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(57) ABSTRACT 

One aspect of the present invention relates to diaZabicyclo 
[4.3.0]nonanes. A second aspect of the present invention 
relates to the use of the diaZabicyclo[4.3.0]nonanes as 
ligands for various cellular receptors, including opiate 
receptors. An additional aspect of the present invention 
relates to the use of the diaZabicyclo[4.3.0]nonanes as 
analgesics. 
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DIAZABICYCLO[4.3.0]NONANES, AND METHODS 
OF USE THEREOF 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of priority to 
US. Provisional Patent Application serial No. 60/251,108, 
?led Dec. 4, 2000. 

BACKGROUND OF THE INVENTION 

[0002] Pain is an unpleasant sensation varying in severity 
in a local part of the body or several parts of the body 
resulting from injury, disease, or emotional disorder. Pain 
can be classi?ed according to its duration. Acute pain, Which 
lasts less than one month, usually has a readily identi?able 
cause and signals tissue damage. In addition, acute pain 
syndromes can be episodic, for eXample recurrent discom 
fort from arthritis. Chronic pain can be de?ned as pain that 
persists more than one month beyond the usual course of an 
acute illness or injury, or pain that recurs at intervals over 
months or years, or pain that is associated With a chronic 
pathologic process. In contrast to acute pain, chronic pain 
loses its adaptive biologic function. Depression is common, 
and abnormal illness behavior often compounds the patient’s 
impairment. 
[0003] Millions of people suffer from chronic or intrac 
table pain. Persistent pain varies in etiology and presenta 
tion. In some cases, symptoms and signs may be evident 
Within a feW Weeks to a feW months after the occurrence of 

an injury or the onset of disease, eg cancer or AIDS. Like 
many illnesses that at one time Were not Well understood, 
pain and its many manifestations may be poorly treated and 
seriously underestimated. Inappropriately treated pain seri 
ously compromises the patient’s quality of life, causing 
emotional suffering and increasing the risk of lost livelihood 
and disrupted social integration. Severe chronic pain affects 
both the pediatric and adult population, and often leads to 
mood disorders, including depression and, in rare cases, 
suicide. 

[0004] In the last several years, health policy-makers, 
health professionals, regulators, and the public have become 
increasingly interested in the provision of better pain thera 
pies. This interest is evidenced, in part, by the US. Depart 
ment of Health and Human Services’ dissemination of 
Clinical Practice Guidelines for the management of acute 
pain and cancer pain. There is currently no nationally 
accepted consensus for the treatment of chronic pain not due 
to cancer, yet the economic and social costs of chronic pain 
are substantial, With estimates ranging in the tens of billions 
of dollars annually. 

[0005] Three general classes of drugs are currently avail 
able for pain management, nonsteriodal anti-in?ammatories, 
opioids, and adjuvant analgesics. The nonsteriodal anti 
in?ammatories class includes drugs such as aspirin, ibupro 
fen, diclofenac, acetaminophen, celecoXib, and rofecoXib. 
The opioid class includes morphine, oXycodone, fentanyl, 
and pentaZocine. Adjuvant analgesics include various anti 
depressants, anticonvulsants, neuroleptics, and corticoster 
oids. 

[0006] Opioids are the major class of analgesics used in 
the management of moderate to severe pain because of their 
effectiveness, ease of titration, and favorable risk-to-bene?t 
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ratio. Opioids produce analgesia by binding to speci?c 
receptors both Within and outside the CNS. Opioid analge 
sics are classi?ed as full agonists, partial agonists, or miXed 
agonist-antagonists, depending on the receptors to Which 
they bind and their intrinsic activities at each receptor. 

[0007] Three subclasses of opioid receptor have been 
identi?ed in humans, namely the 6-, K-, and p-opioid recep 
tors. Analgesia is thought to involve activation of p and/or 
K receptors. NotWithstanding their loW selectivity for p over 
K receptors, it is likely that morphine and morphine-like 
opioid agonists produce analgesia primarily through inter 
action With p receptors; selective agonists of K receptors in 
humans produce analgesia, because rather than the euphoria 
associated With morphine and congeners, these compounds 
often produce dysphoria and psychotomimetic effects. The 
consequences of activating 6 receptors in humans remain 
unclear. 

[0008] Although opioids can be very effective in pain 
management, they do cause several side effects, such as 
respiratory depression, constipation, physical dependence, 
tolerance, WithdraW. These unWanted effects can severely 
limit their use. 

[0009] Opioids are knoWn to produce respiratory depres 
sion that is proportional to their analgesia. This respiratory 
depression can be life threatening. This results in a narroW 
range betWeen the effective dose and a dose that produces 
respiratory depression. Because of this narroW therapeutic 
indeX, patients receiving opioid therapy must be closely 
monitored for signs of respiratory failure. 

[0010] Opioids can also cause constipation in individuals 
receiving them. This side effect can be severe and may 
require prolonged hospitaliZation, or even surgical interven 
tion. 

[0011] Commonly used full agonists include morphine, 
hydromorphone, meperidine, methadone, levorphanol, and 
fentanyl. These opioids are classi?ed as full agonists 
because there is not a ceiling to their analgesic ef?cacy, nor 
Will they reverse or antagoniZe the effects of other opioids 
Within this class When given simultaneously. Side effects 
include respiratory depression, constipation, nausea, urinary 
retention, confusion, and sedation. Morphine is the most 
commonly used opioid for moderate to severe pain because 
of its availability in a Wide variety of dosage forms, its 
Well-characterized pharmacokinetics and pharmacodynam 
ics, and its relatively loW cost. Meperidine may be useful for 
brief courses (e.g., a feW days) to treat acute pain and to 
manage rigors (shivering) induced by medication, but it 
generally should be avoided in patients With cancer because 
of its short duration of action (2.5 to 3.5 hours) and its toXic 
metabolite, normeperidine. This metabolite accumulates, 
particularly When renal function is impaired, and causes 
CNS stimulation, Which may lead to dysphoria, agitation, 
and seiZures; meperidine, therefore, should not be used if 
continued opioid use is anticipated. 

[0012] The development of physical dependence With 
repeated use is a characteristic feature of the opioid drugs, 
and the possibility of developing drug dependence is one of 
the major limitations of their clinical use. Almost all opioid 
users rapidly develop drug dependency Which can lead to 
apathy, Weight loss, loss of seX drive, anXiety, insomnia, and 
drug cravings. Although physical dependence is common, 
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addiction and abuse are not common in pain patients Who are 
treated appropriately With opioid drugs. 

[0013] Historically, the development of analgesic toler 
ance Was believed to limit the ability to use opioids ef?ca 
ciously on a long-term basis for pain management. Toler 
ance, or decreasing pain relief With the same dosage over 
time, has not proven to be a prevalent limitation to long-term 
opioid use. Experience With treating cancer pain has shoWn 
that What initially appears to be tolerance is usually pro 
gression of the disease. Furthermore, for most opioids, there 
does not appear to be an arbitrary upper dosage limit, as Was 
once thought. 

[0014] Cessation of opioid administration may result in a 
WithdraWal syndrome. Symptoms of WithdraWal are often 
the opposite of the effects achieved by the drug; WithdraWal 
from morphine, hoWever, results in compleX symptoms that 
may seem unrelated to its effects. Misunderstanding of 
addiction and mislabeling of patients as addicts result in 
unnecessary Withholding of opioid medications. Addiction is 
a compulsive disorder in Which an individual becomes 
preoccupied With obtaining and using a substance, the 
continued use of Which results in a decreased quality of life. 
Studies indicate that the de novo development of addiction 
is loW When opioids are used for the relief of pain. Further 
more, even opioid addicts can bene?t from the carefully 
supervised, judicious use of opioids for the treatment of pain 
due to cancer, surgery, or recurrent painful illnesses such as 
sickle cell disease. 

[0015] The knoWn opioids have been very effective in pain 
management. HoWever, they have restricted use because of 
several potentially severe side effects. Therefore, there is a 
current need for pharmaceutical agents that retain the anal 
gesic properties of the knoWn opioid, but that have reduced 
side effect pro?les. 

SUMMARY OF THE INVENTION 

[0016] One aspect of the present invention relates to a 
compound represented by A: 

A 
R4 

CCRSRE) 
N In 

T5 
([Jy\Z/R1 

T R6 
(CR5Rs)m 

R4 

[0017] Wherein 

[0018] Z represents NR, NC(O)R, NS(O)2R, O, S, 
SO, or S02; 

[0019] m is independently for each occurrence 0, 1, 
2, 3, or 4; 

[0020] y is 0, 1, or 2; 
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[0021] R represents H, alkyl, cycloalkyl, aryl, het 
eroaryl, aralkyl, or heteroaralkyl; 

[0022] R1 represents H, alkyl, cycloalkyl, aryl, or 
heteroaryl; 

[0023] R, When a constituent of Z, and R1 may be 
connected through a covalent bond; 

[0024] R4 represents independently for each occur 
rence H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl, 
acyl, or sulfonyl; 

[0025] R5 and R6 are selected independently for each 
occurrence from the group consisting of H, alkyl, 
CHZZR, aryl, heteroaryl, F, OR, and OC(O)R; 

[0026] a covalent bond may connect R4 and an 
instance of R5 or R6; 

[0027] any geminal or vicinal pairs of R5 and R6 may 
be connected through a covalent bond; and 

[0028] the stereochemical con?guration at any ste 
reocenter of a compound represented by A is R, S, or 
a miXture of these con?gurations. 

[0029] In certain embodiments, a compound of the present 
invention is represented by A and the attendant de?nitions, 
Wherein Z is NR, NC(O)R, or NS(O)2R. In certain embodi 
ments, a compound of the present invention is represented 
by A and the attendant de?nitions, Wherein m is indepen 
dently for each occurrence 0, 1, or 2. In certain embodi 
ments, a compound of the present invention is represented 
by A and the attendant de?nitions, Wherein y is 1. In certain 
embodiments, a compound of the present invention is rep 
resented by A and the attendant de?nitions, Wherein R1 
represents aryl or heteroaryl. In certain embodiments, a 
compound of the present invention is represented by A and 
the attendant de?nitions, Wherein R4 represents indepen 
dently for each occurrence cycloalkyl, aryl, heteroaryl, acyl, 
or sulfonyl. In certain embodiments, a compound of the 
present invention is represented by A and the attendant 
de?nitions, Wherein R4 represents independently for each 
occurrence aryl. In certain embodiments, a compound of the 
present invention is represented by A and the attendant 
de?nitions, Wherein R5 represents independently for each 
occurrence H. In certain embodiments, a compound of the 
present invention is represented by A and the attendant 
de?nitions, Wherein R6 represents independently for each 
occurrence H. 

[0030] In certain embodiments, a compound of the present 
invention is represented by A and the attendant de?nitions, 
Wherein R5 represents independently for each occurrence H; 
and R6 represents independently for each occurrence H. In 
certain embodiments, a compound of the present invention 
is represented by A and the attendant de?nitions, Wherein Z 
is NR, NC(O)R, or NS(O)2R; and m is independently for 
each occurrence 0, 1, or 2. In certain embodiments, a 
compound of the present invention is represented by A and 
the attendant de?nitions, Wherein Z is NR, NC(O)R, or 
NS(O)2R; and y is 1. In certain embodiments, a compound 
of the present invention is represented byA and the attendant 
de?nitions, Wherein Z is NR, NC(O)R, or NS(O)2R; m is 
independently for each occurrence 0, 1, or 2; and y is 1. In 
certain embodiments, a compound of the present invention 
is represented by A and the attendant de?nitions, Wherein Z 
is NR, NC(O)R, or NS(O)2R; m is independently for each 
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occurrence 0, 1, or 2; y is 1; and R1 represents aryl or 
heteroaryl. In certain embodiments, a compound of the 
present invention is represented by A and the attendant 
de?nitions, Wherein Z is NR, NC(O)R, or NS(O)2R; m is 
independently for each occurrence 0, 1, or 2; y is 1; R1 
represents aryl or heteroaryl; and R4 represents indepen 
dently for each occurrence cycloalkyl, aryl, heteroaryl, acyl, 
or sulfonyl. In certain embodiments, a compound of the 
present invention is represented by A and the attendant 
de?nitions, Wherein Z is NR, NC(O)R, or NS(O)2R; m is 
independently for each occurrence 0, 1, or 2; y is 1; R1 
represents aryl or heteroaryl; and R4 represents indepen 
dently for each occurrence aryl. In certain embodiments, a 
compound of the present invention is represented by A and 
the attendant de?nitions, Wherein Z is NR, NC(O)R, or 
NS(O)2R; m is independently for each occurrence 0, 1, or 2; 
y is 1; R1 represents aryl or heteroaryl; R4 represents 
independently for each occurrence cycloalkyl, aryl, het 
eroaryl, acyl, or sulfonyl; R1 represents independently for 
each occurrence H; and R6 represents independently for each 
occurrence H. In certain embodiments, a compound of the 
present invention is represented by A and the attendant 
de?nitions, Wherein Z is NR, NC(O)R, or NS(O)2R; m is 
independently for each occurrence 0, 1, or 2; y is 1; R1 
represents aryl or heteroaryl; R4 represents independently 
for each occurrence aryl; R1 represents independently for 
each occurrence H; and R6 represents independently for each 
occurrence H. 

[0031] In certain embodiments, a compound of the present 
invention is represented by A and the attendant de?nitions, 
Wherein said compound is a single stereoisomer. In certain 
embodiments, a compound of the present invention is rep 
resented by A and the attendant de?nitions, Wherein said 
compound is a ligand for a cellular receptor. In certain 
embodiments, a compound of the present invention is rep 
resented by A and the attendant de?nitions, Wherein said 
compound is a ligand for a G-protein-coupled receptor. In 
certain embodiments, a compound of the present invention 
is represented by A and the attendant de?nitions, Wherein 
said compound is an agonist of a G-protein-coupled recep 
tor. In certain embodiments, a compound of the present 
invention is represented by A and the attendant de?nitions, 
Wherein said compound is an antagonist of a G-protein 
coupled receptor. In certain embodiments, a compound of 
the present invention is represented by A and the attendant 
de?nitions, Wherein said compound is a ligand for an opioid 
receptor. In certain embodiments, a compound of the present 
invention is represented by A and the attendant de?nitions, 
Wherein said compound is an agonist of an opioid receptor. 
In certain embodiments, a compound of the present inven 
tion is represented by A and the attendant de?nitions, 
Wherein said compound is an antagonist of an opioid recep 
tor. In certain embodiments, a compound of the present 
invention is represented by A and the attendant de?nitions, 
Wherein said compound is a ligand Which is selective for a 
subclass of opioid receptor. 
[0032] Another aspect of the present invention relates to a 
formulation, comprising a compound represented by A and 
the attendant de?nitions; and a pharmaceutically acceptable 
eXcipient. In certain embodiments, a formulation of the 
present invention comprises a pharmaceutically acceptable 
eXcipient selected from the group consisting of cyclodeX 
trins, liposomes, micelle forming agents, and polymeric 
carriers. 
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[0033] Another aspect of the present invention relates to a 
method of treating pain, drug addiction, or tinnitus in a 
mammal, comprising the step of administering to a mammal 
suffering from pain, drug addiction, or tinnitus a therapeu 
tically effective amount of a compound represented byA and 
the attendant de?nitions. In certain embodiments of the 
method of the present invention, said mammal is a primate, 
equine, canine or feline. In certain embodiments of the 
method of the present invention, said mammal is a human. 
In certain embodiments of the method of the present inven 
tion, said compound is administered orally. In certain 
embodiments of the method of the present invention, said 
said compound is administered intravenously. In certain 
embodiments of the method of the present invention, said 
said compound is administered sublingually. In certain 
embodiments of the method of the present invention, said 
compound is administered ocularly. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] Pain is an unpleasant sensation varying in severity 
in a local part of the body or several parts of the body 
resulting from injury, disease, or emotional disorder. Pain 
can be classi?ed according to its duration. Acute pain, Which 
lasts less than one month, usually has a readily identi?able 
cause (e.g., hip fracture) and signals tissue damage. The 
associated effect is often anXiety, and the concomitant physi 
ologic ?ndings are those of sympathetic stimulation (e.g., 
tachycardia, tachypnea, diaphoresis). In addition, acute pain 
syndromes can be episodic, for example recurrent discom 
fort from arthritis. 

[0035] Chronic pain can be de?ned as pain that persists 
more than one month beyond the usual course of an acute 
illness or injury, or pain that recurs at intervals over months 
or years, or pain that is associated With a chronic pathologic 
process. In contrast to acute pain, chronic pain loses its 
adaptive biologic function. Depression is common, and 
abnormal illness behavior often compounds the patient’s 
impairment. Chronic pain can be divided broadly into that 
Which is inferred to be predominantly somatogenic and that 
Which is inferred to be predominantly psychogenic. A simi 
lar classi?cation based on inferred pathophysiology desig 
nates chronic pain as nociceptive (commensurate With ongo 
ing activation of pain-sensitive nerve ?bers), neuropathic 
(due to aberrant somatosensory processing in afferent neural 
pathWays), or psychogenic. 

[0036] Nociceptive pain can be somatic or visceral. Most 
chronic pain in the elderly is nociceptive and somatic; 
arthritis, cancer pain, and myofascial pain are most com 
mon. Relief is likely With removal of the peripheral cause 
(e.g., reducing periarticular in?ammation), and analgesic 
drugs are often effective. 

[0037] A common subtype of neuropathic pain, knoWn 
collectively as peripheral neuropathic pain, is presumably 
sustained by mechanisms that involve disturbances in the 
peripheral nerve or nerve root; neuroma formation after 
aXonal injury and nerve compression are the tWo major 
processes. Another subtype of neuropathic pain is related to 
the reorganiZation of nociceptive information processing by 
the CNS; it persists Without ongoing activation of pain 
sensitive ?bers. This type of pain, knoWn collectively as the 
deafferentation syndromes, includes postherpetic neuralgia, 
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central pain (Which can result from a lesion at any level of 
the CNS), phantom limb pain, and others. Athird subtype of 
neuropathic pain, often called sympathetically maintained 
pain, can be ameliorated by interruption of sympathetic 
nerves to the painful area; the prototypic disorder is re?ex 
sympathetic dystrophy. The precise mechanisms involved in 
these disorders are conjectural, but all can produce an 
unfamiliar pain, often described as burning and stabbing. 
Currently, this type of pain responds poorly to analgesics. 

[0038] Some patients have persistent pain Without either 
nociceptive foci or evidence of a neuropathic mechanism for 
the pain. Many others have nociceptive lesions that do not 
sufficiently explain the degree of pain and disability. Psy 
chopathologic processes account for these complaints in 
some patients. If no evidence for a psychological cause is 
found, the pain is referred to as idiopathic. Many patients 
have an idiopathic pain syndrome that is best described by 
the generic diagnosis chronic nonmalignant pain syndrome, 
a term denoting pain and disability disproportionate to an 
identi?able somatic cause and usually related to a more 
pervasive set of abnormal illness behaviors. Some of these 
patients may be labeled by the more formal psychiatric 
diagnosis of somatoform pain disorder. Others have com 
plaints that constitute a speci?c pain diagnosis, most com 
monly the failed loW back syndrome or atypical facial pain. 
Still others have signi?cant organic lesions (e.g., lumbar 
arachnoiditis) but also have a clear psychological contribu 
tion associated With excessive disability. Diagnosis may be 
dif?cult, but the relative contributions of both organic and 
psychological components of the pain can be de?ned. 

[0039] Another clinically useful classi?cation of chronic 
pain is broadly syndromic. For example, chronic pain may 
be part of a medical illness (e.g., cancer or arthritis). A 
mixture of pathophysiologic mechanisms may be involved; 
e.g., tumor invasion of nerve and bone may cause neuro 
pathic and somatic nociceptive pains, respectively, and 
psychological factors may be prominent. 

[0040] Three general classes of drugs are currently avail 
able for pain management, nonsteriodal anti-in?ammatories, 
opioids, and adjuvant analgesics. The nonsteriodal anti 
in?ammatories class includes drugs such as aspirin, ibupro 
fen, diclofenac, acetaminophen, and rofecoxib. The opioid 
class includes morphine, oxycodone, fentanyl, and pentaZo 
cine. Adjuvant analgesics include various antidepressants, 
anticonvulsants, neuroleptics, and corticosteroids. 

[0041] Of the three classes of pharmaceutical agents used 
for pain management, opioid are usually most ef?cacious for 
treating moderate to severe pain. Although opioids can be 
very effective in pain management, they do cause several 
side effects, such as respiratory depression, constipation, 
physical dependence, tolerance, WithdraW. These unWanted 
effects can severely limit their use. Therefore, there is a 
current need for pharmaceutical agents that retain the anal 
gesic properties of the knoWn opioid, but have reduced side 
effect pro?les for the treatment of pain. 

[0042] Opioids, speci?cally ligands for the p-opioid recep 
tor, are the major class of analgesics used in the management 
of moderate to severe pain because of their effectiveness, 
ease of titration, and favorable risk-to-bene?t ratio. Unfor 
tunately, the opioids currently available have several 
unWanted side-effects, such as respiratory depression and 
constipation. In addition, these agents may lead to tolerance 
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and dependence. Research into the development of neW, 
selective ligands for opioid receptors holds the promise of 
yielding potent analgesics that lack the side effects of 
morphine and its congeners. Applicants herein disclose 
novel analgesics, including selective ligands for opioid 
receptors. Individual compounds described herein promise 
to have agonistic, antagonistic, and hybrid effects on opioid 
and other cellular receptors. Additionally, neW compounds 
reported herein may possess analgesic properties free from 
respiratory depression and the potential for physical depen 
dence associated With p-opioid receptor ligands, such as 
morphine and fentanyl. Moreover, neW compounds reported 
herein may possess properties for the treatment of physical 
or psychological additions, psychiatric disorders, and neu 
rological pathologies, such as tinnitus. 

[0043] The p-opioid receptor is a member of a family of 
cell surface proteins that permit intracellular transduction of 
extracellular signals. Cell surface proteins provide eukary 
otic and prokaryotic cells a means to detect extracellular 
signals and transduce such signals intracellularly in a man 
ner that ultimately results in a cellular response or a con 
certed tissue or organ response. Cell surface proteins, by 
intracellularly transmitting information regarding the extra 
cellular environment via speci?c intracellular pathWays 
induce an appropriate response to a particular stimulus. The 
response may be immediate and transient, sloW and sus 
tained, or some mixture thereof. By virtue of an array of 
varied membrane surface proteins, eukaryotic cells are 
exquisitely sensitive to their environment. 

[0044] Extracellular signal molecules, such as groWth 
hormones, vasodilators and neurotransmitters, exert their 
effects, at least in part, via interaction With cell surface 
proteins. For example, some extracellular signal molecules 
cause changes in transcription of target gene via changes in 
the levels of secondary messengers, such as cAMP. Other 
signals, indirectly alter gene expression by activating the 
expression of genes, such as immediate-early genes that 
encode regulatory proteins, Which in turn activate expres 
sion of other genes that encode transcriptional regulatory 
proteins. For example, neuron gene expression is modulated 
by numerous extracellular signals, including neurotransmit 
ters and membrane electrical activity. Transsynaptic signals 
cause rapid responses in neurons that occur over a period of 
time ranging from milleseconds, such as the opening of 
ligandgated channels, to seconds and minutes, such as 
second messenger-mediated events. Genes in neural cells 
that are responsive to transsynaptic stimulation and mem 
brane electrical activity, include genes, called immediate 
early genes, Whose transcription is activated rapidly, Within 
minutes, and transiently (see, e.g., Sheng et al. (1990) 
Neuron 4: 477-485), and genes Whose expression requires 
protein synthesis and Whose expression is induced or altered 
over the course of hours. 

[0045] Cell surface receptors and ion channels are among 
the cell surface proteins that respond to extracellular signals 
and initiate the events that lead to this varied gene expres 
sion and response. Ion channels and cell surface-localiZed 
receptors are ubiquitous and physiologically important cell 
surface membrane proteins. They play a central role in 
regulating intracellular levels of various ions and chemicals, 
many of Which are important for cell viability and function. 

[0046] Cell surface-localiZed receptors are membrane 
spanning proteins that bind extracellular signalling mol 
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ecules or changes in the extracellular environment and 
transmit the signal via signal transduction pathWays to effect 
a cellular response. Cell surface receptors bind circulating 
signal polypeptides, such as neurotransmitters, groWth fac 
tors and hormones, as the initiating step in the induction of 
numerous intracellular pathWays. Receptors are classi?ed on 
the basis of the particular type of pathWay that is induced. 
Included among these classes of receptors are those that bind 
groWth factors and have intrinsic tyrosine kinase activity, 
such as the heparin binding groWth factor (HBGF) receptors, 
and those that couple to effector proteins through guanine 
nucleotide binding regulatory proteins, Which are referred to 
as G protein coupled receptors and G proteins, respectively. 

[0047] The G protein transmembrane signaling pathWays 
consist of three proteins: receptors, G proteins and effectors. 
G proteins, Which are the intermediaries in transmembrane 
signaling pathWays, are heterodimers and consist of alpha, 
beta and gamma subunits. Among the members of a family 
of G proteins the alpha subunits differ. Functions of G 
proteins are regulated by the cyclic association of GTP With 
the alpha subunit folloWed by hydrolysis of GTP to GDP and 
dissociation of GDP. 

[0048] G protein coupled receptors are a diverse class of 
receptors that mediate signal transduction by binding to G 
proteins. Signal transduction is initiated via ligand binding 
to the cell membrane receptor, Which stimulates binding of 
the receptor to the G protein. The receptor G protein 
interaction releases GDP, Which is speci?cally bound to the 
G protein, and permits the binding of GTP, Which activates 
the G protein. Activated G protein dissociates from the 
receptor and activates the effector protein, Which regulates 
the intracellular levels of speci?c second messengers. 
Examples of such effector proteins include adenyl cyclase, 
guanyl cyclase, phospholipase C, and others. 

[0049] G protein-coupled receptors, Which are glycopro 
teins, are knoWn to share certain structural similarities and 
homologies (see, e-g., Gilman, A. G., Ann. Rev. Bio 
chem.56: 615-649 (1987), Strader, C. D. et al. The FASEB 
Journal 3: 1825-1832 (1989), Kobilka, B. K., et al. Nature 
329:75-79 (1985) and Young et al. Cell 45: 711-719 (1986)). 
Among the G protein-coupled receptors that have been 
identi?ed and cloned are the substance P receptor, the 
angiotensin receptor, the alpha - and beta -adrenergic recep 
tors and the serotonin receptors. G protein-coupled receptors 
share a conserved structural motif. The general and common 
structural features of the G protein-coupled receptors are the 
existence of seven hydrophobic stretches of about 20-25 
amino acids each surrounded by eight hydrophilic regions of 
variable length. It has been postulated that each of the seven 
hydrophobic regions forms a transmembrane alpha helix and 
the intervening hydrophilic regions form alternately intrac 
ellularly and extracellularly exposed loops. The third cyto 
solic loop betWeen transmembrane domains ?ve and six is 
the intracellular domain responsible for the interaction With 
G proteins. 

[0050] G protein-coupled receptors are knoWn to be induc 
ible. This inducibility Was originally described in loWer 
eukaryotes. For example, the cAMP receptor of the cellular 
slime mold, Dictyostelium, is induced during differentiation 
(Klein et al., Science 241: 1467-1472 (1988). During the 
Dictyostelium discoideum differentiation pathWay, cAMP, 
induces high level expression of its G protein-coupled 
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receptor. This receptor transduces the signal to induce the 
expression of the other genes involved in chemotaxis, Which 
permits multicellular aggregates to align, organiZe and form 
stalks (see, Firtel, R. A., et al. Cell 58: 235-239 (1989) and 
Devreotes, P., Science 245: 1054-1058 (1989)). 

[0051] De?nitions 

[0052] For convenience, certain terms employed in the 
speci?cation, examples, and appended claims are collected 
here. 

[0053] The abbreviation “CNS” refers to the central ner 
vous system of an organism. 

[0054] The term “cell surface proteins” includes mol 
ecules that occur on the surface of cells, interact With the 
extracellular environment, and transmit or transduce infor 
mation regarding the environment intracellularly. 

[0055] The term “extracellular signals” includes a mol 
ecule or a change in the environment that is transduced 
intracellularly via cell surface proteins that interact, directly 
or indirectly, With the signal. An extracellular signal is any 
compound or substance that in some manner speci?cally 
alters the activity of a cell surface protein. Examples of such 
signals include, but are not limited to, molecules such as 
acetylcholine, groWth factors, hormones and other mitoge 
nic substances, such as phorbol mistric acetate (PMA), that 
bind to cell surface receptors and ion channels and modulate 
the activity of such receptors and channels. Extracellular 
signals also includes as yet unidenti?ed substances that 
modulate the activity of a cell surface protein and thereby 
affect intracellular ?nctions and that are potential pharma 
cological agents that may be used to treat speci?c diseases 
by modulating the activity of speci?c cell surface receptors. 

[0056] The term “EDSO” means the dose of a drug Which 
produces 50% of its maximum response or effect. Alterna 
tively, the dose Which produces a predetermined response in 
50% of test subjects or preparations. 

[0057] The term “LDSO” means the dose of a drug Which 
is lethal in 50% of test subjects. 

[0058] The term “therapeutic index” refers to the thera 
peutic index of a drug de?ned as LDSO/EDSO. 

[0059] The term “structure-activity relationship (SAR)” 
refers to the Way in Which altering the molecular structure of 
drugs alters their interaction With a receptor, enZyme, etc. 

[0060] The term “agonist” refers to a compound that 
mimics the action of natural transmitter or, When the natural 
transmitter is not knoWn, causes changes at the receptor 
complex in the absence of other receptor ligands. 

[0061] The terms “inverse agonist” and “negative antago 
nist” refer to compounds that are selective ligands for an 
inactive form of a cellular receptor Which exists as an 
equilibrating mixture of active and inactive forms. 

[0062] The term “antagonist” refers to a compound that 
binds to a receptor site, but does not cause any physiological 
changes unless another receptor ligand is present. 

[0063] The term “competitive antagonist” refers to a com 
pound that binds to a receptor site; its effects can be 
overcome by increased concentration of the agonist. 
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[0064] The term “partial agonist” refers to a compound 
that binds to a receptor site but does not produce the 
maximal effect regardless of its concentration. 

[0065] The term “ligand” refers to a compound that binds 
at the receptor site. 

[0066] The term “heteroatom” as used herein means an 
atom of any element other than carbon or hydrogen. Pre 
ferred heteroatoms are boron, nitrogen, oxygen, phosphorus, 
sulfur and selenium. 

[0067] The term “electron-Withdrawing group” is recog 
niZed in the art, and denotes the tendency of a substituent to 
attract valence electrons from neighboring atoms, i.e., the 
substituent is electronegative With respect to neighboring 
atoms. A quanti?cation of the level of electron-Withdrawing 
capability is given by the Hammett sigma (o) constant. This 
Well knoWn constant is described in many references, for 
instance, J. March, Advanced Organic Chemistry, McGraW 
Hill Book Company, NeW York, (1977 edition) pp. 251-259. 
The Hammett constant values are generally negative for 
electron donating groups (o[P]=-0.66 for NH2) and positive 
for electron WithdraWing groups (o[P]=0.78 for a nitro 
group), ()[P] indicating para substitution. Exemplary elec 
tron-WithdraWing groups include nitro, acyl, formyl, sulfo 
nyl, tri?uoromethyl, cyano, chloride, and the like. Exem 
plary electron-donating groups include amino, methoxy, and 
the like. 

[0068] The term “alkyl” refers to the radical of saturated 
aliphatic groups, including straight-chain alkyl groups, 
branched-chain alkyl groups, cycloalkyl (alicyclic) groups, 
alkyl substituted cycloalkyl groups, and cycloalkyl substi 
tuted alkyl groups. In preferred embodiments, a straight 
chain or branched chain alkyl has 30 or feWer carbon atoms 
in its backbone (e.g., CJL-C3O for straight chain, C3-C3O for 
branched chain), and more preferably 20 or feWer. LikeWise, 
preferred cycloalkyls have from 3-10 carbon atoms in their 
ring structure, and more preferably have 5, 6 or 7 carbons in 
the ring structure. 

[0069] Unless the number of carbons is otherWise speci 
?ed, “loWer alkyl” as used herein means an alkyl group, as 
de?ned above, but having from one to ten carbons, more 
preferably from one to six carbon atoms in its backbone 
structure. LikeWise, “loWer alkenyl” and “loWer alkynyl” 
have similar chain lengths. Preferred alkyl groups are loWer 
alkyls. In preferred embodiments, a substituent designated 
herein as alkyl is a loWer alkyl. 

[0070] The term “aralkyl”, as used herein, refers to an 
alkyl group substituted With an aryl group (e.g., an aromatic 
or heteroaromatic group). 

[0071] The terms “alkenyl” and “alkynyl” refer to unsat 
urated aliphatic groups analogous in length and possible 
substitution to the alkyls described above, but that contain at 
least one double or triple bond respectively. 

[0072] The term “aryl” as used herein includes 5-, 6- and 
7-membered single-ring aromatic groups that may include 
from Zero to four heteroatoms, for example, benZene, pyr 
role, furan, thiophene, imidaZole, oxaZole, thiaZole, triaZole, 
pyraZole, pyridine, pyraZine, pyridaZine and pyrimidine, and 
the like. Those aryl groups having heteroatoms in the ring 
structure may also be referred to as “aryl heterocycles” or 
“heteroaromatics.” The aromatic ring can be substituted at 
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one or more ring positions With such substituents as 
described above, for example, halogen, aZide, alkyl, aralkyl, 
alkenyl, alkynyl, cycloalkyl, hydroxyl, alkoxyl, amino, 
nitro, sulfhydryl, imino, amido, phosphonate, phosphinate, 
carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, sulfona 
mido, ketone, aldehyde, ester, heterocyclyl, aromatic or 
heteroaromatic moieties, —CF3, —CN, or the like. The term 
“aryl” also includes polycyclic ring systems having tWo or 
more cyclic rings in Which tWo or more carbons are common 
to tWo adjoining rings (the rings are “fused rings”) Wherein 
at least one of the rings is aromatic, e.g., the other cyclic 
rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls 
and/or heterocyclyls. 

[0073] The terms ortho, meta and para apply to 1,2-, 1,3 
and 1,4-disubstituted benZenes, respectively. For example, 
the names 1,2-dimethylbenZene and ortho-dimethylbenZene 
are synonymous. 

[0074] The terms “heterocyclyl” or “heterocyclic group” 
refer to 3- to 10-membered ring structures, more preferably 
3- to 7-membered rings, Whose ring structures include one 
to four heteroatoms. Heterocycles can also be polycycles. 
Heterocyclyl groups include, for example, aZetidine, 
aZepine, thiophene, thianthrene, furan, pyran, isobenZofu 
ran, chromene, xanthene, phenoxathiin, pyrrole, imidaZole, 
pyraZole, isothiaZole, isoxaZole, pyridine, pyraZine, pyrimi 
dine, pyridaZine, indoliZine, isoindole, indole, indaZole, 
purine, quinoliZine, isoquinoline, quinoline, phthalaZine, 
naphthyridine, quinoxaline, quinaZoline, cinnoline, pteri 
dine, carbaZole, carboline, phenanthridine, acridine, pyrimi 
dine, phenanthroline, phenaZine, phenarsaZine, phenothiaZ 
ine, furaZan, phenoxaZine, pyrrolidine, oxolane, thiolane, 
oxaZole, piperidine, piperaZine, morpholine, lactones, lac 
tams such as aZetidinones and pyrrolidinones, sultams, sul 
tones, and the like. The heterocyclic ring can be substituted 
at one or more positions With such substituents as described 

above, as for example, halogen, alkyl, aralkyl, alkenyl, 
alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhydryl, 
imino, amido, phosphonate, phosphinate, carbonyl, car 
boxyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde, 
ester, a heterocyclyl, an aromatic or heteroaromatic moiety, 
—CF3, —CN, or the like. 

[0075] The terms “polycyclyl” or “polycyclic group” refer 
to tWo or more rings (e.g., cycloalkyls, cycloalkenyls, 
cycloalkynyls, aryls and/or heterocyclyls) in Which tWo or 
more carbons are common to tWo adjoining rings, e.g., the 
rings are “fused rings”. Rings that are joined through non 
adjacent atoms are termed “bridged” rings. Each of the rings 
of the polycycle can be substituted With such substituents as 
described above, as for example, halogen, alkyl, aralkyl, 
alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhy 
dryl, imino, amido, phosphonate, phosphinate, carbonyl, 
carboxyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde, 
ester, a heterocyclyl, an aromatic or heteroaromatic moiety, 
—CF3, —CN, or the like. 

[0076] The term “carbocycle”, as used herein, refers to an 
aromatic or non-aromatic ring in Which each atom of the ring 
is carbon. 

[0077] As used herein, the term “nitro” means —NO2; the 
term “halogen” designates —F, —Cl, —Br or —I; the term 
“sulfhydryl” means —SH; the term “hydroxyl” means 
—OH; and the term “sulfonyl” means —SO2—. 
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[0078] The terms “amine” and “amino” are art-recogniZed 
and refer to both unsubstituted and substituted amines, e.g., 
a moiety that can be represented by the general formula: 

V 

R10 R 10 

/ + 
—N or N —Rlo 

\ | 
R9 R9 

[0079] Wherein R9, R10 and R‘1O each independently rep 
resent a group permitted by the rules of valence. 

[0080] The term “acylamino” is art-recogniZed and refers 
to a moiety that can be represented by the general formula: 

[0081] Wherein R9 is as de?ned above, and R‘11 represents 
a hydrogen, an alkyl, an alkenyl or —(CH2)m-R8, Where m 
and R8 are as de?ned above. 

[0082] The term “amido” is art recognized as an amino 
substituted carbonyl and includes a moiety that can be 
represented by the general formula: 

[0083] Wherein R9, R10 are as de?ned above. Preferred 
embodiments of the amide Will not include imides Which 
may be unstable. 

[0084] The term “alkylthio” refers to an alkyl group, as 
de?ned above, having a sulfur radical attached thereto. In 
preferred embodiments, the “alkylthio” moiety is repre 
sented by one of —S-alkyl, —S-alkenyl, —S-alkynyl, and 
—S—(CH2)m-R8, Wherein m and R8 are de?ned above. 
Representative alkylthio groups include methylthio, ethyl 
thio, and the like. 

[0085] The term “carbonyl” is art recogniZed and includes 
such moieties as can be represented by the general formula: 

O O 

Of 11 

[0086] Wherein X is a bond or represents an oxygen or a 
sulfur, and R11 represents a hydrogen, an alkyl, an alkenyl, 
—(CH2)m-R8 or a pharmaceutically acceptable salt, R‘M 
represents a hydrogen, an alkyl, an alkenyl or —(CH2)m-R8, 
Where m and R8 are as de?ned above. Where X is an oxygen 

Oct. 24, 2002 

and R11 or R‘11 is not hydrogen, the formula represents an 
“ester”. Where X is an oxygen, and R11 is as de?ned above, 
the moiety is referred to herein as a carboxyl group, and 
particularly When R11 is a hydrogen, the formula represents 
a “carboxylic acid”. Where X is an oxygen, and R‘11 is 
hydrogen, the formula represents a “formate”. In general, 
Where the oxygen atom of the above formula is replaced by 
sulfur, the formula represents a “thiolcarbonyl” group. 
Where X is a sulfur and RM or R‘M is not hydrogen, the 
formula represents a “thiolester.” Where X is a sulfur and 

R11 is hydrogen, the formula represents a “thiolcarboxylic 
acid.” Where X is a sulfur and R11‘ is hydrogen, the formula 
represents a “thiolformate.” On the other hand, Where X is 
a bond, and R11 is not hydrogen, the above formula repre 
sents a “ketone” group. Where X is a bond, and R11 is 
hydrogen, the above formula represents an “aldehyde” 
group. 

[0087] The terms “alkoxyl” or “alkoxy” as used herein 
refers to an alkyl group, as de?ned above, having an oxygen 
radical attached thereto. Representative alkoxyl groups 
include methoxy, ethoxy, propyloxy, tert-butoxy and the 
like. An “ether” is tWo hydrocarbons covalently linked by an 
oxygen. Accordingly, the substituent of an alkyl that renders 
that alkyl an ether is or resembles an alkoxyl, such as can be 

represented by one of —O-alkyl, —O-alkenyl, —O-alkynyl, 
—O-(CH2)m-R8, Where m and R8 are described above. 

[0088] The term “sulfonate” is art recognized and includes 
a moiety that can be represented by the general formula: 

[0089] in Which R41 is an electron pair, hydrogen, alkyl, 
cycloalkyl, or aryl. 

[0090] The terms tri?yl, tosyl, mesyl, and nona?yl are 
art-recogniZed and refer to tri?uoromethanesulfonyl, p-tolu 
enesulfonyl, methanesulfonyl, and nona?uorobutanesulfo 
nyl groups, respectively. The terms tri?ate, tosylate, mesy 
late, and nona?ate are art-recogniZed and refer to 
tri?uoromethanesulfonate ester, p-toluenesulfonate ester, 
methanesulfonate ester, and nona?uorobutanesulfonate ester 
functional groups and molecules that contain said groups, 
respectively. 

[0091] The abbreviations Me, Et, Ph, Tf, Nf, Ts, Ms 
represent methyl, ethyl, phenyl, tri?uoromethanesulfonyl, 
nona?uorobutanesulfonyl, p-toluenesulfonyl and methane 
sulfonyl, respectively. A more comprehensive list of the 
abbreviations utiliZed by organic chemists of ordinary skill 
in the art appears in the ?rst issue of each volume of the 
Journal of Organic Chemistry; this list is typically presented 
in a table entitled Standard List of Abbreviations. The 
abbreviations contained in said list, and all abbreviations 
utiliZed by organic chemists of ordinary skill in the art are 
hereby incorporated by reference. 
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[0092] The term “sulfate” is art recognized and includes a 
moiety that can be represented by the general formula: 

O 

[0093] in Which R41 is as de?ned above. 

[0094] The term “sulfonylamino” is art recognized and 
includes a moiety that can be represented by the general 
formula: 

[0095] The term “sulfamoyl” is art-recogniZed and 
includes a moiety that can be represented by the general 
formula: 

[0096] The term “sulfonyl”, as used herein, refers to a 
moiety that can be represented by the general formula: 

[0097] in Which R44 is selected from the group consisting 
of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocy 
clyl, aryl, or heteroaryl. 

[0098] The term “sulfoxido” as used herein, refers to a 
moiety that can be represented by the general formula: 

[0099] in Which R44 is selected from the group consisting 
of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocy 
clyl, aralkyl, or aryl. 

[0100] A “selenoalkyl” refers to an alkyl group having a 
substituted seleno group attached thereto. Exemplary “sele 
noethers” Which may be substituted on the alkyl are selected 
from one of —Se-alkyl, —Se-alkenyl, —Se-alkynyl, and 
—Se—(CH2)m-R7, m and R7 being de?ned above. 
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[0101] Analogous substitutions can be made to alkenyl 
and alkynyl groups to produce, for example, aminoalkenyls, 
aminoalkynyls, amidoalkenyls, amidoalkynyls, iminoalk 
enyls, iminoalkynyls, thioalkenyls, thioalkynyls, carbonyl 
substituted alkenyls or alkynyls. 

[0102] As used herein, the de?nition of each expression, 
e.g. alkyl, m, n, etc., When it occurs more than once in any 
structure, is intended to be independent of its de?nition 
elseWhere in the same structure. 

[0103] It Will be understood that “substitution” or “sub 
stituted With” includes the implicit proviso that such sub 
stitution is in accordance With permitted valence of the 
substituted atom and the substituent, and that the substitu 
tion results in a stable compound, e.g., Which does not 
spontaneously undergo transformation such as by rearrange 
ment, cycliZation, elimination, etc. 

[0104] As used herein, the term “substituted” is contem 
plated to include all permissible substituents of organic 
compounds. In a broad aspect, the permissible substituents 
include acyclic and cyclic, branched and unbranched, car 
bocyclic and heterocyclic, aromatic and nonaromatic sub 
stituents of organic compounds. Illustrative substituents 
include, for example, those described herein above. The 
permissible substituents can be one or more and the same or 

different for appropriate organic compounds. For purposes 
of this invention, the heteroatoms such as nitrogen may have 
hydrogen substituents and/or any permissible substituents of 
organic compounds described herein Which satisfy the 
valences of the heteroatoms. This invention is not intended 
to be limited in any manner by the permissible substituents 
of organic compounds. 

[0105] The phrase “protecting group” as used herein 
means temporary substituents Which protect a potentially 
reactive functional group from undesired chemical transfor 
mations. Examples of such protecting groups include esters 
of carboxylic acids, silyl ethers of alcohols, and acetals and 
ketals of aldehydes and ketones, respectively. The ?eld of 
protecting group chemistry has been revieWed (Greene, T. 
W.; Wuts, P. G. M. Protective Groups in Organic Synthesis, 
2nd ed.; Wiley: NeW York, 1991). 

[0106] Certain compounds of the present invention may 
exist in particular geometric or stereoisomeric forms. The 
present invention contemplates all such compounds, includ 
ing cis- and trans-isomers, R- and S-enantiomers, diastere 
omers, (D)-isomers, (L)-isomers, the racemic mixtures 
thereof, and other mixtures thereof, as falling Within the 
scope of the invention. Additional asymmetric carbon atoms 
may be present in a substituent such as an alkyl group. All 
such isomers, as Well as mixtures thereof, are intended to be 
included in this invention. 

[0107] If, for instance, a particular enantiomer of a com 
pound of the present invention is desired, it may be prepared 
by asymmetric synthesis, it may be isolated using chiral 
chromatography methods, or by derivation With a chiral 
auxiliary, Where the resulting diastereomeric mixture is 
separated and the auxiliary group cleaved to provide the 
pure desired enantiomers. Alternatively, Where the molecule 
contains a basic functional group, such as amino, or an 
acidic ?mctional group, such as carboxyl, diastereomeric 
salts are formed With an appropriate optically-active acid or 
base, folloWed by resolution of the diastereomers thus 



US 2002/0156092 A1 

formed by fractional crystallization or chromatographic 
means Well knoWn in the art, and subsequent recovery of the 
pure enantiomers. 

[0108] Contemplated equivalents of the compounds 
described above include compounds Which otherWise cor 
respond thereto, and Which have the same general properties 
thereof (e.g., functioning as analgesics), Wherein one or 
more simple variations of substituents are made Which do 
not adversely affect the ef?cacy of the compound in binding 
to opioid receptors. In general, the compounds of the present 
invention may be prepared by the methods illustrated in the 
general reaction schemes as, for eXample, described beloW, 
or by modi?cations thereof, using readily available starting 
materials, reagents and conventional synthesis procedures. 
In these reactions, it is also possible to make use of variants 
Which are in themselves knoWn, but are not mentioned here. 

[0109] For purposes of this invention, the chemical ele 
ments are identi?ed in accordance With the Periodic Table of 
the Elements, CAS version, Handbook of Chemistry and 
Physics, 67th Ed., 1986-87, inside cover. 

[0110] Compounds of the Invention 

[0111] In certain embodiments, the compounds of the 
present invention are represented by A: 

A 
R4 

pcRsR?) 
N 

T5 
C R 

N I Z/ 1 
| R6 

(TRSR6)HI 
R4 

[0112] Wherein 

[0113] Z represents NR, NC(O)R, NS(O)2R, O, S, 
SO, or S02; 

[0114] m is independently for each occurrence 0, 1, 2, 
3, or 4; 

[0115] y is 0, 1, or 2; 

[0116] R represents H, alkyl, cycloalkyl, aryl, het 
eroaryl, aralkyl, or heteroaralkyl; 

[0117] R1 represents H, alkyl, cycloalkyl, aryl, or 
heteroaryl; 

[0118] R, When a constituent of Z, and R1 may be 
connected through a covalent bond; 

[0119] R4 represents independently for each occur 
rence H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl, 
acyl, or sulfonyl; 

[0120] R5 and R6 are selected independently for each 
occurrence from the group consisting of H, alkyl, 
CHZZR, aryl, heteroaryl, F, OR, and OC(O)R; 
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[0121] a covalent bond may connect R4 and an 
instance of R5 or R6; 

[0122] any geminal or vicinal pairs of R5 and R6 may 
be connected through a covalent bond; and 

[0123] the stereochemical con?guration at any ste 
reocenter of a compound represented by A is R, S, or 
a miXture of these con?gurations. 

[0124] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein Z is NR, NC(O)R, or NS(O)2R. 

[0125] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein m is independently for each occurrence 
0, 1, or 2. 

[0126] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein y is 1. 

[0127] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein R1 represents aryl or heteroaryl. 

[0128] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein R4 represents independently for each 
occurrence cycloalkyl, aryl, heteroaryl, acyl, or sulfonyl. 

[0129] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein R4 represents independently for each 
occurrence aryl. 

[0130] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein R5 represents independently for each 
occurrence H. 

[0131] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein R6 represents independently for each 
occurrence H. 

[0132] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein R5 represents independently for each 
occurrence H; and R6 represents independently for each 
occurrence H. 

[0133] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein Z is NR, NC(O)R, or NS(O)2R; and m 
is independently for each occurrence 0, 1, or 2. 

[0134] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein Z is NR, NC(O)R, or NS(O)2R; and y 
is 1. 

[0135] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein Z is NR, NC(O)R, or NS(O)2R; m is 
independently for each occurrence 0, 1, or 2; and y is 1. 

[0136] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
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de?nitions, wherein Z is NR, NC(O)R, or NS(O)2R; m is 
independently for each occurrence 0, 1, or 2; y is 1; and R1 
represents aryl or heteroaryl. 

[0137] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein Z is NR, NC(O)R, or NS(O)2R; m is 
independently for each occurrence 0, 1, or 2; y is 1; R1 
represents aryl or heteroaryl; and R4 represents indepen 
dently for each occurrence cycloalkyl, aryl, heteroaryl, acyl, 
or sulfonyl. 

[0138] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein Z is NR, NC(O)R, or NS(O)2R; m is 
independently for each occurrence 0, 1, or 2; y is 1; R1 
represents aryl or heteroaryl; and R4 represents indepen 
dently for each occurrence aryl. 

[0139] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein Z is NR, NC(O)R, or NS(O)2R; m is 
independently for each occurrence 0, 1, or 2; y is 1; R1 
represents aryl or heteroaryl; R4 represents independently 
for each occurrence cycloalkyl, aryl, heteroaryl, acyl, or 
sulfonyl; R5 represents independently for each occurrence 
H; and R6 represents independently for each occurrence H. 

[0140] In certain embodiments, the compounds of the 
present invention are represented by A and the attendant 
de?nitions, Wherein Z is NR, NC(O)R, or NS(O)2R; m is 
independently for each occurrence 0, 1, or 2; y is 1; R1 
represents aryl or heteroaryl; R4 represents independently 
for each occurrence aryl; R5 represents independently for 
each occurrence H; and R6 represents independently for each 
occurrence H. 

[0141] In assays based on opioid receptors from mamma 
lian brain, certain compounds according to structure A have 
IC5O values less than 10 pM against at least one subclass of 
opioid receptor, more preferably less than 5 pM, and most 
preferably less than 1 pM. 

[0142] In certain embodiments, the present invention 
relates to a compound represented by A and the attendant 
de?ntions, Wherein said compound is a single stereoisomer. 

[0143] In certain embodiments, the present invention 
relates to a formulation, comprising a compound represented 
by A and the attendant de?ntions; and a pharmaceutically 
acceptable excipient. 

[0144] In certain embodiments, the present invention 
relates to a method of treating pain, drug addiction, or 
tinnitus in a mammal, comprising the step of administering 
to a mammal With pain, drug addiction, or tinnitus an 
effective amount of a formulation comprising a compound 
represented by A and the attendant de?ntions; and a phar 
maceutically acceptable excipient. In certain embodiments 
of this method, said mammal is a primate, equine, canine or 
feline. In certain embodiments of this method, said mammal 
is a human. In certain embodiments of this method, said 
formulation is administered orally. In certain embodiments 
of this method, said formulation is administered intrave 
nously. In certain embodiments of this method, said formu 
lation is administered sublingually. In certain embodiments 
of this method, said formulation is administered ocularly. 
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[0145] In certain embodiments, the present invention 
relates to ligands for G-protein-coupled or opioid receptors, 
Wherein the ligands are represented by any of generaliZed 
structures A and the attendant de?nitions. Preferably the 
ligands of the present invention are antagonists, agonists, 
partial agonists or inverse agonists of one or more G-pro 
tein-coupled or opioid receptor. In any event, the ligands of 
the present invention preferably exert their effect on the 
receptors at a concentration less than about 10 micromolar, 
more preferably at a concentration less than about 1 micro 
molar, and most preferably at a concentration less than 100 
nanomolar. In other embodiments, the ligands of the present 
invention bind to multiple families of G-protein-coupled 
receptors. In certain embodiments, the ligands of the present 
invention bind selectively to a single family of G-protein 
coupled or opioid receptors. In other embodiments, the 
ligands of the present invention bind selectively to a subtype 
of receptor Within a family of G-protein-coupled or opioid 
receptors. 
[0146] In certain embodiments, the selectivity of a ligand 
for a speci?c family or subtype of receptor renders that 
ligand an effective therapeutic agent for an acute or chronic 
ailment, disease or malady. In certain embodiments, the 
selectivity of a ligand for a speci?c family or subtype of 
receptor consists of a binding af?nity for that family or 
subtype of receptor at least a factor of ten greater than its 
binding af?nity for other families or subtypes of G-protein 
coupled or opioid receptors. In certain embodiments, the 
selectivity of a ligand for a speci?c family or subtype of 
receptor consists of a binding af?nity for that family or 
subtype of receptor at least a factor of one hundred greater 
than its binding af?nity for other families or subtypes of 
G-protein-coupled or opioid receptors. In certain embodi 
ments, the selectivity of a ligand for a speci?c family or 
subtype of receptor consists of a binding af?nity for that 
family or subtype of receptor at least a factor of one 
thousand greater than its binding affinity for other families 
or subtypes of G-protein-coupled or opioid receptors. 

[0147] The present invention contemplates pharmaceuti 
cal formulations (see beloW) of the ligands of the present 
invention. In certain embodiments, the pharmaceutical for 
mulations Will comprise ligands of the present invention that 
effect only a speci?c family or subtype of G-protein-coupled 
or opioid receptor, and thereby have a therapeutic effect on 
an acute or chronic ailment, disease or malady that is at least 
in part due to biochemical or physiological processes asso 
ciated With the receptor(s). In certain embodiments, the 
pharmaceutical formulations Will comprise ligands of the 
present invention that effect only a subtype of receptor, and 
thereby have a therapeutic effect on an acute or chronic 
ailment, disease or malady that is at least in part due to 
biochemical or physiological processes associated With the 
speci?c subtype of receptor. The Background of the Inven 
tion (see above) teaches examples of acute or chronic 
ailments, diseases or maladies that are caused or exacerbated 
by biochemical or physiological processes associated With 
speci?c G-protein-coupled or opioid receptors. One of ordi 
nary skill in the art Will be able to accumulate, by reference 
to the scienti?c literature, a more comprehensive list of acute 
or chronic ailments, diseases or maladies that are caused or 
exacerbated by biochemical or physiological processes asso 
ciated With speci?c G-protein-coupled or opioid receptors. 
The present invention contemplates pharmaceutical formu 
lations of ligands of the present invention that Will be of 
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medicinal value against the aforementioned acute or chronic 
ailments, diseases or maladies. 

[0148] Biochemical Activity at Cellular Receptors, and 
Assays to Detect That Activity 

[0149] Assaying processes are Well knoWn in the art in 
Which a reagent is added to a sample, and measurements of 
the sample and reagent are made to identify sample 
attributes stimulated by the reagent. For example, one such 
assay process concerns determining in a chromogenic assay 
the amount of an enZyme present in a biological sample or 
solution. Such assays are based on the development of a 
colored product in the reaction solution. The reaction devel 
ops as the enZyme catalyZes the conversion of a colorless 
chromogenic substrate to a colored product. 

[0150] Another assay useful in the present invention con 
cerns determining the ability of a ligand to bind to a 
biological receptor utiliZing a technique Well knoWn in the 
art referred to as a radioligand binding assay. This assay 
accurately determines the speci?c binding of a radioligand 
to a targeted receptor through the delineation of its total and 
nonspeci?c binding components. Total binding is de?ned as 
the amount of radioligand that remains folloWing the rapid 
separation of the radioligand bound in a receptor preparation 
(cell homogenates or recombinate receptors) from that 
Which is unbound. The nonspeci?c binding component is 
de?ned as the amount of radioligand that remains folloWing 
separation of the reaction mixture consisting of receptor, 
radioligand and an excess of unlabeled ligand. Under this 
condition, the only radioligand that remains represents that 
Which is bound to components other that receptor. The 
speci?c radioligand bound is determined by subtracting the 
nonspeci?c from total radioactivity bound. For a speci?c 
example of radioligand binding assay for p-opioid receptor, 
see Wang, J. B. et al. FEBS Letters 1994, 338, 217. 

[0151] Assays useful in the present invention concern 
determining the activity of receptors the activation of Which 
initiates subsequent intracellular events in Which intracellu 
lar stores of calcium ions are released for use as a second 

messenger. Activation of some G-protein-coupled receptors 
stimulates the formation of inositol triphosphate (IP3, a 
G-protein-coupled receptor second messenger) through 
phospholipase C-mediated hydrolysis of phosphatidylinosi 
tol, Berridge and Irvine (1984). Nature 312:315-21. IP3 in 
turn stimulates the release of intracellular calcium ion stores. 

[0152] Achange in cytoplasmic calcium ion levels caused 
by release of calcium ions from intracellular stores is used 
to determine G-protein-coupled receptor function. This is 
another type of indirect assay. Among G-protein-coupled 
receptors are muscarinic acetylcholine receptors (mAChR), 
adrenergic receptors, sigma receptors, serotonin receptors, 
dopamine receptors, angiotensin receptors, adenosine recep 
tors, bradykinin receptors, metabotropic excitatory amino 
acid receptors and the like. Cells expressing such G-protein 
coupled receptors may exhibit increased cytoplasmic cal 
cium levels as a result of contribution from both intracellular 
stores and via activation of ion channels, in Which case it 
may be desirable although not necessary to conduct such 
assays in calcium-free buffer, optionally supplemented With 
a chelating agent such as EGTA, to distinguish ?uorescence 
response resulting from calcium release from internal stores. 
Another type of indirect assay involves determining the 
activity of receptors Which, When activated, result in a 

Oct. 24, 2002 

change in the level of intracellular cyclic nucleotides, e.g., 
cAMP, cGMP. For example, activation of some dopamine, 
serotonin, metabotropic glutamate receptors and muscarinic 
acetylcholine receptors results in a decrease in the cAMP or 
cGMP levels of the cytoplasm. 

[0153] Furthermore, there are cyclic nucleotide-gated ion 
channels, e.g., rod photoreceptor cell channels and olfactory 
neuron channels [see, Altenhofen, W. et al. (1991) Proc. 
Natl. Acad. Sci USA. 88:9868-9872 and Dhallan et al. 
(1990) Nature 347:184-187] that are permeable to cations 
upon activation by binding of cAMP or cGMP. A change in 
cytoplasmic ion levels caused by a change in the amount of 
cyclic nucleotide activation of photo-receptor or olfactory 
neuron channels is used to determine function of receptors 
that cause a change in cAMP or cGMP levels When acti 
vated. In cases Where activation of the receptor results in a 
decrease in cyclic nucleotide levels, it may be preferable to 
expose the cells to agents that increase intracellular cyclic 
nucleotide levels, e.g., forskolin, prior to adding a receptor 
activating compound to the cells in the assay. Cell for this 
type of assay can be made by co-transfection of a host cell 
With DNA encoding a cyclic nucleotide-gated ion channel 
and a DNA encoding a receptor (e.g., certain metabotropic 
glutamate receptors, muscarinic acetylcholine receptors, 
dopamine receptors, serotonin receptors and the like, Which, 
When activated, causes a change in cyclic nucleotide levels 
in the cytoplasm. 

[0154] Any cell expressing a receptor protein Which is 
capable, upon activation, of directly increasing the intrac 
ellular concentration of calcium, such as by opening gated 
calcium channels, or indirectly affecting the concentration of 
intracellular calcium as by causing initiation of a reaction 
Which utiliZes Ca<2+> as a second messenger (e.g., G-pro 
tein-coupled receptors), may form the basis of an assay. 
Cells endogenously expressing such receptors or ion chan 
nels and cells Which may be transfected With a suitable 
vector encoding one or more such cell surface proteins are 
knoWn to those of skill in the art or may be identi?ed by 
those of skill in the art. Although essentially any cell Which 
expresses endogenous ion channel and/or receptor activity 
may be used, it is preferred to use cells transformed or 
transfected With heterologous DNAs encoding such ion 
channels and/or receptors so as to express predominantly a 
single type of ion channel or receptor. Many cells that may 
be genetically engineered to express a heterologous cell 
surface protein are knoWn. Such cells include, but are not 
limited to, baby hamster kidney (BHK) cells (ATCC No. 
CCL10), mouse L cells (ATCC No. CCLI.3), DG44 cells 
[see, Chasin (1986) Cell. Molec. Genet. 12:555] human 
embryonic kidney cells (AT CC No. CRL1573), 
Chinese hamster ovary (CHO) cells (ATCC Nos. CRL9618, 
CCL61, CRL9096), PC12 cells (ATCC No. CRL1721) and 
COS-7 cells (ATCC No. CRL1651). Preferred cells for 
heterologous cell surface protein expression are those that 
can be readily and ef?ciently transfected. Preferred cells 
include HEK 293 cells, such as those described in US. Pat. 
No. 5,024,939. 

[0155] Any compound Which is knoWn to activate ion 
channels or receptors of interest may be used to initiate an 
assay. Choosing an appropriate ion channel- or receptor 
activating reagent depending on the ion channel or receptor 
of interest is Within the skill of the art. Direct depolariZation 
of the cell membrane to determine calcium channel activity 
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may be accomplished by adding a potassium salt solution 
having a concentration of potassium ions such that the ?nal 
concentration of potassium ions in the cell-containing Well 
is in the range of about 50-150 mM (e.g., 50 mM KCl). With 
respect to ligand-gated receptors and ligand-gated ion chan 
nels, ligands are knoWn Which have af?nity for and activate 
such receptors. For example, nicotinic acetyloholine recep 
tors are knoWn to be activated by nicotine or acetylcholine; 
similarly, muscarinic and acetylcholine receptors may be 
activated by addition of muscarine or carbamylcholine. 

[0156] Agonist assays may be carried out on cells knoWn 
to possess ion channels and/or receptors to determine What 
effect, if any, a compound has on activation or potentiation 
of ion channels or receptors of interest. Agonist assays also 
may be carried out using a reagent knoWn to possess ion 
channel- or receptor-activating capacity to determine 
Whether a cell expresses the respective ?nctional ion channel 
or receptor of interest. 

[0157] Contacting a functional receptor or ion channel 
With agonist typically activates a transient reaction; and 
prolonged exposure to an agonist may desensitiZe the recep 
tor or ion channel to subsequent activation. Thus, in general, 
assays for determining ion channel or receptor function 
should be initiated by addition of agonist (i.e., in a reagent 
solution used to initiate the reaction). The potency of a 
compound having agonist activity is determined by the 
detected change in some observable in the cells (typically an 
increase, although activation of certain receptors causes a 
decrease) as compared to the level of the observable in either 
the same cell, or substantially identical cell, Which is treated 
substantially identically except that reagent lacking the 
agonist (i.e., control) is added to the Well. Where an agonist 
assay is performed to test Whether or not a cell expresses the 
functional receptor or ion channel of interest, knoWn agonist 
is added to test-cell-containing Wells and to Wells containing 
control cells (substantially identical cell that lacks the spe 
ci?c receptors or ion channels) and the levels of observable 
are compared. Depending on the assay, cells lacking the ion 
channel and/or receptor of interest should exhibit substan 
tially no increase in observable in response to the knoWn 
agonist. A substantially identical cell may be derived from 
the same cells from Which recombinant cells are prepared 
but Which have not been modi?ed by introduction of heter 
ologous DNA. Alternatively, it may be a cell in Which the 
speci?c receptors or ion channels are removed. Any statis 
tically or otherWise signi?cant difference in the level of 
observable indicates that the test compound has in some 
manner altered the activity of the speci?c receptor or ion 
channel or that the test cell possesses the speci?c functional 
receptor or ion channel. 

[0158] In an example of drug screening assays for iden 
tifying compounds Which have the ability to modulate ion 
channels or receptors of interest, individual Wells (or dupli 
cate Wells, etc.) contain a distinct cell type, or distinct 
recombinant cell line expressing a homogeneous population 
of a receptor or ion channel of interest, so that the compound 
having unidenti?ed activity may be screened to determine 
Whether it possesses modulatory activity With respect to one 
or more of a variety of functional ion channels or receptors. 
It is also contemplated that each of the individual Wells may 
contain the same cell type so that multiple compounds 
(obtained from different reagent sources in the apparatus or 
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contained Within different Wells) can be screened and com 
pared for modulating activity With respect to one particular 
receptor or ion channel type. 

[0159] Antagonist assays, including drug screening 
assays, may be carried out by incubating cells having 
?nctional ion channels and/or receptors in the presence and 
absence of one or more compounds, added to the solution 
bathing the cells in the respective Wells of the microtiter 
plate for an amount of time suf?cient (to the extent that the 
compound has af?nity for the ion channel and/or receptor of 
interest) for the compound(s) to bind to the receptors and/or 
ion channels, then activating the ion channels or receptors by 
addition of knoWn agonist, and measuring the level of 
observable in the cells as compared to the level of observ 
able in either the same cell, or substantially identical cell, in 
the absence of the putative antagonist. 

[0160] The assays are thus useful for rapidly screening 
compounds to identify those that modulate any receptor or 
ion channel in a cell. In particular, assays can be used to test 
functional ligand-receptor or ligand-ion channel interactions 
for cell receptors including ligand-gated ion channels, volt 
age-gated ion channels, G-protein-coupled receptors and 
groWth factor receptors. 

[0161] Those of ordinary skill in the art Will recogniZe that 
assays may encompass measuring a detectable change of a 
solution as a consequence of a cellular event Which alloWs 

a compound, capable of differential characteristics, to 
change its characteristics in response to the cellular event. 
By selecting a particular compound Which is capable of 
differential characteristics upon the occurrence of a cellular 
event, various assays may be performed. For example, 
assays for determining the capacity of a compound to induce 
cell injury or cell death may be carried out by loading the 
cells With a pH-sensitive ?uorescent indicator such as 
BCECF (Molecular Probes, Inc., Eugene, Oreg. 97402, 
Catalog #B1150) and measuring cell injury or cell death as 
a function of changing ?uorescence over time. 

[0162] In a further example of useful assays, the function 
of receptors Whose activation results in a change in the 
cyclic nucleotide levels of the cytoplasm may be directly 
determined in assays of cells that express such receptors and 
that have been injected With a ?uorescent compound that 
changes ?uorescence upon binding cAMP. The ?uorescent 
compound comprises cAMP-dependent-protein kinase in 
Which the catalytic and regulatory subunits are each labelled 
With a different ?uorescent-dye [Adams et al. (1991) Nature 
349:694-697]. When cAMP binds to the regulatory subunits, 
the ?uorescence emission spectrum changes; this change can 
be used as an indication of a change in cAMP concentration. 

[0163] The function of certain neurotransmitter transport 
ers Which are present at the synaptic cleft at the junction 
betWeen tWo neurons may be determined by the develop 
ment of ?uorescence in the cytoplasm of such neurons When 
conjugates of an amine acid and ?uorescent indicator 
(Wherein the ?uorescent indicator of the conjugate is an 
acetoxymethyl ester derivative e.g., 5-(aminoacetamido)f 
luorescein; Molecular Probes, Catalog #A1363) are trans 
ported by the neurotransmitter transporter into the cytoplasm 
of the cell Where the ester group is cleaved by esterase 
activity and the conjugate becomes ?uorescent. 

[0164] In practicing an assay of this type, a reporter gene 
construct is inserted into an eukaryotic cell to produce a 
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recombinant cell Which has present on its surface a cell 
surface protein of a speci?c type. The cell surface receptor 
may be endogenously expressed or it may be expressed from 
a heterologous gene that has been introduced into the cell. 
Methods for introducing heterologous DNA into eukaryotic 
cells are-Well knoWn in the art and any such method may be 
used. In addition, DNA encoding various cell surface pro 
teins is knoWn to those of skill in the art or it may be cloned 
by any method knoWn to those of skill in the art. 

[0165] The recombinant cell is contacted With a test com 
pound and the level of reporter gene expression is measured. 
The contacting may be effected in any vehicle and the testing 
may be by any means using any protocols, such as serial 
dilution, for assessing speci?c molecular interactions knoWn 
to those of skill in the art. After contacting the recombinant 
cell for a sufficient time to effect any interactions, the level 
of gene expression is measured. The amount of time to effect 
such interactions may be empirically determined, such as by 
running a time course and measuring the level of transcrip 
tion as a ?nction of time. The amount of transcription may 
be measured using any method knoWn to those of skill in the 
art to be suitable. For example, speci?c mRNA expression 
may be detected using Northern blots or speci?c protein 
product may be identi?ed by a characteristic stain. The 
amount of transcription is then compared to the amount of 
transcription in either the same cell in the absence of the test. 
compound or it may be compared With the amount of 
transcription in a substantially identical cell that lacks the 
speci?c receptors. A substantially identical cell may be 
derived from the same cells from Which the recombinant cell 
Was prepared but Which had not been modi?ed by introduc 
tion of heterologous DNA. Alternatively, it may be a cell in 
Which the speci?c receptors are removed. Any statistically 
or otherWise signi?cant difference in the amount of tran 
scription indicates that the test compound has in some 
manner altered the activity of the speci?c receptor. 

[0166] If the test compound does not appear to enhance, 
activate or induce the activity of the cell surface protein, the 
assay may be repeated and modi?ed by the introduction of 
a step in Which the recombinant cell is ?rst tested for the 
ability of a knoWn agonist or activator of the speci?c 
receptor to activate transcription if the transcription is 
induced, the test compound is then assayed for its ability to 
inhibit, block or otherWise affect the activity of the agonist. 

[0167] The transcription based assay is useful for identi 
fying compounds that interact With any cell surface protein 
Whose activity ultimately alters gene expression. In particu 
lar, the assays can be used to test functional ligand-receptor 
or ligand-ion channel interactions for a number of categories 
of cell surface-localiZed receptors, including: ligand-gated 
ion channels and voltage-gated ion channels, and G protein 
coupled receptors. 

[0168] Any transfectable cell that can express the desired 
cell surface protein in a manner such the protein ?nctions to 
intracellularly transduce an extracellular signal may be used. 
The cells may be selected such that they endogenously 
express the cell surface protein or may be genetically 
engineered to do so. Many such cells are knoWn to those of 
skill in the art. Such cells include, but are not limited to 
Ltk<—> cells, PC12 cells and COS-7 cells. 

[0169] The preparation of cells Which express a receptor 
or ion channel and a reporter gene expression construct, and 
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Which are useful for testing compounds to assess their 
activities, is exempli?ed in the Examples provided hereWith 
by reference to mammalian Ltk<—> and COS-7 cell lines, 
Which express the Type I human muscarinic (HM 1) receptor 
and Which are transformed With either a c-fos promoter-CAT 
reporter gene expression construct or a c-fos promoter 
luciferase reporter gene expression construct. 

[0170] Any cell surface protein that is knoWn to those of 
skill in the art or that may be identi?ed by those of skill in 
the art may used in the assay. The cell surface protein may 
endogenously expressed on the selected cell or it may be 
expressed from cloned DNA. Exemplary cell surface pro 
teins include, but are not limited to, cell surface receptors 
and ion channels. Cell surface receptors include, but are not 
limited to, muscarinic receptors (e.g.,, human M2 (GenBank 
accession #M16404); rat M3 (GenBank accession 
#M16407); human M4 (GenBank accession #M16405); 
human M5 (Bonner et al. (1988) Neuron 1:403-410); and the 
like); neuronal nicotinic acetylcholine receptors (e.g., the 
alpha 2, alpha 3 and beta 2 subtypes disclosed in US. Ser. 
No. 504,455 (?led Apr. 3, 1990), hereby expressly incorpo 
rated by reference herein in its entirety); the rat alpha 2 
subunit (Wada et al. (1988) Science 240:330-334); the rat 
alpha 3 subunit (Boulter et al. (1986) Nature 319:368-374); 
the rat alpha 4 subunit (Goldman et al. (1987) cell 48:965 
973); the rat alpha 5 subunit (Boulter et al. (1990) J. Biol. 
Chem. 265:4472-4482); the rat beta 2 subunit (Deneris et al. 
(1988) Neuron 1:45-54); the rat beta 3 subunit (Deneris et al. 
(1989) J. Biol. Chem. 264: 6268-6272); the rat beta 4 
subunit (Duvoisin et al. (1989) Neuron 31487-496); combi 
nations of the rat alpha subunits, beta subunits and alpha and 
beta subunits; GABA receptors (e.g., the bovine alpha 1 and 
beta 1 subunits (Scho?eld et al. (1987) Nature 3281221 
227); the bovine alpha 2 and alpha 3 subunits (Levitan et al. 
(1988) Nature 335 :76-79); the gamma -subunit (Pritchett et 
al. (1989) Nature 338:582-585); the beta 2 and beta 3 
subunits (Ymer et alo (1989) EMBO J. 811665-1670); the 
delta subunit (Shivers, ED. (1989) Neuron 3:327-337); and 
the like); glutamate receptors (e. g., receptor isolated from rat 
brain (Hollmann et al. (1989) Nature 342:643-648); and the 
like); adrenergic receptors (e.g., human beta 1 (Frielle et al. 
(1987) Proc. Natl. Acad. Sci. 84.:7920-7924); human alpha 
2 (Kobilka et al. (1987) Science 238:650-656); hamster beta 
2 (Dixon et al. (1986) Nature 321:75-79); and the like); 
dopamine receptors (e.g., human D2 (Stormann et al. (1990) 
Molec. Pharm.37:1-6); rat (BunZoW et al. (1988) Nature 
336:783-787); and the like); NGF receptors (e.g., human 
NGF receptors (Johnson et al. (1986) Cell 471545-554); and 
the like); serotonin receptors (e.g., human 5HT1a (Kobilka 
et al. (1987) Nature 329:75-79); rat 5HT2 (Julius et al. 
(1990) PNAS 87:928- 932); rat 5HT1c (Julius et al. (1988) 
Science 241:558-564); and the like). 

[0171] Reporter gene constructs are prepared by opera 
tively linking a reporter gene With at least one transcriptional 
regulatory element. If only one transcriptional regulatory 
element is included it must be a regulatable promoter, At 
least one of the selected transcriptional regulatory elements 
must be indirectly or directly regulated by the activity of the 
selected cell-surface receptor Whereby activity of the recep 
tor can be monitored via transcription of the reporter genes. 

[0172] The construct may contain additional transcrip 
tional regulatory elements, such as a FIRE sequence, or 
other sequence, that is not necessarily regulated by the cell 
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surface protein, but is selected for its ability to reduce 
background level transcription or to amplify the transduced 
signal and to thereby increase the sensitivity and reliability 
of the assay. 

[0173] Many reporter genes and transcriptional regulatory 
elements are knoWn to those of skill in the art and others may 
be identi?ed or synthesiZed by methods knoWn to those of 
skill in the art. 

[0174] Areporter gene includes any gene that expresses a 
detectable gene product, Which may be RNA or protein. 
Preferred reporter genes are those that are readily detectable. 
The reporter gene may also be included in the construct in 
the form of a fusion gene With a gene that includes desired 
transcriptional regulatory sequences or exhibits other desir 
able properties. 

[0175] Examples of reporter genes include, but are not 
limited to CAT (chloramphenicol acetyl transferase) (Alton 
and Vapnek (1979), Nature 282: 864-869) luciferase, and 
other enZyme detection systems, such as beta-galactosidase; 
?re?y luciferase (deWet et al. (1987), Mol. Cell. Biol. 
7:725-737); bacterial luciferase (Engebrecht and Silverman 
(1984), PNAS 1: 4154-4158; BaldWin et al. (1984), Bio 
chemistry 23: 3663-3667); alkaline phosphatase (Toh et al. 
(1989) Eur. J. Biochem. 182: 231-238, Hall et al. (1983) J. 
Mol. Appl. Gen. 2: 101). 

[0176] Transcriptional control elements include, but are 
not limited to, promoters, enhancers, and repressor and 
activator binding sites, Suitable transcriptional regulatory 
elements may be derived from the transcriptional regulatory 
regions of genes Whose expression is rapidly induced, gen 
erally Within minutes, of contact betWeen the cell surface 
protein and the effector protein that modulates the activity of 
the cell surface protein. Examples of such genes include, but 
are not limited to, the immediate early genes (see, Sheng et 
al. (1990) Neuron 4: 477-485), such as c-fos, Immediate 
early genes are genes that are rapidly induced upon binding 
of a ligand to a cell surface protein. The transcriptional 
control elements that are preferred for use in the gene 
constructs include transcriptional control elements from 
immediate early genes, elements derived from other genes 
that exhibit some or all of the characteristics of the imme 
diate early genes, or synthetic elements that are constructed 
such that genes in operative linkage thereWith exhibit such 
characteristics. The characteristics of preferred genes from 
Which the transcriptional control elements are derived 
include, but are not limited to, loW or undetectable expres 
sion in quiescent cells, rapid induction at the transcriptional 
level Within minutes of extracellular simulation, induction 
that is transient and independent of neW protein synthesis, 
subsequent shut-off of transcription requires neW protein 
synthesis, and mRNAs transcribed from these genes have a 
short half-life. It is not necessary for all of these properties 
to be present. 

[0177] In vivo Activity Assays 

[0178] Various experimental procedures, Well knoWn in 
the art, are useful in the present invention to assess the 
analgesic effect of compounds, such as the “tail ?ick” and 
“hot plate” tests. The “tail ?ick” test can be performed by 
applying a noxious thermal stimulus to the rat’s tail and 
determining the time until the nociceptive tail ?ick occurs. 
Analgesia is demonstrated by an increase in time to occur 
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rence of a tail ?ick response. The “hot plate” test is similarly 
performed, except that the noxious thermal stimulus is 
applied to the rat’s paWs. 

[0179] An experimental procedure, Well knoWn in the art, 
useful in the present invention to assess the ability of 
compounds to cause respiratory depression is to monitor 
blood gases. This method employees measuring the partial 
pressures of oxygen and carbon dioxide in blood samples 
taken from animals folloWing compound administration. A 
decrease in the partial pressures of oxygen and an increase 
in the partial pressure of carbon dioxide may be indicative 
of respiratory depression. 

[0180] An experimental procedure, Well knoWn in the art, 
useful in the present invention to assess the ability of 
compounds to cause inhibition of gastrointestinal motility is 
the “charcoal meal test”. This method measures the propul 
sion of intestinal contents folloWing administration of test 
compounds. A decrease in the propulsion of intestinal con 
tents may be indicative of inhibition of gastrointestinal 
motility. 
[0181] Various experimental procedures, Well knoWn in 
the art, are useful in the present invention to assess the 
ability of compounds to cause tolerance. Tolerance can be 
defmed as a condition characteriZed by unresponsiveness or 
decreased responsiveness folloWing prolonged or multiple 
exposure to a compound compared to the responsiveness 
demonstrated upon initial exposure. 

[0182] Various experimental procedures, Well knoWn in 
the art, are useful in the present invention to assess the 
ability of compounds to cause physical dependence. In the 
present invention, the ability of test compounds to cause 
physical dependence Was accessed by giving animals esca 
lating doses of test compounds for ?ve days. After the ?nal 
dose the animals Were given naloxone, an opioid antagonist 
and observed for behavioral signs of dependence, such as 
vertical jumping. 

[0183] Pharmaceutical Compositions 

[0184] In another aspect, the present invention provides 
pharmaceutically acceptable compositions Which comprise a 
therapeutically-effective amount of one or more of the 
compounds described above, formulated together With one 
or more pharmaceutically acceptable carriers (additives) 
and/or diluents. As described in detail beloW, the pharma 
ceutical compositions of the present invention may be 
specially formulated for administration in solid or liquid 
form, including those adapted for the folloWing: (1) oral 
administration, for example, drenches (aqueous or non 
aqueous solutions or suspensions), tablets, e.g., those tar 
geted for buccal, sublingual, and systemic absorption, 
boluses, poWders, granules, pastes for application to the 
tongue; (2) parenteral administration, for example, by sub 
cutaneous, intramuscular, intravenous or epidural injection 
as, for example, a sterile solution or suspension, or sus 
tained-release formulation; (3) topical application, for 
example, as a cream, ointment, or a controlled-release patch 
or spray applied to the skin; (4) intravaginally or intrarec 
tally, for example, as a pessary, cream or foam; (5) sublin 
gually; (6) ocularly; (7) transdermally; or (8) nasally. 

[0185] The phrase “therapeutically-effective amount” as 
used herein means that amount of a compound, material, or 
composition comprising a compound of the present inven 
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tion Which is effective for producing some desired thera 
peutic effect in at least a sub-population of cells in an animal 
at a reasonable bene?t/risk ratio applicable to any medical 
treatment. 

[0186] The phrase “pharmaceutically acceptable” is 
employed herein to refer to those compounds, materials, 
compositions, and/or dosage forms Which are, Within the 
scope of sound medical judgment, suitable for use in contact 
With the tissues of human beings and animals Without 
excessive toxicity, irritation, allergic response, or other 
problem or complication, commensurate With a reasonable 
bene?t/risk ratio. 

[0187] The phrase “pharmaceutically-acceptable carrier” 
as used herein means a pharmaceutically-acceptable mate 

rial, composition or vehicle, such as a liquid or solid ?ller, 
diluent, excipient, or solvent encapsulating material, 
involved in carrying or transporting the subject compound 
from one organ, or portion of the body, to another organ, or 
portion of the body. Each carrier must be “acceptable” in the 
sense of being compatible With the other ingredients of the 
formulation and not injurious to the patient. Some examples 
of materials Which can serve as pharmaceutically-acceptable 
carriers include: (1) sugars, such as lactose, glucose and 
sucrose; (2) starches, such as corn starch and potato starch; 
(3) cellulose, and its derivatives, such as sodium carboxym 
ethyl cellulose, ethyl cellulose and cellulose acetate; (4) 
poWdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) 
excipients, such as cocoa butter and suppository Waxes; (9) 
oils, such as peanut oil, cottonseed oil, safflower oil, sesame 
oil, olive oil, corn oil and soybean oil; (10) glycols, such as 
propylene glycol; (11) polyols, such as glycerin, sorbitol, 
mannitol and polyethylene glycol; (12) esters, such as ethyl 
oleate and ethyl laurate; (13) agar; (14) buffering agents, 
such as magnesium hydroxide and aluminum hydroxide; 
(15) alginic acid; (16) pyrogen-free Water; (17) isotonic 
saline; (18) Ringer’s solution; (19) ethyl alcohol; (20) pH 
buffered solutions; (21) polyesters, polycarbonates and/or 
polyanhydrides; and (22) other non-toxic compatible sub 
stances employed in pharmaceutical formulations. 

[0188] As set out above, certain embodiments of the 
present compounds may contain a basic functional group, 
such as amino or alkylamino, and are, thus, capable of 
forming pharmaceutically-acceptable salts With pharmaceu 
tically-acceptable acids. The term “pharmaceutically-ac 
ceptable salts” in this respect, refers to the relatively non 
toxic, inorganic and organic acid addition salts of 
compounds of the present invention. These salts can be 
prepared in situ in the administration vehicle or the dosage 
form manufacturing process, or by separately reacting a 
puri?ed compound of the invention in its free base form With 
a suitable organic or inorganic acid, and isolating the salt 
thus formed during subsequent puri?cation. Representative 
salts include the hydrobromide, hydrochloride, sulfate, 
bisulfate, phosphate, nitrate, acetate, valerate, oleate, palmi 
tate, stearate, laurate, benZoate, lactate, phosphate, tosylate, 
citrate, maleate, fumarate, succinate, tartrate, napthylate, 
mesylate, glucoheptonate, lactobionate, and laurylsulpho 
nate salts and the like. (See, for example, Berge et al. (1977) 
“Pharmaceutical Salts”, J. Pharm. Sci. 66:1-19) 

[0189] The pharmaceutically acceptable salts of the sub 
ject compounds include the conventional nontoxic salts or 
quaternary ammonium salts of the compounds, e.g., from 
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non-toxic organic or inorganic acids. For example, such 
conventional nontoxic salts include those derived from 
inorganic acids such as hydrochloride, hydrobromic, sulfu 
ric, sulfamic, phosphoric, nitric, and the like; and the salts 
prepared from organic acids such as acetic, propionic, suc 
cinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, 
palmitic, maleic, hydroxymaleic, phenylacetic, glutamic, 
benZoic, salicyclic, sulfanilic, 2-acetoxybenZoic, fumaric, 
toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, 
isothionic, and the like. 

[0190] In other cases, the compounds of the present inven 
tion may contain one or more acidic functional groups and, 
thus, are capable of forming pharmaceutically-acceptable 
salts With pharmaceutically-acceptable bases. The term 
“pharmaceutically-acceptable salts” in these instances refers 
to the relatively non-toxic, inorganic and organic base 
addition salts of compounds of the present invention. These 
salts can likeWise be prepared in situ in the administration 
vehicle or the dosage form manufacturing process, or by 
separately reacting the puri?ed compound in its free acid 
form With a suitable base, such as the hydroxide, carbonate 
or bicarbonate of a pharmaceutically-acceptable metal cat 
ion, With ammonia, or With a pharmaceutically-acceptable 
organic primary, secondary or tertiary amine. Representative 
alkali or alkaline earth salts include the lithium, sodium, 
potassium, calcium, magnesium, and aluminum salts and the 
like. Representative organic amines useful for the formation 
of base addition salts include ethylamine, diethylamine, 
ethylenediamine, ethanolamine, diethanolamine, piperaZine 
and the like. (See, for example, Berge et al., supra) 

[0191] Wetting agents, emulsi?ers and lubricants, such as 
sodium lauryl sulfate and magnesium stearate, as Well as 
coloring agents, release agents, coating agents, sWeetening, 
?avoring and perfuming agents, preservatives and antioxi 
dants can also be present in the compositions. 

[0192] Examples of pharmaceutically-acceptable antioxi 
dants include: (1) Water soluble antioxidants, such as ascor 
bic acid, cysteine hydrochloride, sodium bisulfate, sodium 
metabisul?te, sodium sul?te and the like; (2) oil-soluble 
antioxidants, such as ascorbyl palmitate, butylated 
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), 
lecithin, propyl gallate, alpha-tocopherol, and the like; and 
(3) metal chelating agents, such as citric acid, ethylenedi 
amine tetraacetic acid (EDTA), sorbitol, tartaric acid, phos 
phoric acid, and the like. 

[0193] Formulations of the present invention include those 
suitable for oral, nasal, topical (including buccal and sub 
lingual), rectal, vaginal and/or parenteral administration. 
The formulations may conveniently be presented in unit 
dosage form and may be prepared by any methods Well 
knoWn in the art of pharmacy. The amount of active ingre 
dient Which can be combined With a carrier material to 
produce a single dosage form Will vary depending upon the 
host being treated, the particular mode of administration. 
The amount of active ingredient Which can be combined 
With a carrier material to produce a single dosage form Will 
generally be that amount of the compound Which produces 
a therapeutic effect. Generally, out of one hundred per cent, 
this amount Will range from about 1 per cent to about 
ninety-nine percent of active ingredient, preferably from 
about 5 per cent to about 70 per cent, most preferably from 
about 10 per cent to about 30 per cent. 
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[0194] In certain embodiments, a formulation of the 
present invention comprises an excipient selected from the 
group consisting of cyclodextrins, liposomes, micelle form 
ing agents, e.g., bile acids, and polymeric carriers, e.g., 
polyesters and polyanhydrides; and a compound of the 
present invention. In certain embodiments, an aforemen 
tioned formulation renders orally bioavailable a compound 
of the present invention. 

[0195] Methods of preparing these formulations or com 
positions include the step of bringing into association a 
compound of the present invention With the carrier and, 
optionally, one or more accessory ingredients. In general, the 
formulations are prepared by uniformly and intimately 
bringing into association a compound of the present inven 
tion With liquid carriers, or ?nely divided solid carriers, or 
both, and then, if necessary, shaping the product. 

[0196] Formulations of the invention suitable for oral 
administration may be in the form of capsules, cachets, pills, 
tablets, loZenges (using a ?avored basis, usually sucrose and 
acacia or tragacanth), poWders, granules, or as a solution or 
a suspension in an aqueous or non-aqueous liquid, or as an 
oil-in-Water or Water-in-oil liquid emulsion, or as an elixir or 
syrup, or as pastilles (using an inert base, such as gelatin and 
glycerin, or sucrose and acacia) and/or as mouth Washes and 
the like, each containing a predetermined amount of a 
compound of the present invention as an active ingredient. 
A compound of the present invention may also be admin 
istered as a bolus, electuary or paste. 

[0197] In solid dosage forms of the invention for oral 
administration (capsules, tablets, pills, dragees, poWders, 
granules and the like), the active ingredient is mixed With 
one or more pharmaceutically-acceptable carriers, such as 
sodium citrate or dicalcium phosphate, and/or any of the 
folloWing: (1) ?llers or extenders, such as starches, lactose, 
sucrose, glucose, mannitol, and/or silicic acid; (2) binders, 
such as, for example, carboxymethylcellulose, alginates, 
gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3) 
humectants, such as glycerol; (4) disintegrating agents, such 
as agar-agar, calcium carbonate, potato or tapioca starch, 
alginic acid, certain silicates, and sodium carbonate; (5) 
solution retarding agents, such as paraf?n; (6) absorption 
accelerators, such as quaternary ammonium compounds; (7) 
Wetting agents, such as, for example, cetyl alcohol, glycerol 
monostearate, and non-ionic surfactants; (8) absorbents, 
such as kaolin and bentonite clay; (9) lubricants, such a talc, 
calcium stearate, magnesium stearate, solid polyethylene 
glycols, sodium lauryl sulfate, and mixtures thereof; and 
(10) coloring agents. In the case of capsules, tablets and 
pills, the pharmaceutical compositions may also comprise 
buffering agents. Solid compositions of a similar type may 
also be employed as ?llers in soft and hard-shelled gelatin 
capsules using such excipients as lactose or milk sugars, as 
Well as high molecular Weight polyethylene glycols and the 
like. 

[0198] A tablet may be made by compression or molding, 
optionally With one or more accessory ingredients. Com 
pressed tablets may be prepared using binder (for example, 
gelatin or hydroxypropylmethyl cellulose), lubricant, inert 
diluent, preservative, disintegrant (for example, sodium 
starch glycolate or cross-linked sodium carboxymethyl cel 
lulose), surface-active or dispersing agent. Molded tablets 
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may be made by molding in a suitable machine a mixture of 
the poWdered compound moistened With an inert liquid 
diluent. 

[0199] The tablets, and other solid dosage forms of the 
pharmaceutical compositions of the present invention, such 
as dragees, capsules, pills and granules, may optionally be 
scored or prepared With coatings and shells, such as enteric 
coatings and other coatings Well knoWn in the pharnaceuti 
cal-formulating art. They may also be formulated so as to 
provide sloW or controlled release of the active ingredient 
therein using, for example, hydroxypropylmethyl cellulose 
in varying proportions to provide the desired release pro?le, 
other polymer matrices, liposomes and/or microspheres. 
They may be formulated for rapid release, e.g., freeZe-dried. 
They may be steriliZed by, for example, ?ltration through a 
bacteria-retaining ?lter, or by incorporating steriliZing 
agents in the form of sterile solid compositions Which can be 
dissolved in sterile Water, or some other sterile injectable 
medium immediately before use. These compositions may 
also optionally contain opacifying agents and may be of a 
composition that they release the active ingredient(s) only, 
or preferentially, in a certain portion of the gastrointestinal 
tract, optionally, in a delayed manner. Examples of embed 
ding compositions Which can be used include polymeric 
substances and Waxes. The active ingredient can also be in 
micro-encapsulated form, if appropriate, With one or more of 
the above-described excipients. 

[0200] Liquid dosage forms for oral administration of the 
compounds of the invention include pharmaceutically 
acceptable emulsions, microemulsions, solutions, suspen 
sions, syrups and elixirs. In addition to the active ingredient, 
the liquid dosage forms may contain inert diluents com 
monly used in the art, such as, for example, Water or other 
solvents, solubiliZing agents and emulsi?ers, such as ethyl 
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, 
benZyl alcohol, benZyl benZoate, propylene glycol, 1,3 
butylene glycol, oils (in particular, cottonseed, groundnut, 
corn, germ, olive, castor and sesame oils), glycerol, tetrahy 
drofuryl alcohol, polyethylene glycols and fatty acid esters 
of sorbitan, and mixtures thereof. 

[0201] Besides inert diluents, the oral compositions can 
also include adjuvants such as Wetting agents, emulsifying 
and suspending agents, sWeetening, ?avoring, coloring, per 
fuming and preservative agents. 

[0202] Suspensions, in addition to the active compounds, 
may contain suspending agents as, for example, ethoxylated 
isostearyl alcohols, polyoxyethylene sorbitol and sorbitan 
esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar and tragacanth, and mixtures thereof. 

[0203] Formulations of the pharmaceutical compositions 
of the invention for rectal or vaginal administration may be 
presented as a suppository, Which may be prepared by 
mixing one or more compounds of the invention With one or 
more suitable nonirritating excipients or carriers comprising, 
for example, cocoa butter, polyethylene glycol, a supposi 
tory Wax or a salicylate, and Which is solid at room tem 

perature, but liquid at body temperature and, therefore, Will 
melt in the rectum or vaginal cavity and release the active 
compound. 

[0204] Formulations of the present invention Which are 
suitable for vaginal administration also include pessaries, 
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tampons, creams, gels, pastes, foams or spray formulations 
containing such carriers as are knoWn in the art to be 
appropriate. 

[0205] Dosage forms for the topical or transdermal admin 
istration of a compound of this invention include poWders, 
sprays, ointments, pastes, creams, lotions, gels, solutions, 
patches and inhalants. The active compound may be mixed 
under sterile conditions With a pharmaceutically-acceptable 
carrier, and With any preservatives, buffers, or propellants 
Which may be required. 

[0206] The ointments, pastes, creams and gels may con 
tain, in addition to an active compound of this invention, 
excipients, such as animal and vegetable fats, oils, Waxes, 
paraf?ns, starch, tragacanth, cellulose derivatives, polyeth 
ylene glycols, silicones, bentonites, silicic acid, talc and Zinc 
oxide, or mixtures thereof. 

[0207] PoWders and sprays can contain, in addition to a 
compound of this invention, excipients such as lactose, talc, 
silicic acid, aluminum hydroxide, calcium silicates and 
polyamide poWder, or mixtures of these substances. Sprays 
can additionally contain customary propellants, such as 
chloro?uorohydrocarbons and volatile unsubstituted hydro 
carbons, such as butane and propane. 

[0208] Transdermal patches have the added advantage of 
providing controlled delivery of a compound of the present 
invention to the body. Such dosage forms can be made by 
dissolving or dispersing the compound in the proper 
medium. Absorption enhancers can also be used to increase 
the ?ux of the compound across the skin. The rate of such 
?ux can be controlled by either providing a rate controlling 
membrane or dispersing the compound in a polymer matrix 
or gel. 

[0209] Ophthalmic formulations, eye ointments, poWders, 
solutions and the like, are also contemplated as being Within 
the scope of this invention. 

[0210] Pharmaceutical compositions of this invention suit 
able for parenteral administration comprise one or more 
compounds of the invention in combination With one or 
more pharmaceutically-acceptable sterile isotonic aqueous 
or nonaqueous solutions, dispersions, suspensions or emul 
sions, or sterile poWders Which may be reconstituted into 
sterile injectable solutions or dispersions just prior to use, 
Which may contain sugars, alcohols, antioxidants, buffers, 
bacteriostats, solutes Which render the formulation isotonic 
With the blood of the intended recipient or suspending or 
thickening agents. 

[0211] Examples of suitable aqueous and nonaqueous car 
riers Which may be employed in the pharmaceutical com 
positions of the invention include Water, ethanol, polyols 
(such as glycerol, propylene glycol, polyethylene glycol, 
and the like), and suitable mixtures thereof, vegetable oils, 
such as olive oil, and injectable organic esters, such as ethyl 
oleate. Proper ?uidity can be maintained, for example, by 
the use of coating materials, such as lecithin, by the main 
tenance of the required particle siZe in the case of disper 
sions, and by the use of surfactants. 

[0212] These compositions may also contain adjuvants 
such as preservatives, Wetting agents, emulsifying agents 
and dispersing agents. Prevention of the action of microor 
ganisms upon the subject compounds may be ensured by the 
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inclusion of various antibacterial and antifungal agents, for 
example, paraben, chlorobutanol, phenol sorbic acid, and the 
like. It may also be desirable to include isotonic agents, such 
as sugars, sodium chloride, and the like into the composi 
tions. In addition, prolonged absorption of the injectable 
pharmaceutical form may be brought about by the inclusion 
of agents Which delay absorption such as aluminum 
monostearate and gelatin. 

[0213] In some cases, in order to prolong the effect of a 
drug, it is desirable to sloW the absorption of the drug from 
subcutaneous or intramuscular injection. This may be 
accomplished by the use of a liquid suspension of crystalline 
or amorphous material having poor Water solubility. The rate 
of absorption of the drug then depends upon its rate of 
dissolution Which, in turn, may depend upon crystal siZe and 
crystalline form. Alternatively, delayed absorption of a 
parenterally-administered drug form is accomplished by 
dissolving or suspending the drug in an oil vehicle. 

[0214] Injectable depot forms are made by forming 
microencapsule matrices of the subject compounds in bio 
degradable polymers such as polylactide-polyglycolide. 
Depending on the ratio of drug to polymer, and the nature of 
the particular polymer employed, the rate of drug release can 
be controlled. Examples of other biodegradable polymers 
include poly(orthoesters) and poly(anhydrides). Depot 
injectable formulations are also prepared by entrapping the 
drug in liposomes or microemulsions Which are compatible 
With body tissue. 

[0215] When the compounds of the present invention are 
administered as pharmaceuticals, to humans and animals, 
they can be given per se or as a pharmaceutical composition 
containing, for example, 0.1 to 99.5% (more preferably, 0.5 
to 90%) of active ingredient in combination With a pharma 
ceutically acceptable carrier. 

[0216] The preparations of the present invention may be 
given orally, parenterally, topically, or rectally. They are of 
course given in forms suitable for each administration route. 
For example, they are administered in tablets or capsule 
form, by injection, inhalation, eye lotion, ointment, supposi 
tory, etc. administration by injection, infusion or inhalation; 
topical by lotion or ointment; and rectal by suppositories. 
Oral administrations are preferred. 

[0217] The phrases “parenteral administration” and 
“administered parenterally” as used herein means modes of 
administration other than enteral and topical administration, 
usually by injection, and includes, Without limitation, intra 
venous, intramuscular, intraarterial, intrathecal, intracapsu 
lar, intraorbital, intracardiac, intradermal, intraperitoneal, 
transtracheal, subcutaneous, subcuticular, intraarticulare, 
subcapsular, subarachnoid, intraspinal and intrasternal inj ec 
tion and infusion. 

[0218] The phrases “systemic administration, adminis 
tered systemically,”“peripheral administration” and “admin 
istered peripherally” as used herein mean the administration 
of a compound, drug or other material other than directly 
into the central nervous system, such that it enters the 
patient’s system and, thus, is subject to metabolism and 
other like processes, for example, subcutaneous administra 
tion. 

[0219] These compounds may be administered to humans 
and other animals for therapy by any suitable route of 
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administration, including orally, nasally, as by, for example, 
a spray, rectally, intravaginally, parenterally, intracistemally 
and topically, as by powders, ointments or drops, including 
buccally and sublingually. 

[0220] Regardless of the route of administration selected, 
the compounds of the present invention, Which may be used 
in a suitable hydrated form, and/or the pharmaceutical 
compositions of the present invention, are formulated into 
pharmaceutically-acceptable dosage forms by conventional 
methods knoWn to those of skill in the art. 

[0221] Actual dosage levels of the active ingredients in the 
pharmaceutical compositions of this invention may be var 
ied so as to obtain an amount of the active ingredient Which 
is effective to achieve the desired therapeutic response for a 
particular patient, composition, and mode of administration, 
Without being toxic to the patient. 

[0222] The selected dosage level Will depend upon a 
variety of factors including the activity of the particular 
compound of the present invention employed, or the ester, 
salt or amide thereof, the route of administration, the time of 
administration, the rate of excretion or metabolism of the 
particular compound being employed, the duration of the 
treatment, other drugs, compounds and/or materials used in 
combination With the particular compound employed, the 
age, sex, Weight, condition, general health and prior medical 
history of the patient being treated, and like factors Well 
knoWn in the medical arts. 

[0223] Aphysician or veterinarian having ordinary skill in 
the art can readily determine and prescribe the effective 
amount of the pharmaceutical composition required. For 
example, the physician or veterinarian could start doses of 
the compounds of the invention employed in the pharma 
ceutical composition at levels loWer than that required in 
order to achieve the desired therapeutic effect and gradually 
increase the dosage until the desired effect is achieved. 

[0224] In general, a suitable daily dose of a compound of 
the invention Will be that amount of the compound Which is 
the loWest dose effective to produce a therapeutic effect. 
Such an effective dose Will generally depend upon the 
factors described above. Generally, intravenous, intracere 
broventricular and subcutaneous doses of the compounds of 
this invention for a patient, When used for the indicated 
analgesic effects, Will range from about 0.0001 to about 100 
mg per kilogram of body Weight per day. 

[0225] If desired, the effective daily dose of the active 
compound may be administered as tWo, three, four, ?ve, six 
or more sub-doses administered separately at appropriate 
intervals throughout the day, optionally, in unit dosage 
forms. 

[0226] While it is possible for a compound of the present 
invention to be administered alone, it is preferable to admin 
ister the compound as a pharmaceutical formulation (com 
position). 

[0227] The compounds according to the invention may be 
formulated for administration in any convenient Way for use 
in human or veterinary medicine, by analogy With other 
pharmaceuticals. 

[0228] The term “treatment” is intended to encompass also 
prophylaxis, therapy and cure. 
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[0229] The patient receiving this treatment is any animal 
in need, including primates, in particular humans, and other 
mammals such as equines, cattle, sWine and sheep; and 
poultry and pets in general. 

[0230] The compound of the invention can be adminis 
tered as such or in admixtures With pharmaceutically accept 
able carriers and can also be administered in conjunction 
With antimicrobial agents such as penicillins, cephalospor 
ins, aminoglycosides and glycopeptides. Conjunctive 
therapy, thus includes sequential, simultaneous and separate 
administration of the active compound in a Way that the 
therapeutical effects of the ?rst administered one is not 
entirely disappeared When the subsequent is administered. 

[0231] The addition of the active compound of the inven 
tion to animal feed is preferably accomplished by preparing 
an appropriate feed premix containing the active compound 
in an effective amount and incorporating the premix into the 
complete ration. 

[0232] Alternatively, an intermediate concentrate or feed 
supplement containing the active ingredient can be blended 
into the feed. The Way in Which such feed premixes and 
complete rations can be prepared and administered are 
described in reference books (such as “Applied Animal 
Nutrition”, W. H. Freedman and CO., San Francisco, U.S.A., 
1969 or “Livestock Feeds and Feeding” O and B books, 
Corvallis, Oreg., U.S.A., 1977). 
[0233] Micelles 

[0234] Recently, the pharmaceutical industry introduced 
microemulsi?cation technology to improve bioavailability 
of some lipophilic (Water insoluble) pharmaceutical agents. 
Examples include Trimetrine (Dordunoo, S. K., et al., Drug 
Development and Industrial Pharmacy, 17(12), 1685-1713, 
1991 and REV 5901 (Sheen, P. C., et al., J Pharm Sci 80(7), 
712-714, 1991). Among other things, microemulsi?cation 
provides enhanced bioavailability by preferentially directing 
absorption to the lymphatic system instead of the circulatory 
system, Which thereby bypasses the liver, and prevents 
destruction of the compounds in the hepatobiliary circula 
tion. 

[0235] In one aspect of invention, the formulations contain 
micelles formed from a compound of the present invention 
and at least one amphiphilic carrier, in Which the micelles 
have an average diameter of less than about 100 nm. More 
preferred embodiments provide micelles having an average 
diameter less than about 50 nm, and even more preferred 
embodiments provide micelles having an average diameter 
less than about 30 nm, or even less than about 20 nm. 

[0236] While all suitable amphiphilic carriers are contem 
plated, the presently preferred carriers are generally those 
that have Generally-RecogniZed-as-Safe (GRAS) status, and 
that can both solubiliZe the compound of the present inven 
tion and microemulsify it at a later stage When the solution 
comes into a contact With a complex Water phase (such as 
one found in human gastro-intestinal tract). Usually, 
amphiphilic ingredients that satisfy these requirements have 
HLB (hydrophilic to lipophilic balance) values of 2-20, and 
their structures contain straight chain aliphatic radicals in the 
range of C-6 to C-20. Examples are polyethylene-glycoliZed 
fatty glycerides and polyethylene glycols. 
[0237] Particularly preferred amphiphilic carriers are satu 
rated and monounsaturated polyethyleneglycolyZed fatty 
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acid glycerides, such as those obtained from fully or par 
tially hydrogenated various vegetable oils. Such oils may 
advantageously consist of tri-. di- and mono-fatty acid 
glycerides and di- and mono-polyethyleneglycol esters of 
the corresponding fatty acids, With a particularly preferred 
fatty acid composition including capric acid 4-10, capric 
acid 3-9, lauric acid 40-50, myristic acid 14-24, palmitic 
acid 4-14 and stearic acid 5-15%. Another useful class of 
amphiphilic carriers includes partially esteri?ed sorbitan 
and/or sorbitol, With saturated or mono-unsaturated fatty 
acids (SPAN-series) or corresponding ethoxylated analogs 
(TWEEN-series). 
[0238] Commercially available amphiphilic carriers are 
particularly contemplated, including Gelucire-series, Labra 
?l, Labrasol, or Lauroglycol (all manufactured and distrib 
uted by Gattefosse Corporation, Saint Priest, France), PEG 
mono-oleate, PEG-di- oleate, PEG-mono-laurate and 
di-laurate, Lecithin, Polysorbate 80, etc (produced and dis 
tributed by a number of companies in USA and WorldWide). 

[0239] Polymers 
[0240] Hydrophilic polymers suitable for use in the 
present invention are those Which are readily Water-soluble, 
can be covalently attached to a vesicle-forning lipid, and 
Which are tolerated in vivo Without toxic effects (i.e., are 
biocompatible). Suitable polymers include polyethylene 
glycol (PEG), polylactic (also termed polylactide), polyg 
lycolic acid (also termed polyglycolide), a polylactic-polyg 
lycolic acid copolymer, and polyvinyl alcohol. Preferred 
polymers are those having a molecular Weight of from about 
100 or 120 daltons up to about 5,000 or 10,000 daltons, and 
more preferably from about 300 daltons to about 5,000 
daltons. In a particularly preferred embodiment, the polymer 
is polyethyleneglycol having a molecular Weight of from 
about 100 to about 5,000 daltons, and more preferably 
having a molecular Weight of from about 300 to about 5 ,000 
daltons. In a particularly preferred embodiment, the polymer 
is polyethyleneglycol of 750 daltons (PEG(750)). Polymers 
may also be de?ned by the number of monomers therein; a 
preferred embodiment of the present invention utiliZes poly 
mers of at least about three monomers, such PEG polymers 
consisting of three monomers (approximately 150 daltons). 

[0241] Other hydrophilic polymers Which may be suitable 
for use in the present invention include polyvinylpyrroli 
done, polymethoxaZoline, polyethyloxaZoline, polyhydrox 
ypropyl methacrylamide, polymethacrylamide, polydim 
ethylacrylamide, and derivatiZed celluloses such as 
hydroxymethylcellulose or hydroxyethylcellulose. 

[0242] In certain embodiments, a formulation of the 
present invention comprises a biocompatible polymer 
selected from the group consisting of polyamides, polycar 
bonates, polyalkylenes, polymers of acrylic and methacrylic 
esters, polyvinyl polymers, polyglycolides, polysiloxanes, 
polyurethanes and co-polymers thereof, celluloses, polypro 
pylene, polyethylenes, polystyrene, polymers of lactic acid 
and glycolic acid, polyanhydrides, poly(ortho)esters, poly 
(butic acid), poly(valeric acid), poly(lactide-co-caprolac 
tone), polysaccharides, proteins, polyhyaluronic acids, poly 
cyanoacrylates, and blends, mixtures, or copolymers 
thereof. 

[0243] Cyclodextrins 
[0244] Cyclodextrins are cyclic oligosaccharides, consist 
ing of 6, 7 or 8 glucose units, designated by the Greek letter 
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alpha., .beta. or gamma., respectively. Cyclodextrins With 
feWer than six glucose units are not knoWn to exist. The 
glucose units are linked by alpha-1,4-glucosidic bonds. As a 
consequence of the chair conformation of the sugar units, all 
secondary hydroxyl groups (at C-2, C-3) are located on one 
side of the ring, While all the primary hydroxyl groups at C-6 
are situated on the other side. As a result, the external faces 
are hydrophilic, making the cyclodextrins Water-soluble. In 
contrast, the cavities of the cyclodextrins are hydrophobic, 
since they are lined by the hydrogen of atoms C-3 and C-5, 
and by ether-like oxygens. These matrices alloW complex 
ation With a variety of relatively hydrophobic compounds, 
including, for instance, steroid compounds such as 17.beta. 
estradiol (see, e.g., van Uden et al. Plant Cell Tiss. Org. Cult. 
38:1-3-113 (1994)). The complexation takes place by Van 
der Waals interactions and by hydrogen bond formation. For 
a general revieW of the chemistry of cyclodextrins, see, 
WenZ, AgneW. Chem. Int. Ed. Engl., 33:803-822 (1994). 

[0245] The physico-chemical properties of the cyclodex 
trin derivatives depend strongly on the kind and the degree 
of substitution. For example, their solubility in Water ranges 
from insoluble (e.g., triacetyl-beta-cyclodextrin) to 147% 
soluble (W/v) (G-2-beta-cyclodextrin). In addition, they are 
soluble in many organic solvents. The properties of the 
cyclodextrins enable the control over solubility of various 
formulation components by increasing or decreasing their 
solubility. 
[0246] Numerous cyclodextrins and methods for their 
preparation have been described. For example, Parmeter (I), 
et al. (US. Pat. No. 3,453,259) and Gramera, et al. (US. Pat. 
No. 3,459,731) described electroneutral cyclodextrins. 
Other derivatives include cyclodextrins With cationic prop 
erties [Parmeter (II), US. Pat. No. 3,453,257], insoluble 
crosslinked cyclodextrins (Solms, US. Pat. No. 3,420,788), 
and cyclodextrins With anionic properties [Parmeter (III), 
US. Pat. No. 3,426,011]. Among the cyclodextrin deriva 
tives With anionic properties, carboxylic acids, phosphorous 
acids, phosphinous acids, phosphonic acids, phosphoric 
acids, thiophosphonic acids, thiosulphinic acids, and sul 
fonic acids have been appended to the parent cyclodextrin 
[see, Parmeter (III), supra]. Furthermore, sulfoalkyl ether 
cyclodextrin derivatives have been described by Stella, et al. 
(US. Pat. No. 5,134,127). 

[0247] Liposomes 
[0248] Liposomes consist of at least one lipid bilayer 
membrane enclosing an aqueous internal compartment. 
Liposomes may be characteriZed by membrane type and by 
siZe. Small unilamellar vesicles (SUVs) have a single mem 
brane and typically range betWeen 0.02 and 0.05 pm in 
diameter; large unilamellar vesicles (LUVS) are typically 
larger than 0.05 pm Oligolamellar large vesicles and mul 
tilamellar vesicles have multiple, usually concentric, mem 
brane layers and are typically larger than 0.1 pm. Liposomes 
With several nonconcentric membranes, i.e., several smaller 
vesicles contained Within a larger vesicle, are termed mul 
tivesicular vesicles. 

[0249] One aspect of the present invention relates to 
formulations comprising liposomes containing a compound 
of the present invention, Where the liposome membrane is 
formulated to provide a liposome With increased carrying 
capacity. Alternatively or in addition, the compound of the 
present invention may be contained Within, or adsorbed 












































