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NOVEL METHODS AND COMPOSITIONS 
INVOLVING OPIOIDS AND ANTAGONISTS 

THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention relates to novel methods and 
compositions comprising opioids and opioid antagonists. 
More particularly, the present invention relates to novel 
methods and compositions comprising opioids and periph 
eral mu opioid antagonist compounds. 

BACKGROUND OF THE INVENTION 

[0002] It is Well knoWn that opioid drugs target three types 
of endogenous opioid receptors (i.e., mu, delta and kappa 
receptors) in biological systems. Most opioids, such as 
morphine, are mu opioid agonists that are often used as 
analgesics for the treatment of severe pain due to their 
activation of mu opioid receptors in the brain and central 
nervous system (CNS). Opioid receptors are, hoWever, not 
limited to the CNS, and may be found in other tissues 
throughout the body. A number of side effects of opioid 
drugs may be caused by activation of these peripheral 
receptors. Administration of mu opioid agonists often results 
in intestinal dysfunction due to the large number of receptors 
in the Wall of the gut (Wittert, G., Hope, P. and Pyle, D., 
Biochemical and Biophysical Research Communications 
1996, 218, 877-881; Bagnol, D., Mansour, A., Akil, A. and 
Watson, S. J., Neuroscience 1997, 81, 579-591). Speci? 
cally, opioids are generally knoWn to cause nausea and 
vomiting as Well as inhibition of normal propulsive gas 
trointestinal function in animals and man (Reisine, T., and 
Pasternak, G., Goodman & Gilman’s The Pharmacological 
Basis of Therapeutics Ninth Edition 1996, 521-555) result 
ing in side effects such as, for eXample, constipation. It has 
been reported that acute nausea or vomiting may occur in up 
to about 33% of patients Who receive oral narcotic analge 
sics and in up to about 80% of patients Who receive 
inj ectable narcotics folloWing surgery or trauma. This is due, 
at least in part, to direct effects of narcotics on the gas 
trointestinal (GI) tract. 

[0003] Opioid-induced side effects, such as nausea, vom 
iting, and inhibited gastrointestinal propulsive activity 
remain serious problems for patients being administered 
opioid analgesics for both short term and long term pain 
management. Opioid antagonist compounds that do not 
readily cross the blood-brain barrier (peripherally acting 
drugs) have been tested for use in curbing opioid-induced 
side effects. For instance, the peripheral mu opioid antago 
nist compound methylnaltreXone and related compounds 
have been suggested for use in curbing opioid-induced side 
effects in patients. US. Pat. Nos. 5,972,954, 5,102,887, 
4,861,781, and 4,719,215 disclose the use of methylnaltr 
eXone and related compounds in controlling opioid-induced 
pruritus, nausea, and/or vomiting. Additionally, methylnal 
treXone has been shoWn to effectively reduce the incidence 
of opioid-induced nausea and pruritus as disclosed by Yuan, 
C. -S. et al. Drug and Alcohol Dependence 1998, 52, 161. 
Similarly, US. Pat. Nos. 5,250,542, 5,434,171, 5,159,081, 
and 5,270,328, disclose peripherally selective piperidine-N 
alkylcarboXylate opioid antagonists as being useful for the 
treatment of the opioid side effects constipation, nausea or 
vomiting, as Well as irritable boWel syndrome and idiopathic 
constipation. 
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[0004] It is frequently the case that drugs have undesirable 
side effects, and patients taking such drugs are often pre 
scribed additional drugs for countering these side effects. 
Thus, patients may be required to take multiple doses of 
different drugs, causing inconvenience and possible admin 
istration of incorrect doses. It may therefore be desirable for 
multiple drugs to be combined as one dose in a ?xed ratio 
for ease of administration. Given that nausea, vomiting, and 
inhibited gastrointestinal propulsive activity are common 
side effects of opioid analgesics that contribute to the 
discomfort of a patient receiving such therapy, a need for a 
speci?c and effective side effect-relieving remedy is present. 
As it is not readily evident to combine tWo or more drugs for 
simultaneous administration, due to the complex nature of 
drug interactions Which are often undesirable and even fatal 
to the patient, it is desirable to identify drug formulations 
that contain compounds When taken simultaneously in pre 
measured, ?Xed-dose forms, resulting in safe alternative 
means for administering multiple drugs. In the present 
invention, it has been found that opioid analgesics, With their 
common undesirable side effects, are optimal candidates for 
such formulations in combination With peripheral mu opioid 
antagonist compounds. The methods and formulations of the 
present invention are directed toWard these, as Well as other, 
important ends. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, the present invention is directed, in 
part, to novel methods and compositions for treating and/or 
preventing side effects that may be associated, for eXample, 
With the administration of opioids. Speci?cally, in one 
embodiment, there are provided methods of preventing or 
treating a side effect associated With an opioid comprising 
administering to a patient, in combination With an effective 
amount of an opioid, an effective amount of a compound of 
the folloWing formula (I): 

R3 

[0006] Wherein 

[0007] R1 is hydrogen, alkyl or alkenyl; 

[0008] R2 is hydrogen, alkyl or alkenyl; 

[0009] R3 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl or aryl-substi 
tuted alkyl; 

1s ro en, a or a en ; [0010] R4 ' hyd g lkyl lk yl 

[0011] A is OR5 or NR6R7; Wherein: 

[0012] R5 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or ar yl-substituted alkyl; 
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[0013] R2 is hydrogen or alkyl; 

[0014] R7 is hydrogen, alkyl, alkenyl, cycloalkyl, 
aryl, cycloalkyl-substituted alkyl, cycloalkenyl, 
cycloalkenyl-substituted alkyl, aryl-substituted 
alkyl, aryl-substituted alkyl, or alkylene substitued B 
or, together With the nitrogen atom to Which they are 
attached, R6 and R7 form a heterocyclic ring; 

[0015] B is 

[0016] C(=O)W or NR8R9; Wherein; 
[0017] R8 is hydrogen or alkyl; 

[0018] R9 is hydrogen, alkyl, alkenyl, cycloalkyl 
substituted alkyl, cycloalkyl, cycloalkenyl, cycloalk 
enyl-substituted alkyl, aryl or aryl-substituted alkyl 
or, together With the nitrogen atom to Which they are 
attached, R8 and R9 form a heterocyclic ring; 

[0019] W is ORlo, NR11R12, or OE; Wherein 

[0020] R10 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0021] 
[0022] R12 is hydrogen, alkyl, alkenyl, aryl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalkenyl 
substituted alkyl, aryl-substituted alkyl or alkylene substi 
tuted C(=O)Y or, together With the nitrogen atom to Which 
they are attached, R11 and R12 form a heterocyclic ring; 

R11 is hydrogen or alkyl; 

[0023] E is 

0 CH2—— 

O:< I , 
0 CH3 

[0024] alkylene substituted (C=O)D, or 
—R13OC(=O)R14; 
[0025] Wherein 

[0026] R13 is alkyl substituted alkylene; 

[0027] R14 is alkyl; 

[0028] D is OR15 or NR16R17; 

[0029] Wherein: 

[0030] R15 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0031] R16 is hydrogen, alkyl, alkenyl, aryl, aryl 
substituted alkyl, cycloalkyl, cycloalkenyl, 
cycloalkyl-substituted alkyl or cycloalkenyl-substi 
tuted alkyl; 
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[0032] R17 is hydrogen or alkyl or, together With the 
nitrogen atom to Which they are attached, R16 and 
R form a heterocyclic ring; 

[0033] Y is OR18 or NR19R2O; 

[0034] Wherein: 

[0035] R18 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0036] R19 is hydrogen or alkyl; 

[0037] R20 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl, or aryl-substi 
tuted alkyl or, together With the nitrogen atom to 
Which they are attached, R19 and R20 form a hetero 
cyclic ring; 

[0038] R21 is hydrogen or alkyl; and 

[0039] n is 0 to 4; 

[0040] or a stereoisomer, prodrug, or pharmaceutically 
acceptable salt, hydrate or N-oXide thereof. 

[0041] Another embodiment of the invention relates to 
methods of preventing or treating a side effect associated 
With an opioid comprising administering to a patient an 
effective amount of an opioid in combination With an 
effective amount of a peripheral mu opioid antagonist com 
pound. 
[0042] Still another embodiment of the invention relates to 
methods of treating or preventing pain comprising admin 
istering to a patient an effective amount of an opioid, in 
combination With an effective amount of a compound of the 
folloWing formula (I): 

[0043] Wherein: 

[0044] R1 is hydrogen or alkyl; 

[0045] R2 is hydrogen, alkyl or alkenyl; 

[0046] R3 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl or aryl-substi 
tuted alkyl; 

[0047] R4 is hydrogen, alkyl or alkenyl; 

[0048] A is OR5 or NR6R7; Wherein: 

[0049] R5 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0050] R6 is hydrogen or alkyl; 
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[0051] R7 is hydrogen, alkyl, alkenyl, cycloalkyl, 
aryl, cycloalkyl-substituted alkyl, cycloalkenyl, 
cycloalkenyl-substituted alkyl, aryl-substituted 
alkyl, aryl-substituted alkyl, or alkylene substitued B 
or, together With the nitrogen atom to Which they are 
attached, R6 and R7 form a heterocyclic ring; 

[0052] B is 

[0053] C(=O)W or NR8R9; Wherein; 
[0054] R8 is hydrogen or alkyl; 

[0055] R9 is hydrogen, alkyl, alkenyl, cycloalkyl 
substituted alkyl, cycloalkyl, cycloalkenyl, cycloalk 
enyl-substituted alkyl, aryl or aryl-substituted alkyl 
or, together With the nitrogen atom to Which they are 
attached, R8 and R9 form a heterocyclic ring; 

[0056] W is ORlo, NR11R12, or OE; Wherein 

[0057] R10 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0058] R11 is hydrogen or alkyl; 

[0059] R12 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl, aryl-substi 
tuted aLkyl or alkylene substituted C(=O)Y or, 
together With the nitrogen atom to Which they are 
attached, R11 and R12 form a heterocyclic ring; 

[0060] E is 

0 CH2— 

0 :< I > 
0 CH3 

[0061] alkylene substituted (C=O)D, or —R13OC(— 
O)R14; 
[0062] Wherein 

[0063] R13 is alkyl substituted alkylene; 

[0064] R14 is alkyl; 

[0065] D is 01115 or NR16R17; 

[0066] Wherein: 

[0067] R15 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0068] R16 is hydrogen, alkyl, alkenyl, aryl, aryl 
substituted alkyl, cycloalkyl, cycloalkenyl, 
cycloalkyl-substituted alkyl or cycloalkenyl-substi 
tuted alkyl; 
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[0069] R17 is hydrogen or alkyl or, together With the 
nitrogen atom to Which they are attached, R16 and 
R form a heterocyclic ring; 

[0070] Y is OR]8 or NR19R2O; 

[0071] Wherein: 

[0072] R18 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0073] R19 is hydrogen or alkyl; 

[0074] R20 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl, or aryl-substi 
tuted alkyl or, together With the nitrogen atom to 
Which they are attached, R19 and R20 form a hetero 
cyclic ring; 

[0075] R21 is hydrogen or alkyl; and 

[0076] n is 0 to 4; 

[0077] or a stereoisomer, prodrug, or pharmaceutically 
acceptable salt, hydrate or N-oXide thereof. 

[0078] Yet another embodiment of the invention relates to 
methods of treating or preventing pain comprising admin 
istering to a patient an effective amount of an opioid in 
combination With an effective amount of a peripheral mu 
opioid antagonist compound. 

[0079] In another embodiment of the invention, there are 
provided pharmaceutical compositions comprising an effec 
tive amount of an opioid and an effective amount of a 
compound of the folloWing formula (I): 

R3 

[0080] Wherein: 

[0081] R1 is hydrogen or alkyl; 

[0082] R2 is hydrogen, alkyl or alkenyl; 

[0083] R3 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl or aryl-substi 
tuted alkyl; 

[0084] R4 is hydrogen, alkyl or alkenyl; 

[0085] A is OR5 or NR6R7; Wherein: 

[0086] R5 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0087] R6 is hydrogen or alkyl; 
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[0088] R7 is hydrogen, alkyl, alkenyl, cycloalkyl, 
aryl, cycloalkyl-substituted alkyl, cycloalkenyl, 
cycloalkenyl-substituted alkyl, aryl-substituted 
alkyl, aryl-substituted alkyl, or alkylene substitued B 
or, together With the nitrogen atom to Which they are 
attached, R6 and R7 form a heterocyclic ring; 

[0089] B is 

[0090] C(=O)W or NR8R9; Wherein; 

[0091] R8 is hydrogen or alkyl; 

[0092] R9 is hydrogen, alkyl, alkenyl, cycloalkyl 
substituted alkyl, cycloalkyl, cycloalkenyl, cycloalk 
enyl-substituted alkyl, aryl or aryl-substituted alkyl 
or, together With the nitrogen atom to Which they are 
attached, R8 and R9 form a heterocyclic ring; 

[0093] W is ORlo, NR11R12, or OE; Wherein 

[0094] R10 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0095] R11 is hydrogen or alkyl; 

[0096] R12 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl, aryl-substi 
tuted alkyl or alkylene substituted C(=O)Y or, 
together With the nitrogen atom to Which they are 
attached, R11 and R12 form a heterocyclic ring; 

[0097] E is 

0 CH2— 

O:< I > 
O CH3 

[0099] Wherein 

[0100] 
[0101] R14 is alkyl; 

[0102] D is OR15 or NR16R17; 

[0103] Wherein: 

[0104] R15 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

substituted (C=O)D, or 

R13 is alkyl substituted alkylene; 

[0105] R16 is hydrogen, alkyl, alkenyl, aryl, aryl-substi 
tuted alkyl, cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl or cycloalkenyl-substituled alkyl; 
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[0106] R17 is hydrogen or alkyl or, together With the 
nitrogen atom to Which they are attached, R16 and R17 form 
a heterocyclic ring; 

[0107] Y is OR18 or NR19R2O; 

[0108] Wherein: 

[0109] R18 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0110] R19 is hydrogen or alkyl; 

[0111] R20 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl, or aryl-substi 
tuted alkyl or, together With the nitrogen atom to 
Which they are attached, R19 and R20 form a hetero 
cyclic ring; 

[0112] R21 is hydrogen or alkyl; and 

[0113] n is 0 to 4; 

[0114] or a stereoisomer, prodrug, or pharmaceutically 
acceptable salt, hydrate or N-oXide thereof. 

[0115] Still another embodiment of the invention relates to 
pharmaceutical compositions comprising an effective 
amount of an opioid, an effective amount of a peripheral mu 
opioid antagonist, and a pharmaceutically acceptable carrier. 

[0116] Yet another embodiment of the invention relates to 
pharmaceutical kits comprising one or more containers 
containing pharmaceutical dosage units comprising an effec 
tive amount of an opioid and an effective amount of a 
compound of the folloWing formula (I): 

R3 

[0117] 
[0118] R1 is hydrogen or alkyl; 

Wherein: 

[0119] R2 is hydrogen, alkyl or alkenyl; 

[0120] R3 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl or aryl-substi 
tuted alkyl; 

1s ro en, a or a en ; 0121 R4 ' hyd g lkyl lk yl 

[0122] A is OR5 or NR6R7; Wherein: 

[0123] R5 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0124] R6 is hydrogen or alkyl; 
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[0125] R7is hydrogen, alkyl, alkenyl, cycloalkyl, 
aryl, cycloalkyl-substituted alkyl, cycloalkenyl, 
cycloalkenyl-substituted alkyl, aryl-substituted 
alkyl, aryl-substituted alkyl, or alkylene substitued B 
or, together With the nitrogen atom to Which they are 
attached, R6 and R7 form a heterocyclic ring; 

[0127] C(=O)W or NR8R9; Wherein; 

[0128] R8 is hydrogen or alkyl; 

[0129] R9 is hydrogen, alkyl, alkenyl, cycloalkyl 
substituted alkyl, cycloalkyl, cycloalkenyl, cycloalk 
enyl-substituted alkyl, aryl or aryl-substituted alkyl 
or, together With the nitrogen atom to Which they are 
attached, R8 and R9 form a heterocyclic ring; 

[0130] W is ORlo, NR11R12, or OE; Wherein 

[0131] R10 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0132] R11 is hydrogen or alkyl; 

[0133] R12 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl, aryl-substi 
tuted alkyl or alkylene substituted C(=O)Y or, 
together With the nitrogen atom to Which they are 
attached, R11 and R12 form a heterocyclic ring; 

[0134] E is 

0 CH2— , 

O y‘ I O 
CH3 

[0136] Wherein 

[0137] R13 is alkyl substituted alkylene; 

[0138] R14 is alkyl; 

[0139] D is 01115 or NR16R17; 

[0140] Wherein: 

[0141] R15 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

substituted (C=O)D, or 
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[0142] R16 is hydrogen, alkyl, alkenyl, aryl, aryl 
substituted alkyl, cycloalkyl, cycloalkenyt, 
cycloalkyl-substituted alkyl or cycloalkenyl-substi 
tuted alkyl; 

[0143] R17 is hydrogen or alkyl or, together With the 
nitrogen atom to Which they are attached, R16 and R17 form 
a heterocyclic ring; 

[0144] Y is OR]8 or NR19R2O; 

[0145] 
[0146] R18 is hydrogen, alkyl, alkenyl, cycloalkyl, 

cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

Wherein: 

[0147] R19 is hydrogen or alkyl; 

[0148] R20 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl, or aryl-substi 
tuted alkyl or, together With the nitrogen atom to 
Which they are attached, R19 and R20 form a hetero 
cyclic ring; 

[0149] R21 is hydrogen or alkyl; and 

[0150] n is 0 to 4; 

[0151] or a stereoisomer, prodrug, or pharmaceutically 
acceptable salt, hydrate or N-oXide thereof. 

[0152] Still another embodiment of the invention relates to 
pharmaceutical kits comprising one or more containers 
containing pharmaceutical dosage units comprising an effec 
tive amount of an opioid and an effective amount of a 
peripheral mu opioid antagonist. 

[0153] These and other aspects of the invention Will 
become more apparent from the folloWing detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWING 

[0154] FIG. 1 is a graphical representation of studies on 
the inhibition of the sloWing of gut motility employing 
compositions and methods according to an embodiment of 
the present invention. 

[0155] FIGS. 2A and 2B are graphical representations of 
studies on the inhibition of nausea and vomiting employing 
methods according to an embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0156] As employed above and throughout the disclosure, 
the folloWing terms, unless otherWise indicated, shall be 
understood to have the folloWing meanings. 

[0157] “Alkyl” refers to an aliphatic hydrocarbon group 
Which may be straight, branched or cyclic having from 1 to 
about 10 carbon atoms in the chain, and all combinations 
and subcombinations of ranges therein. “Branched” refers to 
an alkyl group in Which a loWer alkyl group, such as methyl, 
ethyl or propyl, is attached to a linear alkyl chain. In certain 
preferred embodiments, the alkyl group is a CjL-C5 alkyl 
group, i.e., a branched or linear alkyl group having from 1 
to about 5 carbons. In other preferred embodiments, the 
alkyl group is a CjL-C3 alkyl group, i.e., a branched or linear 
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alkyl group having from 1 to about 3 carbons. Exemplary 
alkyl groups include methyl, ethyl, n-propyl, isopropyl, 
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, 
octyl, nonyl and decyl. “LoWer alkyl” refers to an alkyl 
group having 1 to about 6 carbon atoms. Preferred alkyl 
groups include the loWer alkyl groups of 1 to about 3 
carbons. 

[0158] “Alkenyl” refers to an alkyl group containing at 
least one carbon-carbon double bond and having from 2 to 
about 10 carbon atoms in the chain, and all combinations 
and subcombinations of ranges therein. In certain preferred 
embodiments, the alkenyl group is a C2-C1O alkyl group, i.e., 
a branched or linear alkenyl group having from 2 to about 10 
carbons. In other preferred embodiments, the alkenyl group 
is a C2-C6 alkenyl group, i.e., a branched or linear alkenyl 
group having from 2 to about 6 carbons. In still other 
preferred embodiments, the alkenyl group is a C3-C1O alk 
enyl group, i.e., a branched or linear alkenyl group having 
from about 3 to about 10 carbons. In yet other preferred 
embodiments, the alkenyl group is a C2-C5 alkenyl group, 
i.e., a branched or linear alkenyl group having from 2 to 
about 5 carbons. -Exemplary alkenyl groups include, for 
example, vinyl, propenyl, butenyl, pentenyl hexenyl, hepte 
nyl, octenyl, nonenyl and decenyl groups. 

[0159] “Alkylene” refers to a straight or branched bivalent 
aliphatic hydrocarbon group having from 1 to about 6 
carbon atoms, and all combinations and subcombinations of 
ranges therein. The alkylene group may be straight, 
branched or cyclic. Exemplary alkylene groups include, for 
example, methylene (—CH2—), ethylene (—CH2CH2—) 
and propylene (—(CH2)3—). There may be optionally 
inserted along the alkylene group one or more oxygen, 
sulphur or optionally substituted nitrogen atoms, Wherein 
the nitrogen substituent is alkyl as described previously. 
Preferred alkylene groups have from about 1 to about 4 
carbons. 

[0160] “Alkenylene” refers to an alkylene group contain 
ing at least one carbon-carbon double bond. Exemplary 
alkenylene groups include, for example, ethenylene 
(—CH=CH—) and propenylene (—CH=CHCH2—). Pre 
ferred alkenylene groups have from 2 to about 4 carbons. 

[0161] “Cycloalkyl” refers to any stable monocyclic or 
bicyclic ring having from about 3 to about 10 carbons, and 
all combinations and subcombinations of ranges therein. In 
preferred embodiments, the cycloalkyl group is a C3-C8 
cycloalkyl group, i.e., a cycloalkyl group having from about 
3 to about 8 carbons, With C3-C6 cycloalkyl groups, i.e., 
cycloalkyl groups having from about 3 to about 6 carbons 
being more preferred. The cycloalkyl group may be option 
ally substituted With one or more cycloalkyl group substitu 
ents. Preferred cycloalkyl group substituents include alkyl, 
preferably C1-C3 alkyl, alkoxy, preferably C1-C3 alkoxy, or 
halo. Exemplary cycloalkyl groups include, for example, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohep 
tyl and cyclooctyl groups. 

[0162] “Cycloalkyl-substituted alkyl” refers to a linear 
alkyl group, preferably a loWer alkyl group, substituted at a 
terminal carbon With a cycloalkyl group, preferably a C3-C8 
cycloalkyl group. Typical cycloalkyl-substituted alkyl 
groups include cyclohexylmethyl, cyclohexylethyl, cyclo 
pentylethyl, cyclopentylpropyl, cyclopropylmethyl and the 
like. 
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[0163] “Cycloalkenyl” refers to an ole?nically unsaturated 
cycloalkyl group having from about 4 to about 10 carbons, 
and all combinations and subcombinations of ranges therein. 
In preferred embodiments, the cycloalkenyl group is a C5-C8 
cycloalkenyl group, i.e., a cycloalkenyl group having from 
about 5 to about 8 carbons. 

[0164] “Alkoxy” refers to an alkyl-O— group Where alkyl 
is as previously described. Exemplary alkoxy groups 
include, for example, methoxy, ethoxy, propoxy, butoxy and 
heptoxy. 
[0165] “Alkoxy-alkyl” refers to an alkyl-O-alkyl group 
Where alkyl is as previously described. 

[0166] “Acyl” means an alkyl-CO— group Wherein alkyl 
is as previously described. Preferred acyl groups comprise 
loWer alkyl groups, such as alkyl of about 1 to about 3 
carbons. Exemplary acyl groups include acetyl, propanoyl, 
2-methylpropanoyl, butanoyl and palmitoyl. 

[0167] “Aryl” refers to an aromatic carbocyclic radical 
containing from about 6 to about 10 carbons, and all 
combinations and subcombinations of ranges therein. The 
phenyl group may be optionally substituted With one or tWo 
or more aryl group substituents. Preferred aryl group sub 
stituents include alkyl groups, preferably C1-C2 alkyl 
groups. Exemplary aryl groups include phenyl and naphthyl. 

[0168] “Aryl-substituted alkyl” refers to an linear alkyl 
group, preferably a loWer alkyl group, substituted at a 
terminal carbon With an optionally substituted aryl group, 
preferably an optionally substituted phenyl ring. Exemplary 
aryl-substituted alkyl groups include, for example, phenyl 
methyl, phenylethyl and 3-(4-methylphenyl)propyl. 

[0169] “Heterocyclic” refers to a monocyclic or multicylic 
ring system carbocyclic radical containing from about 4 to 
about 10 members, and all combinations and subcombina 
tions of ranges therein, Wherein one or more of the members 
is an element other than carbon, for example, nitrogen, 
oxygen or sulfur. The heterocyclic group may be aromatic or 
nonaromatic. Exemplary heterocyclic groups include, for 
example, pyrrole and piperidine groups. 

[0170] 
[0171] “Side effect” refers to a consequence other than the 
one(s) for Which an agent or measure is used, as the adverse 
effects produced by a drug, especially on a tissue or organ 
system other then the one sought to be bene?tted by its 
administration. In the case, for example, of opioids, the term 
“side effect” may preferably refer to such conditions as, for 
example, constipation, nausea and/or vomiting. 

[0172] “Effective amount” refers to an amount of a com 
pound as described herein that may be therapeutically effec 
tive to inhibit, prevent or treat the symptoms of particular 
disease, disorder or side effect. Such diseases, disorders and 
side effects include, but are not limited to, those pathological 
conditions associated With the administration of opioids (for 
example, in connection With the treatment and/or prevention 
of pain), Wherein the treatment or prevention comprises, for 
example, inhibiting the activity thereof by contacting cells, 
tissues or receptors With compounds of the present inven 
tion. Thus, for example, the term “effective amount”, When 
used in connection With opioids, for example, for the treat 
ment of pain, refers to the treatment and/or prevention of the 
painful condition. The term “effective amount”, When used 

“Halo” refers to ?uoro, chloro or bromo. 
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in connection With peripheral mu opioid antagonist com 
pounds, refers to the treatment and/or prevention of side 
effects typically associated With opioids including, for 
example, such side effects as constipation, nausea and/or 
vomiting. 
[0173] “In combination With”, “combination therapy” and 
“combination products” refer, in certain embodiments, to the 
concurrent administration to a patient of opioids and periph 
eral mu opioid antagonists, including, for example, the 
compounds of formula When administered in combina 
tion, each component may be administered at the same time 
or sequentially in any order at different points in time. Thus, 
each component may be administered separately but suffi 
ciently closely in time so as to provide the desired thera 
peutic effect. 

[0174] “Dosage unit” refers to physically discrete units 
suited as unitary dosages for the particular individual to be 
treated. Each unit may contain a predetermined quantity of 
active compound(s) calculated to produce the desired thera 
peutic effect(s) in association With the required pharmaceu 
tical carrier. The speci?cation for the dosage unit forms of 
the invention may be dictated by (a) the unique character 
istics of the active compound(s) and the particular therapeu 
tic effect(s) to be achieved, and (b) the limitations inherent 
in the art of compounding such active compound(s). 

[0175] “Pharmaceutically acceptable” refers to those com 
pounds, materials, compositions, and/or dosage forms Which 
are, Within the scope of sound medical judgment, suitable 
for contact With the tissues of human beings and animals 
Without excessive toxicity, irritation, allergic response, or 
other problem complications commensurate With a reason 
able bene?t/risk ratio. 

[0176] “Pharmaceutically acceptable salts” refer to deriva 
tives of the disclosed compounds Wherein the parent com 
pound is modi?ed by making acid or base salts thereof. 
Examples of pharmaceutically acceptable salts include, but 
are not limited to, mineral or organic acid salts of basic 
residues such as amines; alkali or organic salts of acidic 
residues such as carboxylic acids; and the like. The phar 
maceutically acceptable salts include the conventional non 
toxic salts or the quaternary ammonium salts of the parent 
compound formed, for example, from non-toxic inorganic or 
organic acids. For example, such conventional non-toxic 
salts include those derived from inorganic acids such as 
hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, 
nitric and the like; and the salts prepared from organic acids 
such as acetic, propionic, succinic, glycolic, stearic, lactic, 
malic, tartaric, citric, ascorbic, pamoic, maleic, hydroxyma 
leic, phenylacetic, glutamic, benZoic, salicylic, sulfanilic, 
2-acetoxybenZoic, fumaric, toluenesulfonic, methane 
sulfonic, ethane disulfonic, oxalic, isethionic, and the like. 

[0177] Certain acidic or basic compounds of the present 
invention may exist as ZWitterions. All forms of the com 
pounds, including free acid, free base and ZWitterions, are 
contemplated to be Within the scope of the present invention. 

[0178] “Patient” refers to animals, including mammals, 
preferably humans. 

[0179] The present invention is directed to methods and 
pharmaceutical compositions involving opioid compounds. 
As discussed above, such opioid compounds may be useful, 
for example, in the treatment and/or prevention of pain. 
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HoWever, as also discussed above, undesirable side effects 
including, for example, constipation, nausea and vomiting, 
as Well as other side effects, may frequently occur in patients 
receiving opioid compounds. By virtue of the methods and 
compositions of the present invention, effective and desir 
able inhibition of undesirable side effects that may be 
associated With opioid compounds may be advantageously 
achieved. Accordingly, combination methods and composi 
tions, Where opioids are combined or co-administered With 
suitable peripheral mu opioid antagonist compounds, may 
afford an ef?cacy advantage over the compounds and agents 
alone. 

[0180] In this connection, as discussed above, patients are 
often administered opioids for the treatment, for example, of 
painful conditions. HoWever, as noted above, undesirable 
side effects such as, for example, constipation, nausea and/or 
vomiting, may result from opioid administration. These 
undesirable side effects may act as a limiting factor in 
connection With the amount of opioid that may be admin 
istered to the patient. That is, the amount of opioid capable 
of being administered to the patient may be limited due to 
the undesired occurrence of the aforementioned side effects. 
The limited amounts of opioid that may be administered to 
a patient may, in turn, result in a disadvantageously dimin 
ished degree of pain alleviation. The present combination 
methods and compositions may be used to advantageously 
increase the amount of opioid administered to a patient, 
thereby obtaining enhanced pain alleviation, While reducing, 
minimiZing and/or avoiding undesirable side effects that 
may be associated With the opioid. The peripheral mu opioid 
antagonists employed in the methods and compositions of 
the present invention preferably have substantially no cen 
tral nervous system activity and, accordingly, desirably do 
not affect the pain killing efficacy of the opioid. 

[0181] While not intending to be bound by any theory or 
theories of operation, it is contemplated that opioid side 
effects, such as constipation, vomiting and nausea, may 
result from undesirable interaction of the opioid With periph 
eral mu receptors. Administration of a mu opioid antagonist 
according to the methods of the present invention may block 
interaction of the opioid compounds With the mu receptors, 
thereby preventing and/or inhibiting the side effects. 

[0182] In accordance With the present invention, there are 
provided methods Which comprise administering to a 
patient, inter alia, an opioid compound. A Wide variety of 
opioids are available Which may be suitable for use in the 
present methods and compositions. Generally speaking, it is 
only necessary that the opioid provide the desired effect (for 
example, pain alleviation), and be capable of being incor 
porated into the present combination products and methods 
(discussed in detail beloW). In preferred embodiments, the 
present methods and compositions may involve an opioid 
Which is selected from alfentanil, buprenorphine, butorpha 
nol, codeine, deZocine, dihydrocodeine, fentanyl, hydroc 
odone, hydromorphone, levorphanol, meperidine (pethi 
dine), methadone, morphine, nalbuphine, oxycodone, 
oxymorphone, pentaZocine, propiram, propoxyphene, 
sufentanil and/or tramadol. More preferably, the opioid is 
selected from morphine, codeine, oxycodone, hydrocodone, 
dihydrocodeine, propoxyphene, fentanyl and/or tramadol. 

[0183] The opioid component of the present compositions 
may further include one or more other active ingredients that 
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may be conventionally employed in analgesic and/or cough 
cold-antitussive combination products. Such conventional 
ingredients include, for example, aspirin, acetaminophen, 
phenylpropanolamine, phenylephrine, chlorpheniramine, 
caffeine, and/or guaifenesin. Typical or conventional ingre 
dients that may be included in the opioid component are 
described, for example, in the Physicians’ Desk Reference, 
1999, the disclosures of Which are hereby incorporated 
herein by reference, in their entirety. 

[0184] In addition, the opioid component may further 
include one or more compounds that may be designed to 
enhance the analgesic potency of the opioid and/or to reduce 
analgesic tolerance development. Such compounds include, 
for example, dextromethorphan or other NMDA antagonists 
(Mao, M. J. et al., Pain 1996, 67, 361), L-364,718 and other 
CCK antagonists (Dourish, C. T. et al., Eur J Pharmacol 
1988, 147, 469), NOS inhibitors (Bhargava, H. N. et al., 
Neuropeptia'es 1996, 30, 219), PKC inhibitors (Bilsky, E. J. 
et al.,] Pharmacol Exp T her 1996, 277, 484), and dynorphin 
antagonists or antisera (Nichols, M. L. et al., Pain 1997, 69, 
317). The disclosures of each of the foregoing documents 
are hereby incorporated herein by reference, in their entire 
ties. 

[0185] Other opioids, optional conventional opioid com 
ponents, and optional compounds for enhancing the analge 
sic potency of the opioid and/or for reducing analgesic 
tolerance development, that may be employed in the meth 
ods and compositions of the present invention, in addition to 
those exempli?ed above, Would be readily apparent to one 
of ordinary skill in the art, once armed With the teachings of 
the present disclosure. 

[0186] In preferred form, the methods of the present 
invention may further involve administering to a patient a 
compound Which is a mu peripheral opioid antagonist com 
pound. 

[0187] The term peripheral designates that the compound 
acts primarily on physiological systems and components 
external to the central nervous system, i.e., the compound 
preferably does not readily cross the blood-brain barrier. In 
preferred form, the peripheral mu opioid antagonist com 
pounds employed in the methods of the present invention 
exhibit high levels of activity With respect to gastrointestinal 
tissue, While exhibiting reduced, and preferably substan 
tially no, central nervous system (CNS) activity. The term 
“substantially no CNS activity”, as used herein, means that 
less than about 20% of the pharmacological activity of the 
peripheral mu opioid antagonist compounds employed in the 
present methods is exhibited in the CNS. In preferred 
embodiments, the peripheral mu opioid antagonist com 
pounds employed in the present methods exhibit less than 
about 15% of their pharmacological activity in the CNS, 
With less than about 10% being more preferred. In even 
more preferred embodiments, the peripheral mu opioid 
antagonist compounds employed in the present methods 
exhibit less than about 5% of their pharmacological activity 
in the CNS, With about 0% (i.e., no CNS activity) being still 
more preferred. 

[0188] In more preferred embodiments, the present meth 
ods involve the administration to a patient of a mu peripheral 
opioid antagonist compound that is a piperidine-N-alkylcar 
boxylate compound. Preferred piperidine-N-alkylcarboxy 
late opioid antagonist compounds include, for example, the 
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compounds disclosed in US. Pat. Nos. 5,250,542; 5,159, 
081; 5,270,328; and 5,434,171, the disclosures of Which are 
hereby incorporated herein by reference, in their entireties. 
Aparticularly preferred class of piperidine-N-alkylcarboxy 
late opioid antagonist compounds include those having the 
folloWing formula (I): 

R3 

[0189] Wherein: 

[0190] R1 is hydrogen or alkyl; 

[0191] R2 is hydrogen, alkyl or alkenyl; 

[0192] R3 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl or aryl-substi 
tuted alkyl; 

[0193] R4 is hydrogen, alkyl or alkenyl; 

[0194] A is OR5 or NR6R7; wherein: 

[0195] R5 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0196] R6 is hydrogen or alkyl; 

[0197] R7 is hydrogen, alkyl, alkenyl, cycloalkyl, 
aryl, cycloalkyl-substituted alkyl, cycloalkenyl, 
cycloalkenyl-substituted alkyl, aryl-substituted 
alkyl, aryl-substituted alkyl, or alkylene substitued B 
or, together With the nitrogen atom to Which they are 
attached, R6 and R7 form a heterocyclic ring; 

[0199] C(=O)W or NR8R9; Wherein; 

[0200] R8 is hydrogen or alkyl; 

[0201] R9 is hydrogen, alkyl, alkenyl, cycloalkyl 
substituted alkyl, cycloalkyl, cycloalkenyl, cycloalk 
enyl-substituted alkyl, aryl or aryl-substituted alkyl 
or, together With the nitrogen atom to Which they are 
attached, R8 and R9 form a heterocyclic ring; 
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[0202] W is ORlo, NR11R12, or OE; wherein 

[0203] R10 is hydrogen, alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0204] R11 is hydrogen or alkyl; 

[0205] R12 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl, aryl-substi 
tuted alkyl or alkylene substituted C(=O)Y or, 
together With the nitrogen atom to Which they are 
attached, R11 and R12 form a heterocyclic ring; 

[0206] E is 

0 CH2— , 

O V‘ I 0 
CH3 

[0208] Wherein 

[0209] R13 is alkyl substituted alkylene; 

[0210] R14 is alkyl; 

[0211] D is OR15 or NR16R17; 

[0212] 
[0213] R15 is hydrogen, alkyl, alkenyl, cycloalkyl, 

cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0214] R16 is hydrogen, alkyl, alkenyl, aryl, aryl 
substituted alkyl, cycloalkyl, cycloalkenyl, 
cycloalkyl-substituted alkyl or cycloalkenyl-substi 
tuted alkyl; 

substituted (C=O)D, or 

Wherein: 

[0215] R17 is hydrogen or alkyl or, together With the 
nitrogen atom to Which they are attached, R16 and 
R form a heterocyclic ring; 

[0216] Y is OR18 or NR19R2O; 

[0217] 
[0218] R18 is hydrogen, alkyl, alkenyl, cycloalkyl, 

cycloalkenyl, cycloalkyl-substituted alkyl, cycloalk 
enyl-substituted alkyl, or aryl-substituted alkyl; 

[0219] R19 is hydrogen or alkyl; 

[0220] R20 is hydrogen, alkyl, alkenyl, aryl, 
cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl, or aryl-substi 
tuted alkyl or, together With the nitrogen atom to 
Which they are attached, R19 and R20 form a hetero 
cyclic ring; 

[0221] R21 is hydrogen or alkyl; and 

[0222] n is 0 to about 4; 

Wherein: 

[0223] or a stereoisorner, prodrug, or pharrnaceutically 
acceptable salt, hydrate or N-oXide thereof 
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[0224] In the above formula (I), R1 is hydrogen or alkyl. 
In preferred embodiments, R1 is hydrogen or C1-C5alkyl. In 
even more preferred embodiments, R1 is hydrogen. 

[0225] In the above formula (I), R2 is hydrogen, alkyl or 
alkenyl. In preferred embodiments, R2 is hydrogen, 
C1-C5alkyl or C2-C6alkenyl. Also in preferred ernbodi 
rnents, R2 is alkyl, With C1-C3alkyl being more preferred. 

[0226] In the above formula (I), R3 is hydrogen, alkyl, 
alkenyl, aryl, cycloalkyl, cycloalkenyl, cycloalkyl-substi 
tuted alkyl, cycloalkenyl-substituted alkyl or aryl-substi 
tuted alkyl. In preferred embodiments, R3 is hydrogen, 
C1-C1Oalkyl, C3-C1Oalkenyl, phenyl, cycloalkyl, 
C5-C8cycloalkenyl, cycloalkyl-substituted C1-C3alkyl, 
CS-C8cycloalkyl-substituted C1-C3alkyl or phenyl-substi 
tuted C1-C3 alkyl. In more preferred embodiments, R3 is 
benZyl, phenyl, cycloheXyl, or cycloheXylrnethyl. 

[0227] In the above formula (I), R4 is hydrogen, alkyl or 
alkenyl. In preferred embodiments, R4 is hydrogen, 
C1-C5alkyl or C2-C6alkenyl. In more preferred ernbodi 
rnents, R4 is C1-C3alkyl, with methyl being even more 
preferred. 
[0228] In the above formula (I), A is OR5 or NR6R7. 

[0229] In the above formula (I), R5 is hydrogen, alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, cycloalkyl-substituted 
alkyl, cycloalkenyl-substituted alkyl, or aryl-substituted 
alkyl. In preferred embodiments, R5 is hydrogen, 
C1-C1Oalkyl, C2-C1Oalkenyl, cycloalkyl, C5-C8cycloalkenyl, 
cycloalkyl-substituted C1-C3 alkyl, C5-C8cycloalkenyl-sub 
stituted C1-C3alkyl, or phenyl-substituted C1-C3alkyl. Also 
in preferred embodiments, R5 is hydrogen or alkyl, With 
C1-C3alkyl being more preferred. 

[0230] In the above formula (I), R6 is hydrogen or alkyl. 
Preferably, R6 is hydrogen or C1-C3alkyl. Even more pref 
erably, R6 is hydrogen. 

[0231] In the above formula (I), R7 is hydrogen, alkyl, 
alkenyl, cycloalkyl, aryl, cycloalkyl-substituted alkyl, 
cycloalkenyl, cycloalkenyl-substituted alkyl, aryl-substi 
tuted alkyl, aryl-substituted alkyl or alkylene substituted B. 
In preferred embodiments, R7 is hydrogen, C1-C1Oalkyl, 
C3-C1Oalkenyl, phenyl, cycloalkyl, cycloalkyl-substituted 
C1-C3alkyl, C5-C8cycloalkenyl, C5-C8cycloalkenyl-substi 
tuted C1-C3alkyl, phenyl-substituted C1-C3alkyl or (CH2)q 
B. In more preferred embodiments, R7 is (CH2)q-B. 

[0232] In certain alternative embodiments, in the above 
formula (I), R6 and R7 forrn, together With the nitrogen atom 
to Which they are attached, a heterocyclic ring. 

[0233] The group B in the de?nition of R7 is 

[0234] C(=O)W or NR8R9. In preferred embodiments, B 
is C(=O)W. 
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[0235] The group R8 in the de?nition of B is hydrogen or 
alkyl. In preferred embodiments, R8 is hydrogen or 
C1-C3alkyl. 

[0236] The group R9 in the de?nition of B is hydrogen, 
alkyl, alkenyl, cycloalkyl-substituted alkyl, cycloalkyl, 
cycloalkenyl, cycloalkenyl-substituted alkyl, aryl or aryl 
substituted alkyl. In preferred embodiments, R9 is hydrogen, 
C1-C1Oalkyl, C3-C1Oalkenyl, cycloalkyl-substituted 
C1-C3alkyl, cycloalkyl, C5-C8cycloalkenyl, 
C5-C8cycloalkenyl-substituted C1-C3alkyl, phenyl or phe 
nyl-substituted C1-C3alkyl. 

[0237] In certain alternative embodiments, in the de?ni 
tion of B, R8 and R9 form, together With the nitrogen atom 
to Which they are attached, a heterocyclic ring. 

[02318] The group W in the de?nition of B is ORlo, 
NR R12 or OE. 

[0239] The group R10 in the de?nition of W is hydrogen, 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, cycloalkyl-substi 
tuted alkyl, cycloalkenyl-substituted alkyl, or aryl-substi 
tuted alkyl. In preferred embodiments, R10 is hydrogen, 
C1-C1Oalkyl, C2-C1Oalkenyl, cycloalkyl, C5-C8cycloalkenyl, 
cycloalkyl-substituted C1-C3alkyl, C5-C8cycloalkenyl-sub 
stituted C1-C3alkyl, or phenyl-substituted C1-C3alkyl. Also 
in preferred embodiments, R10 is hydrogen, alkyl, preferably 
C1-C5alkyl, phenyl-substituted alkyl, preferably phenyl 
substituted C1-C2alkyl, cycloalkyl or cycloalkyl-substituted 
alkyl, preferably C5-C6cycloalkyl-substituted C1-C3alkyl. 

[0240] The group R11 in the de?nition of W is hydrogen or 
alkyl. In preferred embodiments, R11 is hydrogen or 
C1-C3alkyl. 

[0241] The group R12 in the de?nition of W is hydrogen, 
alkyl, alkenyl, aryl, cycloalkyl, cycloalkenyl, cycloalkyl 
substituted alkyl, cycloalkenyl-substituted alkyl, aryl-sub 
stituted alkyl or alkylene-substituted C(=O)Y. In preferred 
embodiments, R12 is hydrogen, C1-C1Oalkyl, C3-C1Oalkenyl, 
phenyl, cycloalkyl, C5-C8cycloalkenyl, cycloalkyl-substi 
tuted C1-C3alkyl, C5-C8cycloalkenyl-substituted 
C1-C3alkyl, phenyl-substituted C1-C3alkyl, or alkylene-sub 
stituted C(=O)Y. Also in preferred embodiments, R12 is 
hydrogen, alkyl, preferably C1-C3alkyl or (CH2)mC(O)Y, 
Where m is 1 to 4. 

[0242] The group Y in the de?nition of R12 is OR18 or 
I\]'l119l12O~ 

[0243] In certain alternative embodiments, in the de?ni 
tion of W, R12 and R13 form, together With the nitrogen atom 
to Which they are attached, a heterocyclic ring. 

[0244] The group E in the de?nition of W is 

[0245] alkylene substituted (C=O)D, 
—R13OC(=O)R14. In preferred embodiments, E is 

or 
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0 CH2— , 

O:< I 
0 CH3 

[0246] (CH2)m(C=O)D (Where m is as de?ned above), or 
—R13OC(=O)R14. 
[0247] The group R13 in the de?nition of E is alkyl 
substituted alkylene. In preferred embodiments, R13 is 
C1-C3alkyl substituted methylene. In more preferred 
embodiments, R13 is —CH(CH3)— or —CH(CH2CH3)—. 

[0248] The group R14 in the de?nition of E is alkyl. In 
preferred embodiments, R14 is C1-C1Oalkyl. 

0249 The rou D in the de?nition of E is D is OR15 or g P 
NR16R17. 

[0250] The group R15 in the de?nition of D is hydrogen, 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, cycloalkyl-substi 
tuted alkyl, cycloalkenyl-substituted alkyl, or aryl-substi 
tuted alkyl. In preferred embodiments, R15 is hydrogen, 
C1-C1Oalkyl, C2-C1Oalkenyl, cycloalkyl, C5-C8cycloalkenyl, 
cycloalkyl-substituted C1-C3alkyl, C5-C8cycloalkenyl-sub 
stituted C1-C3alkyl, or phenyl-substituted C1-C3alkyl. Also 
in preferred embodiments, R15 is hydrogen or alkyl, With 
C1-C3alkyl being more preferred. 

[0251] The group R16 in the de?nition of D is hydrogen, 
alkyl, alkenyl, aryl, aryl-substituted alkyl, cycloalkyl, 
cycloalkenyl, cycloalkyl-substituted alkyl or cycloalkenyl 
substituted alkyl. In preferred embodiments, R16 is hydro 
gen, C1-C1Oalkyl, C3-C1Oalkenyl, phenyl, phenyl-substituted 
C1-C3alkyl, cycloalkyl, C5-C8cycloalkenyl, cycloalkyl-sub 
stituted C1-C3alkyl, C5-C8cycloalkenyl-substituted 
C1-C3alkyl. In even more preferred embodiments, R16 is 
methyl or benZyl. 

[0252] The group R17 in the de?nition of D is hydrogen or 
alkyl. In preferred embodiments, R17 is hydrogen or C1-C3 
alkyl. In even more preferred embodiments, R17 is hydro 
gen. 

[0253] In certain alternative embodiments, in the de?ni 
tion of D, R16 and R17 form, together With the nitrogen atom 
to Which they are attached, a heterocyclic ring. 

[0254] The group R18 in the de?nition of Y is hydrogen, 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, cycloalkyl-substi 
tuted alkyl, cycloalkenyl-substituted alkyl, or aryl-substi 
tuted alkyl. In preferred embodiments, R18 is hydrogen, 
C1-C1Oalkyl, C2-C1Oalkenyl, cycloalkyl, C5-C8cycloalkenyl, 
cycloalkyl-substituted C1-C3 alkyl, C5-C8cycloalkenyl-sub 
stituted C1-C3alkyl, or phenyl-substituted C1-C3alkyl. In 
more preferred embodiments, R18 is hydrogen or 
C1-C3alkyl. 

[0255] The group R19 in the de?nition of Y is hydrogen or 
alkyl. In preferred embodiments, R19 is hydrogen or 
C1-C3alkyl. 

[0256] The group R20 in the de?nition of Y is hydrogen, 
alkyl, alkenyl, aryl, cycloalkyl, cycloalkenyl, cycloalkyl 
substituted alkyl, cycloalkenyl-substituted alkyl, or aryl 
substituted alkyl. In preferred embodiments, R20 is hydro 
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gen, C1-C1Oalkyl, C3-C1Oalkenyl, phenyl, cycloalkyl, 
C5-C8cycloalkenyl, cycloalkyl-substituted C1-C3alkyl, 
C5-Cgcycloalkenyl-substituted C1-C3alkyl, or phenyl-sub 
stituted C1-C3alkyl. In more preferred embodiments, R20 is 
hydrogen or C1-C3alkyl. 

[0257] In certain alternative embodiments, in the de?ni 
tion of Y, R19 and R20 form, together With the nitrogen atom 
to Which they are attached, a heterocyclic ring. 

[0258] The group R21 in the de?nition of B is hydrogen or 
alkyl. Preferably, R21 is hydrogen or C1-C3alkyl. Even more 
preferably, R21 is hydrogen. 

[0259] In the above formula (I), n is 0 to about 4. In 
preferred embodiments, n is about 1 or 2. 

[0260] In the above de?nition of R7, q is about I to about 
4. In preferred embodiments, q is about I to about 3. 

[0261] In the above de?nition of E, m is about 1 to about 
4. In preferred embodiments, m is about 1 to about 3. 

[0262] The compounds of formula (I) can occur as the 
trans and cis stereochemical isomers by virtue of the sub 
stituents at the 3- and 4-positions of the piperidine ring, and 
such stereochemical isomers are Within the scope of the 
claims. The term “trans”, as used herein, refers to R2 in 
position 3 being on the opposite side from the methyl group 
in position 4, Whereas in the “cis” isomer R2 and the 
4-methyl are on the same side of the ring. In the methods of 
the present invention, the compounds employed may be the 
individual stereoisomers, as Well as miXtures of stereoiso 
mers. In the most preferred embodiments, the methods of the 
present invention involve compounds of formula (I) Wherein 
the group R2 at the 3-position is situated on the opposite side 
of the ring, i.e., trans to the methyl group in the 4-position 
and on the same side of the ring. These trans isomers can 
eXist as the 3R,4R-isomer, or the 3S,4S-isomer. 

[0263] The terms “R” and “S” are used herein as com 
monly used in organic chemistry to denote speci?c con?gu 
ration of a chiral center. The term “R” refers to “right” and 
refers that con?guration of a chiral center With a clockWise 
relationship of group priorities (highest to second loWest) 
When vieWed along the bond toWard the loWest priority 
group. The term “S” or “left” refers to that con?guration of 
a chiral center With a counterclockwise relationship of group 
priorities (highest to second loWest) When vieWed along the 
bond toWard the loWest priority group. The priority of 
groups is based upon their atomic number (heaviest isotope 
?rst). A partial list of priorities and a discussion of stere 
ochemistry is contained in the book: The Vocabulary of 
Organic Chemistry, Orchin, et al., John Wiley and Sons Inc., 
page 126 (1980), Which is incorporated herein by reference 
in its entirety. 

[0264] Preferred piperidine-N-alkylcarboXylate com 
pounds for use in the methods of the present invention are 
those of formula (I) in Which the con?guration of substitu 
ents on the piperidine ring is 3R and 4R. 

[0265] When R3 is not hydrogen, the carbon atom to Which 
R3 is attached is asymmetric. 

[0266] As such, this class of compounds can further eXist 
as the individual R or S stereoisomers at this chiral center, 
or as miXtures of stereoisomers, and all are contemplated 
Within the scope of the present invention. Preferably, a 
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substantially pure stereoisomer of the compounds of this 
invention is used, i.e., an isomer in Which the con?guration 
at the chiral center to Which R3 is attached is R or S, i.e., 
those compounds in Which the con?guration at the three 
chiral centers is preferably 3R, 4R, S or 3R, 4R, R. 

[0267] Furthermore, other asymmetric carbons can be 
introduced into the molecule depending on the structure of 
A. As such, these classes of compounds can eXist as the 
individual R or S stereoisomers at these chiral centers, or as 

mixtures of stereoisomers, and all are contemplated as being 
Within the scope of methods of the present invention. 

[0268] Preferred piperidine-N-alkylcarboXylate 
pounds for use in the methods of the present invention 
include the folloWing: 

COIII 

U represents 
0 

Q 

G represents 
0 

Q 

M represents 
0 
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-continued 
Z represents 

0 

Q , 

X represents 

—ZNHCH2C(=O)— ; Wherein 

Q represents 

trans-3,4-dimethyl 

[0270] Particularly preferred piperidine-N-alkylcarboxy 
late compounds for use in the methods of the present 
invention include the following: 

12 
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[0273] In even more preferred embodiments, the com 
pound of formula (I) has the formula (3R,4R,S)—Z— 
NHCH2C(O)OCH2CH(CH3)2, (+)—Z—NHCH2C(O)OH, 

NH(CH2)3C(O)OH, Where Z and G are as de?ned above. In 
still more preferred embodiments, the compound of formula 
(I) has the formula (+)—Z—NHCH2C(O)OH or (—)—Z— 
NHCH2C(O)OH Where Z is as de?ned above. 

[0274] Compounds of formula (I) that act locally on the 
gut, have high potency, and are orally active are most 
preferred. A particularly preferred embodiment of the 
present invention is the compound (+)—Z— 
NHCH2C(O)OH, i.e., the compound of the folloWing for 
mula (II). 

[0275] The compound of formula (II) has loW solubility in 
Water except at loW or high pH conditions. ZWitterionic 
character may be inherent to the compound, and may impart 
desirable properties such as poor systemic absorption and 
sustained local affect on the gut folloWing oral administra 
tion. 

[0276] In an alternate embodiment, the methods of the 
present invention may involve administering to a patient a 
peripheral mu opioid antagonist compound that is a quater 
nary morphinan compound. Examples of quaternary mor 
phinan compounds that may be suitable for use in the 
methods of the present invention include, for example, 
quaternary salts of N-methylnaltrexone, N-methylnaloxone, 
N-methylnalorphine, N-diallylnormorphine, N-allyllevallor 
phan and N-methylnalmefene. 

[0277] In yet another alternate embodiment, the methods 
of the present invention may involve administering to a 
patient a peripheral mu opioid antagonist compound in the 
form of an opium alkaloid derivative. The term “opium 
alkaloid derivative”, as used herein, refers to peripheral mu 
opioid antagonist compounds that are synthetic or semi 
synthetic derivatives or analogs of opium alkaloids. In 
preferred form, the opium alkaloid derivatives employed in 
the methods of the present invention exhibit high levels of 
morphine antagonism, While exhibiting reduced, and pref 
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erably substantially no, agonist activity. The term “substan 
tially no agonist activity”, as used herein in connection With 
the opium alkaloid derivatives, means that the maximal 
response With respect to electrically stimulated guinea pig 
ileum, at a concentration of 1 pM, is about 60% or less 
relative to morphine. In preferred embodiments, the opium 
alkaloid derivatives employed in the present methods have 
a maximal response With respect to guinea pig ileum, at a 
concentration of 1 pM, of about 50% or less relative to 
morphine, With a maximal response of about 40% or less 
being more preferred. In even more preferred embodiments, 
the opium alkaloid derivatives employed in the present 
methods have a maximal response With respect to guinea pig 
ileum, at a concentration of 1 pM, of about 30% or less 
relative to morphine, With a maximal response of about 20% 
or less being more preferred. In still more preferred embodi 
ments, the opium alkaloid derivatives employed in the 
present methods have a maximal response With respect to 
guinea pig ileum, at a concentration of 1 pM, of about 10% 
or less relative to morphine. In certain particularly preferred 
embodiments, the opium alkaloid derivatives have a maxi 
mal response With respect to guinea pig ileum, at a concen 
tration of 1 pM, of about 0% (i.e., no response). 

[0278] Suitable methods for determining maximal 
response of opium alkaloid derivatives With respect to 
electrically stimulated guinea pig ileum are described, for 
example, in US. Pat. Nos. 4,730,048 and 4,806,556, the 
disclosures of Which are hereby incorporated herein by 
reference, in their entireties. 

[0279] In preferred form, the opium alkaloid derivatives 
employed in the methods of the present invention have the 
folloWing formulas (III) or (IV): 

III 

0 Z/ HO 

[0280] Wherein: 

[0281] R is alkyl, cycloalkyl-substituted alkyl, aryl, 
aryl-substituted alkyl or alkenyl; 

[0282] Z is hydrogen or OH; 

[0283] R‘ is X‘-J(L)(T), Wherein: 

[0284] J is alkylene or alkenylene; 
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[0285] L is hydrogen, amino, or alkyl optionally 
substituted With COZH, OH or phenyl; and 

[0286] T is COZH, SO3H, amino or guanidino; 

[0287] X‘ is a direct bond or C(=O); and 

[0288] R“ is NH—J(L)(T) or guanidino; or a stere 
oisomer, prodrug, or pharmaceutically acceptable 
salt, hydrate or N-oxide thereof. 

[0289] In the compounds of formulas (III) and (IV) above, 
R is alkyl, cycloalkyl-substituted alkyl, aryl, aryl-substituted 
alkyl or alkenyl. In preferred embodiments, R is C1-C5alkyl, 
C3-C6cycloakyl-substituted alkyl, aryl, arylalkyl or trans 
C2-C5alkenyl. In more preferred embodiments, R is 
C1-C3alkyl, allyl or cyclopropylmethyl, With cyclopropyl 
methyl being even more preferred. 

[0290] In the compounds of formulas (III) and (IV) above, 
Z is hydrogen or OH. In preferred embodiments, Z is OH. 

[0291] In the compounds of formulas (III) and (IV), R‘ is 
X—J(L)(T) and R“ is NH—J(L)(T) or guanidino. 

[0292] In the de?nitions of R‘ and R“, G is alkylene or 
alkenylene. In preferred embodiments, J is C1-C5alkylene, 
C2-C6alkylene interrupted by an oxygen atom, or 
C2-C5alkenylene. 
[0293] In the de?nitions of R‘ and R“, L is hydrogen, 
amino, or alkyl optionally substituted With COZH, OH or 
phenyl. In preferred embodiments, L is hydrogen, amino, or 
C1-C5alkyl optionally substituted With COZH, OH or phe 
nyl. In more preferred embodiments, L is hydrogen or 
amino. 

[0294] In the de?nitions of R‘ and R“, T is COZH, SO3H, 
amino or guanidino. In preferred embodiments, T is COZH 
or guanidino. 

[0295] In the de?nition of R‘, X is a direct bond or C(=O). 

[0296] Preferred opioid alkaloid derivatives that may be 
employed in the methods of the present invention include 
compounds of formula (III) Wherein R is cyclopropylm 
ethyl, Z is OH, and R‘ is selected from C(=O)(CH2)2CO2H, 
C(=O)(CH2)3CO2H, C(=O)CH—CHCO2H, 
C(=O)CH2OCH2CO2H, C(=O)CH(NH2)(CH2)3NHC(— 
NH)NH2 or C(=O)CH(NH2)CH2CO2H. Also preferred are 
opioid alkaloid derivatives of formula (III) Wherein R is 
cyclopropylmethyl, Z is OH, and R‘ is CHZCOZH. In other 
preferred embodiments, the opioid alkaloid derivatives that 
may be employed in the methods of the present invention 
include compounds of formula (IV) Wherein R is cyclopro 
pylmethyl, Z is OH, and R“ is NHCHZCOZH. 

[0297] Other opioid alkaloid derivatives that may be 
employed in the methods of the present invention are 
described, for example, in Us. Pat. Nos. 4,730,048 and 
4,806,556, the disclosures of Which are hereby incorporated 
herein by reference, in their entireties. 

[0298] In still another alternate embodiment, the methods 
of the present invention may involve administering to a 
patient a peripheral mu opioid antagonist compound in the 
form of a quaternary benZomorphan compound. In preferred 
form, the quaternary benZomorphan compounds employed 
in the methods of the present invention exhibit high levels of 
morphine antagonism, While exhibiting reduced, and pref 
erably substantially no, agonist activity. The term “substan 
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tially no agonist activity”, as used herein in connection With 
the quaternary benZomorphan compounds, means that the 
maximal response With respect to electrically stimulated 
guinea pig ileum, at a concentration of 1 pM, is about 60% 
or less relative to morphine. In preferred embodiments, the 
quaternary benZomorphan compounds employed in the 
present methods have a maximal response With respect to 
guinea pig ileum, at a concentration of 1 pM, of about 50% 
or less relative to morphine, With a maximal response of 
about 40% or less being more preferred. In even more 
preferred embodiments, the quaternary benZomorphan com 
pounds employed in the present methods have a maximal 
response With respect to guinea pig ileum, at a concentration 
of 1 pM, of about 30% or less relative to morphine, With a 
maximal response of about 20% or less being more pre 
ferred. In still more preferred embodiments, the quaternary 
benZomorphan compounds employed in the present methods 
have a maximal response With respect to guinea pig ileum, 
at a concentration of 1 pM, of about 10% or less relative to 
morphine. In certain particularly preferred embodiments, the 
quaternary benZomorphan compounds have a maximal 
response With respect to guinea pig ileum, at a concentration 
of 1 pM, of about 0% (i.e., no response). 

[0299] In preferred-form, the quaternary benZomorphan 
compounds employed in the methods of the present inven 
tion have the folloWing formula (V): 

R240 

CH3 

[0300] Where: 

[0301] 

[0302] 

R24 is hydrogen or acyl; and 

R25 is alkyl or alkenyl; 

[0303] or a stereoisomer, prodrug, or pharmaceutically 
acceptable salt, hydrate or N-oxide thereof. 

[0304] In the above formula (V), R24 is hydrogen or acyl. 
In preferred embodiments, R24 is hydrogen or C1-C6 acyl. In 
more preferred embodiments, R24 is hydrogen or C1-C2 acyl. 
In even more preferred embodiments, R24 is hydrogen or 
acetoxy, With hydrogen being still more preferred. 

[0305] In the above formula (V), R25 is alkyl or alkenyl. In 
preferred embodiments, R25 is C1-C6 alkyl or C2-C6 alkenyl. 
In even more preferred embodiments, R25 is C1-C3 alkyl or 
C2-C3 alkenyl. In still more preferred embodiments, R25 is 
propyl or allyl. 

[0306] Preferred quaternary benZomorphan compounds 
that may be employed in the methods of the present inven 
tion include the folloWing compounds of formula (V): 
2‘-hydroxy-5,9-dimethyl-2,2-diallyl-6,7-benZomorpha 
nium-bromide; 2‘-hydroxy-5,9-dimethyl-2-n-propyl-6,7 
benZomorphan; 2‘-hydroxy-5,9-dimethyl-2-allyl-6,7-benZo 
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morphan; 2‘-hydroxy-5,9-dimethyl-2-n-propyl-2-allyl-6,7 
benZomorphanium-bromide; 2‘-hydroxy-5,9-dimethyl-2-n 
propyl-2-propargyl-6,7-benZomorphanium-bromide; and 
2‘-acetoxy-S,9-dimethyl-2-n-propyl-2-allyl-6,7-benZomor 
phanium-bromide. 

[0307] Other quaternary benZomorphan compounds that 
may be employed in the methods of the present invention are 
described, for example, in US. Pat. No. 3,723,440, the 
disclosures of Which are hereby incorporated herein by 
reference, in their entirety. 

[0308] Other mu opioid antagonist compounds Which may 
be employed in the methods and compositions of the present 
invention, in addition to those exempli?ed above, Would be 
readily apparent to one of ordinary skill in the art, once 
armed With the teachings of the present disclosure. 

[0309] The compounds employed in the methods of the 
present invention may exist in prodrug form. As used herein, 
“prodrug” is intended to include any covalently bonded 
carriers Which release the active parent drug, for example, as 
according to formulas (I) or (II) or other formulas or 
compounds employed in the methods of the present inven 
tion in vivo When such prodrug is administered to a mam 
malian subject. Since prodrugs are knoWn to enhance 
numerous desirable qualities of pharmaceuticals (e.g., solu 
bility, bioavailability, manufacturing, etc.) the compounds 
employed in the present methods may, if desired, be deliv 
ered in prodrug form. Thus, the present invention contem 
plates methods of delivering prodrugs. Prodrugs of the 
compounds employed in the present invention, for example 
formula (I), may be prepared by modifying functional 
groups present in the compound in such a Way that the 
modi?cations are cleaved, either in routine manipulation or 
in vivo, to the parent compound. 

[0310] Accordingly, prodrugs include, for example, com 
pounds described herein in Which a hydroxy, amino, or 
carboxy group is bonded to any group that, When the 
prodrug is administered to a mammalian subject, cleaves to 
form a free hydroxyl, free amino, or carboxylic acid, respec 
tively. Examples include, but are not limited to, acetate, 
formate and benZoate derivatives of alcohol and amine 
functional groups; and alkyl, carbocyclic, aryl, and alkylaryl 
esters such as methyl, ethyl, propyl, iso-propyl, butyl, isobu 
tyl, sec-butyl, tert-butyl, cyclopropyl, phenyl, benZyl, and 
phenethyl esters, and the like. 

[0311] The compounds employed in the methods of the 
present invention may be prepared in a number of Ways Well 
knoWn to those skilled in the art. The compounds can be 
synthesiZed, for example, by the methods described beloW, 
or variations thereon as appreciated by the skilled artisan. 
All processes disclosed in association With the present 
invention are contemplated to be practiced on any scale, 
including milligram, gram, multigram, kilogram, multikilo 
gram or commercial industrial scale. 

[0312] As discussed in detail above, compounds employed 
in the present methods may contain one or more asymmetri 
cally substituted carbon atoms, and may be isolated in 
optically active or racemic forms. Thus, all chiral, diaste 
reomeric, racemic forms and all geometric isomeric forms of 
a structure are intended, unless the speci?c stereochemistry 
or isomeric form is speci?cally indicated. It is Well knoWn 
in the art hoW to prepare and isolate such optically active 
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forms. For example, mixtures of stereoisomers may be 
separated by standard techniques including, but not limited 
to, resolution of racemic forms, normal, reverse-phase, and 
chiral chromatography, preferential salt formation, recrys 
talliZation, and the like, or by chiral synthesis either from 
chiral starting materials or by deliberate synthesis of target 
chiral centers. 

[0313] As Will be readily understood, functional groups 
present may contain protecting groups during the course of 
synthesis. Protecting groups are knoWn per se as chemical 
functional groups that can be selectively appended to and 
removed from functionalities, such as hydroxyl groups and 
carboxyl groups. These groups are present in a chemical 
compound to render such functionality inert to chemical 
reaction conditions to Which the compound is exposed. Any 
of a variety of protecting groups may be employed With the 
present invention. Preferred protecting groups include the 
benZyloxycarbonyl group and the tert-butyloxycarbonyl 
group. Other preferred protecting groups that may be 
employed in accordance With the present invention may be 
described in Greene, T. W. and Wuts, P. G. M., Protective 
Groups in Organic Synthesis 2d. Ed., Wiley & Sons, 1991. 

[0314] Piperidine—N-alkylcarboxylate compounds accord 
ing to the present invention may be synthesiZed employing 
methods taught, for example, in US. Pat. Nos. 5,250,542, 
5,434,171, 5,159,081, and 5,270,328, the disclosures of 
Which are hereby incorporated herein by reference in their 
entireties. For example, the 3-substituted-4-methyl-4-(3-hy 
droxy- or alkanoyloxyphenyl)piperidine derivatives 
employed as starting materials in the synthesis of the present 
compounds may be prepared by the general procedure 
taught in Us. Pat. No. 4,115,400 and Us. Pat. No. 4,891, 
379, the disclosures of Which are hereby incorporated herein 
by reference in their entireties. The starting material for the 
synthesis of compounds described herein, (3R,4R)-4-(3 
hydroxypheny)-3,4-dimethylpiperidine, may be prepared by 
the procedures described in US. Pat. No. 4,581,456, the 
disclosures of Which are hereby incorporated herein by 
reference, in their entirety, but adjusted as described such 
that the [3-stereochemistry is preferred. 

[0315] The ?rst step of the process may involves the 
formation of the 3-alkoxyphenyllithium reagent by reacting 
3-alkoxybromobenZene With an alkyllithium reagent. This 
reaction may be performed under inert conditions and in the 
presence of a suitable non-reactive solvent such as dry 
diethyl ether or preferably dry tetrahydrofuran. Preferred 
alkyllithium reagents used in this process are n-butyllithium, 
and especially sec-butyllithium. Generally, approximately 
an equimolar to slight excess of alkyllithium reagent may be 
added to the reaction mixture. The reaction may be con 
ducted at a temperature of from about —20° C. and about 
—100° C., more preferably from about —50° C. to about —55° 
C. 

[0316] Once the 3-alkoxyphenyllithium reagent has 
formed, approximately an equimolar quantity of a 1-alkyl 
4-piperidone may be added to the mixture While maintaining 
the temperature betWeen —20° C. and —100° C. The reaction 
is typically complete after about 1 to 24 hours. At this point, 
the reaction mixture may be alloWed to gradually Warm to 
room temperature. The product may be isolated by the 
addition to the reaction mixture of a saturated sodium 
chloride solution to quench any residual lithium reagent. The 
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organic layer may be separated and further puri?ed if desired 
to provide the appropriate 1-alkyl-4-(3-alkoxyphenyl)pip 
eridinol derivative. 

[0317] The dehydration of the 4-phenylpiperidinol pre 
pared above may be accomplished With a strong acid accord 
ing to Well knoWn procedures. While dehydration occurs in 
various amounts With any one of several strong acids such 
as hydrochloric acid, hydrobromic acid, and the like, dehy 
dration is preferably conducted With phosphoric acid, or 
especially p-toluenesulfonic acid in toluene or benZene. This 
reaction may be typically conducted under re?ux conditions, 
more generally from about 50° C. and 150° C. The product 
thus formed may be isolated by basifying an acidic aqueous 
solution of the salt form of the product and extracting the 
aqueous solution With a suitable Water immiscible solvent. 
The resulting residue folloWing evaporation can then be 
further puri?ed if desired. 

[0318] The 1-alkyl-4-methyl-4-(3-alkoxyphenyl)tetrahy 
dropyridine derivatives may be prepared by a metalloe 
namine alkylation. This reaction is preferably conducted 
With n-butyllithium in tetrahydro?ran (THF) under an inert 
atmosphere, such as nitrogen or argon. Generally, a slight 
excess of n-butyllithium may be added to a stirring solution 
of the 1-alkyl-4-(3-alkoxyphenyl)-tetrahydropyridine in 
THF cooled to a temperature in the range of from about is 
—50° C. to about 00 C., more preferably from about —20° C. 
to —10° C. This mixture may be stirred for approximately 10 
to 30 minutes folloWed by the addition of approximately 
from 1.0 to 1.5 equivalents of methyl halide to the solution 
While maintaining the temperature of the reaction mixture 
beloW 0° C. After about 5 to 60 minutes, Water may be added 
to the reaction mixture and the organic phase may be 
collected. The product can be puri?ed according to standard 
procedures, but the crude product is preferably puri?ed by 
either distilling it under vacuum or slurrying it in a mixture 
of hexanezethyl acetate (65:35, vzv) and silica gel for about 
tWo hours. According to the latter procedure, the product 
may be then isolated by ?ltration folloWed by evaporating 
the ?ltrate under reduced pressure. 

[0319] The next step in the process may involve the 
application of the Mannich reaction of aminomethylation to 
non-conjugated, endocyclic enamines. This reaction is pref 
erably carried out by combining from about 1.2 to 2.0 
equivalents of aqueous formaldehyde and about 1.3 to 2.0 
equivalents of a suitable secondary amine in a suitable 
solvent. While Water may be the preferred solvent, other 
non-nucleophilic solvents, such as acetone and acetonitrile 
can also be employed in this reaction. The pH of this 
solution may be adjusted to approximately 3.0 to 4.0 With an 
acid that provides a non-nucleophilic anion. Examples of 
such acids include sulfuric acid, the sulfonic acids such as 
methanesulfonic acid and p-toluenesulfonic acid, phospho 
ric acid, and tetra?uoroboric acid, With sulfuric acid being 
preferred. To this solution may be added one equivalent of 
a 1-alkyl-4-methyl-4-(3-alkoxyphenyl)tetrahydropyridine, 
typically dissolved in aqueous sulfuric acid, and the pH of 
the solution may be readjusted With the non-nucleophilic 
acid or a suitable secondary amine. The pH is preferably 
maintained in the range of from about 1.0 to 5.0, With a pH 
of about 3.0 to 3.5 being more preferred during the reaction. 
The reaction is substantially complete after about 1 to 4 
hours, more typically about 2 hours, When conducted at a 
temperature in the range of from about 50° C. to about 80° 
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C., more preferably about 70° C. The reaction may then be 
cooled to approximately 30° C., and added to a sodium 
hydroxide solution. This solution may then be extracted With 
a Water immiscible organic solvent, such as hexane or ethyl 
acetate, and the organic phase, following thorough Washing 
With Water to remove any residual formaldehyde, may be 
evaporated to dryness under reduced pressure. 

[0320] The next step of the process may involve the 
catalytic hydrogenation of the prepared 1-alkyl-4-methyl-4 
(3-alkoxyphenyl)-3-tetrahydropyridinemethanamine to the 
corresponding trans-l-alkyl-3,4-dimethyl-4-(3-alkoxyphe 
nyl)piperidine. This reaction actually occurs in tWo steps. 
The ?rst step is the hydrogenolysis reaction Wherein the exo 
C-N bond is reductively cleaved to generate the 3-meth 
yltetrahydropyridine. In the second step, the 2,3-double 
bond in the tetrahydropyridine ring is reduced to afford the 
desired piperidine ring. 

[0321] Reduction of the enamine double bond introduced 
the crucial relative stereochemistry at the 3 and 4 carbon 
atoms of the piperidine ring. The reduction generally does 
not occur With complete stereoselectivity. The catalysts 
employed in the process may be chosen from among the 
various palladium and preferably platinum catalysts. 

[0322] The catalytic hydrogenation step of the process is 
preferably conducted in an acidic reaction medium. Suitable 
solvents for use in the process include the alcohols, such as 
methanol or ethanol, as Well as ethyl acetate, tetrahydrofu 
ran, toluene, hexane, and the like. 

[0323] Proper stereochemical outcome may be dependent 
on the quantity of catalyst employed. The quantity of 
catalyst required to produce the desired stereochemical 
result may be dependent upon the purity of the starting 
materials in regard to the presence or absence of various 
catalyst poisons. 

[0324] The hydrogen pressure in the reaction vessel may 
not be critical but can be in the range of from about 5 to 200 
psi. Concentration of the starting material by volume is 
preferably around 20 mL of liquid per gram of starting 
material, although an increased or decreased concentration 
of the starting material can also be employed. Under the 
conditions speci?ed herein, the length of time for the cata 
lytic hydrogenation may not be critical because of the 
inability for over-reduction of the molecule. While the 
reaction can continue for up to 24 hours or longer, it may not 
be necessary to continue the reduction conditions after the 
uptake of the theoretical tWo moles of hydrogen. The 
product may then be isolated by ?ltering the reaction mix 
ture for example through infusorial earth, and evaporating 
the ?ltrate to dryness under reduced pressure. Further puri 
?cation of the product thus isolated may not be necessary 
and preferably the diastereomeric mixture may be carried 
directly on to the folloWing reaction. 

[0325] The alkyl substituent may be removed from the 
1-position of the piperidine ring by standard dealkylation 
procedures. Preferably, a chloroformate derivative, espe 
cially the vinyl or phenyl derivatives, may be employed and 
removed With acid. Next, the prepared alkoxy compound 
may be dealkylated to the corresponding phenol. This reac 
tion may be generally carried out by reacting the compound 
in a 48% aqueous hydrobromic acid solution. This reaction 
may be substantially complete after about 30 minutes to 24 
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hours When conducted at a temperature of from about 50° C. 
to about 150° C., more preferably at the re?ux temperature 
of the reaction mixture. The mixture may then be Worked up 
by cooling the solution, folloWed by neutraliZation With base 
to an approximate pH of 8. This aqueous solution may be 
extracted With a Water immiscible organic solvent. The 
residue folloWing evaporation of the organic phase may then 
be used directly in the folloWing step. 

[0326] The compounds employed as starting materials to 
the compounds of the invention can also be prepared by 
brominating the 1-alkyl-4-methyl-4-(3-alkoxyphenyl)-3-tet 
rahydropyridinemethanamine at the 3-position, lithiating the 
bromo compound thus prepared, and reacting the lithiated 
intermediate With a methylhalide, such as methyl bromide to 
provide the corresponding 1-alkyl-3,4-dimethyl-4-(3-alkox 
yphenyl)tetrahydropyridinemethanamine. This compound 
may then be reduced and converted to the starting material 
as indicated above. 

[0327] As noted above, the compounds of the present 
invention can exist as the individual stereoisomers. Prefer 
ably reaction conditions are adjusted as disclosed in US. 
Pat. No. 4,581,456 or as set forth in Example 1 of US. Pat. 
No. 5,250,542 to be substantially stereoselective and pro 
vide a racemic mixture of essentially tWo enantiomers. 
These enantiomers may then be resolved. Aprocedure Which 
may be employed to prepare the resolved starting materials 
used in the synthesis of these compounds includes treating 
a racemic mixture of alkyl-3,4-dimethyl-4-(3-alkoxyphe 
nyl)piperidine With either (+)- or (—)-ditoluoyl tartaric acid 
to provide the resolved intermediate. This compound may 
then be dealkylated at the 1-position With vinyl chlorofor 
mate and ?nally converted to the desired 4-(3-hydroxyphe 
nyl)piperidine isomer. 
[0328] As Will be understood by those skilled in the art, 
the individual enantiomers of the invention can also be 
isolated With either (+) or (—) dibenZoyl tartaric acid, as 
desired, from the corresponding racemic mixture of the 
compounds of the invention. Preferably the (+)-trans enan 
tiomer is obtained. 

[0329] Although the (+)trans-3,4 stereoisomer is pre 
ferred, all of the possible stereoiosmers of the compounds 
described herein are Within the contemplated scope of the 
present invention. Racemic mixtures of the stereoisomers as 
Well as the substantially pure stereoisomers are Within the 
scope of the invention. The term “substantially pure”, as 
used herein, refers to at least about 90 mole percent, more 
preferably at least about 95 mole percent and most prefer 
ably at least about 98 mole percent of the desired stereoi 
somer is present relative to other possible stereoisomers. 

[0330] Intermediates can be prepared by reacting a 3,4 
alkyl-substituted-4-(3-hydroxyphenyl)piperidine With a 
compound of the formula LCH2(CH2),C1CHR3C(O)E 
Where L is a leaving group such as chlorine, bromine or 
iodine, E is a carboxylic acid, ester or amide, and R3 and n 
are as de?ned hereinabove. Preferably L may be chlorine 
and the reaction is carried out in the presence of a base to 
alkylate the piperidine nitrogen. For example 4-chloro-2 
cyclohexylbutanoic acid, ethyl ester can be contacted With 
(3R,4R)-4-(3-hydroxyphenyl)-3,4-dimethylpiperidine to 
provide 4-[(3R,4R)-4-(3-hydroxyphenyl)-3,4-dimethyl-1 
piperidine]butanoic acid, ethyl ester. Although the ester of 
the carboxylic acid may be preferred, the free acid itself or 
an amide of the carboxylic acid may be used. 
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[0331] In alternative synthesis, the substituted piperidine 
can be contacted With a methylene alkyl ester to alkylate the 
piperidine nitrogen. For example, 2-methylene-3-phenyl 
proponic acid, ethyl ester can be contacted With a desired 
piperidine to provide 2-benZyl-3-piperidinepropanoic acid 
ethyl ester. 

[0332] Another synthetic route can involve the reaction of 
a substituted piperidine With a haloalkylnitrile. The nitrile 
group of the resulting piperidine alkylnitrile can be hydro 
lyZed to the corresponding carboXylic acid. 

[0333] With each of the synthetic routes, the resulting 
ester or carboXylic acid can be reacted With an amine or 
alcohol to provide modi?ed chemical structures. In the 
preparation of amides, the piperidine-carboXylic acid or 
-carboXylic acid ester may be reacted With an amine in the 
presence of a coupling agent such as dicycloheXylcarbodi 
imide, boric acid, borane-trimethylamine, and the like. 
Esters can be prepared by contacting the piperidine-carboXy 
lic acid With the appropriate alcohol in the presence of a 
coupling agent such as p-toluenesulfonic acid, boron trif 
luoride etherate or N,N‘-carbonyldiimidaZole. Alternatively, 
the piperidine-carboXylic acid chloride can be prepared 
using a reagent such as thionyl chloride, phosphorus trichlo 
ride, phosphorus pentachloride and the like. This acyl chlo 
ride can be reacted With the appropriate amine or alcohol to 
provide the corresponding amide or ester. 

[0334] Opium alkaloid derivatives according to the 
present invention may be synthesiZed employing methods 
taught, for eXample, in US. Pat. Nos. 4,730,048 and 4,806, 
55 6, the disclosures of Which are hereby incorporated herein 
by reference in their entireties. For eXample, opium alkaloid 
derivatives of formula (III) may be prepared by attaching 
hydrophilic, ioniZable moieties R‘ and R“ to the 6-amino 
group of naltreXamine (formula (III) Where R is (cyclopro 
pyl)methyl, Z is OH and R! is H) or oXymorphamine 
(formula (III) Where R is CH3, Z is OH and R! is The 
opium alkaloid derivatives of formula IV may be prepared 
by converting the 6-keto-group of oXymorphone (formula 
(VI) Where R is CH3 and Z is OH) or naltreXone (formula 
(VI) Where R is (cyclopropyl)methyl and Z is OH) to the 
ioniZable, hydrophilic group (R“N=) by a Schiff base 
reaction With a suitable amino-compound. 

VI 

HO O o 

[0335] In a similar fashion, deoXy-opiates of formulae 
(III) and (IV) Wherein Z is hydrogen may be prepared from 
readily available starting materials. 

[0336] The compounds of formula (V) may be synthesiZed 
employing methods taught, for example, in Us. Pat. No. 
3,723,440, the disclosures of Which are hereby incorporated 
herein by reference in their entirety. 
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[0337] The compounds employed in the methods of the 
present invention including, for eXample, opioid and periph 
eral mu opioid antagonist compounds, may be administered 
by any means that results in the contact of the active agents 
With the agents’ site or site(s)of action in the body of a 
patient. The compounds may be administered by any con 
ventional means available for use in conjunction With phar 
maceuticals, either as individual therapeutic agents or in a 
combination of therapeutic agents. For eXample, they may 
be administered as the sole active agents in a pharmaceutical 
composition, or they can be used in combination With other 
therapeutically active ingredients. 

[0338] The compounds are preferably combined With a 
pharmaceutical carrier selected on the basis of the chosen 
route of administration and standard pharmaceutical practice 
as described, for eXample, in Remington’s Pharmaceutical 
Sciences (Mack Pub. Co., Easton, Pa., 1980), the disclosures 
of Which are hereby incorporated herein by reference, in 
their entirety. 

[0339] Compounds of the present invention can be admin 
istered to a mammalian host in a variety of forms adapted to 
the chosen route of administration, e.g. orally or parenter 
ally. Parenteral administration in this respect includes 
administration by the folloWing routes: intravenous, intra 
muscular, subcutaneous, intraocular, intrasynovial, transepi 
thelial including transdermal, ophthalmic, sublingual and 
buccal; topically including ophthalmic, dermal, ocular, rec 
tal and nasal inhalation via insuf?ation, aerosol and rectal 
systemic. 

[0340] The active compound may be orally administered, 
for eXample, With an inert diluent or With an assimilable 
edible carrier, or it may be enclosed in hard or soft shell 
gelatin capsules, or it may be compressed into tablets, or it 
may be incorporated directly With the food of the diet. For 
oral therapeutic administration, the active compound may be 
incorporated With eXcipient and used in the form of ingest 
ible tablets, buccal tablets, troches, capsules, eliXirs, sus 
pensions, syrups, Wafers, and the like. The amount of active 
compound(s) in such therapeutically useful compositions is 
preferably such that a suitable dosage Will be obtained. 
Preferred compositions or preparations according to the 
present invention may be prepared so that an oral dosage 
unit form contains from about 0.1 to about 1000 mg of active 
compound. 

[0341] The tablets, troches, pills, capsules and the like 
may also contain one or more of the folloWing: a binder, 
such as gum tragacanth, acacia, corn starch or gelatin; an 
eXcipient, such as dicalcium phosphate; a disintegrating 
agent, such as corn starch, potato starch, alginic acid and the 
like; a lubricant, such as magnesium stearate; a sWeetening 
agent such as sucrose, lactose or saccharin; or a ?avoring 
agent, such as peppermint, oil of Wintergreen or cherry 
?avoring. When the dosage unit form is a capsule, it may 
contain, in addition to materials of the above type, a liquid 
carrier. Various other materials may be present as coatings or 
to otherWise modify the physical form of the dosage unit. 
For instance, tablets, pills, or capsules may be coated With 
shellac, sugar or both. A syrup or eliXir may contain the 
active compound, sucrose as a sWeetening agent, methyl and 
propylparabens as preservatives, a dye and ?avoring, such as 
cherry or orange ?avor. Of course, any material used in 
preparing any dosage unit form is preferably pharmaceuti 








































