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INHIBITORS OF THE 11-[3 
HYDROXYSTEROID DEHYDROGENASE 

TYPE 1 ENZYME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application claims priority from Us. Provisional 
Patent Application Ser. No. 60/641,496, ?led Jan. 5, 2005, 
and is incorporated herein by reference. 

FIELD OF INVENTION 

The present invention relates to compounds that are 
inhibitors of the 11-beta-hydroxysteroid dehydrogenase 
Type 1 enzyme. The present invention further relates to the 
use of inhibitors of 11-beta-hydroxysteroid dehydrogenase 
Type 1 enzyme for the treatment of non-insulin dependent 
type 2 diabetes, insulin resistance, obesity, lipid disorders, 
metabolic syndrome and other diseases and conditions that 
are mediated by excessive glucocorticoid action. 

BACKGROUND OF THE INVENTION 

Insulin is a hormone that modulates glucose and lipid 
metabolism. Impaired action of insulin (i.e., insulin 
resistance) results in reduced insulin-induced glucose 
uptake, oxidation and storage, reduced insulin-dependent 
suppression of fatty acid release from adipose tissue (i.e., 
lipolysis) and reduced insulin-mediated suppression of 
hepatic glucose production and secretion. Insulin resistance 
frequently occurs in diseases that lead to increased and pre 
mature morbidity and mortality. 

Diabetes mellitus is characterized by an elevation of 
plasma glucose levels (hyperglycemia) in the fasting state or 
after administration of glucose during a glucose tolerance 
test. While this disease may be caused by several underlying 
factors, it is generally grouped into two categories. Type 1 
and Type 2 diabetes. Type 1 diabetes, also referred to as 
Insulin Dependent Diabetes Mellitus (“IDDM”), is caused 
by a reduction of production and secretion of insulin. In type 
2 diabetes, also referred to as non-insulin dependent diabetes 
mellitus, or NIDDM, insulin resistance is a signi?cant 
pathogenic factor in the development of hyperglycemia. 
Typically, the insulin levels in type 2 diabetes patients are 
elevated (i.e., hyperinsulinemia), but this compensatory 
increase is not suf?cient to overcome the insulin resistance. 
Persistent or uncontrolled hyperglycemia in both type 1 and 
type 2 diabetes mellitus is associated with increased inci 
dence of macrovascular and/or microvascular complications 
including atherosclerosis, coronary heart disease, peripheral 
vascular disease, stroke, nephropathy, neuropathy and retin 
opathy. 

Insulin resistance, even in the absence of profound 
hyperglycemia, is a component of the metabolic syndrome. 
Recently, diagnostic criteria for metabolic syndrome have 
been established. To qualify a patient as having metabolic 
syndrome, three out of the ?ve following criteria must be 
met: elevated blood pressure above 130/85 mmHg, fasting 
blood glucose above 110 mg/dl, abdominal obesity above 
40" (men) or 35" (women) waist circumference and blood 
lipid changes as de?ned by an increase in triglycerides above 
150 mg/dl or decreased HDL cholesterol below 40 mg/dl 
(men) or 50 mg/dl (women). It is currently estimated that 50 
million adults, in the US alone, ful?ll these criteria. That 
population, whether or not they develop overt diabetes 
mellitus, are at increased risk of developing the macrovascu 
lar and microvascular complications of type 2 diabetes listed 
above. 
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Available treatments for type 2 diabetes have recognized 

limitations. Diet and physical exercise can have profound 
bene?cial effects in type 2 diabetes patients, but compliance 
is poor. Even in patients having good compliance, other 
forms of therapy may be required to further improve glucose 
and lipid metabolism. 
One therapeutic strategy is to increase insulin levels to 

overcome insulin resistance. This may be achieved through 
direct injection of insulin or through stimulation of the 
endogenous insulin secretion in pancreatic beta cells. Sulfo 
nylureas (e.g., tolbutamide and glipizide) or meglitinide are 
examples of drugs that stimulate insulin secretion (i.e., insu 
lin secretagogues) thereby increasing circulating insulin 
concentrations high enough to stimulate insulin-resistant tis 
sue. However, insulin and insulin secretagogues may lead to 
dangerously low glucose concentrations (i.e., 
hypoglycemia). In addition, insulin secretagogues fre 
quently lose therapeutic potency over time. 
Two biguanides, metformin and phenformin, may 

improve insulin sensitivity and glucose metabolism in dia 
betic patients. However, the mechanism of action is not well 
understood. Both compounds may lead to lactic acidosis and 
gastrointestinal side effects (e.g., nausea or diarrhea). 

Alpha-glucosidase inhibitors (e.g., acarbose) may delay 
carbohydrate absorption from the gut after meals, which 
may in turn lower blood glucose levels, particularly in the 
postprandial period. Like biguanides, these compounds may 
also cause gastrointestinal side effects. 

Glitazones (i.e., 5-benzylthiazolidine-2,4-diones) are a 
newer class of compounds used in the treatment of type 2 
diabetes. These agents may reduce insulin resistance in mul 
tiple tissues, thus lowering blood glucose. The risk of 
hypoglycemia may also be avoided. Glitazones modify the 
activity of the Peroxisome Proliferator Activated Receptor 
(“PPAR”) gamma subtype. PPAR is currently believed to be 
the primary therapeutic target for the main mechanism of 
action for the bene?cial effects of these compounds. Other 
modulators of the PPAR family of proteins are currently in 
development for the treatment of type 2 diabetes and/ or dys 
lipidemia. Marketed glitazones suffer from side effects 
including bodyweight gain and peripheral edema. 

Additional treatments to normalize blood glucose levels 
in patients with diabetes mellitus are needed. Other thera 
peutic strategies are being explored. For example, research is 
being conducted concerning Glucagon-Like Peptide 1 
(“GLP-l”) analogues and inhibitors of Dipeptidyl Peptidase 
IV (“DPP-IV”) that increase insulin secretion. Other 
examples include: Inhibitors of key enzymes involved in the 
hepatic glucose production and secretion (e.g., fructose-1, 
6-bisphosphatase inhibitors) and direct modulation of 
enzymes involved in insulin signaling (e. g., Protein Tyrosine 
Phosphatase-1B, or “PTP-IB”). 

Another method of treating or prophylactically treating 
diabetes mellitus includes using inhibitors of 11-6 
hydroxysteroid dehydrogenase Type 1 (IIB-HSDI). Such 
methods are discussed in J. R. Seckl et al., Endocrinology, 
142: 1371*1376, 2001 and references cited therein. Gluco 
corticoids are steroid hormones that are potent regulators of 
glucose and lipid metabolism. Excessive glucocorticoid 
action may lead to insulin resistance, type 2 diabetes, 
dyslipidemia, increased abdominal obesity and hyperten 
sion. Glucocorticoids circulate in the blood in an active form 
(i.e., cortisol in humans) and an inactive form (i.e., cortisone 
in humans). IIB-HSDI, which is highly expressed in liver 
and adipose tissue, converts cortisone to cortisol leading to 
higher local concentration of cortisol. Inhibition of 116 
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HSDl prevents or decreases the tissue speci?c ampli?cation 
of glucocorticoid action thus imparting bene?cial effects on 
blood pressure and glucose- and lipid-metabolism. 

Thus, inhibiting llB-HSDl bene?ts patients suffering 
from non-insulin dependent type 2 diabetes, insulin 
resistance, obesity, lipid disorders, metabolic syndrome and 
other diseases and conditions mediated by excessive gluco 
corticoid action. 

SUMMARY OF THE INVENTION 

All patents, patent applications and literature references 
cited in the speci?cation are herein incorporated by refer 
ence in their entirety. 

One aspect of the present invention is directed toward a 
compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof 

(1) 
A3 R2 R4 

R1 | 

Al 

Wherein 

one of A1, A2, A3 and A4 is selected from the group con 
sisting of alkyl-NH-alkyl, alkylcarbonyl, alkylsulfonyl, 
cycloalkyl, cycloalkylcarbonyl, cycloalkylsulfonyl, 
arylcarbonyl, arylsulfonyl, heteroaryl, heteroarylalkyl, 
heteroaryloxyalkyl, heterocyclecarbonyl, 
heterocyclesulfonyl, aryll, arylalkyl, aryloxyalkyl, 
carboxyalkyl, carboxycycloalkyl, haloalkyl, 
heterocyclealkyl, heterocycleoxyalkyl, iS(O)2iN(R5R6), 
iNR7i[C(R8R9)]n%(O)iRlO, iO%C (R11R12)]Pi 
C(O)iRl3, ADRM“, iN(R15Rl6), iCOZRU, iC(O)i 
N(R18Rl9)’ iC(R20R21)iOR22’ iC(R23R24)iN 
(R25R26), and heterocycle, With the exception that 5 
membered heterocycles may not contain two oxygen atoms, 
and the remaining members of the group consisting of A1, 
A2, A3 and A4 are each individually selected from the group 
consisting of hydrogen, alkyl, alkyl-NH-alkyl, 
alkylcarbonyl, alkylsulfonyl, cycloalkyl, 
cycloalkylcarbonyl, cycloalkylsulfonyl, arylcarbonyl, 
arylsulfonyl, heterocyclecarbonyl, heterocyclesulfonyl, aryl, 
arylalkyl, aryloxyalkyl, carboxyalkyl, carboxycycloalkyl, 
halogen, haloalkyl, heteroaryl, heteroarylalkyl, 
heteroaryloxyalkyl, heterocycle, heterocyclealkyl, 
heterocycleoxyalkyl, iS(O)2iN(R5R6), iNR7i[C 
(R8R9)]niC(O)iRlO, iOi[C(Rl1R12)]PiC(O)iRl3, 
iORl4b’ iN(R15Rl6)’ iC02R17’ 4C(O)iN(R18Rl9)’ 
iC(R20R2l)4OR22, and iC(R23R24)iN(R25R26); 
n is 0 or 1; 

p is 0 or 1; 

D is selected from the group consisting of a bond, 
iC(R27R28)iXi and iC(R27R28)%(R29R3O)iXi; 
E is selected from the group consisting of a cycloalkyl, 

alkyl, aryl, heteroaryl and heterocycle, Wherein the het 
eroaryl and the heterocycle are appended to the parent 
molecular moiety through an available carbon atom, or R4 
and E together With the atoms to Which they are attached 
form a ring selected from the group consisting of cycloalkyl 
and heterocycle; 
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X is selected from the group consisting of a bond, 

iN(R3l)is fois isis and 
R1 is selected from the group consisting of hydrogen and 

alkyl; 
R2 is selected from the group consisting of hydrogen, 

alkyl and cycloalkyl; 
R3 and R4 are each independently selected from the group 

consisting of hydrogen, alkyl, carboxyalkyl, 
carboxycycloalkyl, cycloalkyl, haloalkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, heterocyc le and 
heterocyclealkyl, or R3 and R4 together With the atom to 
Which they are attached form a ring selected from the group 
consisting of cycloalkyl and heterocycle; 

R5 and R6 are each independently selected from the group 
consisting of hydrogen, alkoxy, alkyl, alkylcarbonyl, 
alkylsufonyl, carboxy, carboxyalkyl, carboxycycloalkyl, 
cycloalkyl, cycloalkyloxy, cycloalkylsulfonyl, aryl, 
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxy, 
aryloxyalkyl, arylsulfonyl, heteroaryl, heteroarylalkyl, 
heteroarylalkylcarbonyl, heteroarylcarbonyl, 
heteroaryloxyalkyl, heteroarylsulfonyl, heterocycle, 
heterocyclealkyl, heterocyclealkylcarbonyl, 
heterocyclecarbonyl, heterocycleoxyalkyl, heterocycleoxy, 
heterocyclesulfonyl and hydroxy, or R5 and R6 together With 
the atom to Which they are attached form a heterocycle; 

R7 is selected from the group consisting of hydrogen, 
alkyl, carboxyalkyl, cycloalkyl, carboxycycloalkyl, aryl, 
arylalkyl, aryloxyalkyl, hydroxy, alkoxy, heteroaryl, 
heteroarylalkyl, heteroaryloxyalkyl, heterocycle, heterocy 
clealkyl and heterocycleoxyalkyl; 
R8 and R9 are each independently selected from the group 

consisting of hydrogen and alkyl, or R8 and R9 taken 
together With the atom to Which they are attached form a ring 
selected from the group consisting of cycloalkyl and hetero 
cycle; 

R10 is selected from the group consisting of hydrogen, 
alkyl, carboxyalkyl, cycloalkyl, carboxycycloalkyl, aryl, 
arylalkyl, aryloxy, aryloxyalkyl, hydroxy, alkoxy, 
cycloalkyloxy, heteroaryl, heteroarylalkyl, heteroaryloxy, 
heteroaryloxyalkyl, heterocycle, heterocyclealkyl, 
heterocycleoxy, heterocycleoxyalkyl and iN(R3 2R3 3); 

R1 l and R12 are each independently selected from the 
group consisting of hydrogen and alkyl or R11 and R12 taken 
together With the atom to Which they are attached form a ring 
selected from the group consisting of cycloalkyl and hetero 
cycle; 

R13 is selected from the group consisting of hydroxy and 
iN(R34R35); 
R14“ is selected from the group consisting of 

carboxyalkyl, cycloalkyl, carboxycycloalkyl, aryl, arylalkyl, 
aryloxyalkyl, haloalkyl, heteroaryl, heteroarylalkyl, 
heteroaryloxyalkyl, heterocycle, heterocyclealkyl and het 
erocycleoxyalkyl; 

Rl4b is selected from the group consisting of hydrogen, 
alkyl, carboxyalkyl, cycloalkyl, carboxycycloalkyl, aryl, 
arylalkyl, aryloxyalkyl, haloalkyl, heteroaryl, 
heteroarylalkyl, heteroaryloxyalkyl, heterocycle, heterocy 
clealkyl and heterocycleoxyalkyl; 

R15 and R16 are each independently selected from the 
group consisting of hydrogen, alkyl, alkylcarbonyl, 
carboxyalkyl, cycloalkyl, carboxycycloalkyl, aryl, arylalkyl, 
arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, heteroaryl, 
heteroarylalkyl, heteroarylalkylcarbonyl, 
heteroarylcarbonyl, heteroaryloxyalkyl, heteroarylsulfonyl, 
heterocycle, heterocyclealkyl, heterocyclealkylcarbonyl, 
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heterocyclecarbonyl, heterocycleoxyalkyl, 
heterocyclesulfonyl, alkylsulfonyl, cycloalkylsulfonyl and 
arylsulfonyl, or R15 and R16 together With the atom to Which 
they are attached form a heterocycle; 

R17 is selected from the group consisting of hydrogen, 
alkyl, carboxyalkyl, cycloalkyl, carboxycycloalkyl, aryl, 
arylalkyl, aryloxyalkyl, heteroaryl, heteroarylalkyl, 
heteroaryloxyalkyl, heterocycle, heterocyclealkyl and het 
erocycleoxyalkyl; 

R18 and R19 are each independently selected from the 
group consisting of hydrogen, alkoxy, alkyl, alkylsufonyl, 
carboxy, carboxyalkyl, carboxycycloalkyl, cycloalkyl, 
cycloalkyloxy, cycloalkylsulfonyl, aryl, arylalkyl, aryloxy, 
aryloxyalkyl, arylsulfonyl, heteroaryl, heteroarylalkyl, 
heteroaryloxyalkyl, heteroarylsulfonyl, heterocycle, 
heterocyclealkyl, heterocycleoxyalkyl, heterocycleoxy, het 
erocyclesulfonyl and hydroxy, or R18 and R19 together With 
the atom to Which they are attached form a heterocycle; 

R20, R21 and R22 are each independently selected from the 
group consisting of hydrogen, alkyl, aryl, arylalkyl, 
carboxyalkyl, carboxycycloalkyl, cycloalkyl, haloalkyl, 
heteroaryl, heteroarylalkyl, heterocycle and heterocy 
clealkyl; 

R23 and R24 are each independently selected from the 
group consisting of hydrogen, alkyl, alkylcarbonyl, 
alkylsulfonyl, aryl, arylcarbonyl, arylsulfonyl, carboxyalkyl, 
carboxycycloalkyl, cycloalkyl, cycloalkylcarbonyl, 
cycloalkylsulfonyl, heteroaryl, heteroarylcarbonyl, 
heteroarylsulfonyl, heterocycle, heterocyclecarbonyl and 
heterocyclesulfonyl; 

R25 and R26 are each independently selected from the 
group consisting of hydrogen, alkoxy, alkyl, alkylcarbonyl, 
alkylsulfonyl, aryl, arylcarbonyl, aryloxy, arylsulfonyl, 
carboxyalkyl, carboxycycloalkyl, cycloalkyl, 
cycloalkylcarbonyl, cycloalkyloxy, cycloalkylsulfonyl, 
heteroaryl, heteroarylcarbonyl, heteroaryloxy, 
heteroarylsulfonyl, heterocycle, heterocyclecarbonyl, 
heterocycleoxy, heterocyclesulfonyl and hydroxy, or R25 
and R26 together With the nitrogen to Which they are attached 
form a ring selected from the group consisting of heteroaryl 
and heterocycle; 

R27 and R28 are each independently selected from the 
group consisting of hydrogen, alkyl, aryl, cycloalkyl, het 
eroaryl and heterocycle or R27 and R28 together With the 
atom to Which they are attached form a ring selected from 
the group consisting of cycloalkyl and heterocycle, or R27 
and R29 together With the atoms to Which they are attached 
form a ring selected from the group consisting of cycloalkyl 
and heterocycle, or R28 and R4 together With the atoms to 
Which they are attached form a ring selected from the group 
consisting of cycloalkyl and heterocycle; 

R29 and R30 are each independently selected from the 
group consisting of hydrogen, alkyl, alkoxy, aryl, aryloxy, 
cycloalkyl, cycloalkyloxy, heteroaryl, heterocycle, and 
iN(R36R37), or R29 and R30 together With the atom to 
Which they are attached form a ring selected from the group 
consisting of cycloalkyl and heterocycle, or R29 and R4 
together With the atoms to Which they are attached form a 
ring selected from the group consisting of cycloalkyl and 
heterocycle, or R29 and E together With the atoms to Which 
they are attached form a ring selected from the group con 
sisting of cycloalkyl and heterocycle; 

R31 is selected from the group consisting of hydrogen, 
alkyl, aryl, cycloalkyl, heterocycle and heteroaryl, or R31 
and E together With the atom to Which they are attached form 
a ring selected from the group consisting of heteroaryl and 
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6 
heterocycle, or R31 and R4 together With the atoms to Which 
they are attached form a heterocycle; 

R32 and R33 are each independently selected from the 
group consisting of hydrogen, alkyl, carboxy, carboxyalkyl, 
cycloalkyl, cycloalkyloxy, carboxycycloalkyl, aryl, 
arylalkyl, aryloxy, aryloxyalkyl, heterocycle, 
heterocyclealkyl, heterocycleoxyalkyl, heterocycleoxy, 
hydroxy, alkoxy, alkylsufonyl, cycloalkylsulfonyl, 
arylsulfonyl, and heterocyclesulfonyl, or R32 and R33 
together With the atom to Which they are attached form a 
heterocycle; 

R34 and R35 are each independently selected from the 
group consisting of hydrogen, alkyl, carboxy, carboxyalkyl, 
cycloalkyl, cycloalkyloxy, carboxycycloalkyl, aryl, 
arylalkyl, aryloxy, aryloxyalkyl, heterocycle, 
heterocyclealkyl, heterocycleoxyalkyl, heterocycleoxy, 
hydroxy, alkoxy, alkylsufonyl, cycloalkylsulfonyl, 
arylsulfonyl, and heterocyclesulfonyl, or R34 and R35 
together With the atom to Which they are attached form a 
heterocycle; and 

R36 and R37 are each independently selected from the 
group consisting of hydrogen, alkyl and aryl. 
A further aspect of the present invention encompasses the 

use of the compounds of formula (I) for the treatment of 
disorders that are mediated by l l-beta-hydroxysteroid dehy 
drogenase Type 1 enzyme, such as non-insulin dependent 
type 2 diabetes, insulin resistance, obesity, lipid disorders, 
metabolic syndrome and other diseases and conditions that 
are mediated by excessive glucocorticoid action, comprising 
administering a therapeutically effective amount of a com 
pound of formula 

According to still another aspect, the present invention is 
directed to a pharmaceutical composition comprising a 
therapeutically effective amount of a compound of formula 
(I) in combination With a pharmaceutically suitable carrier. 

DETAILED DESCRIPTION OF THE INVENTION 

One aspect of the present invention is directed toward a 
compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof 

(1) 

Al 

Wherein 
one of A1, A2, A3 and A4 is selected from the group con 

sisting of alkyl-NH-alkyl, alkylcarbonyl, alkylsulfonyl, 
cycloalkyl, cycloalkylcarbonyl, cycloalkylsulfonyl, 
arylcarbonyl, arylsulfonyl, heteroaryl, heteroarylalkyl, 
heteroaryloxyalkyl, heterocyclecarbonyl, 
heterocyclesulfonyl, aryll, arylalkyl, aryloxyalkyl, 
carboxyalkyl, carboxycycloalkyl, haloalkyl, 
heterocyclealkyl, heterocycleoxyalkyl, iS(O)2iN(R5R6), 
iNR7i[C(R8R9)]n%(O)iRlO, iO%C (R11R12)]Pi 
C(O)iRl3, ADRM“, iN(R15Rl6), %OZR17, iC(O)i 
N(R18Rl9)’ iC(R20R2I)iOR22’ iC(R23R24)iN 
(R25R26), and heterocycle, With the exception that 5 
membered heterocycles may not contain two oxygen atoms, 
and the remaining members of the group consisting of A1, 
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A2, A3 and A4 are each individually selected from the group 
consisting of hydrogen, alkyl, alkyl-NH-alkyl, 
alkylcarbonyl, alkylsulfonyl, cycloalkyl, 
cycloalkylcarbonyl, cycloalkylsulfonyl, arylcarbonyl, 
arylsulfonyl, heterocyclecarbonyl, heterocyclesulfonyl, aryl, 
arylalkyl, aryloxyalkyl, carboxyalkyl, carboxycycloalkyl, 
halogen, haloalkyl, heteroaryl, heteroarylalkyl, 
heteroaryloxyalkyl, heterocycle, heterocyclealkyl, 
heterocycleoxyalkyl, iS(O)2iN(R5R6), iNR7i[C 
(R8R9)]niC(O)iRlO, iOi[C(Rl1R12)]PiC(O)iRl3, 
iORW’, iN(R15Rl6), iCOzRU, %(O)iN(R18R19), 
iC(R20R21)4OR22’ and iC(R23R24)iN(R25R26); 
n is 0 or 1; 

p is 0 or 1; 
D is selected from the group consisting of a bond, 

iC(R27R28)iXi and iC(R27R28)%(R29R3O)iXi; 
E is selected from the group consisting of a cycloalkyl, 

alkyl, aryl, heteroaryl and heterocycle, Wherein the het 
eroaryl and the heterocycle are appended to the parent 
molecular moiety through an available carbon atom, or R4 
and E together With the atoms to Which they are attached 
form a ring selected from the group consisting of cycloalkyl 
and heterocycle; 
X is selected from the group consisting of a bond, 

iN(R3 l)i, ADi, iSi, iS(O)i and iS(O)2i; 
R1 is selected from the group consisting of hydrogen and 

alkyl; 
R2 is selected from the group consisting of hydrogen, 

alkyl and cycloalkyl; 
R3 and R4 are each independently selected from the group 

consisting of hydrogen, alkyl, carboxyalkyl, 
carboxycycloalkyl, cycloalkyl, haloalkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, heterocycle and 
heterocyclealkyl, or R3 and R4 together With the atom to 
Which they are attached form a ring selected from the group 
consisting of cycloalkyl and heterocycle; 

R5 and R6 are each independently selected from the group 
consisting of hydrogen, alkoxy, alkyl, alkylcarbonyl, 
alkylsufonyl, carboxy, carboxyalkyl, carboxycycloalkyl, 
cycloalkyl, cycloalkyloxy, cycloalkylsulfonyl, aryl, 
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxy, 
aryloxyalkyl, arylsulfonyl, heteroaryl, heteroarylalkyl, 
hetero arylalkylcarbonyl, heteroarylcarbonyl, 
heteroaryloxyalkyl, heteroarylsulfonyl, heterocycle, 
heterocyclealkyl, heterocyclealkylcarbonyl, 
heterocyclecarbonyl, heterocycleoxyalkyl, heterocycleoxy, 
heterocyclesulfonyl and hydroxy, or R5 and R6 together With 
the atom to Which they are attached form a heterocycle; 

R7 is selected from the group consisting of hydrogen, 
alkyl, carboxyalkyl, cycloalkyl, carboxycycloalkyl, aryl, 
arylalkyl, aryloxyalkyl, hydroxy, alkoxy, heteroaryl, 
heteroarylalkyl, heteroaryloxyalkyl, heterocycle, heterocy 
clealkyl and heterocycleoxyalkyl; 

R8 and R9 are each independently selected from the group 
consisting of hydrogen and alkyl, or R8 and R9 taken 
together With the atom to Which they are attached form a ring 
selected from the group consisting of cycloalkyl and hetero 
cycle; 

R10 is selected from the group consisting of hydrogen, 
alkyl, carboxyalkyl, cycloalkyl, carboxycycloalkyl, aryl, 
arylalkyl, aryloxy, aryloxyalkyl, hydroxy, alkoxy, 
cycloalkyloxy, heteroaryl, heteroarylalkyl, heteroaryloxy, 
heteroaryloxyalkyl, heterocycle, heterocyclealkyl, 
hetero cycleoxy, hetero cycleoxyalkyl and iN(R3 2R3 3 ); 

R1 1 and R12 are each independently selected from the 
group consisting of hydrogen and alkyl or R1 l and R12 taken 
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8 
together With the atom to Which they are attached form a ring 
selected from the group consisting of cycloalkyl and hetero 
cycle; 

R13 is selected from the group consisting of hydroxy and 
iN(R34R35); 
R14“ is selected from the group consisting of 

carboxyalkyl, cycloalkyl, carboxycycloalkyl, aryl, arylalkyl, 
aryloxyalkyl, haloalkyl, heteroaryl, heteroarylalkyl, 
heteroaryloxyalkyl, heterocycle, heterocyclealkyl and het 
erocycleoxyalkyl; 

Rl4b is selected from the group consisting of hydrogen, 
alkyl, carboxyalkyl, cycloalkyl, carboxycycloalkyl, aryl, 
arylalkyl, aryloxyalkyl, haloalkyl, heteroaryl, 
heteroarylalkyl, heteroaryloxyalkyl, heterocycle, heterocy 
clealkyl and heterocycleoxyalkyl; 

R1 5 and R1 6 are each independently selected from the 
group consisting of hydrogen, alkyl, alkylcarbonyl, 
carboxyalkyl, cycloalkyl, carboxycycloalkyl, aryl, arylalkyl, 
arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, heteroaryl, 
heteroarylalkyl, heteroarylalkylcarbonyl, 
heteroarylcarbonyl, heteroaryloxyalkyl, heteroarylsulfonyl, 
heterocycle, hetero cyclealkyl, hetero cyclealkylcarb onyl, 
heterocyclecarbonyl, heterocycleoxyalkyl, 
heterocyclesulfonyl, alkylsulfonyl, cycloalkylsulfonyl and 
arylsulfonyl, or R15 and R16 together With the atom to Which 
they are attached form a heterocycle; 

R17 is selected from the group consisting of hydrogen, 
alkyl, carboxyalkyl, cycloalkyl, carboxycycloalkyl, aryl, 
arylalkyl, aryloxyalkyl, heteroaryl, heteroarylalkyl, 
heteroaryloxyalkyl, heterocycle, heterocyclealkyl and het 
erocycleoxyalkyl; 

R18 and R19 are each independently selected from the 
group consisting of hydrogen, alkoxy, alkyl, alkylsufonyl, 
carboxy, carboxyalkyl, carboxycycloalkyl, cycloalkyl, 
cycloalkyloxy, cycloalkylsulfonyl, aryl, arylalkyl, aryloxy, 
aryloxyalkyl, arylsulfonyl, heteroaryl, heteroarylalkyl, 
heteroaryloxyalkyl, heteroarylsulfonyl, heterocycle, 
heterocyclealkyl, heterocycleoxyalkyl, heterocycleoxy, het 
erocyclesulfonyl and hydroxy, or R18 and R19 together With 
the atom to Which they are attached form a heterocycle; 

R20, R21 and R22 are each independently selected from the 
group consisting of hydrogen, alkyl, aryl, arylalkyl, 
carboxyalkyl, carboxycycloalkyl, cycloalkyl, haloalkyl, 
heteroaryl, heteroarylalkyl, heterocycle and heterocy 
clealkyl; 

R23 and R24 are each independently selected from the 
group consisting of hydrogen, alkyl, alkylcarbonyl, 
alkylsulfonyl, aryl, arylcarbonyl, arylsulfonyl, carboxyalkyl, 
carboxycycloalkyl, cycloalkyl, cycloalkylcarbonyl, 
cycloalkylsulfonyl, heteroaryl, heteroarylcarbonyl, 
heteroarylsulfonyl, heterocycle, heterocyclecarbonyl and 
heterocyclesulfonyl; 

R25 and R26 are each independently selected from the 
group consisting of hydrogen, alkoxy, alkyl, alkylcarbonyl, 
alkylsulfonyl, aryl, arylcarbonyl, aryloxy, arylsulfonyl, 
carboxyalkyl, carboxycycloalkyl, cycloalkyl, 
cycloalkylcarbonyl, cycloalkyloxy, cycloalkylsulfonyl, 
heteroaryl, heteroarylcarbonyl, heteroaryloxy, 
heteroarylsulfonyl, heterocycle, heterocyclecarbonyl, 
heterocycleoxy, heterocyclesulfonyl and hydroxy, or R25 
and R26 together With the nitrogen to Which they are attached 
form a ring selected from the group consisting of heteroaryl 
and heterocycle; 

R27 and R28 are each independently selected from the 
group consisting of hydrogen, alkyl, aryl, cycloalkyl, het 
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eroaryl and heterocycle or R27 and R28 together with the 
atom to which they are attached form a ring selected from 
the group consisting of cycloalkyl and heterocycle, or R27 
and R29 together with the atoms to which they are attached 
form a ring selected from the group consisting of cycloalkyl 
and heterocycle, or R28 and R4 together with the atoms to 
which they are attached form a ring selected from the group 
consisting of cycloalkyl and heterocycle; 

R29 and R30 are each independently selected from the 
group consisting of hydrogen, alkyl, alkoxy, aryl, aryloxy, 
cycloalkyl, cycloalkyloxy, heteroaryl, heterocycle, and 
iN(R36R37), or R29 and R30 together with the atom to 
which they are attached form a ring selected from the group 
consisting of cycloalkyl and heterocycle, or R29 and R4 
together with the atoms to which they are attached form a 
ring selected from the group consisting of cycloalkyl and 
heterocycle, or R29 and E together with the atoms to which 
they are attached form a ring selected from the group con 
sisting of cycloalkyl and heterocycle; 

R31 is selected from the group consisting of hydrogen, 
alkyl, aryl, cycloalkyl, heterocycle and heteroaryl, or R31 
and E together with the atom to which they are attached form 
a ring selected from the group consisting of heteroaryl and 
heterocycle, or R31 and R4 together with the atoms to which 
they are attached form a heterocycle; 

R32 and R33 are each independently selected from the 
group consisting of hydrogen, alkyl, carboxy, carboxyalkyl, 
cycloalkyl, cycloalkyloxy, carboxycycloalkyl, aryl, 
arylalkyl, aryloxy, aryloxyalkyl, heterocycle, 
heterocyclealkyl, heterocycleoxyalkyl, heterocycleoxy, 
hydroxy, alkoxy, alkylsufonyl, cycloalkylsulfonyl, 
arylsulfonyl, and heterocyclesulfonyl, or R32 and R33 
together with the atom to which they are attached form a 
heterocycle; 

R34 and R35 are each independently selected from the 
group consisting of hydrogen, alkyl, carboxy, carboxyalkyl, 
cycloalkyl, cycloalkyloxy, carboxycycloalkyl, aryl, 
arylalkyl, aryloxy, aryloxyalkyl, heterocycle, 
heterocyclealkyl, heterocycleoxyalkyl, heterocycleoxy, 
hydroxy, alkoxy, alkylsufonyl, cycloalkylsulfonyl, 
arylsulfonyl, and heterocyclesulfonyl, or R34 and R35 
together with the atom to which they are attached form a 
heterocycle; and 

R36 and R37 are each independently selected from the 
group consisting of hydrogen, alkyl and aryl. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; and A1, R3, R4, D and E are as 

described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
D is a bond; and A1, R3, R4 and E are as described in the 

summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 
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10 
A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 

D is a bond; 
E is selected from the group consisting of alkyl, aryl, and 

heteroaryl; and 
A1, R3, and R4 are as described in the summary of the 

invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 

D is a bond; 

E is selected from the group consisting of alkyl, aryl and 
heteroaryl; 

R3 and R4 are hydrogen; and 
Al is selected from the group consisting of heteroaryl, 

4COZR17, 4C(O)iN(R18R19), alkylsulfonyl and iS(O)2 
iN(R5R6); wherein R5, R6, R17, R18 and R19 are as 
described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 

D is a bond; 

E is selected from the group consisting of alkyl, aryl and 
heteroaryl; 

R3 is hydrogen; 
R4 is alkyl; and 
Al is selected from the group consisting of heteroaryl, 

4COZR17, 4C(O)iN(R18R19), alkylsulfonyl and iS(O)2 
iN(R5R6); wherein R5, R6, R17, R18 and R19 are as 
described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 

D is a bond; 

E is selected from the group consisting of alkyl, aryl and 
heteroaryl; 

R3 and R4 are alkyl; and 
Al is selected from the group consisting of heteroaryl, 

4COZR17, 4C(O)iN(R18R19), alkylsulfonyl and iS(O)2 
iN(R5R6); wherein R5, R6, R17, R18 and R19 are as 
described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
D is a bond; 
E is selected from the group consisting of alkyl, aryl and 

heteroaryl; 
R3 and R4 together with the atom to which the are 

attached form a ring selected from the group consisting of 
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cycloalkyl and heterocycle; and Al is as described in the 
summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 

D is a bond; 

E is selected from the group consisting of alkyl, aryl and 
heteroaryl; 

R3 and R4 together with the atom to which they are 
attached form a cycloalkyl ring; and 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl and iS(O)2 
iN(R5R6); wherein R5, R6, R17, R18 and R19 are as 
described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
D is a bond; 

E is selected from the group consisting of alkyl, aryl and 
heteroaryl; 

R3 and R4 together with the atom to which they are 
attached form a heterocycle ring; and 

Al is selected from the group consisting of heteroaryl, 
iCOZRU, iC(O)iN(R18R19), alkylsulfonyl and iS(O)2 
iN(R5R6); wherein R5, R6, R17, R18 and R19 are as 
described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 

D is a bond; 
R4 and E together with the atoms to which they are 

attached form a ring selected from the group consisting of 
cycloalkyl and heterocycle; and 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl and iS(O)2 
iN(R5R6); wherein R3, R5, R6, R17, R18 and R19 are as 
described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (II), or a pharmaceutically accept 
able salt, prodrug, salt of a prodrug, or a combination 
thereof, 

(11) 
A3 2 

R1 R3 
N )z 

A1 N\ 
0 

A4 0 R38 
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12 
wherein 

tis l or 2; 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
R3 is alkyl; 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl, and 
iS(O)2 iN(R5R6); wherein R5, R6, R17, R18 and R19 are 
as described in the summary of the invention; and 

R38 is selected from the group consisting of arylalkyl and 
heteroarylalkyl wherein the aryl of the arylalkyl and the het 
eroaryl of the heteroarylalkyl are each independently unsub 
stituted or substituted with l, 2 or 3 substituents selected 
from the group consisting of alkyl, halogen and haloalkyl. 

Another aspect of the present invention is directed toward 
a compound of formula (III), or a pharmaceutically accept 
able salt, prodrug, salt of a prodrug, or a combination 
thereof, 

(III) 
A3 R2 

R1 | R3 
N )1 

A1 N\ 
O 

A4 R38 

A2 

wherein 

tis l or 2; 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
R3 is alkyl; 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl, and 
iS(O)2 iN(R5R6); wherein R5, R6, R17, R18 and R19 are 
as described in the summary of the invention; and 

R38 is selected from the group consisting of arylalkyl and 
heteroarylalkyl wherein the aryl of the arylalkyl and the het 
eroaryl of the heteroarylalkyl are each independently unsub 
stituted or substituted with l, 2 or 3 substituents selected 
from the group consisting of alkyl, halogen and haloalkyl. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
D is selected from the group consisting of iC(R27R28)i 

Xi and iC(R27R28)iC(R29R3O)iXi; and R27, R28, 
R29, R30, X, Al, R3, R4 and E are as described in the sum 
mary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
D is selected from the group consisting of iC(R27R28)i 

Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, R30, and X are as described in the summary of the 
invention; 
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E is selected from the group consisting of aryl and het 
eroaryl; and A1, R3, and R4 are as described in the summary 
of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 

D is selected from the group consisting of iC(R27R28)i 
Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are as described in the summary of the 
invention; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is a bond; and A1, R3, and R4 are as described in the 

summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 

D is selected from the group consisting of iC(R27R28)i 
Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are each independently selected from the 
group consisting of hydrogen and alkyl; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is a bond; 
R3 and R4 are hydrogen; and 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl, and 
iS(O)2 iN(R5R6); wherein R5, R6, R17, R18 and R19 are 
as described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 

D is selected from the group consisting of iC(R27R28)i 
Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are each independently selected from the 
group consisting of hydrogen and alkyl; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is a bond; 
R3 is hydrogen; 
R4 is alkyl and 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl, and 
iS(O)2 iN(R5R6); wherein R5, R6, R17, R18 and R19 are 
as described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
D is selected from the group consisting of iC(R27R28)i 

Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
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14 
R28, R29, and R30 are each independently selected from the 
group consisting of hydrogen and alkyl; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is a bond; 
R3 and R4 are alkyl; and 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl, and 
iS(O)2 iN(R5R6); wherein R5, R6, R17, R18 and R19 are 
as described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
D is selected from the group consisting of iC(R27R28)i 

Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are as described in the summary of the 
invention; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is a bond; 
R3 and R4 together with the atom to which they are 

attached form a ring selected from the group consisting of 
cycloalkyl and heterocycle; and Al is as described in the 
summary of the invention. 
Another aspect of the present invention is directed toward 

a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
D is selected from the group consisting of iC(R27R28)i 

Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are each independently selected from the 
group consisting of hydrogen and alkyl; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is a bond; 
R3 and R4 together with the atom to which they are 

attached form a cycloalkyl ring; and 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl, and 
iS(O)2 iN(R5R6); wherein R5, R6, R17, R18 and R19 are 
as described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
D is selected from the group consisting of iC(R27R28)i 

Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are each independently selected from the 
group consisting of hydrogen and alkyl; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is a bond; 
R3 and R4 together with the atom to which they are 

attached form a heterocycle ring; and 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl, and 



US RE41,135 E 
15 

iS(O)2 iN(R5R6); wherein R5, R6, R17, R18 and R19 are 
as described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 

D is selected from the group consisting of iC(R27R28)i 
Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are as described in the summary of the 
invention; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is selected from the group consisting of iN(R3l)i 

and 40*; and A1, R3, and R4 are as described in the sum 
mary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 

D is selected from the group consisting of iC(R27R28)i 
Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are each independently selected from the 
group consisting of hydrogen and alkyl; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is selected from the group consisting of iN(R3l)i 

and iOi; 
R3 and R4 are hydrogen; and 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl, and 
iS(O)2 iN(R5R6); wherein R5, R6, R17, R18 and R19 are 
as described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 

D is selected from the group consisting of iC(R17R28)i 
Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are each independently selected from the 
group consisting of hydrogen and alkyl; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is selected from the group consisting of iN(R3l)i 

and iOi; 
R3 is hydrogen; 
R4 is alkyl; and 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl, and 
iS(O)2 iN(R5R6); wherein R5, R6, R17, R18 and R19 are 
as described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
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16 
D is selected from the group consisting of iC(R27R28)i 

Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are each independently selected from the 
group consisting of hydrogen and alkyl; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is selected from the group consisting of iN(R3l)i 

and iOi; 
R3 and R4 are alkyl; and 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl, and 
iS(O)2 iN(R5R6); wherein R5, R6, R17, R18 and R19 are 
as described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
D is selected from the group consisting of iC(R27R28)i 

Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are each independently selected from the 
group consisting of hydrogen and alkyl; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is selected from the group consisting of iN(R3l)i 

and iOi; 
R3 and R4 together with the atom to which they are 

attached form a ring selected from the group consisting of 
cycloalkyl and heterocycle; and 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl, and 
iS(O)2 iN(R5R6); wherein R5, R6, R17, R18 and R19 are 
as described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
D is selected from the group consisting of iC(R27R28)i 

Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are each independently selected from the 
group consisting of hydrogen and alkyl; 
E is selected from the group consisting of aryl and het 

eroaryl; 
X is selected from the group consisting of iN(R3l)i 

and iOi; 
R3 and R4 together with the atom to which they are 

attached form a cycloalkyl ring; and 
Al is selected from the group consisting of heteroaryl, 

iCOZRU, iC(O)iN(R18R19), alkylsulfonyl, and 
iS(O)2 iN(R5R6); wherein R5, R6, R17, R18 and R19 are 
as described in the summary of the invention. 

Another aspect of the present invention is directed toward 
a compound of formula (I), or a pharmaceutically acceptable 
salt, prodrug, salt of a prodrug, or a combination thereof, 
wherein 

A2, A3 and A4 are hydrogen; 
R1 and R2 are hydrogen; 
D is selected from the group consisting of iC(R27R28)i 

Xi and iC(R27R28)iC(R29R3O)iXi; wherein R27, 
R28, R29, and R30 are each independently selected from the 
group consisting of hydrogen and alkyl; 
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methyl (E)-4-{[(1-phenylcyclopropyl)carbonyl] 
amino }adamantane- 1 -carboxylate; 

(E)-4-{[2-(6-?uoropyridin-3-yl)-2-methylpropanoyl] 
amino }adamantane- 1 -carboxamide; 

(E)-N-[3-(aminocarbonyl)benzyl]4-[(2-methyl-2 
phenylprop anoyl)amino ]adamantane-1 -carboxamide; 
N-[(E)-5 -(aminocarbonyl)-2-adamantyl]-1-(2 

chlorobenzyl)-3 -methyl-2-oxopiperidine-3 -carboxamide; 
N-[(E)-5-(aminocarbonyl)-2-adamantyl]-3-methyl-2 

oxo-1-(pyridin-4-ylmethyl)pyrrolidine-3 -carboxamide; 
(E)-4-{[2-methyl-2-(4-phenoxyphenyl)propanoyl] 

amino }adamantane- 1 -carboxylic acid; 
N-[(E)-5 -(amino sulfonyl)-2-adamantyl]-1 

phenylcyclopropanecarboxamide; 
(E)-4-({3-[(5-cyanopyridin-2-yl)oxy]-2,2 

dimethylpropanoyl } amino)adamantane-1 -carboxamide; 
N-[(E)-5-(aminocarbonyl)-2-adamantyl]-3-methyl-2 

oxo- 1 -(1 -pyridin-2-ylethyl)pyrrolidine-3 -carboxamide; 
(E)-4-[(2-methyl-3 -phenylpropanoyl)amino]adamantane 

1-carboxamide; 
(E)-4-{[2-methyl-2-(6-morpholin-4-ylpyridin-3-yl) 

propanoyl]amino}adamantane-1-carboxamide; 
methyl (E)-4 -({[1-(4-chlorophenyl)cyclobutyl] 

carbonyl}amino)adamantane-1-carboxylate; 
N- [(E)-5-(aminocarbonyl)-2-adamantyl] -3-methyl-2 

oxo-1-(pyridin-3-ylmethyl)pyrrolidine-3 -carboxamide; 
(E)-4-[(2-methyl-2-{6-[(2-morpholin-4-ylethyl)amino] 

pyridin-3 -yl }propanoyl)amino ]adamantane- 1 -carboxamide; 
(E)-4-[(2-methyl-2-{4-[(E)-2-pyridin-4-ylvinyl] 

phenyl }prop anoyl)amino ]adamantane-1 -carboxamide; 
N-[(E)-5 -(aminosulfonyl)-2-adamantyl]-2-(4 

chlorophenyl)-2-methylpropanamide; 
(E)-4-({2-methyl-2-[3-(2-morpholin-4-ylethoxy)phenyl] 

propanoyl}amino)adamantane-1-carboxamide; 
(E)-4-{[2-(3-cyanopyridin-2-yl)-2-methylpropanoyl] 

amino }adamantane- 1 -carboxamide; 
(E)-4-({2-methyl-2-[6-(4-methylpiperazin-1-yl)pyridin 

3 -yl]propanoyl } amino)adamantane-1 -carboxamide; 
N-[(E)-5-(aminocarbonyl)-2-adamantyl]-3-methyl-2 

oxo-1-(pyridin-2-ylmethyl)pyrrolidine-3 -carboxamide; 
(E)-N-[4-(aminosulfonyl)benzyl]-4-[(2-methyl-2 

phenylprop anoyl)amino ]adamantane-1 -carboxamide; 
(E) -4-({2-methyl-2 -[4 -(pentyloxy)phenyl] 

propanoyl}amino)adamantane-1-carboxylic acid; 
(E)-4-({2-methyl-2-[4-(1,3 -thiazol-4 -ylmethoxy)phenyl] 

propanoyl}amino)adamantane-1-carboxylic acid; 
(E)-4-[(2-methyl-2-phenylpropanoyl)amino]-N-(1,3 - 

thiazol-5 -ylmethyl)adamantane-1 -carboxamide; 
(E)-4-({2-[4-(benzyloxy)phenyl]-2 

methylpropanoyl}amino)adamantane-1 -carboxylic acid; 
(E)-4-{[2-(5-cyanopyridin-2-yl)-2-methylpropanoyl] 

amino }adamantane- 1 -carboxamide; 
(E)-4-{[2-(4-chlorophenyl)-2-methylpropanoyl] 

amino }adamantane- 1 -carboxylic acid; 
4-[({[(E)-4-({2-methyl-2-[5-(tri?uoromethyl)pyridin-2 

yl]propanoyl}amino)-1-adamantyl]carbonyl}amino) 
methyl]benzoic acid; 

4-{[({(E)-4-[(2-methyl-2-phenylpropanoyl)amino]-1 
adamantyl}carbonyl)amino]methyl}benzoic acid; 

3-{[({(E)-4-[(2-methyl-2-phenylpropanoyl)amino]-1 
adamantyl}carbonyl)amino]methyl}benzoic acid; 

(E) -4-({[1- (4-methylphenyl)cyclopropyl] 
carbonyl}amino)adamantane-1-carboxylic acid; 
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20 
(E)-4-[(2-methyl-2-phenylpropanoyl)amino]-N-(pyridin 

4 -ylmethyl)adamantane- 1 -carboxamide; 
(E)-4-({[1-(2,4-dichlorophenyl)cyclopropyl] 

carbonyl}amino)adamantane-1-carboxylic acid; 
(E)-N-(2-furylmethyl)-4-[(2-methyl-2-phenylpropanoyl) 

amino]adamantane-1 -carb oxamide; 
3-[(E)-4-({2-methyl-2-[5-(tri?uoromethyl)pyridin-2-yl] 

propanoyl}amino)-1-adamantyl]-1H-pyrazole-5 - 

carboxamide; 
(E)-4-[(2-methyl-2-phenylpropanoyl)amino]-N-(pyridin 

3 -ylmethyl)adamantane- 1 -carboxamide; 
(E)-4-[(2-methyl-2-phenylpropanoyl)amino]-N-(pyridin 

2 -ylmethyl)adamantane- 1 -carboxamide; 
(E)-4-({2-[4-(cyclohexylmethoxy)phenyl]-2 

methylpropanoyl}amino)adamantane-1 -carboxylic acid; 
(E)-4-[(2-methyl-2-{4-[5-(tri?uoromethyl)pyridin-2-yl] 

phenyl}propanoyl)amino]adamantane-1-carboxylic acid; 
and 

N-[(E)-5 -(aminosulfonyl)-2-adamantyl]-1-(2 
chlorobenzyl)-3 -methyl-2-oxopyrrolidine-3 -carboxamide. 

Another embodiment of the present invention discloses a 
method of inhibiting 1 1-beta-hydroxysteroid dehydrogenase 
Type 1 enzyme, comprising administering to a mammal, a 
therapeutically effective amount of the compound of for 
mula (I). 

Another embodiment of the present invention discloses a 
method of treating disorders in a mammal by inhibiting 
11-beta-hydroxysteroid dehydrogenase Type 1 enzyme, 
comprising administering to a mammal, a therapeutically 
effective amount of the compound of formula (I). 

Another embodiment of the present invention discloses a 
method of treating non-insulin dependent type 2 diabetes in 
a mammal by inhibiting 11-beta-hydroxysteroid dehydroge 
nase Type I enzyme comprising administering to a mammal, 
a therapeutically effective amount of the compound of for 
mula (I). 

Another embodiment of the present invention discloses a 
method of treating insulin resistance in a mammal by inhib 
iting 11-beta-hydroxysteroid dehydrogenase Type I enzyme 
comprising administering to a mammal, a therapeutically 
effective amount of the compound of formula (I). 

Another embodiment of the present invention discloses a 
method of treating obesity in a mammal by inhibiting 
11-beta-hydroxysteroid dehydrogenase Type I enzyme com 
prising administering to a mammal, a therapeutically effec 
tive amount of the compound of formula (I). 

Another embodiment of the present invention discloses a 
method of treating lipid disorders in a mammal by inhibiting 
11-beta-hydroxysteroid dehydrogenase Type I enzyme com 
prising administering to a mammal, a therapeutically effec 
tive amount of the compound of formula (I). 

Another embodiment of the present invention discloses a 
method of treating metabolic syndrome in a mammal by 
inhibiting 11-beta-hydroxysteroid dehydrogenase Type I 
enzyme comprising administering to a mammal, a therapeu 
tically effective amount of the compound of formula (I). 

Another embodiment of the present invention discloses a 
method of treating diseases and conditions that are mediated 
by excessive glucocorticoid action in a mammal by inhibit 
ing 11-beta-hydroxysteroid dehydrogenase Type I enzyme 
comprising administering to a mammal, a therapeutically 
effective amount of the compound of formula (I). 

Another embodiment of the present invention discloses a 
pharmaceutical composition comprising a therapeutically 



US RE41,135 E 
21 

effective amount of the compound of formula (I) in combi 
nation With a pharmaceutically suitable carrier. 
De?nition of Terms 

The term “alkenyl” as used herein, refers to a straight or 
branched chain hydrocarbon containing from 2 to 10 car 
bons and containing at least one carbon-carbon double bond 
formed by the removal of two hydrogens. Representative 
examples of alkenyl include, but are not limited to, ethenyl, 
2-propenyl, 2-methyl-2-propenyl, 3-butenyl, 4-pentenyl, 
5-hexenyl, 2-heptenyl, 2-methyl-l-heptenyl, and 3-decenyl. 
The term “alkoxy” as used herein, refers to an alkyl group, 

as de?ned herein, appended to the parent molecular moiety 
through an oxygen atom. Representative examples of alkoxy 
include, but are not limited to, methoxy, ethoxy, propoxy, 
2-propoxy, butoxy, tert-butoxy, pentyloxy and hexyloxy. 

The term “alkoxyalkyl” as used herein, refers to an alkoxy 
group, as de?ned herein, appended to the parent molecular 
moiety through an alkyl group, as de?ned herein. Represen 
tative examples of alkoxyalkyl include, but are not limited 
to, tert-butoxymethyl, 2-ethoxyethyl, 2-methoxyethyl and 
methoxymethyl . 

The term “alkoxycarbonyl” as used herein, refers to an 
alkoxy group, as de?ned herein, appended to the parent 
molecular moiety through a carbonyl group, as de?ned 
herein. Representative examples of alkoxycarbonyl include, 
but are not limited to, methoxycarbonyl, ethoxycarbonyl and 
tert-butoxycarbonyl. 

The term “alkyl” as used herein, refers to a straight or 
branched chain hydrocarbon containing from 1 to 10 carbon 
atoms. Representative examples of alkyl include, but are not 
limited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec 
butyl, iso-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, 
n-hexyl, 3-methylhexyl, 2,2-dimethylpentyl, 2,3 
dimethylpentyl, n-heptyl, n-octyl, n-nonyl and n-decyl. 

The term “alkylcarbonyl,” as used herein, refers to an 
alkyl group, as de?ned herein, appended to the parent 
molecular moiety through a carbonyl group, as de?ned 
herein. Representative examples of alkylcarbonyl include, 
but are not limited to, acetyl, l-oxopropyl, 2,2-dimethyl-l 
oxopropyl, l-oxobutyl and l-oxopentyl. 

The term “alkylsulfonyl” as used herein, refers to an alkyl 
group, as de?ned herein, appended to the parent molecular 
moiety through a sulfonyl group, as de?ned herein. Repre 
sentative examples of alkylsulfonyl include, but are not lim 
ited to, methylsulfonyl and ethylsulfonyl. 

The term “alkyl-NH” as used herein, refers to an alkyl 
group, as de?ned herein, appended to the parent molecular 
moiety through a nitrogen atom. 

The term “alkyl-NH-alkyl” as used herein, refers to an 
alkyl-NH group, as de?ned herein, appended to the parent 
molecular moiety through an alkyl group, as de?ned herein. 

The term “aryl” as used herein, means a phenyl group, or 
a bicyclic or a tricyclic fused ring system. Bicyclic fused 
ring systems are exempli?ed by a phenyl group appended to 
the parent molecular moiety and fused to a monocyclic 
cycloalkyl group, as de?ned herein, a phenyl group, a mono 
cyclic heteroaryl group, as de?ned herein, or a monocyclic 
heterocycle, as de?ned herein. Tricyclic fused ring systems 
are exempli?ed by an aryl bicyclic fused ring system, as 
de?ned herein and fused to a monocyclic cycloalkyl group, 
as de?ned herein, a phenyl group, a monocyclic heteroaryl 
group, as de?ned herein, or a monocyclic heterocycle, as 
de?ned herein. Representative examples of aryl include, but 
are not limited to, anthracenyl, azulenyl, ?uorenyl, indanyl, 
indenyl, naphthyl, phenyl and tetrahydronaphthyl. 

The aryl groups of this invention may be optionally sub 
stituted With 1, 2, 3, 4 or 5 substituents independently 
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22 
selected from alkenyl, alkoxy, alkoxyalkoxy, alkoxyalkyl, 
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, 
alkynyl, aryl, arylalkenyl, arylalkyl, arylalkoxy, 
arylcarbonyl, aryloxy, arylsulfonyl, carboxy, carboxyalkyl, 
cyano, cyanoalkyl, cycloalkylalkoxy, ethylenedioxy, formyl, 
haloalkoxy, haloalkyl, halogen, heteroaryl, 
heteroarylalkenyl, heteroarylalkyl, heteroarylalkoxy, 
heteroarylcarbonyl, heterocycle, heterocyclealkyl, 
heterocyclealkoxy, heterocyclecarbonyl, heterocycleoxy, 
hydroxy, hydroxyalkyl, nitro, R/R Ni, R/RgNalkyl, 
RngNcarbonyl and RR sulfonyl, W?erein Rf and Rg are 
independently selecte from the group consisting of 
hydrogen, alkyl, alkoxyalkyl, alkylcarbonyl, alkylsulfonyl, 
cycloalkyl, heterocyclealkyl and cycloalkylalkyl and 
Wherein the cycloalkyl, the heterocycle of heterocyclealkyl 
and the cycloalkyl of cycloalkylalkyl as represented by Rf 
and Rg are each independently unsubstituted or substituted 
With 1, 2 or 3 substituent selected from the group consisting 
of alkyl, haloalkyl and halogen. The substituent aryl, the aryl 
of arylalkyl, the aryl of arylalkenyl, the aryl of arylalkoxy, 
the aryl of arylcarbonyl, the aryl of aryloxy, the aryl of 
arylsulfonyl, the cycloalkyl of cycloalkylalkoxy, the sub 
stituent heteroaryl, the heteroaryl, of heteroarylalkyl, the 
heteroaryl of heteroarylalkenyl, the heteroaryl of 
heteroarylalkoxy, the heteroaryl of heteroarylcarbonyl, the 
substituent heterocycle, the heterocycle of heterocyclealkyl, 
the heterocycle of heterocyclealkoxy, the heterocycle of 
heterocyclecarbonyl, the heterocycle of heterocycleoxy, the 
heterocycle of heterocyclesulfonyl may be optionally substi 
tuted With 1, 2 or 3 substituents independently selected from 
the group consisting of alkoxy, alkoxyalkyl, alkoxycarbonyl, 
alkyl, alkylcarbonyl, alkynyl, carboxy, carboxyalkyl, cyano, 
haloalkyl, halogen, hydroxy, hydroxyalkyl, nitro, RngNi, 
RngNalkyl, R/Rcharbonyl and RngNsulfonyl. 
The term “aryll” as used herein, refers to a substituted 

phenyl group Wherein the substituent is a member selected 
from the group consisting of alkenyl, alkoxy, alkoxyalkoxy, 
alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, 
alkylcarbonyl, alkynyl, aryl, arylcarbonyl, aryloxy, 
arylsulfonyl, carboxy, carboxyalkyl, cyano, cyanoalkyl, 
ethylenedioxy, formyl, haloalkoxy, haloalkyl, halogen, 
heteroaryl, heteroarylalkyl, heteroarylcarbonyl, heterocycle, 
heterocyclecarbonyl, heterocycleoxy, hydroxy, hydroxy 
alkyl and nitro, or a bicyclic or a tricyclic fused ring system. 
Bicyclic fused ring systems are exempli?ed by a phenyl 
group appended to the parent molecular moiety, Which is 
fused to a cycloalkyl group, as de?ned herein, a phenyl 
group, a heteroaryl, as de?ned herein, or a heterocycle as 
de?ned herein. Tricyclic fused ring systems are exempli?ed 
by an aryl bicyclic fused ring system fused to a cycloalkyl 
group, as de?ned herein, a phenyl group, a heteroaryl, as 
de?ned herein, or a heterocycle as de?ned herein. Bicyclic 
and tricyclic fused ring systems of this invention may be 
optionally substituted With 1, 2, 3, 4 or 5 substituents inde 
pendently selected from alkenyl, alkoxy, alkoxyalkoxy, 
alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, 
alkylcarbonyl, alkynyl, aryl, arylcarbonyl, aryloxy, 
arylsulfonyl, carboxy, carboxyalkyl, cyano, cyanoalkyl, 
ethylenedioxy, formyl, haloalkoxy, haloalkyl, halogen, 
heteroaryl, heteroarylalkyl, heteroarylcarbonyl, heterocycle, 
heterocyclecarbonyl, heterocycleoxy, hydroxy, 
hydroxyalkyl, nitro, RngNi, RngNalkyl, RngNcarbonyl 
and RngNsulfonyl, Wherein Rf and Rg are as described 
herein. Representative examples of aryl1 include, but are not 
limited to, anisole, aniline, anthracenyl, azulenyl, ?uorenyl, 
naphthyl, and tetrahydronaphthyl. 
The term “arylalkenyl” as used herein, refers to an aryl 

group, as de?ned herein, appended to the parent molecular 
moiety through an alkenyl group, as de?ned herein. 
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The term “arylalkyl” as used herein, refers to an aryl 
group, as de?ned herein, appended to the parent molecular 
moiety through an alkyl group, as de?ned herein. Represen 
tative examples of arylalkyl include, but are not limited to, 
benzyl, 2-phenylethyl, 3-phenylpropyl and 2-naphth-2 
ylethyl. 

The term “arylalkoxy” as used herein, refers to an aryl 
group, as de?ned herein, appended to the parent molecular 
moiety through an alkoxy group, as de?ned herein. 

The term “arylcarbonyl” as used herein, refers to an aryl 
group, as de?ned herein, appended to the parent molecular 
moiety through a carbonyl group, as de?ned herein. Repre 
sentative examples of arylcarbonyl include, but are not lim 
ited to, benzoyl and naphthoyl. 

The term “aryl-NHi” as used herein, refers to an aryl 
group, as de?ned herein, appended to the parent molecular 
moiety through a nitrogen atom. 

The term “aryl-NH-alkyl” as used herein, refers to an 
aryl-NHi group, as de?ned herein, appended to the parent 
molecular moiety through an alkyl group, as de?ned herein. 

The term “aryloxy,” as used herein, refers to an aryl group, 
as de?ned herein, appended to the parent molecular moiety 
through an oxy moiety, as de?ned herein. Representative 
examples of aryloxy include, but are not limited to, phenoxy, 
naphthyloxy, 3-bromophenoxy, 4-chlorophenoxy, 
4-methylphenoxy and 3,5-dimethoxyphenoxy. 

The term “aryloxyalkyl” as used herein, refers to an ary 
loxy group, as de?ned herein, appended to the parent 
molecular moiety through an alkyl carbonyl group, as 
de?ned herein. 

The term “arylsulfonyl” as used herein, refers to an aryl 
group, as de?ned herein, appended to the parent molecular 
moiety through a sulfonyl group, as de?ned herein. Repre 
sentative examples of arylsulfonyl include, but are not lim 
ited to, phenylsulfonyl 4-bromophenylsulfonyl and naphth 
ylsulfonyl. 

The term “carbonyl” as used herein refers to a 4C(O)i 
group. 

The term “carboxy” as used herein refers to a 4C(O)i 
OH group. 

The term “carboxyalkyl” as used herein refers to a car 
boxy group as de?ned herein, appended to the parent 
molecular moiety through an alkyl group as de?ned herein. 

The term “carboxycycloalkyl” as used herein refers to a 
carboxy group as de?ned herein, appended to the parent 
molecular moiety through an cycloalkyl group as de?ned 
herein. 
The term “cycloalkyl” as used herein, refers to a 

monocyclic, bicyclic, or tricyclic ring system. Monocyclic 
ring systems are exempli?ed by a saturated cyclic hydrocar 
bon group containing from 3 to 8 carbon atoms. Examples of 
monocyclic ring systems include cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. Bicy 
clic fused ring systems are exempli?ed by a cycloalkyl 
group appended to the parent molecular moiety, which is 
fused to an additional cycloalkyl group, as de?ned herein, a 
phenyl group, a heteroaryl, as de?ned herein, or a hetero 
cycle as de?ned herein. Tricyclic fused ring systems are 
exempli?ed by a cycloalkyl bicyclic fused ring system fused 
to an additional cycloalkyl group, as de?ned herein, a phenyl 
group, a heteroaryl, as de?ned herein, or a heterocycle as 
de?ned herein. Bicyclic ring systems are also exempli?ed by 
a bridged monocyclic ring system in which two non 
adjacent carbon atoms of the monocyclic ring are linked by 
an alkylene bridge of between one and three additional car 
bon atoms. Representative examples of bicyclic ring systems 
include, but are not limited to, bicyclo[3.l.l]heptane, 
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bicyclo[2.2.l]heptane, bicyclo[2.2.2]octane, bicyclo[3.2.2] 
nonane, bicyclo[3.3.l]nonane and bicyclo[4.2.l]nonane. 
Tricyclic ring systems are also exempli?ed by a bicyclic ring 
system in which two non-adjacent carbon atoms of the bicy 
clic ring are linked by a bond or an alkylene bridge of 
between one and three carbon atoms. Representative 
examples of tricyclic-ring systems include, but are not lim 
ited to, tricyclo[3.3.l.03’7]nonane and tricyclo[3.3.l.l3’7] 
decane (adamantane). 
The cycloalkyl groups of this invention may be substi 

tuted with l, 2, 3, 4 or 5 substituents independently selected 
from alkenyl, alkoxy, alkoxyalkoxy, alkoxyalkyl, 
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, 
alkynyl, aryl, arylalkyl, arylcarbonyl, aryloxy, arylsulfonyl, 
carboxy, carboxyalkyl, cyano, cyanoalkyl, cycloalkyl, 
ethylenedioxy, formyl, haloalkoxy, haloalkyl, halogen, 
heteroaryl, heteroarylalkyl, heteroarylcarbonyl, heterocycle, 
heterocyclealkyl, heterocyclecarbonyl, heterocycleoxy, 
hydroxy, hydroxyalkyl, nitro, R/RgNi, R/RgNalkyl, 
RngNcarbonyl and RngNsulfonyl, wherein Rf and Rg are 
independently selected from the group consisting of 
hydrogen, alkyl, alkoxyalkyl, alkylcarbonyl, alkylsulfonyl, 
cycloalkyl and cycloalkylalkyl. The substituent aryl, the aryl 
of arylalkyl, the aryl of arylcarbonyl, the aryl of aryloxy, the 
aryl of arylsulfonyl, the sub stituent heteroaryl, the heteroaryl 
of heteroarylalkyl, the heteroaryl of heteroarylcarbonyl, the 
substituent heterocycle, the heterocycle of heterocyclealkyl, 
the heterocycle of heterocyclecarbonyl, the heterocycle of 
heterocycleoxy, the heterocycle of heterocyclesulfonyl may 
be optionally substituted with 0, l, 2 or 3 substituents inde 
pendently selected from the group consisting of alkoxy, 
alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, alkynyl, 
carboxy, carboxyalkyl, cyano, haloalkyl, halogen, hydroxy, 
hydroxyalkyl, nitro, RngNi, RngNalkyl, RngNcarbonyl 
and RngNsulfonyl. 
The term “cycloalkylalkyl” as used herein, refers to a 

cycloalkyl group, as de?ned herein, appended to the parent 
molecular moiety through an alkyl group, as de?ned herein. 
Representative examples of cycloalkylalkyl include, but are 
not limited to, cyclopropylmethyl, 2-cyclobutylethyl, 
cyclopentylmethyl, cyclohexylmethyl and 
4-cycloheptylbutyl. 
The term “cycloalkylalkoxy” as used herein, refers to a 

cycloalkyl group, as de?ned herein, appended to the parent 
molecular moiety through an alkoxy group, as de?ned 
herein. 
The term “cycloalkylcarbonyl” as used herein, refers to 

cycloalkyl group, as de?ned herein, appended to the parent 
molecular moiety through a carbonyl group, as de?ned 
herein. Representative examples of cycloalkylcarbonyl 
include, but are not limited to, cyclopropylcarbonyl, 
2-cyclobutylcarbonyl and cyclohexylcarbonyl. 
The term “cycloalkyloxy,” as used herein, refers to 

cycloalkyl group, as de?ned herein, appended to the parent 
molecular moiety through an oxy group, as de?ned herein. 
The term “cycloalkylsulfonyl,” as used herein, refers to 

cycloalkyl group, as de?ned herein, appended to the parent 
molecular moiety through a sulfonyl group, as de?ned 
herein. Representative examples of cycloalkylsulfonyl 
include, but are not limited to, cyclohexylsulfonyl and 
cyclobutylsulfonyl. 
The term “halo” or “halogen,” as used herein, refers to 

4C1, iBr, *1 or iF. 
The term “haloalkyl,” as used herein, refers to at least one 

halogen, as de?ned herein, appended to the parent molecular 
moiety through an alkyl group, as de?ned herein. Represen 
tative examples of haloalkyl include, but are not limited to, 
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chloromethyl, 2-?uoroethyl, tri?uoromethyl, penta?uoroet 
hyl and 2-chloro-3-?uoropentyl. 

The term “heteroaryl,” as used herein, refers to an aro 
matic monocyclic ring or an aromatic bicyclic ring system. 
The aromatic monocyclic rings are ?ve or six membered 
rings containing at least one heteroatom independently 
selected from the group consisting of N, O and S. The ?ve 
membered aromatic monocyclic rings have two double 
bonds and the six membered aromatic monocyclic rings 
have three double bonds. The bicyclic heteroaryl groups are 
exempli?ed by a monocyclic heteroaryl ring appended to the 
parent molecular moiety and fused to a monocyclic 
cycloalkyl group, as de?ned herein, a monocyclic aryl 
group, as de?ned herein, a monocyclic heteroaryl group, as 
de?ned herein, or a monocyclic heterocycle, as de?ned 
herein. Representative examples of heteroaryl include, but 
are not limited to, benZimidazolyl, benzofuranyl, 
benzothiazolyl, benzothienyl, benzoxazolyl, furyl, 
imidazolyl, indazolyl, indolyl, indoliZinyl, isobenzofuranyl, 
isoindolyl, isoxazolyl, isoquinolinyl, isothiazolyl, 
naphthyridinyl, oxadiazolyl, oxazolyl, phthalaZinyl, 
pyridinyl, pyridaZinyl, pyrimidinyl, pyraZinyl, pyrazolyl, 
pyrrolyl, quinolinyl, quinoliZinyl, quinoxalinyl, 
quinazolinyl, tetrazolyl, thiadiazolyl, thiazolyl, thienyl, tria 
Zolyl and triaZinyl. 

The heteroaryls of this invention may be optionally substi 
tuted with l, 2 or 3 substituents independently selected from 
alkenyl, alkoxy, alkoxyalkoxy, alkoxyalkyl, alkoxycarbonyl, 
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkynyl, aryl, 
arylalkenyl, arylalkyl, arylcarbonyl, aryloxy, arylsulfonyl, 
carboxy, carboxyalkyl, cyano, cyanoalkyl, cycloalkyl, 
ethylenedioxy, formyl, haloalkoxy, haloalkyl, halogen, 
heteroaryl, heteroarylalkenyl, heteroarylalkyl, heterocycle, 
heterocyclealkyl, heterocyclecarbonyl, heterocycleoxy, 
hydroxy, hydroxyalkyl, nitro, R/RgNi, R/RgNalkyl, 
RngNcarbonyl and RngNsulfonyl, wherein Rf and Rg are 
as described herein. The substituent aryl, the aryl of 
arylalkyl, the aryl of arylalkenyl, the aryl of arylcarbonyl, 
the aryl of aryloxy, the aryl of arylsulfonyl, the substituent 
heteroaryl, the heteroaryl of heteroarylalkyl, the heteroaryl 
of heteroarylalkenyl, the substituent heterocycle, the hetero 
cycle of heterocyclealkyl, the heterocycle of 
heterocyclecarbonyl, the heterocycle of heterocycleoxy, may 
be optionally substituted with l, 2 or 3 substituents indepen 
dently selected from the group consisting of alkoxy, 
alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, alkynyl, 
carboxy, carboxyalkyl, cyano, haloalkyl, halogen, hydroxy, 
hydroxyalkyl, nitro, R/RgNi, R/RgNalkyl, RngNcarbonyl 
and R/RgNsulfonyl. 

The term “heteroarylalkenyl” as used herein, refers to a 
heteroaryl, as de?ned herein, appended to the parent 
molecular moiety through an alkenyl group, as de?ned 
herein. 

The term “heteroarylalkyl” as used herein, refers to a 
heteroaryl, as de?ned herein, appended to the parent 
molecular moiety through an alkyl group, as de?ned herein. 

The term “heteroarylalkoxy” as used herein, refers to a 
heteroaryl, as de?ned herein, appended to the parent 
molecular moiety through an alkoxy group, as de?ned 
herein. 

The term “heteroaryloxy” as used herein, refers to a 
heteroaryl, as de?ned herein, appended to the parent 
molecular moiety through an oxy group, as de?ned herein. 

The term “heteroaryloxyalkyl” as used herein, refers to a 
heteroaryloxy, as de?ned herein, appended to the parent 
molecular moiety through an alkyl group, as de?ned herein. 

The term “heterocycle” as used herein, refers to a non 
aromatic monocyclic ring or a non-aromatic bicyclic ring. 
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The non-aromatic monocyclic ring is a three, four, ?ve, six, 
seven, or eight membered ring containing at least one 
heteroatom, independently selected from the group consist 
ing of N, O and S. Representative examples of monocyclic 
ring systems include, but are not limited to, azetidinyl, 
aZiridinyl, diazepinyl, dithianyl, imidazolinyl, 
imidazolidinyl, isothiazolinyl, isoxazolinyl, isoxazolidinyl, 
morpholinyl, oxazolinyl, oxazolidinyl, piperaZinyl, 
piperidinyl, pyranyl, pyrazolinyl, pyrazolidinyl, pyrrolinyl, 
pyrrolidinyl, tetrahydrofuranyl, tetrahydro-2H-pyranyl, 
tetrahydro-2H-pyran-2-yl, tetrahydro-2H-pyran-4-yl, 
tetrahydrothienyl, thiazolinyl, thiazolidinyl, 
thiomorpholinyl, 1,1 -dioxidothiomorpholinyl 
(thiomorpholine sulfone) and thiopyranyl. The bicyclic het 
erocycles are exempli?ed by a monocyclic heterocycle 
appended to the parent molecular moiety and fused to a 
monocyclic cycloalkyl group, as de?ned herein, a monocy 
clic aryl group, a monocyclic heteroaryl group, as de?ned 
herein, or a monocyclic heterocycle, as de?ned herein. Bicy 
clic ring systems are also exempli?ed by a bridged monocy 
clic ring system in which two non-adjacent atoms of the 
monocyclic ring are linked by a bridge of between one and 
three atoms selected from the group consisting of carbon, 
nitrogen and oxygen. Representative examples of bicyclic 
ring systems include but are not limited to, for example, 
benzopyranyl, benzothiopyranyl, benzodioxinyl, 1,3 
benzodioxolyl, cinnolinyl, 1,5-diazocanyl, 3,9-diaza-bicyclo 
[4.2.1]non-9-yl, 3,7-diazabicyclo[3.3.l]nonane, octahydro 
pyrrolo[3,4-c]pyrrole, indolinyl, isoindolinyl, 2,3,4,5 
tetrahydro- l H-benzo[c]azepine, 2,3,4,5 -tetrahydro- l H 
benzo[b]azepine, 2,3,4,5-tetrahydro-lH-benzo[d]azepine, 
tetrahydroisoquinolyl and tetrahydroquinolinyl. 
The heterocycles of this invention may be optionally sub 

stituted with l, 2 or 3 substituents independently selected 
from oxo, alkenyl, alkoxy, alkoxyalkoxy, alkoxyalkyl, 
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, 
alkynyl, aryl, arylalkyl, arylcarbonyl, aryloxy, arylsulfonyl, 
carboxy, carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, 
formyl, haloalkoxy, haloalkyl, halogen, heteroaryl, 
heteroarylalkyl, heterocycle, heterocyclealkyl, 
heterocyclecarbonyl, heterocycleoxy, hydroxy, 
hydroxyalkyl, nitro, RngNi, RngNalkyl, RngNcarbonyl 
and RngNsulfonyl, wherein R and R are as described 
herein. The substituent aryl, the aryl of aiylalkyl, the aryl of 
arylcarbonyl, the aryl of aryloxy, the aryl of arylsulfonyl, the 
heteroaryl, the heteroaryl of heteroarylalkyl, the substituent 
heterocycle, the heterocycle of heterocyclealkyl, the hetero 
cycle of heterocyclecarbonyl, the heterocycle of 
heterocycleoxy, may be optionally substituted with l, 2 or 3 
substituents independently selected from the group consist 
ing of alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, 
alkylcarbonyl, alkynyl, carboxy, carboxyalkyl, cyano, 
haloalkyl, halogen, hydroxy, hydroxyalkyl, nitro, RngNi, 
RngNalkyl, R/Rcharbonyl and RngNsulfonyl. 
The term “heterocyclealkyl” as used herein, refers to a 

heterocycle, as de?ned herein, appended to the parent 
molecular moiety through an alkyl group, as de?ned herein. 
Representative examples of heterocyclealkyl include, but are 
not limited to, pyridin-3-ylmethyl and 2-pyrimidin-2 
ylpropyl. 
The term “heterocyclealkylcarbonyl” as used herein, 

refers to a heterocyclealkyl, as de?ned herein, appended to 
the parent molecular moiety through a carbonyl group, as 
de?ned herein. 
The term “heterocyclealkoxy” as used herein, refers to a 

heterocycle, as de?ned herein, appended to the parent 
molecular moiety through an alkoxy group, as de?ned 
herein. 
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The term “heterocycleoxy” as used herein, refers to a 
heterocycle, as de?ned herein, appended to the parent 
molecular moiety through an oxy group, as de?ned herein. 

The term “heterocycleoxyalkyl” as used herein, refers to a 
heterocycleoxy, as de?ned herein, appended to the parent 
molecular moiety through an alkyl group, as de?ned herein. 

The term “heterocycle-NHi” as used herein, refers to a 
heterocycle, as de?ned herein, appended to the parent 
molecular moiety through a nitrogen atom. 

The term “heterocycle-NH-alkyl” as used herein, refers to 
a heterocycle-NHi, as de?ned herein, appended to the par 
ent molecular moiety through an alkyl group, as de?ned 
herein. 

The term “heterocyclecarbonyl” as used herein, refers to a 
heterocycle, as de?ned herein, appended to the parent 
molecular moiety through a carbonyl group, as de?ned 
herein. Representative examples of heterocyclecarbonyl 
include, but are not limited to, l-piperidinylcarbonyl, 
4-morpholinylcarbonyl, pyridin-3-ylcarbonyl and quinolin 
3-ylcarbonyl. 

The term “heterocyclesulfonyl” as used herein, refers to a 
heterocycle, as de?ned herein, appended to the parent 
molecular moiety through a sulfonyl group, as de?ned 
herein. Representative examples of heterocyclesulfonyl 
include, but are not limited to, l-piperidinylsulfonyl, 
4 -morpholinyl sulfonyl, pyridin-3 -ylsulfonyl and quinolin-3 - 
ylsulfonyl. 

The term “hydroxy” as used herein, refers to an 4OH 
group. 
The term “hydroxyalkyl” as used herein, refers to a 

hydroxy group, as de?ned herein, appended to the parent 
molecular moiety through an alkyl group, as de?ned herein. 
Representative examples of hydroxyalkyl include, but are 
not limited to, hydroxymethyl, 2-hydroxyethyl, 
3-hydroxypropyl and 2-ethyl-4-hydroxyheptyl. 

The term “oxo” as used herein, refers to a :0 group. 
The term “oxy” as used herein, refers to a iOi group. 
The term “sulfonyl” as used herein, refers to a iS(O)2i 

group. 
The present compounds may exist as therapeutically suit 

able salts. The term “therapeutically suitable salt,” refers to 
salts or ZWitterions of the compounds which are water or 
oil-soluble or dispersible, suitable for treatment of disorders 
without undue toxicity, irritation and allergic response, com 
mensurate with a reasonable bene?t/risk ratio and effective 
for their intended use. The salts may be prepared during the 
?nal isolation and puri?cation of the compounds or sepa 
rately by reacting an amino group of the compounds with a 
suitable acid. For example, a compound may be dissolved in 
a suitable solvent, such as but not limited to methanol and 
water and treated with at least one equivalent of an acid, like 
hydrochloric acid. The resulting salt may precipitate out and 
be isolated by ?ltration and dried under reduced pressure. 
Alternatively, the solvent and excess acid may be removed 
under reduced pressure to provide the salt. Representative 
salts include acetate, adipate, alginate, citrate, aspartate, 
benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, 
camphorsulfonate, digluconate, glycerophosphate, 
hemisulfate, heptanoate, hexanoate, form ate, isethionate, 
fumarate, lactate, maleate, methanesulfonate, 
naphthylenesulfonate, nicotinate, oxalate, pamoate, 
pectinate, persulfate, 3-phenylpropionate, picrate, oxalate, 
maleate, pivalate, propionate, succinate, tartrate, 
trichloroacetate, tri?uoroacetate, glutamate, para 
toluenesulfonate, undecanoate, hydrochloric, hydrobromic, 
sulfuric, phosphoric and the like. The amino groups of the 
compounds may also be quatemized with alkyl chlorides, 
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bromides and iodides such as methyl, ethyl, propyl, 
isopropyl, butyl, lauryl, myristyl, stearyl and the like. 

Basic addition salts may be prepared during the ?nal iso 
lation and puri?cation of the present compounds by reaction 
of a carboxyl group with a suitable base such as the 
hydroxide, carbonate, or bicarbonate of a metal cation such 
as lithium, sodium, potassium, calcium, magnesium, or 
aluminum, or an organic primary, secondary, or tertiary 
amine. Quaternary amine salts derived from methylamine, 
dimethylamine, trimethylamine, triethylamine, 
diethylamine, ethylamine, tributylamine, pyridine, N,N 
dimethylaniline, N-methylpiperidine, N-methylmorpholine, 
dicyclohexylamine, procaine, dibenzylamine, N,N 
dibenzylphenethylamine, l-ephenamine and N,N' 
dibenzylethylenediamine, ethylenediamine, ethanolamine, 
diethanolamine, piperidine, piperaZine and the like, are con 
templated as being within the scope of the present invention. 
The present compounds may also exist as therapeutically 

suitable prodrugs. The term “therapeutically suitable 
prodrug,” refers to those prodrugs or ZWitterions which are 
suitable for use in contact with the tissues of patients without 
undue toxicity, irritation and allergic response, are commen 
surate with a reasonable bene?t/risk ratio and are effective 
for their intended use. The term “prodrug,” refers to com 
pounds that are rapidly transformed in vivo to the parent 
compounds of formula (l-lXc) for example, by hydrolysis in 
blood. The term “prodrug,” refers to compounds that 
contain, but are not limited to, substituents known as “thera 
peutically suitable esters.” The term “therapeutically suit 
able ester,” refers to alkoxycarbonyl groups appended to the 
parent molecule on an available carbon atom. More 
speci?cally, a “therapeutically suitable ester,” refers to 
alkoxycarbonyl groups appended to the parent molecule on 
one or more available aryl, cycloalkyl and/or heterocycle 
groups as de?ned herein. Compounds containing therapeuti 
cally suitable esters are an example, but are not intended to 
limit the scope of compounds considered to be prodrugs. 
Examples of prodrug ester groups include 
pivaloyloxymethyl, acetoxymethyl, phthalidyl, indanyl and 
methoxymethyl, as well as other such groups known in the 
art. Other examples of prodrug ester groups are found in T. 
Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, 
Vol. 14 of the A.C.S. Symposium Series and in Edward B. 
Roche, ed., Bioreversible Carriers in Drug Design, Ameri 
can Pharmaceutical Association and Pergamon Press, 1987, 
both of which are incorporated herein by reference. 

Asymmetric centers may exist in the present compounds. 
Individual stereoisomers of the compounds are prepared by 
synthesis from chiral starting materials or by preparation of 
racemic mixtures and separation by conversion to a mixture 
of diastereomers followed by separation or recrystallization, 
chromatographic techniques, or direct separation of the 
enantiomers on chiral chromatographic columns. Starting 
materials of particular stereochemistry are either commer 
cially available or are made by the methods described here 
inbelow and resolved by techniques well known in the art. 

Geometric isomers may exist in the present compounds. 
The invention contemplates the various geometric isomers 
and mixtures thereof resulting from the disposal of substitu 
ents around a carbon-carbon double bond, a cycloalkyl 
group, or a heterocycloalkyl group. Substituents around a 
carbon-carbon double bond are designated as being of Z or E 
con?guration and substituents around a cycloalkyl or hetero 
cycloalkyl are designated as being of cis or trans con?gura 
tion. Furthermore, the invention contemplates the various 
isomers and mixtures thereof resulting from the disposal of 
substituents around an adamantane ring system. Two sub 
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stituents around a single ring within an adamantane ring 
system are designated as being of Z or E relative con?gura 
tion. For examples, see C. D. Jones, M. Kaselj, R. N. 
Salvatore, W. J. le Noble J. Org. Chem. 63: 2758*2760, 
1998. 

Preparation of Compounds of the Invention 

The compounds and processes of the present invention 
will be better understood in connection with the following 
synthetic schemes and Experimentals that illustrate a means 
by which the compounds of the invention can be prepared. 

The compounds of this invention can be prepared by a 
variety of procedures and synthetic routes. Representative 
procedures and synthetic routes are shown in, but are not 
limited to, Schemes 1*17. 

Abbreviations which have been used in the descriptions of 
the Schemes and the Examples that follow are: AcCl for 
acetyl chloride; DCM for dichloromethane; AIBN for 2,2' 
azobis(2-methylpropionitrile); DMA for N,N 
dimethylacetamide; DIEA or Hunig’s base for N,N 
diisopropylethylamine; DMAP for dimethylaminopyridine; 
DMF for N,N-dimethylformamide; DMSO for dimethylsul 
foxide; DMPU for l,3-dimethyl-3,4,5,6-tetrahydro-2(lH) 
pyrimidinone; EDCI or EDAC for 
(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochlo 
ride; EtOAc for ethyl acetate; EtOH for ethanol; Et2O for 
diethyl ether, HATU for O-(7-azabenzotriazol-l -yl)-N,N,N', 
N'-tetramethyluronium hexa?uorophosphate; HOBt for 
hydroxybenzotriazole hydrate; KOTMS for potassium trim 
ethylsilanolate; MeOH for methanol; MeCN for acetonitrile; 
MTBE for methyl t-butyl ether, NMO for 
N-methylmorpholine N-oxide; TBTU for O-benzotriazol-l - 
yl-N,N,N',N'-tetramethyluronium tetra?uoroborate; THE for 
tetrahydrofuran; and, tri?ate for tri?uoromethane sulfonyl 
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Substituted adamantanes of general formula (3), wherein 
A1, A2, A3, A4, R1, R2, R3, R4, D and E are as de?ned in 
formula I, may be prepared in Scheme 1. Substituted ada 
mantamines of general formula (1), purchased, prepared as 
described herein, or prepared using methodology known to 
those in the art, may be treated with an acylating agents of 
general formula (2), wherein Y is chloro, bromo, or ?uoro 
and R3, R4, D and E are de?ned as in formula I, in the 
presence of a base such as diisopropylethylamine to provide 
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amides of general formula (3). Alternatively, acids of general 
formula (2) wherein Y:OH can be coupled to substituted 
adamantamines of general formula (1) with reagents such as 
EDCI and HOBt to provide amides of general formula (3). In 
some examples, A1, A2, A3 and/or A4 in amines of formula 
(1) and D and E in the reagents of formula (2) may exist as or 
contain a group further substituted with a protecting group 
such as a carboxylic acid protected as the methyl ester. 
Examples containing a protected functional group may be 
required due to the synthetic schemes and the reactivity of 
said groups and could be later removed to provide the 
desired compound. Such protecting groups can be removed 
using methodology known to those skilled in the art or as 
described in T. W. Greene, P. G. M. Wuts “Protective Groups 
in Organic Synthesis” 3” ed. 1999, Wiley & Sons, Inc. 

Scheme 2 
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Substituted adamantane amines of general formula (5), 
wherein Al, A2, A3, A4 and R2 are as de?ned in formula I, 
may be prepared as in Scheme 2. Substituted adamantane 
ketones of general formula (4) can be purchased, prepared as 
described herein, or prepared using methodology known to 
those skilled in the art. Ketones of general formula (4) can be 
treated with ammonia or primary amines (RZNHZ) followed 
by reduction with reagents such as sodium borohydride or 
H2 over Pd/ C in a solvent like methanol to provide amines of 
general formula (5). In some examples, A1, A2, A3 and/or A4 
in ketones of formula (4) may be a substituent with a func 
tional group containing a protecting group such as a car 
boxylic acid protected as the methyl ester. Such esters can be 
hydrolyzed and other protecting groups removed here to pro 
vide compounds of general formula (5) or in compounds 
subsequently prepared from (5) using methodology known 
to those skilled in the art. 
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Substituted adamantanes of general formula (7), wherein 
A2, A3 and A4 are as de?ned in formula I and G is alkyl, 
cycloalkyl, arylalkyl, or aryl, as de?ned in the de?nition of 
terms, or G is hydrogen or an acid protecting group, may be 
prepared as in Scheme 3. Substituted adamantanes of gen 
eral formula (6) can be purchased or prepared using method 
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ology known to those in the art. Tertiary alcohols of general 
formula (6) can be treated with oleum and formic acid fol 
lowed by water or an alcohol GOH to provide polycycles of 
general formula (7). In some examples, G in formula (7) 
may be a protecting group such as methyl. Such ester pro 
tecting groups can be removed from polycycles of general 
formula (7) or from compounds subsequently prepared from 
(7) 
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Substituted adamantanes of general formula (10), wherein 55 
A2, A3, A4, R1, R2, R3, R4, D, E, R18 and R19 are as de?ned 
in formula I, may be prepared as in Scheme 4. Adamantane 
acids of general formula (8) may be prepared as described 
herein or using methodology known to those in the art. The 
acids of general formula (8) may be coupled with amines of 60 
general formula (9) (wherein R18 and R19 are de?ned as in 
formula I) with reagents such as O-(benzotrialzol-l-yl)-l,l, 
3,3-tetramethyluronium tetra?uoroborate (TBTU) to pro 
vide amides of general formula (10). In some examples, R18 
and/or R19 in amides of formula (10) may be a substituent 
with a functional group containing a protecting group, such 
as a carboxylic acid protected as the methyl ester. Such 
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esters can be hydrolyzed and other protecting groups 
removed using methodology known to those skilled in the 
art. 

Scheme 5 
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Acids of general formula (12), wherein R101 is hydrogen, 
and R3, R4, D and E are as de?ned in formula (I) can be 
prepared as shown in Scheme. 5. 
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Esters of general formula (1 1) wherein P is an acid pro 
tecting group such as, but not limited to, C liC6 alkyl, unsub 
stituted or substituted aryl (for example, phenyl) or unsubsti 
tuted or substituted arylalkyl (for example, benzyl), R3 and 
R4 are hydrogen, or one of R3 and R4 is hydrogen and the 
other is as de?ned in formula (I), can be purchased, prepared 
as described herein, or prepared using methodologies known 
to those skilled in the art. Esters of general formula (1 1) can 
be mono-alkylated or bis-alkylated to provide esters of gen 
eral formula (12) wherein R101 is the acid protecting group, 
P, as described above. The bisalkylation can be conducted 
either sequentially or in a one pot reaction. 

Mono or bis-alkylation of esters of general formula (1 1) 
can be achieved in the presence of a base such as, but not 
limited to, sodium hydride, and an alkylating agent such as, 
but not limited to, alkyl halides (for example, methyl iodide, 
allyl bromide and the like). The reaction is generally per 
formed in a solvent such as, but not limited to, anhydrous 
N,N-dimethylformamide, at a temperature from about 0° C. 
to about 23° C. 

Removal of the protecting group P can be achieved using 
methodologies known to those skilled in the art or as 
described in T. W. Greene, P. G. M. Wuts “Protective Groups 
in Organic Synthesis” 3” ed. 1999, Wiley & Sons, Inc., to 
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provide compounds of formula (12) wherein R101 is hydro 
gen. Typically, such transformation can be achieved by stir 
ring with an acid (for example, hydrochloric acid and the 
like) or a base (for example, lithium hydroxide, sodium 
hydroxide and the like) in a solvent such as, but not limited 
to, dioxane, tetrahydrofuran, ethanol, and mixtures thereof, 
at ambient temperature or at elevated temperature (typically 
at about 50° C. to about 70° C.). In cases where P is unsub 
stituted or substituted arylalkyl (for example, benzyl), 
hydrogenation can be employed to cleave the acid protecting 
group. 

Synthesis of acids of general formula (15), wherein R101 
is hydrogen, R3, R4, and D are as de?ned in formula (I), and 
G1 and Z are independently aryl or heteroaryl, is outlined in 
Scheme 6. 

Esters of formula (13), wherein P is Cl£6 alkyl, unsub 
stituted or substituted aryl (for example, phenyl) or unsubsti 
tuted or substituted arylalkyl (for example, benzyl); andY is 
Cl, Br, I, or tri?ate can be purchased, prepared as described 
herein, or prepared using methodologies known to those 
skilled in the art. Esters of formula (13) can be converted to 
boronic esters of formula (14) when treated with a boron 
source like bis(pinacolato)diboron, a catalyst such as 1,1'-bis 
(diphenylphosphino)ferrocenedichloropalladium (II), and a 
base like potassium acetate. The conversion is facilitated in a 
solvent such as, but not limited to, dimethyl sulfoxide, N,N 
dimethylformamide or toluene, at a temperature of about 80° 
C. to about 100° C. Boronic esters of general formula (14) 
may be coupled with reagents of formula Z-Y, wherein Z is 
aryl or heteroaryl andY is Cl, Br, I, or tri?ate, a catalyst such 
as 1,1'-bis(diphenylphosphino) ferrocenedichloropalladium 
(H), and a base like sodium carbonate, to provide com 
pounds of formula (150 wherein R101 is an acid protecting 
group, P. The reaction can be performed in a solvent system 
like N,N-dimethylformamide and water at a temperature of 
about 80° C. to 90° C. 

Alternatively, compounds of formula (13) wherein Y is 
Cl, Br, I, or tri?ate can be treated with a boronic acid or ester 
of formula (13A) or Z-B(OR102)2, wherein R102 is hydrogen 
or alkyl, in the presence of a catalyst, such as but not limited 
to, bis(triphenylpho sphine)palladium (ll) chloride or 
dichlorobis(tri-o-tolylphosphine)palladium (H), and a base 
such as triethylamine or sodium carbonate, to provide com 
pounds of formula (15) wherein R101 is an acid protecting 
group, P. The reaction can be effected by heating at a tem 
perature from about 50° C. to about 180° C. in solvents such 
as isopropanol, ethanol, dimethoxyethane, water or dioxane. 

Conversion of compounds of formula (15) wherein R101 is 
an acid protecting group, P, to compounds of formula (15) 
wherein R101 is hydrogen can be prepared using reaction 
conditions as described in Scheme 5. 
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Acids of general formula (19), wherein R101 is hydrogen, 
R3 is as de?ned in formula (I) and A is a substituent of 
heterocycle as de?ned in the de?nition of terms, can be pre 
pared from malonic acid di-ester of formula (16) wherein P 
is Cl£6 alkyl or benzyl as shown in Scheme 7. 

Malonic acid di-esters of general formula (16) wherein P 
is an acid protecting group such as C1£6 alkyl, unsubsti 
tuted or substituted aryl (for example, phenyl) or unsubsti 
tuted or substituted arylalkyl (for example, benzyl), can be 
purchased or prepared using methodologies known to those 
skilled in the art. Malonic acid di-esters of general formula 
(16) can be treated with one molar equivalent of allyl bro 
mide or 4-bromo-1-butene, using mono alkylation condi 
tions for the conversion of (1) to (12) in Scheme 5, to pro 
vide compounds of formula (17). Ozonolysis of the terminal 
ole?n of di-ester (17) may be achieved in a solvent system 
like dichloromethane and methanol at a low temperature of 
about —78° C., by bubbling ozone through the solution, fol 
lowed by purging the solution with nitrogen gas, and reduc 
tion of the intermediate ozonide with dimethyl sul?de to 
provide aldehyde di-esters of the general formula (18). 
Treatment of aldehyde di-ester (l 8) with a primary amine of 
formula A-NH2, whereinA is a substituent of heterocycle as 
de?ned in the de?nition of terms, a reducing agent like resin 
bound MP-triacetoxy borohydride, and in a solvent like tet 
rahydrofuran at a temperature around 23° C., provides esters 
of general formula (19) wherein R101 is an acid protecting 
group, P. Removal of P using reaction conditions as outlined 
in Scheme 5 converts (19) wherein R101 is an acid protecting 
group, P, to compounds of formula (19) wherein R101 is 
hydrogen. 
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Scheme 8 outlines the synthesis of esters of general for 
mula (23), wherein P1 is an acid protecting group such as, 
































































