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ABSTRACT 

The present invention relates to methods of stabilizing the 
alpha subunit of hypoxia inducible factor (HIF). The inven 
tion further relates to methods of preventing, pretreating, or 
treating conditions associated With HIF, including ischemic 
and hypoxic conditions. Compounds for use in these meth 
ods are also provided. 
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STABILIZATION OF HYPOXIA INDUCIBLE 
FACTOR (HIF) ALPHA 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/313,551, ?led 6 Dec. 2002, Which claims the 
bene?t of US. Provisional Application Ser. No. 60/337,082, 
?led on 6 Dec. 2001; US. Provisional Application Ser. No. 
60/359,683, ?led on 25 Feb. 2002; US. Provisional Appli 
cation Ser. No. 60/349,659, ?led on 16 Jan. 2002; and US. 
Provisional Application Ser. No. 60/386,488, ?led on 5 Jun. 
2002, each of Which is incorporated by reference herein in 
its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods of stabi 
liZing the alpha subunit of hypoxia inducible factor (HIF) 
and to compounds that can be used in these methods. 

BACKGROUND OF THE INVENTION 

[0003] An early response to tissue hypoxia is induction of 
hypoxia inducible factor (HIF), a basic helix-loop-helix 
(bHLH) PAS (Per/Amt/Sim) transcriptional activator that 
mediates changes in gene expression in response to changes 
in cellular oxygen concentration. HIF is a heterodimer 
containing an oxygen-regulated alpha subunit (HIFot) and a 
constitutively expressed beta subunit (HIFB), also knoWn as 
aryl hydrocarbon receptor nuclear transporter (ARNT). In 
oxygenated (normoxic) cells, HIFO. subunits are rapidly 
degraded by a mechanism that involves ubiquitination by the 
von Hippel-Lindau tumor suppressor (pVHL) E3 ligase 
complex. Under hypoxic conditions, HIFO. is not degraded, 
and an active HIFot/[3 complex accumulates in the nucleus 
and activates the expression of several genes including 
glycolytic enZymes, glucose transporter (GLUT)-1, eryth 
ropoietin (EPO), and vascular endothelial groWth factor 
(VEGF). (Jiang et al. (1996) J Biol Chem 271:17771-17778; 
Iliopoulus et al. (1996) Proc Natl Acad Sci USA 93:10595 
10599; MaxWell et al. (1999) Nature 399:271-275; Sutter et 
al. (2000) Proc Natl Acad Sci USA 97:4748-4753; Cockman 
et al. (2000) J Biol Chem 275:25733-25741; and Tanimoto 
et al. (2000) EMBO J. 19:4298-4309.) 

[0004] Levels of HIFO. protein are elevated in most cells 
in response to hypoxia and HIFO. is induced in vivo When 
animals are subjected to anemia or hypoxia. HIFO. levels rise 
Within a feW hours after the onset of hypoxia and return to 
baseline under continued hypoxic conditions. HIF has been 
implicated in numerous cellular and developmental pro 
cesses including cell proliferation, angiogenesis, and cell 
cycle arrest. HIFO. has also been associated With myocardial 
acute ischemia and early infarction, pulmonary hyperten 
sion, and in?ammation. Although HIFO. has been associated 
With tumor groWth and metastasis, there is little indication 
that HIF is directly involved in tumorigenesis. Hypoxic 
preconditioning, in Which a target organ is subjected to brief 
periods of hypoxia, has been shoWn to protect both myo 
cardium and brain against hypoxic-ischemic injury. HIFO. 
stabiliZation is closely associated With ischemia and is 
induced by preconditioning. (Wang and SemenZa (1993) 
Proc Natl Acad Sci USA 90:4304-4308; Stroka et al. (2001) 
FASEB J 15:2445-2453; SemenZa et al. (1997) Kidney Int 
51:553-555; Carmeliet et al. (1998) Nature 394:485-490; 
Zhong et al. (1999) Cancer Res 59:5830-5835; Lee et al. 
(2000) N Engl J Med 343:148-149; Sharp et al. (2000) J 
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Cereb Blood FloW Metab 20:1011-1032; SemenZa et al. 
(2000) Adv Exp Med Biol 475:123-130; Ihomton et al. 
(2000) Biochem J 350:307-312; Deindl and Schaper (1998) 
Mol Cell Biochem 186:43-51; Bergeron et al. (2000) Ann 
Neurol 48:285-296.) 

[0005] Several investigators have studied the mechanism 
of interaction betWeen HIFO. and pVHL. An oxygen-depen 
dent degradation domain (ODD) Within HIP-10. from resi 
due 401 to 603 Was originally identi?ed as suf?cient to 
confer oxygen-dependent instability to chimeric protein 
constructs. A domain containing a portion of the ODD, from 
residue 526 to 652, Was found to be required for pVHL 
dependent degradation. Further, mutation of P5 64YI to aspar 
tic acids or mutation of K532 to arginine Within a region 
conserved among HIFO. homologs (residue 556 to 574 in 
HIP-l0.) rendered the full-length HIFO. protein stable under 
normoxic conditions and resistant to pVHL-mediated deg 
radation. (Huang et al. (1998) Proc Natl Acad Sci USA 
95:7987-7992; and Tanimoto et al. (2000) EMBO J. 
19:4298-4309.) 
[0006] HIFO. levels are increased by a number of factors 
that mimic hypoxia, including iron chelators such as des 
ferrioxamine (DFO) and divalent metal salts such as CoCl2 
HIFO. levels are increased by angiotensin II, thrombin, and 
platelet-derived groWth factor under normoxic conditions 
using a mechanism involving reactive oxygen species. 
Reports have also suggested HIFO. is regulated by phospho 
rylation through pathWays involving nitric oxide-activated 
phosphotidylinositol 3'-kinase (PI3K), hepatocyte groWth 
factor, or mitogen-activated protein kinase. Glycogen-syn 
thase kinase, Which is a doWnstream target of PI3K, directly 
phosphorylates the HIFO. ODD domain. (Richard et al. 
(2000) J Biol Chem 275:26765-26771; Sandau et al. (2000) 
Biochem Biophys Res Commun 278:263-267; Tacchini et 
al. (2001) Carcinogenesis 22:1363-1371; and Sodhi et al. 
(2001) Biochem Biophys Res Commun 287:292-300.) 

[0007] Hypoxia, a state of reduced oxygen, can occur 
When the lungs are compromised or blood How is reduced. 
Ischemia, reduction in blood How, can be caused by the 
obstruction of an artery or vein by a blood clot (thrombus) 
or by any foreign circulating matter (embolus), or by a 
vascular disorder such as atherosclerosis. Reduction in 
blood How can have a sudden onset and short duration (acute 
ischemia), or can have a sloW onset With long duration or 
frequent recurrence (chronic ischemia). Acute ischemia is 
often associated With regional, irreversible tissue necrosis 
(an infarct), Whereas chronic ischemia is usually associated 
With transient hypoxic tissue injury. If the decrease in 
perfusion is prolonged or severe, hoWever, chronic ischemia 
can also be associated With an infarct. Infarctions commonly 
occur in the spleen, kidney, lungs, brain, and heart, produc 
ing disorders such as intestinal infarction, pulmonary inf 
arction, ischemic stroke, and myocardial infarction. 

[0008] Pathologic changes in ischemic disorders depend 
on the duration and severity of ischemia, and on the length 
of patient survival. Necrosis can be seen Within the infarct 
in the ?rst 24 hours, and an acute in?ammatory response 
develops in the viable tissue adjacent to the infarct With 
leukocytes migrating into the area of dead tissue. Over 
succeeding days, there is a gradual breakdoWn and removal 
of cells Within the infarct by phagocytosis, and replacement 
With a collagenous or glial scar. 



US 2006/0270699 A1 

[0009] Hypoperfusion or infarction in one organ often 
affects other organs. For example, ischemia of the lung, 
caused by, for example, a pulmonary embolism, not only 
affects the lung, but also puts the heart and other organs, 
such as the brain, under hypoxic stress. Myocardial infarc 
tion, Which often involves coronary artery blockage due to 
thrombosis, arterial Wall vasospasms, or viral infection of 
the heart, can lead to congestive heart failure and systemic 
hypotension. Secondary complications such as global 
ischemic encephalopathy can develop if the cardiac arrest is 
prolonged With continued hypoperfusion. Cerebral 
ischemia, most commonly caused by vascular occlusion due 
to atherosclerosis, can range in severity from transient 
ischemic attacks (TIAs) to cerebral infarction or stroke. 
While the symptoms of TIAs are temporary and reversible, 
TIAs tend to recur and are often folloWed by a stroke. 

[0010] Occlusive arterial disease includes coronary artery 
disease, Which can lead to myocardial infarction, and periph 
eral arterial disease, Which can affect the abdominal aorta, its 
major branches, and arteries of the legs. Peripheral arterial 
disease includes Buerger’s disease, Raynaud’s disease, and 
acrocyanosis. Although peripheral arterial disease is com 
monly caused by atherosclerosis, other major causes 
include, e.g., diabetes, etc. Complications associated With 
peripheral arterial disease include severe leg cramps, angina, 
abnormal heart rhythms, heart failure, heart attack, stroke, 
and kidney failure. 

[0011] Ischemic and hypoxic disorders are a major cause 
of morbidity and mortality. Cardiovascular diseases cause at 
least 15 million deaths every year and are responsible for 
30% of deaths WorldWide. Among the various cardiovascu 
lar diseases, ischemic heart disease and cerebrovascular 
diseases cause approximately 17% of deaths. Annually, 1.3 
million cases of nonfatal acute myocardial infarction are 
reported, making the prevalence approximately 600 per 
100,000 people. Further, an estimated ?ve million Ameri 
cans suffer from venous thrombosis every year, and approxi 
mately 600,000 of these cases result in pulmonary embo 
lism. About one-third of the pulmonary embolisms end in 
death, making pulmonary embolism the third most common 
cause of death in the United States. 

[0012] Currently, treatment of ischemic and hypoxic dis 
orders is focused on relief of symptoms and treatment of 
causative disorders. For example, treatments for myocardial 
infarction include nitroglycerin and analgesics to control 
pain and relieve the Workload of the heart. Other medica 
tions, including digoxin, diuretics, amrinone, [3-blockers, 
lipid-loWering agents and angiotensin-converting enZyme 
inhibitors, are used to stabiliZe the condition, but none of 
these therapies directly address the tissue damage produced 
by the ischemia and hypoxia. 

[0013] Due to de?ciencies in current treatments, there 
remains a need for methods that are effective in treating 
conditions involving ischemia and hypoxia such as occlu 
sive arterial disease, angina pectoris, intestinal infarctions, 
pulmonary infarctions, cerebral ischemia, and myocardial 
infarction. There is also a need for methods that are effective 
in the prevention of tissue damage caused by ischemia that 
occurs due to, e.g., atherosclerosis, diabetes, and pulmonary 
disorders such as pulmonary embolism and the like. In 
summary, there is a need in the art for methods and com 
pounds that can be used to stabiliZe HIF, and to treat and 
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prevent HIE-associated disorders including conditions 
involving ischemia and hypoxia. 

SUMMARY OF THE INVENTION 

[0014] Described herein are methods of stabiliZing the 
alpha subunit of hypoxia inducible factor (HIFot). These 
methods can be applied in vivo or in vitro. 

[0015] The present invention relates generally to methods 
of stabiliZing the alpha subunit of hypoxia inducible factor 
(HIE). In one embodiment, the method of stabiliZing the 
alpha subunit of HIF (HIFot) comprises administering to a 
subject a compound that inhibits hydroxylation of HIFot. In 
certain of the embodiments of the present invention, the 
HIFO. is selected from the group consisting of HIP-10., 
HIE-2a, HIE-3a, and any fragment thereof. In a further 
embodiment, the method comprises administering to a sub 
ject a compound that inhibits 2-oxoglutarate dioxygenase 
enZyme activity. In various embodiments, the 2-oxoglutarate 
dioxygenase enZyme is selected from the group consisting of 
EGLNl, EGLN2, EGLN3, procollagen prolyl 4-hydroxy 
lase, procollagen prolyl 3-hydroxylase, procollagen lysyl 
hydroxylase, PHD4, FIH-l, and any subunit or fragment 
thereof, respectively. 

[0016] In particular methods for stabiliZing HIFO. accord 
ing to the present invention, the methods comprise inhibiting 
HIF prolyl hydroxylase enZyme activity. In further embodi 
ments, the HIF prolyl hydroxylase enZyme is selected from 
the group consisting of EGLN1, EGLN2, EGLN3, and any 
subunit or fragment thereof, respectively. 

[0017] The present invention provides, in one aspect, 
methods for stabiliZing endogenous HIFot. Thus, in a par 
ticular embodiment, the HIFO. is endogenous to the subject. 
Embodiments of the present invention include methods for 
stabiliZing HIFO. in Which a compound that stabiliZes HIFO. 
is administered to a subject in vivo. The subject can be, for 
example, an animal, preferably, a mammal, and, more pref 
erably, a human. Methods of ex vivo administration are also 
contemplated. In such methods, the subject can be, e.g., a 
cell, tissue, or organ, etc. In certain embodiments, the 
subject is a cell, tissue, or organ derived from a system such 
as the renal, cardiac, hepatic, pulmonary, hematopoietic, 
gastrointestinal, neuronal, or musculoskeletal system, etc. 

[0018] Methods for treating, preventing, or pretreating a 
HIE-associated condition are also provided. In particular, the 
present invention provides a method for treating, preventing, 
or pretreating a HIE-associated condition, the method com 
prising stabiliZing HIFot. In speci?c aspects, the invention 
provide a method for treatment, prevention, or pretreatment/ 
preconditioning of a HIE-associated condition in a subject, 
the method comprising stabiliZation of HIFot. In various 
aspects, the HIE-associated condition is associated With 
ischemia or hypoxia. In a preferred aspect, the method 
comprises administering to the subject a compound that 
stabiliZes HIFot. 

[0019] In various embodiments, the compound is selected 
from the group consisting of heterocyclic carboxamides, 
phenanthrolines, hydroxamates, and physiologically active 
salts and prodrugs derived therefrom. In particular embodi 
ments, the compound is a heterocyclic carboxamide selected 
from the group consisting of pyridine carboxamides, quino 
line carboxamides, isoquinoline carboxamides, cinnoline 
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carboxamides, and beta-carboline carboxamides. In a pre 
ferred embodiment of the present invention, the compound 
is delivered in an oral formulation. In another preferred 
embodiment, the compound is delivered in a transderrnal 
formulation. 

[0020] In one method of stabilizing HIFO. according to the 
present invention, the compound stabilizes HIFO. by speci? 
cally inhibiting hydroxylation of at least one amino acid 
residue in HIFot. In a further aspect, the amino acid residue 
is selected from the group consisting of proline and aspar 
ag1ne. 

[0021] Methods for treating, preventing, or pretreating a 
HIP-associated condition in a subj ect, the methods compris 
ing inhibiting 2-oxoglutarate dioxygenase enzyme activity, 
are also provided, and include methods in Which the HIF 
associated condition is one associated With ischemia or 
hypoxia. In one aspect, the present invention provides a 
method for treating, preventing, or pretreating a HIF-asso 
ciated condition, the method comprising administering to 
the subject a compound that inhibits 2-oxoglutarate dioxy 
genase enzyme activity. 

[0022] In a preferred embodiment, the present invention 
provides a method of treating, preventing, or pretreating a 
HIP-associated condition in a subject, the method compris 
ing inhibiting HIF prolyl hydroxylase enzyme activity. 
Again, HIP-associated conditions include those associated 
With hypoxia, or With ischemia, etc. In a particular embodi 
ment, the method comprises administering to the subject a 
compound that inhibits HIF prolyl hydroxylase activity. 

[0023] In a further embodiment, the method further com 
prises administering a second compound. In particular 
embodiments, the second compound inhibits 2-oxoglutarate 
dioxygenase enzyme activity, or the compound and the 
second compound inhibit the activities of different 2-oxo 
glutarate dioxygenase enzymes, or the second compound is 
selected from the group consisting of an ACE inhibitor 
(ACEI), angiotensin-II receptor blocker (ARB), diuretic, 
digoxin, statin, or camitine, etc. 

[0024] In speci?c embodiments, HIP-associated condi 
tions include disorders such as pulmonary disorders, e.g., 
pulmonary embolism, etc., cardiac disorders, e.g., myocar 
dial infarction, congestive heart failure, etc., neurological 
disorders, and the like. The present invention thus clearly 
contemplates methods that can be applied to the treatment, 
prevention, or pretreatment/preconditioning of a HIF-asso 
ciated condition associated With any ischemic event, 
Whether acute or transient, or chronic. Acute ischemic events 
can include those associated With surgery, organ transplan 
tation, infarction (e.g., cerebral, intestinal, myocardial, pul 
monary, etc.), trauma, insult, or injury, etc. Chronic events 
associated With ischemia can include hypertension, diabetes, 
occlusive arterial disease, chronic venous insufficiency, 
Raynaud’s disease, cirrhosis, congestive heart failure, sys 
temic sclerosis, etc. 

[0025] Methods of preconditioning or pretreating are spe 
ci?cally contemplated. In one embodiment, the invention 
provides methods of pretreating or preconditioning Wherein 
HIFO. is stabilized prior to the occurrence of an event 
associated With a HIP-associated condition, e.g., ischemia, 
etc., or the development of a HIP-associated condition. 
Ischemias can be induced by acute events. Such events can 
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include, for example, surgery, e.g., angioplasty, organ trans 
plantation, etc., and related procedures such as administra 
tion of anesthesia, etc. Furthermore, chronic events speci?c 
embodiments, the methods of pretreating or preconditioning 
are applied in situations Where a subject has a disorder 
predictive of the development of a HIP-associated condition, 
e.g., transient ischemic attack or angina pectoris, indicative 
of stroke and myocardial infarction, respectively, in order to 
prevent the development of or reduce the degree of devel 
opment of the HIP-associated condition. In a particular 
embodiment, a compound that stabilizes HIFO. is adminis 
tered to a subject in order to increase preconditioning factors 
for ischemia, for example, EPO, etc. 

[0026] Methods for increasing expression of various HIF 
related factors are speci?cally contemplated herein. In one 
aspect, the present invention provides a method for increas 
ing expression of angiogenic factors in a subject, the method 
comprising stabilizing HIFot. In another aspect, the present 
invention provides a method of increasing expression of 
glycolytic factors in a subject, the method comprising sta 
bilizing HIFot. In a further aspect, the invention provides a 
method of increasing expression of factors associated With 
oxidative stress in a subject, the method comprising stabi 
lizing HIFot. A method of treating a subject having a disorder 
associated With ischemic reperfusion injury, the method 
comprising stabilizing HIFot, is also contemplated. 
[0027] Methods for identifying compounds that stabilize 
HIFO. are also provided herein. For example, the present 
invention provides a method of identifying a compound that 
stabilizes HIFot, the method comprising: (a) administering a 
compound of interest to a subject or to a sample from a 
subject; (b) measuring the HIFO. level in the subject or in the 
sample; and (c) comparing the HIFO. level in the subject or 
in the sample to a standard level, Wherein an increase in the 
HIFO. level in the subject or the sample is indicative of a 
compound that stabilizes HIFot. 

[0028] In another aspect, the methods of the invention are 
used to prevent the tissue damage caused by HIP-associated 
disorders including, but not limited to, ischemic and hypoxic 
disorders. In one embodiment, treatment is predicated on 
predisposing conditions, e.g., hypertension, diabetes, occlu 
sive arterial disease, chronic venous insufficiency, 
Raynaud’s disease, cirrhosis, congestive heart failure, and 
systemic sclerosis. 
[0029] In yet another aspect, the methods of the invention 
can be used as a pretreatment to decrease or prevent the 
tissue damage caused by HIP-associated disorders includ 
ing, but not limited to, ischemic and hypoxic disorders. In 
one embodiment, the need for pretreatment is based on a 
patient’s history of recurring episodes of an ischemic con 
dition, e.g., myocardial infarction or transient ischemic 
attacks, or has symptoms of impending ischemia, e.g., 
angina pectoris, etc. In another embodiment, the need for 
pretreatment is based on physical parameters implicating 
possible or likely ischemia or hypoxia, such as is the case 
With, e.g., individuals placed under general anesthesia or 
temporarily Working at high altitudes. In yet another 
embodiment, the methods may be used in the context of 
organ transplants to pretreat organ donors and to maintain 
organs removed from the body prior to implantation in a 
recipient. 
[0030] In another aspect, the invention provides com 
pounds that stabilize HIFO. and methods of using the com 
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pounds to prevent, pretreat, or treat HIP-associated condi 
tions such as those described above. In one embodiment, a 
therapeutically effective amount of the compound or a 
pharmaceutically acceptable salt thereof, alone or in com 
bination With a pharmaceutically acceptable excipient, is 
administered to a subject having a HIP-associated condition. 
In one speci?c embodiment, the compound is administered 
immediately following the diagnosis of an acute ischemic 
disorder. In another speci?c embodiment, the compound is 
administered to a subject during the course of a chronic 
ischemic condition. In yet another speci?c embodiment, the 
ischemia is due to a transient or acute trauma, insult, or 
injury such as, e.g., a spinal cord injury. In a speci?c 
embodiment, the compound is administered to a patient in 
need folloWing diagnosis of a pulmonary disorder such as 
COPD and the like. 

[0031] In one aspect, the compound can be administered 
based on predisposing conditions, e.g., chronic conditions, 
or as a pretreatment to decrease or prevent tissue damage 
caused by HIP-associated disorders. In a speci?c aspect, the 
compound is administered to a subject Who has a history of 
recurring episodes of an ischemic condition, e.g., myocar 
dial infarction or transient ischemic attacks, or has symp 
toms of impending ischemia, e.g., angina pectoris. In 
another speci?c embodiment, the compound is administered 
based on physical parameters implicating possible ischemia 
or hypoxia, such as is the case With, e.g., individuals placed 
under general anesthesia or temporarily Working at high 
altitudes. In yet another embodiment, the compounds may 
be used in the context of organ transplants to pretreat organ 
donors and to maintain organs removed from the body prior 
to implantation in a recipient. 

[0032] In one aspect, a compound of the present invention 
stabiliZes HIFO. by speci?cally inhibiting hydroxylation of 
amino acid residues in the HIFO. protein. In one embodi 
ment, the agent inhibits hydroxylation of HIFO. proline 
residues. In one speci?c embodiment, the agent inhibits 
hydroxylation of the HIP-10. P564 residue or a homologous 
proline in another HIFO. isoform. In another speci?c 
embodiment, the agent inhibits hydroxylation of the HIP-l0. 
P402 residue or a homologous proline in another HIFO. 
isoform. In yet another embodiment, the compound may 
additionally inhibit hydroxylation of HIFO. asparagine resi 
dues. In one speci?c embodiment, the agent inhibits 
hydroxylation of the HIP-l0. N803 residue or a homologous 
asparagine residue in another HIFO. isoform. 

[0033] In certain embodiments, compounds used in the 
methods of the invention are selected from a compound of 
the formula (I) 

(I) 
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Wherein 

A is 1,2-arylidene, 1,3-arylidene, l,4-arylidene; or (Cl-C4) 
alkylene, optionally substituted by one or tWo halogen, 
cyano, nitro, tri?uoromethyl, (Cl-C6)-alkyl, (Cl-C6)-hy 
droxyalkyl, (Cl-C6)-alkoxy, 4Oi[CH2]X4CfH(2f+l_ 
g)Halg, (Cl-C6)-?uoroalkoxy, (Cl-C8)-?uoroalkenyloxy, 
(C1-C8)-?uoroalkynyloXy, 4OCF2CI, 4OiCF2iCHFCl; 
(Cl-C6)-alkylmercapto, (Cl-C6)-alkylsul?nyl, (Cl-C6) 
alkylsulfonyl, (Cl-C6)-alkylcarbonyl, (Cl-C6)-alkoxycarbo 
nyl, carbamoyl, Ni(Cl-C4)-alkylcarbamoyl, N,N-di-(Cl 
C4)-alkylcarbamoyl, (Cl-C6)-alkylcarbonyloxy, (C3-C8) 
cycloalkyl, phenyl, benZyl, phenoxy, benZyloxy, anilino, 
N-methylanilino, phenylmercapto, phenylsulfonyl, phenyl 
sul?nyl, sulfamoyl, Ni(Cl-C4)-alkylsulfamoyl, N,N-di 
(Cl-C4)-alkylsulfamoyl; or by a substituted (C6-Cl2)-ary 
loxy, (C7-Cll)-aralkyloxy, (C6-Cl2)-aryl, (C7-Cll)-aralkyl 
radical, Which carries in the aryl moiety one to ?ve identical 
or different substituents selected from halogen, cyano, nitro, 
tri?uoromethyl, (Cl-C6)-alkyl, (Cl-C6)-alkoxy, iOi 
[CH2]X4CfH(2f+l_g)Halg, 4OCF2Cl, 4OiCF2iCHFCl, 
(Cl-C6)-alkylmercapto, (Cl-C6)-alkylsul?nyl, (Cl-C6) 
alkylsulfonyl, (Cl-C6)-alkylcarbonyl, (Cl-C6)-alkoxycarbo 
nyl, carbamoyl, Ni(Cl-C4)-alkylcarbamoyl, N,N-di-(Cl 
C4)-alkylcarbamoyl, (Cl-C6)-alkylcarbonyloxy, (C3-C8) 
cycloalkyl, sulfamoyl, Ni(Cl-C4)-alkylsulfamoyl, N,N-di 
(Cl-C4)-alkylsulfamoyl; or Wherein A is 4CR5R6 and R5 
and R6 are each independently selected from hydrogen, 
(Cl-C6)-alkyl, (C3-C7)-cycloalkyl, aryl, or a substituent of 
the (x-carbon atom of an ot-amino acid, Wherein the amino 
acid is a natural L-amino acid or its D-isomer. 

B is iCOZH, iNHZ, iNHSO2CF3, tetraZolyl, imidaZolyl, 
3-hydroXyisoXaZolyl, 4CONHCOR'", 4CONHSOR'", 
CONHSOZR'", Where R'" is aryl, heteroaryl, (C3-C7)-cy 
cloalkyl, or (Cl-C4)-alkyl, optionally monosubstituted by 
(C6-Cl2)-aryl, heteroaryl, OH, SH, (Cl-C4)-alkyl, (Cl-C4) 
alkoxy, (Cl-C4)-thioalkyl, (Cl-C4)-sul?nyl, (Cl-C4)-sulfo 
nyl, CF3, Cl, Br, F, I, N02, 4COOH, (C2-C5)-alkoXycar 
bonyl, NH2, mono-(Cl-C4-alkyl)-amino, di-(Cl-C4-alkyl) 
amino, or (Cl-C4)-per?uoroalkyl; or Wherein B is a CO2-G 
carboxyl radical, Where G is a radical of an alcohol G-OH 
in Which G is selected from (Cl-C2O)-alkyl radical, (C3 
C8)cycloalkyl radical, (C2-C2O)-alkenyl radical, (C3-C8) 
cycloalkenyl radical, retinyl radical, (C2-C2O)-alkynyl radi 
cal, (C4-C2O)-alkenynyl radical, Where the alkenyl, 
cycloalkenyl, alkynyl, and alkenynyl radicals contain one or 
more multiple bonds; (C6-Cl6)-carbocyclic aryl radical, 
(C7-Cl6)-carbocyclic aralkyl radical, heteroaryl radical, or 
heteroaralkyl radical, Wherein a heteroaryl radical or het 
eroaryl moiety of a heteroaralkyl radical contains 5 or 6 ring 
atoms; and Wherein radicals de?ned for G are substituted by 
one or more hydroxyl, halogen, cyano, tri?uoromethyl, 
nitro, carboxyl, (Cl-C12)-alkyl, (C3-C8)-cycloalkyl, (C5 
C8)-cycloalkenyl, (C6-Cl2)-aryl, (C7-Cl6)-aralkyl, (C2 
Cl2)-alkenyl, (C2-C12)-alkynyl, (Cl-Cl2)-alkoxy, (Cl-C12) 
alkoxy-(Cl-Cl2)-alkyl, (Cl-Cl2)-alkoxy-(Cl-Cl2)-alkoXy, 
(C6-Cl2)-aryloXy, (C7-Cl6)-aralkyloxy, (Cl-C8)-hydroXy 
alkyl, 4O4[CH2]XiCfH(2f+l_g)iFg, 4OCF2Cl, 
4OCF24CHFCl, (Cl-Cl2)-alkylcarbonyl, (C3-C8)-cy 
cloalkylcarbonyl, (C6-Cl2)-arylcarbonyl, (C7-Cl6)-aralkyl 
carbonyl, cinnamoyl, (C2-Cl2)-alkenylcarbonyl, (CZ-C12) 
alkynylcarbonyl, (C 1 -C 1 2) -alkoxycarbonyl, (C 1 -C 1 2) 
alkoxy-(Cl-C12)-alkoXycarbonyl, (C6-C12) 
aryloxycarbonyl, (C7 -C 1 6) -aralkoxycarbonyl, (C3-C8) 
cycloalkoxycarbonyl, (CZ-Cl2)-alkenyloxycarbonyl, (C2 
























































































