtered. - The solvent was evaporated from the filtrate and the product was
recrystalhzed using ethanol (~60ml). The precipitate was filtered and dned in
vacuum overnight. Product was collected as a pale brown powder (4.57g).
[0303] Boc—Tyr(OtBu)-Tyr(OtBu)-Phe-Phe—Iie-HC (3'.53 g) was deprotected uéing 4N
HCI in dioxane (~100ml). This material was stirred at ambient .tem'peratlilres'for |
~1hour. The solvent was evaporated and the product was collected as a sliglit}y
yellow powder (3.64g). . A
[0304] Figures 9 through 34 demonstrate plasma levels measured by ELISA of
various compounds described in Examples 3 through 36.
Glycopegtlde _ |
Figure 35 illustrates preparation of 1,2:3,4- dl-O-lsopropyhdene-D galactopyranose

Reagents u MW | Weight | mmoles | Molar Equlvalents

1,2:3,4-di-O-isopropylidene-D- 260 | 1.00g 3.85 1
galactopyranose ‘ . .
20% Phosgene in toluene - | - 20ml | - -

Chloroforméte of 1,2:3,4-di-O-isopropylidene-D-galactopyranose '

[0305] To a stlmng solution of 20% phosgene in toluene under an inert atmosphere
was added 1,2:3,4-di- O—lsopropyhdene-D galactopyranose via syringe. The resultmg"
.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 under
vacuum for 18 hours. Product was used without further purifiéation or
characterization.

Examplé 37. Galactose-CO-Leu-Hydrocodone

Synthesis of Galactose-CO-Leu-Hydrocodone
[0306] To the chloroformate of galactose (1.5eq) in dlmethylfonnannde (DMF)
(2ml/mmol) was added Leu-Hydrocodone (leq) and 4- methylmorpholine (NMM)

(6eq). The reaction was stirred at ambient temperatures for 18 hours. Reaction was
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quenched by the addition of water, solvents were removed and crude product was
isolated by purification with reverse-phase HPLC. .
[0307] Product weis dep'rotectéd using 1:1 1M HCl.: THF (1m}/0.1mmol) in 3 hours.
Product was re-purified by reverse-phase HPLC. ' '
Example 38. Galactose-CO-Pro2-Ile-Hydrocodone

Synthesis of Galactose-CO-Proz-Ile-Hydrocodone

[0308] Galactose-CO-Proz-lle-Hydrocodone was preparcd. in a manner similar to
Examﬁle 37 except Pro-Ile-Hydrocodone was used as the conjugated starting
material. ' -

Example 39. Galactose-CO-ProZ-Leu-Hydrocodone '

Synthesis of Ga]actose-CQ-Proz-Leu-Hydrocodone

© [0309] Galactose-CO-Proy-Leu-Hydrocodone was prepared in a manner similar to
Example 37 Pro,-Leu-Hydrocodone was used as the conjugated starting material. A
[0310] Figure 56 illustrates oral bioavailability of abuse-resistant hydr’océdone glyco-
peptide conjugates, measured as free hydrocodone.

Example 40. Gulonic acid-lle-Hydrocodone

Synthesis of Gulenic acid-Ile-Hydrocodone ‘
[0311] Gulonic acid-Ile-Hydrocodone was prepared in a manner similar to Example
37 except Ile-Hydrocddone was used as the conjugated starting material and Gulonic
acid-OSu was used as the carbohydrate starting material.

[0312] Figure 37 illustrates Oral bioavailability of an abuse-resistant hydrocodone
amino acid-carbohydrate conjugate, measured as free hydrocodone. '

D-amino acids ‘

Eiample 41. (d)-Lys-(1)-Lys-Tle-Hydrocodone

Preparation of (d)-Lys-(1)-Lys-Ile-Hydrocodone

[0313] To a solution of lle-Hydrocodone in DMF Was added NMM followed by Boc-

(d)-Lys(Boc)-(1)-Lys(Boc)-OSu. The solution was stirred at ambient temperatures for
18hours. Solvent was removed. Crude material was purified using preparative HPLC
(Phenomenex Luna C18, 30X250mm, SuM, 100A; Gradient: 90 water/10 0.1% TFA-

MeCN = 0/100; 30ml/min.). Solid was collected as a slightly yellow powder. To the
Boc-(d)-Lys(Boc)-(1)-Lys(Boc)-Hydrocodone was added 4N HCl in dioxane. The

resulting mixture was stirred at ambient temperatures for 18 hours. Solvent was
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reméved and final product dried under vacuum. Solid Wa.s collected as a slightly
yellow solid. |
Nucleosides 3
[0314] Figure 38 illustrates nucleosides and conjugation sites. Examples 42 th;éugh
51 are also described through Figures 39 through 77 (with plasma levels measured by
LC/MS/MS). | ' | o
Example 42. Oral bioavailability of peptide-hydrocodone conjugates at a. dose (1
mg/kg) approxiniating a therapeutic human dose and at an elevated dose . N

[0315] Example 42 i_llustrateé that wﬁen the peptides EEFFI (Table 1, Figure 39),
. EEFFF(Table 2, Figure 40), YY1 (Table 3, Figure 41), DDI (Table 4, Figure 42), and
YYFFI (Table 5, Figure 43) are conjugated to the active agent hydrocodoné oral
bxoavallablhty 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 Ibs) according to Chou et-al.
However, when administered orally at 5 mg/kg peak levels and bioavailability of
EEFFI-HC (Table 6, Figure 44), YYI-HC (Table '7, Figure 45), DDI-HC (Table 8,
Figure 46) and YYFFI-HC‘(.Table 9, Figure 47) are suBstantially decreased. A5
mg/kg dose in rats approximates an 80 mg human equivalent' dose (HED) of
hydrocodone bitartrate; a dose Eat would be likely to be harmful to a naive patient in
immediate release form with the iaotential for fatal overdose. Human equivalent doses
are defined as the equivalent dose for a 60 kg person adjusted for the bo&iy' surface
area of the animal model. The adjustment factor for rats is 6.2. The HED for é’_rat dose
of 5 mg/kg of hydrocodone base, for example, is equivalent to 48.39 mg (5/6.2 x 60)
hydrocodne base; which is equivalent to 79.98 (48.39/.605) mg hydrocodone
bitartrate, when adjusted for the salt content. A
[0316] Thus the peptide-hydrocodone conjugates maintain their’ therapeutlc value at
the lower dose (1 mg/kg), whereas when given at a dose above a safe 1eyel (5 mg/kg)
bioavailability is decreased as compared to hydrocodone, thus diminishing the |
potential for 'overciose by oral ingestion. The decrease in bida{failability of
hydrocodone from peptide hydrocodone conjugates relative to hydrocodone ranged
from 9 to 70 percent (Table 10),- .
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Table 1. Oral Pharmacokinetics of Hydrocodone vs. EEFFI-HC (1 mg/kg dose).

Hours AUC (nglml h)|Percent) Cmax|Percent
Drug ) 051153158 - 0-8h HC {ng/ml| HC
{Hydrocodone Bitartrate| 9.5 {4.5|1.9{0| 2 19.1 100 9.5 100
|EEFFI-HC - 12.9]5.2|4.2{0{1.6 25.8 135 |12.9] 136

hydrocodone plus hydromorphone (ng/ml).

Table 2. Oral Pharmacokmetlcs of Hydrocodone vs. EEFFF-HC (1 mg/kg dose)

Hours AUC (ng/ml h) Percent{Cmax|Percent
Drug 05[15/3|51]8 0-8h | HC ing/mi] HC
Hydrocodone Bitartrate] 9.5 |4.5]1.9] 0{ 2 19.1 100 | 95| 100
EEFFF-HC : 11.314.111.2]1.2]1.2 20.7 108 [ 11.3]| 119

hydrocodone plus hydromorphone (ng/ml)

Table 3. Oral Pharmacokinetics of Hydrocodone vs. YYI-HC (1 mg/kg dose).

: Hours AUC (ng/ml h)|Percent| Cmax| Percent
Drug 05[15]3i5|8| 0-8h HC 1Ing/ml] HGC
Hydrocodone Bitartrate{9.2|5.9{2.3{1.9| 2 26.1 100 9.2 100
YYI-HC 9.214.3{1.5[1.1]1.8 20.4 78 9.2 | 100

hydrocodone plus hydromorphone (ng/ml)

‘Table 4. Oral Pharmacokinetics of Hydrocodone vs. DDI-HC (1 mg/kg dose).

: Hours AUC (ng/ml h)|Percent|C Percent|
Drug 0.5[1.5] 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 149/ 5[010] 0 17.4 124 | 149 173

hydrocodone plus hydromorphone (ng/ml)

Table 5. Oral Pharmacokinetics of Hydrocodone vs. YYFFI-HC (1 mg/kg dose).-

" Hours AUC (ng/ml h)|Percent|Cmax{Percent
Drug 0.5/1.0[1.5] 35| 8 0-8 h HC |ng/mij HC
- |Hydrocodone Bitartrate|8.6(4.5| 3 [1.1] 0 |1.4 13.6 100 8.6 100
YYFFI-HC 7 13.7|4.3|1.4{1.1] O 14.9 110 7 81

hydrocodone plus hydromorphone (ng/ml)

Table 6. Oral Pharmacokinetics of Hydrocodone vs. EEFFI-HC (5 mg/kg dose).

- Hours 1AUC (ng/ml h)|Percent| Cmax|Perce

Drug 0511.5/3|5|8 0-8h HC |[ng/ml] HC
Hydrocodone Bitartrate{ 93 |5.3{39| 5 |6.5 167 100 93 100
EEFFI-HC 4416.5(5.714.2{4.5 68 41 44 47

hydrocodone plus hydromorphone (ng/ml)
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Table 7. Oral- Pharmacokinetics of Hydrocodone vs. YYI-HC (5 mg/kg ddse).

hydrocodone plus hydromorphone (ng/ml)

' Hours AUC (ng/ml h)|Percent| Cmax|Percent
. Drug {05115/ 3|5} 8 0-8h HC }ng/mi| HC
Hydrocodone Bitartrate| 3713[{121 3 | O 71 100 37 100
YYI-HC 1563331627 33 46 15 41 -

Table 8. Oral Pharmacokinetics of Hydrocodone vs. DDI-HC (5 mg/kg dose)

" Hours AUC (ng/ml h){Percent, Cmaxﬁ Pereent '
Drug 0511.5/3}|51]8 0-8h HC |ng/ml] HC
Hydrocodone Bitartrate| 73 14216.7{1.2]3.8 128 100 73 100
DDI-HC 11519111 4 [3.1 145 113 | 115 ] 158

hydrocodone plus hydromorphone (ng/ml)

Table o. Oral Pharmacoklnetlcs of Hydrocodone vs. YYFFI-HC (5 mg/kg dose)

Hours AUC (ng/mi h) Percent] Cmax|Percent
Drug 0.5{1.0{1.5| 3|5 |8 0-8 h HC |ng/mlf HC
Hydrocodone Bitartrate} 73{6214216.7|11.213.8] - 123 | 100 73 100
YYFFI-HC - 46|33(34|13/8.3|14.5 105. 86 46 - 63

hydrocodone plus hydromorphone (ng/ml)

Table 10. Decrease in Oral Bioavailability at 5 mg/kg VS. Therapeutlc Dose of 1

mg/kg.
) Bloavaltabiliity - Bloavailab[lny ‘Percent Decrease .
Drug 1 mg/kg 5mgkg 1 mg/kg vs. 5 mg/kg |
AUC Cmax AUC Cmax AUC Cmax
YYI-HC 78 100 46 40 41 .60
DDI-HC 124 174 113 158 9 9
YYFFI-HC 109 81. 86 62 15 23
- EEFFI-HC 135 136 141 47 70 65.

Example 43. Bioavailability of peptide-HC conjugates by the intranasal route .

[0317] Example 43 illustrates that when the peptides EEFFF (Table 11, Figure 48),
YYI (Table 12, Figure 49), DDI (Table 13, Figure 50) and YYFFI (Table 14, Flgure
51) are conjugated to the active agent hydrocodone the b10ava11ab1hty by the

intravenous route is substantlally decreased thereby diminishing the possibility of

overdose when the drug is administered by snozting.

Table 11. Intranasal Pharmacokinetics of Hydrocodone vs. EEFFF-HC (1 mg/kg

dose).
Minutes AUC (ng/m! h) | Percent | Cmax | Percent
Drug 5 [ 15 [ 30 [ 60 0-1h HC |ng/mi| HC
Hydrocodone Bitartrate | 262 | 259 | 142 | 47 152 100 262 | 100
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{ EEFFF-HC " [ 34 | 21 [ 24 [ 15] 21 [ 14 [ 34 | 13 |
hydrocodone plus hydromorphone (ng/ml)

Table 12. Intranasal Phafmacokinetics of Hydrocodone vs. YYI-HC (1 mgfkg dose).

) Minutes AUC (ng/ml h)]Percent{Cmax|Percent
 Drug 5 [15]30] 60 0-1h HC |ng/mi| HC
Hydrocodone Bitartrate|446|553|244|103 288 100 | 5563 | 100 -
YYI-HC o 31[17)12] 2 12 4 31 6

hydrocodone plus hydromorphone (ng/ml)

Table 13. Intranasal Pharmacokinetics of Hydrocodone vs. DDI-HC (1 mg/kg dose).

~ [Minutes AUC (ng/ml h)|Percent|CmaxiPercent
Drug 5 1530160 0-1h HC [ng/mi| HC
Hydrocodone Bitartrate|446{553|244|103 288 100 | 553 | 100
DDI-HC 281[121} 64 | 16 88 31 281 51

hydrocodone plus hydromorphone (ng/ml)

Table 14. Intranasal Pharmacokinetics of Hydrocodone vs. YYFFI-HC (1 mg/kg

dosé). _

Minutes AUC (ng/mih) | Percent | Cmax Percent
Drug 5 15 30 60 0-1h. HC ng/ml HC
Hydrocodone Bitartrate | 446 | 553 | 244 | 103 288 - - 100 553 - 100
YYFFI-HC | 28 27 16 | 21 20 100 28 5

hydrocodone plus hydromorphone (ng/ml)

Example 44: Bioavailability of peptide-HC conjugates by the intravenous route
[0318] Example 44 illustrates tl.lat when the peptides EEFFI (Table 15, Figure 52),
EEFFF (Table 16, Figure 53), YYI (Table 17, Figure 54) and YYFFI (Table 18,
Figure 55) are conjugated to the active agent hydrocodone the bioavailability by the
intravenous route is substantially decreased thereby diminishing the possibility of
overdose when the drug is administered by this unintended route.

Table 15. Intravenous Pharmacokinetics of Hydrocodone vs. EEFFI-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 | 179 | 204 | 201 | 132 173 100 179 | 100
EEFFI-HC 89 | 76 | 78 | 66 66 38 89 44

hydrocodone plus hydromorphone (ng/ml).
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Table 16. Intravenous Pharmacokinetics of Hydrocodone vs. EEFFF-HC (1 mg/kg
dose).

Minutes AUC (ng/ml h) | Percent | Cmax | Percent
Drug 5- 1 15 | 30 | 60 0-1h - HC ng/mi'{ HC.
Hydrocodone Bitartrate | 178 | 204 | 201 | 132 | . 173 100 - 179 | . 100
EEFFF-HC 135 | 77 | 140 | 85 107 62 135 | - .75

hydrocodone plus hydromorphone (ng/ml)
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Table 17. Intravenous Pharmacokinetics of Hydrocodone vs. YYI—i{C a ngg/kg' dose).

Minutes AUC (ng/mi h) | Percent | Cmax | Percent
Drug 5 15 | 30 | 60 0-1h HC ‘ng/ml HC
Hydrocodone Bitartrate 238 | 182 | 136 |- 77 ‘138 100 238 .100
YYI-HC : 9 13 13 3 10 7 13 6

hydrocodone plus hydromorphone (ng/ml)

Table 18. Intravenous Pharmacokinetics of .Hydrocodone vs. YYFFI-HC (1 mg/kg

dose)..
AUC (ng/ml .
Minutes . h) Percent | Cmax Percent
Drug 5 15 30 60 0-1h HC ng/mi - HC
Hydrocodone Bitartrate 238 | 1821 136 77 138 100 238 100
YYFFI-HC 171 28 22 18 - 40 29 171 72

‘hydrocodone plus hydromorphone (ng/ml)

Example 45. Hydrocodone éonjugates.

[0319] Bioavailability (AUC and Cmax) of various peptide-hydrocodbne conjugates

relative to that of hydrocodone bitartrate are shown in Table 19. The invention is well

illustrated by the in vivo performance of YYFFI-HC (Figues 56 through 77). At the

relatively low doses of 1 and 2 mg/kg (human equivalent doses (HEDs) of 16 and 32
mg hydrocodone bitartrate) YYFFI-HC showed comparable bioavailability to that of
hydrocodone bitartrate (Table 20, Figures 78 through 83). At the elevated doses of 5

and 25 ing/kg bioavailability of hydrocodone and hydromorphone were substantially

decreased as compared to that of hydrocodone (Tabie 21, Figures 84 through 99).

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 YYFFI-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.
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Table 19. Mean hydrocodone concentrations following oral administration of
" hydrocodone bltartrate or YYFFI-HC at escalating doses.

Dose' / Concentration (nLl)
Hours 1 mg/kg 2 ma/kg 5mg/kg - 25 mg/kg
: . ACZ IYYFFI-HC®| HC® |YYFFEI-HC®| HC® [YYFFI-HC’] -HC” YYFFl HC

0 0 0 . 0 0 0 0 - 0 0
0.1 114.0 | . 203 60.3 35.2 628.7 26.6 408.9 41.4
0.5 14.3 17.9 156 | 23 74.3 - 22.5 1563.9 23.3
1.0 - 7.0 10.4 12.9 " 144 "] 80.8 | - 15.1 86.2 31.0
2.0 2.6 2.8 34 | 9.8 18.4 10.3 -~} 83.3 43.9
4.0 1 1.0 . 1.2 1.3 3.3 4.9 3.6 1 57.8-|. 250

1 - hydrocodone base content
. 2 - hydrocodone bitartrate
3 - YYFFI-HC HCI .

Table 20. Hydrocodone pharmacokinetic parameters following oral admlmstratlon of
hydrocodone blta;xtrate or YYFFI—HC at escalating doses.

Dose' / Concentration (ng/ml)-
- Parameter 1 mg_/liL- 2mg/kg - 5 ma/k 25 ma/kg
ACZ IYYFEIFACS] HCZ |YYFFI-HC®f HC? [YYFFI-HC®] HC® [YYFFI-HC®
~ AUC 45.1 26.3" 38.2 48 234 47 419.0 135.0
Percent HC + HM'] 100 . 58 100 126 . 100 20 | 100 |. 32
Cmax 114.0 20.3 60.3 35.2 628.7| .26.6 | 408.9 41.4
Percent HC + HM*| 100 18 100 58 100 4 100 10

1 - hydrocodone base content

2 - hydrocodone bitartrate .

3 - YYFFI-HC HC]

4 — percent relative to parameter followmg administration of hydrocodone bltartrate

Table 21. Mean hydromorphone concentrations following oral administiation of .
hydrocodone bitartrate or YYFFI-HC at escalating doses.

. Dose' / Concentration (ng/ml) - :
Hours 1 mg/kg 2 mg/kg 5 mg/kg . 25 mg/kg
HC? |YYFEI-HC®] HC® |YYFFI-HC®| HC? [YYFFIHC?| HC® [YYFFI-HC®
0 0 0o - 0 0 0 o 0 0

0.1 1.95 0.27 7.61 1.13 9.03 049 - |44.36 8.00-
0.5 3.22 287 118.10 8.74 13.46 |- 10.41 62.24 10.35
1.0 2.69 239 . | 923 3.63 10.36 4.82 29.89 | 12.70
2.0 2.11 2.24 2.31 3.41 6.68 3.17 31.62 16.22
4.0 0.64 1.02 0.59 0.88 | 2.00 1.07 -40.86 8.98

1 - hydrocodone base content
2 - hydrocodone bitartrate
3 - YYFFI-HC HCI

Table 22. Hydromorphone pharmacokinetic parameters following oral-administfation
of hydrocodone bitartrate or YYFFI-HC at escalatmg doses. :

Dose' / Concentration (ng/ml)

Parameter 1 mg/kg [ 2mgkg | 5mgkg | 25 mg/kg -
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ACZ IVYEELHGS] HCZ [YYFFI-HCY[ HCZ [YYFFIHC[ HC? JYYFFI-HC®
AUC 7.8 7.5 21.0 12.9 28.1 14.3 | 149 49
Percent HM® 100 97 100 61 100 51 100 33
Cmax 3.2 2.9 18.1 8.7 13.5 10.4 44 .4 16.2
Percent HM® 100 89 100 48 100 77 100 37

1 - hydrocodone base content
2 - hydrocodone bitartrate

3 - YYFFI-HC HCl

4 — percernt relative to parameter following administration of hydrocodone bitartrate

Table 23. Mean hydrocodone plus hydromorphone concentrations following oral
admlnlstratlon of hydrocodone bitartrate or YYFFI-HC at escalating doses.

1 - hydrocodone base content

2 - hydrocodone bitartrate

3 - YYFFI-HC HCl

Dose' / Concentration (ng/mi)
Hours 1 mg/k 2 ma/kg 5 ma/kg 25 mg/k
HCZ [YYFFI-HC®] HC? |YYFFI-HC®| HC? [YYFFI-HC®| HC® YYFFI-HC®
0 0 0 0 0 0 0 0 0
0.1 116 20.6 67.9 36.3 637.7 271 453.3 49.4
0.5 17.5 20.;8 33.7 31.7 87.8 32.9 216.1 -33.7
1.0 9.7 - 12.8 221 -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

Table 24. Hydrocodone plus hydromorphone pharmacokinetic parameters followmg
oral administration of hydrocodone bitartrate or YYFFI-HC at escalating doses.

Dose' / Concentration 1 (ng/mi)
Parameter 1 mg/kg 2 mg/kg 5 mg/kg 25 ma/ka
HCZ [YYFFI-RCY] HC?Z [YYFFI-HC®| HC? [YYFFI-HC'| HC® YYFFI-HC®
AUC 53 34 59 61 312 62 569 193
Percent HC® 100 64 100 103 100 20 100 34
Cmax - 116 20.8 67.9 36.3 638 32.9 453. | 49.4
Percent HC" 100 18 100 53 100 5 100 11

1 - hydrocodone base content
2 - hydrocodone bitartrate

3 - YYFFI-HC HCI

4 — percent relative to parameter following administration of hydrocodone bitartrate

Table 25. Mean hydrocodone plus hydromorphone hydrocodone, and
hydromorphone, concentrations following intravenous administration of hydrocodone

bltartrate or YYFFI-HC at 1 mg/kg (hydrocodone base content).

Concentration (ng/mi)
Hours HC + HM HC HM
HC' YYFFI-HC?® HC' YYFFI-HC® HC' YYFEFI-HC®
0 0 0 0 0 0 0
0.1 208.9 22.6 42.97 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 0.92 421 13.9
2.0 12.4 13.1 1.77 0.41 14.2 13.5




WO 2007/126832

60

PCT/US2007/007594

I 4.0

[ 29 ]

8.5

| o0.70

0.33

3.6 |

8.8

" 1 - hydrocodone bitartrate
2 - YYFFI-HC HCl

Table 26. Hydrocodone plus hydromorphone, hydrocodone, and hydromorphone
pharmacokinetic parameters following intravenous administration of hydrocodone -

bitartrate or YYFFI-HC atl mg/kg (hydroco

done base content).. .

: Concentration (ng/m!) :
Parameter HC + HM . HC - HM
HC' - YYFFI-HC® | HC' YYFFI-HC® HC'’ YYFFI-HC*
AUC 140.0 50.0 24.10 4.50 164 . - 54
Percent ' 100 36 100 19 100 33
Cmax 208.9 22.6 43.0 8.7 252 31.3
Percent ' 100 10.8 100 20.2 100 12.4

1 - hydrocodone bitartrate
2 - YYFFI-HC HCl

3 — percent relative to parameter following admini

Table 27. Mean hydrocodone plus hydromorphone, hydrocodone; and

hydromorphone, concentrations following intranasal administration of hydrocodone

bitartrate or YYFFI-HC at 1 mg/kg.

stration of hydrocodone bitartrate

_ Concentration (ng/ml) L
Minutes HC + HM HC HM
HC' YYFFI-HC” HC' YYFFI-HC* HC'. YYFFI-HC®
0 0 0 0 0 0 0
5 446 28 441 28 4.4 . bgl®
15 553 27 543 27 . 10.6 bgl®
30 244 .16 227 16 "17.1 bgl®
60 103 21 96 21 7.2 bq®
1 - hydrocodone bitartrate ' o
2 - YYFFI-HC HCI
Table 28. Hydrocodone plus hydromorphone, hydrocodone, and hydromorphone
pharmacokinetic parameters following intravenous administration of hydrocodone
bitartrate or YYFFI-HC atl mg/kg (hydrocodone base content). '
Concentration (ng/ml) -
Parameter HC + HM HC , HM '
HC' YYFFI-HC* HC' YYFFI-HC® HC' YYFFI-HC®
AUC 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 5.2 100 NA

1 - hydrocodone bitartrate
2 - YYFFI-HC HCl :
3 — percent relative to parameter following administration of hydrocodone bitartrate
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[0320] Summary of in vivo testing of abuse resistant hydrocodone conjugates. In vivo

testing of hydrocodone conjugates demonstrates for instance decreased intranasal
analgesic responsé, decreased intravenous analgesic response, decreased
subcutaneous analgesic response, decreased oral Cpay, decreased intranasal
bioavailability (AUC and Cpax), and decreased intravenous bioavailability (AUC and.
Cmax) Of hydrdcodone éonjugates and is described in further detail below. '

Example; 46. Decreased Intranasal Analgesic Response to Hvdrocodone Conjugates

[0321] Male Sprague-Dawley rats were dosed by placing 0.02 ml of water containing
hydrocodone conjugate or hydrocodone bitartrate into the nasal flares. All doses
contained equlvalent amounts of hydrocodone base. The time (seconds) until paw

-lick latency was used a measure of the analgesic effect. Rats were habituated to
deterfnine baseline response. Hot plate tests were conducted at 55°C. A limit of 45
seconds was used in all testing to avoid tissue damage. All animals were humzinely

_sacrificed folldwing the end of testing. The paw lick latency (analgesic effect)-time
curves shown in figures 112 and 114 indicate the decrease in analgesia produced by
the hydrocodone conjugates as compared to an equimolar (hydrocodone base) dose of
.hydrocodonc bitartrate. The analgesic response as determmed by the hot plate testisa
pharmacodynam;c measurement of the pharmacological effect of hyd.rocodone‘. These
examples illustrate that hydrocodone conjugates decrease the analgesic effect by the
intranasal route of administration as compared to hydrodone bitartrate.

Example 47. Decreased Intravenous Analgesic Response to Hydrocodone Conjugates

[0322] Male Sprague-Dawley rats were dosed by tail vein injectibn of 0.1 ml of water
containing -hydrocodone conjugates or hydrocodone bitartrate. All doses contamed
equivalent amounts of hydrocodone base. The time (seconds) until paw lick latency
was used a measure of the analgesic effect. Rats were habituated to determine
baseline response. Hot plate tests were conducted ét 55°C. A limit of 45 seconds 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 figure 67 indicates the decrease in analgesia produced by a hydrocodone conjugate
as compared to an equimolar (hydrocodone base) dose of hydrocodone bitartrate. The
analgesic response as determined by the hot plate test is a pharmacodynamic

measurement of the pharmacological effect of hydrocodone. This example illustrates
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that a hydrocodone conjugate decreased the analgesic effect by the intravenous route .
of administration as compared to hydrodone bitartrate.

Example 48. Decreased Subcutaneous Analgesic Response to Hydrocodone '

Con]ugate :

[0323] Male Sprague-Dawley rats were dosed by subcutatenous injection of 0.1 ml of
water containing hydrocodone conjugates or hydrocodone bitartrate. All doses
contained equivalent amounts of hydrocodone base. The time (seconds) dntii paw lick
latericy was used a measure of the anal ges1c effect. Rats were habituated to determme
" baseline response. Hot plate tests were conducted at 55°C. A 11m1t of 45 seconds 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 figure 62 indicates the decrease in analgesia produced by a hydrocodone conjugate
as compared to an equimolar (hydrocodone base) dose of hydrocodone bitartraie. 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 analgésic effect by the subcutaneous
route of administration as compared to hydrodone bitartrate.

Example 49. Decreased Oral gmx of Hydrocodone Comugates

[0324] Male Sprague-Dawley rats were provided water ad libitum, fasted overnight
and dosed by oral gavage with hydrocodone conjugates or hydrocodone bltartrate All
doses contained equivalent amounts of hydrocodone base. Plasma hydrocodone
concentrations were measured by ELISA (Hydromorphone, 106619-1, Neoger,
Corporation, Lexington, KY). The assay is specific for hydfom’orphone (the major
hydrocodone metabolite, 100% reactive) and hydrocodone (62.:5% reactive). The
plasma concentration-time curves of various hydrocodone conjugates vs.
hydrocodone bm'atrate are shown in figures 53, 76 84, and 85. These examples
illustrate that hydrocodone conjugates decrease the peak level (Cuax) 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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Example 50. Decreased Intranasal Bioavailability (AUC and Cpax) Hvdroqodoné
- Conjugates

[0325] Male Sprague—D‘awley rats were providéd water ad libitum and doses were

administered by placing 0.02 ml of water contaihing hydrocodone conjugateé or
hydrocodne bltanrate into the nasal flares. All doses contained equivalent amounts of
hydrocodone base Plasma hydrocodone concentrations were measured by ELISA .
(Hydromorphone, 106619-1, Neogen,’ Corporation, Lexmgton, KY). The assay is
. specific for hydromorphone (the major hydrocodohe metabolite, 100% reactive) and
}iydrocodone (62.5% reactive). The plasma concentration-time curves of various;
hydrocodoﬁe 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 (Cmay) 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 51. Decreased Intravenous Bioavailability (AUC and Cpax) Hydrocodone

Conjugates
' [0326] Male Sprague-Dawley rats were provided water aci liBitum and doses wefe
administered by intravenous tail vein injection of 0.1 ml of water containing |
hydrocodone conjugates or hydrocoddne bitartrate. All doses contained equivalent
amounts of d—émphetamine base. Plasma hydrocodone concentrations were measured
by ELISA (Hydromorphone, 106619-1, Neogen, Corporation, Lexington, KY). The
assay is specific for hydromorphone (the major hydrocodone mefaboiité, 100%
reactive) and hydrocodone (62.5% reactive). The plasma concentration-time curves of
a hyd;ocodone conjugate vs. hydrdcodone bitartrate is shown in figure 74. This
example illustrates that a dose of hydrocodone conjugate decreases the peak level
(Cmax) and total absorption (AUC) of hydfocodone.plus hiydromorphone as compared
to those produced by ‘an equimolar (hydrocodone base) dose of hydrocodone bitartrate
when given by the intranasal route of administration.

Examples 52 through 86 Oxycodone .

[0327] Examples 52 through 86 illustrate the compounds and compositions for
reducing the potential for overdose and abuse while maintaining therapeutic value

wherein the active agent oxycodone (OC) is covalently attached to a chemical moiety.
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The compound which is di-substituted at the 6 and 14 position of oxycodone is term'ed
PPL(2)-OC.
[0328] Oral, mtranasal and intravenous bioavailability studies of oxycodone and
oxycodone conjugates were conducted in male Sprague-Dawley rats. Doses of
oxycodone hydrochloride and oxycodone conjugates .containing equivalent amounts
of oxycodone were administered in deionized water. Oral administration was in 0.5
ml by gavage needle. Intranasal doses were administered by placing 20 rrticroliters
into the nasal flares of rats anesthetized with isoflurane. Intravenous administration
was in 0.1 ml by tail vein ln_]CCtIOIl Plasma was collected by retroorbital sinus
puncture under isoflurane anesthesia. Oxycodone and oxymorphone (major actlve
metabolite) concentrations were determined by LC/MS/MS.
[0329] The below examples are 1llustrat1ve only and PPL(2)- OC is not meant to be
limiting. As such, synthesis and attachment of oxycodone may be accomphshed for
instance view the following .exemplary methods. Additionally, Examples 52 through .
64 describe methods for attaching amino acid or various length peptides to
oxycodone. |
Oxycodone Synthetic Exémples

Example 52: ‘Synthesis of [Boc—X],-Oxvcodone

[0330] 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 mimol) at one time and the reaction
mixture was stirred at room temperature overnight. The solution was neutralized with
1N HCI and the THF was removed under reduced pressure. The residue was diluted
with EtOAc (200 mL), satd. NaHCO3 (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).

Deprotection of [Boc-X]é-Oxycodohe:

[0331] General method of deprotection: The above compound was reacted with 4N
HCY/ dioxane (25 mL/gm) at room temperature for 4h. Solvent was evaporated and
dried over vacuum to give X,-Oxycodone-3HCI.

Examples:
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(Val),-Oxycodone
(Ile),-Oxycodone

(Leu),-Oxycodone
(Lys),-Oxycodone
(Phe),-Oxycodone
(Glu),-Oxycodone

bk

Example 53. Smthesis_ of [Boc-Z-Y-X1,-Oxycodone [X., Y and Z are amino acids]
[0332] To a solutioﬂ of Xz-Oxyc;odone . 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 overni ight. Solvent was evaporated under reduced pressure. To the
residue was added satd. NaHCO; (~30 mL) and stir for 1-2h. The white/ pale yellow
residue was filtered, thoroughly washed with water and dried in the vacuum oven at

. room temperature. N

Deprotection of [Boc-X-Y-Z],-Oxycodone: -

[0333] Deprotection is same as general method mentioned above. For 100-200 mg of
tripeptide derivative 10-15 ml 4N HCV/dioxane is used. Deprotection is done
overnight to give [X-Y-Z],-Oxycodone-3HCI.

Deprotectlon of trlpeptlde derivatives containing Threomne and Serine:

[0334] First the tripeptide derlyatlves 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 Qac;uum. 4N HCl/dioxane is added and stirred overnight.

Residue was evaporated to dryness and dried over vacuum.

Examples:

1. (Glu-Asp-Val),-Oxycodone
2. (Ile-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

Example 54. Synthesis of [Boc-X]-0%-Oxycodone:
[0335] To a solution of oxycodone (10 mmol) in THF (50 mL) was added LiN(TMS),
(10.5 mmol) at 0oC. After 20 mins was added Boc-X-OSu (11 mmol) and then the

reaction mixture was stirred at room temperature overnight. The solution was cooled
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down to 0oC and neutralized with 1N HCl. The organic s.olvent was evaporated and .
to the residue were added EtOAc (200 mL) and saturated aq. NaHCO; (150 mL) and-
stirred for 1h. The EtOAc portion was washed with water, brine, dried over Na7804
and evaporated to dryness. The residue was purified over silica gel (70% EtOAc—
Hexane) to give the title compound

Deprotection of Boc-X- of -Oxycodone.

[0336] A solution of [Boc-X]- Oxycodone‘ln 4N HCV dioxane (10 ml/mmol) was -
stirred at room temperature 4h. Solvent was evaporated under reduced pressure and

the residue was dried under vacuum fo give X-OG-OxycodoneQHCl.

Examples:
1. ‘Val-Oxycodone
2. Ile-Oxycodone
3. Leu-Oxycodone

Example 55. Synthesis of Boe-Z-Y-X-0%-Oxycodone
[0337] To a solution of X-Oé-OxycodoneQHCl (1 mmol) in DMF were added NMM

(10 mmol) and Boc-Z-Y-OSu (1.2 mmol). T he; reaction mixture was stirred at room

temperature overnight. Solvent was evaporated to the residu¢ was added saturated” .

NaHCO; solution and stirred for 1h. The precipitate was filtered, thoroughly washed
with water and dried to give the title cdrnpound. .

Deprotection of Boc-Z-Y-X-OG-Qxycodone:

[0338] Deprotection is.same as general method mentioned above to give Z—Y-X—Oé-
Oxycodone-2HCI.

Examples:
1. Pro-Glu-Val-Oxycodone
2. Glu-Leu-Val-Oxycodone
3. Glu-Tyr-Val-Oxycodone

Example 56.. Svnthesm of Boc-X-0%-Oxycodone-O'*-Ac:
[0339] Toa solutxon of [Boc-X]- OG—Oxycodone (lmmol) in pyrldme (15 mL) were
added DMAP (75 mg), triethyl amine (1.5 mmol) and Ac;O (8 mmol). The reaction

mixture was heated at 65°C for 3 days. The dark brown solution was cooled down to
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room tempefature and MeOH (5 mL) was added and stirred for 1h. The so.lvent'was
evaporated, co-evaporated with toluene. The residue was taken in EtOAc (50 mL),
washed with satd. NaHCOs, brine, dried over Na,SO, and evaporated to dryness. The
residue was purified over silila gel to give the title compound. '
Example .57. Synthesis of Boc-X- 06-0xycodone—014-COzEt:

[0340] To a'sélution of [Boc-X].-O(’-Oxycodone (1'mmol) in THF (10 mL) was.added o
LiN(TMS)z (1.05 mmol) at 0°C. After 20 mins, ethyl chloroformate (1.1 mmol) was
added and reaction mixture was slowly brought to room temperature and stirred at
réom temperature for 1h. The solution was poured into 2% aqueous acetic acid (ice
cold) and extracted with EtOAc. The EtOAc part was washed with water, aq.
NaHCO:;, brine, dried over Na,S80,.and evaporated to dryness. The residue was

© purified over silica gel to give the title compound.

Deprotection of Boc-X-0°-Oxycodone-O™*-R (R=Ac, COEt):

[0341] Deprotéction is same as general method mentioned above to give X-0°-
Oxycodone-O'“-R-2HCI (R=Ac, CO,Et).

Examples:
1. (Val)-Oxycodone-(CO:Et)

2. (Val)-Oxycodone-(OACc)

Example 58. Synthesis of Boc-Z-Y-X-0%-Oxycodone-0'*-R (R=Ac, CO-Et):
[0342] To a solution of X-0%-Oxycodone-O'*-R-2HCI (1 mmol, R=Ac, COEY) 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
reéidue was added saturated NaHCO3 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-O° -Oxycodime-O"-il (R=Ac, COzEtj:

[0343] Deprotection is same as general method mentioned above. Deprotection is
done ovérnight to give Z-Y-X-0°%-Oxycodone-O'*-R-2HCL

Examples: '

1. (Ile-Tyr-Val)-Oxycodone-(CO,Et)
2, (Ile-Tyr-Val)-Oxycodone-(OAc)
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Example 59. Svnthesxs of Boc-X-0%-Oxycodone-O*-Y- Boc
[0344] To a solution of Boc-X-Oxycodone (1mmol) in THF (10 mL) was added
LiN(TMS), (1.1 mmol) at 0°C and the solution was stirred for 30 mins then Boc-Y-

OSu (1.25 mmo]) was added. The reaction’ mi}(ture was stirred at room tempera_ture. '
overnight. The solution was cooled down to 0°C, neutralized with 1N HCI and the
organic part was evaporated. To the residue were added EtOAc (50 mL) and satd.
NaHCO; (50 ml), stirred for 1h. The organic‘part was washed with ’water., brine, dried
over Na,SO, and evaporated to dryness. The residue was purified over silica .ggl to-
give the title compound. ‘ . '

Deprotection of Boc-X-O6-0xycod0ne-O“-Y-Boc: .

[0345] Boc-X-0°%-Oxycodone-O'*-Y-Boc was deprotected following the general
method for deprotection mentioned above to give X—OG-Oxycddqné—Ol4—Y-3HC1.
Eiample: ; | .

© + Val-Oxycodone-Gly . - .

Example 60. Synthesis of Boc-A-B-X-0%-Oxycodone-O'*-Y-B-A-Boc (AB.X.Y =
amino acids): | .

[0346] To a solution of X-O° -Oxycodone -O! —Y 3HC1 (1 mrnol) and NMM 1o .
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 residué was washed thoroughly:with water
and dried. . B .
Deprotection of Boc-A-B-X-OG-Oxycodone-O"-Y-B-A-Boc;

[0347] Deprotection is same as general method mentioned abo\}e. Deprotection is -

done overnight to give A-B—X-OG-Oxycodone-OM—Y-B-A-B’HCI.

Examples:
1. (Ile-Tyr-Val)-Oxycodone-(Gly-Tyr-1le)
2. (Leu-Tyr-Val)-Oxycodone-(Gly-Tyr-Leu)

Example 61. Synthsis of Boc-X-O6—Oxvcodone-O'4-~Y—Cbz:
[0348] To a solution of Boc-X-Oxycodone (1mmol) in THF (10 mL) was added
LiN(TMS); (1.1 mmol) at 0°C and the solution was stirred for 30 mins then Cbz-Y-
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OSu (1.25 mmol) was added. The reaction mixture was stirred at room temperature
overnight. The solution was cooled down to 0°C, neutralized with 1N HCl and the
organic part waé e\"aporated. To the residue were added EtOAc (50 mL) and satd.
NaHCO; (50 ml), stirred for 1h. The organic part was washed with water, brine, dried
over NaQSO4 and evaporated to dryness. The residue was purified over silica gel to
give the title'cbmpound.

Deprqteg:tion of Boc-X-0°%-Oxycodone-0'-Y-Cbz: 2HCI:

[0349] Boc—X-O.ﬁ—Oxycodone-O -Y-Cbz was deprotected following the general
fnjethpd for deprotection mentioned above to give X-O -Oxycodone—O 4.Y-Cbz-2HCL.
Example 62. Synthesis of Boc—A-B-X-QG-Oxvcodone-O'4-Y-Cbz:

[0350] To a solution of X-0°%-Oxycodone-O'*-Y-Cbz-2HCI (1 mmol) and NMM (10
* mmol) in DMF (10 mL) was added Boc-A-B-OSu (1.1 mmol) and the reaction

mixture was stirred at room temperature overnight. Solvent was evaporated under ‘
Teduced pressu.re 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 w1th water and dried. :

'Examnle 63. Synthesis of Boc-A- B—X Oﬁ-Oxycodone— 4 y.NH2:

[0351] Toa suspension of Boc- A-B-X-06- 0xycodone—014-Y -Cbz and Pd/C (25
Wit%) in EtOH (20 ml/gm) and cyclohexene (10 ml/gm) was heated under reflux for

30 mins. The reaction mixture was cooled down to room temperature and filtered. The’

filtrate was evaporated to dryness to give the title compound.

Example 64. Synthesis of Boc-A-B-X- 0°- Oxvcodone—O”’ -Y-C-D-Boc (A.B.C.D.X,Y
= amino acids): '

[0352] Toa solutlon of Boc-A-B -X OG—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 o'vernight.vSolvent was evaﬁorated under
reduced pressure and to the residue satd. NaHCO; was added and stirred for 1h. The
white précipitate was filtered, washed with water and dried. |
Deprotection of Boc-A-B-X-0°-Oxycodone-0'*.Y-C-D-Boc:

[0353] Deprotection is same as general method mentioned above. Deprotection is
done overnight to give A-B-X-0°%-Oxycodone-0'*-Y-C-D-3HCI.

Examples:
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1. | (Ile-Tyr-Val)-Oxycodone-(Val-Glu-Gly)
2. (Leu-Tyr-Val)-Oxycodone-(Val-Glu-Gly)
Mono-Substituted Single Amino Acids (Enol Ester)
[0354] Figure 100 depicts 6xycodone.‘
Exémpl’e 65. Phe—Oxjcodone .
[0355] To a solution of oxycodone-freebase (1.0eq) in tetrahydrofuran (THF):
(10ml/mmol) was added LiN(TMS)z (3.5eq): After S minutes, Boc-Phe-OSu (3.5eq)
was added. The reactio}nhwas stirred at ambient temperatures for 18 hours, quenchéd ‘
with water and solvents removed. Crude protected product was purified using _
reverse-phase HPLC. Deprotection occurred with 4N HCl in dioxane (ZOmilmfnol) to
obtain Phe-Oxycodone. | .

Example 66. Sﬁmesis of Ile-Oxycodone

[0356] Ile-Oxycodéne was prepared in a similar manner to Example 65 except Boc-
Ile-OSu was used as the amino acid starting material.

Mono-Substituted Tripeptides (Enol Ester)
Example 67. Pro,-Leu-Oxycodone

[0357] To a solution of Leu-Oxycodone (1.Oec_1) in dimethylformamide.
(10m1/0.1mmol) was added 4-metliylmorpholine (10eq) and Boc-Pro-Pro-OSu '(Zeq).
The reaction was stirred at ambient temperatures for 18 hours, quenched with wéter,
and solvents removed. Crude protected product was purified using reverse phase: .
HPLC. Deprotection occurred usin_g 4N HC! in dioxane (20ml/mmol) to obtain Pro»- '
Leu-Oxycodone. ' '

Example 68. Synthesis of Pro,-lle-Oxycodone

[0358] Pro;-lle-Oxycodone was prepared in a similar manner to. Examplé 67 except
Ile-Oxycodone was used as the conjugated starting material.

Example 69. Oxvéodone Disubstituted Tripeptides

General Synthetic Procedure

Synthesis of [Boc-Val];-OC:

[0359] To a solution of OC (2.04 g, 6.47 mmol) in tetrahydrpfuran (THF) (~35 ml)
was added LIN(TMS)z (19.41 ml, 19.41 mmol) and stirred for ~30 mins. To this was
added solid Boc-Val-OSu (6.72 g, 21 mmol) at one time and the reaction mixiure was

stirred at room temperature overnight. The solution was neutralized with 1N HCI and
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the THF was removed under reduced pressure. The residue was diluted with ethyl
acetate (EtOAc) (200 niL), satd. NaHCO; (150 mL) was added and stirred for 1h.
EtOAc part was washed with NaHCOj; and brine. Dried over Na;SO4 and evaporated
to dryness. Crude product was purified with either silica gel column. (30% ' |
EtOAc/Hexane). -

[0360] Deprotection: For the deprotectionof 2.5 g of [Boc-Val],-OC-, 75-80 mL of
4N HCl/dioxane was used. Reaction was complete within 13-4 hours. Evaporate
dioxane and dry over vacuum at lease for 24 h.

[0361] Couplmg To a solution of Val,-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 overmght Solvents were evaporated 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
vacuuin oven z;t RT.

[0362] Deprotection: Deprotection was same as above method. For 100-200 mg of
tripeptide denvatlve 10-15 ml 4N HCl/dioxane was used. Deprotectxon lasts 18 hours.
[0363] Deprotection of tripeptide derivatives contammg Threonine and Serlne
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

Example 70. Oxycodone Branched Amino Acid Chains '

General Synthesis

[0364] Figure 101 depicts oxycodone with lysine branched pepndes

Example 71. (Lys),-Oxycodone

[0365] Method was similar to other singlé amino aéid derivatives exéept Boc-
Lys(Boc)-OSu was used as the amino acid starting material.

Example 72. XX-Lys(XX)-Oxycodone

[0366] To a solution of (Lys),-Oxycodone (1.0eq) in dimethylformamide (lml/mmdl)
was added 4-methylmorpholine (5.5eq) followed by Boc-XX3-OSu (4.1)." Reaction
was stirred at ambient temperature for 24 hours. Solvents were removed and crude

product was purified by reverse phase HPLC.
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Examp]e 73. Svnthe51s of [leg-Lvs(—Gle)]z—Oxvcodone

[0367] [Gly:-Lys(-Glyz)]>-Oxycodone was prepared in a manner similar to Example
72 except Boc-Gly,-OSu was used as the amino acid starting material."

Example 74. QOxvycodone D-amino acids

General Synthesis

[0368] Disubstituted D-ammo acid tripeptides were prepared in a manner s1m11ar to
disubstituted tripeptide conjugates except the amino acid starting matenal used the'
unnatural D-amino acids. ' '

' [(D)-Lys- (d)-Lys-Leu]p_-Oxycodone

[0369] To a solution of (Leu),-Oxycodone (1.0eq) in d1methylformam1de (1ml/mmol)
was added 4-methylmorpholine (10eq) followed by Boc-(1)-Lys(Boc)-(d)- Lys(Boc)-
OSu (3eq). Redction was stirred at ambient temperature for 24 houirs. Solvents were
removed and crude product was purified by reverse phase HPLC. .

Example 75. Synthetic Ammo Acids

[0370] Synthesis of [Boc-Z]1;-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 L1N(TMS)2 (19.41 mmol) and
stirred for ~30 mins. To this was added solid Boc-Z-OSu (21 mmol) at-one time and
the reaction mixture was stlrred at room temperature overnight. The solution was
neutralized with 1N HCI and the THF was removed under reduced pressure. The .
residue was diluted with ethyl acetate (EtOAc), satd. NaHCO3 was added and stirred
for 1h. EtOAc part was washed with NaHCO3 and brine. Dried over Na;SOq ar_ld
evaporated to dryness. Crude product was purified with either silica gel column. (30%
EtOAc/Hexane). V , , |
Example 76. Non-Standard Amino Acids (Naturally occurring, not the standard 20)
[0371] Synthesis of [Boc-N]1,-OC [where N can equal norleucine (Nle)
homophenylalanine (hPhe) or any other non-standard amino acid]

[0372] 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-N-OSu (21 mmol) at one time
and the reaction mixture was stirred at room temperature overnight. The solution was
neutralized with 1N HCI and the THF was removed under reduced pressure. The

residue was diluted with ethyl acetate (EtOAc), satd. NaHCO3 was added and stiried
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for 1h. EtOAc part was washed with NaHCOj3 and brine. Dried over Na;SO4 and
evaporated to dryness. Crude product was purified with either silica gel column. (30%
EtOAc/Hexane). . '

Other Oxycodone Conjugates

Example 77. Glycopepude
[0373] Using galactose and a number of tripeptides, glycopeptldes will be produced
Initial Glycopeptides to be Produced '

(Gal-Gly,-Ile),-OC
2. (Gal-Pro;-1le);-OC
3. (Gal-Gly:-Leu),-OC
4. (Gal-Proz-Leu),-OC

Juod

Example 78. Glycosylation of Oxycodone

[0374] Figure 102 depicts a glycosylated oxycodone.

[0375] A glycosylation reaction of Oxycodone with a carbohydrate will be attempted.
The hnkage produced would essentially be an enol ether which are difficult to cleave
chemlcally yet glycosidic bonds are commonly broken down in vivo. Either site or
‘both may be conjugated.

Exarhnle 79. Formation of an Enol Ether with Serine

[0376] Figure 103 depicts formation of an enol ether with serine.
[0377] Using serine and OC, an enol ether conjugate-will be produced. This
conjugate would be stable to most hydrolysis conditions. Only the enol ether would
be formed in this reactlon
Example 80. Vltamms
[0378] Figure 104 depicts niacin and biotin.
[0379] Vitamins can be used to cap or further functionalize the.peptide. chain. Niacin
and biotin will be conjugated to four different dipeptides.
Conjugates to Prepare
1. (Nia-Gly,-11€),-OC
2. (Nia-Gly;-Leu),-OC
3. (Bio-Glyp-1le),-OC -
4. (Bio—Glyz-Leu)z-OC
Figures 105-141 demonstrate plaéma levels of oxycodone measured by ELISA.

Example 81. Decreased oral C;.x of Oxycodone Conjugates
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[0380] Male Sprague-Dawley rats were provided water ad libitumn, fasted overnight .
and dosed by 6ra1 gavage with oxycodone conjugates or oxycodone HCI. All doses
contained equwalent amounts of oxycodone base. Plasma oxycodone concentratlons
were measured by ELISA (Oxymorphone, 102919, Neogen, Corporat1on, Lexmgton,
KY). The assay is specific for oxymorphone (the major oxycodone metabolite) and
oxycodone. Plasma concentration-time curves are shown in figures 156-174. "i"hes.e'
examples illustrate that doses of oxycodone conjugates decrease the peak level (Cmax)
of oxycodone plus oxymorphonc as compared to that produced by equlmolar :
(oxycodone base) doses of oxycodone HCl when given by the oral route of’
administration.

Example 82. Oral bioavailability of a peptide-oxycodone conjugates at a dose (2.5

mj.z/kg) approximating a therapeutlc human dose

[0381] This example illustrates that when the peptide PPL (Table 29, Figure 142) is

conJugated (disubstituted at the 6 and 14 positions) to the active agent oxypcodone .
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 ibs) according to Chou et al.
Table 29. Oral Pharmacokinetics of Oxycodone vs. P2L(2)-O'C (2.5 mg/kg dose). ’.

Hours AUC (ng/ml h) | Percent | Cmax | Percent
Drug - [ 05 (15[ 3 ]5|8 0-8h OC | ng/mi| OC
Oxycodone Bitartrate | 145 | 27 1 11 |2 | 1 168 100 145 100
PPL(2)-0OC 124 | 78 [ 46 {18 | 278 165 124 -| 86

oxycodone plus oxymorphone

Example 83 Bioavailability of P21 »-oxycodone by the intranasal route

[0382] This example illustrates that when PPL(2) is conjugated to the active agent -
oxycodone the bioavailability by the intranasal route is substantially decreased
thereby diminishing the possibility of overdose (Table 30, Fi guré 143).

Table 30. Intranasal Pharmacokinetics of Oxyocodone vs. P2L2-OC Q mg/kg dose).

_ Minutes AUC (ng/ml h) | Percent | Cmax | Percent
Drug 5 15 | 80 | 60 0-4h | OC. |ngmi| OC
Oxycodone Bitartrate | 2128 | 1003 | 688 | 278 428 100 2128 1| 100
PPL(2)-OC 1380 | 499 | 390 ] 98 261 61 .| 1380 65

oxycodone plus oxymorphone
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Example 84 Bioavailability of P21 »-oxycodone by the intravenous route

{0383] This example illustrates that when P2L ) is conjugated to the active agent
oxycodone the bloavallablhty by the intravenous route is substantially decreased

thereby diminishing the possibility of overdose (Table 31, Figure 144).

Table 31. Intravénous 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 ng/ml oC
QOxycodone Bitartrate | 99 | 104 | 94 | 51 . 82 100 99 100
PPL(2)-OC 221 19 119143 24 - 29 43 43

oxycodone plus oxymorphone

Summary of in vivo testing of abuse resistant oxycodone conjugates.

~ [0384] In vivo testing of oxycodone conjugates demonstrates for instance decreased
oral Cpay, decreased intranasal bioavailability (AUC and Cmax), and decreased .
intravenous bioavailability (AUC and Crmax) and is described in further detail below.

Example 85. Decreased Intranasal Bioavailability (AUC and Cmax) of Oxycodone

Conjugates .

'[0385] Male Sprague-Dawley rats were provided water ad: libitum and doses were
administered by placing 0.02 ml of water containing oxﬁcodone conjugates or
oxycodoﬁe bitartrate into the nasal flares. All doses contained equivalent amounts of
ox.ycodone base. Plasma oxyéoc_lone concentrations were measured by ELISA
(Oxymorphone, 102919, Neogen, Corporation, Lexihgton, KY). The assay is specific
for oxymorphone (the major oxycodone metabolite) and oxycodone. Plasma
concentration-time curves of various oxycodone conjugates vs. oxycddone HCl are
shown in fi;gures 175-192. These examples illustrate that 6xycodone conjugates
decrease the peak level (Cmax) and total absorption (AUC) of oxycodone plus
oxymorphone as compared to those produced by equ1molar (oxycodone base) doses
of oxycodone HC] when given by the intranasal route of administration.

Example 86. Decreased Intravenous Bioavailability (AUC and Cnay) of Oxycodone

Conjugates
[0386] 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

oxycodone conjugates or oxycodone HC1. All doses contained equivalent amounts of
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oxycodone base. Plasma oxycodone concentrations were measured by ELISA
(Oxymorphone, 102919, Neogen, Corporation, Lexington, KY). The assay is spe01ﬁc
for oxymorphone (the major oxycodone metabolite) and oxycodone. Plasma ’
concentratlon—tlme curves of an oxycodone conjugate vs. oxycodone HCl is shown in .
figure 195. This example illustrates that an oxycodone conjugate decreases the peak
level (Cmax) and total absorption (AUC) of oxycodone plus oxymorphone as cbmpared
to those produced by an equimolar (oxycoddne base) dose of oxycodone HCi when

given by the intravenous route of administration.

oral 2mg/kg . intranasal 2mg/kg

% AUC | % Cmax | % AUC | % Cmax |
[Gly-Giu-Val],-OC | 93 61 29 48
[Pro-Glu-Vall,-OC | 90 82 34 46
[Glu-Pro-Val],-OC | 142 134 56 65
[Ser-Gly-Val],-OC- | 90 g2 64 73 -
[Glu-Tyr-Val,-OC-| 115 103 18 20
[Gly-Tyr-Val];-OC | 92 99 56 54
{le-Tyr-Val,-OC | 71 82 13 - 4’
[Leu-Tyr-Vall-OC | 131 120 4 - 15

OoC= Oxyéodone

[0387] Collectively, Examples 1 through 86 illustrate the apphcatxon of the invention
for reducing the overdose potential of narcotic analgesics. These examples estabhsh
that an active agent can be covalently modified by attachment of a chemical moiety in
a manner that maintains therapeutic value over a normal dosing range, while
substantially decreasing if not eliminating the possibility of overdose by oral,
intranasal, or intravenous routes of administration with the active agent.

[0388] Oxycodone and acetamindphen are used together in the treatment of pain. The
composition of the invention comprises oxycodone and acetaminophen covalently -
attached to a peptide. .
[0389] Hydromorphone is a known pharmaceutical agent that is used i in the treatment
of cough and pain. The composition of the invention comprises hydromomhone
covalently attached to a péptide. In the present inventiori, hydromorphone is
covalently attached to the peptide via the hydroxyl group |

[0390] Oxymorpﬁone is a kriown pharmaceutical agent-that is used in the treatment of

pain. The composition of the invention comprises oxymorphone covalently attached

to a peptide.
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[0391] In the present invention, oxymorphone is covalently attached to the peptide via
- hydroxyl group. ‘

[0392] Codeine is ‘aknown pharmaceutlcal agent that is used in the treatment of pam
The composition of the invention comprises codeine covalently attached to a peptlde.
In the present invention, codeine is covalently attached to the peptide via the hydroxyl ‘
group. Codeiﬂe and.guaifenesin is a known pharmaceutical agent that is usedl 1n the
treatment of coughs. The composition of the invention cofnprises codeine and
guaifenesin covalently attached to a peptide via the hydroxyls of either active agent.
Codeine and promethazine are known pharmaceutical agents used in the treatment of
coughs. - The compositioﬁ of the invention comprises codeine and promethazine ‘
covalently attached to a peptide via functional groups specified in the active agent’s

© respective catagory. Codeine, guaifenesin and pseudoephidrine are used in the
treatment of coughs and colds. The compositibn of the invention comprises cbdeihe, o
guaifenesin and pseudoephidrine covalently attached to a peptide peptide via
functional groups specified in the active agent’s respective catagory. Codeine,
phenylephrme and promethazine is a known pharmaceutlcal agent that is used in the
treatment of coughs and colds. The composition of the invention comprises codeme
phenylephrme and promethazine covalently attached to a peptide via functional

groups specified in the active agent’s respective catagory.

[0393] Morphine is a known pharmaceutical agent that is used in the treatment of
pain. The co.mposition of the invention cdmprises morphine covalently attached toa

peptide. In the present invention, morphine is covalently attached to the peptide via

any of the hydroxyi groups.
Naltrexone . :

Table 77: List of Active Agents and Peptide Conjugates
Typical Use. of Active Agent| Generic Name Peptide
Addiction Treatment Naltrexone E,K,S,ES,EW
Addiction Treatment Methylnaltrexone  [Glu

Example 88: Naltrexone Derivatives
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N
1. NaOH, H,0
2. CHgl, THF
CHyO o o
Naltrexone (Nal) ' 3-Methyl-naitrexone

Boc-Glu-OtBu,
PyBrop, NMM Boc-Asp-OtBu, PyBrop
and DMF NMM and DMF

Boc-Glu(Nal)-OtBu . .Boc-Asp(Nal)-O.tBu

(1) . Boc-Glu(Nal)-OtBu: ' '
The solids Boc-Glu-OtBu (0.96 g, 3.18 mmol), naltrexone (1 00 g, 2.65
mmol) and PyBrop (1.73 g, 3.71 mmol) were dissolved in 5 mL of anhydrous DMF ‘
and stirred at room temperature under argon. Dry N-methylmorpholine (1,08 mL,
9.81 mmol) was added and the reaéﬁon alldwed to continue stirring at room
temperature under argén. After two days additional Boc-Glu-OtBu (0.096 g, 0.32
mmol), PyBrop (0.173 g, 0.37 mmol) and N-methylmorpholine (0.10 mlL, 0.981
mmol) were added. After 2 more days, the solvent was removéd by rotary-evaporation
under high vacuumn. The resulting residue was then dissolved in CHCls, and the ‘
resulting organic solution extracted with 2 x 20 mL of saturated NaCl, 3 X 20 mL of
10% NayCOs and a final wash with 20 mL of saturated aqueous NaCl. The organic
solution was collected, dried over sodium sulfate and then adsorbed onto silica. Pure
naltrexone conjugated amino acid (0.486 g, 0.78 mmol, 29%) was then isolated by
flash chromatography and a gradient of 0-1.5% CH3OH in CHCls. The purity of the
isolated material was determineci.by TLC {6:1 CHsOH:CHCl3), and 1H NMR
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confirmed the presénce of both the amino acid moiety and the naltrexone. lH NMR
(360 MHz, CDCl3) 5 6.81 (d, 1H, naltrexone aromatic), 6.63 (d, 1H, naltrexone
aromatic), 4.3-4.2 (m, 1H, glutamlc ac1d a—proton) 1.7-1.3 (pair of bs, 18H, Boc and
OtBu groups.), 0.6-0.4 ppm (i, 2H, naltrexone cyclopropyl) and 0.2-0.0 ppm (m, 2H,
ndltrexone cyqlopropyl).

Boc-Asp(Nal)-OtBu

[0395B oc-Asp(Nal)-OtBu was obtained in 41% isolate yield using a similar protocol
as the one used to prepare Boc-Glu(Nal)-OtBu. lH—NMR (360 MHz, CDCl3): 6 6.84
(d, 1H, naltrexone aromatic); 6.66 (d, 1H, naltrexone arofnatic), 4.6-4.5 (m, 1H,
aspartic 'acid.oc-proton), 1.6-1.3 (pair of bs, 18H, Boc and OtBu groups.), 0.7-0.5 ppm
(m, 2H, naltrexone cyclopropyl) and 0.4-0.1 ppm (m, 2H, naltrexone cyélopropyl).

' While naltrexone has a complex NMR spectrum, there are several key protons that
have distinct chemical shifts and are uhique to naltrexone.

NMR characterization:

Pair of multiplets each corresponding
to 2 protons,

o
e
e
L)

’ H
(4 v
doublet comresponding to 1 proton

doublet comresponding to 1 proton A}

Table 78: Percent of Active Agent Attached to a Carrier Peptide -

. % Active Agent
Active Agent Conjugate | Lot Number | Amount | Yield NMR uv
pGlu(Naltrexone) 1A TM124 85mg' 16% nd
pGlu(Naltrexone) 1B TM124 95mg ~16% nd
pGlu(Naltrexone) BBI152 404mg 26% 50% 55%
pGlu(Naltrexone) BBI161 81lmg < 1% 40% nd

nd=not determined

Example 89- Preparation of Carbamate linked Naltrexone-polymer conjugates
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Ka: e

N . O

d 9 o ‘ ‘ 5 1
naltrexone OMF @ NH
o S e
PN N~ DMF
N=/ =N :
1,1'-carbonyl-diimidazole O
'CDI‘ N NH2

o’ TOH
[0396] Naltrexone-hydrochlonde (520 mg, 1.37 mmol) and 1-1’-carbonyl-

diimidazole (CDI) (202 mg, '1.25 mmol) were dissolved in anhydrous DMF (5 mL).

The reaction was then allowed to stir for 1 hour at room temperature under argon.
Glutamic acid-lysine copolymer (GlugLysm , 2.5 mmol of free lysine sidechains*)
was then added as a suspenéion in 15 mL DMF, and the reaction allowed to continne
stirring under argon at room temperature for 2 days. The solvent, DMF, was then
removed by rotary evaporation under high vacuum, leaving a green solid.” The solid .

. was dissolved in water (20 mL), and the aqueous solution filtered/concentrated usmg
ultrafiltration (1000 m\.;v~ eutoﬁ) to remove small molecular weight starting materials
and byproducts. Two aliquots of water (10 mL each) were added and the so_lut..ion
filtered/concentrated after each addition to a final volume of ~2.mL. The remaining
solution was freed of solvent by rotary evaporation and the resultmg solid dried over
night in a vacuum chamber at room temperature. This afforded the carbamate
conjugate (642 mg, 43% yield assuming saturation of available lysine 51decha1ns)
with an approximate loading of 1:4 (naltrexone/amino acid residue) as est'imated'by
'H-NMR. 'H NMR (360 MHz, DMSO-dg): 8 6.78 and 6.61 (bs, 1H each, naltrexone-
aromatic); 2.74 (bs, ~8H, 7-Glu); 2.20 (bs, ~8H, B-Glu), 0.50 (bs, 2H, naltrexone-
cyclopropyl) and 0.16 (bs, 2H, naltrexone-cyclopropyl). (* mmol of Lysine

sidechains is estimated based on a 1:1 Glw/Lys ratio as previously determined by
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NMR. This copolymer was prepared from Lys(Boc)-NCA and Glu(OtBu)-NCA
- using standard NCA polymerization methods. The resulting polymer (1.00 g, 2.5
mmol Lys) was deproteeted uéing 4N HCl in Dioxane). .

Example 90 - Prepafation of Carbonate linked Naltrexone-polymer conjugates:

d - ' Reaction of Naltrexone (free base) with CDI

.o |
+ (\N/U\N/ﬁ CHoCl, A
N=/ =N ’ =
NC

naltrexone ’ 1',1 -carbonyl-diimidazole naltrexone-CDl adduct
' *CDI* (1)

[0397] CDI (0.522 g, 3.2 mmol) was ‘dissolved at-room temperature in 120 mL of dry
methylene chloride in a flask charged with argon. The naltrexone (1.00 g, 2.9 mmol)
d1ssolved in mehtylene chloride (20 mL) was then added drop wise to the CDI -
solution. An additional 10 mL of methylene chloride was used to rinse the vessel that
had contained the naltrexone, and the wash added to the reaction mixture. The
reaction was heated to 50°C, and allowed to stir over night under argon at a
temperature between 40 and 50°C. The solvent was then removed by rotary
evaporation under h:gh vacuum. 'H-NMR indicated that the tacky solid contained a
mixture of 1m1dazole the adduct 1 and unreacted startmg materials. Imidazole and
compound 1 were the dominant components. 'H NMR (360 MHz, d-DMSO): & 8.27
(bm, 1H, 1); 7.74 (bs, 2 H, imidazole); 7.53 (t, 1H, 1); 7.24 (bs, 1H, im.idazole); 7.14
(bm, 1H, 1); 6.95 (d, 1H, 1) and 6.73 (d, 1H, 1).

(ii) Reaction of Naltrexone-CDI adduct with Ser,
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A

C | | » —
. OH o
° @ - 4y . DMF, A '.N N o
N:NJI\O o S H O . H O H o 3

(1) n n-m
’ Ser,.mlSer{Naln

[0398] The solid from step 1 was dissolved in enhydrous N-méthylpyrrdlidinone
(NMP), and solid Sefn.(O.Si. g, 5.9 mmol) added to the solution. The reaetiqn mixture
was then heated to 60 °C under argon, and allowed to stir under argon, over nightata
temperature between 50 and 60°C. The organic solution was then diluted into 100
mL. of water.” Precipitate formed immediately, and the solid (A) was collected by
centnfuge and the pellets then drled over night in'a vacuum chamber. The water 1ﬁ
the supernatant was removed by rotary evaporation, and the NMP solunon that
remained was diluted into ether (100 mL). Again, precipitate formed 1mmed1ately.
This solid (B) was collected by filtration and then dried over night in a vacuum
chamber. Both solids were Liygroscopic and appeared similar in composmon by TLC
(3:1 CHC]3/CH3OH) Therefore, solids A and B were combmed and
dissolved/suspended in ~50 mL water. Ultraflltratlon (1000 mw cutoff) was used to .
remove impurities such as unreacted naltrexone and 1m1daz01e leaving the -Sery and
the naltrexone conJugate,-Ser,,.m [Ser(Nal)]m. The suspended material was washed
with 5 aliquots of water (10 mL each), and then pelletted by centrifugation. The
polymer conjugate was then dried over night in a vacuum chandber. This afforded 80
mg (~5% yield) of material with anestimated loading of 1:19 hdltreXQne/serihe (based
on '"H-NMR). |

[0399] 'H NMR (360 MHz, DMSO-de): 8 5.03 (bs, ~19H, a-Ser); 0. 59 (bs 2H,
naltrexone-cyclopropyl) and 0.34 (bs, 2H, naltrexone-cyclopropyl).

Methyl Naltrexone — Glucose Ketal Conjugate |
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Pair of multiplets each corraspbnding
{o 2 protons .

[
. 'A
doublet corresponding to 1 proton ]

doublet corre@pohdirig to 1 proton 4

H3CO o (o]
Methyl Naitrexone

D-glucose, triflic acid
CuSO0,, dioxane
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1. NaOH, H,O
2. CHayl, THE

" HaCO

Naltrexone (Nal) 3—Meﬂ1yl7naltrexone

Boc-Glu-Oth,
* pyBrop, Nmm Boc-Asp-OtBu, PyBrop,
and DMF NMM and DMF

o Boc-Glu(Nal)-OBu Boc Asp(NaI)-OtBu

Example 91 .
[0400] 3-Methyl-naltrexone: Naltrexone (6.0 g, 16.5 mmol) was dlssolved in 100 -

ml distilled water. The solution was titrated with 1N NaOH to a final pH of 11.8. In
the course of the titration, neutral naltrexone prempxtated from solution and then went
back into solution. Upon reaching pH 11.8, the solvent was removed by rotar);-
evaporation under high vacuum, and the resulting solid stored under vacﬁum over
night at room temperature.. The solid was then suspended/dissolved in anhydrous
tetrahydrofuran (200 ml) and allowed to stir at room tempelature under argon A
solution of iodomethane (2.1 mg, 33 mmol) in 50 ml of tetrahydrofuran was added
dropwise over the course 30 minutes. The reaction was then allowed to stir an
additional 3 hours at room temperature under argon. The solvent was then removed
by rotary-evaporation under reduced pressure. The residual solid was then dissolved
in 40 ml of CHCJ; and the organic solution washed with 30 ml of saturated NaCl ,
3x30 ml of 1N NaOH and finally twice more with 30 ml saturated-aqueous NaCl.
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The organic solution was collected and dried over sodium sulfate. Removal of
solvent by rotary-evaporation and drying over night under vacuum afforded pure 3- .
methylnaltrexone (5 6g, 15.8 mmol, 96% yield) as a brown residue and compbsitiop
determmed by TLC and 'H-NMR. Features used to identify the compound by
comparison to the spectrum of naltrexone: 'H-NMR (360 MHz, CDCl3) 8 6. 677 «, .
1H, naltrexone aromatlc), 6.591 (d, 1H, naltrexone aromatic), 3.874 (s, 3H, methoxy
gi'oup.), 0.6-0.5 ppm (m, 2H, naltrexone cyclopropyl) and 0.2-0.1 ppm (m, 2H,
naltrexone cyclopropyl).

Example 92-Methx] Naltrexone Glucose Ketal Con]ugate

[0401] To a solution of methyl naltrexone (0.200g, 0. 56mmol) in dioxane (20ml) was
added D-ot—glucose (2.02g, 11.2mmol), triflic acid (0.05ml, 0.62mmol), and CuSOy4 -

" (1.00g). The reaction mixture was stirred at ambient temperatures for 4 days.
Reaction was then filtered, neutralized with NéHCO3 (sat.) and filtered again. '
‘Dioxane and water were removed and the residue was taken up in CHCl3 and
extracted with water (3X100ml). The organic layer was dried over MgSO, and
solvents were removed under reduced pressure. Crude product was purified over
silica gei (0-10% MeOH in CHCIs) to obtain the ketal conjugate (0.0IOg) inal:l
mixture with free methyl naltrexone: lH NMR (CDCls) 8 0.14 (br s, 4H, naltrexone
cyclopropyl), 0.53 (br m, 4H, naltrexone cyclopropyl), 0.90 (m, 2H, naltrexone
cyclopropyl), 1.48 (m, 6H, naltrexone), 2.19-2.78 (m, 12H, naltrexone), 3.03 {m, 2H,
naltrexone), 3.75 (q, 2H, glucose), 3.87 (m, 8H, nhaltrexone CHs and glucose), 3.97 (q,
2H, glucose), 4.14 (q, 1H. glucose), 4.33 (t, iH, glucose), 4.66 (s, lH; naltrexone),
6.65 (m, 4H, naltrexone). ' .

Example 93: Polyserine-Naltrexone

[0402] Naltrexone, an opoid antagonist, was chosen as a model compound for testing
conjugates for the hypothesis that conjugétes of opoid drugs can afford extended
release, while also lowering the potential for abuse. Naltrexone is chemically similar
to orally delivered analgesics such as oxycodone and hydromorphone and therefore
amenable to synthesmmg conJugates for testing in vztro and in vivo performance.
Synthesis '

[0403] Polyserine-naltrexone (carbonate-linked) conjugates were synthesized by the

following method:
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[0404] 1) Polyr_n. er activation. N-acetylated polyserine-methyl ester (0.69 g, 7.9
mmol) was dlssolved in N-methylpyrolidinone (15 ml) and allowed to stir under
argon at amblent temperature. Carbonyldiimmidazole (CDIL, 1. 93g, 11 9mmol) was.
added and the reaction allowed to stir over night under argon. Then, 100 ml of .
acetonitrile were added and the mixture allowed to sit at 4 °C for 2 hours. The
precipitate that formed was collected by c;anirifugatidn and the resulting i)elfet then
resuspended in acetonitrile. This suspension was then centrifuged.a“nd the pél}é;t dried

over night under a vacuum.

[0405] 2) Tetrabutylammonium salt of naltrexone. Naltrexone hydrochloride (1.5g,
3.979mmol) was dissolved in water (~50ml) and this solution titrated with IN LiOH
to a pH of ~11-12. Tetrabutylamimonium chloride (2.6g, 4. Ommol) was then added.
The aqueous solution was then extracted with 3 equal volumes of chloroform (20ml
each) The organic solutions were pooled and dried with magnesium sulfate. The -
solvent was then removed using a rotovap, and the resulting solid dried over night
under a high vacuum. |

[0406] 3) Conjugation reactlon The solid material from step 1 was

dissolved/suspended in 15 ml of N methylpyrrolidinone and the resulting solutxon
placed under argon. The naltrexone salt from step 2 was then added, and the reaction
then allowed to warm to ~50-60 o.C. The reaction was then allowed to stir two days
under these conditions, at which point water was added (~200 ml). The aqueous
solution was then concentrated by ultrafiltration (1000 mw cutoff). The poncer;trated
solution (~5 ml) was then diluted to a volume of 50 ml with water. The aqueous
solution was then titrated to pH 3 with 1N HCI and then concentrated by
ultrafiltration. This process was repeated two more times. Following the final
concentration, the aqueous solution (~5ml) was then freed of solvent using a rotovap
and high vacuum. The resulting solid was then stored over night under hlgh vacuum.
This afforded 50 mg of brown solid. A serine:naltrexone ratio of approx1mately 1.6
(BB272) and 1: 10‘ (BB301) was estimated by nuclear magnétié resonance (NMR). A
schematic of synthesis is shown in Fig. 1.

Example 94-Boc-Ser(CO-Methyl Naltrexone)-OtBu
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[0407] To a solution of .methyl naltrexone (1.00g, 2.82 mmol) in THF at —78°C was
added LiN(SiMes)2 (1.0M in THF, 5.92 mmol) dropwise via syringe. This solution .
was stirred at ~78°C for 1 hour. In a separate reaction, Boc-Ser-OtBu (0.220g,
0.84mmol) was dissolved in THF (5 ml) with NMM (0.10 ml, 0.92 mmol) and
triphosgene (O 250 g, 0.84 mmol) added. This solution was stirred at -78°C for 30
minutes. The first reaction was added slowly to the second at -78°C. The comblned
reaction was allowed to warm to ambient temperature and stirred for 18 hours. After
this, water (10 ml) was added. Solvent was removed and residue was partitioned
bétw_eeh CHCls/water (50 ml each) and was extracted twice with CHCl3 (50 ml).
Combined 6rganics were.washed with bﬁne(SO ml), pH 8 water(50 ml), dried with
MgSO4 and solvent removed. A preparative TLC was taken-(100% CHCI3). NMR

© of TLC material confirmed the presence of product.

[0408] The results of the examples show that conjugation of naltrexone to a polymer
of serine via a ;:arbonate linkage can prevent spiking of the drug (decrease Cmax) and

afford sustained release (increase Tmax While maintaining approximately equal AUC).

1 In vitro and In vivo performance of Polyserine-Naltrexone conjugate.
(carbonate linked) ’

X:A - In Vivo performance of Polyserine-Naltrexone conjugate grét model)
(Lot no. BB-272, 1:6 naltrexone:serine ratio) '

[0409] Polyserine-naltrexone conjugates were tested in male Sprague Dawley rats (~

250 g). Defined doses were delivered orally in gelatin capsules containing purified
dry powder polyserine-naltrexone conjugates or naltrexone. No exci;}ients were
added to the capsules. Content of naltrexone in the PolySerine-Naltrexone conjugate
was estimated to be 30% as based on the 1:6 ratio of naltrexone:serine determined by
NMR. Polyserine-nalirexone conjugate was given to four rats at a dose of 12 mg
which contained 3.6 mg of naltrexone. Doses of néltrexone (3.6 mgj equivaient to the
naltrexone content of the conjugate were also given to four rats. Capsules were
delivered orally to rats at time-zero using a capsule dosing syringe. Serum wés
collected from rats 2, 4, 6, 9, and 12 hours after capsule delivery. Serum naltrexone
concentrations were determined by ELISA using a commercially available kit

(Nalbuphine, product #102819, Nebgcn Corporation, Lansing MI).
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Table 79. Serum Concentrations (ng/mL) of Individual Rats Fed;

PolySerine-Naltrexone Conjugate vs. Naltrexone -

Polyserine-naltrexone Naltrexone
Hours | Rat#l | Rat#2 | Rat#3 | Rat#4 | Rat#l | Rat#2 | Rat#3 | Rat#4
2 58 35 22 22 - 33 91 37 22
4 66 46 14 27 6 25 12 3
6 34 21 11 26 13 10 8 /| 6
9 22 13 4 10. 3 6 "2 1
12 8 16 - 3 5 1 2 1 2

. -Table 80. Mean Serum Concentrations of PolySerine-Naltrexone vs. Naltrce_Xone'

Hours Polyserine-naltrexone Naltrexone
(ng/ml +/- SD) (ng/ml +/- SD)
2. 34 +/- 17 46 +/- 31
4 38 +/- 23 11 +/- 10
6 23 +/- 10° 94/-3
9 12-+/- 8 - 34/-2
12 - 8+/-6 1+/-1

[0410] Serum levels of md1v1dual animals are shown in Table 79. Mean serum levels
are shown in Table 80. Serum levels spiked earher for naltrexone (2 hours) than for
the drug administered as a’ polyserme—naltrexone conjugate (4 hours). Serum levels of
naltrexone for the polyserme—naltrexone conjugate remained elevated con31derab1y
longer than for naltrexone. Additionally, the peak level was significantly lower for

the polyserine~naltrexone conjugéte It should be noted that the 2 hour time point was
the first measurement of naltrexone-serum levels. ' Since this was the peak level
measured for naltexone it can not be determined whether or not levels peaked ata
higher concentration earlier. Consequently, it was not possible to accurately

determine the Cmax or area under serum concentration curve (AUC) for naltrexone in .

this experiment.

X:B - In Vivo performance of PolySerine-Naltr‘exone conjugate
(Lot no. BB-301, 1:10 naltrexone:serine ratio)

[0411] Polyserme-naltrexone conjugates were tested in Sprague-dawley rats (~ 250
g). Defined doses were delivered orally in gelatin capsules containing purified dry
powder polyserine-naltrexone conjugates or naltrexone. No excfpients were added to
the capsules. Content of naltrexone in the polyserine-naltrexone conjugate BB-272

was estimated to be 30% as based on the 1:6 ratio of naltrexone:serine determined by
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NMR. Polyserine-naltrexone conjugate was given to five rats at a dose of 12.9 mg
which contained 3.6 mg of naltrexone. Doses equivalent to the naltrexone contained.
in the batch of polyserme -naltrexone (BB-301) were also given to five rats. '
Additionally, half the equivalent dose (1.8 mg) was glven at time-zero, followed by a
second half—dose at 6.5 hours to five rats.
[0412] Capsules were delivered orally to rats at time-zero using a capsule dehvery
syringe. Serum was collected at 0.5, 1.5, 3,5,8,12, 15 and 24 hours after capsule
delivery for the polyserine-naltrexone (BB-301) and equivalent naltrexone dosed rats.
Sérum was collected at 0.5, 1.5, 3, 5, 8, 11.5, 14.5 and 24 hours after capsule delivery.
for rats dosed with half-équivalent doses at 0 and 6.5 hours. Serum naltrexone

: concentra_tiohs were determined by ELISA using a commercially available kit

(Nalbuphine, product #102819, Neogen Corporation, Lansing MI).

- Tablé 81. Serum Concentrations (ng/mL) of Individual Rats Fed;
PolySerine-Naltrexone Conjugate vs. Naltrexone -

Polyserine-naltrexone Naltrexone (equal dose)

Hours | Rat #1 | Rat #2 | Rat #3 | Rat #4 | Rat #5 | Rat #1 | Rat #2 | Rat #3 | Rat #4 | Rat #5
0.5 -0 0 0 1 0 141 128 126 142 | 39.
1.5 5 4 12 38 23 85 79 46 95 1 102

3 21 12 24 16 52 62 44 | 30 46. 91
5. 20 17 23 38 | 37 193 16 8 19 | 45.
8 22 14 32 32 13 6 2 5 4 19
12 10 47 | 29 | 19 7 1 2 3 2 3
15 8 7 13 9 S 1 1 2 2 4
24 4 4 .4 4 3. 1 1 3. 2 2
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- Table 82. Mean Serum Concentrations of

Polyserine- Naltrexone (1/2
Hours . nalz’r'exone Naltrex(;ne (eé?)lal) X2) L
(ng/ml +/-SD) | @FmIH-SD) | Ghoimi 4/ SD)
0.5 : 0o . 115 +/- 47 72 +/- 69
1.5 17 +/- 14 82 +/-25 44 +/- 46
3 25 +/- 16 55 +/-26 13 +/- 11
5 27 +/- 10 56 +/- 16 44/-3 .
8 23 +/-9 7 +/- 8 68 +/- 32
11.5 NA NA 11 +/-9
12 22 +/-16 2+/-1 NA .
14.5 NA NA 104/-3
15 8+/-3 2+/-1 NA -
24 44+/-04 241 6+/-1

[0413] Serum levels of individu:al animals are shown in Table 81. Mean serum levels

are shown in Table 82. Néltrexone serﬁm levels spiked earlier (0.5 hours) for

naltrexone than for the drug.administed as a polyserine-naltexone conjugate (5 houis).

Serum levels of naltrexone for the polyserine-naltrexone conjugate remained elevated

con51derably longer (> 12 hours) than for the monomeric naltrexone control (<8h).

Serum concentration curves crossed at approximately 7 hours Additionally, the mean

of the peak level concentration (Cmax) was significantly lower for the conjugated

naltrexone. -Further, the mean time to peak concentration (T max) was significantly

longer for the polyserinemaltrexone conjugate. The mean AUC of the polyserine-

naltrexone conjugate was approximately 75% of the naltrexone mean AUC.

Statistically the mean AUCs were not significantly different (P< 0.05). Serum levels

of rats fed one-half-dose (1.8 mg) at time zero and at 6.5‘hours‘ were compared to

those of rats fed polyserine-naltrexone conjugate. Concentration levels remained

elevated for the conjugate past those for the second naltrexone dose, with the curves

crossing at approximately 2.5 hours and again at approximately 11 hours (double

cross-over of the serum concentration curves).
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- Table 83. Mean Pharmacokinetic Parameters of Polyserine-Naltrexone vs.
Naltrexone - ‘
Cmax+/-SD . | Tmax+-sp | AUC %240+

Dosage Form " (og/ml) - (hours) - SD.
' L (ng h/ml)
Polyserine-naltrexone 38.24+/-11.9 | 7.3 4/-3.1 356 +/- 66 -
Naltrexone : 124.5 +/- 16.6 0.75+/-05 | 477 +/-183

X:C - In Situ Performance of Polyserine-Naltrexone - Caco-2 Cell Digestion
[0414] Polyserine-naltrexone conjugates BB-272 and BB-301 were incubated with

monolayers of Caco-2 cells for 4 hours in phosphate buffered saline. Buiffer was
removed from the monlayers and concentrated on SP-18 columns. Concentrated
samplesAwere_: analyzed for the presence of naltexone by reverse phase HPLC. Each

Polyserine-naltrexone conjugate showed significant release of free naltrexone from
. the polymer conjugate in three separate samples. In conclusion, Caco-2 cellular
enzymes affected release of naltrexone from Polyserine-naltrexone conjugates BB-
272 and BB-301. Release of carbonate linked drug from a conjugate by mtestmal
cellular enzymes affords a mechanism for drug absorpuon following oral

administration.

X:D - Treatment of Polyserine-naltrexone conjugates with intestinal enzymes
[0415] Polyserine-naltrexone (BB-272 and BB-301) were treated with enzymes found

in the stomach and lumen of lhe small intestines. The enzymes tested, which included
pepsin, pancrcatlc lipase, and pancreatin were meffectlve in releasing naltrexone from
the polyserlne-naltrexone conjugates. Other enzymes, including protease and
amidase, also did not affect drug release. These results- -suggest that polyserine-

naltrexone is rcs1stant to enzymes found i in the stomach and lumen of the intestine.

X:E - Conclusion
[0416] In conclusion, conjugation of naltrexone to a polymer of serine via carbonate

linkage comprised a pharmaceutical composition that afforded extended release when
administered orally. The said conjugates were resistant to a number of enzymes found
in the luminal fluids of the intestinal tract. In contrast, incubation of the compositiods
with Caco-2 human intestinal epi,tlm’elial cells affected release of naltrexone. In a
specific embodiment of the invention, pharmaceutical compositions comprised of a

drug covalently bound to a carrier that are resistant to luminal enzymes and depend on

PCT/US2007/007594
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intestinal cell associated enzymes for drug release afford t:xtended release
characteristics to the bound drug.

[0417] Butorphanol is a known pharmaceutical agent that is used in the treatment of
pain. It is both commercially available and readily manufactured using pubhshed .
synthetlc schemes by those of ordinary skill in the art. In the present invention, -
butorphanol is covalently attached to the peptxde via the phenyl hydroxyl group
[0418] Dihydrocodeine is a known pharmaceutlcal agent that is used in the treatment
of pain. The composition of the invention comprises dihydrocodeine covalen_tly
attached to a peptide. In the i)resent invention, dihydrocodeine is covélently attached
to the peptlde via the hydroxyl group. '

[0419] D1hydromorphme is a known pharmaceutical agent that is used in the
treatment of pain. The composition of the invention comprises dlhydromorphme
covalently attached to a peptide. In the present invention, d:hydromorphme is
covalently attached to the peptxde via the hydroxyl group.

[0420] Ethylmorphine is a known pharmaceutlcal agent that is used in the treatment
of pain. The composition of the invention comprises ethylmorphine covalently
attached to a peptide. In tht; present invention, ethylntc')rphine is covalently attached
to the peptide via the hydroxyl grottp | .
[0421] Methyldihydromorphiltone is a known pharmaceutical agent that is used in the
treatment of pain. The composition of the invention comprises
methyldihydromorphinone covalently attached to a peptide. In the present invention,

methyldihydromorphinone is covalently attached to the peptide via the hydroxyl
group '
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CLAIMS:’

1.A pharmaceuticél compositioh comprising an opioid covalently bound to a peptide
carrier or a pharmaceutically acceptable salt thereof end at least one pharmaceutically
aeceptable additive in a form suitable for oral administration, wherein said opioid
c'ovelently bound to a peptide carrier or salt thereof is in an amount sufficient to
provide a therapeutically effective ar.ﬂount of said opioid, but at a reduced rate of
absorptlon of the 0p101d as compared to unbound opioid.

2. A pharmacetical composmon comprlsmg an opioid covalenily bound to a peptide.
carrier or a pharmaceutically acceptable salt thereof in an oral dosage form that
provides an AUC comparable to an e).(.tended release product.

3. A composition for reducing drug abuse comprising an opioid covalently bound to a
_peptide carrier or a pharmaceutically acceptable salt thereof in an oral dosage form
wherein said opioid is not released following attempted disruption of the covalently-
bonded epioid fermulation prior to ingestion. |

4. The composition of claim 1 wherein said carrier peptide is between 1 and 10 amino
acids.

5. The compositien of claim 1 wherein the said amino acid or peptide is comprised of
one or more of the naturally occurring (L-) amino acids: alanine, arginine,
asparagine, aspartic acid, cysteine, glycine, glutamic acid, glutamine, histidine,
isoleucine, leucine, lysine, methionine, proline, phenylalanine, serine, tryptophan,
threonine, tyrosine, and valine. -

6. The composition of claim 1 wherein the opioid is hydrocodone, oxycodone,
hydromdrphone, oxymorphone, codeine, morphine, naltrexone, butorphanol,

dihydrocodeine, dihydromorphine, ethylmorphine, or methyldihydromorphinone.

7. A method for reducing the abuse. potential of an opioid composition comprising

orally administering the composition of claim 1 to a human in need thereof.
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8. A method for preventing a euplioric effect of an opioid comprising oralfy
administering ﬂxe composition of claim 1 while still providing a therapeutically-
bioequivalent AUC.

9.A method of t:reating acute or chrdﬁic péin comprising administering to a patient.

the composition of claim 1.
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Figure 5
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Figure 6
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